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ABSTRACT 
 

PRO\aPLde-12 (PA-12) SRZdeU LV XVed LQ addLWLYe PaQXfacWXULQg (AM) WechQLTXeV VXch aV VeOecWLYe 

OaVeU VLQWeULQg (SLS) aQd MXOWL-JeW FXVLRQ (MJF). MJF LV a SURSULeWaU\ HeZOeWW-PacNaUd WechQLTXe WhaW 

XVeV a fXVLQg ageQW (FA) aQd deWaLOLQg ageQW (DA). TheVe ageQWV aUe a fXQdaPeQWaO aQd XQLTXe SaUW Rf 

MJF LQ cRPSaULVRQ WR RWheU AM WechQLTXeV.  

PA-12 SRZdeU ZaV chaUacWeULVed XVLQg a YaULeW\ Rf WechQLTXeV LQcOXdLQg DLffeUeQWLaO ScaQQLQg 

CaORULPeWU\ (DSC), FRXULeU TUaQVfRUP IQfUaUed SSecWURVcRS\ (FTIR), ScaQQLQg EOecWURQ MLcURVcRS\ 

(SEM), PaUWLcOe SL]e AQaO\VLV (PSA), TheUPRgUaYLPeWULc AQaO\VLV (TGA) aQd RSWLcaO PLcURVcRS\. DSC 

VhRZed WhaW Whe SeaN PeOWLQg aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12 ZeUe 186 aQd 148 ℃, 

UeVSecWLYeO\. TGA ZaV XVed WR PeaVXUe Whe PaVV ORVV degUadaWLRQ Rf PA-12, ZheUe a 1% PaVV ORVV ZaV 

dLVSOa\ed aW 322 ℃. FTIR VSecWUa VhRZed chaUacWeULVWLc SeaNV LQ OLQe ZLWh OLWeUaWXUe fRU a SaUW 

PaQXfacWXUed b\ MJF. PSA VhRZed WhaW Whe SaUWLcOe VL]e YaULed beWZeeQ 11.96 ± 164.32 ߤP. SEM ZaV 

XVed WR chaUacWeULVe Whe VhaSe Rf Whe SRZdeU SaUWLcOeV. The SRZdeU SaUWLcOeV aSSeaUed WR be eORQgaWed 

aQd QRQ-XQLfRUP, ZheUe VRPe SaUWLcOeV ZeUe PRUe VSheULcaO. OSWLcaO PLcURVcRS\ ZaV XVed WR RbVeUYe 

Whe LQWeUacWLRQ Rf SRZdeU SaUWLcOeV RQ PeOWLQg, LW ZaV VhRZQ WhaW Whe SRZdeU SaUWLcOeV fXVed WRgeWheU WR 

fRUP a dURSOeW VhaSe.  

 

The LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV ZeUe VWXdLed beWZeeQ 162 WR 168 ℃. IW ZaV dePRQVWUaWed WhaW aV 

Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed, Whe WLPe WaNeQ fRU cU\VWaOOLVaWLRQ LQcUeaVed. ThLV 

daWa ZaV XVed WR deWeUPLQe Whe eTXLOLbULXP PeOWLQg WePSeUaWXUe (TM0) b\ Whe HRffPaQ-WeeNV PeWhRd 

XVLQg Whe SeaN PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\; ZheUe TM0 ZaV eTXaO WR 188 aQd 205 

℃, UeVSecWLYeO\. The AYUaPL aQd TRbLQ PRdeO ZaV XVed WR e[SORUe Whe LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV. 

Of ZhLch, Whe AYUaPL aQd TRbLQ PRdeO ZeUe VXcceVVfXO LQ deVcULbLQg Whe LVRWheUPaO cU\VWaOOLVaWLRQ 

NLQeWLcV Rf PA-12. IQ Whe AYUaPL PRdeO Q UaQged fURP 2.73 WR 3.63 aQd LQ Whe TRbLQ PRdeO Q UaQged 

fURP 3.15 WR 4.23 fRU Whe SULPaU\ cU\VWaOOLVaWLRQ SURceVV.  
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The QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV ZeUe VWXdLed beWZeeQ 5 WR 40 ℃/PLQ. IW ZaV dePRQVWUaWed 

WhaW aV Whe cRROLQg UaWe LQcUeaVed, Whe WLPe WaNeQ fRU cU\VWaOOLVaWLRQ decUeaVed. The Je]LRUQ\-PRdLfLed 

AYUaPL PRdeO ZaV VXcceVVfXO LQ deVcULbLQg Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12. IQ Whe 

Je]LRUQ\-PRdLfLed AYUaPL PRdeO Q UaQged fURP 4.42 WR 7.68. 

 

The LQfOXeQce Rf Whe FA, DA aQd WheLU chePLcaO cRQVWLWXeQWV RQ Whe WheUPaO behaYLRXU Rf PA-12 ZaV 

VWXdLed b\ cUeaWLQg PA-12 bOeQdV aW YaU\LQg ZW. % cRPSRVLWLRQV. The bOeQdV LQcOXded PA-12/FA, PA-

12/DA, PA-12/ZaWeU PA-12/caUbRQ bOacN, PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU. SLQce Whe SRZdeU 

XVed LQ MJF RfWeQ LV UefUeVhed, PA-12 ZaV aged aUWLfLcLaOO\ LQ aQ RYeQ aW 170℃ fRU 7 da\V WR UeSUeVeQW 

aged SRZdeU. The WheUPaO behaYLRXU Rf aged PA-12 SRZdeU aQd aged PA-12 bOeQdV ZaV VWXdLed. IW ZaV 

dePRQVWUaWed WhaW Whe 2-PYR had a VLgQLfLcaQW LPSacW RQ Whe WheUPaO SURSeUWLeV Rf PA-12 YLa LWV acWLRQ 

aV SOaVWLcLVeU: DSC UeYeaOed a deSUeVVLRQ LQ SRO\PeU gOaVV WUaQVLWLRQ WePSeUaWXUe (Tg), Rf XS WR 17 ႏ, 

aQd a deSUeVVLRQ LQ PeOWLQg WePSeUaWXUe, Rf XS WR 10 ႏ, ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR. 

MRUeRYeU, Whe cU\VWaOOLVaWLRQ behaYLRXU ZaV aOVR affecWed b\ Whe 2-PYR cRPSRQeQW LQ WhaW LWV SUeVeQce 

decUeaVed Whe VXSeUcRROLQg UeTXLUed fRU Whe RQVeW Rf cU\VWaOOLVaWLRQ. FTIR aQaO\VLV UeYeaOed a VPaOO SeaN 

aW 1690 cP-1 ZhLch ZaV aVVLgQed WR 2-PYR. ThLV LQdLcaWed WhaW 2-PYR ZaV UeWaLQed LQ Whe PA-12 aQd 

LQWeUacWed ZLWh Whe SRO\PeU YLa h\dURgeQ bRQdLQg. OSWLcaO PLcURVcRS\ VhRZed WhaW Whe 2-PYR 

cRQVWLWXeQW dLd QRW affecW Whe VSheUXOLWe VL]eV, bXW LQ Whe caVe Rf Whe caUbRQ bOacN cRQVWLWXeQW, LW ZaV fRXQd 

WR be UeMecWed WR Whe LQWeU-VSheUXOLWLc UegLRQV aQd WhLV ZaV cRXSOed ZLWh a QRTabOe UedXcWLRQ LQ VSheUXOLWe 

VL]e. ThLV VhRZed WhaW caUbRQ bOacN aQd 2-PYR ZeUe fXQdaPeQWaO cRPSRQeQWV ZLWhLQ Whe FA aQd DA 

ZLWh UeVSecW WR WheLU LPSacW RQ Whe WheUPaO SURSeUWLeV aQd PLcURVWUXcWXUe Rf PA-12.  
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CHAPTER 1 - INTRODUCTION 
 

1.1 BackgroXnd to pol\mers 
 

PRO\PeUV aUe ORQg chaLQ PROecXOeV WhaW aUe Pade XS Rf PaQ\ UeSeaW XQLWV caOOed PRQRPeUV. The VNeOeWaO 

VWUXcWXUe Rf a SRO\PeU caQ be OLQeaU RU QRQ-OLQeaU. E[aPSOeV Rf OLQeaU aQd QRQ-OLQeaU SRO\PeU VWUXcWXUeV 

LQcOXde c\cOLc, bUaQched aQd QeWZRUN SRO\PeUV. A OLQeaU SRO\PeU ZLOO haYe 2 chaLQ eQdV ZheUeaV a QRQ-

OLQeaU SRO\PeU, VXch aV a c\cOLc SRO\PeU, dReV QRW haYe a chaLQ eQd. AOO SRO\PeUV aUe fRUPed b\ a 

SURceVV caOOed SRO\PeULVaWLRQ. IQ WhLV SURceVV PaQ\ SRO\PeU chaLQV OLQN WRgeWheU b\ cURVV-OLQNLQg (1). 

AQ e[aPSOe Rf Whe VWUXcWXUe Rf SRO\PeUV LV VhRZQ LQ FLgXUe 1.1.1.  

 

 

FLgXUe 1.1.1 ± AQ e[aPSOe Rf dLffeUeQW VNeOeWaO SRO\PeU VWUXcWXUeV a) OLQeaU, b) c\cOLc, c) bUaQched d) 

cURVV-OLQNed. 
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The WeUP µSRO\PeU¶ cRYeUV a OaUge UaQge Rf PaWeULaOV. PRO\PeUV caQ be caWegRULVed aV QaWXUaO, V\QWheWLc 

aQd eOaVWRPeUV (1). NaWXUaO SRO\PeUV caQ be fXUWheU VXb-caWegRULVed LQWR gURXSV VXch aV SURWeLQV aQd 

SRO\QXcOeRWLdeV. S\QWheWLc SRO\PeUV caQ be fXUWheU VXb-caWegRULVed LQWR WheUPRSOaVWLc aQd WheUPRVeW 

SRO\PeUV. EOaVWRPeUV caQ be fXUWheU VXb-caWegRULVed LQWR QaWXUaO RU V\QWheWLc eOaVWRPeUV. The VWUXcWXUe 

Rf a V\QWheWLc eOaVWRPeU caQ YaU\ fURP Whe QaWXUaOO\ RccXUULQg eOaVWRPeU eTXLYaOeQW, \eW Whe eOaVWLc 

SURSeUWLeV caQ be cRPSaUabOe WR Whe QaWXUaO eOaVWRPeU cRXQWeUSaUW. FXUWheUPRUe, Whe VWUXcWXUe Rf a 

SRO\PeU ZLOO YaU\, fRU e[aPSOe, QaWXUaO SRO\PeUV haYe a PRUe cRPSOe[ VWUXcWXUe WhaQ V\QWheWLc SRO\PeUV 

(1).  

 

1.2 AmorphoXs pol\mers 
 

APRUShRXV SRO\PeUV cRQWaLQ hLghO\ dLVRUdeUed aQd eQWaQgOed SRO\PeU chaLQV, ZheUeaV cU\VWaOOLQe 

PaWeULaOV aUe cRPSRVed Rf hLghO\ RUdeUed aQd WLghWO\ SacNed SRO\PeU chaLQV (2). The VWUXcWXUe Rf a 

VePL-cU\VWaOOLQe PaWeULaO cRQWaLQV bRWh aPRUShRXV aQd cU\VWaOOLQe UegLRQV, LQ ZhLch Whe aPRUShRXV 

UegLRQV aUe WUaSSed LQ-beWZeeQ Whe cU\VWaOOLQe UegLRQV.  

 

IW ZaV PeQWLRQed WhaW V\QWheWLc SRO\PeUV caQ be caWegRULVed LQWR WheUPRSOaVWLc aQd WheUPRVeW SRO\PeUV. 

The WeUP WheUPRSOaVWLc aQd WheUPRVeW UeOaWe WR Whe behaYLRXU Rf Whe SRO\PeU ZheQ heaWed. A WheUPRVeW 

SRO\PeU ZLOO LUUeYeUVLbO\ haUdeQ abRYe a ceUWaLQ WePSeUaWXUe.  WheUeaV a WheUPRSOaVWLc SRO\PeU ZLOO 

VRfWeQ ZheQ heaWed abRYe Whe gOaVV WUaQVLWLRQ WePSeUaWXUe (Tg) aQd ZLOO WUaQVfRUP LQWR a PeOW ZheQ 

heaWed abRYe LWV PeOWLQg SRLQW. A WheUPRSOaVWLc SRO\PeU caQ be PRXOded LQWR a VhaSe ZheQ heaWed abRYe 

LWV PeOWLQg SRLQW aQd RQ cRROLQg Whe VhaSe LV UeWaLQed. SXbVeTXeQW heaWLQg aQd cRROLQg Rf a WheUPRSOaVWLc 

SRO\PeU eQabOe fXUWheU UePRXOdLQg aQd UeVhaSLQg Rf Whe PaWeULaO.  
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IQ aQ aPRUShRXV SRO\PeU, aW ORZ WePSeUaWXUeV Whe SRO\PeU ZLOO e[LVW LQ a gOaVV\ VWaWe ZheUe Whe SRO\PeU 

chaLQV aUe ORcNed LQ a hLghO\ dLVRUdeUed RULeQWaWLRQ. HRZeYeU, aV Whe WePSeUaWXUe ULVeV aQd WheUPaO 

eQeUg\ LV LQWURdXced LQWR Whe V\VWeP, Whe SRO\PeU chaLQV e[SeULeQce aQ LQcUeaVe LQ PRbLOLW\ aQd 

PROecXOaU PRWLRQ (1). ThLV LV NQRZQ aV Whe Tg aQd RfWeQ RccXUV RYeU a WePSeUaWXUe UaQge. The Tg LV 

chaUacWeULVWLc WR dLffeUeQW SRO\PeUV. The WePSeUaWXUe UaQge LQ ZhLch Whe Tg RccXUV LV LQfOXeQced b\ Whe 

OeQgWh Rf Whe SRO\PeU chaLQ aQd OeYeO Rf eQWaQgOePeQW (1). A SRO\PeU WhaW haV PaQ\ hLghO\ eQWaQgOed 

chaLQV UeTXLUeV PRUe WheUPaO eQeUg\ WR Ueach Whe Tg LQ RUdeU WR becRPe PRbLOe. The Tg ZLOO aOVR be 

LQfOXeQced b\ chaLQ fOe[LbLOLW\, PROecXOaU VWUXcWXUe, PROaU PaVV, aQd bUaQchLQg RU cURVVOLQNLQg (3). AfWeU 

SaVVLQg Whe Tg, Whe aPRUShRXV UegLRQV QR ORQgeU behaYe OLNe a bULWWOe gOaVV bXW behaYe aV UXbbeU-OLNe 

PaWeULaO. AV aQ aPRUShRXV SRO\PeU cRROV fURP Whe PROWeQ VWaWe, Whe PROecXOaU PRWLRQ UedXceV XQWLO Whe 

Tg LV Ueached, aW WhLV SRLQW Whe SRO\PeU chaLQV aUe ORcNed LQ a UaQdRP dLVRUdeUed RULeQWaWLRQ. The 

RULeQWaWLRQ LQ ZhLch Whe SRO\PeU chaLQV aUe ORcNed LV deWeUPLQed b\ WheLU RULeQWaWLRQ aW a WePSeUaWXUe 

MXVW abRYe Whe Tg (1).  

 

1.3 Semi-cr\stalline pol\mers 
 

IQ VePL-cU\VWaOOLQe SRO\PeUV, bRWh aPRUShRXV aQd cU\VWaOOLQe UegLRQV aUe SUeVeQW. The VWUXcWXUe Rf a 

VePL-cU\VWaOOLQe SRO\PeU ZLOO UeVXOW LQ a dLVWLQcW PRUShRORgLcaO VWUXcWXUe, RfWeQ fRUPed b\ PeOW-

UecU\VWaOOLVaWLRQ (1). 

IQ OLQeaU SRO\PeUV, VSheUXOLWeV caQ fRUP RQ cU\VWaOOLVaWLRQ fURP Whe PeOW. SSheUXOLWeV aUe chaUacWeULVed 

b\ WheLU dLVWLQcW cLUcXOaU VWUXcWXUeV, aQd WheLU gURZWh LV OaUgeO\ deWeUPLQed b\ Whe cU\VWaOOLVaWLRQ 

WePSeUaWXUe aQd cRROLQg UaWe. FLUVWO\, SRO\PeU chaLQV aggUegaWe LQ a fLbURXV VXbXQLW WR fRUP a URd OLNe 

VWUXcWXUe. AfWeU, Whe edgeV Rf Whe fLbULOV VSUead RXW WR fRUP aQ LQWeUPedLaWe VWUXcWXUe NQRZQ aV a Vheaf, 

WhLV SURYLdeV Whe VSheUXOLWLc RXWOLQe. The VWUXcWXUe cRQWLQXeV WR fLOO RXW ZLWh PRUe fLbURXV XQLWV. 

EYeQWXaOO\, a VSheUXOLWe LV deYeORSed fURP Whe chaLQ fROded OaPeOOae ZhLch PaNe XS Whe cU\VWaOOLQe 

UegLRQV ZLWh aPRUShRXV UegLRQV WUaSSed LQ-beWZeeQ (2,4).  
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The cU\VWaOOLVaWLRQ WePSeUaWXUe deWeUPLQeV Whe QXPbeU, VL]e aQd fLQe VWUXcWXUe Rf a VSheUXOLWe. AW 

WePSeUaWXUeV cORVeU WR Whe PeOWLQg WePSeUaWXUe Rf Whe SRO\PeU, feZ OaUge fLbURXV VWUXcWXUeV aUe fRUPed. 

WheUeaV, aW ORZeU WePSeUaWXUeV Whe QXcOeaWLRQ deQVLW\ LV hLgh aQd a OaUge QXPbeU Rf VPaOO VSheUXOLWeV 

aUe fRUPed (1).  

 

The VWUXcWXUe Rf Whe OaPeOOae ZhLch PaNe XS Whe cU\VWaOOLQe UegLRQ haV beeQ a WRSLc Rf dLVcXVVLRQ fRU 

PaQ\ \eaUV, ZheUe PaQ\ aXWhRUV haYe XVed YaULRXV chaUacWeULVaWLRQ WechQLTXeV WR gaLQ a deeSeU 

XQdeUVWaQdLQg Rf Whe cU\VWaOOLQe VWUXcWXUe. FRU e[aPSOe, LQ Whe 1950¶V LW ZaV dePRQVWUaWed b\ aQaO\VLV 

Rf [-Ua\ dLffUacWLRQ SaWWeUQV WhaW SRO\PeU VLQgOe cU\VWaOV cRXOd gURZ fURP a SRO\PeU VROXWLRQ (5). 

PRO\PeU VLQgOe cU\VWaOV ZeUe cRPSRVed Rf SRO\PeU chaLQV WhaW fROd bacN RQ WhePVeOYeV dXULQg 

cU\VWaOOLVaWLRQ WR fRUP VWUXcWXUeV NQRZQ aV OaPeOOae, PeaVXULQg aW 10 ± 20 QP WhLcN (1,5). PRO\PeUV caQ 

aOVR be cU\VWaOOLVed fURP Whe PeOW, hRZeYeU Whe\ dR QRW Ueach Whe VaPe OeYeO Rf cU\VWaO SeUfecWLRQ ZheQ 

cRPSaUed WR ZheQ a SRO\PeU LV cU\VWaOOLVed fURP a dLOXWe SRO\PeU VROXWLRQ (6). AV a UeVXOW Rf QeXWURQ 

VcaWWeULQg WechQLTXeV, WZR PRdeOV ZeUe SURSRVed WR deVcULbe Whe VWUXcWXUe Rf OaPeOOae fRUPed b\ PeOW-

UecU\VWaOOLVaWLRQ. TheVe aUe caOOed Whe UegXOaU fROded aUUa\ PRdeO (RU Whe adMaceQW Ue-eQWU\ PRdeO) aQd 

Whe VZLWchbRaUd PRdeO (RU Whe QRQ-adMaceQW Ue-eQWU\ PRdeO) (1).  IQ Whe UegXOaU fROded aUUa\ PRdeO, Whe 

chaLQ fROdV aUe UegXOaU aQd XQLfRUP ZLWh adMaceQW Ue-eQWU\ Rf Whe chaLQV; VRPe chaLQ eQdV cRQWULbXWe WR 

a dLVRUdeUed VXUface.  IQ Whe VZLWchbRaUd PRdeO, chaLQ fROdLQg RccXUV bXW Ue-eQWU\ LV UaQdRP. The 

SRO\PeU chaLQ Pa\ eQWeU Whe OaPeOOa aW dLffeUeQW SRLQWV WR ZhLch LW e[LWed Whe OaPeOOa. AddLWLRQaOO\, WLe 

PROecXOeV Pa\ e[LVW ZheUe chaLQV Pa\ e[LW RQe OaPeOOa aQd eQWeU aQ adMaceQW OaPeOOa (1). TheVe PRdeOV 

aUe LOOXVWUaWed LQ FLgXUe 1.2.1. IQ Whe UegXOaU fROded aUUa\ PRdeO, Whe aPRUShRXV ShaVe LV QRW UeSUeVeQWed, 

hRZeYeU LQ Whe VZLWchbRaUd PRdeO Whe aPRUShRXV ShaVe PaNeV XS PRVW Rf a VePL-cU\VWaOOLQe SRO\PeU.  

IQ geQeUaO, LW LV WhRXghW WhaW SRO\PeUV cU\VWaOOLVed fURP Whe PeOW aUe PRUe accXUaWeO\ UeSUeVeQWed b\ Whe 

VZLWchbRaUd PRdeO.  
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FLgXUe 1.2.1 ± SchePaWLc Rf Whe UegXOaU fROded aUUa\ PRdeO (OefW) VZLWchbRaUd PRdeO (PLddOe) aQd WLe 

PROecXOeV, UeSUeVeQWed LQ Ued (ULghW). 

 

The VROLdLfLcaWLRQ PRdeO ZaV SUeVeQWed b\ FLVheU. ThLV PRdeO dePRQVWUaWeV WhaW SRO\PeU chaLQV 

VWUaLghWeQ aQd aOLgQ LQ UegXOaU aUUa\V WR fRUP Whe OaPeOOaU VWUXcWXUe (1). IW LV WhRXghW WhaW RQ PeOW-

UecU\VWaOOLVaWLRQ Whe SRO\PeU chaLQV dR QRW UeRUdeU VLgQLfLcaQWO\, ZhLch ZRXOd be UeTXLUed LQ RUdeU WR 

cUeaWe a XQLfRUP aQd QeaUO\ SacNed OaPeOOaU VWUXcWXUe aV dePRQVWUaWed LQ Whe UegXOaU fROded aUUa\ PRdeO. 

ThLV PeaQV WhaW SRO\PeU chaLQV dR QRW Qeed WR XQdeUgR ORQg UaQge dLffXVLRQ LQ a YLVcRXV PedLXP. IQ-

beWZeeQ Whe OaPeOOaU UegLRQV, Whe SRO\PeU chaLQ eQWeUV Whe aPRUShRXV UegLRQV. TheUefRUe, Whe 

VROLdLfLcaWLRQ PRdeO LV WhRXghW Rf aV aQ e[WeQVLRQ Rf Whe VZLWchbRaUd PRdeO.  

 

The SRVLWLRQ aW ZhLch Whe SRO\PeU chaLQ LV UeeOed LQ fURP Whe PeOW RQ UecU\VWaOOLVaWLRQ LV a WRSLc dLVcXVVed 

b\ HRffPaQ, FORU\ aQd YRRQ. IW ZaV cRQVLdeUed fRU SRO\PeUV Rf PRdeUaWe PROecXOaU ZeLghWV, Whe 

PaMRULW\ Rf SRO\PeU chaLQV ZRXOd be UeeOed LQ fURP Whe PeOW b\ a SURceVV caOOed ³UeSWaWLRQ´ (1). 

ReSWaWLRQ RccXUV aW aQ adMaceQW SRVLWLRQ VLQce WhLV LV eQeUgeWLcaOO\ faYRXUabOe. HRZeYeU, FORUe\ aQd 

YRRQ VWaWed WhaW SRO\PeU chaLQV ZRXOd QRW be UeeOed LQ aW a VLWe Rf adMaceQW Ue-eQWU\ dXe WR Whe PROecXOaU 
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PRWLRQ Rf Whe PeOW beLQg WRR VORZ. IQVWead, Whe\ SURSRVed WhaW OaPeOOae aUe fRUPed b\ Whe VWUaLghWeQLQg 

Rf SRO\PeU chaLQV LQ ORcaOLVed aUeaV. ThLV PaNeV XS Whe cU\VWaOOLQe UegLRQV. MeaQZhLOe Whe UeVW Rf Whe 

SRO\PeU chaLQ LV eQWaQgOed aQd PaNeV XS Whe aPRUShRXV UegLRQV.  

 

1.3.1 Melting of semi-cr\stalline pol\mers 
 

OQ heaWLQg Rf a VePL-cU\VWaOOLQe SRO\PeU, Whe aPRUShRXV UegLRQV XQdeUgR gOaVV\ WR UXbbeU WUaQVLWLRQV, 

WheUefRUe VePL-cU\VWaOOLQe SRO\PeUV ZLOO aOVR e[hLbLW a Tg. AW WhLV SRLQW, Whe cU\VWaOOLQe UegLRQV Rf Whe 

SRO\PeU UePaLQ hLghO\ RUdeUed. HRZeYeU, aV Whe WePSeUaWXUe cRQWLQXeV WR ULVe, Whe WheUPaO eQeUg\ LQSXW 

LV VXffLcLeQW WR bUeaN Whe LQWeUPROecXOaU bRQdV ZLWhLQ Whe cU\VWaOOLQe UegLRQV. ThLV LV NQRZQ aV Whe 

PeOWLQg SRLQW aQd RccXUV RYeU a WePSeUaWXUe UaQge (1,7). The PeOWLQg WePSeUaWXUe UaQge LV LQfOXeQced 

b\ Whe cU\VWaOOLWe VL]e aQd SeUfecWLRQ. OfWeQ, VPaOO aQd LPSeUfecW cU\VWaOV PeOW aW ORZeU WePSeUaWXUeV 

VLQce OeVV WheUPaO eQeUg\ LV UeTXLUed WR bUeaN Whe e[LVWLQg LQWeUPROecXOaU bRQdV WhaW hROd Whe VWUXcWXUe 

WRgeWheU. OWheU facWRUV WhaW affecW Whe cU\VWaOOLQe aUUaQgePeQW Rf SRO\PeUV, aQd WheUefRUe PeOWLQg 

WePSeUaWXUe, LQcOXde V\PPeWU\, LQWeUPROecXOaU bRQdLQg, WacWLcLW\ aQd bUaQchLQg RU PROaU PaVV (3).  

 

The effecW Rf cU\VWaOOLWe VL]e aQd SeUfecWLRQ haV aQ LPSacW RQ Whe PeOWLQg WePSeUaWXUe Rf a SRO\PeU. AW 

ORZ cU\VWaOOLVaWLRQ WePSeUaWXUeV Whe VegPeQWaO dLffXVLRQ UaWe LV ORZ aQd Whe QXcOeaWLRQ deQVLW\ LV hLgh. 

ThLV SURdXceV VPaOO aQd LPSeUfecW cU\VWaOV.  AW hLgh cU\VWaOOLVaWLRQ WePSeUaWXUeV, Whe VegPeQWaO dLffXVLRQ 

UaWe LV hLgh aQd Whe QXcOeaWLRQ deQVLW\ LV ORZ. ThLV SURdXceV OaUgeU cU\VWaOV ZLWh LQcUeaVed cU\VWaO 

SeUfecWLRQ (1). The cU\VWaOOLWe VL]e aQd SeUfecWLRQ aUe aOVR affecWed b\ Whe V\PPeWU\ Rf Whe SRO\PeU chaLQ, 

LQWeUPROecXOaU bRQdLQg, bUaQchLQg aQd PROaU PaVV. ThLV LV VXPPaULVed b\ aXWhRU J.M.G. CRZLe (1).   

 

AW WePSeUaWXUeV abRYe Whe PeOWLQg WePSeUaWXUe Rf a SRO\PeU, Whe chaLQV aUe hLghO\ eQWaQgOed aQd 

dLVRUdeUed dXe WR Whe SRO\PeU behaYLQg aV a YLVcRXV OLTXLd (1). IQ WhLV VWaWe, each chaLQ RccXSLeV a gLYeQ 
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YROXPe aQd PaQ\ cRQfRUPaWLRQaO VWaWeV aUe achLeYed. AV Whe WePSeUaWXUe decUeaVeV aQd cU\VWaOOLVaWLRQ 

WaNeV SOace, Whe fUee-YROXPe aYaLOabOe fRU each chaLQ decUeaVeV. ThLV OLPLWV Whe QXPbeU Rf 

cRQfRUPaWLRQaO VWaWeV dXe WR Whe LQfOXeQce Rf LQWeUPROecXOaU fRUceV ZhLch caXVe Whe SRO\PeU chaLQV WR 

fRUP a ULgLd VWUXcWXUe aQd aOLgQ. TheUe aUe facWRUV WhaW ZLOO hLQdeU chaLQ cU\VWaOOLVaWLRQ. FRU e[aPSOe, 

chaLQ eQWaQgOePeQWV ZLOO hLQdeU Whe dLffXVLRQ Rf chaLQV LQWR ceUWaLQ RULeQWaWLRQV. OQ cRROLQg, Whe eQWURS\ 

UedXceV LQ faYRXU Rf Whe fUee eQeUg\ aOORZLQg cU\VWaOOLVaWLRQ WR WaNe SOace (1). The cU\VWaOOLQe UegLRQV aUe 

cUeaWed fURP SRO\PeU chaLQV WhaW fROd adMaceQW WR RQe aQRWheU LQ a WLghWO\ SacNed aUUaQgePeQW, WheVe 

VWUXcWXUeV aUe NQRZQ aV OaPeOOae (1).  

IQ Whe cU\VWaOOLQe VWaWe, SRO\PeU chaLQV aOLgQ aW VSecLfLc dLVWaQceV fURP each RWheU WR cUeaWe cU\VWaOOLQe 

QXcOeL. The fRUPaWLRQ Rf QXcOeL LV LQfOXeQced b\ Whe SRO\PeU chaLQ VWUXcWXUe, ZheUe V\PPeWULcaO chaLQV 

ZLOO aOORZ UegXOaU cORVe SacNLQg aQd chaLQV WhaW haYe SROaU gURXSV ZLOO eQcRXUage VWURQg LQWeUPROecXOaU 

aWWUacWLRQ beWZeeQ Whe chaLQV WR VWabLOLVe aOLgQPeQW.  

 

 

FLgXUe 1.3.1 ± H\dURgeQ bRQdLQg LQ SRO\aPLde. 

 

N

H

O

N

H

O
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1.4 The thermal stabilit\ of pol\mers at temperatXre close to the melting temperatXre 
 

 

The WheUPaO VWabLOLW\ Rf a SRO\PeU ZheQ heaWed cORVe WR, RU abRYe LWV PeOWLQg WePSeUaWXUe ZLOO haYe aQ 

LQfOXeQce RQ Whe SRO\PeU chaLQV. GeQeUaOO\, RYeU aQ e[WeQded WLPe SeULRd aQd aW eOeYaWed WePSeUaWXUeV, 

Whe WheUPaO VWabLOLW\ Rf a SRO\PeU ZLOO decUeaVe. DegUadaWLRQ PechaQLVPV VXch aV cURVVOLQNLQg, chaLQ 

e[WeQVLRQ aQd chaLQ VcLVVLRQ caQ RccXU, aV VXch Whe Tg Rf Whe SRO\PeU aQd Whe abLOLW\ Rf Whe SRO\PeU WR 

cU\VWaOOLVe ZLOO be affecWed (8±10). Ph\VLcaO degUadaWLRQ LV a UeYeUVLbOe SURceVV ZheUe Whe SRVW-

cU\VWaOOLVaWLRQ RccXUV. ThLV LV dXe WR Whe SRO\PeU chaLQV Ue-RUdeULQg dXe WR e[SeULeQcLQg WheUPaO PRWLRQ 

aW hLgh WePSeUaWXUeV. ChePLcaO degUadaWLRQ LV aQ LUUeYeUVLbOe SURceVV ZheUe Whe SRO\PeU chaLQV XQdeUgR 

PechaQLVPV VXch aV chaLQ VcLVVLRQ aQd cURVV-OLQNLQg. ThLV LV dXe WR SURceVVeV VXch aV R[LdaWLRQ aQd 

h\dURO\VLV b\ DUXPPeU aQd CheQ (11,12). PRO\aPLdeV cRQVLVW Rf aQ e[SRVed caUbRQ\O aQd aPLde gURXS; 

WhLV PaNeV SRO\aPLdeV VXVceSWLbOe WR PROecXOaU chaQgeV aW eOeYaWed WePSeUaWXUeV. IQ SRO\aPLde 

SRZdeUV, LQ SaUWLcXOaU PA-12, PechaQLVPV VXch aV cURVV-OLQNLQg, SRVW-cRQdeQVaWLRQ aQd chaLQ-VcLVVLRQ 

RccXU (13). IW ZaV UeSRUWed WhaW aW hLgh WePSeUaWXUeV aQd LQ Whe SUeVeQce Rf R[\geQ, WheUPR-R[LdaWLYe 

degUadaWLRQ RccXUV LQ SRO\aPLde. AV a UeVXOW, cURVV-OLQNLQg RU chaLQ VcLVVLRQ caQ RccXU dXe Whe fRUPaWLRQ 

Rf fUee UadLcaOV (11). WheUeaV, LQ hLgh WePSeUaWXUe aQd R[\geQ deSOeWed eQYLURQPeQWV cURVV-OLQNLQg LV 

SUedRPLQaQW (14). PRO\PeU degUadaWLRQ PechaQLVPV haYe beeQ SURSRVed b\ DUXPPeU eW aO aQd CheQ 

eW aO (11,12). TheVe SURceVVeV Rf degUadaWLRQ LQfOXeQce Whe PeOWLQg SRLQW, YLVcRVLW\ aQd PechaQLcaO 

behaYLRXU Rf Whe SRO\PeU (11). 

 

 

1.5 DeYelopment of cr\stallinit\ in pol\mers 
 

 

CU\VWaOOLVaWLRQ LV WhRXghW Rf aV a WZR-VWage SURceVV, NQRZQ aV QXcOeaWLRQ aQd gURZWh. NXcOeaWLRQ 

LQYROYeV Whe cUeaWLRQ Rf VTabOe QXcOeL. A VTabOe QXcOeXV LV a 3D VWUXcWXUe WhaW cRQVLVWV Rf RUdeUed SRO\PeU 
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chaLQV LQ a SaUaOOeO VeTXeQce. ThLV LV VWLPXOaWed b\ LQWUaPROecXOaU fRUceV aQd Whe VWabLOLVaWLRQ Rf ORQg-

RUdeU. ThLV LV NQRZQ aV hRPRgeQRXV RU WheUPaO QXcOeaWLRQ. HRZeYeU, Lf LPSXULWLeV aUe SUeVeQW Whe\ ZLOO 

acW aV a VLWe fRU QXcOeaWLRQ, WhLV LV NQRZQ aV heWeURgeQeRXV RU aWheUPaO UaQge QXcOeaWLRQ (15). The VecRQd 

VWage LQYROYeV gURZWh Rf Whe cU\VWaOOLQe UegLRQ. The fLQaO VL]e Rf Whe QXcOeXV ZLOO be deWeUPLQed b\ Whe 

UaWe Rf addLWLRQ Rf SRO\PeU chaLQV WR Whe QXcOeXV. ThLV LV LQfOXeQced b\ Whe WePSeUaWXUe, ZheUe Whe 

WePSeUaWXUe PXVW be ORZ eQRXgh WR PLQLPLVe Whe dLVRUdeULQg Rf SRO\PeU chaLQV caXVed b\ WheUPaO 

UedLVSeUVLRQ aW Whe cU\VWaO-PeOW LQWeUface (15).   

 

The deYeORSPeQW Rf cU\VWaOOLQLW\ LV aOVR deVcULbed b\ Whe AYUaPL PRdeO fURP a bXON SeUVSecWLYe, LQ 

ZhLch Whe UeOaWLRQVhLS beWZeeQ Whe deQVLW\ Rf Whe cU\VWaOOLQe ShaVe RYeU WLPe LV deWeUPLQed (1). The 

AYUaPL PRdeO PaNeV aVVXPSWLRQV VXch aV: QXcOeaWLRQ LV a UaQdRP aQd hRPRgeQeRXV SURceVV Rf Whe 

XQWUaQVfRUPed PaWWeU, L.e. Whe PeOW; Whe e[WeQW Rf WUaQVfRUPaWLRQ LV QRW affecWed b\ Whe gURZWh UaWe; aQd 

gURZWh RccXUV LQ aOO dLUecWLRQV aW Whe VaPe UaWe (16). IQ Whe AYUaPL PRdeO, Whe VSheUXOLWeV gURZ UadLaOO\ 

fURP a QXcOeaWLRQ SRLQW XQWLO LPSLQgePeQW LV Ueached. ThLV LV XVXaOO\ RbVeUYed aV a SRO\hedUaO VhaSe. 

The SRVLWLRQ Rf Whe QXcOeaWLRQ SRLQW LV fL[ed aQd dReV QRW chaQge LQ Whe PeOW (1). BRWh QXcOeaWLRQ aQd 

gURZWh Rf a VSheUXOLWe RccXU RYeU WLPe W XQWLO LPSLQgePeQW LV achLeYed.  

 

ASSOLcaWLRQ Rf Whe AYUaPL eTXaWLRQ ZLOO SURdXce aQ AYUaPL UaWe cRQWeQW, k, aQd aQ AYUaPL e[SRQeQW, Q. 

The AYUaPL e[SRQeQW LV a cRQVWaQW WhaW LV UeSUeVeQWaWLYe Rf Whe PRUShRORg\ Rf Whe cU\VWaO. RaSLd 

QXcOeaWLRQ LV a ]eURWh RUdeU SURceVV ZheUe gURZWh ceQWUeV aUe fRUPed LQVWaQWaQeRXVO\, Whe cRUUeVSRQdLQg 

YaOXe LV eTXaO WR Q ± 1. SSRUadLc QXcOeaWLRQ LV a fLUVW-RUdeU SURceVV, ZheUe Whe cRUUeVSRQdLQg YaOXe LV 

eTXaO WR Q + 1 (1). FRU e[aPSOe, VSRUadLc QXcOeaWLRQ Rf a VSheUXOLWe; Q = 3 + 1 = 4. ThLV LV dePRQVWUaWed 

b\ Whe TabOe beORZ. AV a UeVXOW, Whe AYUaPL e[SRQeQW, Q, LV a cRPbLQaWLRQ Rf Whe gURZWh dLPeQVLRQ aQd 

Whe QXcOeaWLRQ PechaQLVP WR SURdXce aQ LQWegeU YaOXe.  
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TabOe 1.5.1 ± The UeOaWLRQVhLS beWZeeQ Whe QXcOeaWLRQ PechaQLVP, gURZWh dLPeQVLRQ, AYUaPL e[SRQeQW 

aQd PRUShRORg\ Rf Whe cU\VWaOOLQe VWaWe.  

Nucleation 

mechanism  

Growth 

dimension  

Avrami exponent, n Morphology  

Sporadic 

1 2 Rod 

2 3 Disc 

3 4 Sphere 

Instantaneous  

1 1 Rod 

2 2 Disc 

3 3 Sphere 

 

 

The HRffPaQ-LaXULW]eQ (H-L) WheRU\ LV ZLdeO\ acceSWed WheRU\ WR deVcULbe Whe deYeORSPeQW Rf 

cU\VWaOOLQLW\ LQ SRO\PeUV fURP a PROecXOaU SeUVSecWLYe. IQ Whe H-L WheRU\, cU\VWaOOLVaWLRQ begLQV ZheQ a 

SRO\PeU chaLQ deSRVLWV LWVeOf RQ WR gURZWh SOaQe. ThLV LV cRQVLdeUed a cULWLcaO QXcOeXV (6). FURP WhLV 

SRLQW, chaLQV gURZ LQ Whe OaWeUaO dLUecWLRQ b\ fROdLQg bacN RQ WhePVeOYeV WR fRUP OaPeOOae. IW VhRXOd be 

cRQVLdeUed WhaW a fUee eQeUg\ baUULeU PXVW be RYeUcRPe LQ RUdeU fRU cU\VWaOOLVaWLRQ WR SURceed (5). 

 

The cU\VWaOOLVaWLRQ SURceVV LV defLQed b\ Whe fROORZLQg SaUaPeWeUV; g, Whe OaWeUaO cRYeULQg UaWe L.e. Whe 

gURZWh UaWe SaUaOOeO WR Whe gURZWh SOaQe ZhLch cRYeUV Whe gURZWh fURQW afWeU QXcOeaWLRQ; O, Whe ZLdWh Rf 

Whe gURZWh fURQW ZhLch QXcOeaWLRQ aQd gURZWh cRYeUV; G, gURZWh UaWe SeUSeQdLcXOaU WR Whe gURZWh SOaQe; 

aQd L, Whe UaWe Rf QXcOeaWLRQ (5).  
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The H-L PRdeO XVeV Whe SaUaPeWeUV LQ 3 UegLPeV WR deVcULbe cU\VWaOOLVaWLRQ. RegLPe I WaNeV SOace aW ORZ 

degUeeV Rf XQdeUcRROLQg. OQce Whe cULWLcaO QXcOeXV LV fRUPed, OaWeUaO gURZWh RccXUV TXLcNO\ aQd a VPRRWh 

gURZWh fURQW LV SURdXced. SRRQ afWeU, a QeZ QXcOeXV fRUPV aQd Whe Qe[W gURZWh fURQW LV SURdXced (5). 

The eTXaWLRQ WR deVcULbe UegLPe I LV VhRZQ LQ TabOe 1.5.2. IQ Whe eTXaWLRQ 𝑏଴ UeSUeVeQWV Whe WhLcNQeVV Rf 

Whe cU\VWaOOLVed Oa\eU aQd L LV Whe VXbVWUaWe OeQgWh cRYeUed b\ RQe VXUface QXcOeXV, ZheUe Whe cRQdLWLRQ 

𝐿 ≪ 𝑖𝐿 LV PeW (17).  

 

RegLPe II WaNeV SOace aV Whe degUee Rf XQdeUcRROLQg LQcUeaVeV aQd gURZWh RccXUV, VXch WhaW WheUe LV PRUe 

WhaQ RQe QXcOeXV RQ Whe gURZWh SOaQe. CRQVeTXeQWO\, Whe gURZWh UaWe LV aVVRcLaWed ZLWh Whe WeUPV i aQd 

g (5). AQ LPSRUWaQW cRQVLdeUaWLRQ ZLWhLQ UegLPe II LV Whe VeSaUaWLRQ beWZeeQ Whe QeLghbRXULQg QXcOeL. 

AW hLgheU cU\VWaOOLVaWLRQ WePSeUaWXUeV, Whe VeSaUaWLRQ beWZeeQ QeLghbRXULQg QXcOeL LV OaUge (5). AV Whe 

degUee Rf XQdeUcRROLQg LQcUeaVeV aQd Whe cU\VWaOOLVaWLRQ WePSeUaWXUe UedXceV, Whe VeSaUaWLRQ beWZeeQ 

QeLghbRXULQg QXcOeL UedXceV. AV UegLPe II cRQWLQXeV WheUe aUe chaQgeV WR cU\VWaO gURZWh aV Whe 

cU\VWaOOLVaWLRQ WePSeUaWXUe decUeaVeV. The eTXaWLRQ WR deVcULbe UegLPe II LV VhRZQ LQ TabOe 1.5.2. 

 

RegLPe III LV eQWeUed ZheQ Whe cU\VWaO gURZWh UaWe UedXceV (5). EYeQWXaOO\, Whe gaS beWZeeQ Whe 

QeLghbRXULQg SRO\PeU chaLQV cORVeV aQd Whe OaWeUaO cRYeULQg UaWe, g, LV QR ORQgeU cRQVLdeUed (5). The 

eTXaWLRQ WR deVcULbe UegLPe III LV VhRZQ LQ TabOe 1.5.2. 

 

IW LV aVVXPed WhaW a VegPeQW Rf SRO\PeU chaLQ aWWacheV RQWR Whe gURZWh fURQW RQe aW a WLPe, eQVXULQg Whe 

Pa[LPXP aPRXQW Rf RUdeU LV Ueached. YeW, RWheU PRdeOV ZeUe SURSRVed. Of WheVe PRdeOV PRLQW eW aO 

deVcULbeV Whe cU\VWaOOLVaWLRQ SURceVV WR be >1 VegPeQW aWWachLQg WR a gURZWh fURQW aW aQ\ WLPe fROORZLQg 

QXcOeaWLRQ (18). AOWeUQaWLYeO\, PhLOOLSV eW aO VXggeVWed >1 VWeP aWWachLQg LQVWaQWaQeRXVO\ (19).  
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TabOe 1.5.2 ± HRffPaQ-LaXULW]eQ UegLPeV. 

Regime 1 𝐺ூ ൌ 𝑖𝑏଴𝐿 

Regime 2 𝐺ூூ ൌ ሺ𝑖𝑏଴𝑔ሻ଴.ହ 

Regime 3 𝐺ூூூ ൌ 𝑖𝑏଴𝐿′ 

 

The SURSRVed eTXaWLRQ b\ J.D. HRffPaQ eW aO aOORZV fRU Whe deWeUPLQaWLRQ Rf a WePSeUaWXUe LQdeSeQdeQW 

cRQVWaQW aQd a QXcOeaWLRQ UaWe cRQVWaQW, 𝐾௢ aQd 𝐾௚, UeVSecWLYeO\. ThLV LV UeSUeVeQWed b\ Whe eTXaWLRQ 

beORZ. 

  

൬
1

𝑡଴.ହ
൰ ൌ  𝐾௢ exp ൬െ

𝑈
ሺ𝑅ሺ𝑇 െ 𝑇ஶሻ

൰ exp ቆ
𝐾௚൫𝑇 ൅ 𝑇௠

଴൯
2𝑇ଶ∆𝑇

ቇ 

 

The SaUaPeWeUV LQ Whe abRYe eTXaWLRQ caQ be XVed WR deWeUPLQe 𝐾௢aQd 𝐾௚. WheUeb\ 𝑡଴.ହ deQRWeV haOf-

WLPe WR cU\VWaOOLVaWLRQ, T LV Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe, 𝑇௠
଴ LV Whe eTXLOLbULXP PeOW 

WePSeUaWXUe, ∆𝑇 LV Whe degUee Rf XQdeUcRROLQg, 𝑇ஶ = 𝑇௚ െ 30 𝐾 aQd U LV a XQLYeUVaO cRQVWaQW aW 6270 

JPRO-1 ZhLch UeSUeVeQWV Whe acWLYaWLRQ eQeUg\ fRU cU\VWaOOLVaWLRQ.  

The cRQVWUXcWLRQ fRU a HRffPaQ-LaXULW]eQ SORW LQYROYeV geQeUaWLQg a gUaSh Rf ln ቀ ଵ
௧బ.ఱ

ቁ ൅ ቀ ௎
ሺோሺ்ି ಮ்ሻ

ቁ YV 

ቀ൫்ା ೘்
బ൯

ଶ்మ∆்
ቁ, Whe UeVXOW LV W\SLcaOO\ a VWUaLghW OLQe gUaSh ZLWh a VORSe aQd LQWeUceSW Rf 𝐾௢ aQd 𝐾௚, 

UeVSecWLYeO\ (20,21).  
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The WePSeUaWXUe aQd gURZWh UaWe ZLOO LQfOXeQce Whe cU\VWaOOLVaWLRQ Rf a SRO\PeU. T\SLcaOO\, cU\VWaOOLVaWLRQ 

RccXUV beWZeeQ TM ± 10K aQd Tg + 30K. IQ WhLV WePSeUaWXUe UaQge, Whe SRO\PeU chaLQV e[SeULeQce 

WheUPaO PRWLRQ. ThLV eQabOeV Whe fRUPaWLRQ Rf RUdeUed cU\VWaOOLQe UegLRQV.  

FLgXUe 1.5.1 VhRZV a beOO-VhaSed cXUYe RQ aQ a[LV Rf gURZWh UaWe YV WePSeUaWXUe. AW WePSeUaWXUeV cORVe 

WR Whe PeOWLQg WePSeUaWXUe Rf Whe SRO\PeU, Whe SRO\PeU chaLQV e[SeULeQce a hLgh OeYeO Rf PROecXOaU 

PRWLRQ aQd Whe fRUPaWLRQ Rf VTabOe QXcOeL LV OLPLWed. AW WePSeUaWXUeV cORVe WR Whe Tg Rf Whe SRO\PeU, Whe 

PeOW LV YLVcRXV aQd Whe PROecXOaU PRWLRQ LV OLPLWed.  

AV Whe WePSeUaWXUe decUeaVeV fURP Whe PeOWLQg WePSeUaWXUe, Whe PeOW YLVcRVLW\ LQcUeaVeV aQd 

cRQVeTXeQWO\ caXVeV Whe UaWe Rf dLffXVLRQ Rf SRO\PeU chaLQV WR decUeaVe. The OLPLWed PRWLRQ Rf SRO\PeU 

chaLQV eQcRXUageV Whe fRUPaWLRQ Rf a QXcOeXV. ThLV dePRQVWUaWeV WhaW WheUe LV aQ RSWLPXP WePSeUaWXUe 

LQ ZhLch cU\VWaOOLVaWLRQ WaNeV SOace. AddLWLRQaOO\, WhLV VhRZV WhaW Whe gURZWh UaWe Rf cU\VWaOOLQe UegLRQV 

SaVVeV WhURXgh a Pa[LPXP. 

 

 

FLgXUe 1.5.1 ± GUaSh Rf UadLaO gURZWh UaWe U Rf a VSheUXOLWe aV a fXQcWLRQ Rf cU\VWaOOLVaWLRQ WePSeUaWXUe, 

UeSUeVeQWed b\ a beOO-VhaSed cXUYe. 
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1.6 BackgroXnd to additiYe manXfactXring 
 

CRQYeQWLRQaO PaQXfacWXULQg PeWhRdV VXch aV IQMecWLRQ MRXOdLQg (IM) ePeUged LQ Whe OaWe 1800¶V aQd 

UePaLQV a SRSXOaU PaQXfacWXULQg WechQLTXe WhaW LV XVed LQ LQdXVWULeV VXch aV Whe aXWRPRWLYe LQdXVWU\. 

The IM SURceVV begLQV b\ heaWLQg a SRO\PeU abRYe LWV PeOWLQg WePSeUaWXUe aQd LQMecWLQg Whe PeOW 

WhURXgh a QR]]Oe LQWR a PRXOd. The PRXOd LV SUeheaWed WR a VeW WePSeUaWXUe. The SRO\PeU LV PaLQWaLQed 

LQ Whe PRXOd fRU a SUe-deWeUPLQed OeQgWh Rf WLPe ZheUe LW cRROV dRZQ UaSLdO\ aQd WheQ LV UePRYed.   

 

ReceQW deYeORSPeQWV LQ Whe PaQXfacWXULQg Rf SRO\PeULc cRPSRQeQWV VhRZV WhaW geRPeWULcaOO\ cRPSOe[ 

SaUWV caQ be bXLOW ZLWhRXW Whe XVe Rf a PRXOd. ThLV bUaQch Rf PaQXfacWXULQg LV caOOed addLWLYe 

PaQXfacWXULQg aQd LV VRPeWLPeV UefeUUed WR aV ³3D SULQWLQg´. IQ geQeUaO, Whe PaQXfacWXULQg SURceVV 

eQWaLOV SURgUeVVLYeO\ deSRVLWLQg Oa\eUV Rf SRO\PeU RQWR a bXLOd SOaWfRUP WR fabULcaWe a QeW-VhaSe 

cRPSRQeQW fURP CAD RU dLgLWaO PRdeO. 

 

OQe Rf Whe eaUOLeVW fRUPV Rf AM PeWhRdV LV caOOed MaWeULaO E[WUXVLRQ (MEX) IQ WhLV WechQLTXe, Whe 

SRO\PeU LV heaWed abRYe LWV PeOWLQg WePSeUaWXUe, ZheUe LW LV PaLQWaLQed. The PeOW LV deSRVLWed dLUecWO\ 

RQWR a bXLOd SOaWfRUP WhURXgh a QR]]Oe WR cUeaWe a 3D RbMecW. WhLOe MEX LV adYaQWageRXV LQ UeVSecW WhaW 

PRXOdV aUe QRW UeTXLUed, LVVXeV LQYROYe geRPeWULc dLVWRUWLRQ dXe WR UaSLd cU\VWaOOLVaWLRQ Rf Whe SRO\PeU 

PeOW (22).  

 

AOWeUQaWLYe AM PeWhRdV XVe SRO\PeUV LQ Whe fRUP Rf SRZdeU aV Whe bXLOd PaWeULaO, WhLV caWegRU\ Rf AM 

LV caOOed aV PRZdeU Bed FXVLRQ (PBF). AccRUdLQg WR ChaWhaP eW aO (23) Whe fLUVW PBF WechQLTXe ZaV 

SaWeQWed LQ 1989 b\ DecNaUd (24), hRZeYeU WechQRORgLeV XVLQg a SRZdeU bed daWe WR 1971 b\ CLUaXd 

aQd 1979 b\ HRXVehROdeU (23).   



15 
 

 

IQ PBF WechQLTXeV SRO\PeU SRZdeU LV VSUead RQWR bXLOd SOaWfRUP aQd VeOecWed UegLRQV Rf Whe SRO\PeU 

SRZdeU aUe VLQWeUed RU fXVed WR cUeaWe Whe fLQaO SURdXcW. MeaQZhLOe, Whe bXLOd chaPbeU LV PaLQWaLQed aW 

a VeW WePSeUaWXUe WR PLQLPLVe geRPeWULc dLVWRUWLRQ. The PaLQ adYaQWageV Rf PBF WechQRORgLeV aUe WhaW 

cRPSOe[ cRPSRQeQWV caQ be cUeaWed ZLWhRXW Whe Qeed fRU VXSSRUW VWUXcWXUeV. AddLWLRQaOO\, Whe eQWLUe 

bXLOd XQLW LV XVed WR cUeaWe PXOWLSOe cRPSRQeQWV LQ RQe c\cOe, WhLV dePRQVWUaWeV WhaW PBF WechQLTXeV aUe 

effLcLeQW LQ WeUPV Rf eQeUg\ aQd WLPe bXW LQeffLcLeQW LQ WeUPV Rf PaWeULaO ZaVWe WRR.  

 

SLQce PBF WechQRORg\ LV a deYeORSLQg PaQXfacWXULQg PeWhRd, a OLPLWed QXPbeU Rf SRO\PeUV aUe 

cRPPeUcLaOO\ aYaLOabOe, WheVe LQcOXde bXW aUe QRW OLPLWed WR PA-11 aQd PA-12 (23). WheUeaV a OaUgeU 

VeOecWLRQ Rf SRO\PeUV aUe XVed LQ IM, aV Whe\ haYe beeQ deYeORSed WR ZRUN VSecLfLcaOO\ ZLWh Whe IM 

SURceVV. ThLV LQYROYeV WaNLQg LQWR accRXQW Whe cU\VWaOOLVaWLRQ NLQeWLcV aQd WheUPaO SURSeUWLeV (23). 

E[aPSOeV Rf PBF WechQLTXe LQcOXde SeOecWLYe LaVeU SLQWeULQg (SLS), HLgh VSeed VLQWeULQg (HSS) aQd 

MXOWL-JeW FXVLRQ (MJF). The OaWWeU LV SaWeQWed b\ HeZOeWW PacNaUd.   
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FLgXUe 1.6.1 ± TLPeOLQe Rf SURdXcWLRQ WechQLTXeV LQcOXdLQg Whe WUadLWLRQaO PRXOdLQg WechQLTXe, 

IQMecWLRQ MRXOdLQg (IM) aQd VXbVeTXeQW addLWLYe PaQXfacWXULQg PeWhRdV (22,25±27). 

 

1.6.1 SelectiYe laser sintering  
 

SLS LV RQe Rf Whe PRVW SRSXOaU AM-PBF WechQLTXeV WR cUeaWe beVSRNe RbMecWV LQ ORZ-YROXPe SURdXcWLRQ 

(28). TR fabULcaWe SRO\PeULc cRPSRQeQWV, SRO\PeU SRZdeU LV ORaded LQWR a feed chaPbeU WhaW LV adMaceQW 

WR Whe bXLOd aUea. The feed chaPbeU aQd Whe bXLOd aUea aUe SUe-heaWed WR a WePSeUaWXUe beORZ Whe PeOWLQg 

WePSeUaWXUe Rf Whe SRO\PeU. AddLWLRQaOO\, Whe eQWLUe XQLW LV PaLQWaLQed XQdeU aQ LQeUW gaV VXch aV 

QLWURgeQ. The bXLOd SOaWfRUP LV ORZeUed a VeW dLVWaQce, XVXaOO\ 100 ߤP, aQd SRO\PeU SRZdeU LV VSUead 

RQWR Whe bXLOd SOaWfRUP fURP Whe feed chaPbeU XVLQg a UROOeU. The XVe Rf a UROOeU aOORZV Whe VSUead Rf 

SRZdeU WR be XQLfRUP acURVV Whe bXLOd SOaWfRUP. GeQeUaOO\, PRUe SRZdeU WhaQ UeTXLUed LV deOLYeUed WR 

Whe bXLOd SOaWfRUP aQd Whe e[ceVV SRZdeU LV SXVhed WR aQ RYeUfORZ bLQ. ThLV SRZdeU caQ be Ue-XVed LQ 

fXWXUe bXLOdV. AfWeU, a OaVeU VcaQV VeOecWed aUeaV Rf Whe SRZdeU bed VXUface WR facLOLWaWe Whe adheVLRQ Rf 

SRO\PeU SaUWLcOeV LQ ORcaOLVed UegLRQV (29). ThLV SURceVV LV UeSeaWed XQWLO Whe bXLOd LV cRPSOeWe. OQce 
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Whe bXLOd LV cRPSOeWe, Whe bXLOd chaPbeU ZLOO cRRO dRZQ WR URRP WePSeUaWXUe. The cRPSRQeQWV aUe WheQ 

UePRYed fURP Whe SRZdeU chaPbeU aQd e[ceVV SRZdeU LV UePRYed LQ a VWeS NQRZQ aV ³deSRZdeULQg´. 

IQ VRPe LQVWaQceV, a SRVW-deSRZdeULQg VXUface WUeaWPeQW VXch aV bead bOaVWLQg LV XVed ZhLch UePRYeV 

e[ceVV SRZdeU RU achLeYed a deVLUed VXUface fLQLVh (23).  

 

The RSeUaWLQg SaUaPeWeUV Rf SLS aUe deWeUPLQed b\ Whe XVeU, WheVe LQcOXde Whe OaVeU SRZeU, OaVeU VcaQ 

VSeed, OaVeU VcaQ VSacLQg, SaUW bed WePSeUaWXUe, SRZdeU feed WePSeUaWXUe, UROOeU VSeed aQd SRZdeU Oa\eU 

WhLcNQeVV (30±32).  

 

The PRVW cRPPRQ PaWeULaO XVed LQ SLS LV PA-12 (30±32), RWheU PaWeULaOV LQcOXde SRO\ (eWh\OeQe 

WeUeShWhaOaWe), SRO\SURS\OeQe aQd WheUPRSOaVWLc SRO\XUeWhaQe (33±36). The fabULcaWLRQ Rf SaUWV Pade 

fURP cRPSRVLWe PaWeULaOV haV aOVR beeQ LQYeVWLgaWed, ZheUe gOaVV caUbRQ, SRWaVVLXP WLWaQLXP ZhLVNeUV 

aQd caUbRQ bOacN haYe beeQ LQcRUSRUaWed LQWR Whe PA-12 SRO\PeU PaWUL[ (37±41). The feedVWRcN PaWeULaO 

XVed LQ SLS cRPSULVeV Rf bRWh YLUgLQ aQd XVed SRZdeU, WeUPed ³UefUeVhed SRZdeU´. OfWeQ a hLgh 

SeUceQWage Rf YLUgLQ SRZdeU (30 ± 50 %) LV UeSOeQLVhed LQWR Whe bXLOd (32).  

 

SLS fabULcaWeV cRPSRQeQWV aV SURWRW\SeV aQd LQ ORZ YROXPe SURdXcWLRQ (42), WheUefRUe PaQ\ VWXdLeV 

LQYeVWLgaWe Whe PechaQLcaO SURSeUWLeV Rf SLS cRPSRQeQWV. IW haV beeQ UeSRUWed WhaW Whe PechaQLcaO 

SURSeUWLeV aUe LQfOXeQced b\ Whe SURceVVLQg SaUaPeWeUV (43±49).  

AQ eaUO\ VWXd\ e[aPLQeV effecW Rf bXLOd RULeQWaWLRQ aQd SURceVVLQg SaUaPeWeUV RQ Whe PechaQLcaO 

SURSeUWLeV Rf PA-12 SLS cRPSRQeQWV (43). The bXLOd RULeQWaWLRQ affecWed Whe PechaQLcaO SURSeUWLeV 

ZheUeb\ Whe YRXQg¶V PRdXOXV, fUacWXUe VWUeQgWh aQd eORQgaWLRQ aW bUeaN YaULed fRU dLffeUeQW bXLOd 

RULeQWaWLRQV. HRZeYeU, Whe WUeQdV LdeQWLfLed fRU each bXLOd RULeQWaWLRQ ZeUe VLPLOaU.  
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IW ZaV UeSRUWed WhaW Whe SURceVVLQg SaUaPeWeUV affecWed Whe eQeUg\ deQVLW\, cRQVeTXeQWO\ WhLV affecWed 

Whe deQVLW\ aQd PechaQLcaO SURSeUWLeV Rf Whe fLQaO cRPSRQeQW. The eQeUg\ deQVLW\ LV a PeaVXUe Rf Whe 

eQeUg\ VXSSOLed WR Whe SRZdeU SaUWLcOeV SeU XQLW aUea Rf Whe SRZdeU bed VXUface. ThLV LV deWeUPLQed b\ 

Whe OaVeU SRZeU, beaP VSeed aQd haWch VSacLQg (43,45). IQ geQeUaO, SaUWV WhaW had a ORZeU eQeUg\ deQVLW\ 

ZeUe ZeaN aQd e[hLbLWed aQLVRWURSLc behaYLRXU. AV Whe eQeUg\ deQVLW\ LQcUeaVed, Whe SaUWV ZeUe VWURQgeU 

aQd e[hLbLWed LVRWURSLc behaYLRXU (43). The eQeUg\ deQVLW\ haV aOVR beeQ fRXQd WR LQfOXeQce Whe 

PLcURVWUXcWXUe ZhLch LQ WXUQ affecWed PechaQLcaO SURSeUWLeV (44).  

 

OWheU SaUaPeWeUV VXch aV UefUeVh UaWe, Oa\eU WhLcNQeVV aQd haWch SaWWeUQ LQfOXeQced Whe SaUW VWUeQgWh (45). 

The PeaQ VWUeQgWh ZaV deWeUPLQed XVLQg Whe TagXchL PeWhRd XVLQg L16 PRdLfLed RUWhRgRQaO aUUa\.  AV 

Whe UefUeVh UaWe aQd SaUW bed WePSeUaWXUe LQcUeaVed, Whe PeaQ VWUeQgWh Rf Whe SaUW LQcUeaVed. HRZeYeU, 

aV Whe Oa\eU WhLcNQeVV aQd haWch SaWWeUQ VSacLQg LQcUeaVed, Whe PeaQ VWUeQgWh decUeaVed (45).  

 

The UeOaWLRQVhLS beWZeeQ Whe beaP VSeed aQd PechaQLcaO SURSeUWLeV ZeUe aOVR LQYeVWLgaWed, UeVXOWV 

VhRZed WhaW aV Whe beaP VSeed LQcUeaVed, Whe PechaQLcaO SURSeUWLeV decUeaVed (46). ThLV ZaV dXe WR Whe 

degUee Rf SaUWLcOe PeOW, L.e. Whe SURSRUWLRQV Rf PeOWed aQd XQPeOWed UegLRQV (46). LLNeZLVe, MaMeZVNL eW 

aO aOVR UeSRUW Whe degUee Rf SaUWLcOe PeOW LQfOXeQced Whe PechaQLcaO SURSeUWLeV (47).  

 

The effecW Rf ageLQg RQ Whe PechaQLcaO SURSeUWLeV Rf SaUWV SURdXced b\ SLS aQd IM ZaV aOVR LQYeVWLgaWed 

(49). IQ WhLV VWXd\, ageLQg ZaV LQdXced b\ NeeSLQg VSecLPeQV LQ dU\, hXPLd aQd ZeW cRQdLWLRQV aQd 

WeVWLQg WheP aW dLffeUeQW WePSeUaWXUeV. IQ dU\ cRQdLWLRQV, IM VaPSOeV had VLPLOaU VWUeQgWhV WhURXghRXW a 

gLYeQ WLPe SeULRd. HRZeYeU, VaPSOeV SURdXced b\ SLS VhRZed aQ LQcUeaVe LQ VWUeQgWh RYeU WLPe. IQ ZeW 

cRQdLWLRQV, IM VaPSOeV e[SeULeQced a decUeaVe LQ VWUeQgWh aQd VWLffQeVV. WheUeaV VaPSOeV SURdXced b\ 

SLS e[hLbLWed a cRQVLVWeQW VWUeQgWh aQd VPaOO decUeaVe LQ YRXQgV MRdXOXV. IW ZaV QRWed WhaW PA-12 
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XVed LQ SLS had beWWeU PRLVWXUe aQd ZaWeU UeVLVWaQce WhaQ cRPPeUcLaOO\ aYaLOabOe LQMecWLRQ PRXOded 

gUade PA-12 (49).  

 

AV VhRZQ, SaUWV fabULcaWed b\ SLS aUe LQfOXeQced b\ PaQ\ facWRUV, LQcOXdLQg Whe SURceVVLQg SaUaPeWeUV, 

SaUW RULeQWaWLRQ aQd VWRUage cRQdLWLRQV, PeaQLQg LW LV OLNeO\ WhaW Whe PechaQLcaO SURSeUWLeV YaU\ beWZeeQ 

bXLOdV. 

 

The WheUPaO SURSeUWLeV Rf PA-12 SRZdeU aQd SaUWV XVed LQ SLS haYe aOVR beeQ LQYeVWLgaWed. PA-12 

SRZdeU caQ be VXSSOLed b\ dLffeUeQW PaQXfacWXUeUV, e.g. DXUafRUP PA, IQQRY PA aQd PA2200 WR QaPe a 

feZ (43,44,50,51). Of ZhLch, DXUafRUP PA LV Whe PRVW cRPPRQ.  

The daWa LQ TabOe 1.6.1 dePRQVWUaWeV Whe WheUPaO SURSeUWLeV Rf Whe dLffeUeQW gUadeV Rf PA-12 SRZdeU.  

 

TabOe 1.6.1 ± ReSRUWed YaOXeV Rf Whe SeaN PeOWLQg WePSeUaWXUe TM, SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe TC 

aQd eQWhaOS\ Rf fXVLRQ fRU dLffeUeQW gUadeV Rf PA-12 SRZdeU.  

Reference Powder Peak TM [℃] Peak TC [℃] Enthalpy of 

fusion [J/g] 

J. Kurth et al Duraform® 187.26 - - 

F. Sillani et al Duraform® 180.80 (onset) 151.10 (onset) 103.0 

Wang et al Duraform® 176.00 149.00 - 

S. Dadbakhsh 

et al 

PA2200 180.10 (onset) 154.40 (onset) 92.1 

D. Pharm et al PA2200 186.49 149.67 118.91 

C. Cai et al EOS 188.90 142.90 100.8 
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The daWa LQ TabOe 1.6.1 VhRZV WhaW Whe SeaN PeOWLQg WePSeUaWXUe Rf PA-12 SRZdeU YaULed beWZeeQ 

VXSSOLeUV. FRU e[aPSOe, Whe SeaN PeOWLQg WePSeUaWXUe Rf DXUafRUP� YaULed b\ aOPRVW 5 ℃. The SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUe VhRZed OeVV YaULaWLRQ, ZheUe Whe hLgheVW a ORZeVW SeaN cU\VWaOOLVaWLRQ 

WePSeUaWXUe ZeUe 151.1 aQd 149.0 ℃.  

 

TheUPaO SURSeUWLeV VXch aV Whe RQVeW aQd SeaN PeOWLQg WePSeUaWXUe aUe LPSRUWaQW WR LQYeVWLgaWe VLQce 

Whe SRZdeU bed PXVW be PaLQWaLQed aW a ceUWaLQ WePSeUaWXUe WhURXghRXW Whe dXUaWLRQ Rf Whe bXLOd. ThLV 

WePSeUaWXUe PXVW QRW e[ceed Whe PeOWLQg WePSeUaWXUe Rf Whe SRO\PeU aV WhLV ZLOO caXVe Whe SRZdeU ZLWhLQ 

Whe bXLOd chaPbeU WR PeOW.  

 

The RQVeW aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe caQ be XVed WR deWeUPLQe Whe VLQWeULQg ZLQdRZ. The 

VLQWeULQg ZLQdRZ UefOecWV Whe VLQWeULQg SURceVVabLOLW\. ThLV LV Whe dLffeUeQce beWZeeQ Whe RQVeW PeOWLQg 

WePSeUaWXUe aQd RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe. M. VaVTXe] eW aO defLQe Whe VLQWeULQg ZLQdRZ aV ³Whe 

WePSeUaWXUe UaQge LQ ZhLch Whe PaWeULaO caQ be SURceVVed ZLWhRXW beLQg degUaded´ aV Whe PaWeULaO ZLOO 

UePaLQ LQ Whe PeOW ShaVe (52).  

 

1.6.2 MXlti Jet FXsion  
 

MXOWL JeW FXVLRQ (MJF) LV a SURSULeWaU\ AM WechQLTXe WhaW faOOV LQWR Whe VXbcaWegRU\ Rf PBF (53,54). 

The WechQLTXe ZaV deYeORSed b\ HP LQ 2014 aQd becaPe cRPPeUcLaO LQ 2016 (31,55). IQ geQeUaO, MJF 

deSOR\V UadLaWLRQ abVRUbLQg LQNV ZhLch defLQe Whe cURVV VecWLRQ Rf a SaUW. AQ LQfUaUed UadLaWLRQ OaPS 

WheQ VcaQV Whe VXUface WR PeOW ORcaOLVed UegLRQV RQ Whe SRZdeU bed. ThLV LV cRQWUROOed b\ a SULQWhead WhaW 

LV SURgUaPPed WR UeceLYe cRPPaQdV fURP a ceQWUaO XQLW (56).  
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OfWeQ MJF LV cRPSaUed WR HLgh SSeed SLQWeULQg (HSS), a SURceVV deYeORSed b\ HRSNLQVRQ eW aO. HSS 

WhaW RSeUaWeV XVLQg a VLPLOaU SULQcLSOe WR MJF. IQ HSS, VeOecWed aUeaV Rf Whe SRZdeU bed abVRUb VXffLcLeQW 

eQeUg\ WR eOeYaWe Whe WePSeUaWXUe LQ ORcaOLVed UegLRQV aQd PeOW SRO\PeU SaUWLcOeV, ZhLOe Whe VXUURXQdLQg 

aUeaV abVRUb OeVV eQeUg\ VR WhaW Whe PeOWLQg WePSeUaWXUe Rf Whe PaWeULaO LV QRW e[ceeded (57). IQ HSS 

WheUe aUe a QXPbeU Rf PeWhRdV WR PeOW VeOecWed aUeaV Rf Whe SRZdeU bed, WheVe LQcOXde; XVLQg a SRZdeU 

WhaW abVRUbV eQeUg\ PRUe UeadLO\ WhaQ Whe VXSSRUW SRZdeU, Whe addLWLRQ Rf a VecRQdaU\ PaWeULaO WR 

SURPRWe eQeUg\ abVRUSWLRQ LQ VeOecWed aUeaV Rf Whe SRZdeU bed aQd XVLQg a PaVN WR UeVWULcW Whe LQcRPLQg 

eQeUg\ VR WhaW ceUWaLQ aUeaV Rf Whe SRZdeU bed aUe e[SRVed WR Whe LQcRPLQg UadLaWLRQ (57). MJF LV a PRUe 

UeVWULcWLYe SURceVVLQg WechQLTXe WhaQ HSS aQd SLS LQ WhaW Whe SURceVVLQg SaUaPeWeUV aUe cRQWUROOed b\ 

aOgRULWhPV aQd Whe PaWeULaOV aUe VXSSOLed b\ Whe PaQXfacWXUeUV. HRZeYeU, MJF caQ achLeYe SULQWLQg 

VSeedV PXch faVWeU WhaQ RWheU SRO\PeU PBF WechQLTXeV (58). ThLV haV beeQ UeSRUWed WR be XS WR 10 WLPeV 

faVWeU WhaQ MEX aQd SLS (31,59). VR[eOMeW aUe a cRPSaQ\ WhaW RffeU HSS VROXWLRQV fRU SURWRW\SLQg aQd 

SURdXcWLRQ. OWheU PBF WechQRORgLeV haYe a VLPLOaU RSeUaWLQg SULQcLSOe WR MJF VXch aV SeOecWLYe 

AbVRUSWLRQ FXVLRQ (SAF). ThLV aOVR XVeV aQ LQfUaUed abVRUSWLRQ fOXLd caOOed HAF� WR facLOLWaWe Whe 

adheVLRQ Rf SRO\PeU SaUWLcOeV.  

 

MRUe VSecLfLcaOO\, MJF ZRUNV b\ deSRVLWLQg a WhLQ Oa\eU Rf SRO\PeU SRZdeU Rf aSSUR[LPaWeO\ 0.08PP 

WhLcNQeVV (60,61) RQWR a bXLOd SOaWfRUP XVLQg a bOade (58) ZhLch PRYeV LQ Whe X dLUecWLRQ (31). 

AfWeUZaUdV, aQ LQNMeW head (cRXSOed ZLWh Whe IR OaPS) VcaQV Whe VXUface LQ Whe Y dLUecWLRQ WR VeOecWLYeO\ 

deSRVLW a fXVLQg ageQW (FA) LQ Whe aUeaV ZhLch defLQe Whe cURVV-VecWLRQ Rf Whe cRPSRQeQW. A deWaLOLQg 

ageQW (DA) LV deSRVLWed aURXQd Whe SeULPeWeU Rf Whe FA (31). The aPRXQW Rf FA aQd DA aUe cRQWUROOed 

b\ HP aOgRULWhPV (55). AfWeU, LQfUaUed OaPS VcaQV Whe VXUface WR eQabOe ORcaOLVed PeOWLQg Rf SRO\PeU 

SaUWLcOeV LQ aUeaV cRQWaLQLQg Whe FA. ThLV SURceVV LV UeSeaWed XQWLO Whe bXLOd LV cRPSOeWe. IW haV beeQ 

UeSRUWed WhaW Whe SULQWLQg WLPe Rf RQe Oa\eU LV 10.5V (61). The VXUURXQdLQg XQfXVed SRZdeU acWV aV a 

VXSSRUW PedLXP fRU Whe cRPSRQeQWV, WhLV RPLWV Whe UeTXLUePeQW fRU PRXOdV. The deVLgQ fUeedRP RffeUed 

b\ PBF WechQLTXeV, VXch aV MJF, aOORZV fRU Whe fabULcaWLRQ Rf a UaQge Rf cRPSRQeQWV, LQcOXdLQg hLgh 
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SUeVVXUe h\dUaXOLc YaOYeV, fXeO WaQNV aQd bLRPedLcaO deYLceV aQd eYeQ cRPSOe[ cRPSRQeQWV VXch aV 

OaWWLceV aQd aX[eWLc VWUXcWXUeV (62±67).  

 

OQce Whe cRPSRQeQWV haYe beeQ fabULcaWed, Whe\ aUe aOORZed WR cRRO ZLWhLQ Whe SRZdeU bed fRU a OeQgWh 

Rf WLPe. The cRROLQg WLPe LV deWeUPLQed b\ Whe XVeU aQd haV SUeYLRXVO\ beeQ UeSRUWed aW 10, 16 hU RU 

RYeUQLghW (55,61,68), RU XQWLO Whe cRUe Rf Whe bXLOdLQg XQLW UeacheV 45/50 ℃ (55,69). AfWeUZaUdV, e[ceVV 

SRZdeU LV UePRYed b\ haQd RU XVLQg cRPSUeVVed aLU (55,68). FXUWheU e[ceVV SRZeU LV UePRYed b\ gOaVV 

YacXXP bead bOaVWLQg RU XVLQg a haUd bULVWOe bUXVh (55,68).  

 

The feedVWRcN PaWeULaO LV RfWeQ Uec\cOed VLQce a VPaOO aPRXQW LV XVed WR cUeaWe Whe fLQaO SURdXcW. The 

Uec\cOed SRZdeU LV PL[ed ZLWh YLUgLQ SRZdeU WR UedXce PaWeULaO ZaVWe aQd PaLQWaLQ SRZdeU TXaOLW\, WhLV 

LV NQRZQ aV ³UefUeVhed SRZdeU´. GeQeUaOO\, LQ MJF 20 % YLUgLQ SRZdeU LV added ZLWh each SURceVVLQg 

c\cOe, aQd WhLV LV NQRZQ aV Whe ³UefUeVh UaWe´ (55). 

 

PRO\aPLde-12 (PA-12) LV Whe PRVW cRPPRQ SRO\PeULc PaWeULaO XVed LQ PBF aQd LQ SaUWLcXOaU, MJF (70). 

PA-12 LV a VePL-cU\VWaOOLQe WheUPRSOaVWLc SRO\PeU ZLWh gRRd PechaQLcaO aQd Sh\VLcaO SURSeUWLeV. PA-

12 W\SLcaOO\ e[hLbLWV a WeQVLOe VWUeQgWh Rf ~ 49 MPa (68) aQd PeOWV LQ Whe UegLRQ Rf 184 ± 187 ℃. The 

cRPbLQaWLRQ Rf a UeOaWLYeO\ hLgh RQVeW Rf PeOWLQg aQd ORZ RQVeW Rf cU\VWaOOLVaWLRQ SURYLdeV a ZLde 

VLQWeULQg ZLQdRZ WR SUeYeQW cU\VWaOOLVaWLRQ dXULQg Whe bXLOd ZhLOVW RffeULQg gUeaWeU cRQWURO Rf Whe 

VLQWeULQg RU fXVLRQ SURceVV (58,71). MRUe UeceQWO\, Whe SRZdeU feedVWRcN PaWeULaO VeOecWLRQ haV e[SaQded 

WR gOaVV fLOOed PA-12, SRO\aPLde-11, WheUPRSOaVWLc SRO\XUeWhaQe aQd SRO\SURS\OeQe (61,72±74).   

 

IQ addLWLRQ WR PA-12, Whe FA aQd DA aUe aOVR LPSRUWaQW cRPSRQeQWV LQ Whe bXLOd SURceVV. The PaLQ 

dLffeUeQce beWZeeQ Whe WZR ageQWV LV Whe SUeVeQce Rf caUbRQ bOacN ZLWhLQ Whe FA, LQ ZhLch caUbRQ bOacN 
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LV XVed aV a UadLaWLRQ abVRUbLQg PaWeULaO (RAM) WR facLOLWaWe SaUWLcOe PeOWLQg (31). The FA eQabOeV 

ORcaOLVed heaWLQg b\ cRQWaLQLQg caUbRQ bOacN ZhLch SeQeWUaWeV LQWR Whe VXUface Rf Whe SRZdeU bed (56). 

The caUbRQ bOacN aOVR acWV aV a cRORXUaQW PeaQLQg cRPSRQeQWV fabULcaWed b\ MJF aUe daUN LQ cRORXU dXe 

WR Whe SLgPeQWaWLRQ SURYLded b\ caUbRQ bOacN. WheUeaV, Whe DA SURYLdeV aQ eYaSRUaWLYe cRROLQg effecW 

WR ORZeU Whe WePSeUaWXUe Rf Whe bXLOd PaWeULaO WR SUeYeQW PeOWLQg aQd SUeYeQW WheUPaO bOeedLQg, WhLV 

cRQWULbXWeV WR edge acXLW\ (31,56). The DA LV WhRXghW WR abVRUb < 10 % Rf UadLaWLRQ LQ Whe UaQge Rf 650 

± 2500 QP aQd LV caSabOe Rf abVRUbLQg UadLaWLRQ beORZ 650 QP, VXch WhaW Whe DA abVRUbV aW OeaVW VRPe 

ZaYeOeQgWhV LQ Whe YLVLbOe VSecWUXP aQd OLWWOe WR QR UadLaWLRQ LQ Whe LQfUaUed UegLRQ. IQ cRQWUaVW, Whe acWLYe 

PaWeULaO ZLWhLQ Whe FA abVRUbV eQeUg\ LQ Whe IR UegLRQ (56). The UadLaWLRQ eQeUg\ abVRUbed b\ Whe FA LV 

cRQYeUWed WR WheUPaO eQeUg\ WR SURPRWe WUaQVfeU Rf WheUPaO heaW WR Whe bXLOd PaWeULaO RQ Whe SRZdeU bed 

VXUface. IQ Whe aUeaV cRQWaLQLQg Whe FA, Whe WePSeUaWXUe LV eOeYaWed abRYe Whe PeOWLQg SRLQW Rf Whe bXLOd 

PaWeULaO WR facLOLWaWe fXVLRQ Rf SRZdeU SaUWLcOeV (56). 

 

DecRQVWUXcWLRQ Rf Whe FA aQd DA UeYeaO Whe Ne\ cRQVWLWXeQWV LQcOXde ZaWeU, 2-S\UUROLdRQe (2-PYR), 

WULeWh\OeQe gO\cRO aQd caUbRQ bOacN (RQO\ SUeVeQW ZLWhLQ Whe FA) (58,75). ThRXgh, Whe TXaQWLW\ Rf each 

RUgaQLc VROYeQW LQ Whe FA aQd DA YaULeV (75). The LQcUeaVed cRQWeQW Rf ZaWeU SUeVeQW ZLWhLQ Whe DA 

eQabOeV a ORcaOLVed cRROLQg effecW aQd LQhLbLWV heaW WUaQVfeU RQ Whe SRZdeU bed VXUface (58,75). WheUeaV, 

ZaWeU LV XVed LQ Whe FA WR aOORZ a hRPRgeQeRXV dLVWULbXWLRQ Rf caUbRQ bOacN WR SeQeWUaWe WhURXgh Whe 

deSRVLWed SRZdeU Oa\eU (75). FROORZLQg ZaWeU, 2-PYR haV beeQ UeSRUWed aV Whe Qe[W abXQdaQW VROYeQW, 

VaLd WR be LQcOXded dXe WR LWV LQeUW QaWXUe aQd hLgh bRLOLQg SRLQW (251 ℃) (76). SRPe chePLcaOV VXch aV 

1,2-beQ]LVRWhLa]ROLQ-3-RQe aUe SUeVeQW < 0.1 % ZeLghW Rf Whe FA aQd DA. AOWhRXgh WhLV TXaQWLW\ Pa\ 

aSSeaU VPaOO, WheVe chePLcaOV acW aV a bLRcLde (56).  

 

PUeYLRXV ZRUN RQ MJF LV dRPLQaWed b\ VWXdLeV WhaW fRcXV RQ Whe PechaQLcaO SURSeUWLeV Rf Whe fabULcaWed 

SaUWV, VXch aV PRdXOXV RU WeQVLOe behaYLRXU (31,48,55,60±63,66±68,77±80).  
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AQ eaUOLeU VWXd\ b\ O¶CRQQRU eW aO VhRZed WhaW WeQVLOe VSecLPeQV aSSeaUed WR e[hLbLW PRUe LVRWURSLc 

behaYLRXU, ZhLOe Whe fOe[XUaO VWUeQgWh e[hLbLWed aQLVRWURSLc behaYLRXU. FRU e[aPSOe, VSecLPeQV bXLOW LQ 

Whe Z-dLUecWLRQ VhRZed a 40 % LQcUeaVe LQ fOe[XUaO VWUeQgWh WhaQ VSecLPeQV bXLOW LQ Whe X-dLUecWLRQ (68). 

PaOPa eW aO VhRZed WhaW WeQVLOe VaPSOeV bXLOW LQ Whe YeUWLcaO RULeQWaWLRQ e[hLbLWed a UedXced eOaVWLc 

PRdXOXV aQd haUdQeVV, ZheQ cRPSaUed WR WhRVe bXLOW LQ Whe hRUL]RQWaO dLUecWLRQ (78).  

 

RLedeObaXch eW aO e[SaQded WhLV WhePe Rf ZRUN b\ LQYeVWLgaWLQg Whe PechaQLcaO SURSeUWLeV Rf WeQVLOe 

VaPSOeV bXLOW fURP aged RU UefUeVhed PA-12 SRZdeU. The PechaQLcaO SURSeUWLeV VhRZed WhaW SaUWV bXLOW 

LQ Whe ZXY dLUecWLRQ had VOLghWO\ hLgheU PechaQLcaO SURSeUWLeV WhaQ WhRVe bXLOW LQ Whe YXZ dLUecWLRQ 

(55). FURP a SURceVVLQg SeUVSecWLYe, ageLQg caXVed a decUeaVe LQ Whe PeOW fORZabLOLW\ aQd aQ LQcUeaVe LQ 

PROecXOaU ZeLghW aQd OeQgWh, \eW ageLQg dLd QRW aSSeaU WR VLgQLfLcaQWO\ LQfOXeQce Whe PechaQLcaO 

SURSeUWLeV (55). IQ WheVe VWXdLeV, Whe SULQW PRde XVed (Lf VSecLfLed) ZaV ³baOaQced´, ZhLch RffeUV a gRRd 

cRPSURPLVe beWZeeQ Whe PechaQLcaO VWUeQgWh aQd YRXQgV¶ MRdXOXV (68). 

 

AOWhRXgh OLWeUaWXUe VhRZV Whe RbVeUYed WUeQdV LQ PechaQLcaO SURSeUWLeV aUe LQcRQVLVWeQW, LW LV cOeaU WhaW 

Whe bXLOd RULeQWaWLRQ RU SRVLWLRQ Rf SaUWV bXLOW ZLWhLQ Whe SRZdeU bed LQfOXeQced Whe PechaQLcaO 

SURSeUWLeV. ThLV cRXOd be OLQNed WR Whe dLffeUeQce LQ PLcURVWUXcWXUe beWZeeQ dLffeUeQW bXLOd RULeQWaWLRQV 

ZhLch affecWV cUacN SURSagaWLRQ (81).  

 

AddLWLYeV VXch aV gOaVV beadV caQ be LQcRUSRUaWed LQWR Whe SRO\PeU SRZdeU WR UeLQfRUce fabULcaWed 

cRPSRQeQWV aQd eQhaQce Whe PechaQLcaO SURSeUWLeV.  A VWXd\ b\ O¶CRQQRU aQd D. DRZOLQg VhRZed WhaW 

Whe addLWLRQ Rf 40 % YROXPe gOaVV beadV LQcUeaVed Whe WeQVLOe PRdXOXV b\ 85 %, ZhLOe Whe WeQVLOe 

VWUeQgWh decUeaVed. A VLPLOaU WUeQd ZaV RbVeUYed fRU Whe fOe[XUaO VWUeQgWh aQd PRdXOXV (61). B. GXR eW 

aO aOVR UeSRUWed eQhaQced PechaQLcaO SURSeUWLeV b\ Whe addLWLRQ Rf 32 % YROXPe gOaVV beadV LQ PA-12 

(82). IQ bRWh (61,82), Whe eORQgaWLRQ aW bUeaN decUeaVed b\ Whe addLWLRQ Rf gOaVV beadV. ThLV ZaV dXe WR 
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SRRU adheVLRQ aW Whe SRO\PeU-gOaVV bead LQWeUface aQd Whe gOaVV beadV caXVLQg SUePaWXUe fUacWXUe 

(61,82). MRUeRYeU, X. LLX eW aO LQYeVWLgaWed Whe PechaQLcaO VWUeQgWh Rf PA-12 aQd UeLQfRUced gOaVV-fLbUe 

PA-12 afWeU hLgh WePSeUaWXUe aQQeaOLQg (83). IQ WhLV VWXd\, gOaVV fLbUeV ZeUe LQWURdXced LQWR Whe SRO\PeU 

PaWUL[ LQ ZeLghW SeUceQWage fUacWLRQV XS WR 30 %. OYeUaOO, gOaVV fLbUeV eQhaQced Whe PechaQLcaO 

SURSeUWLeV aQd aQQeaOLQg UePaUNabO\ eQhaQced Whe PechaQLcaO VWUeQgWh Rf bRWh PA-12 aQd PA-12/gOaVV 

fLbUe cRPSRVLWeV (83).  

 

AV PeQWLRQed, RWheU SRO\PeUV beVLdeV PA-12 aUe VXLWabOe fRU MJF VXch aV SRO\SURS\OeQe (PP), 

SRO\aPLde-11 (PA-11) aQd WheUPRSOaVWLc SRO\XUeWhaQe (TPU). A VWXd\ b\ J. SafNa eW aO WeVWed Whe 

PechaQLcaO SURSeUWLeV Rf PP cRPSRQeQWV bXLOW LQ dLffeUeQW RULeQWaWLRQV. ThLV VWXd\ VhRZed WhaW bXLOd 

RULeQWaWLRQ had a VLgQLfLcaQW effecW RQ Whe WeQVLOe PechaQLcaO SURSeUWLeV. IQ cRPSaULVRQ WR RWheU 

PaQXfacWXULQg WechQLTXeV VXch aV SLS RU LQMecWLRQ PRXOdLQg, Whe cRPSRQeQWV fabULcaWed b\ MJF ZeUe 

PRUe ULgLd (74).  

PA-11 ZaV UeSRUWed WR haYe VLPLOaU WUeQdV LQ WeQVLOe aQd fOe[XUaO SURSeUWLeV WR PA-12, ZhLOe Whe WeQVLOe 

aQd fOe[XUaO SURSeUWLeV fRU TPU ZeUe PXch ORZeU WhaQ PA-11 (73). The LQfOXeQce Rf Whe UefUeVh UaWLR RQ 

Whe PechaQLcaO SURSeUWLeV Rf PA-11 ZaV LQYeVWLgaWed b\ C. PaQdeOLdL eW aO (72). CRPSRQeQWV 

PaQXfacWXUed XVLQg Uec\cOed PA-11 ZeUe UeSRUWed WR haYe LQfeULRU PechaQLcaO SURSeUWLeV WR WhRVe 

cUeaWed XVLQg UefUeVhed RU QeZ PA-11 SRZdeU (72).  

The effecW Rf ageLQg RQ Whe PechaQLcaO SURSeUWLeV Rf PA-12 ZaV aOVR LQYeVWLgaWed. RLedeObaXch eW aO 

dePRQVWUaWed WhaW WheUPaOO\ LQdXced ageLQg Rf PA-12 dLd QRW haYe a VLgQLfLcaQW LPSacW RQ PechaQLcaO 

SURSeUWLeV, XS WR 5 SURceVVLQg c\cOeV (55). HRZeYeU, a dLffeUeQce beWZeeQ WheVe WZR VWXdLeV WhaW 

LQYeVWLgaWe Whe PechaQLcaO SURSeUWLeV Rf PA-11 aQd PA-12, LV WhaW RLedeObaXch eW aO (55) VLeYed PA-12 

beWZeeQ SURceVVLQg c\cOeV WR UePRYe aQd bUeaN XS aggORPeUaWeV, ZheUeaV LQ Whe VWXd\ b\ C. PaQdeOLdL 

eW aO (72) PA-11 ZaV QRW VLeYed. TheUefRUe, SRZdeU haQdOLQg Pa\ aOVR LQfOXeQce Whe PechaQLcaO 

SURSeUWLeV Rf Whe UeVXOWLQg cRPSRQeQW.  
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The WheUPaO SURSeUWLeV Rf Uec\cOed feedVWRcN PaWeULaO, LQ SaUWLcXOaU PA-12, XVed LQ PRdeUQ 

PaQXfacWXULQg PeWhRdV VXch aV SLS haYe beeQ e[SORUed, \eW WhLV LV OLPLWed fRU MJF. AOWhRXgh Whe 

RSeUaWLQg SULQcLSOeV Rf SLS aQd MJF aUe VLPLOaU, Whe bXLOdLQg cRQdLWLRQV fRU SLS aQd MJF aUe dLffeUeQW. 

IQ SLS cRPSRQeQWV aUe PaQXfacWXUed LQ aQ eQcORVed QLWURgeQ aWPRVSheUe XVLQg a CO2 OaVeU, ZhLch caQ 

SURYLde haUVh heaWLQg cRQdLWLRQV. WhLOe LQ MJF, cRPSRQeQWV aUe PaQXfacWXUed LQ aWPRVSheULc 

cRQdLWLRQV XVLQg a ORZeU LQWeQVLW\ UadLaWLRQ VRXUce L.e. aQ LQfUaUed OaPS. TheUefRUe, Whe WheUPaO hLVWRU\ 

Rf Uec\cOed SLS aQd MJF SRZdeU ZLOO be dLffeUeQW aQd fXUWheU LQfOXeQce Whe fLQaO SURSeUWLeV Rf Whe 

PaQXfacWXUed cRPSRQeQW.  

 

TheUPRaQaO\WLcaO VWXdLeV eYaOXaWe Whe WheUPaO hLVWRU\ Rf SaUWV PaQXfacWXUed b\ MJF (OaUgeO\ aV a PeaQV 

Rf TXaOLW\ cRQWURO). AQaO\VLV XVLQg dLffeUeQWLaO VcaQQLQg caORULPeWU\ (DSC) W\SLcaOO\ UeYeaOV a dRXbOe RU 

VLQgOe PeOWLQg SeaN, ZhLch aUe LQWeUSUeWed aV SaUWLaO RU cRPSOeWe PeOWLQg Rf SRO\PeU SaUWLcOeV dXULQg Whe 

PaQXfacWXULQg SURceVV, UeVSecWLYeO\ (48,60,84,85). 

MaQ\ aXWhRUV haYe UeSRUWed aQ LQcUeaVe LQ PeOWLQg WePSeUaWXUe Rf SLS gUade Uec\cOed PA-12, WhLV haV 

beeQ OLQNed WR a ULVe LQ PROecXOaU ZeLghW (MZ) (86±89). F. SLOOaQL eW aO VXggeVW Whe LQcUeaVe LQ MZ LV 

dXe WR Whe SRVW-cRQdeQVaWLRQ UeacWLRQV WhaW RccXU dXe WR Whe cRQVWaQW UePRYaO Rf ZaWeU LQ SLS SaUW 

SURdXcWLRQ, SURPRWed b\ Whe QLWURgeQ aWPRVSheUe (31). MRUeRYeU, Whe cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWV 

WR ORZeU WePSeUaWXUeV dXe WR LQhLbLWed PRbLOLW\ Rf PacURPROecXOaU chaLQV aV a UeVXOW Rf chaLQ e[WeQVLRQ 

(86). ThLV ZRUN haV beeQ e[WeQded WR cRPSaULQg Whe WheUPaO SURSeUWLeV Rf Uec\cOed PA-12 SRZdeU WR 

fLQaO SLS cRPSRQeQWV SURdXced fURP YLUgLQ, Uec\cOed aQd UefUeVhed SRZdeU (31,51,60,84). IQ ZhLch, a 

hLgheU SURSRUWLRQ Rf Uec\cOed SRZdeU LQ PaQXfacWXUed cRPSRQeQWV decUeaVed Whe PeOWLQg eQWhaOS\. IQ 

WhLV LQVWaQce, Whe OaUgeU SURSRUWLRQ Rf ORQgeU PROecXOaU chaLQV hLQdeUed RUdeUed chaLQ fROdLQg XSRQ 

cU\VWaOOLVaWLRQ, WheUeb\ dLVSOa\LQg a UedXced cU\VWaOOLQLW\ LQ SaUWV Pade ZLWh UefUeVhed SRZdeU (51).  

 



27 
 

DXe WR Whe hLgh cRQWeQW Rf UefUeVhed SRZdeU XVed LQ MJF, Whe WheUPaO VWabLOLW\ Rf Whe SRZdeU LV a Ne\ 

facWRU LQ VeOecWLQg a VXLWabOe bXLOd PaWeULaO. The WheUPaO SURSeUWLeV VXch aV Whe PeOWLQg WePSeUaWXUe, 

eQWhaOS\ Rf fXVLRQ aQd cU\VWaOOLVaWLRQ WePSeUaWXUe aUe RfWeQ cRPSaUed. IW ZaV VhRZQ LQ VWXdLeV WhaW Whe 

WheUPaO SURSeUWLeV Rf Uec\cOed PA-11 aQd PP, dLd QRW YaU\ gUeaWO\ (20,22). ThLV Pade WheP VXLWabOe 

SRZdeUV fRU MJF. HRZeYeU, J. RLedeObaXch eW aO fRXQd dLffeUeQceV LQ Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ 

behaYLRXU Rf UeXVed PA-12 SRZdeU (55). IW ZaV cRQcOXded WhaW SRZdeU e[SRVed WR PXOWLSOe SURceVVLQg 

c\cOeV aQd SaUWV Pade fURP Uec\cOed RU UefUeVhed SRZdeU haYe a hLgheU PeOWLQg eQWhaOS\ dXe WR SRVW-

cRQdeQVaWLRQ (55). MRUeRYeU, Whe PeOWLQg WePSeUaWXUe Rf Whe SRZdeU LQcUeaVed VOLghWO\ ZheQ e[SRVed 

WR PXOWLSOe SURceVVLQg c\cOeV dXe WR SRVW-SRO\PeULVaWLRQ RU SRVW-cURVVOLQNLQg. OQ Whe cRQWUaU\, F. SLOOaQL 

eW aO VXggeVW SRVW-cRQdeQVaWLRQ dReV QRW RccXU LQ MJF becaXVe PA-12 LV ³eQd-caSSed´, a UeVXOW Rf MJF 

WaNLQg SOace LQ Whe SUeVeQce Rf aLU (31).   

ThLV daWa VhRZV WhaW Whe WheUPaO SURSeUWLeV Rf YLUgLQ aQd XVed PA-12 SRZdeU YaULed. ThLV Pa\ LQfOXeQce 

Whe LQWeUacWLRQ beWZeeQ Whe FA aQd DA ZLWh PA-12 deSeQdaQW RQ Whe degUee Rf ageLQg.  

 

1.7 Project aims and objectiYes. 
 

PA-12 LV a SRO\PeU XVed LQ PBF WechQLTXeV VXch aV SLS aQd MJF. PBF LV a PaQXfacWXULQg PeWhRd WhaW 

LV XVed WR cUeaWe SURWRW\SeV aQd fXQcWLRQaO SaUWV LQ ORZ-YROXPe SURdXcWLRQ. A Ne\ beQefLW RffeUed b\ 

PBF LV Whe deVLgQ fUeedRP ZhLch aOORZV SaUWV ZLWh a cRPSOe[ geRPeWU\ WR be cUeaWed ZLWhRXW Whe XVe 

Rf a PRXOd. AV VXch, Whe PechaQLcaO SURSeUWLeV Rf SaUWV cUeaWed b\ SLS aQd MJF haYe beeQ 

cRPSUeheQVLYeO\ VWXdLed. ThLV haV VhRZQ WhaW Whe PechaQLcaO SURSeUWLeV aUe LQfOXeQced b\ Whe RSeUaWLQg 

SaUaPeWeUV aV ZeOO aV Whe RULeQWaWLRQ Rf Whe SaUW LQ Whe SRZdeU bed. AddLWLRQaOO\, Whe PechaQLcaO 

SURSeUWLeV ZeUe LQfOXeQced b\ Whe LQcRUSRUaWLRQ Rf fLOOeUV RU addLWLYeV LQWR Whe SRO\PeU PaWUL[.  
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HRZeYeU, Whe WheUPaO SURSeUWLeV WhaW haYe beeQ UeSRUWed LQ OLWeUaWXUe aUe LQcRQVLVWeQW. ThLV VhRZV WhaW 

PRUe daWa VhRXOd be acTXLUed fRU PeaQV Rf cRPSaULVRQ WR Vee hRZ Whe WheUPaO SURSeUWLeV Rf dLffeUeQW 

gUadeV Rf PA-12 YaU\. AddLWLRQaOO\, OLWeUaWXUe UeOaWLQg WR MJF LV OLPLWed WR Whe chaUacWeULVaWLRQ Rf Whe 

WheUPaO SURSeUWLeV Rf YLUgLQ RU UefUeVhed PA-12 feedVWRcN PaWeULaO. FeZ VWXdLeV haYe LQYeVWLgaWed Whe 

FA aQd DA, LQ ZhLch Whe chePLcaO cRQVWLWXeQWV haYe beeQ TXaQWLfLed.  

 

The cRROLQg behaYLRXU LV aQ LPSRUWaQW facWRU WR cRQVLdeU aV Whe SaUWV cRRO fRU a OeQgWh Rf WLPe RQce Whe 

bXLOd LV cRPSOeWe. The cRROLQg WLPe LV deWeUPLQed b\ Whe XVeU aQd haV SUeYLRXVO\ beeQ UeSRUWed aW 10, 

16 hU RU RYeUQLghW (55,61,68), RU XQWLO Whe cRUe Rf Whe bXLOdLQg XQLW UeacheV 45/50 ℃ (55,69). IQ Whe AM 

SURceVV, a Oa\eU Rf SRO\PeU LV deSRVLWed aQd WheQ fXVed ZLWh aQ IR OaPS. IPPedLaWeO\ afWeU Whe fXVLRQ 

SURceVV, Whe SRO\PeU Oa\eU ZLOO begLQ WR cU\VWaOOLVe befRUe Whe Qe[W Oa\eU LV deSRVLWed. TheUefRUe, LW LV 

LPSRUWaQW WR eYaOXaWe Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12. ThLV LV dLffLcXOW WR deWeUPLQe RQ a ORcaOLVed 

OeYeO VLQce Whe cRROLQg behaYLRXU ZLWhLQ Whe bXLOd LV dLffLcXOW WR SUedLcW. HRZeYeU, WheUe LV YaOXe LQ 

deWeUPLQLQg Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 WR XQdeUVWaQd Whe PRUShRORg\ aQd UaWe Rf 

cU\VWaOOLVaWLRQ. The AYUaPL WheRU\ caQ be XVed WR deWeUPLQe Whe LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf 

PA-12. OYeU Whe \eaUV, Whe AYUaPL PRdeO haV beeQ aSSOLed WR a YaULeW\ Rf SRO\PeUV, WheUe haYe aOVR beeQ 

PRdLfLcaWLRQV aQd adaSWaWLRQV Rf Whe AYUaPL PRdeO. HRZeYeU, LW LV WhRXghW WhaW LQ MJF cU\VWaOOLVaWLRQ LV 

a PL[WXUe Rf LVRWheUPaO aQd QRQ-LVRWheUPaO SURceVVeV, RU TXaVL-LVRWheUPaO (90). IQ UeaOLW\, LVRWheUPaO 

cRQdLWLRQV aUe dLffLcXOW WR PaLQWaLQ ZLWhLQ Whe SRZdeU bed chaPbeU. OQe UeaVRQ fRU WhLV LV WhaW Whe VXUface 

Rf Whe SRZdeU bed LV QRW a cRQWUROOed eQYLURQPeQW bXW LV e[SRVed WR aLU, WhLV ZLOO LQfOXeQce Whe cRROLQg 

behaYLRXU Rf Whe SRO\PeU aW Whe VXUface Rf Whe bXLOd SOaWfRUP. TheUefRUe, LW LV LPSRUWaQW WR e[SORUe Whe 

LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 RYeU a YaULeW\ Rf WePSeUaWXUeV aQd 

cRROLQg UaWeV.  
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The FA aQd DA aUe Ne\ cRPSRQeQWV XVed LQ MJF. The ageQWV aUe deSRVLWed b\ aQ LQNMeW aQd SeQeWUaWe 

LQWR Whe PA-12 SRZdeU Oa\eU (56). AddLWLRQaOO\, VRPe Rf Whe cRQVWLWXeQWV ZLWhLQ Whe FA UePaLQ ZLWhLQ 

Whe fLQaO SaUW e.g. caUbRQ bOacN aQd 2-PYR (58,75). ThLV VXggeVWV WhaW Whe ageQWV LQWeUacW ZLWh PA-12. 

The LQfOXeQce Rf Whe FA, DA aQd WheLU chePLcaO cRQVWLWXeQWV RQ Whe WheUPaO behaYLRXU aQd PLcURVWUXcWXUe 

Rf PA-12 LV \eW WR be XQdeUVWRRd LQ PRUe deWaLO. ThLV ZLOO SURYLde aQ LQVLghW WR hRZ MJF RSeUaWeV RQ a 

WechQLcaO OeYeO aQd hRZ MJF LV XQLTXe LQ cRPSaULVRQ WR RWheU AM WechQLTXeV, ZLWh UeVSecW WR Whe 

SURSULeWaU\ FA aQd DA. ThLV ZaV achLeYed b\ cUeaWLQg bOeQdV Rf PA-12/FA aQd PA-12/DA. The FA aQd 

DA V\VWePV ZeUe decRQVWUXcWed LQWR WheLU SULPaU\ chePLcaO cRQVWLWXeQWV aQd bOeQdV Rf PA-12/caUbRQ 

bOacN, PA-12/ZaWeU, PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU ZeUe cUeaWed. TheVe bOeQdV ZeUe 

chaUacWeULVed XVLQg DSC, RSWLcaO PLcURVcRS\ aQd LQfUaUed VSecWURVcRS\ LQ RUdeU WR XQdeUVWaQd Whe effecW 

Rf WheVe FA aQd DA V\VWeP cRQVWLWXeQWV RQ Whe WheUPaO behaYLRXU aQd PLcURVWUXcWXUe Rf PA-12.  

FXUWheUPRUe, dXe WR MJF haYLQg Whe caSabLOLW\ fRU beLQg aQ LQdXVWULaO SURceVV, SRZdeU XVage aQd 

effLcLeQc\ Rf PaWeULaOV LV LPSRUWaQW WR cRQVLdeU. GeQeUaOO\, LQ MJF 20 % YLUgLQ SRZdeU LV added ZLWh 

each SURceVVLQg c\cOe (55). ThLV VhRZV WhaW a OaUge PaMRULW\ Rf Whe SRZdeU haV beeQ e[SRVed WR hLgh 

WePSeUaWXUe cRQdLWLRQV XVed ZLWhLQ MJF. ThLV ZLOO haYe aQ LPSacW RQ Whe WheUPaO hLVWRU\ Rf Whe SRZdeU, 

VLQce SRO\PeU chaLQV haYe beeQ e[SRVed WR WePSeUaWXUeV gUeaWeU WhaQ Whe Tg Rf Whe SRO\PeU ZheUe 

SRO\PeU chaLQV aUe WheUPaOO\ acWLYaWed. TheUefRUe, LW LV LPSRUWaQW WR LQYeVWLgaWe Whe WheUPaO SURSeUWLeV 

Rf aged SRZdeU. SLQce Uec\cOed SRZdeU LV a SaUW Rf Whe feedVWRcN PaWeULaO, Whe LQfOXeQce Rf Whe FA, DA 

aQd WheLU chePLcaO cRQVWLWXeQWV RQ Whe WheUPaO SURSeUWLeV aQd PLcURVWUXcWXUe Rf aged PA-12 ZaV aOVR 

eYaOXaWed.  
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CHAPTER 2 ± MATERIALS, EXPERIMENTAL METHODS AND TECHNIQUES 
 

2.1 Materials 
 

The PaWeULaOV XVed LQ MJF ZeUe VXSSOLed b\ The MTC (CRYeQWU\, UK) aQd XVed aV UeceLYed. TheVe 

ZeUe SURSULeWaU\ HeZOeWW PacNaUd (HP) PaWeULaOV. NaPeO\, HP 3D HLgh ReXVabLOLW\ SRO\aPLde-12 

SRZdeU (PA-12 SRZdeU), b\ WUade QaPe V1R10SeULeV, Whe fXVLQg ageQW (FA), b\ WUade QaPe 

V1Q63SeULeV, aQd Whe deWaLOLQg ageQW (DA), b\ WUade QaPe V1Q64SeULeV.  AddLWLRQaOO\, 2-S\UUROLdRQe 

(CAS 616-45-5) (2-PYR) ZaV VXSSOLed b\ MeUN (DaUPVWadW, GeUPaQ\).  

 

2.2 Sample preparation 
 

BOeQdV Rf YLUgLQ aQd aged PA-12 SRZdeU ZLWh YaU\LQg cRPSRVLWLRQV Rf FA, DA, CB (UecRYeUed fURP 

Whe FA), ZaWeU aQd 2-PYR ZeUe cUeaWed.  

 

NRQ-YROaWLOe cRQVWLWXeQWV VXch aV caUbRQ bOacN ZeUe SUeVeQW ZLWhLQ Whe FA. TR UecRYeU Whe caUbRQ bOacN, 

Whe FA ZaV added WR gOaVV YLaOV aQd ZaV OefW LQ a fXPe cXSbRaUd RYeU a SeULRd Rf WLPe WR eQabOe Whe 

YROaWLOe cRQVWLWXeQWV WR eYaSRUaWe. The PaVV caUbRQ bOacN ZaV WheQ deWeUPLQed (Vee VecWLRQ 2.2.1).  

A SUe-deWeUPLQed aPRXQW Rf UecRYeUed caUbRQ bOacN ZaV PL[ed ZLWh Whe PA-12 SRZdeU WR SURdXce 

bOeQdV LQ Whe fROORZLQg cRPSRVLWLRQV, 1, 5, 10 aQd 20 ZW.% caUbRQ bOacN. TheVe bOeQdV ZeUe SUeSaUed 

aV a VROLd-VROLd dLVSeUVLRQ (Vee VecWLRQ 2.2.2). ThLV cRPSRVLWLRQ UaQge ZaV VeOecWed LQ accRUdaQce ZLWh 

RWheU UeSRUWed cRPSRVLWLRQV, ZheUe AM cRPSRQeQWV ZeUe fabULcaWed aW YaU\LQg cRPSRVLWLRQV LQ Whe 

UaQge 1-10 ZW.% caUbRQ bOacN LQ PA-12 (40,41).  
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TR UeSOLcaWe Whe cRQdLWLRQV eQcRXQWeUed ZLWhLQ MJF, aQ aOWeUQaWLYe SUeSaUaWLRQ URXWe ZaV adRSWed (Vee 

VecWLRQ 2.2.3). ThLV LQYROYed Whe dLVSeUVLRQ Rf Whe OLTXLd FA LQWR PA-12 SRZdeU. The OLTXLd FA ZaV added 

LQ YROXPeV WhaW ZRXOd \LeOd Whe VaPe ZW.% caUbRQ bOacN cRPSRVLWLRQV aV Whe VROLd-VROLd dLVSeUVLRQV.  

 

SWXdLeV haYe VhRZQ WhaW Whe FA aQd DA aUe SULPaULO\ cRPSRVed Rf ZaWeU; hRZeYeU, LQ Whe FA aQd DA 

ZaWeU LV SUeVeQW LQ dLffeUeQW TXaQWLWLeV (75). TR YeULf\ WhaW ZaWeU ZaV QRW degUadLQg PA-12, ZaWeU ZaV 

added WR PA-12 LQ TXaQWLWLeV eTXaO WR Whe YROXPe Rf OLTXLd FA XVed WR cUeaWe Whe PA-12/FA bOeQdV. The 

VaPe SURcedXUe ZaV XVed WR cUeaWe Whe PA-12/DA bOeQdV, ZheUe OLTXLd DA ZaV added WR PA-12.  

The FA aQd DA aOVR cRQWaLQ dLffeUeQW TXaQWLWLeV Rf 2-PYR. FXUWheU bOeQdV Rf PA-12/2-PYR ZeUe cUeaWed, 

LQ ZhLch OLTXLd 2-PYR ZaV added WR PA-12 LQ cRPSRVLWLRQV ZLWhLQ Whe UaQge Rf 0.10 ± 8.72 ZW.% 2-

PYR. ThLV ZaV LQ accRUdaQce ZLWh Whe cRQWeQW Rf 2-PYR SUeVeQW ZLWhLQ Whe PA-12/FA aQd PA-12/DA 

bOeQdV.  

BOeQdV Rf PA-12/2-PYR/ZaWeU ZeUe aOVR cUeaWed, LQ ZhLch Whe 2-PYR aQd ZaWeU ZeUe cRPSRVLWLRQaOO\ 

LdeQWLcaO WR WhaW fRXQd LQ Whe FA aQd DA bOeQdV. TheVe OLTXLd dLVSeUVLRQ bOeQdV ZeUe deVLgQaWed aV 

OLTXLd-VROLd dLVSeUVLRQV.  

The SUeSaUaWLRQ Rf VROLd-VROLd aQd VROLd-OLTXLd dLVSeUVLRQV caQ be fRXQd LQ PRUe deWaLO LQ VecWLRQ 2.2.2 

aQd 2.2.3. A VXPPaU\ Rf Whe SUe-deWeUPLQed PaVVeV Rf PA-12 aQd YROXPeV Rf FA, DA, ZaWeU aQd 2-

PYR caQ be fRXQd LQ TabOe 2.1.1.  

 

TR cUeaWe Whe bOeQdV, 2 dLffeUeQW baWcheV Rf PA-12 SRZdeU ZeUe XVed. OQe Rf ZhLch ZaV XVed WR cUeaWe 

Whe PA-12/FA, PA-12/DA, PA-12/CB aQd PA-12/ZaWeU bOeQdV. The RWheU ZaV XVed WR cUeaWe Whe PA-

12/2-PYR, PA-12/2-PYR/ZaWeU bOeQdV aQd bOeQdV SURdXced fURP aged PA-12 SRZdeU (Vee VecWLRQ 

2.2.4).  
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2.2.1 Preliminar\ stXd\ to determine target compositions 
 

The fLUVW VWage Rf bOeQd SUeSaUaWLRQ LQYROYed deWeUPLQLQg Whe PaVV Rf caUbRQ bOacN SUeVeQW ZLWhLQ Whe 

FA. ThLV ZaV achLeYed b\ XVLQg a dLVSRVabOe SLSeWWe WR deSRVLW 2 PL Rf FA LQWR fLYe gOaVV YLaOV. The 

YLaOV cRQWaLQLQg Whe FA ZeUe OefW LQ a fXPe cXSbRaUd XQWLO Whe YROaWLOe PaWeULaO had eYaSRUaWed aQd WheQ 

ZeUe WUaQVfeUUed WR a deVLccaWRU (fLOOed ZLWh VLOLca geO) fRU a fXUWheU 48 hUV WR UePRYe UeVLdXaO PRLVWXUe. 

The PaVV Rf Whe YLaOV ZaV ZeLghed XVLQg aQ OhaXV AQaO\WLcaO baOaQce befRUe aQd afWeU dU\LQg XQWLO Whe 

PaVV ZaV cRQVWaQW. The fLQaO PaVV ZaV caOcXOaWed b\ VXbWUacWLQg Whe PaVV befRUe dU\LQg aQd afWeU dU\LQg. 

The aYeUage UecRYeUabOe PaVV ZaV 1.175 g fRU 2 PL Rf FA. TheUefRUe, Whe caUbRQ bOacN ZaV SUeVeQW aW 

a cRQceQWUaWLRQ Rf 0.586 g / PL ZLWhLQ Whe FA.  

 

2.2.2 Preparation of solid-solid dispersions 
 

TR cUeaWe Whe PA-12/caUbRQ bOacN bOeQdV, a SUe-deWeUPLQed YROXPe Rf FA (Vee TabOe 2.1.1) ZaV e[WUacWed 

LQWR a PLcURSLSeWWe aQd deSRVLWed LQWR a gOaVV YLaO. The YLaOV ZeUe OefW WR dU\ LQ a fXPe cXSbRaUd fRU 48 

hUV befRUe beLQg WUaQVfeUUed WR a deVLccaWRU (fLOOed ZLWh VLOLca beadV) fRU a SeULRd Rf 48 hUV. ThLV aOORZed 

YROaWLOe PaWeULaOV WR eYaSRUaWe ZLWhRXW Whe XVe Rf heaW. AfWeU, a UeVLdXe Rf caUbRQ bOacN ZaV OefW aW Whe 

bRWWRP Rf Whe YLaO, WhLV ZaV PaQXaOO\ cUXVhed XVLQg a VSaWXOa aQd Sh\VLcaOO\ PL[ed ZLWh a SUe-

deWeUPLQed PaVV Rf PA-12 SRZdeU. BOeQdV ZeUe SUeSaUed LQ Whe cRPSRVLWLRQ UaQge Rf 1, 5, 10 aQd 20 

ZW.% caUbRQ bOacN. The bOeQdV ZeUe WUaQVfeUUed LQWR a deVLccaWRU fRU 48 hUV WR UePRYe aQ\ PRLVWXUe 

fURP Whe VaPSOe, LQ SaUWLcXOaU Whe SRZdeU. The YLaOV ZeUe ZeLghed SeULRdLcaOO\ XQWLO Whe ZeLghW ZaV 

cRQVWaQW befRUe beLQg VWRUed aW URRP WePSeUaWXUe.  

 

2.2.3 Preparation of solid-liqXid dispersions 
 

TR cUeaWe Whe PA-12/FA bOeQdV, PA-12 SRZdeU ZaV ZeLghed aQd added WR a gOaVV YLaO, WR ZhLch Whe FA 

ZaV PeaVXUed aQd added XVLQg a PLcURSLSeWWe. The PaVVeV aQd YROXPeV aUe VhRZQ LQ TabOe 2.1.1. TheVe 
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caOcXOaWLRQV ZeUe baVed Rff a SUeOLPLQaU\ VWXd\ (Vee VecWLRQ 2.2.1), ZhLch UeYeaOed WhaW caUbRQ bOacN 

ZaV SUeVeQW aW a cRQceQWUaWLRQ Rf 0.586 g/PL ZLWhLQ Whe FA. AQ e[aPSOe Rf hRZ Whe YROXPe Rf FA ZaV 

caOcXOaWed LV VhRZQ beORZ. 

 

ቆ 
𝑃𝐴12 𝑚𝑎𝑠𝑠ሾ𝑔ሿ

100 െ 𝑡𝑎𝑟𝑔𝑒𝑡 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 ሾ%ሿ
ቇ ൈ 𝑡𝑎𝑟𝑔𝑒𝑡 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 ሾ%ሿ ൌ  ሿࢍሾ࢙࢙ࢇ࢓ ࡭ࡲ

 

𝐹𝐴 𝑚𝑎𝑠𝑠ሾ𝑔ሿ
0.586 ሾ𝑔 / 𝑚𝐿ሿ

ൌ  ሿࡸ࢓ሾ ࢋ࢓࢛࢒࢕࢜ ࡭ࡲ

 

AQ e[aPSOe fRU VROLd-OLTXLd dLVSeUVLRQ 1 ZW.% FA: 

 

൬ 
3 𝑔

100 െ 1 %
൰ ൈ 1 % ൌ ૙. ૙૜૙૜ ࡭ࡲ ࢍ 

 

0.0303 ሾ𝑔ሿ
0.586 ሾ𝑔 / 𝑚𝐿ሿ

ൌ ૙. ૙૞૚ૠ ࡭ࡲ ࡸ࢓ 

 

૙. ૙૞૚ૠ ሾࡸ࢓ሿ  ൎ  ૞૚. ૠ ࡭ࡲ ࡸࣆ 

 

TR SUeSaUe Whe PA-12/DA bOeQdV, Whe VaPe SURcedXUe ZaV adRSWed ZheUe Whe PaVV Rf PA-12 SRZdeU aQd 

YROXPe Rf DA ZeUe eTXaO WR Whe PaVV Rf PA-12 SRZdeU aQd YROXPe Rf FA XVed WR cUeaWe Whe PA-12/FA 

bOeQdV. 
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AccRUdLQg WR Whe PaWeULaO VafeW\ daWa VheeW Rf bRWh ageQWV (VXSSOLed b\ HeZOeWW PacNaUd), Whe FA aQd 

DA aUe cRPSRVed Rf 20 aQd 5 % 2-PYR, UeVSecWLYeO\. TR cUeaWe PA-12/2-PYR bOeQdV, OLTXLd 2-PYR ZaV 

added WR PA-12 SRZdeU LQ cRPSRVLWLRQV ZLWhLQ Whe UaQge Rf 0.10 ± 8.72 ZW.% 2-PYR, LQ accRUdaQce 

ZLWh Whe cRQWeQW Rf 2-PYR SUeVeQW ZLWhLQ Whe PA-12/FA aQd PA-12/DA bOeQdV.  

The ZW.% Rf 2-PYR ZaV deWeUPLQed b\ fLUVWO\ XVLQg Whe SeUceQWage Rf Whe 2-PYR SUeVeQW LQ Whe ageQWV 

WR caOcXOaWe Whe SURSRUWLRQ Rf OLTXLd YROXPe Rf 2-PYR SUeVeQW LQ Whe FA aQd DA bOeQdV. AfWeU, Whe deQVLW\ 

Rf 2-PYR (1.12 g/PL) ZaV XVed WR deWeUPLQe Whe PaVV Rf 2-PYR SUeVeQW LQ each VaPSOe.  The PaVV Rf 

2-PYR ZaV dLYLded b\ Whe WRWaO PaVV Rf Whe VaPSOe (PA-12 aQd 2-PYR) WR deWeUPLQe Whe ZW.% 2-PYR. 

FRU e[aPSOe, LQ RUdeU WR cUeaWe Whe 1 ZW.% FA bOeQd, 51.7 ߤL Rf FA ZaV UeTXLUed. SLQce 2-PYR LV SUeVeQW 

LQ 20 % Rf Whe FA, 10.3 ߤL Rf Whe 51.7 ߤL ZaV 2-PYR. IQ RUdeU WR cRQYeUW Whe YROXPe Rf 2-PYR WR Whe 

ZW.% fUacWLRQ, Whe YROXPe Rf 2-PYR ZaV PXOWLSOLed b\ Whe deQVLW\ WR caOcXOaWe Whe PaVV Rf 2-PYR (=11.6 

Pg). AfWeU, Whe PaVV Rf 2-PYR dLYLded b\ Whe VXP Rf Whe PaVV Rf 2-PYR aQd PA-12 ZLWhLQ Whe bOeQd WR 

deWeUPLQe Whe 2-PYR ZW.%. IQ WhLV caVe, Whe 1 ZW. % FA cRQWaLQV 0.10 ZW.% 2-PYR.  

 

TR cUeaWe Whe PA-12/2-PYR/ZaWeU bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA aQd Whe DA, Whe 

VaPe SURcedXUe ZaV adRSWed WR deWeUPLQe Whe YROXPe Rf 2-PYR aQd ZaWeU UeTXLUed WR cUeaWe Whe bOeQdV. 

The FA aQd DA aUe cRPSRVed Rf 80 aQd 90 % ZaWeU, UeVSecWLYeO\. NRWe, Whe cRPSRVLWLRQ Rf 2-PYR ZaV 

LdeQWLcaO WR WhaW Rf Whe PA-12/2-PYR bOeQdV. 

 

OQce Whe bOeQdV ZeUe cUeaWed, Whe\ ZeUe OefW LQ a fXPe cXSbRaUd fRU 48 hUV WR eQabOe YROaWLOe cRQVWLWXeQWV 

WR eYaSRUaWe. TheVe bOeQdV ZeUe WUaQVfeUUed WR a deVLccaWRU ZLWh VLOLca geO fRU a fXUWheU 48 hUV WR UePRYe 

UeVLdXaO PRLVWXUe. The XVe Rf heaW LQ Whe dU\LQg SURceVV ZaV aYRLded WR OLPLW Whe e[WeQW WR ZhLch 

h\dURO\VLV cRXOd RccXU WR SUeYeQW XQZaQWed chaLQ UeacWLRQV aQd Whe bOeQdV ZeUe dULed aW URRP 

WePSeUaWXUe.
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Table 2.1.1: A Table showing the mass of PA-12 and liquid volume of additives such as the Fusing 

Agent (FA), Detailing Agent (DA), carbon black, water and 2-pyrrolidone (2-PYR required to make the 

blends from virgin and aged PA-12 powder). 

Additive 
 

Composition 

[wt.%] 

PA-12 

[g] 

Liquid 

volume 

[µL] 

FA 1 3 51.69 
 

5 0.3 26.93 
 

10 0.3 56.86 
 

20 0.3 127.93 

DA 1 3 51.69 
 

5 0.3 26.93 
 

10 0.3 56.86 
 

20 0.3 127.93 

Carbon black 1 3 51.69 
 

5 0.3 26.93 
 

10 0.3 56.86 
 

20 0.3 127.93 

Water 
 

3 51.69 
  

0.3 26.93 
  

0.3 56.86 
  

0.3 127.93 

2-PYR 0.1 3 2.58 
 

0.38 3 10.34 
 

0.5 3 13.47 
 

1.05 3 28.43 
 

1.97 3 53.87 
 

2.33 3 63.97 
 

4.07 0.3 11.37 
 

8.72 0.3 25.59 
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2-PYR/water (FA) 0.38 3 10.34/38.77 
 

1.97 3 53.87/202.0 
 

4.07 0.3 11.37/42.64 
 

8.72 0.3 25.59/95.95 

2-PYR/water (DA) 0.1 3 2.58/43.94 
 

0.5 3 13.47/228.9 
 

1.05 3 28.43/483.3 

  2.33 3 63.97/1087.4 
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2.2.4 Preparation of aged poZder and aged poZder blends 
 

The OhaXV AQaO\WLcaO baOaQce ZaV XVed WR ZeLgh aSSUR[LPaWeO\ 0.30g Rf PA-12 SRZdeU LQWR OabeOOed 

SeWUL-dLVheV, Whe VaPSOeV ZeUe WUaQVfeUUed LQWR Whe aLU YeQWLOaWLQg MePPeUW UFE 400 RYeQ aW 170 ℃ fRU 

0, 120, 168 aQd 216 hUV. The VaPSOeV ZeUe UePRYed fURP Whe RYeQ aQd cRROed WR URRP WePSeUaWXUe 

QaWXUaOO\. AfWeU, VaPSOeV ZeUe WUaQVfeUUed LQWR OabeOOed gOaVV YLaOV aQd PRYed LQWR a deVLccaWRU fLOOed 

ZLWh VLOLca beadV fRU 7 da\V. The VaPSOeV ZeUe UePRYed fURP Whe deVLccaWRU aQd VeaOed befRUe beLQg 

VWRUed aW URRP WePSeUaWXUe aZa\ fURP VXQOLghW XQWLO UeTXLUed.  

 

TR cUeaWe PA-12 aged SRZdeU bOeQdV, PA-12 SRZdeU ZaV ZeLghed LQ SeWUL-dLVheV XVLQg Whe OhaXV 

AQaO\WLcaO baOaQce LQ accRUdaQce ZLWh Whe daWa LQ TabOe 2.2.1. The VaPSOeV ZeUe WUaQVfeUUed LQWR aQ aLU 

YeQWLOaWLQg MePPeUW UFE 400 RYeQ aW 170 ℃ fRU 7 da\V aQd WheQ OefW WR cRRO XQWLO Whe\ Ueached URRP 

WePSeUaWXUe. IQ RWheU VWXdLeV UeOaWLQg WR SLS, Whe ageLQg WLPe haV beeQ OLQNed WR Whe QXPbeU Rf 

SURceVVLQg c\cOeV, LQ ZhLch ³1 [ Uec\cOed´, ³2 [ Uec\cOed´ aQd ³3 [ Uec\cOed´ PA-12 SRZdeU ZaV 

cRUUeOaWed WR SRZdeU cROOecWed fURP Whe bXLOd chaPbeU WhaW had beeQ e[SRVed WR hLgh WePSeUaWXUe 

cRQdLWLRQV fRU 20 ± 40, 80 ± 100 aQd 120 ± 150 hUV, UeVSecWLYeO\ (87). WheUeaV, LQ MJF Whe bXLOd WLPe 

LV RfWeQ VhRUWeU PeaQLQg WhaW PA-12 SRZdeU ZLWhLQ Whe bXLOd chaPbeU LV heOd aW hLgh WePSeUaWXUeV fRU 

VhRUWeU SeULRdV Rf WLPe (31,55). TheUefRUe, Whe WheUPaO hLVWRU\ Rf Uec\cOed SLS aQd MJF SRZdeU LV 

dLffeUeQW aQd WhLV ZLOO fXUWheU LQfOXeQce Whe fLQaO SURSeUWLeV Rf a PaQXfacWXUed cRPSRQeQW.  AQ ageLQg 

WLPe Rf 7 da\V (RU 168 hUV) ZaV chRVeQ VLQce WhLV UeSUeVeQWV Whe XSSeU OLPLW Rf SURceVVLQg c\cOeV LQ 

SRZdeU bed fXVLRQ WechQLTXeV aQd ZLOO OLNeO\ caXVe chaQgeV LQ Whe WheUPaO SURSeUWLeV Rf PA-12 SRZdeU. 

A WePSeUaWXUe Rf 170 ℃ ZaV chRVeQ VLQce LW ZaV VXffLcLeQWO\ beORZ Whe PeOWLQg WePSeUaWXUe Rf PA-12 

SRZdeU aQd RQ Whe baVLV WhaW Whe WePSeUaWXUe dReV QRW e[ceed 185 ℃ LQ MJF (91). The VaPSOeV ZeUe 

WUaQVfeUUed LQWR OabeOOed VaPSOe YLaOV ZhLch ZeUe WheQ SOaced LQWR a deVLccaWRU fLOOed ZLWh VLOLca beadV 

fRU 7 da\V. AfWeU WheUPaO ageLQg, Whe bOeQdV ZeUe cUeaWed aV SeU VecWLRQ 2.2.2 aQd VecWLRQ 2.2.3. The 

VaPSOeV ZeUe VeaOed aQd SOaced aZa\ fURP VXQOLghW XQWLO UeTXLUed. 
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2.3 E[perimental methods and techniqXes. 
 

2.3.1 Differential scanning calorimetr\ (DSC) 
 

A MeWWOeU TROedR DSC 1 (MeWWOeU-TROedR, GUeLfeQVee, SZLW]eUOaQd), caOLbUaWed ZLWh LQdLXP aQd ]LQc 

VWaQdaUdV, ZaV XVed WR UecRUd Whe WheUPaO UeVSRQVe Rf Whe PA-12 SRZdeU aQd Whe bOeQdV deVcULbed LQ 

VecWLRQ 2.2.2, 2.2.3 aQd 2.2.4 (166). A VWaQdaUd SURcedXUe ZaV adRSWed LQ ZhLch Whe VaPSOeV ZeUe 

ZeLghed LQWR 40 ȝL aOXPLQLXP DSC SaQV VeaOed ZLWh aOXPLQLXP DSC OLdV (166). SaPSOeV PaVVeV ZeUe 

LQ Whe UegLRQ Rf 6 r 0.5 Pg (166). AOO e[SeULPeQWV ZeUe caUULed RXW XQdeU QLWURgeQ VXSSOLed aW a fORZ 

UaWe Rf 50 PL/PLQ (166). SaPSOeV ZeUe heaWed fURP 25 WR 220 qC aW 10 qC/PLQ. The gOaVV WUaQVLWLRQ 

WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe, OaVW WUace Rf cU\VWaOOLQLW\ aQd Whe heaW Rf fXVLRQ ZeUe deWeUPLQed 

fURP Whe gOaVV WUaQVLWLRQ UegLRQ aQd Whe PeOWLQg UegLRQ, LOOXVWUaWed LQ FLgXUe 2.1.1. PULRU WR cRROLQg, 

VaPSOeV ZeUe VWRUed aW aQ XSSeU LVRWheUP Rf 220 qC fRU a SeULRd Rf 5 PLQXWeV WR eQVXUe cRPSOeWe PeOWLQg 

aQd eOLPLQaWe UeVLdXaO cU\VWaOV, Whe\ ZeUe WheQ cRROed WR 25 qC aW a UaWe Rf 10 qC/PLQ. The RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe, SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe aQd Whe heaW Rf cU\VWaOOLVaWLRQ ZeUe 

deWeUPLQed fURP Whe cU\VWaOOLVaWLRQ UegLRQ. A VXbVeTXeQW heaW aQd cRRO ZeUe SeUfRUPed XVLQg Whe VaPe 

cRQdLWLRQV aQd SaUaPeWeUV.  

 

The degUee Rf cU\VWaOOLQLW\ Rf PA-12 aQd PA-12 bOeQdV ZaV deWeUPLQed XVLQg Whe eQWhaOS\ Rf fXVLRQ fRU 

100 % cU\VWaOOLQe PA-12, ∆𝐻௙
ଵ଴଴% = 209.3 J/g (58). WheUe Xc LV Whe degUee Rf cU\VWaOOLQLW\, ∆𝐻௙ LV Whe 

eQWhaOS\ Rf fXVLRQ, ∆𝐻௙
ଵ଴଴% LV Whe eQWhaOS\ Rf fXVLRQ fRU a 100 % cU\VWaOOLQe SRO\PeU aQd f LV Whe fLOOeU 

ZeLghW SeUceQWage (92). IQ Whe PA-12 bOeQdV, Whe fLOOeU ZeLghW SeUceQWage ZaV WaNeQ UeOaWLYe WR Whe 

caUbRQ bOacN LQ Whe PA-12/FA aQd PA-12/CB bOeQdV aQd 2-PYR LQ Whe PA-12/DA, PA-12/2-PYR aQd 

PA-12/2-PYR/ZaWeU bOeQdV. IQ Whe PA-12/ZaWeU bOeQdV Whe VWaQdaUd caOcXOaWLRQ ZaV XVed WR deWeUPLQe 

Whe degUee Rf cU\VWaOOLQLW\ fRU PA-12, VLQce ZaWeU ZaV WhRXghW WR haYe eYaSRUaWed fURP Whe bOeQd dXULQg 

Whe dU\LQg SURceVV.  
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FRU PA-12: 

𝑋஼ ൌ ൭
∆𝐻௙

∆𝐻௙
ଵ଴଴%൱ ൈ 100 

ETXaWLRQ 1 

WheUe ∆𝐻௙ LV Whe eQWhaOS\ Rf fXVLRQ, ∆𝐻௙
ଵ଴଴% LV Whe eQWhaOS\ Rf fXVLRQ Rf a 100% cU\VWaOOLQe PaWeULaO 

aQd 𝑋஼ LV Whe degUee Rf cU\VWaOOLQLW\ (%). 

FRU PA-12 bOeQdV:  

 

𝑋஼ ൌ ൭
∆𝐻௙

ሺ1 െ 𝑓ሻ ∆𝐻௙
ଵ଴଴%൱ ൈ 100 

ETXaWLRQ 2 

WheUe ∆𝐻௙ LV Whe eQWhaOS\ Rf fXVLRQ, ∆𝐻௙
ଵ଴଴% LV Whe eQWhaOS\ Rf fXVLRQ Rf a 100% cU\VWaOOLQe PaWeULaO, 

f LV Whe SeUceQWage cRQWeQW Rf fLOOeU, aQd 𝑋஼ LV Whe degUee Rf cU\VWaOOLQLW\ (%). 
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FLgXUe 2.1.1: AQ e[aPSOe Rf a DSC WUace Rf a d\QaPLc heaWLQg UXQ, VhRZLQg PeOWLQg SaUaPeWeUV VXch 

aV Whe gOaVV WUaQVLWLRQ WePSeUaWXUe (Tg), RQVeW PeOWLQg WePSeUaWXUe (TRQVeW), SeaN PeOWLQg WePSeUaWXUe 

(TP) aQd Whe eQWhaOS\ Rf fXVLRQ (∆H୤). The daVhed OLQe UeSUeVeQWV Whe baVeOLQe fURP ZhLch Whe RQVeW Rf 

PeOWLQg aQd eQWhaOS\ Rf fXVLRQ ZeUe deWeUPLQed. 

 

IVRWheUPaO cU\VWaOOLVaWLRQ ZaV SeUfRUPed b\ heaWLQg VaPSOeV fURP 25 ± 220 ℃ aW a UaWe Rf 10 ℃/PLQ, 

ZheUe Whe\ ZeUe PaLQWaLQed aW aQ XSSeU LVRWheUP Rf 220 ℃ fRU SeULRd Rf 5 PLQXWeV WR eUaVe Whe WheUPaO 

hLVWRU\ aQd eOLPLQaWe UeVLdXaO cU\VWaOV. SaPSOeV ZeUe WheQ cRROed UaSLdO\ aW a UaWe Rf ± 70 ℃/PLQ WR Whe 

deVLUed LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe, WhLV UaQged beWZeeQ 160 ± 168 ℃, ZheUe Whe\ ZeUe 

PaLQWaLQed aW Whe VeOecWed cU\VWaOOLVaWLRQ WePSeUaWXUe fRU 300 PLQXWeV. A UaSLd cRROLQg UaWe ZaV chRVeQ 

LQ accRUdaQce ZLWh OLWeUaWXUe, WhLV ZaV aOVR Whe XSSeU OLPLW Rf Whe DSC heaWLQg aQd cRROLQg UaWe 

(20,21,93). AfWeU LVRWheUPaO cU\VWaOOLVaWLRQ, Whe VaPSOeV ZeUe heaWed fURP Whe VeOecWed LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe WR 220 ℃, aW a UaWe Rf 10 ℃/PLQ. ThLV VWage ZaV XVed WR UecRUd Whe PeOWLQg 

SaUaPeWeUV, VXch aV Whe SeaN PeOWLQg WePSeUaWXUe, WR deWeUPLQe Whe eTXLOLbULXP PeOWLQg WePSeUaWXUe Rf 

PA-12 (TP0). ThLV ZaV deWeUPLQed XVLQg Whe HRffPaQ-WeeNV OLQeaU e[WUaSROaWLRQ PeWhRd. SaPSOeV 

ZeUe WheQ PaLQWaLQed aW aQ XSSeU LVRWheUP Rf 220 ℃ fRU 2 PLQXWeV ZheUe Whe\ ZeUe cRROed bacN WR 25 

℃ aW a UaWe Rf 10 ℃/PLQ.  



41 
 

 

NRQ-LVRWheUPaO cU\VWaOOLVaWLRQ ZaV SeUfRUPed b\ heaWLQg VaPSOeV fURP 25 ± 220 ℃ aW a UaWe Rf 10 

℃/PLQ, ZheUe Whe\ ZeUe PaLQWaLQed aW aQ XSSeU LVRWheUP Rf 220 ℃ fRU SeULRd Rf 5 PLQXWeV WR eUaVe Whe 

WheUPaO hLVWRU\ aQd eOLPLQaWe UeVLdXaO cU\VWaOV. AfWeU, Whe\ ZeUe cRROed WR 25 ℃ XVLQg cRROLQg UaWeV Rf 

5, 10, 15, 20, 25, 30, 35, 40 ℃/PLQ. A VXbVeTXeQW heaW aW 10 ℃/PLQ fURP 25 ± 220 ℃ ZaV XVed WR 

RbVeUYe Whe effecW Rf cRROLQg UaWe RQ Whe PeOWLQg SURSeUWLeV. FLQaOO\, Whe VaPSOeV ZeUe cRROed aW a UaWe 

Rf aW 10 ℃/PLQ fURP 220 ± 25 ℃. 

 

2.3.1.1 Isothermal cr\stallisation: data processing 
 

IVRWheUPaO cU\VWaOOLVaWLRQ LV RbVeUYed b\ aQ e[RWheUPLc SeaN RQ a gUaSh Rf heaW fORZ YV WLPe. AW Whe 

begLQQLQg Rf Whe SURceVV, WheUe LV aQ LQLWLaO WLPe SeULRd LQ ZhLch cU\VWaOOLVaWLRQ haV QRW \eW VWaUWed, WhLV 

LV UefeUUed WR aV Whe LQdXcWLRQ WLPe RU LQdXcWLRQ SeULRd. The begLQQLQg Rf Whe cU\VWaOOLVaWLRQ SURceVV, W0, 

LV deWeUPLQed fURP Whe SRLQW aW ZhLch Whe e[RWheUPLc SeaN dLYeUgeV fURP a baVeOLQe WhaW LV dUaZQ fURP 

Whe LQdXcWLRQ SeULRd WR Whe SRLQW aW ZhLch Whe cXUYe becRPeV fOaW aQd UeWXUQV WR Whe baVeOLQe. The eQd 

SRLQW Rf cU\VWaOOLVaWLRQ (WeQd) LV deWeUPLQed ZheQ Whe e[RWheUPLc cXUYe UeWXUQV WR baVeOLQe. BeWZeeQ Whe 

UegLRQV Rf W0 aQd WeQd LVRWheUPaO cU\VWaOOLVaWLRQ PRdeOV aUe LPSOePeQWed. AQ e[aPSOe Rf Whe 

cU\VWaOOLVaWLRQ UegLRQ beWZeeQ W0 aQd WeQd LV VhRZQ LQ FLgXUe 2.2.1.  
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FLgXUe 2.2.1: AQ e[aPSOe Rf a cRUUecWed LVRWheUPaO cU\VWaOOLVaWLRQ cXUYe (eQdRWheUPLc, XS), WhaW haV 

beeQ OLPLWed beWZeeQ W0 aQd WeQd aQd cRUUecWed fRU WLPe.  

 

AfWeU UaZ daWa haV beeQ OLPLWed WR Whe UegLRQ beWZeeQ W0 aQd WeQd, a WLPe cRUUecWLRQ ZaV XVed WR UePRYe 

Whe LQdXcWLRQ SeULRd aQd eQVXUe cU\VWaOOLVaWLRQ begLQV aW 0 V (UefeUUed WR aV ³]eURed´ RU ³cRUUecWed´ daWa). 

ThLV ZaV dRQe b\ VXbWUacWLQg Whe WLPe aW WeQd b\ W0. The WUaSe]LXP UXOe ZaV XVed WR deWeUPLQe Whe 

cXPXOaWLYe aUea Rf Whe LVRWheUPaO cU\VWaOOLVaWLRQ cXUYe. ThLV LQYROYed dLYLdLQg Whe e[RWheUPLc 

cU\VWaOOLVaWLRQ cXUYe LQWR VecWLRQV. The aUea Rf each VecWLRQ ZaV deWeUPLQed aQd WheQ added 

cXPXOaWLYeO\. ThLV SURceVV deVcULbeV Whe fUacWLRQ Rf SRO\PeU WhaW haV WUaQVfRUPed fURP Whe PeOW LQWR 

Whe cU\VWaOOLQe VWaWe RYeU WLPe, RWheUZLVe NQRZQ aV Whe fUacWLRQaO RU UeOaWLYe cU\VWaOOLQLW\. FLgXUe 2.2.3 

VhRZV a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe, fURP ZhLch Whe cU\VWaOOLVaWLRQ haOf WLPe LV deWeUPLQed 

b\ e[WUaSROaWLQg Whe WLPe, W, aW 50 % WUaQVfRUPaWLRQ (W50%). ThLV LV a cRPPRQ PeaVXUe Rf Whe UaWe Rf 

cU\VWaOOLVaWLRQ. The haOf WLPe fRU cU\VWaOOLVaWLRQ caQ aOVR be caOcXOaWed b\ 𝑡ଵ/ଶ ൌ 𝑡ହ଴%  െ 𝑡଴.  
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FLgXUe 2.2.3: A gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe, VhRZLQg Whe fUacWLRQ Rf PaWeULaO WhaW haV 

WUaQVfRUPed fURP Whe PeOW WR a cU\VWaOOLQe VWaWe RYeU WLPe. ThLV gUaSh haV beeQ geQeUaWed fURP aQ 

LVRWheUPaO cU\VWaOOLVaWLRQ cXUYe WhaW haV beeQ OLPLWed beWZeeQ W0 aQd WeQd aQd cRUUecWed fRU WLPe. The 

daVhed OLQe e[WUaSROaWeV Whe WLPe aW ZhLch 50 % WUaQVfRUPaWLRQ haV WaNeQ SOace. 

 

The AYUaPL eTXaWLRQ VhRZQ beORZ ZaV XVed WR aQaO\Ve Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 WhaW ZaV 

LVRWheUPaOO\ cU\VWaOOLVed aW dLffeUeQW WePSeUaWXUeV. 

 

1 െ 𝑋௧ ൌ 𝑒ݔ𝑝ሺെ𝑘𝑡௡ሻ 

ETXaWLRQ 3 

ThLV LV aOVR e[SUeVVed LQ Whe dRXbOe ORgaULWhPLc fRUP, fURP ZhLch a dRXbOe ORg SORW RU AYUaPL SORW LV 

cUeaWed:  

 

𝑙𝑛ሾെ𝑙𝑛ሺ1 െ 𝑋௧ሻሿ ൌ 𝑙𝑛 𝑘 ൅  𝑛 ln 𝑡 

ETXaWLRQ 4 
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WheUe, XW LV Whe UeOaWLYe cU\VWaOOLQLW\, k LV Whe AYUaPL UaWe cRQVWaQW, W LV Whe WLPe aQd Q LV Whe AYUaPL 

e[SRQeQW. IQ a SORW Rf 𝑙𝑛ሾെ𝑙𝑛ሺ1 െ 𝑋௧ሻሿ YV ln 𝑡, Whe AYUaPL e[SRQeQW aQd Whe AYUaPL UaWe cRQVWaQW aUe 

Whe gUadLeQW aQd LQWeUceSW, UeVSecWLYeO\.  

 

TR RbWaLQ Whe AYUaPL UaWe aQd AYUaPL e[SRQeQW fURP e[SeULPeQWaO daWa, Whe AYUaPL SORW PXVW be OLPLWed 

WR RQO\ Whe OLQeaU SRUWLRQ Rf Whe daWa VeW. IQ accRUdaQce ZLWh Whe OLWeUaWXUe, Whe fLUVW 3 % aQd OaVW 30 % 

Rf WUaQVfRUPaWLRQ ZeUe RPLWWed, PeaQLQg Whe AYUaPL SORW ZaV OLPLWed WR 3 ± 70 % WUaQVfRUPaWLRQ WR 

gLYe Whe beVW OLQeaULW\ (20). ThLV aOVR UePRYeV Whe effecWV Rf VecRQdaU\ cU\VWaOOLVaWLRQ VLQce Whe AYUaPL 

eTXaWLRQ fRcXVeV RQ SULPaU\ cU\VWaOOLVaWLRQ. A VWUaLghW-OLQe gUaSh ZaV SURdXced, fURP ZhLch Whe 

gUadLeQW aQd LQWeUceSW ZeUe XVed WR deWeUPLQe Whe AYUaPL e[SRQeQW, Q aQd AYUaPL UaWe cRQVWaQW, k, 

UeVSecWLYeO\. The SaUaPeWeU, R2, deVcULbeV Whe OLQeaULW\ Rf Whe VWUaLghW OLQe aQd LV a PeaVXUe Rf hRZ ZeOO 

Whe PRdeO deVcULbeV e[SeULPeQWaO daWa, WhLV VhRXOd be abRYe 0.990. AQ e[aPSOe Rf Whe OLQeaU UegLRQ Rf 

aQ AYUaPL SORW LV VhRZQ LQ FLgXUe 2.2.4. IQ addLWLRQ WR Whe AYUaPL PRdeO, RWheU PRdeOV ZeUe XVed aQd 

Whe UeOeYaQW SaUaPeWeUV ZeUe RbWaLQed b\ a dRXbOe ORgaULWhPLc SORW.  

 

FLgXUe 2.2.4: AQ e[aPSOe Rf aQ AYUaPL SORW Rf [-OQ(1-XW)] VV OQ(W), fRU daWa OLPLWed beWZeeQ a UeOaWLYe 

cU\VWaOOLQLW\ Rf 3 aQd 70 %. 

R² = 0.9997

2
2.2
2.4
2.6
2.8

3
3.2
3.4
3.6
3.8

4

-4 -3 -2 -1 0 1

lm
[-l

n(
1-

X
t/X

p)
]

ln(time) [mins]



45 
 

 

2.3.2 ThermograYimetric anal\sis 
 

TheUPRgUaYLPeWULc aQaO\VLV (TGA) PeaVXUeV Whe WheUPaO degUadaWLRQ Rf a PaWeULaO LQ a cRQWUROOed 

aWPRVSheUe Rf QLWURgeQ RU aLU b\ PeaVXULQg Whe PaVV Rf a VaPSOe RYeU a WePSeUaWXUe UaQge XVLQg a 

VeQVLWLYe PLcURbaOaQce. TR PeaVXUe degUadaWLRQ Rf a VaPSOe LQ aQ LQeUW aWPRVSheUe, QLWURgeQ LV XVed. 

HRZeYeU, WR PeaVXUe degUadaWLRQ SURdXcWV WhaW Pa\ aULVe fURP R[LdaWLRQ, aQ R[\geQ aWPRVSheUe caQ 

aOVR be XVed.  

 

A NETZSCH STA 449C JXSLWeU ZaV XVed WR PeaVXUe Whe PaVV Rf PA-12 SRZdeU RYeU a WePSeUaWXUe 

UaQge. A VaPSOe Rf PA-12 SRZdeU ZaV ZeLghed (~ 5.2 Pg) aQd VeaOed LQ aQ aOXPLQLXP cUXcLbOe. The 

VaPSOe ZaV heaWed fURP 25 ℃ WR 600 ℃ XVLQg a UaWe Rf 10 ℃/PLQ LQ a cRQWUROOed 20: 80, 𝑂ଶ: 𝑁ଶ 

aWPRVSheUe.  

 

AQ aWPRVSheUe Rf 20: 80, 𝑂ଶ: 𝑁ଶ ZaV chRVeQ VLQce MJF WaNeV SOace XQdeU aWPRVSheULc cRQdLWLRQV (23). 

IQ RWheU VWXdLeV, aQ aWPRVSheUe Rf 5: 95, 𝑂ଶ: 𝑁ଶ ZaV chRVeQ VLQce WhLV UeSUeVeQWV cRQdLWLRQV XVed LQ SLS 

(52,94).  

 

2.3.3 FoXrier transform infrared spectroscop\ 
 

A NLcROeW 8700 aWWached ZLWh aQ SSecac AWWeQXaWed TRWaO RefOecWLRQ (ATR) gROdeQ gaWe acceVVRU\, 

dLaPRQd cU\VWaO PRXQWed LQ WXQgVWeQ caUbLde aQd SPaUW OULbLW acceVVRU\ ZaV XVed WR UecRUd VSecWUa Rf 

PA-12 SRZdeU, PA-12 SRZdeU bOeQdV, aQd VaPSOeV Rf PA-12 aQd bOeQdV WhaW had beeQ e[WUacWed fURP 

DSC aOXPLQLXP SaQV. The DSC VaPSOeV ZeUe VXbMecWed WR a VWaQdaUd heaW aQd cRRO aW a UaWe Rf 10 

℃/PLQ, aV SeU VecWLRQ 2.3.1. The VSecWUa ZeUe UecRUded ZLWhLQ Whe ZaYeQXPbeU UaQge Rf 400 ± 4000 



46 
 

cP-1, XVLQg aQ RSWLcaO YeORcLW\ Rf 0.6329 cPV-1 aQd 2 OeYeOV Rf ]eUR fLOOLQg. TR defLQe SeaN SRVLWLRQ aQd 

LPSURYe Whe VLgQaO TXaOLW\, each VaPSOe ZaV VXbMecWed WR 250 VcaQV aW UeVROXWLRQ Rf 2 cP-1.  

 

BefRUe Whe VSecWUa ZeUe cROOecWed, a bacNgURXQd VcaQ ZaV UecRUded WR UePRYe effecWV Rf aWPRVSheULc 

ZaWeU YaSRXU aQd CO2 fURP Whe VaPSOe daWa. The VaPSOeV ZeUe WheQ SOaced RQ Whe dLaPRQd cU\VWaO aQd 

fL[ed LQ SOace XVLQg a 80 cNP VcUeZ WR eOLPLQaWe WUaSSed aLU. The VaPSOeV ZeUe fL[ed LQ beWZeeQ Whe 

dLaPRQd cU\VWaO aQd Whe SaSShLUe AQYLO. AOO VSecWUa ZeUe UecRUded aW aPbLeQW WePSeUaWXUe. BeWZeeQ 

each VaPSOe, Whe dLaPRQd cU\VWaO PRXQWed LQ WXQgVWeQ caUbLde ZaV cOeaQed ZLWh aceWRQe WR SUeYeQW 

cURVV cRQWaPLQaWLRQ. 

 

The UeVXOWLQg VSecWUa ZeUe aQaO\Ved XVLQg OPQLc SRfWZaUe WR deWeUPLQe VhLfW LQ SeaN ZaYeQXPbeU, Lf 

aQ\, Rf chaUacWeULVWLc SeaNV VXch aV Whe N-H aQd C=O baQd aQd WR PRQLWRU Whe fRUPaWLRQ RU 

dLVaSSeaUaQce Rf SeaNV. FRU SRO\aPLdeV, Whe N-H baQd (3100 ± 3500 cP-1) LV Rf LQWeUeVW becaXVe LW 

SaUWLcLSaWeV LQ h\dURgeQ bRQdLQg (95,96). 

 

The caUbRQ\O LQde[ ZaV deWeUPLQed LQ aged PA-12 SRZdeU aQd aged PA-12 e[WUacWed fURP DSC 

aOXPLQLXP SaQV, fROORZLQg Whe ZRUN Rf W. DRQg aQd P. GLMVPaQ (10). ThLV ZaV defLQed aV Whe UaWLR Rf 

Whe SeaN aUea Rf Whe R[LdaWLRQ baQd (caUbRQ\O C=O, 1690 ± 1754 cP-1) aQd Whe UefeUeQce baQd (CH2, 

1445 ± 1484 cP-1). WheUe Whe caUbRQ\O baQd LV VXVceSWLbOe WR R[LdaWLYe degUadaWLRQ aQd Whe CH2 VcLVVRU 

bRQd LV QRW aQd WheUefRUe dReV QRW chaQge dXULQg R[LdaWLRQ.  

 

2.3.4 Particle si]e anal\sis 
 

The SaUWLcOe VL]e Rf 4 VaPSOeV Rf PA-12 SRZdeU ZaV aQaO\Ved XVLQg Whe HELOS H0972. PULRU WR 

aQaO\VLV VaPSOeV ZeUe dLVSeUVed LQ eWhaQRO aQd VRQLcaWed XVLQg a SXceOO VRQLcaWRU fRU 15 V.   
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2.3.5 Scanning electron microscop\ 
 

The VXUface aQd VhaSe Rf PA-12 SRZdeU ZaV RbVeUYed XVLQg ScaQQLQg EOecWURQ MLcURVcRS\ (SEM). 

PA-12 SRZdeU ZaV PRXQWed WR a SEM aOXPLQLXP VWXb (Rf 30 𝑚𝑚 dLaPeWeU) XVLQg cLUcXOaU dRXbOe-

VLded caUbRQ adheVLYe dLVcV. A PROaURQ SC7640 ZaV XVed WR VSXWWeU cRaW Whe VaPSOe LQ gROd fRU 2 

PLQXWeV. The JEOL 6060 ZaV XVed WR caSWXUe PLcURgUaShV Rf PA-12 SRZdeU aW PagQLfLcaWLRQV UaQgLQg 

fURP 160 ± 180 [ aW a 10 NV acceOeUaWLQg YROWage.  

 

2.3.6 Optical microscop\ 
 

MLcURgUaShV Rf UecU\VWaOOLVed PA-12 aQd PA-12 bOeQdV ZeUe caSWXUed aW a PagQLfLcaWLRQ Rf 500[. 

SaPSOeV ZeUe SUeSaUed b\ VSUeadLQg ~1 𝑚𝑔 Rf PA-12 SRZdeU aQd PA-12 SRZdeU bOeQdV (aV deVcULbed 

LQ VecWLRQ 2.2) beWZeeQ 2 cLUcXOaU gOaVV dLVcV (Rf dLaPeWeU 16 PP). TheVe ZeUe SOaced LQ a LLQNaP 

THMS600 hRW-VWage cRQWUROOed b\ a LLQNaP LK600 cRQWUROOeU. The hRW-VWage ZaV PRXQWed RQ a LeLW] 

RSWLcaO PLcURVcRSe. DLgLWaO LPageV ZeUe caSWXUed XVLQg a PL[eOLQN dLgLWaO caPeUa. SaPSOeV ZeUe heaWed 

WR 220 qC aQd VWRUed aW aQ XSSeU LVRWheUP Rf 220 qC fRU WZR PLQXWeV SULRU WR cRROLQg bacN WR 25 qC aW 

a UaWe Rf 0.5 qC/PLQ.  

 



48 
 

3.0 CHAPTER 3 ± CHARACTERISATION OF POLYAMIDE-12 

 

The aLP Rf WhLV ZRUN ZaV WR XVe a YaULeW\ Rf chaUacWeULVaWLRQ WechQLTXeV WR deWeUPLQe Whe Ne\ 

chaUacWeULVWLcV Rf PA-12. DSC aQd TGA ZeUe XVed WR deWeUPLQe Whe WheUPaO SURSeUWLeV Rf Whe SRO\PeU 

LQcOXdLQg Whe PeOWLQg, UecU\VWaOOLVaWLRQ aQd WheUPaO degUadaWLRQ behaYLRXU. ThLV ZaV LPSRUWaQW WR 

cRQVLdeU VLQce MJF UeOLeV RQ Whe WheUPaO SURSeUWLeV Rf PA-12 WR cUeaWe fXQcWLRQaO cRPSRQeQWV. FTIR 

ZaV XVed WR LdeQWLf\ Whe PaLQ fXQcWLRQaO gURXSV ZLWhLQ PA-12 SRZdeU. PaUWLcOe SL]e AQaO\VLV ZaV XVed 

WR deWeUPLQe Whe aYeUage SaUWLcOe VL]e aQd UaQge Rf SaUWLcOe VL]eV Rf PA-12 SRZdeU XVed LQ MJF. ThLV 

ZaV XVed WR SURYLde aQ LQVLghW WR SRZdeU SURceVVabLOLW\. The daWa ZaV cRPSaUed WR OLWeUaWXUe aQd XVed 

aV a beQchPaUN fRU fXUWheU VWXdLeV. 

 

3.1 Characterisation of pol\amide-12 poZder 

3.1.1 Differential scanning calorimetr\ 

 

Figure 3.1.1: DSC thermogram (endo up) displaying the melting and recrystallisation behaviour of 

PA-12 powder (batch 1) used in MJF, using a heating and cooling rate of 10 ℃/min between 25 - 

220 ℃. 
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The UeOaWLRQVhLS beWZeeQ Whe VWUXcWXUe, SURceVVLQg aQd SURSeUWLeV Rf a SRO\PeU LV hLghOLghWed b\ 

ChaWhaP eW aO (23). ThLV LV UefeUUed WR aV Whe UeOaWLRQVhLS beWZeeQ Whe ³SULQWabLOLW\ WULad´ aQd Whe ³SULQWed 

SaUWV WULad´, LQ ZhLch, Whe chePLcaO aQd PRUShRORgLcaO VWUXcWXUe Rf a SRO\PeU defLQe Whe LQWULQVLc aQd 

e[WULQVLc SRZdeU SURSeUWLeV. ThLV ZLOO dLcWaWe Whe behaYLRXU Rf a SRO\PeU dXULQg SURceVVLQg. ThLV LV 

NQRZQ aV Whe SULQWabLOLW\ WULad. AQ XQdeUVWaQdLQg Rf WheVe SURSeUWLeV aUe UeTXLUed LQ RUdeU WR RSWLPLVe 

Whe SURceVVLQg WechQLTXe. IQ WXUQ, WhLV cUeaWeV a SaUW ZLWh a SaUWLcXOaU PLcURVWUXcWXUe WhaW LQfOXeQceV Whe 

fLQaO SURSeUWLeV Rf Whe PaQXfacWXUed SaUW. ThLV LV NQRZQ aV Whe SULQWed SaUWV WULad.  

 

FRU e[aPSOe, LQ SLS a ZLde YaULeW\ Rf SRO\PeUV aUe aYaLOabOe aQd Whe SURceVVLQg SaUaPeWeUV caQ be 

chaQged accRUdLQg WR Whe PaWeULaO, VLQce dLffeUeQW PaWeULaOV haYe dLffeUeQW PeOWLQg aQd UecU\VWaOOLVaWLRQ 

behaYLRXU. ThLV eQabOeV Whe XVeU WR haYe gUeaWeU cRQWURO RYeU Whe SULQWabLOLW\ WULad aQd SULQWed SaUWV WULad 

b\ VeOecWLQg Whe PaWeULaO aQd Whe SURceVVLQg SaUaPeWeUV. WheUeaV, LQ MJF (a HP WechQRORg\), Whe 

PaWeULaOV aYaLOabOe aUe OLPLWed aQd Whe SURceVVLQg SaUaPeWeUV aUe cRQWUROOed b\ HP aOgRULWhPV WhaW aUe 

deVLgQed fRU XVe ZLWh PA-12 SRZdeU VXSSOLed b\ HP. TheUefRUe, LW caQ be aVVXPed WhaW Whe UeOaWLRQVhLS 

beWZeeQ Whe ³SULQWabLOLW\ WULad´ aQd Whe ³SULQWed SaUWV WULad´ RSWLPLVed. 

 

IQ PBF WechQLTXeV heaW LV XVed WR fXVe Whe SRZdeU SaUWLcOeV LQ ORcaOLVed aUeaV b\ heaWLQg a SRO\PeU WR 

LWV PeOWLQg WePSeUaWXUe. AccRUdLQg WR F. SLOOaQL eW aO, HP cOaLP WhaW MJF LV 10[ faVWeU WhaQ RWheU AM 

WechQLTXeV VXch aV SLS aQd FDM (31). S. RRVVR eW aO, cOaLP WhaW Whe VcaQQLQg VSeed LQ MJF LV 10.5V, 

ZheQ XVed LQ baOaQced PRde. ThLV LQcOXdeV RQe UROOLQg VWeS aQd WZR LQMecWLRQ SaVVeV. WheUeaV, LQ SLS 

Whe OaVeU VcaQ VSeed LV 2000 PP/V (91). HRZeYeU, Whe SaUaPeWeUV VXch aV Whe VcaQ VSeed LQ SLS aUe 

YaULabOe SaUaPeWeUV. FRU e[aPSOe, LQ Whe ZRUN Rf F. SLOOaQL eW aO, Whe VcaQ VSeed XVed ZaV 10 P/V (31). 

OWheU YaOXeV Rf VcaQQLQg VSeed LQcOXde, 1500 PP/V (97), 6000 PP/V (51) 4000 PP/V aQd 5000 PP/V 

(98). AfWeU Whe SRO\PeU haV beeQ PeOWed, LW begLQV WR cU\VWaOOLVe. OQce Whe bXLOd LV cRPSOeWe, Whe bXLOd 

chaPbeU LV OefW WR cRRO aQd Whe SaUWV aUe UePRYed. IQ MJF, SaUWV aUe UePRYed afWeU beLQg OefW WR cRRO 
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RYeUQLghW RU RQce Whe cRUe WePSeUaWXUe Rf Whe SRZdeU chaPbeU LV beORZ 50 ℃ (55,61). TheUefRUe, LW LV 

LPSRUWaQW WR LQYeVWLgaWe Whe WheUPaO SURSeUWLeV Rf Whe SRO\PeU. IQYeVWLgaWLQg Whe WheUPaO SURSeUWLeV ZLOO 

UeYeaO Whe WheUPaO hLVWRU\ Rf Whe SRO\PeU aQd SURYLde aQd XQdeUVWaQdLQg Rf hRZ Whe heaWLQg aQd cRROLQg 

UaWe affecWV SRO\PeU PeOWLQg aQd cU\VWaOOLVaWLRQ.  

 

 

DSC ZaV XVed WR UecRUd Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 (baWch 1). HeaW 1 ZaV 

XVed WR UecRUd Whe WheUPaO hLVWRU\ Rf Whe SRO\PeU aQd cRRO 1 ZaV XVed WR UecRUd Whe UecU\VWaOOLVaWLRQ 

SURSeUWLeV aW a cRQWUROOed heaWLQg aQd cRROLQg UaWe Rf 10 ℃/PLQ. IQ PBF WechQLTXeV, VXch aV SLS aQd 

MJF, PA-12 SRZdeU LV VSUead RQWR a bXLOd SOaWfRUP befRUe LW LV PeOWed, WheUefRUe Whe PeOWLQg SURSeUWLeV 

UecRUded RQ heaW 1 caQ be UeOaWed WR PBF. SLQce MJF LV a ³cORVed´ V\VWeP cRQWUROOed b\ HP aOgRULWhPV, 

a VWaQdaUdLVed UaWe Rf 10 ℃/PLQ ZaV XVed WR SeUfRUP DSC e[SeULPeQWV. ThLV heaWLQg aQd cRROLQg UaWe 

haV aOVR beeQ XVed LQ RWheU VWXdLeV (55,58). The effecW Rf heaWLQg UaWe RQ Whe PeOWLQg behaYLRXU Rf PA-

12 LV dLVcXVVed OaWeU. 

 

AQ e[aPSOe Rf a PeOWLQg aQd UecU\VWaOOLVaWLRQ cXUYe Rf PA-12 SRZdeU XVed LQ MJF LV dLVSOa\ed LQ FLgXUe 

3.1.1. The PeOWLQg aQd cU\VWaOOLVaWLRQ UegLRQ Rf 4 VaPSOeV Rf PA-12 SRZdeU (baWch 1) VhRZed aQ aYeUage 

gOaVV WUaQVLWLRQ WePSeUaWXUe (Tg), SeaN PeOWLQg (TP) aQd cU\VWaOOLVaWLRQ WePSeUaWXUe (Tc) Rf 47.3 r 0.4, 

186.8 r 0.6 aQd 148.6 r 0.7 qC. AddLWLRQaOO\, Whe aYeUage eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ 

ZeUe 105.9 r 0.7 J/g aQd 50.6 r 0.4 %. ThLV dePRQVWUaWeV PLQLPaO VaPSOe YaULaWLRQ LQ Whe WheUPaO 

behaYLRXU Rf PA-12 SRZdeU.  

 

The PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf 3 VaPSOeV Rf PA-12 SRZdeU fURP baWch 2 ZeUe aOVR 

UecRUded aQd aYeUaged. ThLV daWa LV SUeVeQWed LQ TabOe 3.1.1. The PeOWLQg SaUaPeWeUV, VXch aV Whe RQVeW 

PeOWLQg WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ Rf SRZdeU fURP baWch 2 
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ZaV cRPSaUabOe WR baWch 1. HRZeYeU, Whe degUee Rf cU\VWaOOLQLW\ Rf SRZdeU fURP baWch 2 decUeaVed ZheQ 

cRPSaUed WR baWch 1, ZheUe Xc, baWch 1 = 50.1 % aQd Xc, baWch 2 = 42.0 %. The degUee Rf cU\VWaOOLQLW\ fRU 

baWch 2 ZaV cRPSaUabOe WR Whe OLWeUaWXUe (55,58,60). The UecU\VWaOOLVaWLRQ SaUaPeWeUV, VXch aV Whe RQVeW, 

SeaN aQd eQd cU\VWaOOLVaWLRQ WePSeUaWXUe Rf baWch 2 ZaV aOVR cRPSaUabOe WR baWch 1. HRZeYeU, Whe degUee 

Rf cU\VWaOOLQLW\ RQ cRROLQg decUeaVed, ZheQ cRPSaUed WR baWch 1. OYeUaOO, WhLV daWa VhRZV WhaW Whe degUee 

Rf cU\VWaOOLQLW\ deWeUPLQed fURP Whe eQWhaOS\ Rf fXVLRQ aQd eQWhaOS\ Rf cU\VWaOOLVaWLRQ Rf SRZdeU fURP 

baWch 2 ZaV ORZeU WhaQ baWch 1.  

 

The PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf YLUgLQ PA-12 SRZdeU (baWch 1) ZaV cRPSaUed WR Whe 

OLWeUaWXUe. ThLV daWa LV dLVSOa\ed LQ TabOe 3.1.1. IQ geQeUaO, WheUe ZeUe YaULaWLRQV LQ Whe PeOWLQg aQd 

UecU\VWaOOLVaWLRQ WePSeUaWXUeV.  

The RQVeW PeOWLQg WePSeUaWXUe Rf YLUgLQ PA-12 SRZdeU (baWch 1) ZaV ORZeU WhaQ GaOaWL eW aO, SLOOaQL eW 

aO aQd XX eW aO (31,58,60). The SeaN PeOWLQg WePSeUaWXUe ZaV cRPSaUabOe WR RLedeObaXch eW aO (55) aQd 

XX eW aO (60) bXW ORZeU WhaQ M. GaOaWL eW aO (58). The degUee Rf cU\VWaOOLQLW\ ZaV cRPSaUabOe WR SLOOaQL 

eW aO (31) bXW gUeaWeU WhaQ M. GaOaWL eW aO (58), RLedeObaXch eW aO (55) aQd XX eW aO (60).  

The RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV gUeaWeU WhaQ GaOaWL eW aO (58), SLOOaQL eW aO (31) aQd XX eW aO 

(60). The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV ORZeU WhaQ GaOaWL eW aO (58) aQd ReLdeObaXch eW aO (55) 

bXW gUeaWeU WhaQ XX eW aO (60).  

TheUefRUe, Whe daWa LQ TabOe 3.1.1 VhRZV WhaW WheUe ZeUe YaULaWLRQV LQ Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ 

behaYLRXU Rf PA-12 LQ Whe OLWeUaWXUe, deVSLWe aOO SRZdeUV beLQg OabeOOed aV HP MJF gUade PA-12 YLUgLQ 

SRZdeU. ThLV caQ be dXe WR dLffeUeQceV LQ heaWLQg aQd cRROLQg UaWe, ZhLch affecW Whe PeOWLQg aQd 

UecU\VWaOOLVaWLRQ behaYLRXU Rf a PaWeULaO. A ORZeU heaWLQg UaWe ZLOO W\SLcaOO\ caXVe Whe PeOWLQg SeaN WR 

VhLfW WR ORZeU WePSeUaWXUeV, becRPe QaUURZeU aQd PRUe defLQed, aV VeeQ LQ FLgXUe 3.1.3. A ORZeU cRROLQg 

UaWe ZLOO W\SLcaOO\ caXVe Whe cU\VWaOOLVaWLRQ SeaN WR VhLfW WR hLgheU WePSeUaWXUeV, becRPe QaUURZeU aQd 

PRUe defLQed, aV VeeQ LQ FLgXUe 3.1.4.  OWheU VWXdLeV aOVR XVe a heaWLQg aQd cRROLQg UaWe Rf 10 ℃/PLQ 

(31,55,58). IQ VWXdLeV b\ XX eW aO (60), a ORZeU heaWLQg aQd cRROLQg UaWe Rf 5 ℃/PLQ ZaV XVed. The SeaN 
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PeOWLQg WePSeUaWXUe Rf PA-12 RbWaLQed LQ WhLV e[SeULPeQWaO ZRUN ZaV VOLghWO\ ORZeU WePSeUaWXUe WhaQ 

LQ VWXdLeV (31,55,58). IQ TabOe 3.1.1, Whe daWa cRUUeVSRQdLQg WR OLWeUaWXUe (31,55,58) VhRZV a YaULaWLRQ 

LQ Whe SeaN PeOWLQg WePSeUaWXUe Rf PA-12 SRZdeU RQ heaW 1 b\ ~3 ℃, ZheUe Whe heaWLQg UaWe ZaV 10 

℃/PLQ. FXUWheUPRUe, b\ cRPSaULQg OLWeUaWXUe, Whe gUeaWeVW YaULaWLRQV LQ PeOWLQg aQd UecU\VWaOOLVaWLRQ 

behaYLRXU ZeUe Whe RQVeW PeOWLQg WePSeUaWXUe, OaVW WUace Rf cU\VWaOOLQLW\, degUee Rf cU\VWaOOLQLW\ aQd RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUeV. FRU e[aPSOe, Whe RQVeW PeOWLQg WePSeUaWXUe UeSRUWed b\ GaOaWL eW aO ZaV 

183 ℃ (58). WheUeaV XX eW aO UeSRUW Whe RQVeW PeOWLQg WePSeUaWXUe Rf 173 ℃, VhRZLQg a dLffeUeQce Rf 

10 ℃ (60). TheVe YaULaWLRQV aUe dXe WR Whe SaUaPeWeUV VXch aV Whe RQVeW PeOWLQg WePSeUaWXUe beLQg 

VXbMecWLYe.  

 

The PeOWLQg behaYLRXU Rf PA-12 RQ heaW 2 LV dLVSOa\ed LQ FLgXUe 3.1.2. HeaW 2 VhRZV Whe PaWeULaO 

VSecLfLc SURSeUWLeV ZLWh a cRQVLVWeQW WheUPaO hLVWRU\, afWeU Whe WheUPaO hLVWRU\ fURP SURceVVLQg haV beeQ 

eUaVed. A dRXbOe PeOWLQg SeaN ZaV RbVeUYed, dLVSOa\LQg 2 SeaN PeOWLQg WePSeUaWXUeV (OabeOOed a aQd b 

LQ FLgXUe 3.1.2). The SeaN PeOWLQg WePSeUaWXUe Rf SeaN a aQd b ZeUe 170.50 ℃ aQd 177.67 ℃. The 

dRXbOe PeOWLQg SeaN LV dXe WR PeOW-UecU\VWaOOLVaWLRQ, ZhLch RccXUV ZheQ ORZeU heaWLQg UaWeV aUe XVed 

(99). TheUefRUe, Whe PaLQ PeOWLQg SeaN ZaV aVVLgQed WR SeaN b, aW 177 ℃. ThLV ZaV cRPSaUabOe WR GaOaWL 

eW aO ZhR UeSRUWed a SeaN PeOWLQg WePSeUaWXUe Rf 177 ℃ (58). IQ Whe ZRUN UeSRUWed b\ ReLdeObaXch eW 

aO, Whe SUeVeQce Rf a VhRXOdeU SeaN aW ORZeU WePSeUaWXUeV ZaV aOVR RbVeUYed, hRZeYeU, WhLV ZaV QRW 

cRPPeQWed RQ (55).  
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Figure 3.1.2: DSC thermogram (endo up) displaying the melting behaviour of PA-12 powder (batch 

1) used for MJF on heat 2, performed using a heating rate of 10 ℃/min between 25 - 220 ℃.  Labels 

³a´ aQd ³b´ aUe aVVLgQed WR Whe ORZeU WePSeUaWXUe aQd hLgheU WePSeUaWure melting peak, respectively. 
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TabOe 3.1.1: MeOWLQg aQd cU\VWaOOLVaWLRQ SaUaPeWeUV fRU heaW 1 aQd cRRO 1 Rf PA-12 SRZdeU (aYeUaged fURP 4 VaPSOeV Rf PA-12 SRZdeU) XVLQg a heaWLQg aQd 

cRROLQg UaWe Rf 10 K/PLQ beWZeeQ 25 - 220 ℃, cRPSaUed WR PeOWLQg aQd cU\VWaOOLVaWLRQ SaUaPeWeUV Rf YLUgLQ PA-12 SRZdeU RbWaLQed fURP Whe OLWeUaWXUe. WheUe 

TP - PeaN MeOWLQg/CU\VWaOOLVaWLRQ TePSeUaWXUe, TE - LaVW TUace Rf MeOWLQg/EQd CU\VWaOOLVaWLRQ TePSeUaWXUe, TO - OQVeW Rf MeOWLQg/CU\VWaOOLVaWLRQ, Xc ± DegUee 

Rf CU\VWaOOLQLW\ aQd ¨H LV Whe heaW Rf fXVLRQ/cU\VWaOOLVaWLRQ. 

  Melting 

  

Crystallisation 

TO (℃) TP (℃) TE (℃) ¨H (Jg-1) Xc (%) TO (℃) TP (℃) TE (℃) ¨H (Jg-1) 

Batch 1 170.0 186.8 193.2 104.9 50.1 156.6 148.6 140.3 60.5 

Batch 2 170.5 188.2 193.8 87.9 42.0 158.1 148.5 141.0 49.3 

M. Galati et al (58) 183.0 189.0 
 

82.0 39.2 147.0 141.0 
 

41.0 

J. Riedelbauch et al (55)  187.8 
 

97.4 46.5 
 

142.6 
  

F. Sillani et al (31) 180.5 
  

110.3 52.7 148.6 
  

47.9 

Z. Xu et al (60) 173.6 185.4   82.6 39.5 156.1 151.2   40.0 



55 
 

 

 

Figure 3.1.3: DSC curve (endo up) displaying the melting behaviour on heat 1 of PA-12 powder 

(batch 1) between 25 - 220 ℃, using heating rates of 10, 20, 30, 40 and 50 ℃/min.  

 

TabOe 3.1.2: MeOWLQg behaYLRXU Rf PA-12 aW YaULRXV heaWLQg UaWeV. WheUe TP - PeaN MeOWLQg, TE - LaVW 

TUace Rf MeOWLQg aQd TO - OQVeW Rf MeOWLQg. 

Heating 

rate 

[ႏ/PLQ] 

TO 

[ႏ] 

TM 

[ႏ] 

TE 

[ႏ] 

Melting 

region 

[ႏ] 

10 170.00 186.80 193.20 23.20 

20 169.33 187.67 197.00 27.67 

30 160.13 189.50 206.00 45.87 

40 158.90 191.20 214.00 55.10 

50 154.50 192.83 216.00 61.50 
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The PeOWLQg cXUYe Rf PA-12 SRZdeU VXbMecWed WR YaULRXV heaWLQg UaWeV LV dLVSOa\ed LQ FLgXUe 3.1.3 aQd 

Whe daWa LV VhRZQ LQ TabOe 3.1.2. The heaWLQg UaWe had a VLgQLfLcaQW LQfOXeQce RQ Whe PeOWLQg behaYLRXU 

Rf PA-12. AV Whe heaWLQg UaWe LQcUeaVed, Whe RQVeW PeOWLQg WePSeUaWXUe VhLfWed WR ORZeU WePSeUaWXUeV 

ZhLOe Whe SeaN PeOWLQg WePSeUaWXUe aQd Whe OaVW WUace Rf cU\VWaOOLQLW\ VhLfWed WR hLgheU WePSeUaWXUeV. The 

SeaN PeOWLQg WePSeUaWXUe Rf PA-12 aW a heaWLQg UaWe Rf 10, 20, 30, 40 aQd 50 ℃/PLQ ZaV 186.8, 187.7, 

189.5, 191.2 aQd 192.8 ℃, UeVSecWLYeO\. The PeOWLQg UegLRQ ZaV deWeUPLQed b\ VXbWUacWLQg Whe OaVW WUace 

Rf cU\VWaOOLQLW\ fURP Whe RQVeW PeOWLQg WePSeUaWXUe. AV Whe heaWLQg UaWe LQcUeaVed, Whe PeOWLQg UegLRQ 

LQcUeaVed aQd caXVed Whe PeOWLQg SeaN WR bURadeQ. The chaQge LQ PeOWLQg behaYLRXU ZLWh heaWLQg UaWe 

ZaV a UeVXOW Rf WheUPaO Oag. ThLV ZaV caXVed b\ SRRU WheUPaO cRQdXcWLYLW\ Rf Whe SRO\PeU, ZheUe Whe 

SRO\PeU WaNeV WLPe WR PeOW. A heaWLQg UaWe Rf 10 ℃/PLQ ZaV chRVeQ aV a VWaQdaUd heaWLQg aQd cRROLQg 

UaWe LQ OLQe ZLWh Whe OLWeUaWXUe (55,58). AddLWLRQaOO\, Whe cXUYe SURdXced aW 10 ℃/PLQ PLQLPLVed Whe 

WheUPaO Oag aQd SURdXced a cXUYe WhaW ZaV dLVWLQcW.  

 

 

Figure 3.1.4: DSC thermogram (endo up) displaying the cooling behaviour on cool 1 of PA-12 

powder (batch 1) between 220-25 ℃, using cooling rates of 5, 10, 15, 20, 25, 30, 35, 40 ℃/min.  
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TabOe 3.1.3: CU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 aW YaULRXV cRROLQg UaWeV. WheUe TP - PeaN CU\VWaOOLVaWLRQ 

TePSeUaWXUe, TE - EQd CU\VWaOOLVaWLRQ TePSeUaWXUe, TO ± CU\VWaOOLVaWLRQ aQd Xc ± DegUee Rf 

CU\VWaOOLQLW\. 

Cooling 

rate 

[ႏ/PLQ] 

TO 

[ႏ] 

TC 

[ႏ] 

TE 

[ႏ] 

Crystallisation 

region 

[ႏ] 

5 160 152.79 141.99 18.01 

10 156.76 148.08 136.3 20.46 

15 153.74 144.75 129.27 24.47 

20 153.16 144.67 130.27 22.89 

25 152.58 143.13 126.18 26.4 

30 152.76 141.25 121.98 30.78 

35 150.88 139.80 118.35 32.53 

40 150.47 138.67 117.61 32.86 

 

 

The cRROLQg cXUYe Rf PA-12 SRZdeU VXbMecWed WR YaULRXV cRROLQg UaWeV LV dLVSOa\ed LQ FLgXUe 3.1.4 aQd 

Whe daWa LV VhRZQ LQ TabOe 3.1.3. The cRROLQg UaWe had a VLgQLfLcaQW LQfOXeQce RQ Whe cU\VWaOOLVaWLRQ 

behaYLRXU Rf PA-12. AV Whe cRROLQg UaWe LQcUeaVed, Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe, Whe SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUe aQd eQd cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR ORZeU WePSeUaWXUeV. The SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12 aW a cRROLQg UaWe Rf 5, 10, 15, 20, 25, 30, 35 aQd 40 ℃/PLQ ZaV 

152.8, 148.1, 144.8, 144.7, 143.1, 141.2, 139.8 aQd 138.7  ℃, UeVSecWLYeO\. ThLV WUeQd ZaV cRPSaUabOe 

WR H. W. B. TeR eW aO, ZheQ VWXd\LQg QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 XVed LQ MJF (100). The 

cU\VWaOOLVaWLRQ UegLRQ ZaV deWeUPLQed b\ VXbWUacWLQg Whe eQd cU\VWaOOLVaWLRQ WePSeUaWXUe fURP Whe RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe. AV Whe cRROLQg UaWe LQcUeaVed, Whe cU\VWaOOLVaWLRQ UegLRQ LQcUeaVed, caXVLQg 
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Whe cU\VWaOOLVaWLRQ SeaN WR bURadeQ. A cRROLQg UaWe Rf 10 ℃/PLQ ZaV chRVeQ aV a VWaQdaUd cRROLQg aQd 

cRROLQg UaWe LQ OLQe ZLWh OLWeUaWXUe (58). AddLWLRQaOO\, a cRROLQg UaWe Rf 10 ℃/PLQ SURdXced a dLVWLQcW 

cRROLQg cXUYe.  

 

IQ PBF WechQLTXeV, Whe VXSeUcRROLQg ZLQdRZ LV cRQVLdeUed a deVLUabOe SURceVVLQg WePSeUaWXUe ZLQdRZ 

LQ ZhLch Whe bXLOd chaPbeU LV PaLQWaLQed. A hLgh WePSeUaWXUe eQYLURQPeQW LV deVLUabOe WR PLQLPL]e Whe 

effecWV Rf VhULQNage aQd ZaUSLQg dXe WR cU\VWaOOLVaWLRQ (23). AddLWLRQaOO\, a OaUgeU VXSeUcRROLQg ZLQdRZ 

RffeUV PRUe cRQWURO Rf Whe abLOLW\ WR VLQWeU ZhLch Pa\ Oead WR beWWeU cRQVROLdaWLRQ Rf SRZdeU Oa\eUV (58). 

The VXSeUcRROLQg ZLQdRZ LV deWeUPLQed b\ VXbWUacWLQg Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe fURP Whe 

RQVeW PeOWLQg WePSeUaWXUe, aQ e[aPSOe LV VhRZQ LQ FLgXUe 3.1.5. The VXSeUcRROLQg ZLQdRZ ZaV affecWed 

b\ Whe heaWLQg aQd cRROLQg UaWe, ZheUe Whe RQVeW PeOWLQg aQd RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed 

WR ORZeU WePSeUaWXUeV ZLWh LQcUeaVed heaWLQg aQd cRROLQg UaWe (Vee TabOe 3.1.2 aQd 3.3). The 

VXSeUcRROLQg ZLQdRZ decUeaVed aV Whe UaWe LQcUeaVed. The VXSeUcRROLQg ZLQdRZ fRU a heaWLQg RU cRROLQg 

UaWe Rf 10, 20, 30 aQd 40 ℃/PLQ ZaV 13.2, 16.2, 7.4 aQd 8.4 ℃. A VLPLOaU aQaO\VLV ZaV SeUfRUPed b\ 

TeR eW aO RQ PA-12 XVed LQ MJF (100). IQ WheLU ZRUN, Whe VXSeUcRROLQg ZLQdRZ ZaV deWeUPLQed XVLQg 

Whe SeaN PeOWLQg aQd cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12 aQd ZaV fRXQd WR YaU\ ZLWh UaWe. HRZeYeU, LW 

ZaV UeSRUWed WhaW Whe VXSeUcRROLQg ZLQdRZ ZaV VLgQLfLcaQWO\ affecWed b\ Whe cRROLQg UaWe LQ cRPSaULVRQ 

WR Whe heaWLQg UaWe. WheUeb\, Whe SeaN PeWLQg WePSeUaWXUe YaULed ~185 ℃, ZhLOVW Whe SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUe chaQged ZLWh cRROLQg UaWe. The chRVeQ heaWLQg aQd cRROLQg UaWeV XVed ZeUe 

beWZeeQ 0.2 WR 10 ℃/PLQ, ZhLch ZaV ORZeU WhaQ LQ WhLV e[SeULPeQWaO ZRUN.   

The VXSeUcRROLQg ZLQdRZ ZaV deWeUPLQed XVLQg dLffeUeQW PeWhRdV; b\ Whe RQVeW PeOWLQg aQd 

cU\VWaOOLVaWLRQ WePSeUaWXUe aQd Whe SeaN PeOWLQg aQd cU\VWaOOLVaWLRQ WePSeUaWXUeV. The RQVeW PeOWLQg 

aQd cU\VWaOOLVaWLRQ WePSeUaWXUe, aOWhRXgh VXbMecWLYe, SURYLdeV aQ accXUaWe PeaVXUe Rf Whe VXSeUcRROLQg 

ZLQdRZ ZLWh UeVSecW WR MJF VLQce Whe SRZdeU ZLOO UePaLQ aW a hLgh WePSeUaWXUe XQWLO LW LV 

PeOWed/VLQWeUed b\ Whe aSSOLcaWLRQ Rf heaW aUeaV cRQWaLQLQg Whe FA. The SeaN PeOWLQg aQd cU\VWaOOLVaWLRQ 

WePSeUaWXUe LV aOVR beQefLcLaO VLQce WhLV ZLOO SURYLde PaWeULaO VSecLfLc LQfRUPaWLRQ aV Whe SeaN PeOWLQg 

aQd cU\VWaOOLVaWLRQ WePSeUaWXUeV aUe defLQed.  
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Figure 3.1.5: DSC thermogram (endo up) displaying the melting and cooling behaviour on heat 1 and 

cool 1 of PA-12 powder batch 1, using a heating and cooling rate of 10 ℃/min. The red box illustrates 

the supercooling window. 

 

3.1.2 ThermograYimetric anal\sis 

 

The PaVV ORVV degUadaWLRQ Rf PA-12 SRZdeU ZaV UecRUded RYeU a WePSeUaWXUe UaQge Rf 25 െ 600 ℃ aQd 

LV dLVSOa\ed LQ FLgXUe 3.1.6. The SRO\PeU PaLQWaLQed 100 % PaVV XQWLO a WePSeUaWXUe Rf ~320 ℃. AfWeU, 

Whe PaVV gUadXaOO\ decUeaVed ZLWhLQ Whe WePSeUaWXUe UegLRQ Rf 320 െ  400 ℃. A VLgQLfLcaQW decUeaVe LQ 

PaVV ZaV RbVeUYed beWZeeQ 400 െ  500 ℃. The PaVV cRQWLQXaOO\ decUeaVed beWZeeQ 500 െ  600 ℃, 

ZheUe aW 600 ℃ Whe PaVV decUeaVed WR 4.9 %. IQ RWheU ZRUN RQ MJF SaUWV SURdXced fURP ³QeaW´ PA-12, 

a VLgQLfLcaQW PaVV ORVV VWeS ZaV aOVR RbVeUYed beWZeeQ 320 ± 500 ℃ (82). 
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Figure 3.1.6: TGA and DSC trace of PA-12 powder (batch 1) between 25 ± 600 ℃, using a heating 

rate of 10 ℃/min under a 20:80 O2/N2 atmosphere. 

 

The WePSeUaWXUe aW 1 aQd 50 % PaVV ZeUe deWeUPLQed b\ e[WUaSROaWLQg Whe cXUYe aW 1 aQd 50 % ZeLghW 

WR Whe cRUUeVSRQdLQg WePSeUaWXUe, WhLV ZaV UecRUded aW WePSeUaWXUeV Rf 322 ℃ aQd 436.3 ℃, 

UeVSecWLYeO\. The TGA Rf a MJF cRPSRQeQW LV VhRZQ LQ Whe OLWeUaWXUe (58), ZheUe a 50 % PaVV ORVV ZaV 

UecRUded aW a hLgheU WePSeUaWXUe Rf ~ 450 ℃ XVLQg a cRPSaUabOe heaWLQg UaWe. ThLV cRXOd be dXe WR Whe 

SUeVeQce Rf Whe FA aQd DA XVed LQ MJF, ZhLch haV beeQ deWecWed LQ SULQWed SaUWV (75).  

The WePSeUaWXUe cRUUeVSRQdLQg WR Whe 1 aQd 50 % PaVV ORVV ZLOO YaU\ deSeQdLQg RQ heaWLQg UaWe, ZheUe 

a ORZeU heaWLQg UaWe ZLOO VhLfW Whe RQVeW Rf degUadaWLRQ WR ORZeU WePSeUaWXUeV. VaVTXe] eW aO QRWe WhaW LQ 

cRPPeUcLaO SURceVVeV, Whe PaVV ORVV LV OLNeO\ WR RccXU aW PXch ORZeU WePSeUaWXUeV VXggeVWLQg WhaW a 

ORZ heaWLQg UaWe LV XVed LQ cRPPeUcLaO SURceVVeV (52). IQ RWheU PBF WechQLTXeV, VXch aV SLS, Whe bXLOd 

WLPe LV PXch VORZeU WhaQ LQ MJF, hRZeYeU WhLV LV dLcWaWed b\ Whe OaVeU VcaQQLQg VSeed. The bXLOd WLPe 

fRU cRPSRQeQWV PaQXfacWXUed b\ MJF LV TXLcNeU WhaQ SLS, ZheUe accRUdLQg WR HP, Whe bXLOd WLPe fRU 

MJF LV XS WR 10[ TXLcNeU WhaQ SLS RU FDM (59). TheUefRUe, Whe heaWLQg UaWe caQ be e[SecWed WR be 

gUeaWeU, WhLV VXggeVWV OeVV SRO\PeU degUadaWLRQ ZLOO RccXU aW hLgheU WePSeUaWXUeV.  
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OWheU facWRUV WR cRQVLdeU WhaW caQ affecW PaVV ORVV degUadaWLRQ Rf PA-12 LQ MJF LV Whe SUeVeQce Rf Whe 

FA aQd DA, ZhLch aUe MeWWed RQ Whe SRZdeU bed VXUface dXULQg Whe cRPSRQeQW fabULcaWLRQ, LQ ZhLch, 

Whe FA aQd DA Pa\ LQWeUacW ZLWh Whe SRO\PeU aQd chaQge Whe Sh\VLcaO SURSeUWLeV Rf Whe SRO\PeU. ScheUeU 

eW aO LQYeVWLgaWed Whe PaVV ORVV Rf Whe FA aQd DA b\ TGA (75). IW ZaV VhRZQ WhaW degUadaWLRQ WRRN 

SOace LQ WZR-VWeSV. The fLUVW VWeS LQYROYed Whe degUadaWLRQ Rf cRPSRQeQWV VXch aV WULeWh\OeQe gO\cRO, 2-

S\UUROLdRQe ZhLch RccXUUed beWZeeQ 100 ± 450 ℃ LQ a QLWURgeQ aWPRVSheUe. The VecRQd VWeS ZaV a 

heaWLQg ShaVe fURP 800 ± 950 ℃ LQ aQ R[\geQ aWPRVSheUe. IQ aQ R[\geQ aWPRVSheUe, Whe DA dLd QRW 

VhRZ PaVV ORVV. WheUeaV, LQ Whe FA, Whe caUbRQ bOacN RU S\URO\VLV SURdXcWV fURP Whe fLUVW VWeS ZeUe 

R[LdLVed. AddLWLRQaOO\, ZLWhLQ Whe WePSeUaWXUe UaQge Rf Whe VecRQd VWeS aOO cRPSRQeQWV had eYaSRUaWed 

RU cRPSOeWeO\ decRPSRVed ZLWhRXW Whe fRUPaWLRQ Rf chaU b\ S\URO\VLV. IQ MJF Whe bXLOd WePSeUaWXUe 

dReV QRW e[ceed 185 ℃ WheUefRUe LW LV OLNeO\ WhaW VRPe cRPSRQeQWV ZLOO be UeWaLQed LQ Whe fLQaO SaUW 

(31,91). ThLV ZaV cRQfLUPed b\ ScheUeU eW aO (75).   

 

IQ bRWh SLS aQd MJF, Whe SRZdeU LV heOd aW hLgh WePSeUaWXUeV fRU e[WeQded SeULRdV Rf WLPe ZLWhLQ Whe 

bXLOd chaPbeU, WhLV caQ caXVe degUadaWLRQ Rf SRZdeU. The SRZdeU bed WePSeUaWXUe LQ SLS haV beeQ 

UeSRUWed aW 175 ℃, ZheUeaV LQ MJF Whe RYeUaOO WePSeUaWXUe LV cRQWUROOed b\ HP aOgRULWhPV. IW haV beeQ 

UeSRUWed WhaW Whe bXLOd WePSeUaWXUe dReV QRW e[ceed 185 ℃ (31,91). TheUefRUe, WheUPaO degUadaWLRQ caQ 

RccXU dXULQg SURceVVLQg. OWheU W\SeV Rf degUadaWLRQ aUe OLNeO\ WR be SUeVeQW LQ MJF, VXch aV WheUPR-

R[LdaWLYe degUadaWLRQ VLQce PaQXfacWXULQg WaNeV SOace LQ aQ aPbLeQW aWPRVSheUe. ThLV UeVXOWV LQ 

SRO\PeU chaLQ degUadaWLRQ ZhLch caXVeV a decUeaVe LQ PROecXOaU ZeLghW aQd/RU chaLQ fRUPaWLRQ b\ 

SRVW-SRO\PeULVaWLRQ UeacWLRQV ZhLch caXVe aQ LQcUeaVe LQ PROecXOaU ZeLghW (55,101). OWheU PechaQLVPV 

caXVed b\ degUadaWLRQ LQcOXde cURVVOLQNLQg. WXd\ eW aO VWXdLed Whe LQfOXeQce Rf degUadaWLRQ RQ PA-12 

SRZdeU dXULQg SLS (11). UQdeU PXOWLSOe cRQdLWLRQV, VXch aV aQ R[\geQ, YacXXP aQd a QLWURgeQ 

aWPRVSheUe dXULQg Whe fLUVW SURceVVLQg hRXUV, PechaQLVPV VXch aV cURVV-OLQNLQg dRPLQaWed. AV Whe 

SURceVVLQg WLPe LQcUeaVed chaLQ VcLVVLRQ dRPLQaWed, eVSecLaOO\ XQdeU aQ R[\geQ aWPRVSheUe. IW ZaV 

cOeaU WhaW Whe XVe Rf aged SRZdeU UedXced Whe PechaQLcaO SURSeUWLeV Rf Whe fLQaO SaUWV. The PechaQLVP 



62 
 

Rf WheUPR-R[LdaWLYe degUadaWLRQ Rf PA-6,6 ZaV OLQNed WR Whe PechaQLcaO SURSeUWLeV b\ POLTXeW eW aO, 

ZheUe dLffeUeQW UeacWLRQ SaWhZa\V Oed WR Whe SURdXcWLRQ Rf aOdeh\deV, caUbR[\OLc acLdV, SULPaU\ aPLdeV 

aQd LPLdeV (102).  

 

TR SUeYeQW degUadaWLRQ RU ageLQg, WheUPRcRXSOeV caQ be XVed WR PRQLWRU Whe WePSeUaWXUe dLVWULbXWLRQ 

RQ Whe SRZdeU bed VXUface RU LQ Whe bXLOd chaPbeU (103). The XVe Rf WheUPRcRXSOeV Pa\ aOVR gLYe aQ 

LQdLcaWLRQ Rf Whe heaWLQg UaWe RU cRROLQg UaWe Rf PA-12 XVed LQ MJF b\ PRQLWRULQg Whe chaQge LQ 

WePSeUaWXUe WhURXghRXW Whe dXUaWLRQ Rf Whe bXLOd.  

 

3.1.3 FoXrier transform infrared spectroscop\ 

 

The FTIR VSecWUXP Rf PA-12 SRZdeU ZaV UecRUded aQd LV VhRZQ LQ FLgXUe 3.1.7. The SeaN aVVLgQPeQWV 

fRU PA-12 aUe dLVSOa\ed LQ TabOe 3.1.4. AQaO\VLV Rf Whe fLQgeUSULQW UegLRQ dLVSOa\ed aQ APLde V baQd aW 

~725 cP-1. KLQRVhLWa eW aO aQd SchURedeU deQRWe WhLV SeaN WR Whe gaPPa fRUPaWLRQ Rf PA-12 ZheUe 

chaLQV WZLVW VOLghWO\ WR aOORZ h\dURgeQ bRQdLQg (104,105). The SeaN aVVLgQPeQWV Rf PA-12 fURP baWch 

1 aQd 2 ZeUe cRPSaUabOe WR O'CRQQeU eW aO, fRU a PA-12 SaUW PaQXfacWXUed b\ MJF (61,68). IQ 

SRO\aPLdeV Whe N-H baQd (3100 ± 3500 cP-1) LV Rf LQWeUeVW becaXVe LW SaUWLcLSaWeV LQ h\dURgeQ bRQdLQg 

(95,96). TheUefRUe, fXUWheU VWXdLeV XVLQg FTIR LQ WhLV ZRUN ZLOO fRcXV RQ Whe N-H VWUeWchLQg YLbUaWLRQV.  
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TabOe 3.1.4: FTIR SeaN aVVLgQPeQWV fRU PA-12 SRZdeU. 

Wavenumber 

[cm-1] 

Batch 1                      Batch 2 
 

O¶ CRQQRU eW aO 

(68) Peak assignment 
 

3292.9 3293.1 3279 Hydrogen bonded N-H 

stretching 

2917.4 2917.7 2918 CH2 asymmetric stretching 

2849.1 2849.5 2850 CH2 symmetric stretching 

1633.5 1633.3 1639 C=O stretching 

1540.4 1540.9 1545 C-N stretching, C=O in plane 

bending 

1367.4 1367.7 1370 CH bend, CH2 twisting 

1269.0 1268.8 1269 C-N stretching, C=O in plane 

bending 

1124.3 1124.6 1122 C-C stretching 

944.8 943.5 944 CONH in plane 

719.4 719.6 720 CH2 rocking 
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FLgXUe 3.1.7: FTIR VSecWUXP Rf PA-12 SRZdeU beWZeeQ 700 ± 4000 cP-1, QRUPaOLVed WR Whe VaPe 

baVeOLQe.  

 

3.1.4 Particle si]e anal\sis 

 

IQ PBF WechQLTXeV, Whe SaUWLcOe VL]e aQd SaUWLcOe VL]e dLVWULbXWLRQ aUe LPSRUWaQW WR LQYeVWLgaWe VLQce Whe\ 

affecW Whe eQWLUe PaQXfacWXULQg SURceVV fURP SRZdeU SURceVVabLOLW\, VXch aV SRZdeU fORZabLOLW\, WR Whe 

dLPeQVLRQaO accXUac\ aQd SeUfRUPaQce Rf a PaQXfacWXUed cRPSRQeQW. ThLV LV SeUfRUPed b\ PaUWLcOe 

SL]e AQaO\VLV (PSA). GRRdULdge eW aO UeSRUWed aQ RSWLPXP SRZdeU VL]e beWZeeQ 45 ± 90 ߤP fRU PBF 

WechQLTXeV (106).  
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Figure 3.1.8: Particle size analysis of PA-12 powder (batch 1) displaying the particle size relative to 

the cumulative distribution and the density distribution.  

 

The SaUWLcOe VL]e dLVWULbXWLRQ ZaV deWeUPLQed b\ Whe deQVLW\ dLVWULbXWLRQ cXUYe VhRZQ LQ FLgXUe 3.1.8. 

The SaUWLcOe VL]e YaULed beWZeeQ 11.96 ± 164.32 ߤP aQd fROORZed a GaXVVLaQ dLVWULbXWLRQ. The aYeUage 

SaUWLcOe VL]e ZaV deWeUPLQed b\ Whe SeaN Pa[LPa Rf Whe deQVLW\ dLVWULbXWLRQ cXUYe, VhRZLQg aQ aYeUage 

SaUWLcOe VL]e Rf 58.48 ߤP, WheUeb\ faOOLQg LQ Whe RSWLPXP UaQge VWaWed b\ GRRdULdge eW aO. OWheU 

OLWeUaWXUe haV UeSRUWed a VOLghWO\ hLgheU aYeUage SaUWLcOe VL]e Rf 60 ߤP fRU PA-12 SRZdeU XVed LQ MJF, 

WhRXgh Whe VWaWe Rf Whe SRZdeU ZaV QRW NQRZQ (e.g. YLUgLQ, UefUeVhed RU Uec\cOed) (66,77,85). 

MeaQZhLOe, aQ aYeUage SaUWLcOe VL]e Rf 54.8 ߤP ZaV UeSRUWed b\ XX eW aO fRU PA-12 XVed LQ MJF, WhLV 

ZaV ORZeU WhaQ Whe aYeUage SaUWLcOe VL]e Rf PA-12 (baWch 1). The OLWeUaWXUe VhRZV WhaW WheUe LV VOLghW 

YaULabLOLW\ Rf aYeUage SaUWLcOe VL]e beWZeeQ baWcheV Rf PA-12 SRZdeU (60).  
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TabOe 3.1.5: D50 fRU PA-12 SRZdeU XVed LQ SLS aQd MJF. 

  

  

 

Powder 

state 
 

SLS MJF 

Optical 

microscopy 

Laser 

diffraction 

Optical 

microscopy 

Laser 

diffraction 

 [mߤ] [mߤ] [mߤ] [mߤ]

Experimental Virgin 
   

60.51 

Sillani et al (31) Virgin  62.8 52.2 65.1 67.3 
 

Recycled 69.7 52.4 67.3 54.8 

Z. Xu et al (60) Virgin   58   55.4 

 

The VROXPe MeaQ DLVWULbXWLRQ (VMD) RU D50, ZaV aOVR deWeUPLQed. ThLV LV Whe dLaPeWeU aW ZhLch haOf 

Rf Whe VaPSOe SRSXOaWLRQ LV beORZ [ ߤP aQd haOf aUe abRYe. ThLV daWa LV dLVSOa\ed LQ TabOe 3.1.5. The 

aYeUage D50 fURP 4 VaPSOeV Rf PA-12 SRZdeU (baWch 1) ZaV 60.5 ߤP. OWheU VWXdLeV e[SORUe Whe SaUWLcOe 

VL]e (D50) fRU PA-12 SRZdeU XVed LQ MJF aQd SLS, WhLV daWa LV VhRZQ LQ TabOe 3.1.5. SLOOaQL eW aO (31) 

UeSRUW Whe D50 Rf YLUgLQ aQd Uec\cOed SRZdeU PA-12 SRZdeU XVed LQ SLS aQd MJF deWeUPLQed b\ OaVeU 

dLffUacWLRQ aQd RSWLcaO PLcURVcRS\. IQ SLS, Whe D50 Rf YLUgLQ aQd Uec\cOed PA-12 SRZdeU (3D S\VWePV 

DXUafRUP) ZaV 52 ߤP, deWeUPLQed b\ OaVeU dLffUacWLRQ. The D50 Rf YLUgLQ aQd Uec\cOed SLS SRZdeU ZaV 

~ 62 aQd ~ 69 ߤP, deWeUPLQed b\ RSWLcaO PLcURVcRS\. IQ MJF gUade PA-12, Whe D50 fRU YLUgLQ aQd 

Uec\cOed ZaV ~ 58 aQd ~ 54 ߤP, deWeUPLQed b\ OaVeU dLffUacWLRQ. The D50 Rf YLUgLQ aQd Uec\cOed SRZdeU 

ZaV ~ 65 aQd ~ 67 ߤP, deWeUPLQed b\ RSWLcaO PLcURVcRS\. IQ geQeUaO, fRU bRWh PBF WechQLTXeV Whe 

YaOXeV RbWaLQed b\ OaVeU dLffUacWLRQ ZeUe ORZeU WhaQ RSWLcaO PLcURVcRS\. XX aOVR chaUacWeULVed Whe 

SaUWLcOe VL]e Rf ³UaZ´ PA-12 SRZdeU XVed LQ SLS aQd MJF b\ a OaVeU SaUWLcOe aQaO\VLV.  The D50 fRU SLS 

aQd MJF PA-12 SRZdeU ZaV ~ 58 aQd ~ 55.4 ߤ𝑚 (60). ThLV ZaV ORZeU WhaQ Whe D50 RbWaLQed LQ WhLV 

VWXd\. OYeUaOO, Whe OLWeUaWXUe VhRZV WhaW Whe D50 YaOXeV YaU\ VOLghWO\ ZLWh MJF SRZdeU baWch, PaWeULaO 

UefUeVh VWaWXV aQd chaUacWeULVaWLRQ WechQLTXe.  
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3.2 Characterisation of a MJF component 

 

3.2.1 Differential Scanning Calorimetr\ 

 

 

FLgXUe 3.2.1: DSC WheUPRgUaP (eQdR XS) dLVSOa\LQg Whe PeOWLQg aQd cU\VWaOOLVaWLRQ behaYLRXU Rf a 

MJF cRPSRQeQW, SeUfRUPed XVLQg a heaWLQg aQd cRROLQg UaWe Rf 10 ℃/PLQ beWZeeQ 25 - 220 ℃. 

 

The PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf a MJF cRPSRQeQW ZaV UecRUded RQ heaW 1 aQd cRRO 1. 

ThLV LV dLVSOa\ed LQ FLgXUe 3.2.1. The SRZdeU VWaWe L.e., YLUgLQ, Uec\cOed RU UefUeVhed, LV XQNQRZQ fRU 

WhLV cRPSRQeQW. The PeOWLQg behaYLRXU VhRZed aQ RQVeW PeOWLQg WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe 

aQd OaVW WUace Rf cU\VWaOOLQLW\ Rf 166.2, 180.5 aQd 193.3 ℃. The eQWhaOS\ Rf fXVLRQ ZaV 58.5 J/g aQd Whe 

degUee Rf cU\VWaOOLQLW\ ZaV 27.9 %. The UecU\VWaOOLVaWLRQ behaYLRXU VhRZed aQ RQVeW aQd SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUe Rf 159.8 aQd 149.8 ℃. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ ZaV 54.62 J/g aQd Whe 

degUee Rf cU\VWaOOLQLW\ ZaV 26.10 %. 
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ThLV daWa VhRZV WhaW Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU fRU a PA-12 SaUW PaQXfacWXUed b\ MJF 

LV dLffeUeQW WR PA-12 SRZdeU. IQ cRPSaULVRQ WR heaW 1 Rf PA-12 SRZdeU, Whe SeaN PeOWLQg WePSeUaWXUe 

Rf a MJF SaUW decUeaVed b\ 6.3 ℃. ThLV LV dXe a dLffeUeQce LQ WheUPaO hLVWRU\ Rf a MJF SaUW aQd PA-12 

SRZdeU. The dLffeUeQce LQ PeOWLQg SURSeUWLeV Pa\ aOVR aULVe fURP Whe addLWLRQ Rf Whe FA RU DA XVed LQ 

MJF, ZhLch aUe UeWaLQed LQ Whe SaUW (75). The TXaQWLW\ Rf Whe FA aQd DA LV XQNQRZQ fRU MJF aQd LV 

cRQWUROOed b\ HP aOgRULWhPV. ThRXgh Whe eVWLPaWed SURceVVLQg SaUaPeWeUV fRU a MJF bXLOd LQ faVW PRde 

LV 0.058 PP3 FA/PP3 SaUW aQd 0.062 PP3 DA/PP3 SaUW (107).  

 

A cRPSaULVRQ Rf PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf SaUWV PaQXfacWXUed b\ MJF UeSRUWed LQ Whe 

OLWeUaWXUe LV VhRZQ LQ TabOe 3.2.1. IQ a VWXd\ b\ CaL eW aO, Whe RQVeW PeOWLQg WePSeUaWXUe aQd SeaN PeOWLQg 

WePSeUaWXUe ZeUe UeSRUWed aW 172.7 aQd 179.6 ℃. The RQVeW UecU\VWaOOLVaWLRQ WePSeUaWXUe aQd SeaN 

UecU\VWaOOLVaWLRQ WePSeUaWXUe ZeUe UeSRUWed aW 153.5 aQd 149.1 ℃ (84). The SeaN PeOWLQg aQd 

cU\VWaOOLVaWLRQ WePSeUaWXUe ZeUe cRPSaUabOe WR WhaW dLVSOa\ed LQ WhLV VecWLRQ. The PeOWLQg aQd 

UecU\VWaOOLVaWLRQ behaYLRXU Rf a SaUW PaQXfacWXUed b\ MJF ZeUe aOVR UeSRUWed b\ O¶CRQQRU eW aO aQd 

VhRZed a hLgheU SeaN PeOWLQg WePSeUaWXUe Rf 183.9 ℃ aQd a ORZeU SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf 

147.1 ℃. The degUee Rf cU\VWaOOLQLW\ deWeUPLQed b\ Whe eQWhaOS\ Rf fXVLRQ aQd cU\VWaOOLVaWLRQ ZeUe 32 

aQd 26 %, UeVSecWLYeO\ (27). IQ VWXdLeV b\ O¶CRQQRU eW aO aQd CaL eW aO (27,84) Whe SaUWV ZeUe SULQWed LQ 

baOaQced PRde aQd Whe heaWLQg aQd cRROLQg UaWe ZaV 10 ℃/PLQ. ThRXgh Whe SRZdeU feedVWRcN PaWeULaO 

ZaV dLffeUeQW LQ bRWh VWXdLeV. A UefUeVhed feedVWRcN PaWeULaO cRQWaLQLQg 20 % QeZ aQd 80 % Uec\cOed 

SRZdeU ZaV XVed b\ CaL eW aO WR cUeaWe cRPSRQeQWV XVLQg MJF (84). IQ Whe ZRUN b\ O¶CRQQRU eW aO, Whe 

cRQdLWLRQ feedVWRcN PaWeULaO ZaV XQUeSRUWed (27). The dLffeUeQceV LQ PeOWLQg aQd UecU\VWaOOLVaWLRQ 

SURSeUWLeV Pa\ WheUefRUe be dXe WR Whe cRQdLWLRQ Rf Whe feedVWRcN PaWeULaO. ThLV haV beeQ VWXdLed LQ 

PRUe deWaLO b\ RLedeObaXch eW aO (55). 

 

IQ SaUWV fabULcaWed fURP RWheU PBF WechQLTXeV, VXch aV SLS, a bLPRdaO PeOWLQg SeaN LV RfWeQ RbVeUYed, 

ZheUe Whe PaLQ PeOWLQg SeaN LV SRVLWLRQed aW a ORZeU WePSeUaWXUe WhaQ Whe VecRQd PeOWLQg SeaN. The 
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dRXbOe PeOWLQg SeaN LV aVVRcLaWed ZLWh LQcRPSOeWe PeOWLQg Rf PA-12 SaUWLcOeV dXULQg Whe SLS SURceVV 

(51,60,91). The ORZeU WePSeUaWXUe PeOWLQg SeaN LQdLcaWeV cRPSOeWe PeOWLQg Rf SRO\PeU SaUWLcOeV, ZhLOe 

Whe hLgheU WePSeUaWXUe PeOWLQg SeaN LQdLcaWeV XQPROWeQ SaUWLcOe cRUeV (84).  The abVeQce Rf Whe dRXbOe 

PeOWLQg SeaN LQ MJF cRPSRQeQWV VXggeVWV cRPSOeWe PeOWLQg Rf PA-12 SRZdeU dXULQg Whe SaUW 

fabULcaWLRQ. ThLV LV OLNeO\ dXe WR Whe FA ZhLch cRQWaLQV caUbRQ bOacN WR SURPRWe hLgheU heaWLQg Rf 

SRZdeU SaUWLcOeV b\ abVRUbLQg LQfUaUed UadLaWLRQ (58). IQWeUeVWLQgO\, XX eW aO UeSRUWed a dRXbOe PeOWLQg 

SeaN fRU a SaUW fabULcaWed b\ MJF, WhLV ZaV aWWULbXWed WR Whe SUeVeQce Rf 2 cU\VWaO ShaVeV fURP a PeOWed 

RXWeU VecWLRQ Rf Whe SaUWLcOe aQd XQPeOWed SaUWLcOe cRUe Rf PA-12 SRZdeU (60). ThLV cRXOd be dXe ZheUe 

LQ Whe SRZdeU bed Whe SaUW LV fabULcaWed aV dLffeUeQW ORcaWLRQV aUe e[SRVed WR dLffeUeQW heaWLQg aQd 

cRROLQg PechaQLVPV. 

 

The dRXbOe PeOWLQg SeaN SheQRPeQRQ ZaV dLVcXVVed b\ CaL eW aO, ZhR cRPSaUed WheLU ZRUN WR S. 

DadbaNhVh eW aO LQ UeOaWLRQ WR Whe SaUWV fabULcaWed ZLWh UefUeVhed feedVWRcN SRZdeU. IQ SLS cRPSRQeQWV 

a dRXbOe PeOWLQg SeaN ZaV UeSRUWed b\ S. DadbaNhVh eW aO, ZhR cOaLPed WhaW Whe heLghW Rf Whe hLgheU 

WePSeUaWXUe VhRXOdeU SeaN LQ SLS SaUWV LQcUeaVed ZheQ Whe feedVWRcN PaWeULaO cRQWaLQed a gUeaWeU 

SURSRUWLRQ Rf XVed SRZdeU. ThLV ZaV dXe WR a SRO\cRQdeQVaWLRQ UeacWLRQ WhaW RccXUUed ZheQ SRZdeU 

had beeQ e[SRVed WR PXOWLSOe SURceVVLQg c\cOeV, OeadLQg WR aQ LQcUeaVe LQ PROecXOaU ZeLghW LQ Whe XVed 

SaUWLcOeV. The XVed SaUWLcOeV WheUefRUe haYe a hLgheU PeOWLQg WePSeUaWXUe WhaQ YLUgLQ SaUWLcOeV dXe WR aQ 

LQcUeaVe LQ PROecXOaU ZeLghW. CRQVeTXeQWO\, Whe SURSRUWLRQ Rf XQPROWeQ SaUWLcOe cRUeV LQ cRPSRQeQWV 

ZaV gUeaWeU LQ cRPSRQeQWV Pade fURP UefUeVhed SRZdeU WhaQ YLUgLQ SRZdeU, ZheUe bRWh VWaWeV Rf 

SRZdeU aUe e[SRVed WR Whe VaPe LQSXW eQeUg\ dXULQg VLQWeULQg. ThLV ZaV XVed WR e[SOaLQ Whe SUeVeQce Rf 

Whe VecRQd PeOWLQg SeaN aW hLgheU WePSeUaWXUe. IW ZaV aOVR UeSRUWed WhaW Whe VhRXOdeU SeaN LQWeQVLW\ 

LQcUeaVed SURSRUWLRQaOO\ ZLWh Whe aPRXQW Rf XVed SRZdeU ZLWhLQ Whe feedVWRcN.  

HRZeYeU, Whe abVeQce Rf Whe dRXbOe PeOWLQg SeaN LQ MJF cRPSRQeQWV fabULcaWed ZLWh UefUeVhed 

feedVWRcN PaWeULaO LQ Whe ZRUN Rf CaL eW aO cRQWUadLcWed Whe ZRUN b\ DadbaNhVh eW aO, LQ UeOaWLRQ WR Whe 

SURSRUWLRQ Rf XVed SRZdeU LQ cRPSRQeQWV. IQ WhLV VWXd\, Whe MJF cRPSRQeQWV cRQWaLQed a OaUgeU 

SURSRUWLRQ Rf XVed SRZdeU (80 % XVed SRZdeU) WhaQ Whe SLS cRPSRQeQWV (50 % XVed SRZdeU). ThLV 
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ZRXOd Oead Whe UeadeU WR beOLeYe WhaW Whe PeOWLQg behaYLRXU Rf MJF cRPSRQeQWV VhRXOd haYe a OaUgeU 

hLgheU WePSeUaWXUe VhRXOdeU SeaN WhaQ Whe SLS cRPSRQeQWV, accRUdLQg WR DadbaNhVh eW aO. IQVWead, CaL 

eW aO aVVRcLaWed Whe abVeQce Rf Whe dRXbOe PeOWLQg SeaN ZLWh Whe SUeVeQce Rf Whe FA LQ MJF cRPSRQeQWV. 

WheUe Whe hLgheU WheUPaO abVRUSWLRQ caSabLOLW\ Rf Whe FA caXVed Whe SRZdeU Oa\eU WR be fXOO\ PeOWed, 

deVSLWe cRQWaLQLQg a OaUge SURSRUWLRQ Rf XVed SRZdeU (51,84).  

IQ Whe ZRUN b\ SLOOaQL eW aO, LW ZaV UeSRUWed WhaW SLS gUade PA-12 e[SeULeQced SRO\cRQdeQVaWLRQ XSRQ 

SRZdeU UeXVe. WheUeaV, LQ MJF Whe UeacWLRQ PechaQLVP LV WhRXghW WR be "eQd-caSSed" ZheUe Whe chaLQ 

eQd caQQRW UeacW fXUWheU WheUeb\ dReV QRW e[SeULeQce chaLQ e[WeQVLRQ OLNe SLS SRZdeU (31). ThLV ZRXOd 

aOVR SURYLde aQ aOWeUQaWLYe e[SOaQaWLRQ fRU Whe abVeQce Rf Whe VhRXOdeU SeaN LQ Whe ZRUN Rf CaL eW aO, 

ZheUe a OaUgeU cRQWeQW Rf XVed SRZdeU ZaV LQcRUSRUaWed LQWR Whe feedVWRcN PaWeULaO. 

 

The degUee Rf cU\VWaOOLQLW\ deWeUPLQed XVLQg Whe eQWhaOS\ Rf fXVLRQ Rf a MJF SaUW ZaV ORZeU WhaQ PA-

12 SRZdeU. The decUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ ZaV dXe WR a chaQge LQ Whe cU\VWaO ShaVe ZhLch 

ZaV a UeVXOW Rf PeOWLQg aQd UecU\VWaOOLVaWLRQ Rf Whe SRO\PeU (84). CaL eW aO XVed XRD WR deWeUPLQe Whe 

cU\VWaO ShaVe Rf PA-12 LQ bRWh Whe SRZdeU aQd a SaUW PaQXfacWXUed b\ MJF. IQ WheLU ZRUN, Whe SULQWed 

SaUWV ZeUe cU\VWaOOLVed aQd cRROed dRZQ ZLWhLQ Whe SRZdeU bed XQdeU aWPRVSheULc SUeVVXUe aQd RYeU a 

ORQg SeULRd Rf WLPe (XVXaOO\ RYeUQLghW), caXVLQg Whe cRROLQg UaWe WR be VORZ (84). ThLV ZaV UeOaWed WR Whe 

ZRUN Rf DadbaNhVh eW aO ZhR cOaLPed WhaW Whe acWLRQ Rf VORZ cRROLQg cRXOd LQdXce Whe fRUPaWLRQ Rf Whe 

VWabOe ߛ ShaVe (51). The fRUPaWLRQ Rf Whe VWabOe ߛ ShaVe ZaV XVed WR e[SOaLQ Whe VhaUS decUeaVe LQ Whe 

degUee Rf cU\VWaOOLQLW\ fURP Whe SRZdeU WR Whe SaUW (84). The WZR ShaVeV aOVR haYe beeQ UeSRUWed WR PeOW 

aW dLffeUeQW WePSeUaWXUeV, ZheUe Whe PeOWLQg WePSeUaWXUe Rf Whe ߙ ShaVe aQd ߛ ShaVe aUe 175 aQd 182 ℃ 

(91).  ThLV LV cRQVLVWeQW ZLWh Whe SeaN PeOWLQg WePSeUaWXUe Rf Whe MJF SaUW, VhRZQ LQ TabOe 3.2.1.
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TabOe 3.2.1: MeOWLQg aQd cU\VWaOOLVaWLRQ SaUaPeWeUV fRU heaW 1 aQd cRRO 1 Rf a MJF SaU*W XVLQg a heaWLQg aQd cRROLQg UaWe Rf 10 K/PLQ beWZeeQ 25 ± 220 ℃, 

cRPSaUed WR PeOWLQg aQd cU\VWaOOLVaWLRQ SaUaPeWeUV Rf MJF PA-12 SaUWV RbWaLQed fURP OLWeUaWXUe. WheUe TP - PeaN MeOWLQg/CU\VWaOOLVaWLRQ TePSeUaWXUe, TE - 

LaVW TUace Rf MeOWLQg/EQd CU\VWaOOLVaWLRQ TePSeUaWXUe, TO - OQVeW Rf MeOWLQg/CU\VWaOOLVaWLRQ, Xc ± DegUee Rf CU\VWaOOLQLW\ aQd ¨H LV Whe heaW Rf 

fXVLRQ/cU\VWaOOLVaWLRQ. 

 
Melting 

 
Crystallisation 

  TO (ႏ) TP (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%) TO (ႏ) TP (ႏ) TE (ႏ) ¨H (Jg-1) 

MJF part 166.2 180.5 193.3 58.5 27.9 159.8 149.8 
  

          

Z. Xu et al (60) 171.8 179.4 
 

62.80 
 

159.3 155.3 
 

53.90 

C. Cai et al (84) 172.7 179.6 
 

55.40 
 

153.5 149.1 
 

46.8 

O'Connor et al (27) 
 

184.0 
  

32.00 
 

147.0 
 

26.00 

B. Sagbas et al (69) 
    

23.41 
    

S. Rosso et al (91)   182.7   65.90 31.50         
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3.2.2 FTIR of a MJF component  

 

 

 FLgXUe 3.2.2: FTIR VSecWUXP Rf a MJF cRPSRQeQW aQd PA-12 SRZdeU beWZeeQ 700 ± 4000 cP-1. 

 

The LQfUaUed VSecWUXP Rf PA-12 SRZdeU aQd a PA-12 SaUW PaQXfacWXUed b\ MJF LV dLVSOa\ed LQ FLgXUe 

3.2.2 aQd Whe SeaN aVVLgQPeQWV aUe VhRZQ LQ TabOe 3.2.2. The SeaNV ZeUe cRPSaUabOe WR Whe OLWeUaWXUe 

(58,61,68,84) aQd WR Whe FTIR VSecWUa Rf PA-12 SRZdeU, aV SeU VecWLRQ 2.4.3.  

 

TheUe ZeUe VOLghW dLffeUeQceV beWZeeQ Whe FTIR VSecWUa Rf Whe PA-12 SaUW aQd PA-12 SRZdeU. FRU 

e[aPSOe, Whe RYeUaOO abVRUbaQce Rf a SaUW PaQXfacWXUed b\ MJF ZaV gUeaWeU WhaQ PA-12 SRZdeU. GaOaWL 

eW aO XVed FTIR WR chaUacWeULVe Whe FA aQd DA aQd UeSRUWed WhaW Whe VSecWUXP Rf Whe FA had VhLfWed WR a 

hLgheU abVRUbaQce WhaQ Whe VSecWUXP Rf Whe DA dXe WR Whe SUeVeQce Rf caUbRQ bOacN LQ Whe FA (58). IQ 

ZhLch Whe caUbRQ aWRPV ZLWhLQ Whe caUbRQ bOacN cRQYeUW LQcLdeQW LQfUaUed UadLaWLRQ LQWR heaW eQeUg\ RQ 
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Whe SRZdeU bed VXUface LQ aUeaV ZheUe Whe FA haV beeQ MeWWed (58). TheUefRUe Whe OaUgeU abVRUbaQce LV 

dXe WR Whe caUbRQ bOacN ZLWhLQ Whe FA beLQg UeWaLQed LQ Whe SaUW. AddLWLRQaOO\, LQ (58) a OaUge baQd 

beWZeeQ 3000 ± 3500 cP-1 ZaV aVVLgQed WR h\dUR[\O gURXSV dXe WR Whe SUeVeQce Rf bRQded ZaWeU ZLWhLQ 

Whe ageQWV. The SUeVeQce Rf ZaWeU LQ Whe FA aQd DA ZaV aOVR UeSRUWed b\ ScheUeU eW aO (75). HRZeYeU, 

Whe FTIR VSecWUXP Rf a MJF SaUW VhRZV Whe abVeQce Rf Whe baQd aVVLgQed WR Whe h\dUR[\O gURXS. ThLV 

VXggeVWV WhaW dXULQg cRPSRQeQW PaQXfacWXUe LQ MJF, Whe ZaWeU SUeVeQW LQ Whe FA aQd DA had eYaSRUaWed 

dXe WR Whe hLgh WePSeUaWXUe Rf Whe SRZdeU bed. ThLV LV XQVXUSULVLQg VLQce Whe WePSeUaWXUe Rf Whe SRZdeU 

bed UeacheV 185 ℃ ZhLch LV abRYe Whe bRLOLQg SRLQW Rf ZaWeU. MRUeRYeU, Whe RUgaQLc VROYeQWV ZLWhLQ Whe 

ageQWV degUade RU eYaSRUaWe beWZeeQ 100 ± 400 ℃ (75,91). ThLV VXggeVWV WhaW VRPe RUgaQLc VROYeQWV 

Pa\ be UeWaLQed LQ Whe SaUW. 

 

IQ MJF Whe FA, ZhLch cRQWaLQed gUaShLWLc caUbRQ bOacN, ZaV UeWaLQed LQ Whe cRPSRQeQW. ThLV ZaV 

TXaQWLWLfed b\ Whe cRORXU Rf Whe eQd SURdXcW (58,84). TheUefRUe, LW LV OLNeO\ WhaW RWheU SURdXcWV fURP Whe 

FA aQd DA ZeUe UeWaLQed ZLWhLQ Whe cRPSRQeQW. ThLV ZaV cRQfLUPed b\ ScheUeU eW aO. TheLU ZRUN 

VhRZed WhaW PaQ\ RWheU cRPSRXQdV fURP Whe FA aQd DA ZeUe aOVR SUeVeQW LQ a SaUW fabULcaWed b\ MJF 

(75). ThLV LV dXe WR bRWh Whe FA aQd DA beLQg MeWWed RQ Whe SRZdeU bed VXUface. TheUefRUe, Whe SUeVeQce 

Rf RWheU PROecXOeV Pa\ be OLNeO\ LQ Whe VSecWUXP Rf a PA-12 SaUW (Vee FLgXUe 3.2.2). ThLV ZLOO accRXQW 

fRU VSecWUaO dLffeUeQceV beWZeeQ Whe PA-12 SRZdeU aQd a SaUW fabULcaWed b\ MJF. SXch dLffeUeQceV caQ 

be fRXQd LQ Whe UegLRQ Rf 800 ± 1300 cP-1. PeaNV ZLWhLQ WhLV UegLRQ ZeUe UeOaWed WR Whe C-O RU C-N 

gURXSV. OYeUaOO, WhLV VhRZV WhaW Whe cRPSRQeQWV fURP Whe ageQWV ZhLch aUe MeWWed RQ Whe SRZdeU bed 

VXUface aUe UeWaLQed LQ Whe fLQaO SaUWV.  

 

A VPaOO SeaN aW 1732.9 cP-1 ZaV aOVR RbVeUYed. ThLV SeaN LV UeOaWed WR caUbRQ\O cRQWaLQLQg cRPSRXQdV, 

ZhLch abVRUb IR UadLaWLRQ ZLWhLQ Whe UegLRQ Rf 1710-1760 cP-1. KeWRQeV UeVRQaWe aW a fUeTXeQc\ Rf 

~1715 cP-1, aOdeh\deV aW ~1725 cP-1, aOLShaWLc caUbR[\OLc acLdV aW ~1750 cP-1 aQd eVWeUV aW ~1735 

cP-1 (10). IQ RWheU ZRUN, Whe WheUPaO degUadaWLRQ Rf PA-6,6 ZaV VWXdLed, LQ ZhLch, SeaNV ZLWhLQ Whe 
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caUbRQ\O cRQWaLQLQg UegLRQ ZeUe RbVeUYed afWeU WheUPR-R[LdaWLYe degUadaWLRQ (102). A baQd aW 1735 

cP-1 ZaV aVVLgQed WR Whe fRUPaWLRQ Rf LPLdeV aV a UeVXOW Rf R[LdaWLRQ (102). TheUefRUe, Whe SeaN aW 1732.9 

cP-1 cRXOd be aVVRcLaWed ZLWh Whe SUeVeQce Rf eVWeUV RU LPLdeV. A SRWeQWLaO e[SOaQaWLRQ fRU Whe fRUPaWLRQ 

Rf degUadaWLRQ SURdXcWV aULVeV fURP Whe hLgh WePSeUaWXUe Rf Whe SRZdeU bed VXUface aQd Whe SURORQged 

WLPe e[SRVed WR hLgheU WePSeUaWXUeV dXULQg cRPSRQeQW fabULcaWLRQ. UQdeU WheVe cRQdLWLRQV, Whe SRO\PeU 

chaLQV aUe PRUe VXVceSWLbOe WR WheUPR-R[LdaWLYe degUadaWLRQ. ThLV caQ caXVe SRZdeU WR degUade dXULQg 

Whe cRPSRQeQW PaQXfacWXUe. AddLWLRQaOO\, Whe SRZdeU VWaWe (L.e. YLUgLQ, UefUeVhed RU Uec\cOed) ZaV 

XQNQRZQ. TheUefRUe, aQ aOWeUQaWLYe e[SOaQaWLRQ fRU degUadaWLRQ SURdXcWV Pa\ be fURP Uec\cOed RU 

UefUeVhed feedVWRcN PaWeULaO beLQg SUeVeQW LQ Whe fLQaO SaUW, LQ ZhLch XVed SRZdeU XVed WR cUeaWe Whe 

cRPSRQeQW haV aOUead\ beeQ e[SRVed WR hLgh WePSeUaWXUeV fRU SURORQged SeULRdV Rf WLPe aV a UeVXOW Rf 

WheUPaO c\cOLQg. 

TabOe 3.2.2: FTIR-ATR SeaN aVVLgQPeQWV fRU a MJF cRPSRQeQW.  

Wavenumber 

[cm-1] 
Peak assignment 

3292.27 Hydrogen bonded N-H stretching vibration 

2917.43 CH2 asymmetric stretching vibration 

2849.3 CH2 symmetric stretching vibration 

1365.6 C=O stretching vibration 

1540.57 C-N stretching, C=O in plane bending 

1465.47 CH2 reference band 

1372.39 CH bending, CH2 twist 

1267.12 C-N stretching, C=O in plane bending 

1159.1 CONH in plane 

719.63 CH2 rocking 
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3.3 ConclXsions for characterisation of PA-12 and of an MJF component  
 

A YaULeW\ Rf chaUacWeULVaWLRQ WechQLTXeV ZeUe XVed WR e[SORUe Whe SURSeUWLeV Rf PA-12 SRZdeU aQd Rf a 

MJF cRPSRQeQW. The chaUacWeULVaWLRQ WechQLTXeV LQcOXded DSC, TGA, FTIR aQd SaUWLcOe VL]e aQaO\VLV.  

The daWa RbWaLQed LQ WhLV VecWLRQ ZaV cRPSaUed WR OLWeUaWXUe aQd XVed aV a beQchPaUN fRU fXUWheU VWXdLeV.  

The WheUPaO SURSeUWLeV Rf PA-12 SRZdeU fURP baWch 1 aQd baWch 2 ZaV chaUacWeULVed XVLQg DSC. The 

daWa VhRZed WhaW Whe SeaN PeOWLQg WePSeUaWXUe Rf SRZdeU e[WUacWed fURP baWch 1 aQd baWch 2 ZeUe 186.8 

℃ aQd 188.2 ℃, UeVSecWLYeO\.  The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf SRZdeU e[WUacWed fURP baWch 1 

aQd baWch 2 ZeUe 148.6 ℃ aQd 148.5 ℃, UeVSecWLYeO\. The SeaN PeOWLQg WePSeUaWXUe ZaV cRPSaUabOe WR 

OLWeUaWXUe, ZheUeaV Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe YaULed LQ cRPSaULVRQ WR OLWeUaWXUe. TGA VhRZed 

WhaW PA-12 e[SeULeQced a 1 % aQd 50 % PaVV ORVV degUadaWLRQ aW 322 ℃ aQd 436 ℃, UeVSecWLYeO\. ThLV 

VXggeVWV WhaW LQ MJF LW LV XQOLNeO\ WhaW PaVV ORVV degUadaWLRQ Rf PA-12 RccXUV VLQce Whe WePSeUaWXUe Rf 

Whe SRZdeU bed dReV QRW Ueach VXch hLgh WePSeUaWXUeV be\RQd Whe PeOWLQg SRLQW Rf PA-12.  

The FTIR VSecWUa Rf PA-12 e[WUacWed fURP baWch 1 ZaV cRPSaUabOe WR O¶CRQQRU eW aO (61, 68). SLQce 

WhLV ZaV YLUgLQ PA-12 SRZdeU, LW LV e[SecWed WhaW PA-12 ZaV cRQVLVWeQW beWZeeQ baWcheV aQd WhaW PA-12 

SRZdeU ZaV QRW cRQWaPLQaWed ZLWh Whe ageQWV XVed ZLWhLQ MJF.  

PaUWLcOe VL]e aQaO\VLV VhRZed WhaW Whe aYeUage SaUWLcOe VL]e Rf PA-12 SRZdeU ZaV 58.5 ߤP. ThLV ZaV 

ZLWhLQ Whe RSWLPXP UaQge Rf 45 WR 90 ߤP VWaWed b\ GRRdULdge eW aO (106).  

MeaQZhLOe, Whe WheUPaO SURSeUWLeV Rf aQ MJF cRPSRQeQW VhRZed a ORZeU SeaN PeOWLQg WePSeUaWXUe. 

AddLWLRQaOO\, a VLQgOe PeOWLQg SeaN VXggeVWed WhaW PA-12 ZaV fXOO\ PeOWed dXULQg PaQXfacWXULQg.  The 

FTIR VSecWUXP Rf a PA-12 cRPSRQeQW VhRZed Whe SUeVeQce Rf addLWLRQaO caUbRQ\O cRQWaLQLQg 

cRPSRXQdV, WhLV LQdLcaWed WhaW Whe MJF cRPSRQeQW ZaV Pade fURP UefUeVhed RU aged SRZdeU. OYeUaOO, 

WhLV daWa VhRZV WhaW Whe SURSeUWLeV Rf aQ MJF cRPSRQeQW aQd PA-12 SRZdeU ZeUe dLffeUeQW. IW LV OLNeO\ 

WhaW WhLV LV dXe WR Whe SUeVeQce Rf Whe FA aQd DA XVed LQ MJF aQd Whe ageLQg VWaWe Rf PA-12 SRZdeU. 
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CHAPTER 4 ± ISOTHERMAL CRYSTALLISATION OF POLYAMIDE-12 
 

The aLP Rf WhLV ZRUN ZaV WR deWeUPLQe Whe eTXLOLbULXP PeOWLQg WePSeUaWXUe aQd Whe LVRWheUPaO 

cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 b\ XVLQg a YaULeW\ Rf NLQeWLc PRdeOV. The HRffPaQ-WeeNV cRQVWUXcWLRQ 

ZaV XVed WR deWeUPLQe Whe eTXLOLbULXP PeOWLQg WePSeUaWXUe Rf PA-12. ThLV ZaV achLeYed b\ LVRWheUPaOO\ 

cU\VWaOOLVLQg PA-12 aW a UaQge Rf WePSeUaWXUeV aQd Ue-heaWLQg Whe SRO\PeU WR RbVeUYe Whe PeOWLQg 

WePSeUaWXUe. ThLV ZaV LPSRUWaQW WR cRQVLdeU VLQce MJF UeOLeV RQ Whe cRPSOeWe PeOWLQg Rf PA-12 WR cUeaWe 

fXQcWLRQaO cRPSRQeQWV. The LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV ZeUe VWXdLed XVLQg Whe AYUaPL PRdeO 

aQd Whe TRbLQ PRdeO b\ cRQVWUXcWLQg a dRXbOe ORgaULWhPLc SORW WR deWeUPLQe Whe UaWe cRQVWaQW aQd 

e[SRQeQW. NRQ-OLQeaU UegUeVVLRQ ZaV aOVR XVed WR deWeUPLQe Whe NLQeWLc SaUaPeWeUV, VXch aV Whe UaWe 

cRQVWaQW aQd e[SRQeQW, b\ SeUfRUPLQg a VeW Rf LWeUaWLRQV aQd SURdXcLQg Whe NLQeWLc SaUaPeWeUV ZLWh Whe 

ORZeVW VWaQdaUd eUURU. The DLffeUeQWLaO AYUaPL PRdeO ZaV aOVR XVed aQd deVcULbed Whe OLPLW Rf SULPaU\ 

cU\VWaOOLVaWLRQ. The LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV ZeUe LPSRUWaQW WR cRQVLdeU VLQce Whe SaUWV ZLWhLQ 

Whe SRZdeU bed WePSeUaWXUe e[SeULeQce dLffeUeQW cRROLQg PechaQLVPV baVed RQ WheLU SRVLWLRQ ZLWhLQ Whe 

SRZdeU bed.  

 

4.1 Hoffman-Weeks constrXction to determine the eqXilibriXm melting temperatXre 
 

The eTXLOLbULXP PeOWLQg WePSeUaWXUe (TP0) Rf a SRO\PeU LV defLQed aV ³Whe PeOWLQg SRLQW Rf aQ aVVePbO\ 

Rf cU\VWaOV, each Rf ZhLch LV VR OaUge WhaW VL]e (L.e. VXUface) effecWV aUe QegOLgLbOe, ZLWh Whe SURYLVLRQ WhaW 

each VXch OaUge cU\VWaO LV LQ eTXLOLbULXP ZLWh Whe QRUPaO SRO\PeU OLTXLd´ (108). AQRWheU defLQLWLRQ LV 

aV fROORZV, ³Whe PeOWLQg WePSeUaWXUe Rf aQ LQfLQLWe VWacN Rf e[WeQded chaLQ cU\VWaOV«´ (109). BRWh 

defLQLWLRQV cRQYe\ WhaW TP0 LV Whe PeOWLQg WePSeUaWXUe Rf a gURXS Rf cU\VWaOV Rf LQfLQLWe VL]e.  

 

HRffPaQ-WeeNV aQaO\VLV ZaV XVed WR RbWaLQ TP0. ThLV LQYROYed UecRUdLQg Whe RbVeUYed PeOWLQg SRLQW 

Rf a SRO\PeU aV a fXQcWLRQ Rf LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. ThLV daWa ZaV XVed LQ a SORW Rf SeaN 

PeOWLQg WePSeUaWXUe YV LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe WR \LeOd a VWUaLghW-OLQe VORSe. TP0 ZaV 
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deWeUPLQed b\ e[WUaSROaWLQg Whe PeOWLQg WePSeUaWXUe fURP Whe LQWeUVecWLRQ Rf Whe VORSe RbWaLQed fURP 

e[SeULPeQWaO daWa aQd a VORSe Rf TP = Tc.   

 

The UeOaWLRQVhLS beWZeeQ Whe PeOWLQg WePSeUaWXUe, TP0 aQd LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LV 

dLVSOa\ed LQ Whe fROORZLQg eTXaWLRQ:  

 

𝑇௠ ൌ 𝑇௠
଴  ൬1 െ

1
ߚ2

൰ ൅ 𝑇௖/2ߚ 

ETXaWLRQ 5 

IQ Whe eTXaWLRQ abRYe, Whe WhLcNeQLQg cReffLcLeQW ߚ ൌ  ,\LV Whe OaWeUaO VXUface fUee eQeUg ߪ 𝑙௘, ZheUeߪ/௘𝑙ߪ

l LV Whe OaPeOOaU WhLcNQeVV aQd Whe VXbVcULSW e LV Whe eTXLOLbULXP cRQdLWLRQV ZheUe QR aQQeaOLQg RQ 

heaWLQg WaNeV SOace. WheQ cU\VWaOOLVaWLRQ WaNeV SOace XQdeU eTXLOLbULXP cRQdLWLRQV, 1 = ߚ. ThLV 

cRUUeVSRQdV WR a VORSe Rf 0.5 LQ Whe HRffPaQ-WeeNV cRQVWUXcWLRQ (110).  

The WhLcNeQLQg cReffLcLeQW ߚ = l/l*, ZheUe l LV Whe OaPeOOaU WhLcNQeVV aW Whe WLPe Rf PeOWLQg aQd Whe l* LV 

Whe WhLcNQeVV Rf a cULWLcaO QXcOeXV aW TC (111). WheQ 1 = ߚ QR UeRUgaQLVaWLRQ RccXUV RQ PeOWLQg Rf Whe 

SRO\PeU. WheQ cU\VWaOOLVaWLRQ RccXUV XQdeU eTXLOLbULXP cRQdLWLRQV 1 = ߚ, WhLV cRUUeVSRQdV WR VORSe 0.5 

(110).  

 

TP0 LV XVed WR deWeUPLQe Whe degUee Rf XQdeUcRROLQg (∆T), WhLV UeSUeVeQWV Whe dULYLQg fRUce Rf SRO\PeU 

cU\VWaOOLVaWLRQ. WheUe Whe cU\VWaOOLVaWLRQ SURceVV LV cRPSRVed Rf SULPaU\ QXcOeaWLRQ aQd cU\VWaO gURZWh 

PechaQLVPV (109).   

 

∆T = 𝑇௠
଴  െ  𝑇௖ 

ETXaWLRQ 6 
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The RbVeUYed SeaN PeOWLQg WePSeUaWXUe Rf PA-12 fROORZLQg LVRWheUPaO cU\VWaOOLVaWLRQ ZaV UecRUded aV 

Whe SeaN Pa[LPXP Rf Whe eQdRWheUPLc PeOWLQg SeaN. AddLWLRQaOO\, Whe OaVW WUace Rf cU\VWaOOLQLW\ ZaV 

UecRUded aV Whe SRLQW aW ZhLch Whe cXUYe UeWXUQed WR baVeOLQe, aV LOOXVWUaWed LQ FLgXUe 4.1.1. BRWh Whe 

SeaN PeOWLQg WePSeUaWXUe aQd Whe OaVW WUace Rf cU\VWaOOLQLW\ ZeUe SORWWed LQ Whe HRffPaQ-WeeNV 

cRQVWUXcWLRQ. The UaWLRQaOe fRU XVLQg bRWh Whe SeaN PeOWLQg WePSeUaWXUe aQd Whe OaVW WUace Rf cU\VWaOOLQLW\ 

ZaV WhaW Whe SeaN PeOWLQg WePSeUaWXUe UeSUeVeQWV Whe bXON Rf Whe VaPSOe, ZheUe Whe PaMRULW\ Rf Whe 

cU\VWaOV haYe PeOWed. CRQVeTXeQWO\, RQ cU\VWaOOLVaWLRQ UeVLdXaO cU\VWaOV Pa\ acW aV QXcOeaWLRQ VLWeV RQ 

cRROLQg. WheUeaV Whe OaVW WUace Rf cU\VWaOOLQLW\ LV Whe SRLQW ZheUe aOO cU\VWaOV haYe PeOWed. 

 

 

FLgXUe 4.1.1: MeOWLQg eQdRWheUP Rf PA-12 VaPSOeV aV a fXQcWLRQ Rf LVRWheUPaO cU\VWaOOLVaWLRQ aW 

dLffeUeQW WePSeUaWXUeV, ZheUe TP LV Whe RbVeUYed SeaN PeOWLQg WePSeUaWXUe aQd TE LV Whe OaVW WUace Rf 

cU\VWaOOLQLW\. 
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FLgXUe 4.1.2: HRffPaQ-WeeNV cRQVWUXcWLRQ fRU Whe deWeUPLQaWLRQ Rf Whe eTXLOLbULXP PeOWLQg 

WePSeUaWXUe Rf PA-12, XVLQg Whe RbVeUYed PeOWLQg WePSeUaWXUe (TP(RbV)) aQd Whe OaVW WUace Rf 

cU\VWaOOLQLW\ (TE) Rf e[SeULPeQWaO daWa ZhLch SaVVeV WhURXgh a OLQe Rf TP = Tc.  

 

The PeOWLQg cXUYe ZaV UecRUded fROORZLQg LVRWheUPaO cU\VWaOOLVaWLRQ aW YaULRXV WePSeUaWXUeV, aV 

dLVSOa\ed LQ FLgXUe 4.1.1. The daWa VhRZed WhaW aV Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed, 

Whe SeaN PeOWLQg WePSeUaWXUe aQd Whe OaVW WUace Rf cU\VWaOOLQLW\ LQcUeaVed. The PLQLPXP aQd Pa[LPXP 

UecRUded SeaN PeOWLQg WePSeUaWXUe ZaV 176.0 aQd 179.3 ℃. The PLQLPXP aQd Pa[LPXP UecRUded OaVW 

WUace Rf cU\VWaOOLQLW\ ZaV 181.2 aQd 184.6 ℃. ThLV VhRZV WhaW aW hLgheU LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUeV, RU aW a ORZ degUee Rf XQdeUcRROLQg, Whe cU\VWaOV aUe WhLcNeU aQd PRUe VWabOe, WheUefRUe 

PeOWLQg aW a hLgheU WePSeUaWXUe (108).  
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TabOe 4.1.1 ETXLOLbULXP PeOWLQg WePSeUaWXUe aQd gUadLeQW RbWaLQed b\ Whe SeaN PeOWLQg WePSeUaWXUe 

aQd Whe OaVW WUace Rf cU\VWaOOLQLW\ XVLQg Whe HRffPaQ-WeeNV cRQVWUXcWLRQ. 

 Tm
0 [℃] Gradient 

Peak melting temperature 188 0.52 

Last trace of crystallinity 205 0.48 

 

The HRffPaQ-WeeNV cRQVWUXcWLRQ ZaV XVed WR deWeUPLQe TP0 fURP Whe e[SeULPeQWaO SeaN PeOWLQg 

WePSeUaWXUe aQd Whe OaVW WUace Rf cU\VWaOOLQLW\. ThLV LV VhRZQ LQ FLgXUe 4.1.2. TP0 RbWaLQed XVLQg Whe SeaN 

PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ ZeUe 188 aQd 205 ℃, UeVSecWLYeO\. The gUadLeQW ZaV 

0.52 aQd 0.48, UeVSecWLYeO\. ThLV daWa LV VhRZQ LQ TabOe 4.1.1. The gUadLeQW ZaV cORVe WR 0.5 (RU 1 = ߚ), 

VXggeVWLQg WhaW QR UecU\VWaOOLVaWLRQ RccXUUed aQd WhaW OaPeOOa WhLcNeQLQg had RccXUUed RQ Ue-heaW afWeU 

LVRWheUPaO cU\VWaOOLVaWLRQ (112).  

 

IQ WhLV ZRUN, TP0 (deWeUPLQed b\ Whe SeaN PeOWLQg WePSeUaWXUe) ZaV ORZeU WhaQ UeSRUWed YaOXeV Rf PA-

12 XVed LQ SLS (20,90). IQ ZRUN b\ APadR eW aO, Whe TP0 Rf PA-12 (DXUafRUPPA �) ZaV 192.4 ℃. ThLV 

ZaV deWeUPLQed fURP aQ LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe UaQge Rf 166 ± 170 ℃. IQ ZRUN b\ ZhaR 

eW aO, Whe TP0 Rf PA-12 (PA2200) ZaV 193.2 ℃. ThLV ZaV deWeUPLQed fURP aQ LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe UaQge Rf 160 ± 168 ℃. IQ ChaSWeU 3.0 LW ZaV VhRZQ LQ WhaW Whe heaWLQg UaWe LQfOXeQced Whe 

SeaN PeOWLQg WePSeUaWXUe Rf PA-12. IQ each VWXd\ (20,90), Whe heaWLQg UaWe RQ PeOWLQg fROORZLQg 

LVRWheUPaO cU\VWaOOLVaWLRQ ZaV 10 ℃/PLQ, ZhLch LV cRPSaUabOe WR Whe heaWLQg UaWe XVed LQ WhLV ZRUN. 

TheUefRUe, Whe dLffeUeQce beWZeeQ UeVXOWV LV OLNeO\ WR be a UeVXOW Rf PA-12 gUade aQd dLffeUeQW LVRWheUPaO 

WePSeUaWXUe UaQgeV XVed acURVV VWXdLeV. FXUWheUPRUe, WhLV dePRQVWUaWeV WhaW ORZeU heaWLQg UaWeV dLd QRW 

LQfOXeQce Whe UeRUgaQLVaWLRQ SURceVV RQ PeOWLQg fRU PXOWLSOe gUadeV Rf PA-12 SRZdeU XVed LQ PBF. If 

ORZeU heaWLQg UaWeV LQfOXeQced UeRUgaQLVaWLRQ Rf Whe cU\VWaO, a dRXbOe PeOWLQg SeaN ZRXOd be RbVeUYed. 
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AOWhRXgh Whe HRffPaQ-WeeNV aSSURach LV a cRPPRQ PeWhRd WR deWeUPLQe TP0, WheUe aUe e[SeULPeQWaO 

OLPLWaWLRQV WhaW LQfOXeQce Whe degUee Rf XQdeUcRROLQg. TheVe dLffLcXOWLeV aUe deVcULbed b\ HRffPaQ eW aO 

aV Whe ³QXcOeaWLRQ cRQWUROOed chaUacWeU Rf Whe gURZWh SURceVV´. IQ SaUWLcXOaU, WheVe OLPLWaWLRQV aULVe ZheQ 

Whe degUee Rf XQdeUcRROLQg LV YeU\ VPaOO, VLQce cU\VWaOOLVaWLRQ LV e[WUePeO\ VORZ aQd Pa\ QRW be 

PeaVXUabOe XVLQg DSC (108). A cULWLcaO UeYLeZ Rf XVLQg HRffPaQ-WeeNV ZaV caUULed RXW b\ MaUaQd eW 

aO (109), ZheUe Whe fROORZLQg cRQcOXVLRQV ZeUe Pade:  

 

x The linear method to determine Tm
0 invariably underestimates Tm

0, when carried out for 

lamellar crystals exhibiting a constant thickening coefficient.  

x The underestimation of Tm
0 increases with a decrease in lamellar thickening coefficient. 

x Linear extrapolation leads to an overestimation of the lamellar thickening coefficient.  

 

IQ UeOaWLRQ WR PBF WechQLTXeV, TP0 aQd Whe degUee Rf XQdeUcRROLQg ZLOO LQfOXeQce cU\VWaOOLVaWLRQ dXULQg 

Whe PaQXfacWXULQg SURceVV. SchPLd eW aO OLQNed TP0 WR Whe eQeUg\ LQSXW aQd Whe SRZdeU bed WePSeUaWXUe. 

IW ZaV VXggeVWed WhaW fRU SRZdeUV ZLWh a hLgh TP0 aQd PaQXfacWXULQg SURceVV ZLWh a ORZ SRZdeU bed 

WePSeUaWXUe, Whe eQeUg\ LQSXW UeTXLUed WR PeOW Whe SRO\PeU LV gUeaWeU (113). IQ PBF WechQLTXeV, VXch aV 

SLS, Whe SURceVVLQg SaUaPeWeUV aUe cRQWUROOed b\ Whe XVeU PeaQLQg Whe\ caQ be chaQged accRUdLQg WR 

Whe TP0 Rf SRZdeU. WheUeaV LQ MJF Whe SURceVVLQg SaUaPeWeUV aUe VeW b\ Whe PaQXfacWXUeU (HeZOeWW 

PacNaUd) aQd Whe XVeU haV QR cRQWURO. HRZeYeU, Whe deWeUPLQaWLRQ Rf TP0 VWLOO hROdV VLgQLfLcaQce, VXch 

WhaW heaWLQg Whe SRO\PeU abRYe TP0 dXULQg SaUW fabULcaWLRQ ZLOO eQVXUe aOO WUaceV Rf cU\VWaOOLQLW\ haYe 

beeQ UePRYed. If cU\VWaOOLQe fUacWLRQV ZeUe WR UePaLQ, WheVe ZLOO acW aV QXcOeaWLRQ SRLQWV.  

 

AddLWLRQaOO\, Whe degUee Rf XQdeUcRROLQg caQ be XVed WR deWeUPLQe Whe cU\VWaOOLVaWLRQ PechaQLVPV ZLWh 

UeVSecW WR cU\VWaO VL]e aQd SeUfecWLRQ. IQ PBF WechQLTXeV, Whe cRROLQg SURceVV LV WhRXghW WR be a PL[WXUe 

Rf LVRWheUPaO aQd QRQ-LVRWheUPaO dXe WR YaULaWLRQV LQ WePSeUaWXUe acURVV Whe SRZdeU bed. ThLV ZLOO haYe 

aQ LQfOXeQce RQ Whe VSheUXOLWeV fRUPed dXULQg cU\VWaOOLVaWLRQ. PaUWV WhaW aUe bXLOW fLUVW, UeOaWLYe WR ]-heLghW 
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LQ a fXOO\ SacNed bXLOd, ZLOO be e[SRVed WR a hLgheU WePSeUaWXUe fRU a ORQgeU SeULRd Rf WLPe, LQ 

cRPSaULVRQ WR WhRVe bXLOW OaVW (23). T\SLcaOO\, e[SRVXUe WR a hLgh WePSeUaWXUe fRU ORQg SeULRdV Rf WLPe 

LQcUeaVeV Whe VSheUXOLWe VL]e. ThLV VXggeVWV WhaW SaUWV bXLOW fLUVW ZLOO haYe a dLffeUeQW cU\VWaOOLQe 

PRUShRORg\. MRUeRYeU, Whe bXLOd RULeQWaWLRQ ZLOO aOVR affecW Whe UaWe Rf cU\VWaOOLVaWLRQ, aV dLVcXVVed b\ 

KUXWh eW aO. IQ WheLU ZRUN, LW ZaV VXggeVWed WhaW a ORZ cU\VWaOOLVaWLRQ UaWe (RU a ORZ degUee Rf 

XQdeUcRROLQg) UeOaWLYe WR Whe YeUWLcaO bXLOd VSeed ZLOO OLPLW Whe fRUPaWLRQ Rf LQWUa-Oa\eU cU\VWaOV (114). 

AV a UeVXOW, XVeUV Rf MJF PXVW be PLQdfXO Rf hRZ Whe bXLOd SRVLWLRQ caQ LQfOXeQce Whe PLcUR-VcaOe 

PRUShRORg\ VLQce Whe SURceVVLQg SaUaPeWeUV caQQRW be chaQged b\ Whe XVeU.  

 

4.2 Anal\sis of primar\ cr\stallisation kinetics b\ differential scanning calorimetr\ 
 

PA-12 SRZdeU ZaV LVRWheUPaOO\ cU\VWaOOLVed ZLWhLQ Whe WePSeUaWXUe UaQge Rf 162 WR 168 ℃, Whe 

cU\VWaOOLVaWLRQ e[RWheUPV aUe dLVSOa\ed LQ FLgXUe 4.2.1. The DSC e[RWheUPV ZeUe PRdLfLed WR RPLW Whe 

LQdXcWLRQ SeULRd, VXch WhaW Whe\ ZeUe OLPLWed WR W0 aQd WeQd, ZheUe W0 LV Whe RQVeW WLPe Rf cU\VWaOOLVaWLRQ 

aQd WeQd LV Whe eQd Rf cU\VWaOOLVaWLRQ ZheUe Whe cXUYe UeWXUQV WR a VWead\ baVeOLQe. ThLV LV UefeUUed WR aV 

Whe ³cRUUecWed WLPe´. The daWa ZaV cRUUecWed WR eQVXUe aOO e[RWheUPV ZeUe ]eURed aQd ZeUe cRPSaUabOe 

RQ a UeOaWLYe VcaOe.  
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FLgXUe 4.2.1: DSC cU\VWaOOLVaWLRQ e[RWheUPV Rf PA-12 LVRWheUPaOO\ cU\VWaOOLVed aW WePSeUaWXUeV 

UaQgLQg fURP 162 ± 168 ℃, ZheUe WLPe haV beeQ OLPLWed WR Whe UegLRQ beWZeeQ W0 aQd WeQd aQd ]eURed.  

 

The LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe had a VLgQLfLcaQW effecW RQ Whe cU\VWaOOLVaWLRQ behaYLRXU Rf 

PA-12, aV VhRZQ LQ FLgXUe 4.2.1. AQ LQcUeaVe LQ LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe decUeaVed Whe 

SeaN heaW fORZ aQd LQcUeaVed Whe WLPe WaNeQ WR Ueach cRPSOeWe cU\VWaOOLVaWLRQ.  

 

The haOf WLPe Rf cU\VWaOOLVaWLRQ ZaV deWeUPLQed e[WUaSROaWLQg Whe WLPe aW SeaN heaW fORZ (XVLQg Whe 

cRUUecWed WLPe). IW ZaV cOeaU WhaW aV Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed, Whe haOf WLPe 

Rf cU\VWaOOLVaWLRQ LQcUeaVed. The haOf WLPe Rf cU\VWaOOLVaWLRQ aW 162 ℃ ZaV 5.75 PLQV aQd aW 168 ℃ ZaV 

33.10 PLQV. ThLV aOVR gLYeV aQ LQdLcaWLRQ Rf Whe UaWe Rf cU\VWaOOLVaWLRQ aQd VXggeVWV WhaW aW hLgheU 

cU\VWaOOLVaWLRQ WePSeUaWXUeV, Whe UaWe Rf cU\VWaOOLVaWLRQ decUeaVeV (93). The WUeQdV VWaWed aUe cRQVLVWeQW 

ZLWh ZhaR eW aO, ZheQ eYaOXaWLQg Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 XVed LQ SLS (gUade PA2200) (20).  
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IQ ChaSWeU 2, LW ZaV PeQWLRQed WhaW Whe LQdXcWLRQ WLPe ZaV UePRYed fURP e[SeULPeQWaO daWa, OeaYLQg a 

cRUUecWed WLPe SeULRd Rf W0 WR WeQd. ThLV LV a VXbMecWLYe PeaVXUe VhRZLQg WhaW SULPaU\ cU\VWaOOLVaWLRQ 

SURceVV beWZeeQ W0 aQd WeQd LV OLPLWed b\ hXPaQ eUURU. ThLV caQ affecW Whe LVRWheUPaO cU\VWaOOLVaWLRQ 

aQaO\VLV. MaQdeONeUQ eW aO VXggeVW WhaW Whe LQdXcWLRQ WLPe LV cRQceSW cUeaWed b\ XVeUV aV a UeVXOW Rf 

LQVeQVLWLYLW\ Rf Whe DSC LQVWUXPeQW (115). The OacN Rf VeQVLWLYLW\ Rf Whe DSC caQ affecW LVRWheUPaO 

cU\VWaOOLVaWLRQ e[RWheUPV. FRU e[aPSOe, aW a ORZeU cU\VWaOOLVaWLRQ WePSeUaWXUe, Whe cU\VWaOOLVaWLRQ UaWe LV 

hLgh. TheUefRUe, Whe RQVeW Rf cU\VWaOOLVaWLRQ RccXUV TXLcNO\ becaXVe Rf a hLgh QXcOeaWLRQ UaWe. ThLV ZLOO 

caXVe Whe LQdXcWLRQ SRLQW WR be PLVVed becaXVe cU\VWaOOLVaWLRQ VWaUWV RQ cRROLQg WR Whe deVLUed LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe fURP Whe PeOW. AW hLgheU cU\VWaOOLVaWLRQ WePSeUaWXUeV QXcOeaWLRQ caQ RccXU 

dXULQg Whe LQdXcWLRQ WLPe, hRZeYeU WhLV LV QRW deWecWed dXe WR Whe OacN Rf VeQVLWLYLW\ Rf Whe LQVWUXPeQW.  

 

A WePSeUaWXUe UaQge Rf 162 ± 168 ℃ ZaV VeOecWed fRU LVRWheUPaO cU\VWaOOLVaWLRQ aQd ZaV deePed a 

VXLWabOe cU\VWaOOLVaWLRQ UaQge LQ OLQe ZLWh OLWeUaWXUe (20). BeORZ Tc = 162 ℃, Whe LQdXcWLRQ WLPe ZaV 

PLVVed aQd Whe VaPSOe VWaUWed cU\VWaOOLVaWLRQ RQ cRROLQg WR Whe VeOecWed LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe. AbRYe Tc = 168 ℃, Whe VaPSOe dLd QRW cRPSOeWeO\ cU\VWaOOLVe afWeU 300 PLQV. AQ LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe Rf 163 ℃ ZaV RPLWWed fURP WhLV ZRUN VLQce Whe LQdXcWLRQ WLPe ZaV PLVVed 

RQ eYeU\ UeSeaW. ThLV ZaV dXe WR e[SeULPeQWaO eUURU.  
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FLgXUe 4.2.2: PhaVe WUaQVLWLRQ Rf cU\VWaOOLVaWLRQ dXULQg LVRWheUPaO cU\VWaOOLVaWLRQ, VSOLW LQWR Ne\ 

VecWLRQV.  

 

Each LVRWheUPaO cU\VWaOOLVaWLRQ cXUYe ZaV LQWegUaWed XVLQg Whe WUaSe]LXP UXOe WR eQabOe Whe ShaVe 

WUaQVLWLRQ RQ cU\VWaOOLVaWLRQ WR be deWeUPLQed, aV SeU ChaSWeU 2. A chaUacWeULVWLc VLgPRLdaO VhaSed cXUYe 

ZaV SURdXced VhRZLQg Whe UeOaWLYe cU\VWaOOLQLW\. ThLV LV Whe WUaQVfRUPaWLRQ Rf Whe PeOW ShaVe LQWR Whe 

cU\VWaOOLQe ShaVe RYeU a WLPe SeULRd. ThLV caQ be VSOLW LQWR VecWLRQV RU ShaVeV WR e[SOaLQ Whe SURceVV Rf 

cU\VWaOOLVaWLRQ, VhRZQ LQ FLgXUe 4.2.2. PhaVe 1 LV Whe LQdXcWLRQ SeULRd, ZheUe Whe WUaQVfRUPaWLRQ LV 

e[WUePeO\ VPaOO. PhaVeV 2 ± 4 aUe Whe PaLQ VWageV Rf cU\VWaO fRUPaWLRQ aQd gURZWh. PhaVe 2 LV ZheUe 

WUaQVfRUPaWLRQ LV VORZ aQd QXcOeaWLRQ LV faYRXUed, QXcOeL gURZ XQWLO Whe\ Ueach a cULWLcaO VL]e. PhaVe 3 

LV ZheUe WUaQVfRUPaWLRQ LV UaSLd aQd Whe UaWe Rf QXcOeaWLRQ aQd gURZWh LV aW a Pa[LPXP. PhaVe 4 LV 

ZheUe Whe WUaQVfRUPaWLRQ VORZV dRZQ VLQce Whe PeOW YROXPe haV VLgQLfLcaQWO\ UedXced aQd PRVW Rf Whe 

SRO\PeU haV WUaQVfRUPed LQWR Whe cU\VWaOOLQe ShaVe. AW WhLV SRLQW, QXcOeaWLRQ VWRSV aQd Whe cU\VWaOV 

fRUPed cRQWLQXe WR gURZ XQWLO LPSLQgePeQW RccXUV. PhaVe 5 LV ZheUe Whe SRO\PeU haV fXOO\ WUaQVfRUPed 

aQd VecRQdaU\ cU\VWaOOLVaWLRQ RccXUV. ThLV LV RfWeQ a VORZ SURceVV aQd caXVeV Whe cU\VWaO SeUfecWLRQ WR 

LQcUeaVe. HRZeYeU, LW haV beeQ QRWed WhaW VecRQdaU\ cU\VWaOOLVaWLRQ Pa\ aOVR RccXU LQ ShaVe 4 (116). 

AOWhRXgh Whe cU\VWaO SeUfecWLRQ LV e[SecWed WR LQcUeaVe dXULQg VecRQdaU\ cU\VWaOOLVaWLRQ, WhLV LV dLffLcXOW 
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WR PRQLWRU dXe Whe LQVeQVLWLYLW\ Rf Whe DSC. HRZeYeU, PRdeOV haYe beeQ deYeORSed WR RbVeUYe Whe 

VecRQdaU\ SURceVV LQ SRO\PeUV WhaW e[hLbLW SURPLQeQW VecRQdaU\ cU\VWaOOLVaWLRQ, VXch aV SRO\(3-

h\dUR[\bXW\UaWe-cR-3-h\dUR[\YaOeUaWe) (117). McFeUUaQ eW aO aOVR XVed PRdeOV, VXch aV Whe AYUaPL 

PRdeO, WR RbWaLQ AYUaPL SaUaPeWeUV UeOeYaQW WR VecRQdaU\ cU\VWaOOLVaWLRQ Rf PA-12 XVed LQ aXWRPRWLYe 

PXOWLOa\eU WXbLQg (93).  

 

 

FLgXUe 4.2.3: ReOaWLYe cU\VWaOOLQLW\ (RU fUacWLRQ WUaQVfRUPed) Rf PaWeULaO RYeU WLPe aW dLffeUeQW 

LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUeV. TLPe ZaV cRUUecWed ZLWhLQ Whe UegLRQ Rf W0 aQd WeQd, aQd 

]eURed.  

 

The UeOaWLYe cU\VWaOOLQLW\ (XW) ZaV VLgQLfLcaQWO\ LPSacWed b\ Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe, 

aV VhRZQ LQ FLgXUe 4.2.3. IVRWheUPaO cU\VWaOOLVaWLRQ beWZeeQ 162 ± 166 ℃ e[hLbLWed a VLPLOaU VW\Oe cXUYe 

XS WR XW ൎ 0.85. IQ ZhLch, VORZ WUaQVfRUPaWLRQ RccXUUed XS WR XW = 0.05. TUaQVfRUPaWLRQ ZaV UaSLd 

beWZeeQ XW Rf 0.05 WR 0.80. AfWeU XW = 0.80, Whe WUaQVfRUPaWLRQ ZaV VORZ aQd Whe cXUYe SOaWeaXed WR XW 

= 1. IVRWheUPaO cU\VWaOOLVaWLRQ aW 167 aQd 168 ℃ aOVR e[hLbLWed a VLPLOaU VW\Oe cXUYe. IQ ZhLch, 
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WUaQVfRUPaWLRQ ZaV VORZ XS WR XW Rf 0.20. TUaQVfRUPaWLRQ ZaV UaSLd beWZeeQ XW = 0.20 WR 0.70. AW XW 

gUeaWeU WhaQ 0.70, WUaQVfRUPaWLRQ ZaV VORZ aQd Whe cXUYe SOaWeaXed WR XW = 1. 

 

The IQWeUPedLaWe SRUWLRQ Rf Whe UeOaWLYe cU\VWaOOLQLW\ cXUYe (geQeUaOO\ beWZeeQ 0.1 ± 0.8) ZaV VWeeS fRU 

VaPSOeV cU\VWaOOLVed TC = 162 ± 166 ℃, WhLV VXggeVWV Whe bXON Rf Whe PaWeULaO cU\VWaOOLVed TXLcNO\ ZLWhLQ 

WhLV UegLRQ. WheUeaV, fRU TC = 167 aQd 168 ℃  Whe LQWeUPedLaWe UegLRQ fROORZed a VPRRWh VLgPRLdaO 

VhaSe cXUYe. ThLV VXggeVWV WhaW cU\VWaOOLVaWLRQ ZaV VORZeU. The UegLRQ LQ ZhLch Whe cXUYe WUaQVfRUPV 

LQWR a SOaWeaX LV VhaUS fRU TC = 162 ± 166 ℃. HRZeYeU, fRU VaPSOeV Tc = 167 aQd 168 ℃, Whe cXUYe 

VPRRWhO\ WUaQVfRUPV LQWR a SOaWeaX. ThLV LV dXe WR VecRQdaU\ cU\VWaOOLVaWLRQ.  

 

IQWeUeVWLQgO\, aW TC = 167 ℃ Whe WUaQVfRUPaWLRQ ZLWhLQ Whe UegLRQ Rf XW XS WR 0.1 ZaV TXLcNeU WhaQ 

e[SecWed. ThLV Pa\ be dXe WR LPSXULWLeV VXch aV dXVW ZLWhLQ Whe VaPSOe WhaW caQ acW aV a VLWe fRU 

heWeURgeQeRXV QXcOeaWLRQ. AddLWLRQaOO\, aW TC = 164 ℃ Whe cXUYe WUaQVfRUPed LQWR Whe SOaWeX[ aW XW 

gUeaWeU WhaQ 0.80 aQd dLd QRW Ueach XW = 1 XQWLO a PXch OaWeU WLPe, LQ cRPSaULVRQ WR TC = 162 ± 166 ℃.  
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FLgXUe 4.2.4: CU\VWaOOLVaWLRQ haOf-WLPe aV a fXQcWLRQ Rf LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe, 

deWeUPLQed b\ Whe SRLQW aW 50 % WUaQVfRUPaWLRQ (XW), Whe heaW fORZ (HF) aQd XVLQg eTXaWLRQ  𝑡 ൌ

ቀ୪୬ሺଶሻ
௄

ቁ
ଵ/௡

;* PaUNV Whe cU\VWaOOLVaWLRQ haOf-OLfe deWeUPLQed fURP daWa Rf cRUUecWed WLPe.  

 

ThLV VecWLRQ ZLOO fRcXV RQ Whe cU\VWaOOLVaWLRQ haOf-WLPe, deWeUPLQed XVLQg dLffeUeQW PeWhRdV. ThLV 

LQcOXded aW 50 % WUaQVfRUPaWLRQ (XW), Whe SeaN PLQLPa Rf Whe heaW fORZ cXUYe (HF), bRWh deWeUPLQed 

fURP Whe cRUUecWed aQd XQcRUUecWed WLPe aQd XVLQg eTXaWLRQ 𝑡 ൌ ቀ୪୬ሺଶሻ
௄

ቁ
ଵ/௡

.  

 

FLgXUe 4.2.4 aQd TabOe 4.2.1 VhRZV Whe haOf-WLPe fRU cU\VWaOOLVaWLRQ deWeUPLQed b\ dLffeUeQW PeWhRdV. 

The cRUUecWed aQd XQcRUUecWed daWa fRU cU\VWaOOLVaWLRQ haOf-OLfe RPLWV aQd LQcOXdeV Whe LQdXcWLRQ WLPe, 

UeVSecWLYeO\. FLgXUe 4.2.4 VhRZV Whe cU\VWaOOLVaWLRQ haOf-WLPe aW XW = 0.5 aV a fXQcWLRQ Rf LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe. The cU\VWaOOLVaWLRQ haOf-WLPe ZaV RbWaLQed b\ e[WUaSROaWLQg Whe WLPe aW XW = 

0.5 LQ a gUaSh Rf XW YV WLPe. The cU\VWaOOLVaWLRQ haOf-WLPe VhRZed aQ e[SRQeQWLaO LQcUeaVe ZLWh 

LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. FURP Whe cRUUecWed daWa, Whe VhRUWeVW cU\VWaOOLVaWLRQ haOf-WLPe 

ZaV 6.15 PLQV aW Tc = 162 ℃ aQd Whe ORQgeVW cU\VWaOOLVaWLRQ haOf-WLPe ZaV 36.18 PLQV aW Tc = 168 ℃. 

FURP XQcRUUecWed daWa, Whe VhRUWeVW aQd ORQgeVW cU\VWaOOLVaWLRQ haOf-WLPe aW Tc = 162 ℃ aQd Tc = 168 ℃ 
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ZeUe 8.01 aQd 45.65 PLQV UeVSecWLYeO\. FRU Tc = 168 ℃ WheUe ZaV a OaUge YaULaWLRQ LQ cU\VWaOOLVaWLRQ 

haOf-WLPe, aV VhRZQ LQ FLgXUe 4.2.4. ThLV ZaV dXe WR Whe dLffeUeQce LQ cU\VWaOOLVaWLRQ haOf-WLPe beWZeeQ 

Whe ]eURed aQd QRQ-]eURed daWa. ThLV dLffeUeQce ZaV dXe WR Whe LQdXcWLRQ WLPe, ZheUe Whe LQdXcWLRQ WLPe 

ZaV Whe gUeaWeVW fRU Tc = 168 ℃. The XW fRU QRQ-]eURed daWa ZaV eTXaO WR XW (]eURed) SOXV Whe LQdXcWLRQ 

WLPe.  

 

The cU\VWaOOLVaWLRQ haOf-WLPe ZaV aOVR deWeUPLQed b\ e[WUaSROaWLQg Whe WLPe aW Whe SeaN heaW fORZ. ThLV 

PeWhRd ZaV XVed LQ Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ Rf SRO\aPLde-66/gOaVV fLbUe/caUbRQ bOacN 

cRPSRVLWeV (118). The cU\VWaOOLVaWLRQ haOf-WLPe VhRZed aQ e[SRQeQWLaO LQcUeaVe ZLWh LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe, aV dLVSOa\ed LQ FLgXUe 4.2.4. FURP daWa WhaW had beeQ cRUUecWed VhRUWeVW aQd 

ORQgeVW cU\VWaOOLVaWLRQ haOf-WLPe ZeUe 5.75 PLQV aW Tc = 162 ℃ aQd 33.10 PLQV aW Tc = 168 ℃, 

UeVSecWLYeO\. FURP XQcRUUecWed daWa, Whe VhRUWeVW aQd ORQgeVW aQd VhRUWeVW cU\VWaOOLVaWLRQ haOf-WLPe ZeUe 

7.60 PLQV aW Tc = 162 ℃ aQd 42.57 PLQV aW Tc = 168 ℃, UeVSecWLYeO\.  

 

The UeOaWLRQVhLS beWZeeQ Whe UaWe SaUaPeWeU, K, deWeUPLQed b\ cRQYeQWLRQaO AYUaPL aQaO\VLV, aQd Whe 

cU\VWaOOLVaWLRQ haOf-WLPe LV SUeVeQWed LQ Whe eTXaWLRQ beORZ (93):  

 

𝑡 ൌ ቆ
lnሺ2ሻ

𝐾
ቇ

ଵ/௡

 

ETXaWLRQ 7 

The cU\VWaOOLVaWLRQ haOf-WLPe ZaV deWeUPLQed XVLQg Whe abRYe eTXaWLRQ. FLgXUe 4.2.4 VhRZV WhaW Whe 

cU\VWaOOLVaWLRQ haOf-WLPe LQcUeaVed e[SRQeQWLaOO\ ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. The 

VhRUWeVW haOf-WLPe ZaV 6.17 PLQV aW Tc = 162 ℃ aQd Whe ORQgeVW haOf-OLfe ZaV 36.37 PLQV aW Tc = 168 ℃.   
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The cU\VWaOOLVaWLRQ haOf-WLPe ZaV PeaVXUed aW 50 % WUaQVfRUPaWLRQ (XW), Whe heaW fORZ (HF), deWeUPLQed 

fURP Whe ]eURed WLPe aQd QRQ-]eURed WLPe aQd XVLQg eTXaWLRQ 𝑡 ൌ ቀ୪୬ሺଶሻ
௄

ቁ
ଵ/௡

. The dLffeUeQW PeWhRdV WR 

deWeUPLQe Whe cU\VWaOOLVaWLRQ haOf-WLPe VhRZed aQ e[SRQeQWLaO LQcUeaVe ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe. IQ geQeUaO, aW ORZeU LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe beWZeeQ 162 ± 165 ℃, WheUe 

ZaV OeVV YaULaWLRQ LQ cU\VWaOOLVaWLRQ haOf-WLPe RbWaLQed b\ Whe dLffeUeQW PeWhRdV. AW hLgheU LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUeV beWZeeQ 166 ± 168 ℃, WheUe ZaV a gUeaWeU YaULaWLRQ LQ cU\VWaOOLVaWLRQ haOf-

WLPe RbWaLQed b\ Whe dLffeUeQW PeWhRdV. ThLV LV dXe WR Whe LQfOXeQce Rf Whe LQdXcWLRQ WLPe, ZhLch 

LQcUeaVed ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe, ZheUe XW fRU XQcRUUecWed daWa ZaV eTXaO WR Whe 

WLPe WaNeQ fRU cU\VWaOOLVaWLRQ SOXV Whe LQdXcWLRQ WLPe. WheUe Whe LQdXcWLRQ WLPe LQcUeaVed, WhLV had a 

OaUgeU LPSacW RQ Whe haOf WLPe Rf cU\VWaOOLVaWLRQ ZheQ cRPSaULQg cRUUecWed aQd XQcRUUecWed daWa. 

 

TabOe 4.2.1: VhRZLQg Whe YaOXeV Rf cU\VWaOOLVaWLRQ haOf-OLfe aV a fXQcWLRQ Rf LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe (Tc), deWeUPLQed b\ Whe SRLQW aW 50 % WUaQVfRUPaWLRQ (XW), Whe heaW fORZ SeaN PLQLPa 

(HF) aQd XVLQg eTXaWLRQ *.  

Tc 
[℃] 

Induction 
time 

[mins] 

Uncorrected 
[mins] 

Eq*. 

Corrected [mins] 
  

t1/2 + tinduction 

HF 
[mW] Xt = 0.5 HF 

[mW] Xt = 0.5 HF max 
[mW] 

Xt = 
0.5 

162 1.85 7.60 8.01 6.17 5.75 6.15 7.60 8.00 

164 2.18 10.47 11.32 9.19 8.29 9.13 10.47 11.31 

165 1.92 13.98 14.58 12.68 12.06 12.66 13.98 14.58 

166 3.67 17.89 18.27 14.60 14.23 14.60 17.90 18.27 

167 1.90 29.39 30.16 28.83 27.49 28.26 29.39 30.16 

168 9.47 42.57 45.65 36.37 33.10 36.18 42.57 45.65 

*Wൌ ቀ୪୬ሺଶሻ
௄

ቁ
ଵ/௡
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FLgXUe 4.2.5 VhRZV Whe WUeQd Rf LQdXcWLRQ WLPe ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. The 

LQdXcWLRQ WLPe LQcUeaVed e[SRQeQWLaOO\ ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. The LQdXcWLRQ WLPe 

aW Tc = 162 aQd 168 ℃ ZaV 1.85 aQd 9.47 PLQV, UeVSecWLYeO\. HRZeYeU, Tc = 167 ℃ dLd QRW fLW WhLV WUeQd, 

Whe LQdXcWLRQ WLPe fRU Tc = 167 ℃ ZaV 1.90 PLQV. ThLV LV cRQVLVWeQW ZLWh Whe cXUYe VhRZQ LQ FLgXUe 

4.2.3, ZheUe Whe begLQQLQg Rf Whe WUaQVfRUPaWLRQ XW OeVV WhaQ 0.1 LQcUeaVed PRUe UaSLdO\ WhaQ e[SecWed. 

T\SLcaOO\, WhLV SRUWLRQ ZRXOd UePaLQ fOaW fRU a ORQgeU SeULRd Rf WLPe befRUe LQcUeaVLQg.  

 

The IQdXcWLRQ WLPe, aV VWaWed b\ MaQdeONeUQ (115), LV ³PRUe aSSaUeQW WhaQ UeaO´. ThLV VXggeVWV WhaW Whe 

LQdXcWLRQ WLPe LV a VXbMecWLYe PeaVXUe. ThLV VXggeVWV WheUe aUe eUURUV ZheQ deWeUPLQLQg Whe LQdXcWLRQ 

WLPe. ThLV LV WUXe VLQce LW LV XS WR Whe XVeU WR deWeUPLQe Whe LQdXcWLRQ WLPe baVed RQ YLVXaO MXdgePeQW. 

FRU LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUeV beWZeeQ Tg > Tc > TP0 a SORW Rf cU\VWaOOLVaWLRQ haOf-WLPe YV 

LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe ZLOO e[hLbLW a beOO-VhaSed cXUYe. ThLV cXUYe VhRZV WhaW aW ORZeU 

degUeeV Rf XQdeUcRROLQg cU\VWaOOLVaWLRQ LV cRQWUROOed b\ QXcOeaWLRQ, ZheUeaV aW hLgheU degUeeV Rf 

XQdeUcRROLQg cU\VWaOOLVaWLRQ LV cRQWUROOed b\ gURZWh (119). TheUefRUe, aW a WePSeUaWXUe cORVe WR Tg aQd 

TP cU\VWaOOLVaWLRQ LV aW LWV VORZeVW. The RSWLPXP cU\VWaOOLVaWLRQ WePSeUaWXUe fRU LVRWheUPaO 

cU\VWaOOLVaWLRQ LV deWeUPLQed b\ Whe SeaN Rf Whe beOO-VhaSed cXUYe.  

 

The WePSeUaWXUe UaQge e[SORUed LQ WhLV ZRUN ZaV QRW OaUge eQRXgh WR deWeUPLQe Whe RSWLPXP 

WePSeUaWXUe fRU LVRWheUPaO cU\VWaOOLVaWLRQ. IQ WhLV e[SeULPeQWaO ZRUN, Whe DSC cRXOd QRW accXUaWeO\ 

UecRUd LVRWheUPaO cU\VWaOOLVaWLRQ beORZ 162 ℃, deVSLWe XVLQg a cRROLQg UaWe Rf 70 ℃/PLQ fURP Whe 

PeOWLQg WePSeUaWXUe WR Whe VeOecWed LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. AW a WePSeUaWXUe beORZ 162 

℃, Whe LQdXcWLRQ WLPe ZaV PLVVed aQd Whe VaPSOe cU\VWaOOLVed RQ cRROLQg WR Whe LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe. IQ RUdeU WR e[SaQd Whe LVRWheUPaO cU\VWaOOLVaWLRQ aW ORZeU WePSeUaWXUe, a cRROLQg UaWe 

TXLcNeU WhaQ 70 ℃/PLQ LV UeTXLUed.  
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OWheU VWXdLeV haYe e[SORUed LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 SRZdeU XVed LQ PBF WechQLTXeV 

(21,90,120). IQ (21), Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe UaQge ZaV 158 ± 170 ℃ aQd Whe cRROLQg 

UaWe fURP Whe PeOW WR Whe VeOecWed LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV 40 ℃/PLQ fRU PA2200 

(EOS). IQ WhLV ZRUN, a ORZeU cRROLQg UaWe ZaV VXcceVVfXO LQ deWeUPLQLQg Whe LVRWheUPaO cU\VWaOOLVaWLRQ 

NLQeWLcV Rf PA-12. IQ (120), Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe UaQge ZaV 160 ± 168 ℃ aQd Whe 

cRROLQg UaWe fURP Whe PeOW WR Whe VeOecWed LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV 60 ℃/PLQ fRU 

PA2200 (EOS). IQ (90), Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe UaQge ZaV 166 ± 170 ℃ aQd Whe 

cRROLQg UaWe fURP Whe PeOW WR Whe VeOecWed LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV 40 ℃/PLQ fRU 

DXUafRUPPA�. ThLV VhRZV WhaW Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe UaQge YaULed beWZeeQ VWXdLeV.  

IQWeUeVWLQgO\, Whe FLASH DSC caQ XVe PXch hLgheU heaWLQg RU cRROLQg UaWeV, VXch aV 1000 ℃V-1. 

TheUefRUe, Whe FLASH DSC caQ be XVed WR e[SaQd Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe UaQge WR 

PXch ORZeU WePSeUaWXUeV, cORVe WR Whe Tg Rf PA-12. PaROXccL eW aO XVed FLASH DSC WR TXaQWLf\ 

LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 SRZdeU (PA2200, EOS) WhaW had beeQ aQQeaOed aW dLffeUeQW 

WePSeUaWXUeV aQd WLPe ZLWhLQ Whe UaQge Rf 80 ± 140 ℃. IQ WhLV WePSeUaWXUe UaQge a YaULeW\ Rf QXcOeaWLRQ 

PechaQLVPV ZeUe dRPLQaQW aQd caXVed a bLPRdaO deSeQdeQce Rf Whe cU\VWaOOLVaWLRQ UaWe (121).  
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FLgXUe 4.2.5: VaULaWLRQ Rf LQdXcWLRQ WLPe ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe 

 

4.3 Anal\sis of primar\ cr\stallisation Xsing the AYrami model 
 

ThLV VecWLRQ ZLOO fRcXV RQ XVLQg Whe AYUaPL aQd TRbLQ PRdeO RQ e[SeULPeQWaO DSC daWa WR RbWaLQ 

SaUaPeWeUV VXch aV Whe e[SRQeQW, Q, UaWe cRQVWaQW, k. The PRdeOV ZeUe XVed RQ daWa LQ FLgXUe 4.3.1 ZheUe 

Whe daWa ZaV OLPLWed WR XW = 0.03 ± 0.70. ThLV ZaV VeOecWed RQ Whe baVLV WhaW Whe cXUYe gaYe gRRd OLQeaULW\ 

aQd WhLV ZaV aOVR LQ accRUdaQce ZLWh OLWeUaWXUe (120).  

 

4.3.1 Anal\sis of primar\ cr\stallisation Xsing the AYrami model 

 

The LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 ZaV aQaO\Ved XVLQg Whe AYUaPL PRdeO, accRUdLQg WR Whe 

dRXbOe ORgaULWhPLc SORW VhRZQ beORZ (124). 
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𝑙𝑛ሾെ𝑙𝑛ሺ1 െ 𝑋ሺ𝑡ሻሻሿ ൌ 𝑛 𝑙𝑛ሺ𝑡ሻ  ൅  𝑙𝑛ሺ𝐾ሻ 

ETXaWLRQ 8 

WheUe XW LV Whe ZeLghW fUacWLRQ Rf Whe cU\VWaOOLVaWLRQ PaWeULaO aW WLPe, W, Q LV Whe AYUaPL e[SRQeQW, aQd 

K LV Whe AYUaPL cU\VWaOOLVaWLRQ UaWe SaUaPeWeU. IQ a SORW Rf OQ[-OQ(1-X(W))] YV ORg (W), Whe VORSe aQd 

LQWeUceSW \LeOd Q aQd K.  

 

FLgXUe 4.3.1 dLVSOa\V Whe XQOLPLWed AYUaPL SORW Rf PA-12 LVRWheUPaOO\ cU\VWaOOLVed beWZeeQ 162 ± 168 

℃. Each SORW VhRZV LQLWLaO OLQeaU chaUacWeU aQd fOaWWeQV WRZaUdV Whe OaWeU VWageV Rf cU\VWaOOLVaWLRQ. The 

SOaWeaX[ aW OaWeU VWageV VXggeVWV WhaW VecRQdaU\ cU\VWaOOLVaWLRQ LV SUeVeQW, WhLV RccXUV afWeU LPSLQgePeQW 

aW Whe OaWeU VWageV Rf cU\VWaOOLVaWLRQ.  

 

 

FLgXUe 4.3.1: AYUaPL SORW fRU Whe LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 fURP Xc = 0 ± 1. 
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FLgXUe 4.3.2 VhRZV Whe OLPLWed AYUaPL SORW. IQ Whe UegLRQ Rf XW = 0.03 ± 0.70 Whe gUaShV e[hLbLWed a 

OLQeaU WUeQd. FURP ZhLch, Q aQd K ZeUe deWeUPLQed, WheVe YaOXeV aUe dLVSOa\ed LQ TabOe 4.3.1.  

The AYUaPL e[SRQeQW, Q, UaQged fURP 2.73 ± 3.63. The QRQ-LQWegeU YaOXeV VXggeVW a cRPSOe[ PRde Rf 

QXcOeaWLRQ aQd gURZWh LQ Whe SULPaU\ ShaVe.  The AYUaPL e[SRQeQW LV gUeaWeU WhaQ 2, WhLV LQdLcaWeV WhaW 

gURZWh LV e[SecWed WR be WhUee dLPeQVLRQaO. IQ RWheU ZRUN RQ Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf SLS gUade 

PA-12, LVRWheUPaO cU\VWaOOLVaWLRQ ZaV VWXdLed beWZeeQ 160 ± 168 ℃. The daWa VhRZed WhaW Q LQcUeaVed 

fURP 2.24 ± 2.90 ZLWh cU\VWaOOLVaWLRQ WePSeUaWXUe. ThLV dePRQVWUaWed WhaW cU\VWaO gURZWh ZaV a PL[WXUe 

Rf WZR-dLPeQVLRQaO aQd WhUee-dLPeQVLRQaO (20). GUeaWeU YaOXeV Rf Q (Q ൎ 2 ± 3) ZeUe RbWaLQed LQ WhLV 

e[SeULPeQWaO ZRUN aQd OLWeUaWXUe WhaW VWXdLed Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 (20,21,93). IQ (93) 

SRO\PeU VWabLOL]eUV aQd caUbRQ bOacN ZeUe LQcRUSRUaWed LQWR Whe SRO\PeU PaWUL[. IQ VWXdLeV (20,21) 

PA2200 EOS SRZdeU ZaV XVed LQ Whe YLUgLQ aQd UefUeVhed VWaWe, UeVSecWLYeO\. IQ WheVe VWXdLeV Q YaULed 

beWZeeQ 2 ± 3, ZhLch LV cRQVLVWeQW ZLWh WhLV e[SeULPeQWaO ZRUN. KaONaU eW aO VWXdLed Whe cU\VWaOOLVaWLRQ 

NLQeWLcV Rf PRO\(SheQ\OeQe VXOfLde)/TLCP CRPSRVLWeV. NRQ-LQWegUaO YaOXeV Rf Q ZeUe SURdXced, LW ZaV 

VXggeVWed WhaW WhLV ZaV a UeVXOW Rf a cRPbLQaWLRQ beWZeeQ aWheUPaO aQd WheUPaO QXcOeaWLRQ PechaQLVPV 

(122).  

 

The YaULaWLRQ LQ Whe AYUaPL UaWe cRQVWaQW ZLWh cU\VWaOOLVaWLRQ WePSeUaWXUe LV SUeVeQWed LQ TabOe 4.3.1. 

The daWa VhRZV WhaW Whe UaWe decUeaVed ZLWh LQcUeaVLQg LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. IQ VWXdLeV 

(20,21,93), Whe UaWe aOVR decUeaVed ZLWh LQcUeaVLQg LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. TheVe WUeQdV 

aUe LQfOXeQced b\ Whe cU\VWaOOLVaWLRQ haOf-WLPe, ZheUe a VaPSOe cU\VWaOOLVed cORVeU WR TP (L.e., aW a ORZeU 

degUee Rf XQdeUcRROLQg) caXVed Whe UaWe Rf cU\VWaOOLVaWLRQ LV VORZeU.  

 

The YaOXe Rf R2 ZaV XVed WR eVWLPaWe Whe accXUac\ Rf SaUaPeWeUV RbWaLQed fURP Whe e[SeULPeQWaO daWa 

XVLQg Whe dRXbOe ORgaULWhPLc SORW. The R2 YaOXeV ZeUe LQ e[ceVV Rf < 0.9913, VhRZLQg a gRRd TXaOLW\ Rf 

fLW. The ORZeVW aQd hLgheVW YaOXeV fRU R2 ZeUe 0.9913 aQd 0.9998 fRU Tc = 167 aQd 168 ℃, UeVSecWLYeO\.  
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OYeUaOO, Whe AYUaPL PRdeO ZaV VXcceVVfXO LQ deVcULbLQg Whe LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 

b\ SURYLdLQg UeaVRQabOe Q, k aQd R2 SaUaPeWeUV WhaW ZeUe cRPSaUabOe WR OLWeUaWXUe.  

 

 

FLgXUe 4.3.2: AYUaPL SORW fRU OLPLWed daWa beWZeeQ a UeOaWLYe cU\VWaOOLQLW\ Rf 0.03 aQd 0.7 

beWZeeQ LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe Rf 162 ± 168 ℃.  

TabOe 4.3.1: TabOe Rf AYUaPL SaUaPeWeUV, VhRZLQg Whe AYUaPL e[SRQeQW, Q, Whe AYUaPL cU\VWaOOLVaWLRQ 

UaWe, Ka, aQd R2.  

Isothermal crystallisation temperature 

[ႏ] 
n 

Ka 

[min-1] 
R2 

162 2.90 3.52E-03 0.9998 

164 2.93 1.04E-03 0.9989 

165 3.63 6.90E-05 0.9994 

166 3.55 5.11E-05 0.9996 

167 2.73 7.17E-05 0.9913 

168 2.95 1.72E-05 0.9997 
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FLgXUe 4.3.3: VaULaWLRQ Rf Whe AYUaPL cU\VWaOOLVaWLRQ UaWe cRQVWaQW, K, deWeUPLQed b\ Whe LQWeUceSW fURP 

a dRXbOe ORgaULWhPLc AYUaPL SORW, ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe.  

 

4.4 Anal\sis of primar\ cr\stallisation Xsing the Tobin model 
 

The LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 ZaV aQaO\Ved XVLQg Whe TRbLQ PRdeO, accRUdLQg WR Whe 

dRXbOe ORgaULWhPLc SORW VhRZQ beORZ (124). 

 

𝑙𝑛
𝑋ሺ𝑡ሻ

1 െ 𝑋ሺ𝑡ሻ
ൌ  𝑙𝑛 𝐾௧  ൅ 𝑛௧ 𝑙𝑛ሺ𝑡ሻ 

ETXaWLRQ 9 

IQ ZhLch, XW LV Whe ZeLghW fUacWLRQ Rf Whe cU\VWaOOLVaWLRQ PaWeULaO aW WLPe, W, QW LV Whe TRbLQ e[SRQeQW, aQd 

KW LV Whe TRbLQ cU\VWaOOLVaWLRQ UaWe SaUaPeWeU. IQ a SORW Rf OQ[X(W)/1 ± X(W)] YV OQ (W), Whe VORSe aQd LQWeUceSW 

\LeOd QW aQd KW.  
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The daWa SUeVeQWed LQ TabOe 4.4.1 VhRZV Whe TRbLQ SaUaPeWeUV. OYeUaOO, Whe YaOXeV Rf QW ZeUe hLgheU WhaQ 

WhaW RbWaLQed XVLQg Whe AYUaPL PRdeO. The ORZeVW aQd hLgheVW YaOXeV Rf QW ZeUe 3.15 aQd 4.23 fRU Tc = 

167 aQd 165 ℃, UeVSecWLYeO\. IQ Whe TRbLQ PRdeO, QW dReV QRW Qeed WR be aQ LQWegeU, WheUefRUe LW caQ be 

QRQ-LQWegeU YaOXeV aUe e[SecWed. The TRbLQ PRdeO LV XVed WR accRXQW fRU Whe OaWeU VWageV Rf cU\VWaOOLVaWLRQ 

ZheUe LPSLQgePeQW RccXUV, ZheUeaV Whe AYUaPL PRdeO LV aSSURSULaWe fRU Whe eaUO\ VWageV Rf 

cU\VWaOOLVaWLRQ (124). CRPSaULQg Whe YaOXeV Rf QW aQd Qa, Whe YaOXeV Rf QW ZeUe cRQVLVWeQWO\ gUeaWeU WhaQ 

Qa. OWheU VWXdLeV, WhaW e[SORUe Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PRO\(eWh\OeQe-cR-gO\cLd\O PeWhacU\OaWe) 

aQd V\QdLRWacWLc SRO\SURS\OeQe aOVR UeSRUW WhaW QW ZaV OaUgeU WhaQ Qa (123,124).  

 

The TRbLQ UaWe cRQVWaQW decUeaVed e[SRQeQWLaOO\ aV Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed. 

ThLV WUeQd LV dLVSOa\ed LQ FLgXUe 4.4.1. The UaWe RbWaLQed XVLQg Whe AYUaPL PRdeO ZaV gUeaWeU WhaQ Whe 

UaWe RbWaLQed XVLQg Whe TRbLQ PRdeO.  

 

The SaUaPeWeU R2 ZaV XVed WR aVVeVV Whe fLW Rf Whe PRdeO WR Whe e[SeULPeQWaO daWa. The R2 YaOXeV UaQged 

fURP 0.9793 ± 0.9988. The ORZeVW aQd Whe gUeaWeVW R2 YaOXeV ZeUe 0.9793 aQd 0.9988 fRU Tc = 168 aQd 

164 ℃, UeVSecWLYeO\. ThLV VXggeVWV WhaW Whe TRbLQ PRdeO SURYLded a gRRd fLW WR e[SeULPeQWaO daWa.  

 

OYeUaOO, Whe TRbLQ PRdeO ZaV VXcceVVfXO LQ deVcULbLQg Whe LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 

b\ SURYLdLQg UeaVRQabOe Q, k aQd R2 SaUaPeWeUV.  
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TabOe 4.4.1: TabOe Rf TRbLQ SaUaPeWeUV fRU Whe LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 ZLWhLQ Whe 

WePSeUaWXUe UaQge Rf 162 ± 168 ℃, VhRZLQg Whe TRbLQ e[SRQeQW, QW, TRbLQ UaWe cRQVWaQW KW aQd R2.  

Isothermal crystallisation temperature 

[ႏ] 

nt Kt 

[min-1] 

R2 

162 3.39 2.12E-03 0.9974 

164 3.44 4.98E-04 0.9988 

165 4.23 2.20E-05 0.9983 

166 4.13 1.55E-05 0.9981 

167 3.15 2.55E-05 0.9972 

168 3.45 4.24E-06 0.9793 

 

 

 

FLgXUe 4.4.1: VaULaWLRQ Rf Whe TRbLQ cU\VWaOOLVaWLRQ UaWe cRQVWaQW, KW, deWeUPLQed b\ Whe LQWeUceSW fURP 

a dRXbOe ORgaULWhPLc TRbLQ SORW, ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. 

 



100 
 

4.5 Differential AYrami anal\sis 
 

DLffeUeQWLaO AYUaPL aQaO\VLV SURdXceV Whe SaUaPeWeUV Qa, ka, W1/2 baVed RQ SULPaU\ cU\VWaOOLVaWLRQ, ZheUe 

Qa LV Whe AYUaPL e[SRQeQW, ka LV Whe SULPaU\ UaWe cRQVWaQW aQd W1/2 LV Whe haOf-WLPe Rf cU\VWaOOLVaWLRQ (125). 

The VRfWZaUe XVeV Whe PRdLfLed AYUaPL eTXaWLRQ VhRZQ beORZ.  

 

𝑛௔ ൌ  െ𝑡 ሺ𝑑ߠሺ𝑡ሻ/𝑑𝑡ሻ/ሾሺߠ௉ሺ𝑡ሻ െ ሺ𝑡ሻሻ 𝑙𝑛ሺ1ߠ െ   ௉ሺ𝑡ሻሻሿߠ/ሺ𝑡ሻߠ

ETXaWLRQ 10 

WheUe Qa LV Whe AYUaPL e[SRQeQW, W LV WLPe aQd ߠ௉ LV fUacWLRQaO cU\VWaOOLQLW\ Rf SULPaU\ cU\VWaOOLVaWLRQ. 

 

E[SeULPeQWaO LVRWheUPaO cU\VWaOOLVaWLRQ daWa ZaV WUaQVfeUUed dLUecWO\ LQWR Whe dLffeUeQWLaO AYUaPL 

VRfWZaUe.  The VRfWZaUe deWeUPLQed Whe OLPLW Rf SULPaU\ cU\VWaOOLVaWLRQ, NQRZQ aV ߠ௉ሺ𝑡ሻ. AddLWLRQaOO\, 

Whe aUea fRU each e[RWheUP aQd Whe eUURU aVVRcLaWed ZLWh Whe dLffeUeQWLaO aQaO\VLV ZaV aOVR UeSRUWed LQ 

Whe VRfWZaUe. The dLffeUeQWLaO AYUaPL aQaO\VLV SURdXced daWa WR RbWaLQ a SORW Rf Rf Qa YV ߠሺ𝑡ሻ, a SORW Rf 

UeOaWLYe cU\VWaOOLQLW\ YV WLPe aQd Qa, ka, W1/2.  

 

A VeULeV Rf LWeUaWLRQV ZeUe SeUfRUPed RQ ߠ௉ሺ𝑡ሻ WR geQeUaWe LQVWaQWaQeRXV YaOXeV Rf Qa aQd SURdXce a 

YaOXe Rf Qa. The LQVWaQWaQeRXV YaOXeV Rf Qa aUe RbVeUYed LQ a SORW Rf Qa YV ߠሺ𝑡ሻ/ߠ௉ሺ𝑡ሻ, ZheUe Qa YaULed 

XQWLO a VWead\ baVeOLQe LV Ueached. The YaOXe Rf Qa aW Whe VWead\ baVeOLQe ZaV XVed LQ Whe eTXaWLRQ ka = 

lQ(2)/(W0.5)Qa WR deWeUPLQe Whe UaWe cRQVWaQW.  
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FLgXUe 4.5.1 ± VaULaWLRQ Rf Qa ZLWh UeOaWLYe cU\VWaOOLQLW\ accRUdLQg WR dLffeUeQWLaO AYUaPL aQaO\VLV.  

 

FLgXUe 4.5.1 VhRZV Whe YaULaWLRQ Rf Qa ZLWh UeOaWLYe cU\VWaOOLQLW\ accRUdLQg WR dLffeUeQWLaO AYUaPL 

aQaO\VLV. ThLV ZaV SURdXced fURP a VeW Rf LWeUaWLRQV RQ ߠ௉ሺ𝑡ሻ WhaW UeVXOWed LQ LQVWaQWaQeRXV YaOXeV Rf Qa. 

The daWa VhRZV a VPaOO YaULaWLRQ LQ Qa aW Whe begLQQLQg Rf cU\VWaOOLVaWLRQ. A baVeOLQe LV eVWabOLVhed 

beWZeeQ a UeOaWLYe cU\VWaOOLQLW\ Rf 0.1 ± 0.8. AfWeU Qa LQcUeaVed dUaPaWLcaOO\. The YaOXe Rf Qa ZaV 2 ± 4 

fRU aOO cU\VWaOOLVaWLRQ WePSeUaWXUeV LQ Whe UegLRQ Rf Whe VWead\ baVeOLQe.  
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FLgXUe 4.5.2 ± DLffeUeQWLaO AYUaPL aQaO\VLV: UeOaWLYe cU\VWaOOLQLW\ (RU fUacWLRQ WUaQVfRUPed) Rf PaWeULaO 

RYeU WLPe aW dLffeUeQW LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUeV. 

 

A SORW Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe LV dLVSOa\ed LQ FLgXUe 4.5.2. A VLgPRLdaO VhaSed cXUYe ZaV 

SURdXced, VLPLOaU WR cRQYeQWLRQaO AYUaPL aQaO\VLV. The gUaSh VhRZed WhaW Whe RQVeW Rf cU\VWaOOLVaWLRQ 

LQcUeaVed aV Whe cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed, ZheUe Whe RQVeW Rf cU\VWaOOLVaWLRQ LV OeVV WhaQ Xc 

= 0.1. AddLWLRQaOO\, Whe VhaSe Rf each cXUYe ZaV VPRRWheU aQd Whe WLPe WaNeQ WR Ueach Xc = 1 LQcUeaVed. 

IQWeUeVWLQgO\, Whe cXUYe fRU 164 ℃ VhRZV a dLffeUeQW WUeQd aW Whe OaWeU VWageV Rf UeOaWLYe cU\VWaOOLQLW\. The 

SRLQW aW ZhLch Whe SOaWeaX[ deYeORSV ZaV Ueached aW aQ eaUOLeU WLPe WhaQ e[SecWed, WhLV VXggeVWV WhaW 

LPSLQgePeQW RccXUUed aW aQ eaUOLeU VWage Rf cU\VWaOOLVaWLRQ. The VaPe WUeQd ZaV dLVSOa\ed b\ 

cRQYeQWLRQaO AYUaPL aQaO\VLV. 

 

TabOe 4.5.1 VhRZV Whe dLffeUeQWLaO AYUaPL SaUaPeWeUV aV a fXQcWLRQ Rf LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe. The cU\VWaOOLVaWLRQ haOf-WLPe, W1/2, LQcUeaVed ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe, LQ 

agUeePeQW ZLWh cRQYeQWLRQaO AYUaPL daWa.  AW Tc = 162 ℃, Whe cU\VWaOOLVaWLRQ haOf-WLPe ZaV 5.52 PLQV, 

aW Tc = 168 ℃, Whe cU\VWaOOLVaWLRQ haOf-WLPe LQcUeaVed WR 57.53 PLQV. The AYUaPL UaWe decUeaVed ZLWh 

LQcUeaVLQg cU\VWaOOLVaWLRQ WePSeUaWXUe. The AYUaPL e[SRQeQW, Qa, ZaV a QRQ-LQWegeU YaOXe VhRZLQg a 
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cRPSOe[ PRde Rf QXcOeaWLRQ aQd gURZWh LQ Whe SULPaU\ ShaVe. A WUeQd ZaV QRW LdeQWLfLed aQd Whe aYeUage 

YaOXe Rf Qa, = 3.27. WheUeaV Whe aYeUage YaOXe RbWaLQed b\ cRQYeQWLRQaO AYUaPL aQaO\VLV ZaV Qa, = 

3.12. ThLV VhRZV WhaW DLffeUeQWLaO AYUaPL AQaO\VLV SURdXced a VOLghWO\ OaUgeU YaOXe fRU Qa.  

 

The SaUaPeWeU, XP,iQf LV Whe UeOaWLYe cU\VWaOOLQLW\ aW Whe eQd Rf SULPaU\ cU\VWaOOLVaWLRQ. TheUefRUe, XP,iQf caQ 

be XVed aV gXLde aV WR ZheUe VecRQdaU\ cU\VWaOOLVaWLRQ begLQV, aVVXPLQg Whe SULPaU\ aQd VecRQdaU\ 

cU\VWaOOLVaWLRQ aUe WZR LQdeSeQdeQW SURceVVeV. The daWa VhRZV WhaW XP,iQf decUeaVed aV Whe LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed. ThLV VXggeVWV WhaW VecRQdaU\ cU\VWaOOLVaWLRQ RccXUV eaUOLeU LQWR 

cU\VWaOOLVaWLRQ aV Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed. ThLV LV XQVXUSULVLQg VLQce aW 

hLgheU WePSeUaWXUeV cU\VWaOOLVaWLRQ LV VORZeU.  

 

TabOe 4.5.1 ± TabOe Rf dLffeUeQWLaO AYUaPL SaUaPeWeUV, ZheUe W1/2 LV Whe cU\VWaOOLVaWLRQ haOf-WLPe, XP,LQf LV 

Whe UeOaWLYe cU\VWaOOLQLW\ aW Whe eQd Rf SULPaU\ cU\VWaOOLVaWLRQ, Qa LV Whe AYUaPL e[SRQeQW, aQd K LV Whe 

UaWe. 

Isothermal crystallisation temperature 

[ႏ] 

t1/2 

[min] 

Xp,inf 

[%] 
na 

K 

[min-1] 
error 

 

162 5.52 0.95 2.82 5.60E-03 0.006 

164 8.14 0.85 3.13 1.00E-03 0.009 

165 11.37 0.88 3.62 1.00E-03 0.021 

166 13.52 0.91 3.51 1.00E-03 0.019 

167 26.3 0.95 3.38 0.00E+00 0.045 

168 33.12 0.87 3.10 0.00E+00 0.016 

 

FLgXUe 4.5.3 dLVSOa\V Whe UeOaWLYe cU\VWaOOLQLW\ YV WLPe fRU e[SeULPeQWaO daWa aQd dLffeUeQWLaO AYUaPL 

VRfWZaUe. The TXaOLW\ Rf fLW Rf Whe dLffeUeQWLaO cXUYe ZaV aVVeVVed agaLQVW e[SeULPeQWaO daWa. The beVW 

aQd ZRUVW TXaOLW\ ZeUe Tc = 168 ℃ aQd Tc = 167 ℃.  
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IQ geQeUaO, Whe daWa VhRZed WhaW aW Xc < 0.8 WheUe ZaV a gRRd TXaOLW\ Rf fLW. AW Xc > 0.8 Whe TXaOLW\ Rf fLW 

ZaV SRRU. ThLV LV becaXVe Whe OLPLW fRU SULPaU\ cU\VWaOOLVaWLRQ (XP,iQf) ZaV Ueached. AfWeU XP,iQf LV Ueached, 

LPSLQgePeQW RccXUV aQd Whe cU\VWaOOLVaWLRQ PechaQLVPV becRPe PRUe cRPSOe[.  

 

FRU e[SeULPeQWaO daWa (ChaSWeU 4.2) Whe AYUaPL SaUaPeWeUV ZeUe RbWaLQed beWZeeQ a UeOaWLYe 

cU\VWaOOLQLW\ Rf 0.03 ± 0.70. WLWhLQ WhLV UegLRQ, Whe UeOaWLYe cU\VWaOOLQLW\ fRU dLffeUeQWLaO daWa VhRZV a 

gRRd TXaOLW\ Rf fLW ZLWh e[SeULPeQWaO daWa. ThLV VXggeVWV WhaW Whe AYUaPL SaUaPeWeUV VhRXOd be VLPLOaU. 

HRZeYeU, WheUe ZaV YaULaWLRQ Rf Qa aQd aQd k. The YaULaWLRQ LV dXe WR dLffeUeQceV LQ PaWhePaWLcaO 

eTXaWLRQV.  

 

AOWhRXgh dLffeUeQWLaO AYUaPL daWa VhRZV a gRRd TXaOLW\ Rf fLW WR Whe e[SeULPeQWaO AYUaPL daWa, WheUe 

aUe OLPLWaWLRQV aVVRcLaWed ZLWh Whe dLffeUeQWLaO AYUaPL PeWhRd. FRU e[aPSOe, Whe de-VORSLQg PechaQLVP 

ZaV LPSOePeQWed b\ Whe VRfWZaUe, hRZeYeU, WhLV caQ be fXUWheU PaQLSXOaWed b\ Whe XVeU ZhLch caQ Oead 

WR VXbMecWLYe eUURU. IQ WhLV ZRUN, Whe aXWRPaWLc de-VORSLQg PechaQLVP ZaV XVed aQd fXUWheU 

PRdLfLcaWLRQV ZeUe QRW Pade. FXWXUe ZRUN VhRXOd LQYeVWLgaWe Whe effecW Rf PaQXaO de-VORSLQg RQ Whe 

cXUYe.  

AQRWheU fXQcWLRQ LQ Whe VRfWZaUe LV caOOed ³aUUa\´. ThLV fXQcWLRQ chaUacWeULVeV Whe VPRRWhQeVV Rf Whe 

cXUYe Rf Qa YV UeOaWLYe cU\VWaOOLQLW\. IQ WhLV ZRUN, Whe aUUa\ ZaV VeW 9 fRU each daWa VeW. IQ RUdeU WR e[SORUe 

Whe effecW Rf Whe OeYeO Rf aUUa\ RQ Whe cXUYe, Whe VeWWLQg ZaV LQcUeaVed WR 15. HRZeYeU, WhLV LQcUeaVed Whe 

eUURU Rf Whe SaUaPeWeUV RbWaLQed. The aUUa\ ZaV aOVR VeW WR YaOXeV beORZ 9, WhRXgh WhLV aOVR LQcUeaVed 

Whe eUURU Rf Whe SaUaPeWeUV RbWaLQed. TheUefRUe, aQ aUUa\ Rf 9 ZaV XVed VLQce WhLV SURdXced SaUaPeWeUV 

ZLWh Whe ORZeVW eUURU.   
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FLgXUe 4.5.3 ± ReOaWLYe cU\VWaOOLQLW\ YV WLPe fRU LVRWheUPaO cU\VWaOOLVaWLRQ 162 ± 168 ℃ RbWaLQed b\ Whe e[SeULPeQWaO cXUYe aQd XVLQg dLffeUeQWLaO AYUaPL 

VRfWZaUe. FRU e[SeULPeQWaO daWa, WLPe ZaV ]eURed.  
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4.6 Non-linear regression of models 
 

IQ addLWLRQ WR XVLQg Whe cRQYeQWLRQaO aSSURach WR RbWaLQ LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLc SaUaPeWeUV, 

QRQ-OLQeaU UegUeVVLRQ (NLR) ZaV aOVR XVed. The e[SeULPeQWaO daWa Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe ZaV 

WUaQVfeUUed LQWR SPSS VRfWZaUe aQd Whe PaWhePaWLcaO PRdeOV ZeUe aSSOLed RQ Whe daWa. AfWeU a VeW Rf 

LWeUaWLRQV, Whe UeOeYaQW SaUaPeWeUV ZeUe SURdXced. A ORZeU OLPLW ZaV VeW fRU Whe RXWSXW LQ RUdeU WR 

SURdXce ORZeU eUURU. The AYUaPL aQd TRbLQ PRdeO ZeUe LPSRVed RQ e[SeULPeQWaO daWa.  

 

4.6.1 AYrami 
 

The AYUaPL PRdeO SURdXced YaOXeV Rf Qa, Ka, R2 aQd VWaQdaUd eUURU. The OLPLWV fRU Qa aQd Ka ZeUe Qa ൒ 

1 aQd Ka ൒ 0. TheVe SaUaPeWeUV ZeUe chRVeQ VLQce Qa VhRXOd WheRUeWLcaOO\ be aQ LQWegeU a YaOXe abRYe 

1 aQd Ka LV SRVLWLYe.  

 

TabOe 4.6.1 ± TabOe Rf AYUaPL SaUaPeWeUV, RbWaLQed XVLQg QRQ-OLQeaU UegUeVVLRQ, ZheUe Na LV Whe AYUaPL 

UaWe, Qa LV Whe AYUaPL e[SRQeQW, Whe VWaQdaUd eUURU Rf Ka aQd Qa aQd R2, aV a fXQcWLRQ Rf LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe.  

Isothermal crystallisation temperature 

[℃] 

Ka 

[min-1] 

na Standard error R2 

Ka na 

162 1.39E-01 2.58 0 0.006 0.998 

164 8.80E-02 1.98 0 0.011 0.962 

165 6.90E-02 3.12 0 0.007 0.997 

166 6.00E-02 3.18 0 0.005 0.999 

167 3.10E-02 2.73 0 0.004 0.997 

168 2.30E-02 2.50 0 0.003 0.997 
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The OLVW Rf AYUaPL SaUaPeWeUV RbWaLQed b\ NLR LV dLVSOa\ed LQ TabOe 4.6.1. The AYUaPL UaWe VhRZed a 

WePSeUaWXUe deSeQdaQW WUeQd, ZheUe Ka decUeaVed ZLWh LQcUeaVLQg LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe. AW Tc = 162 ℃ Whe UaWe ZaV 0.139 PLQ-1 aQd aW Tc = 168 ℃ Whe UaWe decUeaVed WR 0.023 PLQ-

1. The VWaQdaUd eUURU Rf Whe UaWe ZaV 0. 

 

The AYUaPL e[SRQeQW, Qa, YaULed beWZeeQ 1.98 (Tc = 164 ℃) aQd 3.18 (Tc = 166 ℃) aQd dLVSOa\ed QR 

WUeQd. The aYeUage YaOXe Rf Qa = 2.68. The QRQ-LQWegUaO YaOXe VXggeVWV a cRPSOe[ PRde Rf QXcOeaWLRQ 

aQd gURZWh. The AYUaPL e[SRQeQW ZaV gUeaWeU WhaQ 2, WhLV VXggeVWV WhaW Whe gURZWh LV e[SecWed WR be 

WhUee dLPeQVLRQaO. ThLV daWa agUeeV ZLWh Qa UeSRUWed b\ cRQYeQWLRQaO aQaO\VLV. The VWaQdaUd eUURU 

aVVRcLaWed ZLWh Qa UaQged beWZeeQ 0.003 ± 0.011, WhLV ZaV hLgheU WhaQ Whe VWaQdaUd eUURU aVVRcLaWed ZLWh 

Ka.  

 

The SaUaPeWeU R2 UaQged fURP 0.962 ± 0.99, ZheUe Whe ORZeVW Tc = 164 ℃ SURdXced Whe ORZeVW R2 aQd 

Tc = 166 ℃ SURdXced Whe hLgheVW R2. The R2 ZaV UeOaWLYeO\ hLgh, WhLV VXggeVWV WhaW Whe AYUaPL PRdeO 

adeTXaWeO\ deVcULbed Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.  

 

4.6.2 Tobin 
 

The TRbLQ PRdeO SURdXced YaOXeV Rf QW, KW, R2 aQd VWaQdaUd eUURU. The OLPLWV fRU QW aQd KW ZeUe QW ൒ 1 

aQd KW ൒ 0. TheVe SaUaPeWeUV ZeUe chRVeQ VLQce Qa VhRXOd WheRUeWLcaOO\ be aQ LQWegeU a YaOXe abRYe 1 

aQd Ka LV a SRVLWLYe.  

 

The OLVW Rf TRbLQ SaUaPeWeUV, RbWaLQed b\ NLR LV dLVSOa\ed LQ TabOe 4.6.2. The UaWe VhRZed a 

WePSeUaWXUe deSeQdaQW WUeQd, ZheUe KW decUeaVed ZLWh LQcUeaVLQg LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe. 
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AW Tc = 162 ℃ Whe UaWe ZaV 0.166 PLQ-1 aQd aW Tc = 168 ℃ Whe UaWe decUeaVed WR 0.028 PLQ-1. The VWaQdaUd 

eUURU Rf Whe UaWe ZaV 0. 

 

The TRbLQ e[SRQeQW, QW, YaULed beWZeeQ 2.66 (Tc = 164 ℃) aQd 4.82 (Tc = 166 ℃), dLVSOa\LQg QR WUeQd. 

The aYeUage YaOXe Rf QW = 3.92. NRQ-LQWegUaO YaOXeV Rf QW aUe e[SecWed fRU Whe TRbLQ PRdeO. The VWaQdaUd 

eUURU aVVRcLaWed ZLWh QW UaQged beWZeeQ 0.001 ± 0.009, WhLV ZaV hLgheU WhaQ Whe VWaQdaUd eUURU aVVRcLaWed 

ZLWh KW. The dLffeUeQce beWZeeQ Whe aYeUage TRbLQ aQd AYUPaL e[SRQeQW ZaV 1.24, WheUefRUe, 𝑛௧ ≅ 𝑛௔ ൅

1.2. IQ RWheU UeSRUWV, Whe TRbLQ e[SRQeQW RbWaLQed XVLQg NLR ZaV aOVR OaUgeU WhaQ Whe AYUaPL e[SRQeQW 

(119).  

 

The SaUaPeWeU R2 UaQged fURP 0.982 ± 1, ZheUe Whe ORZeVW Tc = 164 ℃ SURdXced Whe ORZeVW R2 aQd Tc 

= 166 ℃ SURdXced Whe hLgheVW R2. ThLV VhRZV WhaW Whe TRbLQ PRdeO adeTXaWeO\ deVcULbed Whe 

cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.  

 

OYeUaOO, TRbLQ SaUaPeWeUV RbWaLQed XVLQg NLR had a ORZeU VWaQdaUd eUURU aQd gUeaWeU R2 WhaQ Whe 

AYUaPL SaUaPeWeUV RbWaLQed XVLQg NLR. The TRbLQ PRdeO haV UeceLYed OaUge aPRXQWV Rf cULWLcLVP fURP 

aXWhRUV cOaLPLQg WhaW LW faLOV WR accXUaWeO\ deVcULbe Whe LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV dXe WR LWV 

cRPSOe[ deULYaWLRQ (119,126). HRZeYeU, Whe R2 YaOXeV VXggeVW Whe TRbLQ PRdeO caQ adeTXaWeO\ deVcULbe 

Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.  
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TabOe 4.6.2 ± TabOe Rf TRbLQ SaUaPeWeUV, RbWaLQed XVLQg QRQ-OLQeaU UegUeVVLRQ, ZheUe Na LV Whe TRbLQ 

UaWe, QW LV Whe TRbLQ e[SRQeQW, Whe VWaQdaUd eUURU Rf KW aQd QW aQd R2, aV a fXQcWLRQ Rf LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe.  

 

Isothermal crystallisation temperature 

[℃] 

Kt 

[min-1] 

nt Standard error R2 

Kt nt 

162 1.66E-01 3.39 0 0.005 0.999 

164 1.09E-01 2.66 0 0.009 0.982 

165 8.00E-02 4.63 0 0.005 0.999 

166 7.00E-02 4.82 0 0.005 0.999 

167 3.60E-2 4.16 0 0.004 0.999 

168 2.8E-02 3.87 0 0.001 1 

 

 

4.7 Modelling of relatiYe cr\stallinit\ Xsing n and k determined Xsing non-linear 
regression 
 

 

The SaUaPeWeUV Q aQd k, RU eTXLYaOeQW deWeUPLQed b\ Whe AYUaPL aQd TRbLQ PRdeO RbWaLQed XVLQg NLR 

ZeUe XVed WR PRdeO UeOaWLYe cU\VWaOOLQLW\ ZLWh WLPe, aV VhRZQ LQ FLgXUe 4.7.1. ThLV eQabOed Whe PRdeOV 

WR be cRPSaUed WR e[SeULPeQWaO daWa (aV SeU VecWLRQ 4.2) b\ aVVeVVLQg Whe YLVXaO TXaOLW\ Rf fLW.  

 

The AYUaPL PRdeO ZaV LQ gRRd agUeePeQW ZLWh e[SeULPeQWaO daWa XS WR Xc < 0.8. AfWeU Whe PRdeO 

VhRZed a cRQWLQXaO LQcUeaVe LQ cU\VWaOOLQLW\ befRUe TXLcNO\ WUaQVfRUPLQg LQWR a SOaWeaX aW Xc Rf 0.9 aQd 

UeachLQg cRPSOeWe cU\VWaOOLVaWLRQ. WheUeaV e[SeULPeQWaO daWa VhRZed WhaW aW Xc Rf 0.80 ± 1.0 

cU\VWaOOLVaWLRQ ZaV VORZ aQd cRPSOeWe cU\VWaOOLVaWLRQ ZaV Ueached aW a PXch OaWeU WLPe. OYeUaOO, Tc = 

168 ℃ had Whe SRRUeVW TXaOLW\ Rf fLW.  
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GeQeUaOO\, Whe deYLaWLRQV beWZeeQ Whe PRdeO aQd Whe e[SeULPeQWaO daWa ZeUe RbVeUYed aW Whe OaWeU VWageV 

Rf cU\VWaOOLVaWLRQ (afWeU LPSLQgePeQW ZaV achLeYed) ZheUe cU\VWaOOLVaWLRQ LV PXch VORZeU. AW WhLV SRLQW, 

VecRQdaU\ cU\VWaOOLVaWLRQ aOVR LQfOXeQceV Whe cU\VWaOOLVaWLRQ SURceVV.  

OYeUaOO, Whe AYUaPL PRdeO VhRZed a gRRd fLW WR e[SeULPeQWaO daWa, eVSecLaOO\ LQ Whe LQWeUPedLaWe VWageV 

Rf cU\VWaOOLVaWLRQ ZheUe Xc = 0.2 ± 0.8. ThLV LV XQVXUSULVLQg, VLQce Whe AYUaPL PRdeO LV NQRZQ WR SUedLcW 

Whe SULPaU\ cU\VWaOOLVaWLRQ SURceVV. TheVe cRQcOXVLRQV agUee ZLWh Whe R2 UeWXUQed b\ NLR, ZheUe R2 = 

0.962 ± 0.99.  

 

The TRbLQ ZaV LQ gRRd agUeePeQW ZLWh e[SeULPeQWaO daWa. The deYLaWLRQV beWZeeQ Whe PRdeO aQd 

e[SeULPeQWaO daWa ZeUe PLQLPaO aQd ZeUe RbVeUYed PaLQO\ befRUe Xc Rf 0.1 aQd afWeU Xc Rf 0.9. ThLV LV 

ZLWhLQ Whe UegLRQ Rf Whe RQVeW Rf cU\VWaOOLVaWLRQ aQd eQd Rf cU\VWaOOLVaWLRQ. DeYLaWLRQV aUe OLNeO\ WR RccXU 

aW Whe RQVeW dXe WR UaSLd cU\VWaOOLVaWLRQ. WheUeaV aW Whe eQd Rf cU\VWaOOLVaWLRQ deYLaWLRQV aUe OLNeO\ WR 

RccXU dXe WR VORZ cU\VWaOOLVaWLRQ, effecWV Rf LPSLQgePeQW aQd VecRQdaU\ cU\VWaOOLVaWLRQ. The TRbLQ 

PRdeO accRXQWV fRU LPSLQgePeQW VXch WhaW QRQ-LQWegeU YaOXeV aUe cRPPRQO\ RbWaLQed fRU QW. ThLV caQ 

e[SOaLQ Whe gRRd agUeePeQW beWZeeQ Whe TRbLQ PRdeO aQd e[SeULPeQWaO daWa. TheVe cRQcOXVLRQV 

cRUUeOaWe ZLWh R2 UeWXUQed b\ NLR, ZheUe R2 = 0.982 ± 0.1.  
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FLgXUe 4.7.1 ± GUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe fRU e[SeULPeQWaO daWa aQd fURP SaUaPeWeUV RbWaLQed XVLQg QRQ-OLQeaU UegUeVVLRQ fRU Whe AYUaPL (A) aQd 
TRbLQ (T). 
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4.8 Modelling of relatiYe cr\stallinit\ Xsing applied YalXes of n to resolYe for k 
determined Xsing non-linear regression 
 

NLR ZaV XVed WR aSSO\ YaOXeV Rf Q aQd UeVROYe fRU k aQd R2 fRU a UaQge Rf LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUeV, ZheUe Q = 1, 2, 3, aQd 4. ThLV fROORZV Whe ZRUN Rf VeUhR\eQ eW aO (128). The UaWLRQaOe Rf 

aSSO\LQg Q RQ e[SeULPeQWaO daWa ZaV WR RbVeUYe hRZ Whe UaWe ZaV affecWed b\ Q aQd WR aVVeVV Whe TXaOLW\ 

Rf fLW Rf LQWegeU YaOXeV RQ daWa accRUdLQg WR Whe AYUaPL eTXaWLRQ. The VaPe PeWhRd ZaV XVed RQ 

e[SeULPeQWaO daWa ZheUe Q = 1, 2, 3, aQd 4. The daWa LV VhRZQ LQ TabOe 4.8.1. 

 

TabOe 4.8.1 ± RaWe cRQVWaQW, N, aQd R2 fURP LPSRVed LQWegeU YaOXeV Rf Q, accRUdLQg WR Whe AYUaPL 

eTXaWLRQ fRU a UaQge Rf LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUeV Tc. 

  
Tc 

[ႏ] 

n = 1 n = 2  n = 3 n = 4 

k 
[min-1] R2  

k 
[min-1] R2  

k 
[min-1] R2  

k 
[min-1] R2  

162 0.146 0.893 0.019 0.992 0.003 0.996 0 0.984 

164 0.085 0.927 0.008 0.962 0.001 0.952 7.94E-05 0.937 

165 0.071 0.881 0.005 0.982 0 0.997 2.43E-05 0.993 

166 0.063 0.858 0.004 0.98 0 0.999 1.39E-05 0.995 

167 0.032 0.877 0.001 0.988 2.92E-05 0.996 9.64E-07 0.986 

168 0.024 0.888 0.001 0.992 1.32E-05 0.994 3.38E-07 0.981 

 

 

The SaUaPeWeUV k aQd R2 fRU LPSRVed Q YaOXeV aW dLffeUeQW WePSeUaWXUeV LV dLVSOa\ed LQ TabOe 4.8.1. The 

geQeUaO WUeQd VhRZed WhaW fRU LPSRVed LQWegeUV Rf Q, Whe UaWe cRQVWaQW decUeaVed aV Whe LVRWheUPaO 

cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed. FRU e[aPSOe, aW Q = 1 Whe UaWe cRQVWaQW k decUeaVed fURP 0.146 WR 
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0.025 PLQ-1 aW Tc = 162 WR 168 ℃. AW Q = 2 Whe UaWe cRQVWaQW k decUeaVed fURP 0.138 WR 0.023 PLQ-1 aW Tc 

= 162 WR 168 ℃. WheQ Whe AYUaPL e[SRQeQW LQcUeaVed WR Q = 3 aQd Q = 4 Whe UaWe cRQVWaQW k decUeaVed 

cRQVLdeUabO\. FRU e[aPSOe, aW Q = 3 Whe UaWe cRQVWaQW k decUeaVed fURP 0.003 WR 1.32E-05 PLQ-1 aW Tc = 

162 WR 168 ℃. AW Q = 4 Whe UaWe cRQVWaQW k decUeaVed fURP 0 WR 3.38E-07 PLQ-1 aW Tc = 162 WR 168 ℃. 

 

FLgXUe 4.8.1 VhRZV a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe fRU e[SeULPeQWaO daWa (aV SeU VecWLRQ 4.2) 

aQd NLR XVLQg LPSRVed YaOXeV Rf Q. FRU Q = 1 a VLgPRLdaO cXUYe ZaV QRW SURdXced aQd Whe TXaOLW\ Rf 

fLW ZaV SRRU. The PRdeO VhRZV WhaW cU\VWaOOLVaWLRQ begLQV LPPedLaWeO\ aQd VORZV dRZQ aV WLPe 

LQcUeaVeV. AddLWLRQaOO\, Whe cXUYe becRPeV PRUe SURQRXQced aV Whe LVRWheUPaO cU\VWaOOLVaWLRQ 

WePSeUaWXUe LQcUeaVed. IQ PaQ\ caVeV, Whe daWa VWRSV befRUe cRPSOeWe cU\VWaOOLVaWLRQ LV Ueached. ThLV 

VhRZV WhaW Q = 1 dReV QRW adeTXaWeO\ deVcULbe Whe cU\VWaOOLVaWLRQ Rf PA-12.  

FRU Q = 2, a VLgPRLdaO gUaSh ZaV SURdXced aQd Whe TXaOLW\ Rf fLW ZaV adeTXaWe. The PRdeO VhRZV WhaW 

Whe RQVeW Rf cU\VWaOOLVaWLRQ LQcUeaVed aV Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed. HRZeYeU, 

aV Whe LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed Whe TXaOLW\ Rf fLW LQ Whe PLd-UegLRQ ZaV SRRU. AV 

cU\VWaOOLVaWLRQ cRQWLQXed aQd Xc = 1 ZaV Ueached bXW Whe TXaOLW\ Rf fLW ZaV SRRU. 

FRU Q = 3 aQd Q = 4, Whe UeOeYaQW SaUaPeWeUV ZeUe LQSXWWed LQWR Whe AYUaPL eTXaWLRQ WR UegeQeUaWe a 

cXUYe Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe. HRZeYeU, dXe WR Whe UaWe cRQVWaQW beLQg e[WUePeO\ VPaOO, Whe 

cXUYe cRXOd QRW be UegeQeUaWed VLQce XW ZaV aOVR e[WUePeO\ VPaOO. AQ e[aPSOe LV VhRZQ LQ FLgXUe 4.8.2.  

 

IQWeUeVWLQgO\, Whe gUeaWeVW R2 YaOXeV ZeUe RbWaLQed fRU Q = 3 \eW Whe a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV 

WLPe cRXOd QRW be UegeQeUaWed.  ThLV LV cRQVLVWeQW ZLWh Whe daWa LQ VecWLRQ 4.3.1, ZheUe aOWhRXgh a 

WUeQd Rf Q ZLWh LVRWheUPaO cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV QRW RbVeUYed, Whe aYeUage Q =  3.12. ThLV 

VXggeVWV WhaW aQ LQWegeU YaOXe Rf Q beWZeeQ 2 aQd 3 Pa\ beVW deVcULbe Whe LVRWheUPaO cU\VWaOOLVaWLRQ 

NLQeWLcV Rf PA-12. 
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FLgXUe 4.8.1 ± GUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe fRU e[SeULPeQWaO daWa aQd fURP SaUaPeWeUV RbWaLQed XVLQg QRQ-OLQeaU UegUeVVLRQ fRU Whe AYUaPL (A) 

PRdeO, ZLWh aSSOLed YaOXeV Rf Q.  
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FLgXUe 4.8.2 ± GUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe fRU e[SeULPeQWaO daWa aQd fURP SaUaPeWeUV 

RbWaLQed XVLQg QRQ-OLQeaU UegUeVVLRQ fRU Whe AYUaPL (A) PRdeO, ZLWh aQ aSSOLed YaOXe Rf Q = 3. 

 

4.9 DiscXssion of the isothermal cr\stallisation kinetics of PA-12 
 

CRQYeQWLRQaO aQaO\VLV aQd NLR ZeUe XVed WR eYaOXaWe Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 accRUdLQg 

WR Whe AYUaPL aQd TRbLQ PRdeO. The PRdeOV ZeUe eYaOXaWed baVed RQ R2 aQd Whe TXaOLW\ Rf fLW Rf NLR 

daWa WR e[SeULPeQWaO daWa LQ a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe. A YaOXe fRU R2 ZaV SURdXced fRU 

bRWh cRQYeQWLRQaO aQaO\VLV aQd b\ NLR.  

 

The cRQYeQWLRQaO aSSURach ZaV XVed fRU Whe AYUaPL aQd TRbLQ PRdeO. The AYUaPL PRdeO SURdXced R2 

ZLWhLQ Whe UaQge 0.9913 ± 0.9998 aQd Whe TRbLQ PRdeO SURdXced R2 ZLWhLQ Whe UaQge 0.9793 ± 0.9988. 

ThLV VXggeVWV WhaW bRWh Whe AYUaPL PRdeO aQd TRbLQ PRdeO SURYLded a UeaVRQabOe fLW aQd ZeUe 
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VXcceVVfXO LQ deVcULbLQg Whe LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12. T\SLcaOO\, R2 > 0.99 LV deePed 

UeaVRQabOe. ThLV VXggeVWV WhaW Whe AYUaPL PRdeO had a PRUe UeaVRQabOe fLW WhaQ Whe TRbLQ PRdeO.  

 

The R2 UeWXUQed NLR ZaV eYaOXaWed. The R2 fRU Whe TRbLQ PRdeO ZaV Whe SURdXced Whe hLgheVW R2, 

fROORZed b\ Whe AYUaPL PRdeO. IQ Whe TRbLQ PRdeO, R2 UaQged beWZeeQ 0.982 ± 1. ThLV ZaV cORVeO\ 

fROORZed b\ Whe AYUaPL PRdeO ZheUe R2 UaQged beWZeeQ 0.962 ± 0.997.  

 

OQ cRPSaULQg R2 fRU cRQYeQWLRQaO aQd NLR daWa, R2 fRU Whe AYUaPL PRdeO XVLQg cRQYeQWLRQaO aQaO\VLV 

ZaV gUeaWeU WhaQ NLR. WheUeaV, R2 fRU Whe TRbLQ PRdeO XVLQg cRQYeQWLRQaO aQaO\VLV ZaV ORZeU WhaQ 

NLR. The dLffeUeQce LQ R2 LV dXe WR Whe dLffeUeQW PeWhRdV XVed WR deWeUPLQe Whe NLQeWLc SaUaPeWeUV, 

ZheUe Whe cRQYeQWLRQaO aSSURach LV baVed RQ a VeW Rf caOcXOaWLRQV SeUfRUPed b\ Whe XVeU. WheUeaV, LQ 

NLR a VeW Rf LWeUaWLRQV LV SeUfRUPed RQ Whe VRfWZaUe WR SURdXce R2 accRUdLQg WR Whe OLPLWV VeW b\ Whe 

XVeU aQd ORZeVW VWaQdaUd eUURU.  

 

The TXaOLW\ Rf fLW Rf NLR daWa ZaV cRPSaUed WR e[SeULPeQWaO daWa LQ a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV 

WLPe. ThLV ZaV achLeYed b\ LQSXWWLQg Whe SaUaPeWeUV RbWaLQed b\ NLR LQWR Whe NLQeWLc eTXaWLRQV WR 

UegeQeUaWe a cXUYe Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe. The daWa VhRZed WhaW Whe TRbLQ PRdeO had Whe beVW 

TXaOLW\ Rf fLW, fROORZed b\ Whe AYUaPL PRdeO. The AYUaPL PRdeO had a gRRd TXaOLW\ Rf fLW aW eaUOLeU 

VWageV Rf cU\VWaOOLVaWLRQ HRZeYeU, Whe PRVW deYLaWLRQ ZaV dLVSOa\ed aW OaWeU VWageV Rf cU\VWaOOLVaWLRQ. 

ThLV ZaV W\SLcaOO\ ZheUe LPSLQgePeQW RccXUUed. IQ a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe, 

LPSLQgePeQW ZaV RbVeUYed aV a dLVWLQcWLYe chaQge LQ gUadLeQW befRUe Whe cXUYe SURceedV WR Ueach a 

UeOaWLYe cU\VWaOOLQLW\ eTXaO WR 1. IQ WhLV UegLRQ, Whe TRbLQ PRdeO had a gUeaWeU TXaOLW\ Rf fLW. ThLV LV 

becaXVe Whe TRbLQ PRdeO accRXQWV fRU LPSLQgePeQW. The AYUaPL PRdeO deYLaWed VOLghWO\ LQ WheVe 

UegLRQV, VLQce Whe AYUaPL PRdeO RQO\ accRXQWV fRU SULPaU\ cU\VWaOOLVaWLRQ.  
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The TRbLQ PRdeO LV a dLUecW e[WeQVLRQ Rf Whe AYUaPL PRdeO WhaW accRXQWV fRU LPSLQgePeQW. The R2 daWa 

aQd Whe TXaOLW\ Rf fLW VXggeVWV WhaW Whe TRbLQ PRdeO adeTXaWeO\ deVcULbeV Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf 

PA-12.  

 

FRU NLR, Whe R2 aQd Whe TXaOLW\ Rf fLW ZaV XVed WR eYaOXaWe hRZ ZeOO Whe PRdeOV deVcULbed Whe 

cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12. BRWh Whe R2 aQd Whe TXaOLW\ Rf fLW VhRZed WhaW Whe TRbLQ PRdeO 

adeTXaWeO\ deVcULbed Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12, WhLV ZaV cORVeO\ fROORZed b\ Whe AYUaPL 

PRdeO.  

 

AOWhRXgh NLR LV a cRPPRQ PeWhRd WR e[SORUe LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV, LW haV OLPLWaWLRQV. 

SXch WhaW Whe PRdeOV Pa\ XQdeU RU RYeUeVWLPaWe Whe cU\VWaOOLVaWLRQ SaUaPeWeUV baVed RQ Whe OLPLWV VeW 

b\ Whe XVeU, Lf aQ\. TheUefRUe, WheUe aUe SRLQWV WhaW PXVW be cRQVLdeUed. FRU e[aPSOe, LQ addLWLRQ WR 

aVVeVVLQg Whe RYeUaOO TXaOLW\ Rf Whe fLW, Whe fLW Rf daWa LQ Ne\ UegLRQV LV aOVR LPSRUWaQW. The AYUaPL PRdeO 

accRXQWV fRU SULPaU\ cU\VWaOOLVaWLRQ, heQce Whe TXaOLW\ Rf fLW ZLWhLQ OLQeaU SRUWLRQ LQ a gUaSh Rf UeOaWLYe 

cU\VWaOOLQLW\ YV WLPe LV LPSRUWaQW WR cRQVLdeU. FRU WhLV daWa, WhLV UegLRQ ZaV beWZeeQ XW = 0.03 ± 0.70.  

AQ e[WeQVLRQ Rf WhLV ZRUN ZRXOd IQYROYe SeUfRUPLQg NLR ZLWhRXW OLPLWV aQd XVLQg Whe SaUaPeWeUV WR 

geQeUaWe a cXUYe Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe.  
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CHAPTER 5 ± NON-ISOTHERMAL CRYSTALLISATION KINETICS OF 
POLYAMIDE-12 
 

NRQ-LVRWheUPaO cU\VWaOOLVaWLRQ LV WhRXghW WR be PRUe cRPSOe[ WhaQ LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV. 

ThLV LV dXe WR QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ beLQg a d\QaPLc SURceVV, ZheUe Whe cRROLQg UaWe LV cRQVWaQW 

aQd Whe WePSeUaWXUe chaQgeV WhURXghRXW cU\VWaOOLVaWLRQ. The QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV 

ZeUe VWXdLed XVLQg Whe Je]LRUQ\-PRdLfLed AYUaPL PRdeO aQd Whe Ca]e PRdeO. TheVe PRdeOV ZeUe 

VeOecWed becaXVe Whe\ XVe dLffeUeQW PeWhRdV WR deWeUPLQe Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf 

PA-12. OfWeQ, LQdXVWULaO SURceVVeV SURceed XQdeU QRQ-LVRWheUPaO cRQdLWLRQV. TheUefRUe, XQdeUVWaQdLQg 

QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV haV UeOeYaQce WR LQdXVWULaO SURceVVeV. FRU e[aPSOe, LQ MJF Whe 

IR OaPS facLOLWaWeV fXVLRQ Rf PA-12 SRZdeU SaUWLcOeV ZheUe Whe FA haV beeQ aSSOLed. OQce Whe OaPS haV 

VcaQQed Whe VXUface, Whe cRROLQg SURceVV begLQV. FXUWheUPRUe, RQce Whe bXLOd LV cRPSOeWe Whe SRZdeU 

chaPbeU LV OefW WR cRRO RYeU a SeULRd Rf WLPe befRUe Whe SaUWV aUe UePRYed. 

 

5.1 Anal\sis of primar\ cr\stallisation kinetics b\ differential scanning calorimetr\ 
 

NRQ-LVRWheUPaO cU\VWaOOLVaWLRQ ZaV SeUfRUPed XVLQg a QXPbeU Rf cRROLQg UaWeV beWZeeQ 5 aQd 40 ℃/PLQ, 

aW 5 ℃/PLQ LQWeUYaOV. TR aQaO\Ve Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12, a WePSeUaWXUe 

cRUUecWLRQ ZaV UeTXLUed LQ RUdeU WR cRQYeUW Whe WePSeUaWXUe VcaOe LQWR a WLPe VcaOe. ThLV LV VhRZQ LQ Whe 

eTXaWLRQ beORZ.  

 

𝑡 ൌ
𝑇௖,௢௡௦௘௧ െ 𝑇௖

߶
 

ETXaWLRQ 11 

WheUe W, LV Whe WLPe, Tc, RQVeW LV Whe WePSeUaWXUe aW Whe RQVeW Rf cU\VWaOOLVaWLRQ, Tc LV Whe WePSeUaWXUe aW 

WLPe, W, aQd ߶ LV Whe cRROLQg UaWe.  
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The UaZ daWa Rf UeOaWLYe heaW fORZ YV WePSeUaWXUe WhaW ZaV e[WUacWed fURP Whe DSC LV VhRZQ LQ FLgXUe 

5.1.1 aQd TabOe 5.1. ThLV daWa VhRZV WhaW Whe RQVeW, SeaN aQd eQd cU\VWaOOLVaWLRQ WePSeUaWXUe ZeUe 

affecWed b\ Whe cRROLQg UaWe. The RQVeW, SeaN aQd eQd cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR ORZeU 

WePSeUaWXUeV aV Whe cRROLQg UaWe LQcUeaVed. MRUeRYeU, Whe cU\VWaOOLVaWLRQ e[RWheUPLc SeaN bURadeQed aV 

Whe cRROLQg UaWe LQcUeaVed. ThLV VhRZV WhaW cU\VWaOOLVaWLRQ RccXUUed RYeU a OaUgeU WePSeUaWXUe UaQge aV 

Whe cRROLQg UaWe LQcUeaVed. AddLWLRQaOO\, Whe SeaN heaW fORZ PRYed WR ORZeU WePSeUaWXUeV. TeR eW aO aOVR 

QRWe a decUeaVe LQ cU\VWaOOLVaWLRQ WePSeUaWXUe aQd decUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ aV Whe cRROLQg 

UaWe LQcUeaVed (100). 

The WUeQdV abRYe aUe e[SOaLQed b\ Whe WePSeUaWXUe deSeQdeQce Rf cU\VWaOOLVaWLRQ. AW ORZeU cRROLQg UaWeV, 

cU\VWaOOLVaWLRQ RccXUV VORZO\ aQd Whe VaPSOe haV PRUe WLPe WR cU\VWaOOLVe. ThLV aOORZV cU\VWaOOLVaWLRQ WR 

RccXU aW hLgheU WePSeUaWXUeV, ZheQ cRPSaUed WR hLgheU cRROLQg UaWeV (100).   

 

 

FLgXUe 5.1.1 ± NRQ-LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 aW dLffeUeQW cRROLQg UaWeV, ZheUe heaW fORZ LV 

QRUPaOLVed WR Whe VaPe baVeOLQe.  
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TabOe 5.1.1: The cRROLQg SaUaPeWeUV Rf PA-12 aW dLffeUeQW cRROLQg UaWeV, VhRZLQg Whe RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe, Tc,RQVeW, SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Tc,SeaN, eQd cU\VWaOOLVaWLRQ 

WePSeUaWXUe Tc,Rff, eQWhaOS\ Rf cU\VWaOOLVaWLRQ, ∆Hc aQd degUee Rf cU\VWaOOLQLW\, Xc. 

Cooling rate 

[℃/min] 

Tc,onset 

[℃] 

Tc,peak 

[℃] 

Tc,off 

[℃] 

∆Hc 

[Jg-1] 

Xc 

[%] 

5 163.00 152.79 100.00 120.57 57.61 

10 161.67 148.08 116.67 115.29 55.08 

15 154.00 144.75 112.88 114.77 54.84 

20 156.67 144.67 122.33 112.56 53.78 

25 153.33 143.33 120.83 115.06 54.97 

30 153.00 141.25 113.75 114.03 54.48 

35 155.84 139.8 121.42 109.24 52.19 

40 153.33 138.67 112.67 117.42 56.10 

 

 

OQce Whe WePSeUaWXUe had beeQ cRQYeUWed WR WLPe, Whe daWa ZaV cRUUecWed VXch WhaW Whe WLPe beWZeeQ W 

= 0 PLQ aQd WRQVeW ZaV UePRYed. ThLV aOORZed Whe WLPe WaNeQ fRU cU\VWaOOLVaWLRQ aW dLffeUeQW cRROLQg UaWeV 

WR be cRPSaUed RQ a ]eUR WLPeVcaOe RU aW Whe RQVeW Rf cU\VWaOOLVaWLRQ, aV VhRZQ LQ FLgXUe 5.1.2. AW ORZeU 

cRROLQg UaWeV, Whe SeaN ZaV bURad aQd Whe WLPe WaNeQ fRU cU\VWaOOLVaWLRQ LQcUeaVed. ThLV VXggeVWV WhaW 

VORZeU cRROLQg UaWeV eQhaQced Whe cU\VWaO VWUXcWXUe Rf PA-12 b\ aOORZLQg PRUe WLPe fRU cU\VWaOOLVaWLRQ.  

 

FRU a VaPSOe Rf PA-12 cRROed aW 5 ℃/PLQ Whe bXON Rf Whe PaWeULaO had cU\VWaOOLVed LQ ~ 3 PLQV. HRZeYeU, 

Whe VaPSOe UeTXLUed aQRWheU ~ 2.5 PLQV fRU Whe cXUYe WR UeWXUQ WR Whe LQdXcWLRQ baVeOLQe. ThLV VORZ 

UegLRQ Rf cU\VWaOOLVaWLRQ LV dXe WR VecRQdaU\ cU\VWaOOLVaWLRQ. ThLV ZaV aOVR RbVeUYed fRU VaPSOeV cRROed 

aW a UaWe Rf 10 aQd 15 ℃/PLQ. HRZeYeU, fRU faVWeU cRROLQg UaWeV aW 35 aQd 40 ℃/PLQ Whe e[RWheUPLc SeaN 

ZaV VhaUS aQd Whe cXUYe TXLcNO\ UeWXUQed WR baVeOLQe.  
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FLgXUe 5.1.2 ± NRQ-LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 aW dLffeUeQW cRROLQg UaWeV, VhRZLQg Whe WLPe 

WaNeQ fRU cU\VWaOOLVaWLRQ, ZheUe heaW fORZ haV beeQ QRUPaOLVed WR Whe VaPe baVeOLQe aQd WLPe LV 

QRUPaOLVed VR Whe RQVeW Rf cU\VWaOOLVaWLRQ fRU each VaPSOe LV PaUNed aW W = 0 PLQV. 

 

FLgXUe 5.1.3 VhRZV a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe. A VLgPRLdaO VhaSed cXUYe ZaV dLVSOa\ed fRU 

each cRROLQg UaWe. The cXUYeV LQLWLaOO\ VhRZ a fOaW UegLRQ, afWeU ZhLch Whe cXUYe UaSLdO\ LQcUeaVed 

dePRQVWUaWLQg WhaW Whe UaWe Rf cU\VWaOOLVaWLRQ LQcUeaVed. The cXUYe WheQ SOaWeaXV; WhLV LV ZheUe 

LPSLQgePeQW RccXUV (129). The UaWe Rf cU\VWaOOLVaWLRQ decUeaVeV aQd eYeQWXaOO\ VWRSV becaXVe Whe 

WePSeUaWXUe haV dURSSed beORZ Whe Tg.  
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FLgXUe 5.1.3 ± ReOaWLYe cU\VWaOOLQLW\ YV WLPe, aV a fXQcWLRQ Rf cRROLQg UaWe fRU PA-12.  

 

5.2 Je]iorn\-modified AYrami model 
 

Je]LRUQ\ PRdLfLed Whe AYUaPL eTXaWLRQ WR accRXQW fRU Whe cRQVWaQW cRROLQg UaWe LQ QRQ-LVRWheUPaO 

cU\VWaOOLVaWLRQ (93). The UaWe SaUaPeWeU aV deVcULbe b\ Je]LRUQ\ LV VhRZQ beORZ.  

 

𝑙𝑜𝑔 𝑍௖ ൌ  𝑙𝑜𝑔 
𝑍௧

߶
 

ETXaWLRQ 12 

WheUe ߶ LV Whe cRROLQg UaWe, Zc LV Whe Je]LRUQ\ UaWe WhaW haV beeQ cRUUecWed XVLQg Whe cRROLQg UaWe aQd ZW 

LV RbWaLQed fURP a gUaSh Rf ORg [-OQ (1 ± XW)] YV ORg (WLPe), WhLV LV dLVSOa\ed LQ FLgXUe 5.2.1. 
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FLgXUe 5.2.1 VhRZV a dRXbOe ORgaULWhPLc SORW accRUdLQg WR ORg [-OQ (1 ± XW)] YV ORg (WLPe). The AYUaPL 

e[SRQeQW Q aQd Whe AYUaPL UaWe K ZeUe deWeUPLQed fURP Whe VORSe aQd LQWeUceSW, UeVSecWLYeO\. The cXUYe 

VhRZV a OLQeaU UegLRQ aQd a fOaW UegLRQ. ThLV VXggeVWV WhaW a 2-VWage cU\VWaOOLVaWLRQ SURceVV LV SUeVeQW, 

ZheUeb\ Whe OLQeaU SRUWLRQ UeSUeVeQWV SULPaU\ cU\VWaOOLVaWLRQ aQd Whe fOaW UegLRQ UeSUeVeQWV VecRQdaU\ 

cU\VWaOOLVaWLRQ. ThLV WUeQd ZaV aOVR UeSRUWed b\ McFeUUaQ eW aO, ZheUe VSheUXOLWe LPSLQgePeQW VhRZed 

cU\VWaO gURZWh dXULQg VecRQdaU\ cU\VWaOOLVaWLRQ (93). The cRROLQg UaWeV XVed b\ McFeUUaQ eW aO ZeUe 

LdeQWLcaO WR Whe cRROLQg UaWeV XVed ZLWhLQ WhLV e[SeULPeQW. The ORZeVW aQd hLgheVW cRROLQg UaWeV ZeUe 5 

aQd 40 ℃/PLQ. IQWeUeVWLQgO\, FLgXUe 5.1.5 VhRZV WhaW aW ORZeU cRROLQg UaWeV Whe fOaW UegLRQ Rf Whe cXUYeV 

ZaV OaUgeU. ThLV VXggeVWV WhaW WheUe LV PRUe VecRQdaU\ cU\VWaOOLVaWLRQ, VLQce aW ORZeU cRROLQg UaWeV 

cU\VWaOOLVaWLRQ WaNeV SOace RYeU a ORQgeU SeULRd Rf WLPe. IW haV beeQ QRWed b\ VefZR\eQ eW aO, ZheQ 

VWXd\LQg Whe cU\VWaOOLVaWLRQ Rf PRO\eWh\OeQe TeUeShWhaOaWe WhaW VecRQdaU\ cU\VWaOOLVaWLRQ RccXUV ZheQ 

Whe SULPaU\ cU\VWaOOLVaWLRQ SURceVV LV aOPRVW cRPSOeWe. IQ WhLV ZRUN, aW YeU\ hLgh cRROLQg UaWeV (gUeaWeU 

WhaQ 10 K/V) QR cU\VWaOOLVaWLRQ ZaV RbVeUYed. AW ORZeU cRROLQg UaWeV ³gORbaO cU\VWaOOLQLW\´ ZaV dXe WR 

SULPaU\ cU\VWaOOLVaWLRQ. TheUefRUe, VecRQdaU\ cU\VWaOOLVaWLRQ caQ RccXU aW cRROLQg UaWeV ORZeU WhaQ 10 

K/V (126). IQ WhLV e[SeULPeQWaO ZRUN, SULPaU\ cU\VWaOOLVaWLRQ ZaV RbVeUYed beWZeeQ cRROLQg UaWeV Rf 5 

WR 40 ℃/PLQ. AccRUdLQg WR (126) VecRQdaU\ cU\VWaOOLVaWLRQ caQ RccXU RQce SULPaU\ cU\VWaOOLVaWLRQ LV 

cRPSOeWe. TheUefRUe, (126) VXggeVWV WhaW VecRQdaU\ cU\VWaOOLVaWLRQ caQ be SUeVeQW. N. McFeUUeQ eW aO 

RbWaLQ SaUaPeWeUV fRU QRQ-LVRWheUPaO VecRQdaU\ cU\VWaOOLVaWLRQ Rf PA-12 beWZeeQ 5 WR 40 ℃/PLQ 

dePRQVWUaWLQg WhaW VecRQdaU\ cU\VWaOOLVaWLRQ ZaV SUeVeQW (93).  

 

The ¶YUaPL SaUaPeWeUV fRU SULPaU\ cU\VWaOOLVaWLRQ ZeUe RbWaLQed beWZeeQ XW = 0.03 ± 0.70, Whe 

SaUaPeWeUV aUe dLVSOa\ed LQ TabOe 5.2.1. The dRXbOe ORgaULWhPLc SORW OLPLWed WR XW = 0.03 ± 0.70 LV 

dLVSOa\ed LQ FLgXUe 5.2.2. The daWa LQ TabOe 5.2.1 VhRZV WhaW Whe AYUaPL e[SRQeQW, Q, ZaV QRW aQ LQWegeU 

YaOXe aQd decUeaVed ZLWh LQcUeaVLQg cRROLQg UaWe. The AYUaPL e[SRQeQW UaQged fURP 4.42 WR 7.68 aQd 

Whe aYeUage Q YaOXe ZaV 6.03. ThLV LV cRQVLdeUabO\ OaUgeU WhaQ YaOXeV Rf Q RbWaLQed b\ LVRWheUPaO 

cU\VWaOOLVaWLRQ aQd LV dXe WR QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ beLQg a d\QaPLc SURceVV. A QRQ-LQWegUaO Q 

YaOXe gUeaWeU WhaQ 2 VXggeVWV Whe gURZWh Rf 3D VSheUXOLWeV LV fRUPed b\ aWheUPaO QXcOeaWLRQ (134). IQ 
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Je]LRUQ\¶V RULgLQaO ZRUN RQ SRO\(eWh\OeQe WeUeShWhaOaWe), Q LQcUeaVed ZLWh cRROLQg UaWe aQd UaQged fURP 

2.35 WR 2.65 fRU cRROLQg UaWeV beWZeeQ 8.5 aQd 17 K/PLQ. ThLV WUeQd ZaV dLUecWO\ UeOaWed WR Whe LQcUeaVLQg 

effecW Rf aWheUPaO QXcOeaWLRQ (134). MRUeRYeU, J. LL eW aO 124WXdLed Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ 

NLQeWLcV Rf a PA-6 aQd PXOWL-ZaOOed caUbRQ QaQRWXbe cRPSRVLWe PaWeULaOV. IW ZaV UeSRUWed WhaW Q ൎ 4 

dePRQVWUaWeV YeU\ cRPSOLcaWed cU\VWaOOLVaWLRQ PechaQLVPV, WhRXgh LW ZaV QRW UeSRUWed LQ ZhaW Za\ Whe 

PechaQLVP LV cRPSOLcaWed (135).  The WeUP ³YeU\ cRPSOLcaWed cU\VWaOOL]aWLRQ PechaQLVP´ Pa\ be XVed 

WR e[SOaLQ YaOXeV Rf Q gUeaWeU WhaQ 4, ZheUe LQ Whe RULgLQaO AYUaPL WheRU\ Q LV LQWegeU YaOXeV Rf 1, 2, 3 

aQd 4.   

 

The Je]LRUQ\ UaWe, Zc, VhRZed a deSeQdeQc\ ZLWh cRROLQg UaWe LQ WhaW Whe Je]LRUQ\ UaWe LQcUeaVed ZLWh 

cRROLQg UaWe. The Je]LRUQ\ UaWe, Zc, aW 5 aQd 40 ℃/PLQ ZeUe 0.294 aQd 1.134 PLQ-1. ThLV LV XQVXUSULVLQg 

VLQce Whe WLPe WaNeQ fRU cU\VWaOOLVaWLRQ decUeaVed aV Whe cRROLQg UaWe LQcUeaVed. LLNeZLVe, Whe 

cU\VWaOOLVaWLRQ haOf-WLPe, e[WUaSROaWed aW Xc = 0.5, decUeaVed aV Whe cRROLQg UaWe LQcUeaVed. N. McFeUUaQ 

aW aO aOVR UeSRUWed a VLPLOaU WUeQd (93).  

 

FRU Whe SULPaU\ cU\VWaOOLVaWLRQ SURceVV, Whe R2 YaOXeV ZeUe LQ e[ceVV Rf > 0.99. ThLV MXVWLfLeV Whe AYUaPL 

e[SRQeQW aQd UaWe PRdLfLed b\ Je]LRUQ\ VhRZLQg cRQfLdeQce LQ Whe daWa RbWaLQed. TheUefRUe, Whe AYUaPL 

PRdeO PRdLfLed b\ Je]LRUQ\ adeTXaWeO\ deVcULbed Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.  
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FLgXUe 5.2.1 ± UQOLPLWed AYUaPL SORW fRU PA-12 cU\VWaOOLVed LQ QRQ-LVRWheUPaO cRQdLWLRQV. 

 

 

FLgXUe 5.2.2 ± LLPLWed AYUaPL SORW (beWZeeQ XW = 0.03 ± 0.70) fRU PA-12 cU\VWaOOLVed LQ QRQ-

LVRWheUPaO cRQdLWLRQV. 
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TabOe 5.2.1 ± The AYUaPL SaUaPeWeUV, PRdLfLed b\ Je]LRUQ\, VhRZLQg Whe cU\VWaOOLVaWLRQ haOf-WLPe 

(deWeUPLQed fURP Xc = 0.5), W0.5, Whe AYUaPL e[SRQeQW, Q, AYUaPL UaWe, ZW, Whe UaWe PRdLfLed b\ 

Je]LRUQ\, Zc, aQd R2, aV a fXQcWLRQ Rf cRROLQg UaWe. 

Cooling rate 

[℃/min] 

t0.5 

[min] 

n 

  

lnZt 

  

Kt 

 [min-1] 

lnZc 

  

Zc 

 [min-1] 

R2 

  

5 2.08 7.86 -6.13 0.00 -1.225 0.294 0.9957 

10 1.38 8.29 -3.02 0.05 -0.302 0.740 0.9938 

15 0.65 4.81 1.69 5.42 0.113 1.119 0.9937 

20 0.62 6.10 2.64 14.07 0.132 1.141 0.9958 

25 0.42 4.50 3.34 28.33 0.134 1.143 0.9985 

30 0.41 4.42 3.59 36.21 0.120 1.127 0.9985 

35 0.48 6.33 4.94 140.33 0.141 1.152 0.9937 

40 0.38 5.91 5.03 153.55 0.126 1.134 0.995 

 

IW haV beeQ PeQWLRQed LQ ChaSWeU 4 WhaW PA-12 e[hLbLWV VecRQdaU\ cU\VWaOOLVaWLRQ LQ LVRWheUPaO 

cU\VWaOOLVaWLRQ, WhLV ZaV aOVR RbVeUYed LQ QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ aQd ZaV dePRQVWUaWed b\ Whe 

fOaW UegLRQ LQ FLgXUe 5.2.1. The SaUaPeWeUV Rf Q2, Zc,2 aQd R2 ZeUe deWeUPLQed ZLWhLQ Whe UegLRQ Rf XW = 

0.95 ± 0.98, WheVe aUe dLVSOa\ed LQ TabOe 5.2.2. The AYUaPL e[SRQeQW UaQged beWZeeQ 1 ± 2, WhLV ZaV 

VLgQLfLcaQWO\ VPaOOeU WhaQ Whe AYUaPL e[SRQeQW RbWaLQed fRU SULPaU\ cU\VWaOOLVaWLRQ. The ORZ YaOXeV Rf 

AYUaPL e[SRQeQW ZaV dXe WR VSheUXOLWe LPSLQgePeQW ZheUe Whe VSheUXOLWe gURZWh WUaQVfRUPV LQWR RQe 

dLPeQVLRQ VSace e[WeQVLRQ. The UaWe Zc2 ZaV aOVR VPaOOeU WhaQ WhaW RbWaLQed fRU SULPaU\ cU\VWaOOLVaWLRQ 

aQd ZaV agaLQ dXe WR VSheUXOLWe LPSLQgePeQW caXVLQg Whe fXUWheU UaWe Rf cU\VWaOOLVaWLRQ WR decUeaVe. The 

R2 YaOXeV UaQged fURP 0.9968 ± 1, VhRZLQg WhaW Whe daWa ZaV LQ gRRd agUeePeQW ZLWh a OLQeaU WUeQdOLQe.  
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OYeUaOO, Whe Je]LRUQ\-PRdLfLed AYUaPL PRdeO ZaV VXcceVVfXO LQ deVcULbLQg Whe cU\VWaOOLVaWLRQ NLQeWLcV 

Rf PA-12. A cOeaU dLVWLQcWLRQ beWZeeQ Whe SULPaU\ aQd VecRQdaU\ cU\VWaOOLVaWLRQ SURceVV ZaV RbVeUYed. 

The UaWe SaUaPeWeUV ZeUe WePSeUaWXUe deSeQdaQW aQd YaOXeV Rf Q ZeUe LQ Whe SULPaU\ cU\VWaOOLVaWLRQ 

VWage ZeUe OaUgeU WhaQ Whe VecRQdaU\ cU\VWaOOLVaWLRQ VWage.  

 

TabOe 5.2.2 ± TabOe Rf AYUaPL SaUaPeWeUV, PRdLfLed b\ Je]LRUQ\ fRU Whe VecRQdaU\ cU\VWaOOLVaWLRQ Rf 

PA-12, VhRZLQg Whe AYUaPL e[SRQeQW, Q, AYUaPL UaWe, ZW, Whe UaWe PRdLfLed b\ Je]LRUQ\, Zc, aQd R2, aV 

a fXQcWLRQ Rf cRROLQg UaWe. 

Cooling rate 

[℃/min] n2 lnZt,2 
Zt,2 

[min-1] 
lnZc2 

Zc2 

[min-1] 
R2 

5 1.21 -0.71 0.49 -0.142 0.868 0.9948 

10 1.09 0.18 1.20 0.018 1.019 0.9985 

15 0.95 0.78 2.17 0.052 1.053 0.9979 

20 1.32 1.22 3.39 0.061 1.063 0.9988 

25 1.43 1.67 5.30 0.067 1.069 0.9968 

30 1.25 1.56 4.74 0.052 1.053 0.9992 

35 2.40 2.03 7.59 0.058 1.060 1 

40 1.90 2.07 7.93 0.052 1.053 0.9974 

 

5.3 Ca]e model  
 

The Ca]e PeWhRd deWeUPLQeV aQ aYeUage AYUaPL e[SRQeQW, QaYeUage, RYeU a UaQge Rf QRQ-LVRWheUPaO 

cU\VWaOOLVaWLRQ cRQdLWLRQV. The Ca]e PeWhRd hRZeYeU dReV QRW aSSO\ ZheQ Whe PaWUL[ LV UeLQfRUced ZLWh 

aQ effLcLeQW QXcOeaWLQg ageQW (137). The aYeUage AYUaPL e[SRQeQW LV RbWaLQed SORWWLQg a gUaSh Rf 
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WePSeUaWXUe YV ORg cRROLQg UaWe fRU Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe (Tc,RQVeW), SeaN cU\VWaOOLVaWLRQ 

WePSeUaWXUe (Tc,SeaN) aQd eQd cU\VWaOOLVaWLRQ WePSeUaWXUe (Tc,eQd). AccRUdLQg WR Whe Ca]e PRdeO, Whe 

cU\VWaOOLVaWLRQ WePSeUaWXUeV VhRXOd YaU\ OLQeaUO\ ZLWh cRROLQg UaWe.  

 

 

FLgXUe 5.3.1 ± GUaShV Rf Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe (Tc, RQ), SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe 

(Tc, SeaN), aQd eQd cU\VWaOOLVaWLRQ WePSeUaWXUe (Tc,Rff) aV a fXQcWLRQ Rf cRROLQg UaWe.  

 

FLgXUe 5.3.1 VhRZV Whe WePSeUaWXUe YV cRROLQg UaWe fRU TC,RQVeW, TC, SeaN aQd TC, eQd. Each cXUYe VhRZV a 

QegaWLYe cRUUeOaWLRQ, ZheUe TC,RQVeW, TC, SeaN aQd TC, eQd decUeaVed aV cRROLQg UaWe LQcUeaVed. The TC,RQVeW, 

TC, SeaN aQd TC, eQd aW 5 ℃/PLQ ZeUe 163.00, 152.79 aQd 115.71 ℃, UeVSecWLYeO\. AW 40 ℃/PLQ TC,RQVeW, TC, 

SeaN aQd TC, eQd ZeUe 152.67, 138.67 aQd 112.67 ℃, UeVSecWLYeO\.  

 

 

100

120

140

160

180

0.5 1 1.5 2

T
em

pe
ra

tu
re

 [
℃

]

log(cooling rate) [℃ /min]

Tc (on)

Tc (peak)

Tc (end)



129 
 

FURP Whe gUaSh LQ FLgXUe 5.3.1 Whe cRQVWaQWV A, BL, BLL ZeUe RbWaLQed fURP Whe gUadLeQW aQd LQWeUceSW 

YaOXeV; A = - 14.93, BL = 171.44 aQd BLL = 166.34. TheVe aUe dLVSOa\ed LQ TabOe 5.5.1. AV VXch QaYeUage 

ZaV deWeUPLQed b\:  

 

𝑛௔ ൌ  
𝑇஼,௣௘௔௞ሺ𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡ሻ ൈ ln 3 െ √5

3 ൅ √5
𝐵௜ െ 𝐵௜௜

 

ETXaWLRQ 13 

UVLQg Whe cRQVWaQWV, QaYeUage = 5.64. FRU a PRUe deWaLOed PeWhRd RQ hRZ A, BL, BLL aQd QaYeUage aUe deULYed, 

Vee OLWeUaWXUe (137). ThLV ZaV hLgheU WhaQ WhaW RbWaLQed b\ LLX eW aO ZheUe QaYeUage = 1.96 fRU Q\ORQ-12,12 

aQd McFeUUaQ eW aO ZheUe QaYeUage = 0.292 fRU PA-12 (93,129). IQWeUeVWLQgO\, McFeUUaQ eW aO cRPPeQW RQ 

Whe OLPLWaWLRQV RQ Whe Ca]e PRdeO. AVLde fURP dLVcRXQWLQg VecRQdaU\ cU\VWaOOLVaWLRQ, Whe SaUaPeWeU TC, 

eQd LV VXbMecWLYe ZhLch PaNeV LW dLffLcXOW WR aVVLgQ. MRUeRYeU, Whe VecRQdaU\ cU\VWaOOLVaWLRQ SURceVV 

RccXUV RYeU a ORQgeU SeULRd Rf WLPe ZhLch caQ decUeaVe TC,eQd aQd Oead WR LQaccXUaWe eVWLPaWLRQV. 

AddLWLRQaOO\, ZheUe a ORZeU YaOXe Rf Tc,eQd LV UecRUded, Whe YaOXe Rf QaYeUage decUeaVeV.  

 

The Ca]e PRdeO SURdXced QaYeUage = 5.64. ThLV cRUUeOaWeV ZLWh Whe AYUaPL PRdeO b\ Je]LRUQ\, ZheUe 

UeOaWLYeO\ hLgh YaOXeV Rf Q ZeUe RbWaLQed. IQ RWheU ZRUN XVLQg Whe AYUaPL PRdeO PRdLfLed b\ Je]LRUQ\, 

LW ZaV UeSRUWed WhaW Q ൎ 4 dePRQVWUaWeV YeU\ cRPSOLcaWed cU\VWaOOLVaWLRQ PechaQLVPV (135).  The WeUP 

³YeU\ cRPSOLcaWed cU\VWaOOL]aWLRQ PechaQLVP´ Pa\ be XVed WR e[SOaLQ YaOXeV Rf QRQ-LQWegeU Q gUeaWeU 

WhaQ 4, ZheUe LQ Whe RULgLQaO AYUaPL PRdeO Q LV LQWegeU YaOXeV Rf 1, 2, 3 aQd 4.   
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TabOe 5.3.1 ± ShRZLQg Whe gUadLeQW aQd LQWeUceSW Rf a gUaSh Rf TC,RQVeW, TC, SeaN aQd TC, eQd YV ORg(cRROLQg 

UaWe).  

  Gradient  Intercept  

TC, onset -12.332 171.44 

TC, peak -14.934 163.2 

TC, end -33.722 166.34 

 

5.4 DiscXssion of the non-isothermal cr\stallisation kinetics of PA-12 

  

The aLP Rf WhLV chaSWeU ZaV WR eYaOXaWe Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ aQd Whe QRQ-LVRWheUPaO 

cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12. The QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ ZaV cRQVLdeUed becaXVe MJF LV aQ 

LQdXVWULaO SURceVV aQd cU\VWaOOLVaWLRQ Rf PA-12 LV e[SecWed WR be bRWh LVRWheUPaO aQd QRQ-LVRWheUPaO. 

ThLV SURYLdeV a gUeaWeU XQdeUVWaQdLQg Rf Whe cRROLQg PechaQLVPV WhaW aUe e[SeULeQced LQ Whe SRZdeU 

bed.  

NRQ-LVRWheUPaO cU\VWaOOLVaWLRQ Rf PA-12 ZaV eYaOXaWed b\ RbVeUYLQg Whe cU\VWaOOLVaWLRQ behaYLRXU Rf 

PA-12 aW dLffeUeQW cRROLQg UaWeV. The cRROLQg UaWe had a VLgQLfLcaQW LQfOXeQce RQ PA-12 LQ WhaW aV Whe 

cRROLQg UaWe LQcUeaVed, Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR ORZeU WePSeUaWXUeV. FRU e[aPSOe, 

Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe aW 5 aQd 40 ℃/PLQ ZaV 152.8 ℃ aQd 138.7 ℃, UeVSecWLYeO\. 

AddLWLRQaOO\, Whe RQVeW Rf cU\VWaOOLVaWLRQ aQd Whe eQd cU\VWaOOLVaWLRQ WePSeUaWXUeV aOVR VhLfWed WR ORZeU 

WePSeUaWXUeV. AW ORZeU cRROLQg UaWeV, Whe WLPe WaNeQ WR Ueach Whe eQd Rf cU\VWaOOLVaWLRQ LQcUeaVed. ThLV 

ZaV dXe WR Whe WePSeUaWXUe deSeQdeQce Rf cU\VWaOOLVaWLRQ, ZheUe Whe VaPSOe haV PRUe WLPe WR cU\VWaOOLVe 

aOORZLQg cU\VWaOOLVaWLRQ WR RccXU aW hLgheU WePSeUaWXUeV.  

A UaQge Rf QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ PRdeOV ZeUe VeOecWed WR aQaO\Ve Whe QRQ-LVRWheUPaO 

cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12. TheVe LQcOXded Whe Je]LRUQ\-PRdLfLed AYUaPL PRdeO aQd Whe Ca]e 

PRdeO. The PRdeOV ZeUe VeOecWed becaXVe Whe\ XVe dLffeUeQW PeWhRdV WR RbWaLQ LQfRUPaWLRQ RQ Whe QRQ-
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LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV. The Je]LRUQ\-PRdLfLed AYUaPL PRdeO ZaV VeOecWed VLQce LW OaUgeO\ 

UeSOLcaWed Whe AYUaPL PRdeO aQd SURdXced aQ AYUaPL e[SRQeQW aQd UaWe cRQVWaQW. The Je]LRUQ\-

PRdLfLed AYUaPL PRdeO SURdXced OaUge Q YaOXeV UaQgLQg fURP 4.42 WR 7.68, VXggeVWLQg 3D VSheUXOLWLc 

gURZWh. The aYeUage Q ZaV 6.03. The OaUge Q YaOXeV ZeUe a UeVXOW Rf QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ beLQg 

a d\QaPLc SURceVV. The UaWe cRQVWaQW ZaV PRdLfLed WR accRXQW fRU Whe cRQVWaQW cRROLQg UaWe. The Je]LRQU\ 

UaWe cRQVWaQW LQcUeaVed aV Whe cRROLQg UaWe LQcUeaVed LQdLcaWLQg WhaW QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ ZaV 

TXLcNeU aV Whe cRROLQg UaWe LQcUeaVed.  

The Ca]e PRdeO ZaV XVed WR deWeUPLQe Whe aYeUage AYUaPL e[SRQeQW b\ SORWWLQg a gUaSh Rf Whe RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe, SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe aQd eQd cU\VWaOOLVaWLRQ WePSeUaWXUe agaLQVW 

Whe ORgaULWhP Rf Whe cRROLQg UaWe.  ThLV PRdeO SURYLded a TXLcN Za\ WR deWeUPLQe aQ aYeUage AYUaPL 

SaUaPeWeU acURVV a OaUge UaQge Rf cRROLQg UaWeV. AQ aYeUage AYUaPL e[SRQeQW Rf 5.64 ZaV RbWaLQed. ThLV 

ZaV VLPLOaU WR Whe aYeUage AYUaPL e[SRQeQW RbWaLQed XVLQg Whe Je]LRUQ\-PRdLfLed AYUaPL PRdeO. 

HRZeYeU, Whe dLVadYaQWage ZLWh Whe Ca]e PRdeO LV WhaW LW RQO\ SURYLdeV LQfRUPaWLRQ RQ Whe AYUaPL 

e[SRQeQW aQd dReV QRW SURYLde addLWLRQaO LQfRUPaWLRQ RQ Whe UaWe cRQVWaQW. OYeUaOO, Whe Je]LRUQ\-

PRdLfLed AYUaPL PRdeO SURYLded a gUeaWeU LQVLghW LQWR Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12. 
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CHAPTER 6 ± CHARACTERISATION OF POLYAMIDE-12 BLENDS 

 

The aLP Rf WhLV ZRUN ZaV WR eYaOXaWe Whe effecW Rf Whe FA, DA aQd WheLU chePLcaO cRQVWLWXeQWV RQ Whe 

WheUPaO SURSeUWLeV aQd chePLcaO SURSeUWLeV Rf PA-12. BOeQdV Rf PA-12 aQd FA, DA, CB, ZaWeU, 2-PYR 

aQd 2-PYR/ZaWeU ZeUe cUeaWed. The WheUPaO SURSeUWLeV Rf Whe bOeQdV ZeUe eYaOXaWed aQd cRPSaUed WR 

PA-12. ThLV aOORZed Whe effecW Rf Whe FA, DA aQd WheLU chePLcaO cRQVWLWXeQWV RQ Whe WheUPaO aQd 

chePLcaO SURSeUWLeV Rf PA-12 WR be VWXdLed. IQ MJF, Whe ageQWV aUe MeWWed RQ WR Whe VXUface Rf PA-12 

dXULQg PaQXfacWXUe aQd SeQeWUaWe Whe Oa\eU Rf PA-12. TheUefRUe, Whe ageQWV caQ LQfOXeQce Whe WheUPaO 

SURSeUWLeV Rf PA-12 b\ affecWLQg Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU b\ WheLU LQWeUacWLRQ ZLWh 

PA-12.  

The chePLcaO SURSeUWLeV ZeUe aVVeVVed XVLQg FTIR, ZheUe Whe VSecWUa Rf Whe bOeQdV ZeUe cRPSaUed WR 

PA-12 b\ LdeQWLf\LQg Whe fXQcWLRQaO gURXSV. FTIR ZaV XVed WR deWeUPLQe Lf Whe ageQWV ZeUe SUeVeQW LQ 

Whe PA-12 SRZdeU bOeQdV aQd hRZ Whe ageQWV aQd WheLU chePLcaO cRQVWLWXeQWV LQWeUacWed ZLWh PA-12. 

AddLWLRQaOO\, Whe DSC VaPSOeV ZeUe e[WUacWed aQd aVVeVVed XVLQg FTIR.  

The PRUShRORg\ Rf PA-12 aQd PA-12 bOeQdV ZaV aQaO\Ved XVLQg RSWLcaO PLcURVcRS\. ThLV ZaV XVed WR 

deWeUPLQe hRZ Whe ageQWV aQd WheLU chePLcaO cRQVWLWXeQWV affecWed Whe VSheUXOLWe VL]e Rf PA-12.  

The XVe Rf DSC, FTIR aQd RSWLcaO PLcURVcRS\ SURYLded aQ XQdeUVWaQdLQg LQWR ZhaW PaNeV MJF XQLTXe 

LQ cRPSaULVRQ WR RWheU AM WechQLTXeV. 

 

6.1 VisXal inspection of PA-12 blends 
 

The cRORXU Rf PA-12 SRZdeU XVed LQ MJF LV ZhLWe, hRZeYeU LW haV beeQ UeSRUWed WhaW Whe cRORXU Rf 

cRPSRQeQWV PaQXfacWXUed b\ MJF LV gUe\/bOacN. IW LV WhRXghW WhaW Whe gUe\/bOacN cRORXU Rf Whe 

cRPSRQeQWV LV fURP Whe caUbRQ bOacN ZLWhLQ Whe FA (58). The FA haV beeQ UeSRUWed WR cRQWaLQ ~ 5 % 

caUbRQ bOacN (75). IQ RUdeU WR LQYeVWLgaWe Whe effecW Rf Whe ageQWV RQ Whe cRORXU Rf PA-12, Whe bOeQdV 
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ZeUe YLVXaOO\ e[aPLQed aQd aQ\ chaQgeV LQ cRORXU fURP Whe addLWLRQ Rf Whe FA, DA, caUbRQ bOacN, ZaWeU, 

2-PYR aQd 2-PYR/ZaWeU ZeUe UeSRUWed.  

 

IQ Whe PA-12/FA bOeQdV, Whe OLTXLd FA ZaV deSRVLWed RQWR PA-12 SRZdeU, fROORZLQg a VLPLOaU SURcedXUe 

WR MJF. The cRORXU Rf Whe PA-12/FA bOeQdV LV dLVSOa\ed LQ FLgXUe 6.1.1. The addLWLRQ Rf Whe FA had a 

VLgQLfLcaQW effecW RQ Whe cRORXU Rf PA-12 SRZdeU. AV Whe cRPSRVLWLRQ Rf FA LQcUeaVed, Whe cRORXU Rf Whe 

SRZdeU chaQged fURP ZhLWe WR gUe\ WR bOacN, WhLV ZaV dXe WR Whe gUeaWeU cRQWeQW Rf FA (aQd cRQVeTXeQWO\ 

caUbRQ bOacN) SUeVeQW ZLWhLQ Whe bOeQd. ThLV VhRZV WhaW Whe daUNeU cRORXU Rf MJF cRPSRQeQWV LV a UeVXOW 

Rf Whe addLWLRQ Rf Whe FA. SLQce cRORXU SLgPeQWaWLRQ LQcUeaVed aV Whe cRQWeQW Rf FA LQcUeaVed, Whe cRORXU 

Rf Whe SRZdeU RU Rf a MJF cRPSRQeQW cRXOd LQdLcaWe Whe cRPSRVLWLRQ Rf FA XVed ZLWhLQ Whe bXLOd 

SURceVV.  

 

 

FLgXUe 6.1.1: PA-12/FA bOeQdV (OefW WR ULghW) 1, 5, 10 aQd 20 ZW.% FA.  
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IQ Whe PA-12/DA bOeQdV, Whe OLTXLd DA ZaV deSRVLWed RQWR PA-12 SRZdeU, fROORZLQg a VLPLOaU SURcedXUe 

WR MJF. The cRORXU Rf Whe SRZdeU dLd QRW chaQge ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf DA aQd aOO VaPSOeV 

aSSeaUed ZhLWe.  

 

IQ Whe PA-12/ZaWeU bOeQdV, ZaWeU ZaV deSRVLWed LQWR PA-12 SRZdeU. The cRORXU Rf Whe bOeQdV dLd QRW 

chaQge ZLWh LQcUeaVLQg cRQWeQW Rf ZaWeU aQd Whe VaPSOeV aSSeaUed ZhLWe.  

 

IQ Whe PA-12/CB bOeQdV, Whe caUbRQ bOacN ZaV UecRYeUed fURP Whe FA aQd dLVSeUVed ZLWhLQ Whe SRO\PeU 

PaWUL[ LQ Whe fRUP Rf VROLd SaUWLcOeV. The cRORXU Rf Whe SRZdeU aSSeaUed ZhLWe, ZhLOe caUbRQ bOacN ZaV 

YLVLbOe ZLWhLQ Whe bOeQd aV LQdLYLdXaO bOacN SaUWLcOeV. AV Whe cRPSRVLWLRQ Rf caUbRQ bOacN LQcUeaVed, Whe 

TXaQWLW\ Rf bOacN SaUWLcOeV YLVLbOe ZLWhLQ Whe bOeQd LQcUeaVed. ThLV ZaV dXe WR Whe gUeaWeU TXaQWLW\ Rf 

caUbRQ bOacN SUeVeQW ZLWhLQ Whe VaPSOe.  

 

IQ Whe PA-12/2-PYR bOeQdV, 2-PYR ZaV added LQ accRUdaQce ZLWh Whe cRPSRVLWLRQ Rf 2-PYR LQ Whe FA 

aQd DA bOeQdV. The cRORXU Rf Whe bOeQd dLd QRW chaQge ZLWh cRPSRVLWLRQ Rf 2-PYR aQd Whe VaPSOeV 

aSSeaUed ZhLWe. 

 

IQ Whe PA-12/2PYR/ZaWeU bOeQdV, 2-PYR aQd ZaWeU ZaV added LQ accRUdaQce ZLWh Whe TXaQWLW\ Rf 2-

PYR aQd ZaWeU fRXQd LQ Whe FA aQd DA. IQ Whe bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA aQd 

DA, Whe cRORXU Rf Whe bOeQdV dLd QRW chaQge ZLWh LQcUeaVLQg cRQWeQW Rf 2-PYR aQd ZaWeU, aQd Whe SRZdeU 

VaPSOeV aSSeaUed ZhLWe.  

 

OYeUaOO, Whe FA had a VLgQLfLcaQW effecW RQ Whe cRORXU Rf PA-12 bOeQdV, ZheUe Whe FA cRaWed Whe SRZdeU 

LQ a gUe\/bOacN cRORXU. IQ Whe PA-12/CB bOeQdV, Whe UecRYeUed caUbRQ bOacN dLd QRW chaQge Whe cRORXU 
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Rf Whe SRZdeU, hRZeYeU, ZaV UeWaLQed LQ Whe SRZdeU aQd ZaV YLVLbOe aV LQdeSeQdeQW bOacN SaUWLcOeV. 

MeaQZhLOe, VROYeQWV VXch aV a 2-PYR aQd ZaWeU dLd QRW haYe aQ effecW RQ Whe cRORXU Rf PA-12. ThLV 

ZaV cRQVLVWeQW ZLWh Whe cRORXU Rf Whe PA-12/DA bOeQd ZhLch dReV QRW cRQWaLQ caUbRQ bOacN.  

 

6.2 Thermal characterisation of PA-12 blends Xsing differential scanning calorimetr\ 
 

The FA aQd Whe DA haYe a VLgQLfLcaQW UROe LQ MJF, ZheUe Whe FA facLOLWaWeV SaUWLcOe fXVLRQ LQ ORcaOLVed 

aUeaV Rf Whe SRZdeU bed VXUface b\ abVRUbLQg IR UadLaWLRQ, aQd Whe DA SURYLdeV aQ eYaSRUaWLYe cRROLQg 

effecW WR ORZeU Whe WePSeUaWXUe Rf Whe bXLOd PaWeULaO WR SUeYeQW WheUPaO bOeedLQg (31). DeVSLWe haYLQg 

YeU\ dLffeUeQW UROeV LQ Whe PaQXfacWXULQg SURceVV Whe FA aQd DA aUe OaUgeO\ Pade XS Rf Whe VaPe 

chePLcaOV (75). A PaMRU dLffeUeQce beWZeeQ Whe ageQWV LV Whe TXaQWLW\ Rf each chePLcaO SUeVeQW aV ZeOO 

aV Whe addLWLRQ Rf caUbRQ bOacN LQ Whe FA. BRWh ageQWV aUe MeWWed RQWR Whe SRZdeU bed VXUface dXULQg 

cRPSRQeQW fabULcaWLRQ aQd Whe PA-12, FA aQd DA aUe e[SRVed WR aQ IR OaPS ZhLch heaWV Whe SRZdeU 

bed VXUface. 

 

The aLP Rf WhLV ZRUN LV WR eYaOXaWe Whe effecW Rf Whe FA aQd DA, aQd WheLU cRQVWLWXeQW cRPSRQeQWV RQ 

Whe WheUPaO SURSeUWLeV VXch aV PeOWLQg aQd UecU\VWaOOLVaWLRQ Rf PA-12. ThLV ZaV achLeYed b\ cUeaWLQg 

bOeQdV Rf PA-12/FA aQd PA-12/DA aW YaU\LQg cRPSRVLWLRQV Rf FA aQd DA.  The FA aQd DA ZeUe 

decRQVWUXcWed LQWR WheLU Ne\ cRPSRQeQWV accRUdLQg WR Whe HP SafeW\ DaWa SheeW aQd addLWLRQaO bOeQdV 

ZeUe cUeaWed, LQcOXdLQg PA-12/caUbRQ bOacN (CB), PA-12/ZaWeU, PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU. 

FXUWheU deWaLOV RQ Whe bOeQd SUeSaUaWLRQ caQ be fRXQd LQ ChaSWeU 2.2. HeUeLQ, Whe PeOWLQg aQd 

UecU\VWaOOLVaWLRQ behaYLRXU Rf heaW 1 aQd cRRO 1 aUe dLVcXVVed, XQOeVV RWheUZLVe VWaWed.  
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6.2.1 Melting behaYioXr of pol\amide-12 blends 
 

The PeOWLQg behaYLRXU Rf PA-12 SRZdeU fURP baWch 1 aQd baWch 2 ZeUe VLPLOaU, aV VhRZQ LQ ChaSWeU 

3.1. HRZeYeU, Whe degUee Rf cU\VWaOOLQLW\ ZaV gUeaWeU LQ baWch 1, ZheQ cRPSaUed WR baWch 2. SLQce Whe 

PA-12/FA, PA-12/DA, PA-12/ZaWeU aQd PA-12/CB bOeQdV ZeUe cUeaWed fURP SRZdeU fURP baWch 1, Whe 

PeOWLQg behaYLRXU Rf PA-12 (baWch 1) ZaV XVed aV a baVLV fRU cRPSaULVRQ WR eYaOXaWe Whe effecW Rf Whe 

ageQWV RQ Whe WheUPaO behaYLRXU Rf PA-12. The VaPe SURcedXUe ZaV fROORZed fRU Whe PA-12/2-PYR aQd 

PA-12/2-PYR/ZaWeU bOeQdV, ZhLch ZeUe cUeaWed fURP PA-12 SRZdeU (baWch 2).  

 

The bOeQdV ZeUe heaWed aW a cRQWUROOed UaWe Rf 10 ℃/PLQ fURP 25 – 220 ℃, ZheUe Whe\ ZeUe VWRUed aW 

aQ XSSeU LVRWheUP Rf 220 ℃ fRU 5 PLQXWeV. The PeOWLQg SeaN ZaV eYaOXaWed fURP ZhLch Whe RQVeW 

PeOWLQg WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe, OaVW WUace Rf cU\VWaOOLQLW\, eQWhaOS\ Rf fXVLRQ aQd degUee 

Rf cU\VWaOOLQLW\ ZeUe UecRUded. ThLV daWa LV dLVSOa\ed LQ TabOe 6.2.2 aQd FLgXUe 6.2.1. 

 

IQ Whe PA-12/FA bOeQdV, Whe FA had a VLgQLfLcaQW effecW RQ Whe PeOWLQg behaYLRXU Rf PA-12, LQ WhaW a 

deSUeVVLRQ Tg aQd SeaN PeOWLQg WePSeUaWXUe ZeUe RbVeUYed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf FA. The Tg 

Rf 1, 5, 10 aQd 20 ZW.% FA bOeQdV ZeUe 43.2, 38.2, 35.6, aQd 34.4 ℃, UeVSecWLYeO\. The SeaN PeOWLQg 

WePSeUaWXUe Rf 1, 5, 10 aQd 20 ZW.% FA bOeQdV ZeUe 185.5, 183.2, 179.8, 173.8 ℃, UeVSecWLYeO\. A SeaN 

PeOWLQg WePSeUaWXUe decUeaVe Rf XS WR 13 ℃ ZaV UecRUded, ZheQ cRPSaUed WR Whe SeaN PeOWLQg 

WePSeUaWXUe Rf PA-12 SRZdeU (TM = 187 ℃). FXUWheUPRUe, Whe RQVeW PeOWLQg WePSeUaWXUe aQd OaVW WUace 

Rf cU\VWaOOLQLW\ ZeUe affecWed b\ Whe SUeVeQce Rf Whe FA aQd VhLfWed WR ORZeU WePSeUaWXUeV aV Whe 

cRPSRVLWLRQ Rf Whe FA LQcUeaVed. ThLV VXggeVWV Whe FA ZaV acWLQg aV a SOaVWLcLVeU b\ VhLfWLQg Whe Tg WR 

ORZeU WePSeUaWXUeV aQd SURPRWed PeOWLQg Rf Whe cU\VWaOOLQe UegLRQV. The SUeVeQce Rf gUaShLWLc caUbRQ 

LQ Whe FA haV beeQ VhRZQ WR ³SURPRWe hLgheU heaWLQg Rf SRZdeUV´ WhaW haYe beeQ e[SRVed WR Whe FA 

dXe WR Whe ³V\PSaWheWLc YLbUaWLRQ Rf Whe caUbRQ aWRPV WhaW cRQYeUW LQcLdeQW LQfUaUed ePLVVLRQ LQWR heaW 
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eQeUg\´ (58). MRUeRYeU, Whe eQWhaOS\ Rf fXVLRQ, aQd cRQVeTXeQWO\ degUee Rf cU\VWaOOLQLW\, LQcUeaVed aV 

Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed VhRZLQg eYLdeQce Rf SRVW-cU\VWaOOLVaWLRQ.  

 

The PeOWLQg UegLRQ ZaV deWeUPLQed b\ caOcXOaWLQg Whe dLffeUeQce beWZeeQ Whe OaVW WUace Rf cU\VWaOOLQLW\ 

aQd Whe RQVeW PeOWLQg WePSeUaWXUe Rf Whe bOeQd. The FA had a VLgQLfLcaQW effecW RQ Whe PeOWLQg UegLRQ LQ 

WhaW Whe PeOWLQg UegLRQ LQcUeaVed aV Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed. The PeOWLQg UegLRQ fRU Whe 1, 

5, 10 aQd 20 ZW.% FA ZaV 28.3, 29.7, 34.4 aQd 41.6 ℃, UeVSecWLYeO\. ThLV ZaV accRPSaQLed b\ a chaQge 

LQ VhaSe aQd SRVLWLRQ Rf Whe PeOWLQg eQdRWheUP ZLWh Whe addLWLRQ Rf FA, LQ WhaW Whe eQdRWheUPLc PeOWLQg 

SeaN becaPe LQcUeaVLQgO\ bURad aV Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed. SLQce Whe PeOWLQg UegLRQ 

LQcUeaVed aQd VhLfWed WR ORZeU WePSeUaWXUeV, Whe SeaN PeOWLQg WePSeUaWXUe aOVR decUeaVed. ThLV VXggeVWV 

WhaW Whe OaPeOOaU ZeUe OeVV WheUPRd\QaPLcaOO\ VWabOe b\ Whe addLWLRQ Rf Whe FA aQd WhLV SURPRWed 

PeOWLQg Rf Whe cU\VWaOOLQe ShaVe. ThLV dePRQVWUaWed WhaW Whe FA PRdeUaWed Whe PeOWLQg behaYLRXU Rf Whe 

PA-12 SRZdeU.  

 

OQ heaW 2, a deSUeVVLRQ LQ SeaN PeOWLQg WePSeUaWXUe ZaV aOVR RbVeUYed. ThLV VXggeVWed WhaW Whe 

cRPSRQeQWV ZLWhLQ Whe FA ZeUe UeWaLQed ZLWhLQ Whe SRO\PeU aQd SeUPaQeQWO\ affecWed Whe PeOWLQg 

behaYLRXU Rf PA-12. AddLWLRQaOO\, Whe PeOWLQg behaYLRXU dLVSOa\ed a dRXbOe PeOWLQg SeaN. ThLV ZaV dXe 

WR PeOW-UecU\VWaOOLVaWLRQ aQd UeRUgaQLVaWLRQ Rf SRO\PeU chaLQV RQ heaWLQg (99). 

 

IQ Whe PA-12/DA bOeQdV, Whe DA had a VLgQLfLcaQW effecW RQ Whe PeOWLQg behaYLRXU Rf PA-12, LQ WhaW a 

deSUeVVLRQ LQ Tg aQd SeaN PeOWLQg WePSeUaWXUe ZeUe RbVeUYed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf Whe DA. 

The Tg Rf 1, 5, 10 aQd 20 ZW.% DA bOeQdV ZeUe 48.4, 43.2, 41.1 aQd 38.5 ℃, UeVSecWLYeO\. The SeaN 

PeOWLQg WePSeUaWXUe Rf 1, 5, 10 aQd 20 ZW.% DA bOeQdV ZeUe 187.3, 185.0, 182.5 aQd 179.0  ℃, 

UeVSecWLYeO\. The e[WeQW Rf Whe SeaN PeOWLQg WePSeUaWXUe deSUeVVLRQ RbVeUYed LQ Whe PA-12/DA bOeQdV 

ZaV OeVV WhaQ Whe PeOWLQg WePSeUaWXUe deSUeVVLRQ RbVeUYed LQ Whe PA-12/FA bOeQdV, ZheUe Whe SeaN 

PeOWLQg WePSeUaWXUe decUeaVed b\ a Pa[LPXP Rf 9 ℃ LQ Whe PA-12/DA bOeQdV. MRUeRYeU, Whe RQVeW 
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PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ LQ Whe PA-12/DA bOeQd aOVR decUeaVed ZLWh LQcUeaVLQg 

cRPSRVLWLRQ Rf DA. MeaQZhLOe, Whe eQWhaOS\ Rf fXVLRQ, aQd degUee Rf cU\VWaOOLQLW\ ZaV cRPSaUabOe WR 

PA-12. AddLWLRQaOO\, Whe PeOWLQg UegLRQ LQcUeaVed aV Whe cRPSRVLWLRQ Rf Whe DA LQcUeaVed. ThLV 

dePRQVWUaWed WhaW Whe DA PRdeUaWed Whe PeOWLQg behaYLRXU Rf Whe PA-12 SRZdeU.  

 

OQ heaW 2, a deSUeVVLRQ LQ SeaN PeOWLQg WePSeUaWXUe ZaV aOVR RbVeUYed. ThLV VXggeVWed WhaW Whe 

cRPSRQeQWV ZLWhLQ Whe DA ZeUe UeWaLQed ZLWhLQ Whe SRO\PeU aQd SeUPaQeQWO\ affecWed Whe PeOWLQg 

behaYLRXU Rf PA-12. AddLWLRQaOO\, Whe PeOWLQg behaYLRXU dLVSOa\ed a dRXbOe PeOWLQg SeaN dXe WR PeOW-

UecU\VWaOOLVaWLRQ aQd UeRUgaQLVaWLRQ Rf SRO\PeU chaLQV RQ heaWLQg (99). 

 

The FA aQd DA haV a VLgQLfLcaQW effecW RQ Whe PeOWLQg behaYLRXU Rf PA-12. IQ RUdeU WR TXaQWLf\ ZhLch 

chePLcaO RU chePLcaOV ZLWhLQ Whe FA aQd DA affecWed Whe PeOWLQg behaYLRXU Rf PA-12, Whe FA aQd DA 

ZeUe decRQVWUXcWed LQWR WheLU Ne\ cRPSRQeQWV aQd fXUWheU bOeQdV ZeUe cUeaWed.  

 

SLQce Whe FA aQd DA aUe ZaWeU-baVed dLVSeUVLRQV cRQWaLQLQg a PLQLPXP Rf 70 % ZaWeU, VeSaUaWe bOeQdV 

Rf PA-12/ZaWeU ZeUe cUeaWed LQ RUdeU WR eYaOXaWe Whe effecW Rf ZaWeU RQ Whe PeOWLQg behaYLRXU Rf PA-12.  

IQ Whe PA-12/ZaWeU bOeQdV, Whe PeOWLQg behaYLRXU Rf PA-12 ZaV XQaffecWed b\ Whe addLWLRQ Rf ZaWeU aQd 

Whe Tg aQd SeaN PeOWLQg WePSeUaWXUe ZeUe cRPSaUabOe WR PA-12. The Tg Rf Whe 1, 5, 10 aQd 20 ZW.% 

ZaWeU bOeQdV ZeUe 49.8, 51.3, 50.8 aQd 47.2 ℃. The SeaN PeOWLQg WePSeUaWXUe Rf Whe 1, 5, 10 aQd 20 

ZW.% ZaWeU bOeQdV ZeUe Rf 187.0, 186.8, 186.3 aQd 186.3 ℃, UeVSecWLYeO\. The aYeUage Tg aQd SeaN 

PeOWLQg WePSeUaWXUe ZaV 49.8 aQd 186.6 ℃. MRUeRYeU, Whe eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ 

ZeUe cRPSaUabOe WR PA-12.  

IQ RWheU ZRUN, Whe effecW Rf ZaWeU cRQdLWLRQLQg RQ PA-12 PaQXfacWXUed b\ SLS ZaV e[aPLQed, ZheUe 

PA-12 ZaV LPPeUVed LQ ZaWeU aW hLgh WePSeUaWXUeV. The UeVXOWV LQdLcaWed WhaW Whe degUee Rf cU\VWaOOLQLW\ 

LQcUeaVed afWeU ZaWeU cRQdLWLRQLQg (138). HRZeYeU, WhLV ZRUN LQdLcaWed WhaW Whe degUee Rf cU\VWaOOLQLW\ 
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ZaV XQaffecWed b\ Whe addLWLRQ Rf ZaWeU. The dLffeUeQce LV dXe WR Whe WePSeUaWXUe cRQdLWLRQV Rf PA-12 

aQd ZaWeU. IQ (138) cRQdLWLRQLQg WRRN SOace aW WePSeUaWXUeV abRYe Whe Tg Rf PA-12, ZheUe Whe PRbLOLW\ 

Rf SRO\PeU chaLQV LQ Whe aPRUShRXV UegLRQV ZaV eQhaQced. IQ WhLV ZRUN, ZaWeU ZaV added WR PA-12 LQ 

YaU\LQg YROXPeV aQd Whe VaPSOeV ZeUe OefW WR dU\ aW URRP WePSeUaWXUe fRU a WRWaO WLPe SeULRd Rf 96 hUV. 

DXe WR Whe h\gURVcRSLc QaWXUe Rf PA, ZaWeU caQ PLgUaWe LQWR Whe aPRUShRXV UegLRQV aQd cRQVeTXeQWO\ 

affecW Whe Tg. HRZeYeU, Whe Tg Rf Whe PA-12/ZaWeU bOeQdV ZaV XQaffecWed. ThLV VhRZV WhaW dXULQg Whe 

dU\LQg SeULRd, ZaWeU had eYaSRUaWed.  TheUefRUe, Whe addLWLRQ Rf ZaWeU dLd QRW affecW Whe PeOWLQg 

behaYLRXU Rf PA-12 aW aPbLeQW cRQdLWLRQV.  

 

OQ heaW 2, Whe PeOWLQg behaYLRXU ZaV cRPSaUabOe WR PA-12 (heaW 2). AddLWLRQaOO\, Whe PeOWLQg behaYLRXU 

dLVSOa\ed a dRXbOe PeOWLQg SeaN dXe WR PeOW-UecU\VWaOOLVaWLRQ aQd UeRUgaQLVaWLRQ Rf SRO\PeU chaLQV RQ 

heaWLQg (99). 

 

IQ MJF, Whe WLPe WaNeQ WR SURceVV RQe Oa\eU Rf 80 ߤP SRZdeU WhLcNQeVV LV 10.5 V, LQ ZhLch VLPXOWaQeRXV 

fXVLRQ Rf PA-12 SaUWLcOeV aQd eYaSRUaWLRQ Rf ZaWeU WaNeV SOace b\ Whe XVe Rf aQ IR OaPS aQd eOeYaWed 

SRZdeU bed WePSeUaWXUe (61,78). TheUefRUe, LQ MJF cRPSRQeQWV LW caQ be e[SecWed WhaW ZaWeU LV aOVR 

QRW UeWaLQed ZLWhLQ Whe cRPSRQeQW VLQce LW LV eYaSRUaWed b\ Whe eOeYaWed WePSeUaWXUe Rf Whe SRZdeU bed 

VXUface.  

 

IQ Whe PA-12/CB bOeQdV, Whe PeOWLQg behaYLRXU ZaV XQaffecWed b\ Whe addLWLRQ Rf caUbRQ bOacN aQd Whe 

Tg aQd SeaN PeOWLQg WePSeUaWXUe ZeUe cRPSaUabOe WR PA-12. The Tg Rf Whe 1, 5, 10 aQd 20 ZW.% CB 

bOeQdV ZaV 48.2, 48.9, 46.7 aQd 47.5 ℃, UeVSecWLYeO\. The SeaN PeOWLQg WePSeUaWXUe Rf Whe 1, 5, 10 aQd 

20 ZW.% CB bOeQdV ZaV 187.3, 187.7, 187.7 aQd 186.8 ℃, UeVSecWLYeO\. The bOeQdV VhRZed aQ aYeUage 

Tg aQd SeaN PeOWLQg WePSeUaWXUe Rf 47.8 aQd 184.4  ℃. The eQWhaOS\ Rf fXVLRQ, aQd cRQVeTXeQWO\ degUee 

Rf cU\VWaOOLQLW\, LQcUeaVed ZLWh cRPSRVLWLRQ Rf CB VhRZLQg eYLdeQce Rf SRVW-cU\VWaOOLVaWLRQ.  
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OQ heaW 2, Whe PeOWLQg behaYLRXU ZaV cRPSaUabOe WR PA-12 (heaW 2) aQd Whe degUee Rf cU\VWaOOLQLW\ ZaV 

XQaffecWed b\ Whe addLWLRQ Rf caUbRQ bOacN, VXch WhaW LW ZaV cRPSaUabOe WR PA-12 (heaW 2). AddLWLRQaOO\, 

Whe PeOWLQg behaYLRXU dLVSOa\ed a dRXbOe PeOWLQg SeaN dXe WR PeOW-UecU\VWaOOLVaWLRQ aQd UeRUgaQLVaWLRQ 

Rf SRO\PeU chaLQV RQ heaWLQg (99). 

 

IQ RWheU VWXdLeV ZhLch UeSRUW Whe PeOWLQg behaYLRXU Rf PA-12 aQd caUbRQ bOacN cRPSRQeQWV 

PaQXfacWXUed b\ SLS, caUbRQ bOacN aQd PA-12 LQ Whe fRUP Rf a VROLd-VROLd SRZdeU dLVSeUVLRQ aOVR dLd 

QRW LQfOXeQce Whe PeOWLQg behaYLRXU Rf PA-12 SRZdeU, ZLWh UeVSecW WR Whe SeaN PeOWLQg WePSeUaWXUe 

(41,139).  

 

IQ PA-12/2-PYR bOeQdV, Whe 2-PYR had a VLgQLfLcaQW LPSacW RQ Whe PeOWLQg behaYLRXU Rf PA-12 SRZdeU 

LQ WhaW a deSUeVVLRQ LQ Tg aQd SeaN PeOWLQg WePSeUaWXUe ZaV RbVeUYed ZLWh LQcUeaVLQg cRQWeQW Rf 2-PYR. 

The Tg Rf Whe 0.10, 0.38, 0.50, 1.05, 1.97, 2.33, 4.07 aQd 8.72 ZW.% 2-PYR bOeQd ZaV, 48.9, 51.3, 46.1, 

39.8, 46.7, 45.6, 34.8 aQd 33.0 ℃, UeVSecWLYeO\. The SeaN PeOWLQg WePSeUaWXUe Rf Whe 0.10, 0.38, 0.50, 

1.05, 1.97, 2.33, 4.07 aQd 8.72 ZW.% 2-PYR bOeQd ZaV 185.8, 185.8, 185.3, 184.5, 185.7, 185.3, 181.8 

aQd 176.3 ℃, UeVSecWLYeO\. FXUWheUPRUe, Whe RQVeW Rf PeOWLQg aQd OaVW WUace Rf cU\VWaOOLQLW\ aOVR VhLfWed 

WR ORZeU WePSeUaWXUeV ZLWh LQcUeaVLQg cRQWeQW Rf 2-PYR. The daWa LQ TabOe 6.2.2 VhRZV WhaW ZLWhLQ Whe 

UegLRQ Rf 0.10 ± 2.33 ZW.% 2-PYR, Whe RYeUaOO decUeaVe LQ Whe SeaN PeOWLQg WePSeUaWXUe ZaV OeVV 

SURQRXQced. IQ WheVe bOeQdV, Whe VPaOO YROXPe Rf 2-PYR ZaV LQVXffLcLeQW WR caXVe a chaQge LQ PeOWLQg 

behaYLRXU Rf PA-12. ThLV PeaQW WhaW Whe dLVWULbXWLRQ Rf 2-PYR aQd LWV LQWeUacWLRQ ZLWh PA-12 ZaV 

OLPLWed b\ Whe VPaOO cRQWeQW Rf 2-PYR SUeVeQW. OQ Whe cRQWUaU\, a VLgQLfLcaQW decUeaVe LQ PeOWLQg 

behaYLRXU Rf Whe bOeQdV ZaV RbVeUYed ZheQ 2-PYR ZaV SUeVeQW aW cRPSRVLWLRQV gUeaWeU WhaQ 4.07 ZW.% 

2-PYR. The eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ UePaLQed cRQVWaQW aQd ZeUe XQaffecWed b\ 

Whe LQcUeaVLQg cRQWeQW Rf 2-PYR. AddLWLRQaOO\, PeOWLQg UegLRQ LQcUeaVed ZLWh cRPSRVLWLRQ Rf 2-PYR.  
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ThLV daWa VXggeVWV Whe 2-PYR cRPSRQeQW (cRPPRQ WR Whe FA aQd DA) ZaV behaYLQg aV a SOaVWLcL]eU WR 

ORZeU Whe Tg aQd SURPRWed Whe PeOWLQg Rf Whe cU\VWaOOLQe ShaVe. OWheU PRdeOV VXch aV Whe GRUdRQ-Ta\ORU 

eTXaWLRQ aQd FR[ eTXaWLRQ aUe XVed WR SUedLcW Whe chaQge LQ Tg LQ SRO\PeU bOeQdV. TheVe PRdeOV haYe 

beeQ dLVcRXQWed VLQce Whe\ aUe baVed RQ Whe Tg aQd ZeLghW fUacWLRQ Rf PRUe WhaQ RQe SRO\PeU cRPSRQeQW 

ZLWhLQ Whe bOeQd (140,141). The KeOO\-BXeche eTXaWLRQ LQcRUSRUaWeV Whe effecW Rf SOaVWLcL]eUV RQ Whe Tg 

Rf a SRO\PeU baVed RQ Whe SOaVWLcL]eU beLQg cRPSOeWeO\ PLVcLbOe ZLWh Whe hRVW SRO\PeU. AddLWLRQaOO\, LW 

LV WhRXghW WhaW Whe SOaVWLcL]eU aQd hRVW SRO\PeU LQWeUacW YLa ZeaN VaQ DeU WaaO fRUceV (142). TheUefRUe, 

Whe KeOO\-BXeche eTXaWLRQ aOVR caQQRW be XVed WR PRdeO Whe Tg Rf Whe PA-12/2-PYR VLQce LW LV baVed RQ 

ZeaN LQWeUPROecXOaU fRUceV.  

 

AccRUdLQg WR Whe HP MaWeULaO SafeW\ DaWa SheeW, Whe FA aQd DA cRQWaLQ 2-PYR LQ a fUacWLRQ Rf 20 aQd 

5 %, UeVSecWLYeO\. IW haV beeQ UeSRUWed WhaW ZaWeU Pa\ eQhaQce Whe dLVWULbXWLRQ Rf caUbRQ bOacN ZLWhLQ 

Whe FA (75). TheUefRUe, ZaWeU Pa\ aOVR eQhaQce Whe dLVWULbXWLRQ Rf VROYeQWV ZLWhLQ Whe ageQWV.  

IQ Whe PA-12/2-PYR/ZaWeU bOeQdV, Whe cRPbLQed effecW Rf 2-PYR aQd ZaWeU RQ Whe PeOWLQg behaYLRXU 

Rf PA-12 ZaV LQYeVWLgaWed. The bOeQdV ZeUe cUeaWed accRUdLQg WR Whe UaWLR Rf 2-PYR aQd ZaWeU LQ Whe 

FA aQd DA. The HP MaWeULaO SafeW\ DaWa SheeW VhRZV WhaW Whe FA cRQWaLQed 70-80% ZaWeU aQd 20% 2-

PYR, ZhLOe Whe DA cRQWaLQed 80-90% ZaWeU aQd 5% 2-PYR. DeVSLWe Whe UaWLR Rf 2-PYR aQd ZaWeU 

SUeVeQW LQ Whe FA aQd DA beLQg dLffeUeQW, Whe WUeQdV LQ PeOWLQg behaYLRXU ZeUe VLPLOaU, LQ WhaW a 

deSUeVVLRQ LQ Tg aQd SeaN PeOWLQg WePSeUaWXUe ZeUe RbVeUYed.  

 

IQ Whe PA-12/2-PYR/ZaWeU bOeQdV ZheUe Whe cRQWeQW Rf 2-PYR aQd ZaWeU ZaV cRPSRVLWLRQaOO\ LdeQWLcaO 

WR WhaW Rf Whe FA, Whe 2-PYR/ZaWeU had a VLgQLfLcaQW effecW RQ Whe PeOWLQg behaYLRXU Rf PA-12, LQ WhaW a 

deSUeVVLRQ LQ bRWh Whe Tg aQd SeaN PeOWLQg WePSeUaWXUe ZeUe RbVeUYed ZLWh LQcUeaVed cRQWeQW Rf 2-

PYR. The bOeQdV cRQWaLQLQg 0.38, 1.97, 4.07 aQd 8.72 ZW.% 2-PYR bOeQdV dLVSOa\ed a Tg Rf 48.9, 47.9, 

38.9 aQd 35.0 ℃. The SeaN PeOWLQg WePSeUaWXUe Rf WheVe bOeQdV ZeUe 187.8, 186.0, 183.2, 179.2 ℃, 
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UeVSecWLYeO\. The eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ UePaLQed cRQVWaQW aQd ZaV XQaffecWed 

b\ Whe addLWLRQ Rf 2-PYR aQd ZaWeU.  

IQ Whe PA-12/2-PYR/ZaWeU bOeQdV ZheUe Whe cRQWeQW Rf 2-PYR aQd ZaWeU ZaV cRPSRVLWLRQaOO\ LdeQWLcaO 

WR WhaW Rf Whe DA The Tg Rf Whe PA-12/2-PYR/ZaWeU bOeQdV, Whe 2-PYR/ZaWeU had a VLgQLfLcaQW effecW RQ 

Whe PeOWLQg behaYLRXU Rf PA-12, LQ WhaW a deSUeVVLRQ LQ bRWh Whe Tg aQd SeaN PeOWLQg WePSeUaWXUe ZeUe 

RbVeUYed ZLWh LQcUeaVed cRQWeQW Rf 2-PYR. The bOeQdV cRQWaLQLQg 0.10, 0.50, 1.05 aQd 2.33 ZW.% 2-

PYR dLVSOa\ed a Tg Rf 49.2, 48.6, 47.5 aQd 47.2 ℃. The SeaN PeOWLQg WePSeUaWXUe Rf WheVe bOeQdV ZeUe 

189.0, 187.5, 186.0 aQd 186.0 ℃. The eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ UePaLQed cRQVWaQW 

aQd ZaV XQaffecWed b\ Whe addLWLRQ Rf 2-PYR aQd ZaWeU.  

AddLWLRQaOO\, LQ bRWh bOeQdV Whe PeOWLQg UegLRQ decUeaVed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR/ZaWeU.  

 

OQ heaW 2, a deSUeVVLRQ LQ SeaN PeOWLQg WePSeUaWXUe ZaV aOVR RbVeUYed. ThLV VXggeVWed WhaW Whe 2-PYR 

ZaV UeWaLQed ZLWhLQ Whe SRO\PeU aQd SeUPaQeQWO\ affecWed Whe PeOWLQg behaYLRXU Rf PA-12. 

AddLWLRQaOO\, Whe PeOWLQg behaYLRXU dLVSOa\ed a dRXbOe PeOWLQg SeaN dXe WR PeOW-UecU\VWaOOLVaWLRQ aQd 

UeRUgaQLVaWLRQ Rf SRO\PeU chaLQV RQ heaWLQg (99). 

 

The PeOWLQg behaYLRXU Rf Whe PA-12/2-PYR/ZaWeU bOeQdV dLVSOa\ed a V\VWePaWLc decUeaVe LQ Tg aQd 

SeaN PeOWLQg WePSeUaWXUe, aQaORgRXV WR Whe PA-12/2-PYR bOeQdV. ThLV VhRZed WhaW Whe 2-PYR behaYed 

aV a SOaVWLcL]eU b\ eQhaQcLQg PRbLOLW\ LQ Whe aPRUShRXV ShaVe aQd SURPRWed PeOWLQg Rf Whe cU\VWaOOLQe 

ShaVe. 

 

IW ZaV cOeaU WhaW Whe PeOWLQg SURSeUWLeV Rf PA-12 ZeUe affecWed b\ Whe addLWLRQ Rf Whe FA, DA, CB, ZaWeU 

aQd 2-PYR dXe WR Whe RbVeUYabOe chaQgeV LQ Whe Tg aQd PeOWLQg SRLQW. ThLV VXggeVWV WhaW Whe SRO\PeU 

chaLQ caQ UeacW ZLWh Whe cRPSRQeQWV ZLWhLQ Whe ageQWV VXch aV 2-PYR WR LQfOXeQce Whe PROecXOaU ZeLghW 

Rf PA-12. TheVe UeacWLRQV ZRXOd UeO\ RQ Whe N-H aQd C=O gURXS aW Whe eQd Rf Whe SRO\PeU chaLQV. AQ 
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LQcUeaVe LQ PROecXOaU ZeLghW ZLOO W\SLcaOO\ caXVe Whe Tg aQd PeOWLQg WePSeUaWXUe WR LQcUeaVe dXe WR 

UeVWULcWed SRO\PeU chaLQ PRbLOLW\ (168). SLQce Whe Tg aQd Whe PeOWLQg WePSeUaWXUe decUeaVed ZLWh Whe 

addLWLRQ Rf 2-PYR, LW LV XQOLNeO\ WhaW Whe PROecXOaU ZeLghW Rf Whe SRO\PeU chaLQ LQcUeaVed. FXUWheUPRUe, 

Whe bOeQdLQg ZaV caUULed RXW aW URRP WePSeUaWXUe LQ Whe abVeQce Rf a caWaO\VW. The heaWLQg UaWe XVed LQ 

WhLV e[SeULPeQW ZaV 10 ႏ/PLQ, ZhLch LV UeOaWLYeO\ TXLcN WR aOORZ VXch UeacWLRQV WR RccXU. IW LV 

cRQceLYabOe WhaW WheVe UeacWLRQV ZRXOd RccXU LQ Whe DSC. AOWhRXgh, Lf Whe\ ZeUe WR RccXU WhLV ZRXOd be 

RQ a VPaOO VcaOe aQd QRW deWecWed b\ Whe DSC. UQdeU WheVe cRQdLWLRQV ZheUe aQ LQcUeaVe LQ PROecXOaU 

ZeLghW LV SRVVLbOe, SRO\PeU chaLQ e[WeQVLRQ ZRXOd RccXU LQ Whe aPRUShRXV UegLRQV aQd caXVe Whe Tg WR 

LQcUeaVe bXW Whe PeOWLQg SRLQW ZRXOd UePaLQ XQaffecWed (168). HRZeYeU, Whe PA-12 bOeQdV e[hLbLW a 

decUeaVe LQ Tg aQd PeOWLQg SRLQW, ZheQ cRPSaUed WR Whe Tg aQd PeOWLQg SRLQW Rf PA-12. 

 

6.2.2 Cr\stallisation behaYioXr of pol\amide-12 blends 
 

The bOeQdV ZeUe cRROed aW a cRQWUROOed UaWe Rf 10 ℃/PLQ fURP 220 – 25 ℃. The cU\VWaOOLVaWLRQ SeaN ZaV 

eYaOXaWed fURP ZhLch Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe, SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe, OaVW WUace 

Rf cU\VWaOOLQLW\, eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ RQ cRROLQg ZeUe UecRUded. ThLV 

daWa LV dLVSOa\ed LQ TabOe 6.2.3 aQd FLgXUe 6.2.3. 

 

IQ Whe PA-12/FA bOeQdV, Whe FA had a VLgQLfLcaQW effecW RQ Whe UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 LQ 

WhaW a decUeaVe LQ Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf FA ZaV RbVeUYed. 

IQ Whe 1 aQd 5 ZW.% FA bOeQdV, Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR hLgheU WePSeUaWXUeV, 

cRPSaUed WR PA-12 SRZdeU. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 1 aQd 5 ZW.% FA bOeQd ZeUe 

149.3 aQd 148.8 ℃; Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12 ZaV 147.8 ℃. IQWeUeVWLQgO\, LQ Whe 10 

aQd 20 ZW.% FA bOeQd, Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR ORZeU WePSeUaWXUeV, cRPSaUed WR 

PA-12. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe fRU Whe 10 aQd 20 ZW.% FA bOeQd ZeUe 147.01 aQd 141.80 
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℃. MRUeRYeU, Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aOVR fROORZed Whe VaPe WUeQd. The eQWhaOS\ Rf 

cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ RQ cRROLQg LQcUeaVed aV Whe cRQWeQW Rf FA LQcUeaVed.   

 

IQ Whe PA-12/DA bOeQdV, Whe DA had a VLgQLfLcaQW effecW RQ Whe UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 LQ 

WhaW a decUeaVe LQ Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf DA ZaV RbVeUYed. 

IQ Whe 1, 5 aQd 10 ZW.% DA bOeQd, Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV cRPSaUabOe WR PA-12. The 

SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 1, 5 aQd 10 ZW.% DA bOeQdV ZeUe 147.7, 149.0 aQd 147.5 ℃. 

WheUeaV Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 20 ZW.% DA bOeQdV VhLfWed WR a ORZeU WePSeUaWXUe, 

ZheQ cRPSaUed WR PA-12. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 20 ZW.% DA bOeQd ZaV 144.8 ℃. 

The VaPe SaWWeUQ ZaV RbVeUYed fRU Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ 

aQd Whe degUee Rf cU\VWaOOLQLW\ RQ cRROLQg ZeUe XQaffecWed b\ Whe addLWLRQ Rf DA aQd ZeUe cRPSaUabOe 

WR PA-12. 

 

AW fLUVW WhRXghW, Whe UeVSecWLYe VhLfW Rf SeaN cU\VWaOOLVaWLRQ WePSeUaWXUeV WR hLgheU WePSeUaWXUeV LQ Whe 1 

aQd 5 ZW.% FA bOeQd caQ be aVVRcLaWed Whe caUbRQ bOacN ZLWhLQ Whe FA acWLQg aV a QXcOeaWLQg ageQW (40). 

WheUeaV Whe VhLfW LQ SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe WR ORZeU WePSeUaWXUeV LQ Whe 10 aQd 20 ZW.% FA 

bOeQd aQd LQ Whe DA bOeQdV VXggeVW WhaW a cRPSRQeQW ZLWhLQ Whe ageQWV deOa\ed Whe RQVeW Rf 

cU\VWaOOLVaWLRQ. HRZeYeU, Whe PeOWLQg behaYLRXU PXVW aOVR be cRQVLdeUed VLQce Whe SeaN PeOWLQg 

WePSeUaWXUe ZaV affecWed b\ Whe addLWLRQ Rf Whe FA aQd DA. TheUefRUe, Whe degUee Rf VXSeUcRROLQg ZaV 

caOcXOaWed LQ RUdeU WR eYaOXaWe Whe effecW Rf Whe ageQWV RQ Whe cU\VWaOOLVaWLRQ behaYLRXU Rf PA-12. The 

degUee Rf VXSeUcRROLQg ZaV deWeUPLQed b\ VXbWUacWLQg Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe fURP Whe 

SeaN PeOWLQg WePSeUaWXUe. IQ bRWh bOeQdV, Whe degUee Rf VXSeUcRROLQg decUeaVed aV FA aQd DA cRQWeQW 

LQcUeaVed, VXggeVWLQg WhaW Whe FA aQd DA LQ facW facLOLWaWed cU\VWaOOLVaWLRQ Rf PA-12.  
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The FA aQd DA ZeUe decRQVWUXcWed LQWR WheLU Ne\ cRPSRQeQWV aQd fXUWheU bOeQdV Rf PA-12/ZaWeU, PA-

12/caUbRQ bOacN, PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU ZeUe cUeaWed aQd WheLU cU\VWaOOLVaWLRQ 

behaYLRXU ZaV UecRUded.  

 

IQ Whe PA-12/ZaWeU bOeQdV, Whe UecU\VWaOOLVaWLRQ behaYLRXU ZaV XQaffecWed b\ Whe addLWLRQ Rf ZaWeU aQd 

ZaV cRPSaUabOe WR PA-12. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 1, 5, 10 aQd 20 ZW.% ZaWeU bOeQdV 

ZeUe 148.0, 149.0, 148.5 aQd 148.8 ℃, UeVSecWLYeO\. The RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV aOVR 

XQaffecWed b\ Whe addLWLRQ Rf ZaWeU. The aYeUage RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aQd SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUeV ZeUe 158.2 aQd 148.6 ℃. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee Rf 

cU\VWaOOLQLW\ RQ cRROLQg ZeUe cRPSaUabOe WR PA-12 aQd dLVSOa\ed QR WUeQd. ThLV ZaV dXe WR ZaWeU 

eYaSRUaWLQg dXULQg Whe dU\LQg VWage afWeU Whe bOeQdV ZeUe cUeaWed, OeaYLQg PA-12 LQ LWV RULgLQaO fRUP.  

 

IQ Whe PA-12/CB bOeQdV Whe UecU\VWaOOLVaWLRQ behaYLRXU ZaV XQaffecWed b\ Whe addLWLRQ Rf caUbRQ bOacN 

aQd ZaV cRPSaUabOe WR PA-12. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe fRU Whe 1, 5, 10 aQd 20 ZW.% CB 

bOeQdV ZeUe 149.2, 148.2, 148.2 aQd 150.1 ℃, UeVSecWLYeO\. The RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV 

aOVR XQaffecWed b\ Whe addLWLRQ Rf caUbRQ bOacN. The aYeUage RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aQd SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUeV Rf Whe bOeQdV ZeUe 157.5 aQd 148.8 ℃. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd 

degUee Rf cU\VWaOOLQLW\ RQ cRROLQg YaULed beWZeeQ VaPSOeV dLVSOa\LQg QR WUeQd bXW ZaV cRPSaUabOe WR 

PA-12.  

A VWXd\ b\ AWhUe\a eW aO, cRPSaUed Whe WheUPaO SURSeUWLeV Rf PA-12 aQd PA-12/CB (4 ZW.% CB) 

e[WUXVLRQ-LQMecWLRQ PRXOded aQd SLS fabULcaWed cRPSRQeQWV. IQ WheLU ZRUN, Whe SeaN cU\VWaOOLVaWLRQ 

WePSeUaWXUe Rf Whe e[WUXVLRQ-LQMecWLRQ PRXOded cRPSRQeQWV VhLfWed WR hLgheU WePSeUaWXUeV WhaQ Whe SLS 

cRXQWeUSaUWV, VXggeVWLQg CB behaYed aV a QXcOeaWLQg ageQW RQO\ LQ e[WUXVLRQ-LQMecWLRQ PRXOded V\VWePV 

(40). ThLV dePRQVWUaWeV WhaW Whe SURceVVLQg WechQLTXe XVed WR cUeaWe PA-12 aQd caUbRQ bOacN 

cRPSRQeQWV LQfOXeQced Whe WheUPaO SURSeUWLeV Rf Whe PaWeULaO. ThLV cRXOd be dXe WR Whe SURceVVLQg 
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WechQLTXe LQfOXeQcLQg Whe LQWeUacWLRQ beWZeeQ caUbRQ bOacN aQd Whe SRO\PeU PaWUL[, WhRXgh WhLV aUea Rf 

ZRUN LQ UeOaWLRQ WR MJF UeTXLUeV PRUe LQYeVWLgaWLRQ.  

 

IQ Whe PA-12/2-PYR bOeQdV, Whe 2-PYR had a VLgQLfLcaQW effecW RQ Whe UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-

12 LQ WhaW a decUeaVe LQ Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR ZaV 

RbVeUYed. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 0.10, 0.38, 0.50, 1.05, 1.97, 2.33, 4.07 aQd 8.72 

ZW.% 2-PYR bOeQdV ZeUe 149.2, 148.8, 148.7, 148.0, 149.0, 148.7, 146.0, 141.7 ℃, UeVSecWLYeO\. The 

RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aOVR dLVSOa\ed Whe VaPe WUeQd. The OaUgeVW decUeaVe LQ cU\VWaOOLVaWLRQ 

WePSeUaWXUe ZaV dLVSOa\ed LQ Whe 8.72 ZW.% 2-PYR bOeQd, ZheUe Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe 

decUeaVed b\ 6.7 ℃, ZheQ cRPSaUed WR Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12. The eQWhaOS\ Rf 

cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ RQ cRROLQg ZeUe XQaffecWed b\ Whe addLWLRQ Rf 2-PYR.  

 

IQ Whe PA-12/2-PYR/ZaWeU bOeQdV, Whe 2-PYR aQd/RU ZaWeU had a VLgQLfLcaQW effecW RQ Whe 

UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 LQ WhaW a decUeaVe LQ Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZLWh 

LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR aQd/RU ZaWeU ZaV RbVeUYed.  

IQ Whe bOeQdV ZhLch ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA, Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe 

decUeaVed aV Whe cRPSRVLWLRQ Rf Whe 2-PYR LQcUeaVed. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 0.38, 

1.97, 4.07 aQd 8.72 ZW.% 2-PYR bOeQdV ZeUe 148.0, 146.8, 145.0 aQd 142.7 ℃, UeVSecWLYeO\. The RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe aOVR dLVSOa\ed Whe VaPe WUeQd.  

IQ Whe bOeQdV ZhLch ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe DA, Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe 

decUeaVed VOLghWO\, LQ cRPSaULVRQ WR PA-12. IQ Whe 0.10, 0.50, 1.05 aQd 2.33 ZW.% 2-PYR bOeQdV ZeUe 

148.5, 147.8, 147.7 aQd 147.7 ℃. The RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aOVR dLVSOa\ed Whe VaPe WUeQd. 

The eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ LQ bRWh bOeQdV ZeUe XQaffecWed.  

IQ Whe PA-12/2-PYR/ZaWeU bOeQdV, Whe V\VWePaWLc decUeaVe LQ Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aQd 

SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZLWh LQcUeaVed cRPSRVLWLRQ Rf 2-PYR aQd/RU ZaWeU ZaV aQaORgRXV WR 
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Whe PA-12/2-PYR bOeQdV, VXggeVWLQg WhaW WhaW cU\VWaOOLVaWLRQ behaYLRXU ZaV PRdeUaWed b\ Whe addLWLRQ 

Rf 2-PYR aQd QRW ZaWeU.  

 

AV dLVcXVVed, LQ Whe PA-12/FA aQd PA-12/DA bOeQdV Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU ZeUe 

affecWed b\ Whe addLWLRQ Rf FA aQd DA. ThLV ZaV aOVR RbVeUYed LQ Whe PA-12/2-PYR aQd PA-12/2-

PYR/ZaWeU bOeQdV, ZheUe bRWh Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU ZeUe affecWed b\ Whe addLWLRQ 

Rf 2-PYR. IQ RUdeU WR eYaOXaWe Whe effecW Rf 2-PYR RQ Whe cU\VWaOOLVaWLRQ behaYLRXU Rf PA-12, Whe degUee 

Rf VXSeUcRROLQg ZaV deWeUPLQed. The degUee Rf VXSeUcRROLQg decUeaVed aV Whe cRPSRVLWLRQ Rf 2-PYR 

LQcUeaVed, VXggeVWLQg WhaW 2-PYR facLOLWaWed cU\VWaOOLVaWLRQ. TheUefRUe, LQ Whe PA-12/FA aQd PA-12/DA 

bOeQd, Whe UecU\VWaOOLVaWLRQ behaYLRXU ZaV PRdeUaWed b\ Whe 2-PYR (cRPPRQ WR bRWh Whe FA aQd DA).  

 

SWXdLeV haYe UeSRUWed WhaW LQ addLWLRQ WR 2-PYR, ZaWeU LV a PaMRU cRQVWLWXeQW Rf Whe FA aQd DA. IW haV 

beeQ UeSRUWed WhaW ZaWeU LV SUeVeQW LQ 65% aQd 83 % aQd 2-PYR LV SUeVeQW LQ 18.7% aQd 3.7 % LQ Whe 

FA aQd DA, UeVSecWLYeO\ (17). FXUWheUPRUe, RWheU VWXdLeV VhRZ WhaW ZaWeU aQd 2-PYR LQWeUacW YLa 

h\dURgeQ bRQdLQg. ThLV LQWeUacWLRQ aULVeV fURP Whe NH aQd C=O gURXSV WhaW aUe SUeVeQW LQ 2-PYR 

ZhLch acW aV a SURWRQ dRQRU aQd acceSWRU gURXSV, UeVSecWLYeO\ (31±33). DeVSLWe Whe SRWeQWLaO fRU aQ 

LQWeUacWLRQ beWZeeQ ZaWeU aQd 2-PYR, Whe WheUPaO behaYLRXU Rf Whe PA-12/2-PYR/ZaWeU bOeQdV ZaV 

cRPSaUabOe WR Whe PA-12/2-PYR bOeQdV, LQdLcaWLQg WhaW Whe effecW Rf 2-PYR LQ PA-12 ZaV QRW PRdeUaWed 

b\ Whe addLWLRQ Rf ZaWeU.  

 

OYeUaOO, Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 ZaV affecWed b\ Whe addLWLRQ Rf Whe FA 

aQd DA. ThLV ZaV dXe WR Whe SUeVeQce Rf 2-PYR aQd caUbRQ bOacN. IQ ZhLch, Whe 2-PYR acWed aV a 

SOaVWLcL]eU WR VhLfW Whe Tg WR ORZeU WePSeUaWXUeV aQd SURPRWe PeOWLQg Rf Whe cU\VWaOOLQe ShaVe. WhLOe 

caUbRQ bOacN LQcUeaVed Whe degUee Rf cU\VWaOOLQLW\. AddLWLRQaOO\, LQ Whe PA-12/FA aQd PA-12/DA bOeQd, 

Whe PeOWLQg behaYLRXU RQ heaW 2 ZaV affecWed b\ Whe addLWLRQ Rf Whe FA aQd DA, ZheUe Whe SeaN PeOWLQg 
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WePSeUaWXUe decUeaVed ZLWh LQcUeaVLQg cRQWeQW Rf FA aQd DA. ThLV ZaV aOVR RbVeUYed LQ Whe PA-12/2-

PYR aQd PA-12/2-PYR/ZaWeU bOeQd. ThLV VXggeVWV WhaW 2-PYR ZaV UeWaLQed ZLWhLQ Whe SRO\PeU PaWUL[.  

 

The chaQgeV LQ PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU ZeUe a UeVXOW Rf Whe LQWeUacWLRQ beWZeeQ PA-12 

aQd 2-PYR, ZheUe Whe N-H aQd C=O PRLeWLeV, SUeVeQW LQ bRWh PaWeULaOV, LQWeUacW YLa h\dURgeQ bRQdLQg. 

TUeQdV RZed WR h\dURgeQ bRQdLQg haYe beeQ eVWabOLVhed LQ RWheU PA-12 bOeQdV. S. LL eW aO eYaOXaWed 

Whe WheUPaO behaYLRXU Rf VePL-cU\VWaOOLQe QaQRVWUXcWXUed PA-12/SRO\NeWRQe (PK) bOeQdV (143). The 

WheUPaO behaYLRXU Rf PA-12/PK ZeUe aQaO\Ved RQ cRRO 1 aQd heaW 2. The cU\VWaOOLVaWLRQ behaYLRXU 

VhRZed WhaW Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12 ZaV affecWed b\ Whe addLWLRQ Rf PK. AW ORZ 

cRQceQWUaWLRQV Rf PK, Whe dRPaLQV Rf PK Pa\ haYe acWed aV QXcOeaWLRQ VLWeV WR LQcUeaVe cU\VWaOOLVaWLRQ 

WePSeUaWXUe b\ Whe h\dURgeQ bRQd LQWeUacWLRQV beWZeeQ PA-12/PK (eVWabOLVhed XVLQg FTIR). OQ heaW 

2, Whe PeOWLQg WePSeUaWXUe Rf Whe bOeQdV ZeUe V\VWePaWLcaOO\ ORZeU WhaQ Whe hRPRSRO\PeU cRXQWeUSaUWV, 

VhRZLQg a chaQge LQ OaPeOOaU WhLcNQeVV caXVLQg cU\VWaOV WR becRPe WheUPRd\QaPLcaOO\ OeVV VTabOe dXe 

WR h\dURgeQ bRQd LQWeUacWLRQV (143). TheUefRUe, WhLV VXggeVWV WhaW Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ 

behaYLRXU Rf PA-12 ZaV PRdeUaWed b\ h\dURgeQ bRQdLQg beWZeeQ PA-12 aQd 2-PYR.  

 

IQ cRQcOXVLRQ, Whe PA-12/FA bOeQd dLVSOa\ed VLPLOaU WUeQdV LQ WheUPaO behaYLRXU WR Whe PA-12/DA bOeQd. 

IW ZaV VhRZQ WhaW ZaWeU dLd QRW h\dURO\Ve PA-12 aQd had eYaSRUaWed XQdeU WheVe VaPSOe SUeSaUaWLRQ 

PeWhRdV, WhLV LV aOVR agUeeV ZLWh (78) ZheUe ZaWeU haV beeQ UeSRUWed WR eYaSRUaWe LQ MJF. AddLWLRQaOO\, 

UecRYeUed caUbRQ bOacN dLd QRW caXVe chaQgeV LQ PeOWLQg aQd UecU\VWaOOLVaWLRQ WePSeUaWXUeV bXW 

LQfOXeQced Whe degUee Rf cU\VWaOOLQLW\ Rf PA-12. MeaQZhLOe, 2-PYR had a VLgQLfLcaQW effecW RQ Whe 

PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12. TheUefRUe, Whe caUbRQ bOacN SUeVeQW ZLWhLQ Whe FA aQd 

RUgaQLc VROYeQWV ZLWhLQ bRWh Whe FA aQd DA cRQWULbXWed WR Whe WUeQdV RbVeUYed. 
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6.2.3 Processing ZindoZ and stable sintering region (SSR) of pol\amide-12 and 
pol\amide-12 blends 
 

The PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 ZaV affecWed b\ Whe FA, DA aQd 2-PYR, aV 

deVcULbed LQ ChaSWeU 6.2.1 aQd 6.2.2. CRQVeTXeQWO\, Whe SURceVVLQg ZLQdRZ aQd VWabOe VLQWeULQg UegLRQ 

(SSR) ZeUe aOVR affecWed VLQce Whe\ aUe deWeUPLQed b\ Whe WheUPaO behaYLRXU Rf PA-12.  

 

The SURceVVLQg ZLQdRZ LV a PeWaVWabOe WheUPRd\QaPLc UegLRQ WhaW Whe SRZdeU bed VXUface PXVW be NeSW 

ZLWhLQ LQ RUdeU WR deOa\ cU\VWaOOLVaWLRQ aQd LV deWeUPLQed b\ VXbWUacWLQg Whe RQVeW PeOWLQg WePSeUaWXUe 

fURP Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe (71). The SSR VhRZV Whe WePSeUaWXUe UaQge LQ ZhLch SaUWLcOe 

fXVLRQ caQ RccXU ZLWhRXW degUadaWLRQ (144). TR deWeUPLQe Whe SSR, Whe WePSeUaWXUe defLQLQg Whe OaVW 

WUace Rf cU\VWaOOLQLW\ aQd 1 % PaVV ORVV aUe UeTXLUed. TheVe aUe RbWaLQed XVLQg DSC aQd TGA (23).   

 

The SURceVVLQg ZLQdRZ fRU PA-12, PA-12/FA, PA-12/DA aQd PA-12/2-PYR bOeQdV LV dLVSOa\ed LQ TabOe 

6.2.1. The PA-12/FA, PA-12/DA aQd PA-12/2-PYR ZeUe chRVeQ VLQce LW ZaV VhRZQ LQ ChaSWeU 6.2.1 

aQd 6.2.2 WhaW Whe WheUPaO behaYLRXU Rf PA-12 ZaV affecWed b\ Whe addLWLRQ Rf Whe FA, DA aQd 2-PYR. 

IQ Whe PA-12/FA bOeQd, Whe SURceVVLQg ZLQdRZ ZaV cRPSaUabOe WR PA-12, XS WR a cRPSRVLWLRQ Rf 5 ZW.% 

FA. HRZeYeU, LQ Whe 10 aQd 20 ZW.% FA bOeQd, Whe SURceVVLQg ZLQdRZ ZaV QegaWLYe. ThLV LV becaXVe Rf 

Whe RQVeW PeOWLQg WePSeUaWXUe RYeUOaSSLQg ZLWh Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe.  

IQ Whe PA-12/DA bOeQdV, a VLPLOaU WUeQd ZaV RbVeUYed, ZheUe Whe SURceVVLQg ZLQdRZ decUeaVed ZLWh 

LQcUeaVLQg cRPSRVLWLRQ Rf DA. AW a cRPSRVLWLRQ Rf 20 ZW.% DA Whe SURceVVLQg ZLQdRZ ZaV QegaWLYe.  

IQ Whe PA-12/2-PYR bOeQdV, Whe SURceVVLQg ZLQdRZ decUeaVed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR.  

OfWeQ, a OaUge SURceVVLQg ZLQdRZ LV faYRXUed WR cRPSeQVaWe fRU WePSeUaWXUe fOXcWXaWLRQV RQ Whe SRZdeU 

bed VXUface (23). ThLV LQfRUPaWLRQ VXggeVWV WhaW LQ MJF, a ORZeU cRPSRVLWLRQ Rf FA VhRXOd be XVed WR 

SURYLde a gUeaWeU SURceVVLQg ZLQdRZ aQd aOORZ gUeaWeU cRQWURO Rf cU\VWaOOLVaWLRQ.  
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FLgXUe 6.2.1 VhRZV Whe SSR fRU PA-12, ZheUe Whe SSR fRU PA-12 ZaV 127.83 ℃. The addLWLRQ Rf Whe FA 

ZLOO caXVe Whe SSR WR LQcUeaVe Lf Whe TGA daWa ZaV WR UePaLQ cRQVWaQW LQ Whe PA-12/FA bOeQd, VLQce Whe 

OaVW WUace Rf cU\VWaOOLQLW\ Rf PA-12 decUeaVed ZLWh Whe addLWLRQ Rf FA. ThLV ZRXOd VXggeVW WhaW Whe 

WePSeUaWXUe UaQge LQ ZhLch SaUWLcOe fXVLRQ caQ RccXU ZLWhRXW degUadaWLRQ LV gUeaWeU. HRZeYeU, WhLV daWa 

LV OLPLWed LQ WhaW Whe TGA LV QRW UeSUeVeQWaWLYe Rf a PA-12/FA bOeQd. IQ RUdeU WR PaNe aQ accXUaWe 

deWeUPLQaWLRQ Rf Whe SSR fRU Whe PA-12/FA bOeQd, Whe TGA daWa VhRXOd be fURP a VaPSOe ZLWhLQ Whe 

PA-12/FA bOeQd. ThLV LV becaXVe daWa VhRZed WhaW Whe FA had a VLgQLfLcaQW effecW RQ Whe PeOWLQg 

behaYLRXU Rf PA-12. HRZeYeU, WhLV SURYLdeV aQ e[aPSOe Rf Whe SSR LV affecWed b\ Whe PeOWLQg 

WePSeUaWXUe Rf a VaPSOe.  

 

 

FLgXUe 6.2.1 ± The SSR Rf PA-12 SRZdeU, dePRQVWUaWed b\ Whe gUe\ bR[. DSC daWa UecRUded aV eQdR 

XS. 
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TabOe 6.2.1 ± The SURceVVLQg ZLQdRZ fRU PA-12, PA-12/FA, PA-12/DA aQd PA-12/2-PYR bOeQdV. 

WheUe TM - PeaN MeOWLQg TePSeUaWXUe aQd TC ± PeaN CU\VWaOOLVaWLRQ WePSeUaWXUe. 

Sample 

  

TM 

[ႏ] 

TC 

[ႏ] 

Processing window 

[ႏ] 

PA-12 162.67 155.83 6.84 

1 wt.% FA 164.69 157.73 6.96 

5 wt.% FA 162.11 155.36 6.75 

10 wt.% FA 151.83 153.76 -1.93 

20 wt.% FA 139.89 147.61 -7.72 

1 wt.% DA 172.10 155.19 16.91 

5 wt.% DA 167.43 157.17 10.26 

10 wt.% DA 161.02 156.53 4.49 

20 wt.% DA 147.76 152.01 -4.25 

0.10 wt.% 2-PYR 168.03 155.35 12.68 

0.38 wt.% 2-PYR 164.00 156.47 7.53 

0.50 wt.% 2-PYR 167.09 155.75 11.34 

1.05 wt.% 2-PYR 166.55 154.81 11.74 

1.97 wt.% 2-PYR 167.76 155.49 12.27 

2.33 wt.% 2-PYR 168.03 154.95 13.08 

4.07 wt.% 2-PYR 155.35 152.10 3.25 

8.72 wt.% 2-PYR 152.79 147.79 5.00 
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TabOe 6.2.2 ±  The PeOWLQg behaYLRXU Rf PA-12 bOeQdV RQ heaW 1 aQd heaW 2 XVLQg a heaWLQg UaWe Rf 10 ℃/PLQ (cRQWLQXed RQ Whe Qe[W Sage).  WheUe TM - PeaN 

MeOWLQg TePSeUaWXUe, TE - LaVW TUace Rf MeOWLQg, TO - OQVeW Rf MeOWLQg, Xc ± DegUee Rf CU\VWaOOLQLW\ aQd ¨H LV Whe heaW Rf fXVLRQ. 

                            

BOeQd ZW.% 
 HeaW 1    HeaW 2   

  TM (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%)   TM ( (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%) 

FA 1.00  185.5 164.7 193.0 103.6 49.5  176.8 156.7 183.3 46.7 22.3 

 5.00  183.2 162.1 191.8 108.3 51.7  174.8 153.6 181.5 51.7 24.7 

 10.00  179.8 151.8 186.2 117.9 56.3  172.2 146.6 179.6 55.1 26.3 

 20.00  173.8 139.9 181.5 121.9 58.2  166.5 139.5 173.8 60.5 28.9 

DA 1.00  187.3 172.1 193.8 105.4 50.4  177.8 156.5 184.2 44.7 21.4 

 5.00  185.0 167.4 192.3 109.3 52.2  177.2 156.6 183.9 43.3 20.7 

 10.00  182.5 161.0 190.2 117.9 56.4  177.0 156.7 183.3 44.5 21.3 

 20.00  179.0 147.8 189.0 129.8 62.0  176.7 155.2 183.9 47.3 22.6 

CB 1.00  187.3 166.4 197.1 111.2 53.1  177.8 156.5 184.2 44.7 21.4 

 5.00  187.7 165.7 196.0 116.1 55.5  177.2 156.6 183.9 43.3 20.7 

 10.00  187.7 165.1 198.2 120.1 57.4  177.0 156.7 183.3 44.5 21.3 

 20.00  187.3 164.1 195.8 132.2 63.2  176.7 155.2 183.9 47.3 22.6 
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WaWeU 1.00  187.0 170.2 192.0 108.2 51.7  177.0 157.1 183.7 39.0 18.6 

 5.00  186.8 170.4 192.9 111.5 53.3  177.8 157.8 184.2 47.5 22.7 

 10.00  186.3 168.8 191.9 109.4 52.3  177.3 158.4 183.4 47.9 22.9 

 20.00  186.3 172.4 192.8 95.1 45.4  177.3 160.3 184.9 41.6 19.9 

2-PYR 
(FA) 0.38  185.83 164.0 192.85 109.0 52.1  177.00 162.9 183.41 44.6 21.3 

 1.97  185.67 167.8 191.00 107.1 51.2  177.17 163.5 181.80 46.8 22.4 

 4.07  181.83 155.4 187.20 109.3 52.2  173.67 157.7 179.23 49.3 23.5 

 8.72  176.33 152.8 181.48 108.1 51.6  169.33 152.3 174.17 52.3 25.0 

2-PYR 
(DA) 0.10  185.83 168.0 191.24 103.7 49.5  177.33 164.8 181.31 46.4 22.2 

 0.50  185.33 167.1 190.83 101.5 48.5  176.83 163.1 180.85 44.8 21.4 

 1.05  184.50 166.6 189.77 102.5 49.0  176.00 162.8 180.33 47.4 22.6 

 2.33  185.33 168.0 191.11 104.9 50.2   177.17 163.3 181.18 48.1 23.0 
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TabOe 6.2.3 ± The cU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 bOeQdV RQ cRRO 1 XVLQg a cRROLQg UaWe Rf 10 ℃/PLQ (cRQWLQXed RQ Whe Qe[W Sage). WheUe TP - PeaN 

CU\VWaOOLVaWLRQ TePSeUaWXUe, TO - OQVeW CU\VWaOOLVaWLRQ TePSeUaWXUe, TE - EQd CU\VWaOOLVaWLRQ TePSeUaWXUe, ¨H - HeaW Rf CU\VWaOOLVaWLRQ, XC - DegUee Rf 

CU\VWaOOLQLW\. 

                

AddLWLYe ZW.% 
 CRRO 1   

  TP (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%) 

PA-12   148.3 155.8 136.4 60.5 28.9 

FA 1.00  149.3 157.7 138.9 55.1 27.4 

 5.00  148.8 155.4 138.9 59.5 28.4 

 10.00  147.0 153.8 136.5 61.2 29.3 

 20.00  141.8 147.6 129.3 66.3 31.7 

DA 1.00  147.7 155.2 139.1 53.5 25.6 

 5.00  149.0 157.2 136.6 56.9 27.2 

 10.00  147.5 156.5 136.8 58.9 28.2 

 20.00  144.8 152.0 134.1 58.4 27.9 

CB 1.00  149.2 158.9 135.8 52.7 26.3 

 5.00  148.2 157.4 138.8 52.2 25.0 
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 10.00  148.2 157.6 136.6 53.5 25.6 

 20.00  148.3 157.2 137.7 57.0 27.2 

WaWeU 1.00  148.0 156.3 139.9 45.7 21.8 

 5.00  149.0 156.4 139.5 55.9 26.7 

 10.00  148.7 156.1 141.5 56.5 27.0 

 20.00  148.8 157.4 139.0 49.7 23.7 

2-PYR 0.10  149.2 155.4 140.5 57.0 27.2 

 0.38  148.8 156.5 141.7 56.1 26.8 

 0.50  148.7 155.8 140.4 55.6 26.5 

 1.05  148.0 154.8 139.6 57.1 27.3 

 1.97  149.0 155.5 141.5 58.1 27.7 

 2.33  148.7 155.0 140.7 58.3 27.9 

 4.07  146.0 152.1 138.8 59.5 28.4 

 8.72  141.7 147.8 131.5 61.1 29.2 

FA (2-PYR + WaWeU) 0.38  148.0 155.9 139.4 48.7 23.3 

 1.97  146.8 155.9 138.5 49.3 23.6 

 4.07  145.0 152.9 135.5 51.6 24.6 

 8.72  142.7 150.4 133.8 53.7 25.6 

DA (2-PYR + WaWeU) 0.10  148.5 156.2 139.6 49.5 23.7 

 0.50  147.8 155.1 140.8 48.5 23.2 
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 1.05  147.7 155.3 140.6 47.4 22.6 

  2.33   147.7 154.8 139.4 49.3 23.6 
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FLgXUe 6.2.2 ± The PeOWLQg behaYLRXU Rf PA-12 bOeQdV RQ heaW 1, a) PA-12/FA, b) PA-12/DA, c) PA-

12/CB, d) PA-12/ZaWeU, e) PA-12/2-PYR, f) PA-12/2-PYR/ZaWeU (FA) aQd g) PA-12/2-PYR/ZaWeU 

(DA). 
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FLgXUe 6.2.3 ± The UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 bOeQdV RQ cRRO 1, a) PA-12/FA, b) PA-12/DA, 

c) PA-12/CB, d) PA-12/ZaWeU, e) PA-12/2-PYR, f) PA-12/2-PYR/ZaWeU. aQd g) PA-12/2-PYR/ZaWeU 

(DA).
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6.3 FTIR of PA-12 poZder blends 
 

The FTIR VSecWUa Rf PA-12 SRZdeU bOeQdV aQd bOeQd VaPSOeV WhaW had beeQ e[WUacWed fURP DSC SaQV 

ZeUe UecRUded aQd cRPSaUed WR PA-12. The VaPSOeV WhaW ZeUe e[WUacWed fURP DSC SaQV ZeUe VXbMecWed 

WR a heaW-cRRO-heaW-cRRO c\cOe XVLQg a heaWLQg UaWe aQd cRROLQg UaWe Rf 10 ℃/PLQ dXULQg DSC aQaO\VLV.   

 

The aLP Rf WhLV ZRUN ZaV WR chaUacWeULVe PA-12 bOeQdV aQd RbVeUYe Whe effecW Rf ageQWV aQd addLWLYeV 

RQ Whe chePLcaO VWUXcWXUe Rf PA-12. ThLV ZaV achLeYed b\ cRPSaULQg Whe VSecWUa Rf Whe bOeQdV WR YLUgLQ 

PA-12. The ageQWV aQd addLWLYeV LQcOXde Whe FA, DA, caUbRQ bOacN, ZaWeU, 2-PYR aQd 2-PYR/ZaWeU.  

 

6.3.1 Characterisation of PA-12 blends Xsing FTIR 
 

The SeaN ZaYeQXPbeU fRU chaUacWeULVWLc SeaNV LV VhRZQ LQ FLgXUe 6.3.1. The daWa LQ TabOe 6.3.1 LV 

cRPSaUabOe WR PA-12 SRZdeU (Vee chaSWeU 3.3) aQd FTIR daWa UeSRUWed b\ H.J O'CRQQeU eW aO fRU a PA-

12 SaUW PaQXfacWXUed b\ MJF (61,68).  
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Figure 6.3.1: FTIR spectra of PA-12/FA, PA-12/DA, PA-12/2-PYR and PA-12/2-PYR/water 

powder blends at varying compositions of FA, DA, 2-PYR and water. All recorded spectra 

were normalised to the same baseline. All recorded spectra were overlaid to produce the 

graphs as shown. Where FA is the Fusing Agent, DA is the Detailing Agent, CB is carbon 

black, 2-PYR is 2-pyrrolidone and 2-PYR (w) is 2-pyrrolidone and water. 
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FLgXUe 6.3.1 VhRZV Whe FTIR VSecWUa Rf PA-12 SRZdeU bOeQdV. The addLWLRQ Rf Whe FA, DA, caUbRQ 

bOacN, 2-PYR aQd ZaWeU dLd QRW haYe a VLgQLfLcaQW LQfOXeQce RQ Whe VSecWUa LQ WhaW QeZ VWURQg SeaNV 

ZeUe QRW RbVeUYed. OQ cORVeU e[aPLQaWLRQ, VOLghW dLffeUeQceV ZeUe RbVeUYed aQd WheVe aUe dLVcXVVed 

beORZ. 

 

IQ Whe PA-12/FA bOeQdV, Whe abVRUbaQce LQ Whe UegLRQ Rf 3500 ± 4000 cP-1 LQcUeaVed dUaPaWLcaOO\ LQ Whe 

20 ZW.% FA bOeQd, ZheQ cRPSaUed WR Whe 1, 5 aQd 10 ZW.% FA bOeQd. ThLV cRXOd be a UeVXOW Rf Whe cRORXU 

Rf PA-12 SRZdeU afWeU Whe addLWLRQ Rf Whe FA. IQ Whe PA-12/FA bOeQdV, Whe RUgLQaOO\ ZhLWe PA-12 SRZdeU 

had beeQ d\ed bOacN b\ Whe caUbRQ bOacN SUeVeQW ZLWhLQ Whe FA (WhLV ZaV dLVcXVVed LQ ChaSWeU 6.1). The 

SLgPeQWaWLRQ Rf Whe SRZdeU LQ Whe 20 ZW.% FA bOeQd ZaV PXch daUNeU LQ cRPSaULVRQ WR Whe 1, 5, aQd 

10 ZW.% FA bOeQd, WhLV ZaV dXe WR Whe gUeaWeU cRQWeQW Rf caUbRQ bOacN SUeVeQW aQd ZaV aVVRcLaWed ZLWh 

Whe gUeaWeU cRQWeQW Rf FA XVed WR cUeaWe Whe bOeQd. TheUefRUe, Whe LQcUeaVe LQ abVRUbaQce LQ Whe UegLRQ 

Rf 3500 ± 4000 cP-1 caQ be dXe caUbRQ bOacN. IQ a VWXd\ b\ GaOaWL eW aO, Whe VSecWUa Rf Whe FA aQd DA 

ZeUe UecRUded. The VSecWUa Rf Whe FA VhRZed a hLgheU abVRUbaQce, WhLV ZaV aVVRcLaWed ZLWh Whe gUaShLWLc 

caUbRQ bOacN SUeVeQW ZLWhLQ Whe FA. ThLV ZaV dXe WR caUbRQ bOacN SURPRWLQg a ³hLgheU heaWLQg Rf 

SRZdeUV´ dXe WR Whe ³V\PSaWheWLc YLbUaWLRQ Rf caUbRQ aWRPV WhaW cRQYeUWV LQcLdeQW IR ePLVVLRQ LQWR 

heaW eQeUg\´ (58). MeaQZhLOe, JLaQg eW aO chaUacWeULVed SRO\(eWh\OeQe WeUeShWhaOaWe) aQd caUbRQ bOacN 

bOeQdV SURdXced XVLQg SULVWLQe caUbRQ bOacN aQd VXUface PRdLfLed caUbRQ bOacN (145). The FTIR 

VSecWUXP Rf SULVWLQe caUbRQ bOacN ZaV UecRUded aQd dLVWLQgXLVhed SeaNV LQ Whe UegLRQ Rf 3500 ± 4000 

cP-1 ZeUe dLVSOa\ed. The SeaNV ZeUe PRUe dLVWLQgXLVhed WhaQ WhaW VhRZQ LQ Whe FTIR VSecWUXP Rf 20 

ZW.% FA bOeQd. SLQce Whe SeaNV LQ Whe 20 ZW.% FA bOeQd ZeUe QRW defLQed, WhLV VXggeVWV WhaW Whe addLWLRQ 

Rf caUbRQ bOacN dLd QRW VSecLfLcaOO\ SURdXce SeaNV LQ 3500 ± 4000 cP-1 aQd WhaW Whe chaQge LQ 

abVRUbaQce ZaV dXe WR Whe addLWLRQ Rf caUbRQ bOacN.  

ThLV beLQg VaLd, FLgXUe 6.3.1 VhRZed WhaW Whe bOeQdV 1.05 ZW.% 2-PYR (Z), 5 ZW.% FA aQd Whe 1 ZW.% 

CB aOVR e[hLbLWed VLPLOaU VSecWUaO feaWXUeV beWZeeQ 3500 ± 4000 cP-1, LQ WhaW Whe abVRUbaQce fOXcWXaWed 

aQd chaQged. HRZeYeU, Whe abRVRUbaQce ZaV QRW aV hLgh LQ cRPSaULVRQ WR Whe 20 ZW.% FA bOeQd.  
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TheUefRUe, Whe feaWXUeV beWZeeQ 3500 ± 4000 cP-1 caQ aOVR be aWWULbXWed WR a SRRU baVeOLQe. IW LV OLNeO\ 

WhaW WhLV LV dXe WR SRRU VLgQaO TXaOLW\ ZhLch aULVeV fURP SRRU cRQWacW beWZeeQ Whe SRZdeU VaPSOe aQd 

Whe cU\VWaO. CRQVeTXeQWO\, Whe SeQeWUaWLRQ deSWh Rf Whe beaP LQWR Whe VaPSOe LV UedXced b\ Whe URXgh 

VXUface Rf Whe VaPSOe aQd OeadV WR a UedXced cRQWacW aUea. M. GaOaWL eW aO OLQNed a ORZ WUaQVPLWWaQce aQd 

SeaN UeVROXWLRQ LQ Whe VSecWUa Rf MJF cRPSRQeQWV WR LPSeUfecW cRQWacW beWZeeQ Whe VaPSOe aQd cU\VWaO. 

ThLV ZaV dXe WR Whe URXgh VXUface Rf a MJF cRPSRQeQW (58).  

 

FRU WhLV UeaVRQ, Whe abVRUbaQce beWZeeQ 3500 ± 4000 cP-1 LQ Whe 20 ZW.% FA bOeQd caQ be a UeVXOW Rf a 

QXPbeU Rf facWRUV; L) IPSeUfecW cRQWacW beWZeeQ Whe VaPSOe aQd Whe c\VWaO aQd LL) The SUeVeQce Rf caUbRQ 

bOacN LQWeQVLf\LQg Whe VLgQaO aQd LLL) A SRRU baVeOLQe ZLWhLQ LQ Whe UegLRQ Rf 3500 ± 4000 cP-1.  ThLV 

agUeeV ZLWh Whe facW WhaW RWheU VSecWUa VhRZed VLPLOaU feaWXUeV.  

 

IQ RUdeU WR LPSURYe Whe cRQWacW beWZeeQ Whe VaPSOe aQd Whe cU\VWaO, Whe VcUeZ caQ be VeW WR a hLgheU 

fRUce. AddLWLRQaOO\, WhLV ZLOO LPSURYe Whe SeQeWUaWLRQ deSWh Rf Whe beaP LQWR Whe VaPSOe. The SeQeWUaWLRQ 

deSWh aOVR deSeQdV RQ facWRUV VXch aV Whe ZaYeOeQgWh, UefUacWLYe LQdLceV Rf Whe cU\VWaO aQd VaPSOe, aV 

ZeOO aV Whe aQgOe Rf Whe LQcLdeQW beaP (167).  

 

TR e[SORUe Whe Ldea WhaW caUbRQ bOacN UeadLO\ abVRUbV IR UadLaWLRQ, Whe XQcRUUecWed VSecWUa Rf Whe PA-

12/FA aQd PA-12/CB bOeQdV ZeUe RYeUOaLd (Vee FLgXUe 6.3.2). IQ Whe PA-12/FA bOeQdV, LW ZaV cOeaU WhaW 

Whe abVRUbaQce ZaV PRdLfLed b\ Whe addLWLRQ Rf Whe FA WR PA-12, ZheUe Whe abRVUbaQce Rf Whe VSecWUa 

V\VWePaWLcaOO\ LQcUeaVed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf Whe FA. The FTIR VSecWUa Rf Whe FA aQd DA LQ 

WheLU OLTXLd fRUP ZaV UecRUded b\ M. GaOaWL eW aO. The VSecWUa Rf Whe FA aQd DA ZeUe LdeQWLcaO, hRZeYeU 

Whe FA VSecWUXP had VhLfWed WR a ORZeU WUaQVPLWWaQce ZheQ cRPSaUed WR Whe VSecWXP Rf Whe DA. ThLV 

ZaV dXe WR Whe SUeVeQce Rf gUaShLWLc caUbRQ ZLWhLQ Whe FA, ZhLch PaNeV Whe FA aSSeaU bOacN LQ cRORXU. 
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IQ WheLU ZRUN, Whe caUbRQ ZLWhLQ Whe FA MXVWLfLed Whe hLgheU abRVRUbaQce Rf Whe FA, ZheQ cRPSaUed WR 

Whe DA, VLQce Whe UROe Rf Whe FA LV WR cRQYeUW LQcLdeQW IR UadLaWLRQ LQWR heaW eQeUg\ (58). TheUefRUe, LQ 

Whe PA-12/FA bOeQdV Whe V\VWePaWLc LQcUeaVe LQ abVRUbaQce ZLWh FA LV dXe WR Whe LQcUeaVed cRQWeQW Rf 

caUbRQ bOacN ZLWhLQ Whe FA. ThLV VhRZed WhaW Whe caUbRQ bOacN ZLWhLQ Whe FA had a VLgQLfLcaQW effecW RQ 

Whe abVRUbaQce Rf PA-12, ZheUe Whe SUeVeQce Rf caUbRQ bOacN LQcUeaVed Whe abRUSWLRQ Rf IR UadLaWLRQ. 

ThLV LV cRQVLVWeQW ZLWh Whe acWLRQ Rf a RAM (146). AddLWLRQaOO\, WhLV RbVeUYaWLRQ ZaV MXVWLfLed b\ Whe 

gUe\/bOacN aSSeaUaQce Rf Whe PA-12/FA bOeQdV. 

 

FLgXUe 6.3.2 VhRZV Whe XQcRUUecWed VSecWUa Rf Whe PA-12/CB bOeQdV. IQ Whe PA-12/CB bOeQdV, Whe caUbRQ 

bOacN dLd QRW haYe a VLgQLfLcaQW LQfOXeQce RQ Whe abVRUbaQce, LQ WhaW Whe abVRUbaQce Rf Whe VSecWUa dLd 

QRW VLgQLfLcaQWO\ LQcUeaVe ZLWh LQcUeaVed cRQWeQW Rf caUbRQ bOacN. ThRXgh, LQ Whe 20 ZW.% CB bOeQd a 

VOLghW LQcUeaVe LQ abVRUbaQce ZaV RbVeUYed. HRZeYeU, WhLV ZaV LQVLgQLfLcaQW LQ cRPSaULVRQ WR Whe 

LQcUeaVe LQ abVRUbaQce e[hLbLWed b\ Whe PA-12/FA bOeQdV.  

AOWhRXgh caUbRQ bOacN ZaV LQ Whe PA-12/FA aQd PA-12/CB bOeQdV, Whe abVRUbaQce ZaV gUeaWeU LQ Whe 

PA-12/FA bOeQdV. ThLV dLffeUeQce LV dXe WR Whe LQWeUacWLRQ beWZeeQ caUbRQ bOacN aQd PA-12. IQ Whe PA-

12/FA bOeQdV, Whe caUbRQ bOacN ZaV dLVSeUVed aV aQ LQN RYeU PA-12 SRZdeU aQd caXVed Whe cRORXU Rf 

Whe SRZdeU WR chaQge fURP ZhLWe WR bOacN. WheUeaV, LQ Whe PA-12/CB bOeQdV Whe caUbRQ bOacN ZaV LQ 

Whe fRUP Rf VROLd bOacN SaUWLcOeV WhaW ZeUe dLVSeUVed ZLWhLQ Whe ZhLWe PA-12 SRZdeU. ThLV VhRZV WhaW 

Whe LQWeUacWLRQ beWZeeQ Whe caUbRQ bOacN aQd PA-12 LQfOXeQced Whe FTIR VSecWUa Rf PA-12 aQd VXggeVWV 

WhaW Whe LQWeUacWLRQ ZaV eQahQced ZheQ Whe caUbRQ bOacN ZaV SUeVeQW aV aQ LQN ZLWhLQ Whe FA aQd caXVed 

Whe abRUbaQce WR be gUeaWeU. ThLV LV a beQefLcLaO feaWXUe Rf Whe FA LQ MJF, VLQce Whe FA LV deSRVLWed LQ 

ORcaOLVed aUeaV RQ Whe SRZdeU bed SURPRWe PeOWLQg aQd facLOLWaWe adheVLRQ Rf SRO\PeU SaUWLcOeV.  
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FLgXUe 6.3.2: FTIR VSecWUa Rf Whe PA-12/FA aQd PA-12/CB SRZdeU bOeQdV, ZheUe Whe daWa haV QRW 

beeQ cRUUecWed, ZheUe FA LV Whe FXVLQg AgeQW aQd CB LV caUbRQ bOacN. 
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FLgXUe 6.3.3: FTIR VSecWUa Rf PA-12 aQd VeOecWed PA-12 SRZdeU bOeQdV beWZeeQ 2200 ± 4000 cP-1, 

ZheUe FA LV Whe FXVLQg AgeQW, DA LV Whe DeWaLOLQg AgeQW aQd 2-PYR LV 2-S\UUROLdRQe. The aUURZ 

LOOXVWUaWeV Whe fUee N-H VWUeWch. 

 

IQ Whe PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU bOeQd cRQWaLQLQg 8.72 ZW.% 2-PYR, a bURad VhRXOdeU 

SeaN beWZeeQ 3550 ± 3600 cP-1 ZaV RbVeUYed Rff Whe N-H VWUeWch, WhLV LV LOOXVWUaWed b\ Whe aUURZ LQ 

FLgXUe 6.3.3. ThLV ZaV aVVLgQed WR fUee N-H VWUeWch, SchURedeU aQd SNURYaQeN had aOVR aVVLgQed SeaNV 

aW 3440 cP-1 aQd 3444 cP-1 LQ SRO\aPLde WR Whe fUee N-H VWUeWch, UeVSecWLYeO\ (95,105). IQWeUeVWLQgO\, 

WhLV ZaV QRW RbVeUYed LQ Whe VSecWUXP Rf PA-12 SRZdeU, WheUefRUe WhLV ZaV dXe WR Whe SUeVeQce Rf 2-

PYR ZLWhLQ Whe bOeQd. MRUeRYeU, WhLV SeaN ZaV aOVR RbVeUYed LQ Whe PA-12/FA aQd PA-12/DA bOeQdV 

(10 aQd 20 ZW.% FA; 20 ZW.% DA). ThLV LV XQVXUSULVLQg VLQce 2-PYR ZaV SUeVeQW LQ Whe FA aQd DA.  
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The PROecXOaU VWUXcWXUe Rf 2-PYR LV VLPLOaU WR PA-12 LQ WhaW 2-PYR aOVR cRQWaLQV N-H aQd C=O 

PRLeWLeV. TheUefRUe, 2-PYR caQ e[SeULeQce VeOf-aVVRcLaWLYe h\dURgeQ bRQdLQg beWZeeQ N-H aQd C=O 

(147). YeW, LW LV SRVVLbOe WhaW h\dURgeQ bRQdLQg caQ RccXU beWZeeQ Whe N-H aQd C=O PRLeWLeV beWZeeQ 

PA-12 aQd 2-PYR dXe WR Whe VLPLOaULWLeV LQ Whe fXQcWLRQaO gURXSV Rf PA-12 aQd 2-PYR. AV VXch, WhLV 

caQ OeaYe fUee N-H PRLeWLeV WhaW aUe QRW h\dURgeQ bRQded. ThLV VXggeVWV WhaW Whe fUee N-H VWUeWch LV 

aVVRcLaWed WR Whe QRQ-h\dURgeQ bRQded N-H PRLeWLeV RQ bRWh PA-12 aQd 2-PYR. 

 

The FTIR VSecWUa Rf VaPSOeV WhaW had beeQ e[WUacWed fURP DSC SaQV afWeU beLQg VXbMecWed WR a heaW-

cRRO-heaW-cRRO c\cOe XVLQg a heaWLQg aQd cRROLQg UaWe Rf 10 ℃/PLQ beWZeeQ 25 ± 220 ℃ ZeUe UecRUded.  

 

The FTIR VSecWUa Rf Whe bOeQdV aUe VhRZQ LQ FLgXUe 6.3.4. The SeaN ZaYeQXPbeU fRU chaUacWeULVWLc 

SeaNV LV VhRZQ LQ TabOe 6.3.2. The daWa LQ TabOe 6.3.2 LV cRPSaUabOe WR PA-12 SRZdeU (Vee chaSWeU 3.3) 

aQd FTIR daWa UeSRUWed b\ O'CRQQeU eW aO fRU a PA-12 SaUW PaQXfacWXUed b\ MJF (61,68). ThLV VhRZV 

WhaW Whe VSecWUa Rf SRZdeU bOeQdV aQd bOeQdV e[WUacWed fURP DSC SaQV ZeUe VLPLOaU.  

 

FLgXUe 6.3.4 VhRZV Whe FTIR VSecWUa Rf PA-12 SRZdeU bOeQdV. The addLWLRQ Rf Whe FA, DA, caUbRQ 

bOacN, 2-PYR aQd ZaWeU dLd QRW aSSeaU WR haYe a VLgQLfLcaQW LQfOXeQce RQ Whe VSecWUa afWeU a heaW-cRRO-

heaW-cRRO c\cOe beWZeeQ 25 ± 220 ℃. MRUeRYeU, Whe cRPSRVLWLRQ dLd QRW haYe a VLgQLfLcaQW LQfOXeQce 

RQ Whe VSecWUa.  OQ cORVeU e[aPLQaWLRQ, VOLghW dLffeUeQceV ZeUe RbVeUYed aQd WheVe aUe dLVcXVVed beORZ. 

 

FLgXUe 6.3.5 VhRZV Whe FTIR VSecWUa Rf VeOecWed bOeQdV beWZeeQ 1590 ± 1750 cP-1. A VWURQg SeaN aW 

~1634 cP-1 ZaV RbVeUYed, WhLV ZaV aVVLgQed WR Whe C=O VWUeWch. OQ cORVeU e[aPLQaWLRQ Rf WhLV UegLRQ, 

a VPaOO aQd ZLde SeaN aW ~1690 cP-1 ZaV RbVeUYed. The SeaN aW ~1690 cP-1 LQcUeaVed ZLWh 2-PYR 

cRPSRVLWLRQ, LOOXVWUaWed b\ Whe XSZaUdV aUURZ LQ FLgXUe 6.3.5. IQ aQRWheU VWXd\, Whe FTIR VSecWUXP Rf 

2-PYR LQ CCO4 VROXWLRQ ZaV UecRUded. A VWURQg QaUURZ baQd aW 1699 cP-1 ZaV RbVeUYed aQd ZaV 
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aVVLgQed WR Whe aPLde-I baQd (C=O VWUeWch) Rf 2-PYR (148). TheUefRUe, Whe SeaN aW ~1690 cP-1 ZaV 

aVVLgQed WR Whe aPLde-I baQd (C=O VWUeWch) Rf 2-PYR. ThLV daWa VXggeVWV WhaW 2-PYR ZaV UeWaLQed LQ 

Whe SRO\PeU SRVW-DSC WheUPaO aQaO\VLV. FXUWheU LQYeVWLgaWLRQ VhRZed WhaW WhLV SeaN ZaV aOVR SUeVeQW LQ 

Whe SRZdeU bOeQdV, VXggeVWLQg WhaW 2-PYR ZaV UeWaLQed fURP Whe SRZdeU bOeQd WR Whe DSC VaPSOe. 

ThRXgh, Whe aSSeaUaQce Rf WhLV SeaN LQ Whe SRZdeU bOeQdV ZaV dLVWRUWed dXe WR Whe SRRU cRQWacW beWZeeQ 

Whe SRZdeU aQd Whe cU\VWaO. The Sh\VLcaO SURSeUWLeV Rf 2-PYR VhRZ WhaW Whe bRLOLQg SRLQW Rf 2-PYR LV 

251 ℃. SLQce Whe DSC VaPSOeV ZeUe SUeSaUed b\ heaWLQg Whe SRO\PeU XS WR a Pa[LPXP WePSeUaWXUe Rf 

220℃, LW LV XQVXUSULVLQg WhaW 2-PYR ZaV UeWaLQed LQ Whe SRO\PeU VLQce Whe bRLOLQg SRLQW Rf 2-PYR ZaV 

QRW VXUSaVVed. IQ MJF, Whe WePSeUaWXUe dXULQg Whe SULQWLQg SURceVV dReV QRW e[ceed 185 ℃, WheUefRUe LW 

LV e[SecWed WhaW 2-PYR ZLOO aOVR be UeWaLQed LQ UefUeVhed SRZdeU ZheUe VRPe Rf Whe DA haV beeQ aSSOLed 

LQ SUeYLRXV bXLOdV aQd LQ Whe fLQaO SaUWV aV a UeVXOW Rf Whe FA aQd DA (91).  
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Figure 6.3.4: FTIR spectra of PA-12, PA-12/FA, PA-12/DA, PA-12/2-PYR and PA-12/2-

PYR/water DSC blends at varying compositions of FA, DA, 2-PYR and water. All recorded 

spectra were overlaid to produce the graphs as shown. Where FA is the Fusing Agent, DA is 

the Detailing Agent, CB is carbon black, 2-PYR is 2-pyrrolidone and 2-PYR (w) is 2-

pyrrolidone and water. 
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Figure 6.3.5:  FTIR spectra of DSC samples of PA-12, PA-12/2-PYR, PA-12/FA and PA-

12/DA blends showing the carbonyl (C=O) stretch at 1635 cm-1.  The upwards arrow 

indicates a peak at 1690 cm-1 that increased with composition of 2-PYR. All recorded spectra 

were normalised to the same baseline. Where FA is the Fusing Agent, DA is the Detailing 

Agent and 2-PYR is 2-pyrrolidone. 

 

6.3.2 Peak shift of the N-H stretch  
 

ThLV VecWLRQ ZLOO fRcXV RQ h\dURgeQ bRQd LQWeUacWLRQV LQ Whe PA-12 SRZdeU bOeQdV b\ aQaO\VLQg Whe 

SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch. FTIR LV a hLghO\ effecWLYe WRRO WR LQYeVWLgaWe VSecLfLc LQWeUacWLRQV 

beWZeeQ SRO\PeUV, VXch aV h\dURgeQ bRQd LQWeUacWLRQV (95,96,105,149,150). TheVe LQWeUacWLRQV aUe 

SUeVeQW ZLWhLQ Whe aPRUShRXV aQd cU\VWaOOLQe UegLRQV Rf Whe SRO\PeU aQd caQ aOVR be fRUPed LQ SRO\PeU 

bOeQdV RU ZLWh Whe addLWLRQ Rf addLWLYeV WR a SRO\PeU PaWUL[.  

 

IQ SRO\aPLdeV, Whe N-H PRLeW\ (abVRUbaQce baQd 3100 ± 3500 cP-1) SaUWLcLSaWeV LQ h\dURgeQ bRQdLQg 

ZLWh Whe C=O PRLeW\ (abVRUbaQce baQd 1590 ± 1670 cP-1) (95,96). IW haV beeQ UeSRUWed LQ OLWeUaWXUe WhaW 

Whe SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch LQ SRO\aPLde VhLfWV WR hLgheU RU ORZeU ZaYeQXPbeUV ZheQ 
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SRO\aPLde fRUPV h\dURgeQ bRQdV ZLWh RWheU PROecXOeV SUeVeQW ZLWhLQ Whe SRO\PeU PaWUL[ (143).  FRU 

WhLV UeaVRQ, Whe SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch fRU each bOeQd ZaV UecRUded LQ RUdeU WR RbVeUYe 

Whe effecW Rf h\dURgeQ bRQdLQg beWZeeQ PA-12 aQd Whe FA, DA, CB, ZaWeU, 2-PYR aQd 2-PYR/ZaWeU 

(151). SLQce Whe bOeQdV ZeUe cUeaWed fURP PA-12 SRZdeU fURP 2 baWcheV, Whe N-H SeaN ZaYeQXPbeU Rf 

PA-12 SRZdeU (baWch 1) aQd PA-12  (baWch 2) ZeUe UecRUded. The SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch 

LQ PA-12 (baWch 1) aQd PA-12 (baWch 2) ZeUe cRPSaUabOe.  

 

The SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch LQ PA-12 SRZdeU bOeQdV LV dLVSOa\ed LQ FLgXUe 6.3.6. IQ Whe 

PA-12/FA aQd PA-12/DA bOeQd, Whe SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch YaULed XQV\VWePaWLcaOO\. ThLV 

ZaV aOVR RbVeUYed LQ Whe PA-12/CB, PA-12/2-PYR/ZaWeU aQd PA-12/ZaWeU bOeQdV.  

The bOeQd WhaW e[hLbLWed Whe OaUgeVW VhLfW WR ORZeU ZaYeQXPbeUV ZaV Whe 20 ZW.% FA bOeQd, ZheUe Whe 

SeaN ZaYeQXPbeU decUeaVed b\ 2.8 cP-1, ZheQ cRPSaUed WR Whe SeaN ZaYeQXPbeU Rf PA-12. The bOeQd 

ZhLch e[hLbLWed Whe OaUgeVW VhLfW WR a hLgheU ZaYeQXPbeU ZaV Whe 5 ZW.% CB bOeQd, ZheUe Whe SeaN 

ZaYeQXPbeU LQcUeaVed b\ 0.26 cP-1, ZheQ cRPSaUed WR Whe SeaN ZaYeQXPbeU Rf PA-12. WheUe Whe 

SeaN ZaYeQXPbeU Rf PA-12, 20 ZW.% FA bOeQd aQd 5 ZW.% CB bOeQd ZeUe 3290.4, 3287.6 aQd 3290.7 

cP-1, UeVSecWLYeO\.  

 

IQWeUeVWLQgO\, a OaUge decUeaVe LQ SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch ZaV aOVR RbVeUYed LQ Whe 1 ZW.% 

CB bOeQd, LQ cRPSaULVRQ WR Whe SeaN ZaYeQXPbeU Rf PA-12. The SeaN ZaYeQXPbeU Rf Whe 1 ZW.% CB 

bOeQd ZaV 3288.4 cP-1 WhXV dLVSOa\LQg aQ RYeUaOO decUeaVe Rf 2 cP-1. ThLV ZRXOd VXggeVW PA-12 aQd 

caUbRQ bOacN LQWeUacWed b\ h\dURgeQ bRQdLQg. ThLV ZaV XQe[SecWed VLQce WhLV ZaV Whe bOeQd ZLWh Whe 

ORZeVW cRPSRVLWLRQ Rf CB LQ Whe PA-12/CB bOeQdV. AddLWLRQaOO\, caUbRQ bOacN ZaV UecRYeUed b\ a 

SURceVV LQ ZhLch YROaWLOe cRPSRQeQWV ZeUe UePRYed. ThLV OeadV WR Whe cRQcOXVLRQ WhaW Whe VhLfW LQ SeaN 

ZaYeQXPbeU ZaV dXe WR VaPSOe YaULaWLRQ RU Whe SUeVeQce Rf UeVLdXaO VROYeQWV RU PRLVWXUe ZLWhLQ PA-

12.  
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IQ Whe PA-12/2-PYR bOeQdV, Whe SeaN ZaYeQXPbeU Rf Whe N-H baQd ZaV cRPSaUabOe WR PA-12. ThLV ZaV 

XQXVXaO VLQce 2-PYR cRQWaLQV N-H aQd C=O PRLeWLeV dePRQVWUaWLQg WhaW 2-PYR caQ bRQd ZLWh PA-12. 

ThLV daWa VXggeVWV 2-PYR dLd QRW fRUP h\dURgeQ bRQdV ZLWh PA-12 LQ Whe SRZdeU bOeQd. IW LV SRVVLbOe 

WhaW 2-PYR fRUPed VeOf-aVVRcLaWLYe h\dURgeQ bRQdV RU WhaW a SURSRUWLRQ Rf 2-PYR ZaV PRQRPeULc. 

ThLV agUeeV ZLWh Whe fLQdLQgV LQ VecWLRQ 6.3.1 ZheUe Whe fUee N-H baQd ZaV LdeQWLfLed LQ FLgXUe 6.3.3. 

HRZeYeU, a VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H baQd ZaV LdeQWLfLed fRU PA-12/2-PYR/ZaWeU bOeQdV 

aQd QRW Whe PA-12/ZaWeU bOeQdV. ThLV VXggeVWV WhaW LQ a PXOWL-cRPSRQeQW V\VWeP, ZheUe bRWh 2-PYR 

aQd ZaWeU aUe SUeVeQW, h\dURgeQ bRQdV aUe fRUPed OeadLQg WR a VhLfW LQ SeaN ZaYeQXPbeU. The h\dURgeQ 

bRQdV caQ acW beWZeeQ; 2-PYR:ZaWeU, 2-PYR:2-PYR, ZaWeU:ZaWeU, 2-PYR:PA-12, ZaWeU:PA-12 RU 2-

PYR:ZaWeU:PA-12. ThLV daWa VXggeVWV WhaW ZaWeU acWV aV a facLOLWaWRU fRU h\dURgeQ bRQdLQg LQ PA-12/2-

PYR/ZaWeU bOeQdV. ThLV cRXOd be dXe WR bRQd faYRXUabLOLW\. M. DaYLOa eW aO VWXd\ Whe LQWeUacWLRQ Rf 2-

PYR aQd ZaWeU LQ e[WeQVLYe deWaLO LQ (147). ThLV aQ LQWeUeVWLQg cRQceSW VLQce a XQV\VWePaWLc VhLfW LQ 

SeaN ZaYeQXPbeU ZaV aOVR UeSRUWed LQ Wh PA-12/FA aQd PA-12/DA bOeQdV ZheUe bRWh 2-PYR aQd ZaWeU 

ZeUe SUeVeQW.  

 

OYeUaOO, Whe daWa VhRZV a VhLfW LQ SeaN ZaYeQXPbeU ZLWh Whe addLWLRQ Rf Whe FA, DA, CB aQd 2-

PYR/ZaWeU WR PA-12 SRZdeU, WhLV VXggeVWV WhaW h\dURgeQ bRQdV ZeUe fRUPed. IW LV OLNeO\ WhaW Whe VhLfW 

LQ SeaN ZaYeQXPbeU ZaV dXe WR 2-PYR aQd ZaWeU (aOVR cRPPRQ WR Whe FA aQd DA) ZLWhLQ Whe bOeQd, 

VLQce 2-PYR aQd PA-12 caQ fRUP h\dURgeQ bRQdV. The h\dURgeQ bRQd LQWeUacWLRQ beWZeeQ PA-12 aQd 

2-PYR aULVeV fURP Whe VLPLOaULW\ LQ fXQcWLRQaO gURXSV, ZheUeb\ 2-PYR aOVR cRQWaLQV N-H aQd C=O 

PRLeWLeV. BRWh PA-12 aQd 2-PYR aOVR caQ bRQd WR O-H LQ ZaWeU.  
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Figure 6.3.6: Bar chart showing the peak wavenumber of the N-H stretch for powder blends 

exhibiting a shift in peak wavenumber, when compared to the peak wavenumber of PA-12. 

Where FA is the Fusing Agent, DA is the Detailing Agent, CB is carbon black, 2-PYR is 2-

pyrrolidone and 2-PYR (w) is 2-pyrrolidone and water. 

 

ThLV VecWLRQ ZLOO fRcXV RQ Whe VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch aQd h\dURgeQ bRQd 

LQWeUacWLRQV LQ Whe PA-12 bOeQdV WhaW ZeUe VXbMecWed WR DSC aQaO\VLV.  

 

FLgXUe 6.3.7 VhRZV Whe SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch LQ Whe PA-12 bOeQdV. IQ Whe PA-12/FA aQd 

PA-12/DA bOeQdV, Whe SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch YaULed XQV\VWePaWLcaOO\ ZLWh cRPSRVLWLRQ 

Rf FA aQd DA. ThLV VXggeVWV WhaW h\dURgeQ bRQd LQWeUacWLRQV ZeUe SUeVeQW beWZeeQ Whe cRQVWLWXeQWV Rf 

Whe FA aQd DA ZLWh PA-12. IQWeUeVWLQgO\, a VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch ZaV aOVR 

RbVeUYed LQ Whe PA-12/2-PYR bOeQdV. ThLV VXggeVWV WhaW Whe 2-PYR (aOVR cRPPRQ WR Whe FA aQd DA) 

aQd PA-12 LQWeUacWed b\ h\dURgeQ bRQdLQg. SLQce WhLV ZaV QRW RbVeUYed LQ Whe SRZdeU PA-12/2-PYR 

bOeQdV WhLV caQ be aWWULbXWed WR Whe UeRUgaQLVaWLRQ Rf Whe SRO\PeU chaLQV dXULQg cU\VWaOOLVaWLRQ. SLPLOaUO\, 
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WhLV ZaV aOVR RbVeUYed LQ Whe PA-12/2-PYR/ZaWeU bOeQdV. ThLV daWa LV MXVWLfLed b\ Whe SeaN aW 1690 cP-

1 UeOaWed WR Whe aPLde-I baQd (C=O VWUeWch) WhaW cRQfLUPed Whe SUeVeQce Rf 2-PYR ZLWhLQ Whe bOeQdV, 

dePRQVWUaWLQg WhaW 2-PYR aQd PA-12 caQ fRUP h\dURgeQ bRQdV.  

 

The bOeQd WhaW e[hLbLWed Whe gUeaWeVW LQcUeaVe LQ SeaN VhLfW ZaV Whe 1 ZW.% FA bOeQd, ZheUe Whe SeaN 

ZaYeQXPbeU LQcUeaVed b\ 6.7 cP-1, ZheQ cRPSaUed WR Whe SeaN ZaYeQXPbeU Rf PA-12. The bOeQd ZhLch 

e[hLbLWed Whe gUeaWeVW decUeaVe LQ SeaN VhLfW ZaV Whe 0.5 ZW.% 2-PYR bOeQd, ZheUe Whe SeaN 

ZaYeQXPbeU decUeaVed b\ 4.33 cP-1, ZheQ cRPSaUed WR Whe SeaN ZaYeQXPbeU Rf PA-12. WheUe Whe 

SeaN ZaYeQXPbeU Rf PA-12, 1 ZW.% FA aQd 0.5 ZW.% 2-PYR ZeUe 3292.9, 3299.6 aQd 3288.6 cP-1, 

UeVSecWLYeO\.  

 

IQ Whe PA-12/caUbRQ bOacN aQd PA-12/ZaWeU bOeQdV, QR VLgQLfLcaQW VhLfW LQ SeaN ZaYeQXPbeU ZaV 

RbVeUYed. IQ WRWaO, 3 FTIR VSecWUa ZeUe UecRUded fRU each bOeQd. IQ Whe PA-12/CB aQd PA-12/ZaWeU 

bOeQdV, 1 Rf Whe 3 VaPSOeV dLVSOa\ed a VLgQLfLcaQW VhLfW LQ SeaN ZaYeQXPbeU. ThLV ZaV cOaVVed aV aQ 

aQRPaORXV UeVXOW. IQ RUdeU WR LQcUeaVe Whe UeOLabLOLW\ Rf WhLV daWa, FTIR VSecWUa Qeed WR be UecRUded agaLQ 

aQd Whe UeVXOWV aUe WR be cRPSaUed.  
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Figure 6.3.7: Bar chart showing the peak wavenumber of the N-H stretch for DSC samples of 

PA-12 blends exhibiting a shift in peak wavenumber, when compared to the peak 

wavenumber of PA-12. Where FA is the Fusing Agent, DA is the Detailing Agent, CB is 

carbon black, 2-PYR is 2-pyrrolidone and 2-PYR (w) is 2-pyrrolidone and water. 

 

6.3.3 DeconYolXtion of the N-H stretch in PA-12/2-PYR blends 
 

 

IQ VecWLRQ 6.3.1, LW ZaV VhRZQ WhaW 2-PYR ZaV UeWaLQed LQ PA-12 b\ Whe SeaN aW 1690 cP-1 (aVVLgQed WR 

Whe C=O, 2-PYR). AddLWLRQaOO\, LQ Whe SRZdeU PA-12/2-PYR/ZaWeU bOeQdV aQd Whe DSC e[WUacWed PA-

12/2-PYR bOeQdV, a VhLfW LQ SeaN ZaYeQXPbeU ZaV RbVeUYed aQd VXggeVWed WhaW 2-PYR LQWeUacWed ZLWh 

PA-12 b\ h\dURgeQ bRQdLQg. ThLV daWa VXggVWV WhaW 2-PYR LQfOXeQced Whe SURSeUWLeV Rf PA-12.   

 

A VWXd\ b\ M. DaYLOa eW aO eYaOXaWed Whe LQWeUacWLRQ beWZeeQ 2-PYR aQd ZaWeU LQ VROXWLRQ. IW ZaV QRWed 

WhaW h\dURgeQ bRQd LQWeUacWLRQV aQd dLSROaU LQWeUacWLRQV RccXU beWZeeQ 2-PYR aQd ZaWeU e[LVW (147). 

IQ WheLU ZRUN, FTIR aQd DeQVLW\ FXQcWLRQaO TheRU\ (DFT) ZaV XVed WR LQYeVWLgaWe Whe VWUXcWXUaO chaQgeV 
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Rf 2-PYR WhaW RccXU RQ PL[LQg Rf 2-PYR aQd ZaWeU aV a UeVXOW Rf h\dURgeQ bRQdLQg. SeOecWed SeaNV LQ 

Whe FTIR VSecWUa ZeUe OLQNed WR VeOecWed baQdV LQ DFT aQaO\VLV WhaW UeSUeVeQW SaUWLcXOaU PROecXOaU OeYeO 

chaUacWeULVWLcV Rf 2-PYR. ThLV eQabOed Whe cRQfRUPaWLRQ Rf 2-PYR WR be deWeUPLQed, ZLWh UeVeScW WR LWV 

fRUP aV a PRQRPeU RU c\cOLc dLPeU. IQ WheLU ZRUN, aQ LQWeQVe baQd aW 3221.9 cP-1 ZaV aVVLgQed WR Whe 

N-H VWUeWch Rf 2-PYR aQd ZaV UeOaWed WR Whe WheURWLcaO YaOXe Rf a c\cOLc dLPeU RbWaLQed b\ DFT. ThLV 

VhRZed WhaW LQ LWV SXUe OLTXLd fRUP 2-PYR ZaV SUeVeQW aV a c\cOLc dLPeU. AddLWLRQaOO\, a baQd aW 3482.8 

cP-1 VXggeVWed WhaW 2-PYR ZaV SUeVeQW aV a PRQRPeU aQd WheUefRUe QRQaVVRcLaWed ZLWh RWheU 2-PYR 

PROecXOeV. DecRQYROXWLRQ Rf Whe VSecWUa XVLQg Whe GXaVVLaQ-LRUeQW]LaQ fXQcWLRQ ZLWhLQ Whe UegLRQ Rf 

3000 ± 3500 cP-1  UeVROYed fXUWheU SeaNV aW 3100 cP-1  aQd 3311.9 cP-1  UeOaWLQg WR RYeUWRQeV Rf Whe 

C=O VWUeWch aQd Whe h\dURgeQ bRQded C=O Rf 2-PYR.  

 

IQ FLgXUe 6.3.8, Whe N-H VWUeWch Rf VeOecWed SRZdeU bOeQdV LV dLVSOa\ed. OQ Whe PaLQ N-H VWUeWch, a 

VhRXOdeU SeaN LV LOOXVWUaWed b\ aQ aUURZ; Whe VhRXOdeU SeaN ZaV ZLWhLQ Whe UegLRQ Rf 3180 - 3240 cP-1. 

IQ bOeQdV cRQWaLQLQg a OaUge cRQWeQW Rf 2-PYR, Whe VhRXOdeU SeaN ZaV PRUe dLVWLQgXLVhabOe. ThLV 

dePRQVWUaWeV SeaN gURZWh ZLWh cRPSRVLWLRQ Rf 2-PYR. GLYeQ WhaW Whe VhRXOdeU SeaN ZaV ZLWhLQ Whe 

UegLRQ Rf 3180 ± 3248 cP-1, WhLV ZaYeQXPbeU UegLRQ caQ be UeOaWed WR Whe 3221.9 cP-1 SeaN, aV deVcULbed 

b\ M. DaYLOa eW aO (147). 
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FLgXUe 6.3.8: FTIR Rf VeOecWed SRZdeU bOeQdV. The aUURZ hLgh VhRZV Whe VhRXOdeU SeaN RQ Whe ULghW-

haQd VLde Rf Whe N-H VWUeWch. 

 

IQ RUdeU WR dLVWLQgXLVh Whe SeaN aW 3221.9 cP-1, VeOecWed PA-12/2-PYR bOeQdV ZeUe decRQYROXWed XVLQg 

Whe GXaVVLaQ-LaXULW]eQ fXQcWLRQ (147).   

DecRQYROXWLRQ Rf VeOecWed 2-PYR bOeQdV VhRZed a SeaN aW 3221 cP-1 RU cORVe WR WhLV YaOXe. The SeaN 

aUea aQd SeaN heLghW ZeUe UecRUded. FLgXUe 6.3.9 VhRZV a SORW Rf 2-PYR cRPSRVLWLRQ YV SeaN aUea aQd 

SeaN heLghW Rf Whe ~3221 cP-1 SeaN. AV a UePLQdeU WR Whe UeadeU, M. DaYLOa eW aO aVVRcLaWe a SeaN aW 

3221.9 cP-1 ZLWh 2-PYR LQ Whe c\cOLc dLPeU cRQfRUPaWLRQ. FLgXUe 6.3.9 VhRZV a SRVLWLYe OLQeaU 

cRUUeOaWLRQ; aV Whe cRPSRVLWLRQ Rf 2-PYR LQcUeaVed, Whe SeaN aUea aQd SeaN heLghW Rf Whe ~3221.9 cP-

1 SeaN LQcUeaVed. ThLV daWa LQdLcaWeV WhaW L) 2-PYR ZaV SUeVeQW LQ Whe fRUP Rf a c\cOLc dLPeU aQd LL) aV 

Whe cRPSRVLWLRQ Rf 2-PYR LQcUeaVed Whe cRQWeQW Rf c\cOLc dLPeU aOVR LQcUeaVed. WheUe 2-PYR LV LQ Whe 
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fRUP Rf a c\cOLc dLPeU, LW LV XQabOe WR fRUP h\dURgeQ bRQdV ZLWh PA-12, XQOeVV RWheU cRQfLgXUaWLRQV aUe 

adRSWed (147).  

 

AOWhRXgh WhLV daWa VhRZV WhaW 2-PYR ZaV SUeVeQW aV a c\cOLc dLPeU aQd Whe cRQWeQW Rf Whe c\cOLc dLPeU 

LQcUeaVed ZLWh cRPSRVLWLRQ Rf 2-PYR, LW LV XQcOeaU ZhaW fUacWLRQ Rf 2-PYR ZLWhLQ Whe bOeQd adRSWed 

WhLV cRQfLgXUaWLRQ. ThLV VXggeVWV 2-PYR Pa\ aOVR be SUeVeQW aV a PRQRPeU.  

M. DaYLOa eW aO VhRZed WhaW ZheQ 2-PYR LV LQ Whe fRUP Rf a PRQRPeU, a SeaN aW 3482 cP-1 ZaV RbVeUYed 

(147). HRZeYeU, LQ WhLV e[SeULPeQWaO ZRUN a dLVWLQgXLVhabOe SeaN aW 3482 cP-1 ZaV QRW RbVeUYed. ThLV 

caQ be dXe WR PRQRPeULc 2-PYR beLQg XQdeWecWed VLQce LW ZaV SUeVeQW LQ a VPaOO TXaQWLW\. ThLV beLQg 

VaLd, LQ VRPe PA-12/2-PYR bOeQdV a VhRXOdeU SeaN ZLWhLQ Whe UegLRQ Rf 3550 ± 3600 cP-1 ZaV RbVeUYed 

(aOVR PeQWLRQed LQ ChaSWeU 6.3.1). The VhRXOdeU SeaN ZaV aVVLgQed WR fUee N-H. ThLV cRXOd be aVVRcLaWed 

ZLWh PA-12 RU 2-PYR VLQce bRWh cRQWaLQ N-H WhaW caQ eLWheU be bRQded RU fUee. TheUefRUe, VhRXOdeU 

SeaN ZLWhLQ Whe UegLRQ Rf 3550 ± 3600 cP-1 dePRQVWUaWeV Whe SUeVeQce Rf fUee N-H LQ PA-12 aQd 2-PYR.  

 

AQ e[WeQVLRQ Rf WhLV ZRUN ZRXOd LQYROYe decRQYROXWLQg aOO Rf Whe VSecWUa fRU Whe 2-PYR bOeQdV WR 

LdeQWLf\ SeaNV aW 3222 cP-1 aQd 3482.8 cP-1 aQd e[aPLQe SeaN gURZWh UeOaWLYe WR 2-PYR cRQWeQW. 
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FLgXUe 6.3.9: GUaSh Rf 2-PYR cRPSRVLWLRQ YV SeaN aUea aQd SeaN heLghW Rf Whe 3222 cP-1 RbWaLQed b\ 

decRQYROXWLRQ XVLQg Whe GXaVVLaQ-LRUeQW]LaQ PeWhRd fRU VeOecWed SRZdeU bOeQdV. 
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TabOe 6.3.1: PeaN aVVLgQPeQWV fRU PA-12 SRZdeU aQd PA-12 SRZdeU bOeQdV (cRQWLQXed RQ Qe[W Sage).  

 
                  

PHaN aVVLJQPHQW 
H\GURJHQ 

bRQGHG N-

H VWUHWcK 

CH2 

aV\PPHWULc 

VWUHWcK 

CH2 

V\PPHWULc 

VWUHWcK C=O VWUHWcK 

C-N VWUHWcK, 

C=O LQ 

SOaQH 

bHQGLQJ 

CH bHQG, 

CH2 WZLVW 

C-N VWUHWcK, 

C=O LQ 

SOaQH 

bHQGLQJ C-C VWUHWcK 

CONH LQ 

SOaQH 

PA-12 3290.42 2915.92 2846.19 1634.77 1538.90 1368.05 1267.62 1121.48 947.88 

1 ZW.% FA  3290.55 2916.62 2846.68 1634.76 1538.89 1367.97 1267.51 1121.26 948.24 

5 ZW.% FA 3289.99 2916.05 2846.37 1634.73 1538.89 1367.9 1267.55 1121.66 947.96 

10 ZW.% FA 3289.57 2915.68 2846.02 1634.05 
 

1367.89 1267.89 1120.97 947.87 

20 ZW.% FA 3287.57 2915.25 2845.94 1634.96 1538.84 1367.77 1267.45 1120.69 947.90 

1 ZW.% DA 3289.37 2916.29 2845.49 1634.07 1538.87 1368 1267.57 1121.44 948.25 

5 ZW.% DA 3290.1 2916.31 2846.54 1647.05 1538.86 1367.91 1267.6 1121.56 948.23 

10 ZW.% DA 3290.06 2916.01 2846.2 1637.09 1538.91 1367.93 1267.55 1121.08 947.99 

20 ZW.% DA 3290.02 2916.13 2846.26 1637.26 
 

1367.98 1267.65 1120.8 948.07 

1 ZW.% CB 3288.38 2915.77 2846.04 1637.38 
 

1368.31 1267.52 1121.56 947.77 

5 ZW.% CB 3290.69 2915.88 2846.16 1637.5 
 

1368.15 1267.54 1121.6 948 
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10 ZW.% CB 3290.59 2916.27 2846.52 1637.07 1538.88 1367.97 1267.59 1121.51 948.21 

20 ZW.% CB 3289.45 2915.81 2846.11 1637.44 
 

1367.74 1267.57 1120.56 947.88 

1 ZW.% ZaWHU 3289.41 2915.75 2846.08 1637.31 1539.07 1367.75 1267.49 1121.44 947.82 

5 ZW.% ZaWHU 3290.28 2916.2 2846.39 1637.08 1538.9 1367.88 1267.53 1121.54 948.1 

10 ZW.% ZaWHU 3290.12 2916.33 2846.55 1637.07 1538.88 1367.89 1267.56 1121.56 948.12 

20 ZW.% ZaWHU 3290.12 2916.33 2846.55 1637.07 1538.88 1367.89 1267.56 1121.56 948.12 

0.1 ZW.% 2-PYR 3290.55 2916.15 2846.36 1637.12 1538.84 1367.94 1267.53 1121.57 948.07 

0.38 ZW. % 2-PYR 3289.83 2915.84 2846.15 1637.19 1538.94 1367.83 1267.55 1121.39 947.84 

0.5 ZW.% 2-PYR 3290.34 2916.33 2846.48 1637.06 1538.92 1367.93 1267.51 1121.38 948.08 

1.05 ZW.% 2-PYR 3290.45 2915.96 2846.24 1634.81 1538.86 1367.84 1267.58 1121.59 948.04 

1.97 ZW.% 2-PYR 3290.37 2916.33 2846.53 1637.06 1538.87 1367.88 1267.54 1121.57 948.09 

2.88 ZW.% 2-PYR 3290.04 2915.81 2846.06 1637.12 
 

1367.69 1267.52 1121.42 947.98 

4.07 ZW.% 2-PYR 3290.02 2916.08 2846.29 1637.04 1538.93 1367.85 1267.51 1121.76 948.16 

8.72 ZW.% 2-PYR 3290.03 2916.36 2846.41 1637.04 1538.91 1367.94 1267.62 1121.79 948.29 

0.38 ZW. % 2-PYR(Z) 3290.5 2916.26 2846.52 1637.16 1538.96 1368 1267.61 1121.6 948.19 

1.97 ZW.% 2-PYR (Z) 3290.22 2917 2487.44 1637.06 1538.81 1368.03 1267.69 1121.99 948.38 
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4.07 ZW.% 2-PYR (Z) 3289.67 2915.64 2845.94 1637.18 
 

1367.87 1267.54 1121.58 947.7 

8.72 ZW.% 2-PYR (Z) 3290.02 2916.18 2846.28 1637.08 1538.95 1368.05 1267.7 1121.73 948.14 

0.1 ZW.% 2-PYR (Z) 3289.97 2916.61 2846.76 1637.09 1538.84 1367.99 1267.56 1121.48 948.2 

0.5 ZW.% 2-PYR (Z) 3287.63 2916.42 2846.77 1637.06 1538.89 1367.96 1267.56 1121.52 948.15 

1.05 ZW.% 2-PYR (Z) 3289.95 2916.5 2846.55 1637 1538.92 1368.02 1267.47 1121.49 948.24 

2.88 ZW.% 2-PYR (Z) 3289.66 2916.09 2486.25 1637.1 1539.13 1367.98 1267.55 1121.66 948.13 
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TabOe 6.3.2: PeaN aVVLgQPeQWV fRU DSC VaPSOeV Rf PA-12 aQd PA-12 bOeQdV (cRQWLQXed RQ Qe[W Sage).  

 
                  

PeaN aVVLgQPeQW 
H\dURgeQ 

bRQded N-

H VWUeWch 

CH2 

aV\PPeWULc 

VWUeWch 

CH2 

V\PPeWULc 

VWUeWch C=O VWUeWch 

C-N VWUeWch, 

C=O LQ 

SOaQe 

beQdLQg 

CH beQd, 

CH2 WZLVW 

C-N VWUeWch, 

C=O LQ 

SOaQe 

beQdLQg C-C VWUeWch 

CONH LQ 

SOaQe 

MJF cRPSRQeQW 3292.27 2917.43 2849.3 1365.6 1540.57 
 

1267.12 
  

PA-12 3292.90 2917.44 2849.14 1633.47 1540.44 1367.36 1268.99 1124.31 944.79 

1 ZW.% FA  3299.6 2197.47 2849.37 1634.44 1539.8 1368.31 1268.74 1121.17 944 

10 ZW.% FA 3295.18 2916.99 24848.97 1633.83 1540.26 1367.34 1268.63 1120.98 943.51 

20 ZW.% FA 3290.40 2916.63 2848.39 1633.66 1557.13 1366.90 1268.33 1120.78 945.16 

1 ZW.% DA 3295.81 2917.35 2849.1 1634.07 1539.41 1367.5 1268.89 1121.31 944.65 

10 ZW.% DA 3288.6 2916.89 2848.69 1633.41 1557.52 1366.96 1269.23 1121.19 945.47 

20 ZW.% DA 3289.8 2916.87 2848.54 1633.45 1557.42 1366.75 1269.2 1120.91 945.18 

1 ZW.% CB 3294.66 2917.26 2849.02 1633.54 1548.58 1367.13 1268.96 1121.33 944.9 

10 ZW.% CB 3295.91 2917.36 2849.15 1633.74 1540.43 1367.37 1268.91 1121.34 944.58 

20 ZW.% CB 3292.05 2917.05 2848.89 1633.54 1557.42 1367.28 1269.22 1121.33 945.28 



183 
 

1 ZW.% ZaWeU 3295.74 2917.36 2849.13 1633.78 1540.4 1367.32 1268.81 1121.27 944.74 

10 ZW.% ZaWeU 3290.94 2917.16 2848.98 1634.01 1557.41 1367.21 1268.99 1121.32 944.71 

20 ZW.% ZaWeU 3296.68 2917.63 2849.48 1634.69 1540.03 1368.08 1268.37 1120.79 943.76 

0.1 ZW.% 2-PYR 3292.61 2917.4 2849.1 1634.45 1538.84 1367.76 1268.62 1121.15 944.83 

0.38 ZW. % 2-PYR 3299.19 2917.35 2849.14 1634.59 1539.15 1368.36 1268.63 1121.42 943.88 

0.5 ZW.% 2-PYR 3288.57 2196.96 2848.58 1634.15 1543.53 1367.5 1268.78 1121.33 945.67 

1.05 ZW.% 2-PYR 3289.47 2916.89 2848.6 1634.16 1541.34 1367.49 1268.78 1121.19 945.34 

1.97 ZW.% 2-PYR 3291.69 2917.16 2848.93 1634.39 1538.95 1367.6 1268.66 1121.24 944.49 

2.88 ZW.% 2-PYR 3298.8 2917.75 2849.47 1634.46 1538.79 1367.71 1268.42 1121.15 942.08 

4.07 ZW.% 2-PYR 3296.54 2917.51 2849.4 1634.53 1538.7 1367.94 1268.16 1121.56 943.55 

8.72 ZW.% 2-PYR 3291.76 2917.31 2849.11 1634.54 1539.02 1367.62 1268.29 1121.53 944.95 

0.38 ZW. % 2-PYR (Z) 3290.38 2917.31 2848.9 1634.54 1538.9 1367.63 1268.81 1121.3 945.24 

1.97 ZW.% 2-PYR (Z) 3295.18 2917.57 2849.33 1634.45 1539.19 1367.89 1268.66 1121.42 943.96 

4.07 ZW.% 2-PYR (Z) 3291.39 2917.13 2848.76 1634.5 1538.98 1367.63 1268.57 1121.53 945.24 

8.72 ZW.% 2-PYR (Z) 3295.14 2917.52 2849.16 1634.55 1539.09 1367.96 1268.39 1121.75 943.99 

0.1 ZW.% 2-PYR (Z) 3296.38 2917.68 2849.37 1634.45 1539.15 1367.98 1268.5 1121.43 944.15 
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0.5 ZW.% 2-PYR (Z) 3290.09 2917.36 2849.01 1634.54 1538.93 1367.81 1268.72 1121.24 945.03 

1.05 ZW.% 2-PYR (Z) 3291.32 2917.42 2849.15 1634.51 1539.11 1367.81 1268.65 1121.53 944.72 

2.88 ZW.% 2-PYR (Z) 3296.61 2917.69 2849.46 1634.54 1539.21 1367.86 1268.55 1121.47 943.79 
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6.4 Optical microscop\ of PA-12 blends  
 

FLgXUe 6.4.1 dLVSOa\V RSWLcaO PLcURgUaShV Rf bOeQdV cUeaWed fURP YLUgLQ SRZdeU WhaW ZeUe cRROed aW 

cRQWUROOed UaWe Rf 0.5 ℃/PLQ. A VORZ cRROLQg UaWe Rf 0.5 ႏ/PLQ ZaV XVed VLQce LW SURdXced dLVWLQgXLVhed 

VSheUXOLWeV ZhLOVW eQabOLQg Whe QXcOeaWLRQ effecW SURYLded b\ Whe ageQWV WR be RbVeUYed, Lf aQ\.  

 

IQ WhLV ZRUN Whe effecW Rf Whe FA, DA, CB aQd 2-PYR RQ Whe PLcURVWUXcWXUe Rf YLUgLQ PA-12 ZaV RbVeUYed 

XVLQg RSWLcaO PLcURVcRS\. The VSheUXOLWeV fRUPed aW dLffeUeQW cRPSRVLWLRQV Rf Whe FA, DA, CB aQd 2-PYR 

ZeUe cRPSaUed.  

 

FLgXUe 6.4.1 VhRZV Whe PLcURVWUXcWXUe Rf PA-12. The VSheUXOLWeV ZeUe UeOaWLYeO\ OaUge LQ dLaPeWeU, UaQgLQg 

fURP ~ 30 ± 50 ߤP. ThLV ZaV cRPSaUabOe WhaW UeSRUWed b\ H. TeR, ZheUe a cRROLQg UaWe Rf 1 ℃/PLQ SURdXced 

VSheUXOLWeV Rf dLaPeWeU 39.8 ߤP aQd deQdULWe WhLcNQeVV Rf 1.88 ߤP (100). IQ Whe ZRUN Rf H. TeR eW aO, Whe 

cRROLQg UaWe ZaV YaULed aQd Whe VSheUXOLWe dLaPeWeU aQd deQdULWe WhLcNQeVV ZeUe UecRUded. IW ZaV VhRZQ WhaW 

aV Whe cRROLQg UaWe LQcUeaVed, Whe VSheUXOLWe dLaPeWeU aQd deQdULWe WhLcNQeVV decUeaVed (100). HeQce, LW LV 

XQVXUSULVLQg WhaW a decUeaVe LQ = cRROLQg UaWe fURP 1 ℃/PLQ WR 0.5 ℃/PLQ SURdXced VSheUXOLWeV ZLWh a 

dLaPeWeU OaUgeU WhaQ 39.8 ߤP. A decUeaVe LQ cRROLQg UaWe caXVed Whe VSheUXOLWe VL]e WR LQcUeaVe aV a UeVXOW Rf 

cU\VWaOOLVaWLRQ WaNLQg SOace RYeU ORQgeU SeULRd Rf WLPe. IQ WXUQ, Whe cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWV WR 

hLgheU WePSeUaWXUeV. The QXcOeaWLRQ PRdeO VhRZV WhaW QXcOeaWLRQ LV OeVV fUeTXeQW ZheQ Whe cU\VWaOOLVaWLRQ 

WePSeUaWXUe LV hLgheU. TheUefRUe, aW VORZ cRROLQg UaWeV QXcOeaWLRQ LV OLPLWed aQd Whe dLaPeWeU Rf Whe 

QXcOeaWed cU\VWaOV LQcUeaVeV VLQce cU\VWaOOLVaWLRQ RccXUV RYeU a ORQgeU WLPe SeULRd, WheUeb\ faYRXULQg gURZWh 

(100,152).  
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The SUeVeQce Rf addLWLYeV caQ aOVR affecW Whe VSheUXOLWe VL]e LQ VePL-cU\VWaOOLQe PaWeULaOV. ThLV behaYLRXU 

haV beeQ RbVeUYed LQ PA-6 aQd cOa\ cRPSRVLWeV PaQXfacWXUed b\ e[WUXVLRQ. The LQcRUSRUaWLRQ Rf cOa\ LQWR 

Whe SRO\PeU PaWUL[ caXVed Whe VSheUXOLWe VL]e WR decUeaVe (153). MRUeRYeU, Whe VSheUXOLWeV becaPe OeVV 

defLQed ZLWh Whe addLWLRQ Rf cOa\. ThLV ZaV dXe WR cOa\ LQdXcLQg heWeURgeQeRXV QXcOeaWLRQ b\ acWLQg aV aQ 

LPSXULW\ ZLWhLQ Whe SRO\PeU PaWUL[. GUeaWeU PagQLfLcaWLRQ Rf cU\VWaOOLVed cRPSRVLWeV UeYeaOed VPaOO 

cU\VWaOOLQe bXQdOeV WhaW cRQVLVWed Rf cORVeO\ SacNed OaPeOOae aQd cOa\ SOaWeOeWV (153).  

 

A VLPLOaU effecW ZaV aOVR UeSRUWed LQ PA-6/caUbRQ bOacN/RUgaQRcOa\ QaQRcRPSRVLWeV SURdXced b\ PeOW-

cRPSRXQdLQg. The addLWLRQ Rf caUbRQ bOacN aQd/RU RUgaQRcOa\ LQcUeaVed Whe QXcOeaWLRQ deQVLW\ aQd UeVXOWed 

LQ Whe fRUPaWLRQ Rf a OaUge QXPbeU Rf VPaOO VSheUXOLWeV (154). 

IQ RWheU ZRUN, S. AWhUe\a eW aO cRPSaUed Whe PLcURVWUXcWXUaO SURSeUWLeV Rf PA-12/caUbRQ bOacN cRPSRVLWeV 

SURdXced b\ dLffeUeQW PaQXfacWXULQg WechQLTXeV VXch aV e[WUXVLRQ-LQMecWLRQ PRXOdLQg (e[WUXVLRQ-IM) aQd 

SLS (40). The VSheUXOLWe VL]e Rf e[WUXVLRQ-IM aQd SLS fabULcaWed cRPSRQeQWV ZaV cRPSaUed XVLQg RSWLcaO 

PLcURVcRS\. IQ Whe e[WUXVLRQ-IM V\VWeP, Whe VSheUXOLWeV had a QaUURZ VL]e UaQge dLVWULbXWLRQ, UaQgLQg fURP 

 P. HRZeYeU, LQ Whe SLS V\VWeP, Whe UaQge Rf VSheUXOLWe VL]eV RbVeUYed ZaV gUeaWeU, WhLV ZaV OLQNedߤ 10- 5

WR Whe OaUge SaUWLcOe VL]e dLVWULbXWLRQ Rf PA-12 XVed LQ SLS. AddLWLRQaOO\, LW ZaV QRWed WhaW Whe VSheUXOLWe 

VL]e caQ aOVR be LQfOXeQced b\ bXLOd dLUecWLRQ, ZheUe Whe VSheUXOLWe VL]e dLVWULbXWLRQ aORQg Whe deSWh Rf Whe 

SaUW ZaV VPaOOeU LQ SLS fabULcaWed cRPSRQeQWV, ZheQ cRPSaUed WR WheLU IM cRXQWeUSaUWV.  

 

LLWeUaWXUe haV VhRZQ WhaW Whe SUeVeQce Rf addLWLYeV RU fLOOeUV LQWR Whe SRO\PeU PaWUL[ LQfOXeQce Whe VSheUXOLWe 

VL]e. IW haV beeQ dePRQVWUaWed WhaW Whe VSheUXOLWe VL]e decUeaVeV dXe WR heWeURgeQeRXV QXcOeaWLRQ. EaUOLeU, LW 

ZaV VhRZQ WhaW a cRROLQg UaWe Rf 0.5 ℃/PLQ SURdXced OaUge aQd ZeOO-defLQed VSheUXOLWeV LQ PA-12. 

TheUefRUe, a cRROLQg UaWe Rf 0.5 ℃/PLQ ZaV VeOecWed WR eYaOXaWe Whe QXcOeaWLRQ effecW LQdXced b\ Whe addLWLRQ 

Rf ageQWV, Lf aQ\.  
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The PLcURVWUXcWXUe Rf 1 aQd 20 ZW.% FA bOeQd LV dLVSOa\ed LQ FLgXUe 6.4.1 (b aQd c), Whe daUN UegLRQV 

UeSUeVeQW caUbRQ bOacN aQd Whe VXUURXQdLQg aUea LV Whe PA-12 PaWUL[. AV Whe cRPSRVLWLRQ Rf FA LQcUeaVed, 

a gUeaWeU cRQWeQW Rf caUbRQ bOacN ZaV dLVSeUVed ZLWhLQ Whe SRO\PeU PaWUL[. ThLV VhRZed WhaW caUbRQ bOacN 

ZaV UeWaLQed ZLWhLQ Whe SRO\PeU bXW UeMecWed LQWR Whe LQWeU-VSheUXOLWLc UegLRQV. ThLV ZaV aOVR UeSRUWed b\ C. 

AbbRWW eW aO (155). IQ Whe PA-12/FA bOeQdV, Whe VSheUXOLWe VL]e ZaV VLgQLfLcaQWO\ UedXced b\ Whe addLWLRQ Rf 

Whe FA, eYeQ aW cRPSRVLWLRQV aV ORZ aV 1 ZW.% FA. ThLV VXggeVWV WhaW Whe caUbRQ bOacN ZLWhLQ Whe FA acWed 

aV a QXcOeaWLQg ageQW RU LPSeded Whe UadLaO gURZWh Rf VSheUXOLWeV b\ acWLQg aV a Sh\VLcaO baUULeU. The OaWWeU 

ZRXOd haYe a VLgQLfLcaQW effecW aW SaUWLcXOaUO\ OaUge cRPSRVLWLRQV Rf FA.  

 

The PLcURVWUXcWXUe Rf Whe 1 aQd 20 ZW.% DA bOeQdV LV dLVSOa\ed LQ FLgXUe 6.4.1 (d aQd e). IQ Whe 1 ZW.% 

DA bOeQd, Whe VSheUXOLWe VL]e ZaV cRPSaUabOe WR PA-12. AV Whe cRPSRVLWLRQ LQcUeaVed, Whe VSheUXOLWe VL]e 

decUeaVed VOLghWO\. ThLV dePRQVWUaWed WhaW a cRPSRQeQW ZLWhLQ Whe DA LPSacWed Whe VSheUXOLWe VL]e Rf PA-

12 LQ hLgh cRPSRVLWLRQV.  

 

The PLcURVWUXcWXUe Rf Whe 1 aQd 20 ZW.% CB bOeQdV LV dLVSOa\ed LQ FLgXUe 6.4.1 (f aQd g). The caUbRQ bOacN 

ZaV dLVSeUVed ZLWhLQ Whe SRO\PeU PaWUL[ aV LUUegXOaU VhaSed bOacN SaUWLcOeV. IQ Whe 1 aQd 20 ZW.% caUbRQ 

bOacN bOeQd, Whe VSheUXOLWe VL]e decUeaVed LQ cRPSaULVRQ WR PA-12. SLQce caUbRQ bOacN ZaV SUeVeQW aV 

LQdLYLdXaO SaUWLcOeV, LW LV SRVVLbOe WhaW Whe SUeVeQce Rf caUbRQ bOacN LPSeded Whe UadLaO gURZWh Rf VSheUXOLWeV 

b\ acWLQg aV a Sh\VLcaO baUULeU. AddLWLRQaOO\, LW LV SRVVLbOe WhaW caUbRQ bOacN LQdXced heWeURgeQeRXV 

QXcOeaWLRQ b\ acWLQg aV aQ LPSXULW\.  
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The PLcURVWUXcWXUe Rf Whe PA-12/ZaWeU bOeQdV LV dLVSOa\ed LQ FLgXUe 6.4.1 (h aQd L). IQ Whe PA-12/ZaWeU 

bOeQdV, Whe VSheUXOLWe VL]e ZaV XQaffecWed b\ Whe addLWLRQ Rf ZaWeU aQd Whe VSheUXOLWe VL]e Rf Whe bOeQdV ZaV 

cRPSaUabOe WR PA-12. ThLV VXggeVWed ZaWeU eYaSRUaWed dXULQg Whe dU\LQg SURceVV. ThLV agUeeV ZLWh VecWLRQ 

6.2 LQ WhaW Whe WheUPaO SURSeUWLeV Rf PA-12 ZeUe QRW affecWed b\ Whe addLWLRQ Rf ZaWeU.   

 

The PLcURVWUXcWXUe Rf 0.38 aQd 8.72 ZW.% 2-PYR bOeQdV LV dLVSOa\ed LQ FLgXUe 6.4.1 (M aQd N). IQ Whe 0.38 

ZW.% 2-PYR bOeQd, Whe VSheUXOLWe VL]e ZaV cRPSaUabOe WR PA-12. IQ Whe 8.72 ZW.% 2-PYR bOeQd, Whe 

VSheUXOLWe VL]e decUeaVed VOLghWO\. ThLV ZaV dXe WR 2-PYR acWLQg aV a SOaVWLcL]eU WR eQhaQce chaLQ PRbLOLW\. 

ThLV agUeeV ZLWh VecWLRQ 6.2, ZheUe Whe addLWLRQ Rf 2-PYR caXVed Whe VXSeUcRROLQg ZLQdRZ WR decUeaVe 

VXggeVWLQg WhaW 2-PYR facLOLWaWed cU\VWaOOLVaWLRQ b\ acWLQg aV a SOaVWLcL]eU. ThLV daWa VXggeVWV WhaW 2-PYR 

ZaV UeWaLQed ZLWhLQ Whe SRO\PeU. OYeUaOO, Whe decUeaVe LQ VSheUXOLWe VL]e caXVed b\ 2-PYR ZaV LQVLgQLfLcaQW 

WR WhaW Rf Whe FA, WheUefRUe, VhRZLQg Whe FA had a gUeaWeU LPSacW RQ VSheUXOLWe VL]e WhaQ 2-PYR.  

 

The PLcURVWUXcWXUe Rf Whe PA-12/2-PYR/ZaWeU bOeQdV LV dLVSOa\ed LQ FLgXUe 6.4.1(O aQd P). IQ Whe bOeQd 

WhaW ZaV cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA, geQeUaOO\ Whe VSheUXOLWe VL]e cRPSaUabOe WR PA-12. HRZeYeU, 

LQ OaUgeU cRPSRVLWLRQV Rf 2-PYR aQd/RU ZaWeU, Whe VSheUXOLWe VL]e decUeaVed VOLghWO\. B\ SURceVV Rf 

eOLPLQaWLRQ, Whe VSheUXOLWe VL]e ZaV LPSacWed b\ Whe addLWLRQ Rf 2-PYR VLQce LQ Whe PA-12/ZaWeU bOeQdV Whe 

VSheUXOLWe VL]e ZaV XQaffecWed b\ Whe addLWLRQ Rf ZaWeU. IQ Whe bOeQd WhaW ZaV cRPSRVLWLRQaOO\ LdeQWLcaO WR 

Whe DA, Whe VSheUXOLWe VL]e ZaV cRPSaUabOe WR PA-12. ThLV ZaV dXe WR Whe VPaOO cRQWeQW Rf 2-PYR SUeVeQW 

ZLWhLQ Whe bOeQd.  

OYeUaOO, Whe PA-12/2-PYR/ZaWeU bOeQdV dLVSOa\ed a VLPLOaU WUeQd WR Whe PA-12/2-PYR bOeQd, dePRQVWUaWLQg 

WhaW Whe 2-PYR LQfOXeQced Whe VSheUXOLWe VL]e ZheQ SUeVeQW LQ OaUgeU cRPSRVLWLRQV.   

 



189 
 

IQ cRQcOXVLRQ, Whe daWa VhRZed WhaW Whe caUbRQ bOacN ZLWhLQ Whe FA OLPLWed Whe gURZWh Rf Whe VSheUXOLWeV b\ 

acWLQg aV a Sh\VLcaO baUULeU WR LPSede UadLaO gURZWh RU LQdXce heWeURgeQRXV QXcOeaWLRQ aQd WhaW 2-PYR 

decUeaVed Whe VSheUXOLWe VL]e VOLghWO\ ZheQ SUeVeQW LQ OaUge cRPSRVLWLRQV b\ behaYLQg aV a SOaVWLcL]eU. 

 

AV VhRZQ, Whe PLcURVWUXcWXUe ZaV affecWed b\ Whe addLWLRQ Rf ageQWV RU addLWLYeV LQ Whe SRO\PeU bOeQd. IQ 

PaQXfacWXUe, RWheU facWRUV Pa\ affecW Whe PLcURVWUXcWXUe Rf a cRPSRQeQW. FRU e[aPSOe, Whe SURceVVLQg 

SaUaPeWeUV ZLOO LPSacW Whe fLQaO PLcURVWUXcWXUe Rf Whe cRPSRQeQW, LQ WXUQ WhLV aOVR affecWV Whe PechaQLcaO 

SURSeUWLeV.  

A UeYLeZ aUWLcOe b\ C. ChaWhaP eW aO VhRZV WhaW Whe eQWLUe PaQXfacWXULQg SURceVV LQfOXeQceV Whe 

PLcURVWUXcWXUe Rf fLQaO SURSeUWLeV Rf a cRPSRQeQW. ThLV LQcOXdeV Whe SRO\PeU VWUXcWXUe, Whe chePLcaO aQd 

Sh\VLcaO SURSeUWLeV Rf Whe SRO\PeU aQd Whe SURceVVLQg SaUaPeWeUV. IW ZaV VWaWed WhaW a gRRd XQdeUVWaQdLQg 

Rf Whe eQWLUe PaQXfacWXULQg SURceVV LV UeTXLUed LQ RUdeU WR PaQXfacWXUe a ³VXcceVVfXO´ cRPSRQeQW (23). ThLV 

dePRQVWUaWeV WhaW Whe PLcURVWUXcWXUe LV LPSRUWaQW WR LQYeVWLgaWe VLQce WhLV LV affecWed b\ Whe cRROLQg 

cRQdLWLRQV LQ MJF aQd Whe SUeVeQce Rf ageQWV RU addLWLYeV ZLWhLQ Whe SRO\PeU PaWUL[. A VWXd\ haV VhRZQ 

WhaW Whe cRROLQg UaWe haV a VLgQLfLcaQW LPSacW RQ Whe degUee Rf cU\VWaOOLQLW\ aQd fLQaO SURSeUWLeV Rf a SaUW 

PaQXfacWXUed b\ MJF. WheUeb\, aQ LQcUeaVe LQ Whe PechaQLcaO UeVLVWaQce ZaV OLQNed WR Whe hLgheU degUee 

Rf cU\VWaOOLQLW\ (85). OfWeQ, LQ PBF WechQLTXeV VXch aV MJF, cRPSRQeQWV aUe OefW WR cRRO RYeUQLghW ZhLch 

OeadV WR a VORZ cRROLQg SURceVV (61,68).  
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FLgXUe 6.4.1 ± OSWLcaO PLcURVcRS\ Rf PA-12 bOeQdV; a) PA-12, b) 1 ZW.% PA-12/FA, c) 1 ZW.% PA-12/FA, 

d) 1 ZW.% PA-12/DA, e) 20 ZW.% PA-12/FA, f) 1 ZW.% PA-12/CB, g) 20 ZW.% PA-12/CB, h) 1 ZW.% PA-

12/ZaWeU, L) 20 ZW.% PA-12/ZaWeU, M) 0.1 ZW.% PA-12/2-PYR, N) 8.72 ZW.% PA-12/2-PYR, O) 0.38 ZW.% 

PA-12/2-PYR(Z), P) 8.72 ZW.% PA-12/2-PYR(Z), Q) 0.10 ZW.% PA-12/2-PYR(Z) aQd R) 2.88 ZW.% PA-

12/2-PYR(Z). 
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CHAPTER 7 ± CHARACTERISATION OF AGED POLYAMIDE-12 BLENDS 

 

The aLP Rf WhLV ZRUN ZaV WR UeSOLcaWe Whe VWXdLeV PeQWLRQed LQ ChaSWeU 6 RQ aged PA-12 SRZdeU. ThLV ZaV 

achLeYed b\ fLUVWO\ VXbMecWLQg PA-12 SRZdeU WR dLffeUeQW ageLQg cRQdLWLRQV aQd aQaO\VLQg Whe WheUPaO aQd 

chePLcaO SURSeUWLeV XVLQg DSC aQd FTIR. The PRUShRORg\ Rf aged SRZdeU ZaV RbVeUYed XVLQg RSWLcaO 

PLcURVcRS\. ThLV SURYLded a beQchPaUN fRU fXUWheU VWXdLeV. The fXUWheU VWXdLeV LQcOXded cUeaWLQg bOeQdV Rf 

PA-12 aQd FA, DA, CB, ZaWeU, 2-PYR aQd 2-PYR/ZaWeU XVLQg aged SRZdeU. The bOeQdV ZeUe cUeaWed fURP 

PA-12 SRZdeU WhaW had beeQ VXbMecWed WR Whe haUVheVW ageLQg cRQdLWLRQV. The WheUPaO aQd chePLcaO 

SURSeUWLeV ZeUe aQaO\Ved XVLQg DSC aQd FTIR. DSC aOORZed Whe WheUPaO SURSeUWLeV VXch aV Whe PeOWLQg 

aQd UecU\VWaOOLVaWLRQ behaYLRXU WR be RbVeUYed aQd cRPSaUed WR aged PA-12. FTIR aOORZed Whe fXQcWLRQaO 

gURXSV WR be LdeQWLfLed aQd cRPSaUed WR aged PA-12. The PRUShRORg\ Rf aged bOeQdV ZaV RbVeUYed XVLQg 

RSWLcaO PLcURVcRS\ aQd cRPSaUed WR aged PA-12. IQ MJF Whe PA-12 SRZdeU LV RfWeQ UefUeVhed, ZheUe a 

OaUge SRUWLRQ Rf XVed PA-12 SRZdeU UePaLQV ZLWhLQ Whe bXLOd chaPbeU. TheUefRUe, LW ZaV LPSRUWaQW WR 

cRQVLdeU Whe effecW Rf Whe ageQWV aQd WheLU chePLcaO cRQVWLWXeQWV RQ aged PA-12 SRZdeU.  

 

7.1 Characterisation of aged PA-12 
 

7.1.1 VisXal characterisation 
 

PA-12 VaPSOeV ZeUe VWRUed LQ aQ RYeQ aW 170 ℃ fRU 5, 7 aQd 9 da\V. FLgXUe 7.1 VhRZV LPageV Rf aged PA-

12 SRZdeU aQd PA-12 SRZdeU afWeU beLQg VXbMecWed WR DSC aQaO\VLV.  

IW ZaV cOeaU WhaW ZLWh LQcUeaVed ageLQg WLPe, Whe YLVXaO aSSeaUaQce Rf Whe SRZdeU chaQged. UQaged YLUgLQ 

PA-12 aSSeaUed ZhLWe LQ cRORXU. AfWeU beLQg VXbMecWed WR 170 ℃ fRU 5 da\V, Whe SRZdeU ZaV VOLghWO\ 

dLVcRORXUed (Rff-ZhLWe). AfWeU 7 da\V, Whe SRZdeU aSSeaUed beLge LQ cRORXU. AfWeU 9 da\V, Whe SRZdeU ZaV 
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RUaQge LQ cRORXU. The chaQge LQ cRORXU Rf Whe SRZdeU VXggeVWV WhaW degUadaWLRQ RccXUUed. The WUaQVLWLRQ LQ 

cRORXU beWZeeQ da\ 7 WR da\ 9 ZaV VLgQLfLcaQW LQ cRPSaULVRQ WR da\ 5 WR da\ 7. ThLV VXggeVWV WhaW afWeU a 

ceUWaLQ WLPe e[SRVed WR hLgh WePSeUaWXUeV, Whe SRZdeU TXLcNO\ dLVcRORXUed aQd VhRZed VLgQV Rf PaMRU 

degUadaWLRQ.  

 

The LQVeWV Rf Whe LPage VhRZQ LQ FLgXUe 7.1.1 VhRZV VaPSOeV WhaW had beeQ e[WUacWed fURP a DSC SaQ afWeU 

beLQg VXbMecWed WR 3 heaW-cRRO c\cOeV aW a heaWLQg a cRROLQg UaWe Rf 10 ℃/PLQ.  

The cRORXU Rf Whe DSC VaPSOeV ZeUe daUNeU aV Whe ageLQg WLPe LQcUeaVed. The e[WUacWed VaPSOeV ZeUe 

daUNeU LQ cRPSaULVRQ WR WheLU SRZdeU cRXQWeUSaUW. The DSC VaPSOeV, LQ SaUWLcXOaU Whe 7 da\ aQd 9 da\ aged 

VaPSOe, ZeUe VLgQLfLcaQWO\ daUNeU WhaQ Whe SRZdeU cRXQWeUSaUWV. ThLV ZaV dXe WR Whe VaPSOe beLQg e[SRVed 

WR PXOWLSOe heaWLQg aQd cRROLQg c\cOeV. AddLWLRQaOO\, Whe edgeV Rf Whe DSC VaPSOe ZeUe daUNeU WhaQ Whe 

ceQWUe, WhLV ZaV dXe WR SRO\PeU bXLOd XS aW Whe edgeV Rf Whe SaQ fURP Whe PeQLVcXV fRUPed LQ Whe SRO\PeU 

PeOW. The dLVcRORXUaWLRQ Rf aged VaPSOeV ZaV aOVR RbVeUYed b\ M. POLTXeW eW aO fRU degUaded PA-6,6 (102).  

 

OYeUaOO, WhLV daWa VXggeVWV WhaW Whe cRORXU Rf PA-12 SRZdeU chaQged VLgQLfLcaQWO\ beWZeeQ 7 aQd 9 da\V 

XQdeU Whe gLYeQ WePSeUaWXUe cRQdLWLRQV, VXggeVWLQg degUadaWLRQ RccXUUed. MRUeRYeU, afWeU PXOWLSOe heaW-

cRRO c\cOeV, Whe aged SRZdeU e[SeULeQced fXUWheU dLVcRORXUaWLRQ VXggeVWLQg WhaW Whe PaWeULaO caQQRW be 

Uec\cOed e[WeQVLYeO\. 
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FLgXUe 7.1.1 ± IPage Rf SRZdeU VaPSOeV UePRYed fURP aQ RYeQ aW 170 ℃ RQ da\ 5, 7 aQd 9. The LQVeW 

LPageV VhRZ VaPSOeV e[WUacWed fURP a DSC WhaW haYe beeQ VXbMecWed WR 3 heaW-cRRO c\cOeV beWZeeQ 25 ± 

220 ℃ XVLQg a heaWLQg aQd cRROLQg UaWe Rf 10℃/PLQ.  

 

 7.1.2 Thermal anal\sis 
 

TheUPaO chaUacWeULVaWLRQ Rf PA-12 SRZdeU aged fRU 5, 7 aQd 9 da\V aW 170 ℃ LQ aQ RYeQ RSeQ WR Whe 

aWPRVSheUe ZaV SeUfRUPed b\ DSC. The SRZdeU ZaV VXbMecWed WR PXOWLSOe heaW-cRRO c\cOeV LQ Whe DSC, 

fURP ZhLch, heaW 1 ZaV XVed WR chaUacWeULVe Whe WheUPaO hLVWRU\ Rf Whe VaPSOe aQd heaW 2 VhRZed Whe PaWeULaO 

VSecLfLc SURSeUWLeV ZheUe Whe WheUPaO hLVWRU\ had beeQ eUaVed.  

 

The LQfOXeQce Rf ageLQg RQ PA-12 SRZdeU had a VLgQLfLcaQW effecW RQ Whe Tg, LQ WhaW Whe Tg VhLfWed 

XQV\VWePaWLcaOO\ WR ORZeU WePSeUaWXUeV, ZheQ cRPSaUed WR YLUgLQ PA-12 SRZdeU. ThLV LV dLVSOa\ed LQ FLgXUe 

7.2.1. The Tg Rf Whe 5, 7 aQd 9 da\ aged SRZdeU ZeUe 39.0, 40.33 aQd 39.16 ℃ UeVSecWLYeO\. The aYeUage Tg 

ZaV 39.50 ℃. AccRUdLQg WR FORU\, degUadaWLRQ caXVeV Whe Tg WR decUeaVe VLQce Whe PROecXOaU ZeLghW Rf Whe 

PaWeULaO decUeaVeV (157). IQ WhLV LQVWaQce, Lf ORZeU PROecXOaU ZeLghW SURdXcWV fURP chaLQ VcLVVLRQ dR QRW 

dLffXVe RXW Rf Whe PaWeULaO, Whe\ Pa\ UedLVWULbXWe WhePVeOYeV ZLWhLQ Whe SRO\PeU PaWUL[ WR LQcUeaVe Whe 
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degUee Rf cU\VWaOOLQLW\ (158,159). The daWa VhRZV WhaW Whe Tg VhLfWed WR ORZeU WePSeUaWXUeV aV Whe ageLQg 

WLPe LQcUeaVed ZLWh QR WUeQd, WhLV VXggeVWV WhaW Whe SRO\PeU chaLQV ZLWhLQ Whe aPRUShRXV UegLRQV ZeUe PRUe 

PRbLOe.  

 

 

FLgXUe 7.1.2 ± GOaVV WUaQVLWLRQ UegLRQ Rf PA-12 aUWLfLcLaOO\ aged aW 170 ℃ fRU 5, 7, aQd 9 da\V RQ heaW 1.  

 

The PeOWLQg cXUYe RbWaLQed fURP heaW 1 LV dLVSOa\ed LQ FLgXUe 7.1.2. The ageLQg WLPe had a VLgQLfLcaQW effecW 

RQ Whe WheUPaO behaYLRXU Rf PA-12 SRZdeU, LQ WhaW Whe SeaN PeOWLQg WePSeUaWXUe LQcUeaVed aQd WheQ 

decUeaVed ZLWh ageLQg WLPe. The SeaN PeOWLQg WePSeUaWXUe Rf PA-12 aged fRU 0, 5, 7 aQd 9 da\V ZeUe 187.2, 

189.3, 189.0 aQd 184.8 ℃, UeVSecWLYeO\. The RQVeW PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ aOVR 

fROORZed Whe VaPe WUeQd, WhLV daWa LV VhRZQ LQ TabOe 7.1. The UeVSecWLYe LQcUeaVe LQ SeaN PeOWLQg 

WePSeUaWXUe VXggeVWV WhaW Whe aged PaWeULaO had e[SeULeQced SRVW-cURVVOLQNLQg RU SRVW-SRO\PeULVaWLRQ (55). 

ThLV cRXOd be dXe WR ageLQg WaNLQg SOace aW a WePSeUaWXUe abRYe Whe Tg Rf Whe SRO\PeU PeaQLQg WhaW Whe 

SRO\PeU chaLQV had LQcUeaVed PRbLOLW\. The decUeaVe LQ PeOWLQg WePSeUaWXUe caQ be a UeVXOW Rf WheUPaO 
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degUadaWLRQ Rf SRO\PeU chaLQV caXVLQg SRO\PeU chaLQV WR becRPe VhRUWeU b\ chaLQ VcLVVLRQ UeacWLRQV. IQ Whe 

9 da\ aged VaPSOe, a dRXbOe PeOWLQg SeaN ZaV RbVeUYed, ZheUe Whe ORZeU WePSeUaWXUe PeOWLQg SeaN UeWXUQed 

WR a baVeOLQe befRUe Whe hLgh WePSeUaWXUe PeOWLQg SeaN fRUPed. The SUeVeQce Rf 2 PeOWLQg SeaNV caQ be dXe 

WR PeOW-UecU\VWaOOLVaWLRQ Rf Whe SRO\PeU RU WhLV cRXOd VhRZ Whe fRUPaWLRQ Rf dLffeUeQW a cU\VWaO VWUXcWXUe 

fRUPed dXULQg ageLQg. The SUeVeQce Rf 2 cU\VWaO VWUXcWXUeV ZaV TXaQWLfLed XVLQg XRD. IW ZaV UeSRUWed WhaW 

PA-12 SRZdeU LV SUeVeQW LQ Whe ߙ cU\VWaO (48). M. GaOaWL eW aO aOVR XVe XRD WR VWXd\ Whe dLffeUeQW cU\VWaO 

VWUXcWXUeV Rf PA-12 SRZdeU. IW ZaV UeSRUWed WhaW Whe 2 PaLQ SeaNV ZeUe RbVeUYed. TheVe ZeUe OLQNed WR Whe 

 cU\VWaO ZaV VWURQgO\ SUeYaOeQW LQ PA-12 UefUeVhed ߛ cU\VWaO. The SeaN cRUUeVSRQdLQg WR Whe ߛ cU\VWaO aQd ߙ

SRZdeU. ThLV ZaV OLQNed WR UaSLd cRROLQg aVVRcLaWed ZLWh SRVW-PaQXfacWXUe (58). IW haV aOVR beeQ UeSRUWed 

WhaW aW WePSeUaWXUeV abRYe Whe gOaVV WUaQVLWLRQ WePSeUaWXUe, Whe WZR cU\VWaO fRUPV caQ LQWeUcRQYeUW. AV Whe 

WZR cU\VWaO fRUPV haYe dLffeUeQW PeOWLQg WePSeUaWXUeV, LW caQ be cRQcOXded WhaW dXULQg WhLV SURORQged WLPe 

SeULRd aW a WePSeUaWXUe abRYe Whe gOaVV WUaQVLWLRQ WePSeUaWXUe WZR cU\VWaOV VWUXcWXUeV fRUPed (160).  

SLQce each VaPSOe Rf PA-12 ZaV VXbMecWed WR Whe VaPe cRROLQg cRQdLWLRQV afWeU ageLQg, Whe cRROLQg UaWe 

ZRXOd QRW LQfOXeQce Whe cU\VWaO VWUXcWXUe Rf Whe SRZdeU. ThLV OeadV WR Whe Ldea WhaW Whe dRXbOe PeOWLQg SeaN 

caQ be dXe WR PeOW UecU\VWaOOLVaWLRQ. 

 

F. SLOOaQL eW aO UeSRUWed WhaW Whe SeaN PeOWLQg WePSeUaWXUe Rf YLUgLQ aQd Uec\cOed PA-12 XVed LQ MJF dLffeUed 

b\ 1 ℃, VXggeVWLQg WhaW Whe WheUPaO SURSeUWLeV Rf PA-12 XVed LQ MJF ZeUe QRW affecWed b\ UeSeaWed heaWLQg 

aQd cRROLQg c\cOeV, XQOLNe RWheU PBF WechQLTXeV VXch aV SLS (31). The WheUPaO behaYLRXU Rf UefUeVhed PA-

12 ZaV aOVR chaUacWeULVed, WhRXgh LW ZaV QRW VWaWed ZhLch VWage Rf Whe SURceVVLQg c\cOe Whe Uec\cOed SRZdeU 

ZaV fURP. IQ cRPSaULVRQ WR YLUgLQ PA-12 SRZdeU Whe SeaN PeOWLQg WePSeUaWXUe aQd cU\VWaOOLVaWLRQ 

WePSeUaWXUe Rf UefUeVhed SRZdeU LQcUeaVed VOLghWO\ b\ aSSUR[LPaWeO\ 2 aQd 1 ℃, UeVSecWLYeO\ (31). ThLV 

dePRQVWUaWed WhaW Whe WheUPaO SURSeUWLeV Rf PA-12 XVed LQ MJF ZeUe QRW affecWed b\ Whe UefUeVh UaWe. IQ 

cRPSaULVRQ WR Whe e[SeULPeQWaO ZRUN LQ WhLV VecWLRQ ZheUe Whe PeOWLQg SURSeUWLeV Rf PA-12 ZeUe affecWed 

b\ ageLQg, LW LV SRVVLbOe WhaW PA-12 chaUacWeULVed b\ F. SLOOaQL eW aO ZaV VXbMecWed WR OeVV haUVh cRQdLWLRQV 
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aQd WheUefRUe ZaV OeVV VXVceSWLbOe WR SRVW-SRO\PeULVaWLRQ aQd SRVW-cU\VWaOOLVaWLRQ PechaQLVPV. ThLV Pa\ 

be a UeaVRQ F. SLOOaQL eW aO VXggeVW PA-12 LV ³eQd-caSSed´ (31).  

 

The eQWhaOS\ Rf fXVLRQ aQd cRQVeTXeQWO\, Whe degUee Rf cU\VWaOOLQLW\, LQcUeaVed aQd WheQ decUeaVed ZLWh 

ageLQg WLPe. The LQcUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ caQ be OLQNed WR SRVW-cU\VWaOOLVaWLRQ Rf PA-12 SRZdeU 

dXe WR beLQg e[SRVed WR a hLgh WePSeUaWXUe (abRYe Whe Tg Rf Whe SRO\PeU) fRU aQ e[WeQded WLPe SeULRd. AV 

deVcULbed LQ (157±159), degUadaWLRQ caQ Oead WR Whe fRUPaWLRQ Rf VhRUWeU SRO\PeU chaLQV LQ Whe aPRUShRXV 

UegLRQV. AW WePSeUaWXUeV abRYe Whe Tg, SRO\PeU chaLQV aUe PRbLOe aQd caQ MRLQ Whe cU\VWaOOLQe UegLRQ ZhLch 

OeadV WR aQ LQcUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\. HRZeYeU, Whe RbVeUYed LQcUeaVe LQ PeOWLQg WePSeUaWXUe 

(heaW 1) VXggeVWV WhaW SRVW cURVV-OLQNLQg RU SRVW-SRO\PeULVaWLRQ RccXUUed ZhLch dReV QRW agUee ZLWh 

OLWeUaWXUe (157±159).  

WheUeaV, LQ Whe 9 da\ aged VaPSOe, Whe degUee Rf cU\VWaOOLQLW\ decUeaVed. IQ UeOaWLRQ WR OLWeUaWXUe (157±159), 

VhRUWeU SRO\PeU chaLQV fRUPed b\ chaLQ VcLVVLRQ caQ eQWeU Whe cU\VWaOOLQe UegLRQ aQd LQcUeaVe Whe degUee Rf 

cU\VWaOOLQLW\. The RbVeUYed decUeaVe LQ PeOWLQg WePSeUaWXUe (heaW 1) VXggeVWV WhaW chaLQ VcLVVLRQ RccXUUed, 

\eW a decUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ ZaV RbVeUYed. TheUefRUe, WhLV aOVR dReV QRW agUee ZLWh (157±

159). IQ RUdeU WR e[SORUe WhLV fXUWheU, PA-12 VhRXOd be e[SRVed WR hLgheU WePSeUaWXUeV (abRYe Whe Tg) Rf Whe 

SRO\PeU fRU ORQgeU WhaQ 9 da\V.  

 

IQ WeUPV Rf Whe PeOWLQg SURSeUWLeV Rf aged SRZdeU, P. CheQ eW aO UeSRUW a VOLghW LQcUeaVe LQ PeOWLQg 

WePSeUaWXUe fRU Uec\cOed SLS gUade PA-12 (VESTOSINT X1556). The degUee Rf cU\VWaOOLQLW\ RbWaLQed fURP 

heaW 1 hRZeYeU decUeaVed fRU Uec\cOed SRZdeU. IW ZaV VXggeVWed WhaW Whe LQcUeaVe LQ Whe PeOWLQg WePSeUaWXUe 

ZaV dXe WR cU\VWaOOLQe UeRUgaQLVaWLRQ (32). ThLV LV aOVR dLffeUeQW WR Whe PeOWLQg SURSeUWLeV e[hLbLWed b\ MJF 

SRZdeU LQ WhLV VecWLRQ Rf e[SeULPeQWaO ZRUN. The daWa VXggeVWV WhaW SRZdeU XVed LQ MJF behaYeV dLffeUeQWO\ 

WR WhaW XVed LQ SLS afWeU ageLQg (RU Uec\cOLQg).  
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FLgXUe 7.1.3 ± MeOWLQg behaYLRXU Rf PA-12 aUWLfLcLaOO\ aged aW 170 ℃ fRU 5, 7, aQd 9 da\V RQ heaW 1.  

 

The cRROLQg cXUYeV, dLVSOa\ed LQ FLgXUe 7.1.4, VhRZ WhaW ageLQg WLPe had a VLgQLfLcaQW effecW RQ Whe cRROLQg 

behaYLRXU Rf PA-12 LQ WhaW a decUeaVe LQ SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV RbVeUYed ZLWh ageLQg WLPe. 

The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 0, 5, 7 aQd 9 da\ aged PA-12 ZeUe 148.3, 145.8, 144.6 aQd 141.5 

℃, UeVSecWLYeO\. MRUeRYeU, Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe fROORZed Whe VaPe WUeQd. The decUeaVe LQ 

cU\VWaOOLVaWLRQ WePSeUaWXUe LV a UeVXOW Rf SRVW-cURVVOLQNLQg RU SRVW-SRO\PeULVaWLRQ. LRQgeU SRO\PeU chaLQV 

e[SeULeQce OLPLWed PRbLOLW\, aV VXch Whe chaLQ fROdLQg abLOLW\ Rf Whe SRO\PeU LV hLQdeUed aQd Whe 

cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWV WR ORZeU WePSeUaWXUeV. ThLV agUeeV ZLWh Whe daWa fRU heaW 1, ZheUeb\ aQ 

LQcUeaVe LQ PeOWLQg WePSeUaWXUe fRU Whe 5 aQd 7 da\ aged VaPSOe ZaV RbVeUYed VhRZLQg WhaW SRO\PeU chaLQV 

e[SeULeQced SRVW-cURVVOLQNLQg RU SRVW-SRO\PeULVaWLRQ.  

IQ Whe 9 da\ aged VaPSOe a decUeaVe LQ PeOWLQg WePSeUaWXUe ZaV RbVeUYed, VXggeVWLQg WhaW Whe SRO\PeU 

chaLQV had decUeaVed LQ OeQgWh. IQ WXUQ, WhLV caQ caXVe Whe cU\VWaOOLVaWLRQ WePSeUaWXUe WR LQcUeaVe VLQce Whe 
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chaLQV aUe VPaOOeU aQd cU\VWaOOLVe PRUe eaVLO\. HRZeYeU, Whe cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 9-da\ aged 

VaPSOe decUeaVed WR a ORZeU WePSeUaWXUe WhaQ Whe 5 aQd 7 da\ aged VaPSOeV ZhLch cRQWUaVWV ZLWh Whe 

VWaWePeQW abRYe. IQ RUdeU WR cRUUeOaWe Whe PROecXOaU ZeLghW aQd Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ 

WePSeUaWXUe, geO SeUPeaWLRQ chURPaWRgUaSh\ caQ be XVed.  

 

The UecU\VWaOOLVaWLRQ behaYLRXU RbVeUYed LQ aged PA-12 cRQWUaVWV ZLWh a UeSRUW b\ J. RLedeObaXch eW aO, ZhR 

QRWed aQ LQcUeaVe LQ SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZheQ PA-12 SRZdeU ZaV e[SRVed WR aQ LQcUeaVed 

QXPbeU Rf SURceVVLQg c\cOeV. The LQcUeaVe LQ cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV OLQNed WR Whe SUeVeQce Rf 

UeVLdXaO ageQWV ZhLch Pa\ acW aV LPSXULWLeV aQd cRQVeTXeQWO\ e[hLbLW a QXcOeaWLQg effecW (55). ThLV LV a 

PRUe accXUaWe UeSUeVeQWaWLRQ Rf Whe behaYLRXU Rf PA-12 SRZdeU XVed LQ MJF, VLQce Whe SRZdeU ZaV 

e[WUacWed fURP Whe bXLOd.  

 

IQ SLS gUade PA-12, a VOLghW LQcUeaVe LQ Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZaV UeSRUWed fRU Uec\cOed PA-

12 (32). The aXWhRUV aOVR UeSRUW WhaW Whe eQWhaOS\ Rf cU\VWaOOLVaWLRQ decUeaVed ZLWh agLQg dXe WR aQ LQcUeaVed 

PeOW YLVcRVLW\ Rf aged SRZdeU. The LQcUeaVed LQ PeOW YLVcRVLW\ caQ hLQdeU chaLQ fROdLQg aQd Whe VORZ dRZQ 

Whe dLffXVLRQ UaWe Rf chaLQ VegPeQWV WR Whe QXcOeXV, ZheQ cRPSaUed WR RULgLQaO PA-12 SRZdeU. TheVe 

RbVeUYaWLRQV aUe dLffeUeQW WR WhaW RbVeUYed LQ WhLV e[SeULPeQWaO ZRUN RQ aged PA-12 SRZdeU (HeZeWW 

PacNaUd). ThLV cRXOd LQdLcaWe WhaW PA-12 SRZdeU XVed LQ MJF behaYeV dLffeUeQWO\ WR SLS gUade PA-12 

SRZdeU (VESTOSINT X1556).  

 

The degUee Rf VXSeUcRROLQg ZaV deWeUPLQed b\ caOcXOaWLQg Whe dLffeUeQce LQ SeaN PeOWLQg aQd SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUe.  SRPe VWXdLeV deWeUPLQe Whe degUee Rf VXSeUcRROLQg XVLQg Whe RQVeW PeOWLQg 

WePSeUaWXUe aQd Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe (32). B\ XVLQg Whe SeaN PeOWLQg WePSeUaWXUe aQd Whe 
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SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe, WhLV ZLOO accXUaWeO\ deWeUPLQe Whe degUee Rf VXSeUcRROLQg LQ WhaW Whe RQVeW 

WePSeUaWXUeV caQ be VRPeZhaW VXbMecWLYe. 

The degUee Rf VXSeUcRROLQg fRU aged SRZdeU LQcUeaVed LQ cRPSaULVRQ WR PA-12. HRZeYeU, Whe degUee Rf 

VXSeUcRROLQg fRU Whe fRU 5, 7 aQd 9 da\ aged SRZdeU ZaV cRPSaUabOe. The degUee Rf VXSeUcRROLQg fRU 0, 5, 

7 aQd 9 da\ aged SRZdeU ZaV 39.7, 43.5, 44.3 aQd 43.3 ℃, UeVSecWLYeO\.  

IQ WeUPV Rf hRZ ageLQg affecWed Whe cU\VWaOOLVaWLRQ, aQ LQcUeaVe LQ Whe degUee Rf VXSeUcRROLQg VXggeVWV WhaW 

cU\VWaOOLVaWLRQ ZaV hLQdeUed b\ ageLQg. ThLV LV aVVRcLaWed ZLWh chaQgeV LQ PROecXOaU ZeLghW RU cURVV-

OLQNLQg. A UeSRUW b\ B. HROOaQd aQd J.N. Ha\ LQYeVWLgaWeV WheUPaO degUadaWLRQ Rf Q\ORQ SRO\PeUV. IW ZaV 

dePRQVWUaWed WhaW LQ PA-6 aQd PA-6,6, Whe fRUPaWLRQ Rf cURVV-OLQNV UedXced Whe heaW Rf UecU\VWaOOLVaWLRQ aQd 

WhXV degUee Rf cU\VWaOOLQLW\ RQ cRROLQg. MRUeRYeU, LW ZaV UeSRUWed WhaW PA-6,6 e[SeULeQced aQ addLWLRQaO 

decUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ LQ cRPSaULVRQ WR Whe degUee Rf cU\VWaOOLQLW\ Rf PA-6 dXe WR a faVWeU 

UaWe Rf cURVVOLQNLQg (8). ThLV LV dXe WR Whe SUeVeQce Rf addLWLRQaO fXQcWLRQaO gURXSV LQ Whe SRO\PeU chaLQ. IQ 

cRPSaULVRQ WR PA-12, Whe degUee Rf cU\VWaOOLQLW\ RQ cRROLQg Rf aged PA-12 LQcUeaVed, ZheUe Whe degUee Rf 

cU\VWaOOLQLW\ Rf 0, 5, 7 aQd 9 da\ aged SRZdeU ZaV 23.6, 28.6, 28.4 aQd 28.6 %. ThLV VXggeVWV WhaW SRVW-

cU\VWaOOLVaWLRQ aQd QRW cURVV-OLQNLQg RccXUUed b\ ageLQg.  
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FLgXUe 7.1.4 ± CU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 aUWLfLcLaOO\ aged aW 170 ℃ fRU 5, 7, aQd 9 da\V RQ cRRO 1.  

 

The PeOWLQg eQdRWheUP RQ heaW 2 Rf aged SRO\PeU SRZdeU LV dLVSOa\ed LQ FLgXUe 7.1.5. The WUeQd LQ PeOWLQg 

WePSeUaWXUe RQ heaW 2 ZaV Whe RSSRVLWe WR WhaW RbVeUYed RQ heaW 1. OQ heaW 1 ageLQg caXVed Whe PeOWLQg 

WePSeUaWXUe WR VhLfW WR hLgheU aQd WheQ ORZeU WePSeUaWXUeV, cRPSaUed WR XQaged PA-12. OQ heaW 2, Whe SeaN 

PeOWLQg WePSeUaWXUe Rf PA-12 aged fRU 5, 7 aQd 9 da\V VhLfWed WR ORZeU WePSeUaWXUeV ZLWh LQcUeaVed agLQg 

WLPe. The SeaN PeOWLQg WePSeUaWXUe PA-12 aged fRU 0, 5, 7 aQd 9 da\V ZeUe 179.7, 177,5, 177.5 aQd 173.5 

℃, UeVSecWLYeO\. The decUeaVe LQ PeOWLQg WePSeUaWXUe Rf PA-12 RQ heaW 2 LQ cRPSaULVRQ WR heaW 1 LV aWWULbXWed 

WR a WUaQVfRUPaWLRQ LQ cU\VWaO VWUXcWXUe. G. CUafW eW aO UeSRUW WhaW YLUgLQ PA-12 SRZdeU e[LVWV LQ Whe ߙ 

PRQRcOLQLc fRUP aQd RQ PeOWLQg WheVe UegLRQV WUaQVfRUP LQ WR Whe ߛ (SVeXdR)he[agRQaO fRUP dXe WR faVWeU 

cRROLQg UaWeV (161).  

IQ RWheU ZRUN, J. RLedeObaXch eW aO UeSRUWed aQ LQcUeaVe LQ SeaN PeOWLQg WePSeUaWXUe RQ heaW 2 Rf PA-12 

SRZdeU. ThLV ZaV aWWULbXWed WR QRQ-UeYeUVLbOe bXLOd XS UeacWLRQV LQ Whe SRO\PeU ZhLch VXggeVW aQ LQcUeaVe 

LQ PROecXOaU ZeLghW (55). The dLffeUeQce beWZeeQ Whe e[SeULPeQWaO UeVXOWV aQd WhRVe UeSRUWed b\ J. 
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RLedeObaXch eW aO aUe OLNeO\ dXe WR Whe WheUPaO hLVWRU\ Rf Whe SRZdeU, ZhLch OeadV WR dLffeUeQW PaWeULaO 

VSecLfLc WheUPaO behaYLRXU aV a UeVXOW Rf degUadaWLRQ PechaQLVPV. IQ Whe ZRUN b\ J. RLedeObaXch eW aO, Whe 

Uec\cOed SRZdeU ZaV e[WUacWed fURP Whe bXLOd chaPbeU LQ MJF aQd Whe e[acW cRQdLWLRQ Rf Whe SRZdeU ZaV 

XQcOeaU. WheUeaV, LQ WhLV e[SeULPeQWaO VWXd\, Whe WheUPaO hLVWRU\ Rf Whe SRZdeU LV NQRZQ.  

 

A bLPRdaO PeOWLQg SeaN ZaV RbVeUYed RQ heaW 2, ZheUe Whe ORZ WePSeUaWXUe PeOWLQg SeaN dLd QRW UeWXUQ WR 

a baVeOLQe. ThLV ZaV dXe WR PeOW-UecU\VWaOOLVaWLRQ aQd UeRUgaQLVaWLRQ Rf SRO\PeU chaLQV RQ heaWLQg (99). IQ 

XQaged PA-12, Whe PeOWLQg eQdRWheUP RQ heaW 2 VhRZed a ORZ WePSeUaWXUe PeOWLQg SeaN aW ~ 170 ℃. The 

cXUYe WheQ WheQ decUeaVed beORZ Whe baVeOLQe, VXggeVWLQg aQ e[RWheUPLc SURceVV RccXUUed befRUe Whe 

SRO\PeU PeOWed aW a hLgheU WePSeUaWXUe. IQ PA-12 SRZdeU WhaW had beeQ aged fRU 5 da\V, Whe VaPe SaWWeUQ 

ZaV RbVeUYed. IQ Whe 7 da\ aged SRZdeU, aQ e[RWheUPLc WUaQVLWLRQ ZaV RbVeUYed befRUe Whe PaLQ PeOWLQg 

SeaN. PA-12 SRZdeU WhaW had beeQ aged fRU 9 da\V aOVR fROORZed Whe VaPe SaWWeUQ. ThLV dePRQVWUaWeV WhaW 

aV Whe PA-12 aged Whe WheUPaO SURSeUWLeV chaQge ZLWh UeVSecW WR WheUPaO WUaQVLWLRQV. 
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FLgXUe 7.1.5 ± MeOWLQg behaYLRXU Rf PA-12 aUWLfLcLaOO\ aged aW 170 ℃ fRU 5, 7, aQd 9 da\V RQ heaW 2.  

 

TabOe 7.1.1 ± TabOe VhRZLQg Whe PeOWLQg aQd cU\VWaOOLVaWLRQ SaUaPeWeUV Rf XQaged aQd aged PA-12. WheUe, 

TO LV Whe RQVeW Rf PeOWLQg RU UecU\VWaOOLVaWLRQ WePSeUaWXUe, TP LV Whe SeaN PeOWLQg RU UecU\VWaOOLVaWLRQ 

WePSeUaWXUe, TE LV Whe OaVW WUace Rf cU\VWaOOLQLW\ aQd eQd UecU\VWaOOLVaWLRQ WePSeUaWXUe, dHf LV Whe eQWhaOS\ 

Rf fXVLRQ, dHc LV Whe eQWhaOS\ Rf UecU\VWaOOLVaWLRQ aQd XC LV Whe degUee Rf cU\VWaOOLQLW\.  

  Ageing time 

[Days] 

TO 

[ႏ] 

TP 

[ႏ] 

TC 

[ႏ] 

ǻHf 

[J/g] 

ǻHc 

[J/g] 

Xc, melt 

[%] 

Heat 1 0.00 170.50 188.17 193.83 87.88 
 

41.99 
 

5.00 175.29 189.33 195.87 120.33 
 

57.49 
 

7.00 175.77 189.00 194.40 116.14 
 

55.49 
 

9.00 168.51 184.83 191.27 105.10 
 

50.22 

Heat 2 0.00 166.75 179.67 183.91 43.26 
 

20.67 
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5.00 164.67 177.50 182.45 49.36 

 
23.58 

 
7.00 166.09 177.50 182.12 49.33 

 
23.57 

 
9.00 159.41 173.50 179.32 50.66 

 
24.20 

Cool 1 0.00 158.10 148.50 141.03 
 

49.32 23.56 
 

5.00 154.15 145.83 136.94 
 

59.95 28.64 
 

7.00 153.25 144.67 135.52 
 

59.53 28.44 

  9.00 150.29 141.50 132.95   59.91 28.62 

 

 

 7.1.3 Optical microscop\ 
 

OSWLcaO PLcURVcRS\ ZaV XVed WR RbVeUYe Whe effecW Rf Whe ageLQg RQ Whe PLcURVWUXcWXUe Rf PA-12 b\ cRROLQg 

Whe VaPSOeV fURP 220 ℃ WR URRP WePSeUaWXUe aW a cRQWUROOed cRROLQg UaWe Rf 0.5 ℃/PLQ.  

 

The PLcURVWUXcWXUe Rf XQaged aQd aged PA-12 LV VhRZQ LQ FLgXUe 7.1.6. IQ a VaPSOe aged fRU 5 da\V aW 170 

℃, Whe VSheUXOLWe VL]e ZaV VOLghWO\ OaUgeU WhaQ 0 da\ aged PA-12. IQ Whe 7 da\ aged VaPSOe, Whe VSheUXOLWe 

VL]e ZaV cRPSaUabOe WR PA-12 aQd LQ Whe 9 da\ aged VaPSOe Whe VSheUXOLWe VL]e ZaV UeOaWLYeO\ OaUge. ThLV 

dePRQVWUaWeV WhaW Whe VSheUXOLWe VL]e ZaV QRW VLgQLfLcaQWO\ LPSacWed b\ ageLQg.  
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FLgXUe 7.1.6 ± OSWLcaO PLcURVcRS\ LPageV Rf XQaged aQd aged PA-12 aW 500 [ PagQLfLcaWLRQ. ScaOe baU WR 

50 μP.  

 

 7.1.4 Infrared spectroscop\ 
 

The FTIR VSecWUa ZeUe UecRUded fRU aged PA-12 aQd bOeQdV cUeaWed fURP aged PA-12. The FTIR VSecWUa Rf 

aged PA-12 SRZdeU aQd aged PA-12 VaPSOeV WhaW ZeUe e[WUacWed fURP a DSC SaQ aUe dLVSOa\ed LQ FLgXUe 

7.1.7 aQd FLgXUe 7.1.8. TabOe 7.1.2 VhRZV Whe chaUacWeULVWLc SeaNV. The SeaN aVVLgQPeQWV fRU PA-12 aUe 
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VhRZQ LQ TabOe 7.1.2. TheVe ZeUe cRPSaUabOe WR WhaW UeSRUWed b\ H.J O'CRQQeU eW aO fRU a PA-12 SaUW 

PaQXfacWXUed b\ MJF (61,68).  

 

The FTIR VSecWUa Rf PA-12 SRZdeU aged fRU 5 aQd 7 da\V ZaV cRPSaUabOe WR PA-12. ThLV VXggeVWV WhaW 

ageLQg dLd QRW Oead WR Whe fRUPaWLRQ Rf QeZ SeaNV, deVSLWe YLVXaO chaUacWeULVaWLRQ VhRZLQg dLVcRORXUaWLRQ. 

HRZeYeU, LQ Whe 9 da\ aged VaPSOe, a VPaOO SeaN aW 1716.4 cP-1 ZaV RbVeUYed (Vee aUURZ LQ FLgXUe 7.7). 

ThLV ZaV aVVLgQed WR caUbRQ\O cRQWaLQLQg cRPSRXQdV WhaW had fRUPed dXe WR degUedaWLRQ SURdXcWV fURP 

WheUPRR[LdaWLYe degUedaWLRQ. IQ RWheU ZRUN, degUedaWLRQ SURdXcWV Rf WheUPaOO\ aged SRO\aPLde-6,6 aQd 

SRO\aPLde-11 ZeUe e[SORUed (102,162). IQ bRWh caVeV, R[LdaWLYe VSecLeV VXch aV caUbR[\OLc acLdV ZeUe 

SURdXced aQd ZeUe aVVLgQed WR SeaNV aW 1710 cP-1 aQd 1711 cP-1 (102,162). MechaQLVPV Rf Whe WheUPR-

R[LdaWLRQ Rf PA-6,6 aUe hLghOLghWed LQ PRUe deWaLO LQ (102). The fRUPaWLRQ Rf QeZ VSecLeV aULVLQg fURP 

degUadaWLRQ LV XQVXUSULVLQg VLQce Whe YLVXaO chaUacWeULVaWLRQ Rf PA-12 SRZdeU VhRZed VLgQLfLcaQW 

dLVcRORXUaWLRQ fURP YLUgLQ VWaWe WR Whe da\ 9 aged VWaWe, aV dLVSOa\ed LQ FLgXUe 7.1.1. OWheU degUedaWLRQ 

SURdXcWV Rf SRO\aPLde UeSRUWed eOVeZheUe LQOcXde, LPLdeV aQd aOdeh\deV (102).  
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FLgXUe 7.1.7 ± FTIR-ATR VSecWUa Rf PA-12 SRZdeU (WRS) aQd DSC VaPSOeV (bRWWRP) aged aW 170 ℃ fRU 0, 

5, 7 aQd 9 da\V. 
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FLgXUe 7.1.8 ± SWacNed FTIR VSecWUa Rf aged PA-12 SRZdeU (WRS) aQd DSC VaPSOeV Rf aged SRZdeU 

(bRWWRP). The LQVeW VhRZV Whe caUbRQ\O UegLRQ beWZeeQ 1600 ± 1800 cP-1. 
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FLgXUe 7.1.9 VhRZV a SeaN UeOaWed WR Whe RYeUWRQe Rf Whe aPLde II baQd aW 3100 ± 3070 cP-1. M. POLTXeW eW 

aO VWXdLed Whe WheUPaO degUedaWLRQ Rf LQMecWLRQ PRXOded PA-6,6. IQ WheLU ZRUN, Whe aPLde II baQd 

SURgUeVVLYeO\ dLVVaSeaUed ZLWh ZLWh LQcUeaVed ageLQg WLPe. ThLV ZaV dXe WR N-H defRUPaWLRQ aQd C-N bRQd 

VWUeWchLQg (102).  

IQ PA-12 SRZdeU WhaW ZaV WheUPaOO\ aged, Whe aPLde II baQd ZaV QRW affecWed b\ ageLQg WLPe aQd Whe SeaN 

ZaV cRQVLVWeQW fRU aOO VaPSOeV. IQ aged PA-12 WhaW ZaV e[WUacWed fURP DSC SaQV, Whe RYeUWRQe Rf Whe aPLde 

II baQd aW 3100 ± 3070 cP-1 ZaV aOVR QRW affecWed, VXggeVWLQg N-H defRUPaWLRQ dLd QRW RccXU. IQ (102), Whe 

WLPe SeULRd aOORZed fRU WheUPaO degUedaWLRQ WR RccXU ZaV XS WR 2000 hUV aW 140 ℃, ZheUeaV LQ WhLV ZRUN aQ 

XSSeU OLPLW Rf 9 da\V aW 170 ℃ ZaV XVed. TheUefRUe, Whe dLVVaSeaUaQce Rf Whe baQd aW 3100 ± 3070 cP-1 ZaV 

QRW RbVeUYed LQ WhLV ZRUN dXe WR ageLQg WaNLQg SOace RYeU a VhRUWeU WLPe SeULRd, deVSLWe ageLQg aW a hLgheU 

WePSeUaWXUe. ThLV VhRZV WhaW XQdeU cRQdLWLRQV XVed LQ PBF WechQLTXeV, ZheUe SRZdeU LV e[SRVed WR OeVV 

haUVh cRQdLWLRQV, Whe N-H baQd LV UeVLVWaQW WR degUedaWLRQ.  

 

The VSecWUa Rf XQaged aQd aged PA-12 e[WUacWed fURP DSC SaQV ZeUe aOVR RbWaLQed, aV dLVSOa\ed LQ FLgXUe 

7.1.8. The VSecWUa Rf VaPSOeV aged aW 170 ℃ fRU 5 aQd 7 da\V ZeUe cRPSaUabOe WR PA-12. ThLV VXggeVWV 

afWeU PXOWLSOe heaW-cRRO c\cOeV WheUe ZeUe QR PaMRU SURdXcWV fURP degUadaWLRQ, deVSLWe YLVXaO 

chaUacWeULVaWLRQ VhRZLQg VaPSOe dLVcRORXUaWLRQ. The VSecWUXP fRU a VaPSOe aged fRU 9 da\V dLVSOa\ed a 

SRRU XQUeadabOe VLgQaO aQd ZaV WheUefRUe LQcRPSaUabOe WR PA-12. ThLV LV aOVR dLVSOa\ed LQ FLgXUe 7.1.8.  

 

IQWeUeVWLQgO\, LQ DSC VaPSOeV a ZeaN VhRXOdeU SeaN ePeUged aW 3400 ± 3600 cP-1 ZaV RbVeUYed, WhLV ZaV 

aVVLgQed WR Whe fUee aPLde PRLeW\ (102). ThLV VXggeVWV UeRUgaQLVaWLRQ Rf Whe cU\VWaO VWUXcWXUe afWeU PXOWLSOe 

heaW-cRRO c\cOeV. The fUee N-H baQd VhRZV a SRSXOaWLRQ Rf N-H bRQdV ZLWhLQ Whe SRO\PeU aUe QRW h\dURgeQ 

bRQded.  
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FLgXUe 7.1.9 ± The aPLde II baQd LQ aged PA-12 SRZdeU (OefW) aQd aged PA-12 VaPSOeV VXbMecWed WR DSC 

WheUPaO aQaO\VLV (ULghW).  

 

 

 

FLgXUe 7.1.10 ± The caUbRQ\O LQde[ aV a fXQcWLRQ Rf ageLQg WLPe fRU PA-12 SRZdeU WhaW had beeQ aged aW 

170 ℃ fRU 5, 7 aQd 9 da\V (bOXe) aQd ageV PA-12 WhaW had beeQ VXbMecWed WR a PXOWLSOe heaWLQg aQd cRROLQg 

c\cOe LQ Whe DSC (RUaQge).  
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The caUbRQ\O LQde[ fRU bRWh aged PA-12 SRZdeU aQd aged PA-12 VaPSOeV WhaW had beeQ e[WUacWed fURP aQ 

aOXPLQLXP SaQ LV dLVSOa\ed LQ FLgXUe 7.1.10. The caUbRQ\O LQde[ ZaV defLQed b\ Whe UaWLR Rf Whe R[LdaWLRQ 

baQd (C=O, 1710 ± 1760 cP-1) aQd Whe UefeUeQce baQd (CH2 VcLVVRU, 1458 ± 1468 cP-1), aV SeU (10).  

 

The caUbRQ\O LQde[ fRU PA-12 SRZdeU LQcUeaVed ZLWh ageLQg WLPe. A OaUge LQcUeaVe ZaV RbVeUYed LQ Whe 9 

da\ aged VaPSOe. ThLV agUeeV ZLWh daWa, VXch WhaW LQ Whe UegLRQ Rf 1690 ± 1754 cP-1 a SeaN aW ca.1716 cP-1 

WhaW LQcUeaVed ZLWh ageLQg WLPe, VXggeVWLQg SURdXcWV fURP WheUPR-R[LdaWLYe degUadaWLRQ ZeUe SUeVeQW. 

MeaQZhLOe, Whe caUbRQ\O LQde[ dLd QRW YaU\ VLgQLfLcaQWO\ fRU DSC e[WUacWed VaPSOeV. The SeaN aW ca.1716 

cP-1 WhaW LV affecWed b\ R[LdaWLYe degUadaWLRQ, ZaV QRW SUeVeQW LQ DSC e[WUacWed VaPSOeV (Vee Whe LQVeW Rf 

FLgXUe 7.1.8). ThLV LV LQWeUeVWLQg LQ WhaW degUadaWLRQ LV aQ LUUeYeUVLbOe SURceVV, WheUefRUe degUadaWLRQ 

SURdXcWV RbVeUYed LQ SRZdeU aUe e[SecWed WR be RbVeUYed LQ DSC e[WUacWed VaPSOeV. The UeaVRQ Zh\ WhLV 

Pa\ haYe QRW beeQ Whe caVe caQ be dXe WR UeRUgaQLVaWLRQ Rf Whe cU\VWaO VWUXcWXUe afWeU PeOW-UecU\VWaOOLVaWLRQ.  

 

IQ Whe ZRUN Rf W. DRQg aQd P. GLMVPaQ (10), Whe caUbRQ\O LQde[ ZaV UeSRUWed fRU PA-6 fLOPV WhaW ZeUe 

aged aW 170 ℃ XS WR 300 hUV. The caUbRQ\O LQde[ ZaV gUeaWeU WhaQ WhaW UeSRUWed LQ WhLV VWXd\ ZLWh aged 

PA-12. ThLV LV dXe WR haUVheU ageLQg cRQdLWLRQV aQd PA-6 cRQWaLQLQg PRUe aPLde aQd caUbRQ\O gURXSV 

WhaQ PA-12, WheUefRUe PaNLQg PA-6 PRUe VXVceSWLbOe WR degUadaWLRQ PechaQLVPV.
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TabOe 7.1.2 ± TabOe VhRZLQg SeaN aVVLgQPeQWV fRU chaUacWeULVWLc ZaYeOeQgWh Rf XQaged aQd aged PA-12 SRZdeU aQd DSC VaPSOeV.  

 

 

 

 

 

 

PeaN aVVLgQPeQW 

H\dURgeQ bRQded 

N-H VWUeWch 

CH2 

aV\PPeWULc 

VWUeWch 

CH2 

V\PPeWULc 

VWUeWch 

C=O 

VWUeWch 

C-N 

VWUeWch, 

C=O LQ 

SOaQe 

beQdLQg 

CH 

beQd, 

CH2 

WZLVW 

C-N 

VWUeWch, 

C=O LQ 

SOaQe 

beQdLQg 

C-C 

VWUeWch 

CONH 

LQ 

SOaQe 

CH2 

URcNLQg 

H. O¶CRQQeU eW aO (68) 3297 2918 2850 1639 1545 1370 1269 1122 944 720 

PRZdeU PA-12 3290.04 2916.50 2846.70 1634.73 1538.92 1367.91 1267.54 1121.33 948.19 719.40 

 
170 ႏ 5 da\V 3291.15 2916.39 2846.84 1634.70 1541.44 1368.18 1267.68 1121.91 947.97 716.97 

 
170 ႏ 7 da\V 3291.06 2916.56 2847.34 1634.68 1538.85 1368.19 1267.83 1120.81 947.87 717.39 

 
170 ႏ 9 da\V 3286.71 2917.37 2847.99 1634.63 1541.37 1367.96 1267.55 1121.09 947.75 716.07 

DSC SaPSOeV PA-12 3289.89 2917.47 2849.15 1634.28 1539.46 1367.83 1268.78 1121.40 945.38 719.26 

 
170 ႏ 5 da\V 3291.95 2917.11 2848.96 1634.29 1539.47 1368.33 1268.29 1121..13 943.37 719.22 

  170 ႏ 7 da\V 3295.62 2917.60 2849.42 1634.30 1539.35 1368.40 1268.38 1121.03 942.78 718.00 
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7.2 ± Melting and recr\stallisation behaYioXr of aged PA-12 blends.  
 

IQ MJF, PA-12 SRZdeU LV RfWeQ UefUeVhed, a OaUge SURSRUWLRQ Rf SRZdeU LV UeXVed LQ VXbVeTXeQW bXLOdV 

WR ZhLch YLUgLQ PA-12 SRZdeU LV added. TheUefRUe, Whe FA aQd DA aUe deSOR\ed RQWR Whe VXUface Rf 

XVed PA-12 SRZdeU aV ZeOO aV YLUgLQ PA-12 SRZdeU. The aged PA-12 bOeQdV ZeUe cUeaWed aV SeU VecWLRQ 

2.3, XVLQg PA-12 SRZdeU aged aW 170 ℃ LQ a YeQWLOaWed RYeQ fRU 7 da\V. AOO SRZdeUV ZeUe SURdXced 

XVLQg PA-12 SRZdeU (baWch 2).  

 

FROORZLQg ChaSWeU 6.2 ZhLch aQaO\Ved Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf YLUgLQ PA-12 

bOeQdV, Whe aLP Rf WhLV ZRUN LV WR aQaO\Ve Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf aged PA-12 

bOeQdV RQ heaW 1 aQd cRRO 1. The PeOWLQg behaYLRXU ZaV UecRUded RQ heaW 1 LQ RUdeU WR RbVeUYe Whe 

WheUPaO hLVWRU\ Rf Whe VaPSOe. The UecU\VWaOOLVaWLRQ behaYLRXU ZaV UecRUded RQ cRRO 1 LQ RUdeU WR RbVeUYe 

Whe effecW Rf Whe ageQWV aQd VROYeQWV RQ Whe UecU\VWaOOLVaWLRQ behaYLRXU Rf aged PA-12.  

 

The bOeQdV ZeUe heaWed aW a cRQWUROOed UaWe Rf 10 ℃/PLQ fURP 25 – 220 ℃, ZheUe Whe\ ZeUe VWRUed aW 

aQ XSSeU LVRWheUP Rf 220 ℃ fRU 5 PLQXWeV. The PeOWLQg SeaN ZaV eYaOXaWed, fURP ZhLch Whe RQVeW 

PeOWLQg WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe, OaVW WUace Rf cU\VWaOOLQLW\, eQWhaOS\ Rf fXVLRQ aQd degUee 

Rf cU\VWaOOLQLW\ ZeUe UecRUded. ThLV daWa LV dLVSOa\ed LQ TabOe 7.2.1 aQd FLgXUe 7.2.1. 

 

The PeOWLQg behaYLRXU Rf aged PA-12 (aged aW 170 ℃ fRU 5, 7 aQd 9 da\V) LV VhRZQ LQ ChaSWeU 7.1. The 

daWa RbWaLQed fRU PA-12 SRZdeU aged aW 170 ℃ fRU 7 da\V ZaV XVed aV a beQchPaUN fRU cRPSaULVRQ 

agaLQVW aged PA-12 bOeQdV VLQce Whe PA-12 bOeQdV ZeUe cUeaWed fURP 7 da\ aged PA-12 SRZdeU. 

 

IQ Whe aged PA-12/FA bOeQdV, Whe FA had a VLgQLfLcaQW effecW RQ Whe PeOWLQg behaYLRXU Rf aged PA-12. 

GeQeUaOO\, Whe Tg Rf aged PA-12/FA bOeQdV VhLfWed XQV\VWePaWLcaOO\ WR VOLghWO\ hLgheU aQd ORZeU 
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WePSeUaWXUeV WhaQ aged PA-12. The Tg Rf Whe 1, 5, 10 aQd 20 ZW.% FA bOeQdV ZeUe 39.83, 46.17, 40.50 

aQd 42.50 ℃ UeVSecWLYeO\. The Tg Rf Whe aged 5 ZW.% bOeQd ZaV gUeaWeU WhaQ Whe aged 1, 10 aQd 20 ZW.% 

FA, WhLV LV aQ aQRPaORXV UeVXOW.  

The PeOWLQg behaYLRXU Rf Whe aged PA-12/FA bOeQdV ZeUe affecWed b\ Whe addLWLRQ Rf Whe FA. AV 

cRPSRVLWLRQ Rf Whe FA LQcUeaVed, a SeaN PeOWLQg WePSeUaWXUe deSUeVVLRQ ZaV RbVeUYed. The SeaN 

PeOWLQg WePSeUaWXUe Rf Whe 1, 5, 10 aQd 20 ZW.% FA bOeQdV ZeUe 187.5, 183.3, 180.3 aQd 174.7 ℃, 

UeVSecWLYeO\. ThLV LV cRQVLVWeQW LQ Whe acWLRQ Rf Whe FA acWLQg aV a SOaVWLcLVeU ZheUeb\ Whe FA SURPRWed 

PeOWLQg Rf Whe cU\VWaOOLQe UegLRQ.  

The RQVeW PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ aOVR VhLfWed WR ORZeU WePSeUaWXUeV aV Whe 

cRPSRVLWLRQ Rf Whe FA LQcUeaVed. MRUeRYeU, Whe eQWhaOS\ Rf fXVLRQ (RU degUee Rf cU\VWaOOLQLW\) LQcUeaVed 

ZLWh Whe cRPSRVLWLRQ Rf FA, VhRZLQg eYLdeQce Rf SRVW-cU\VWaOOLVaWLRQ.  

The PeOWLQg UegLRQ, defLQed aV Whe dLffeUeQce beWZeeQ Whe RQVeW PeOWLQg WePSeUaWe aQd OaVW WUace Rf 

cU\VWaOOLQLW\, LQcUeaVed ZLWh cRPSRVLWLRQ Rf FA aQd bRWh VhLfWed WRZaUdV ORZeU WePSeUaWXUeV aV Whe 

cRPSRVLWLRQ Rf Whe FA LQcUeaVed. ThLV VXggeVWV WhaW ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf FA, Whe OaPeOOaU aUe 

WhLQQeU aQd OeVV VTabOe, cRQVeTXeQWO\ PeOWLQg aW ORZeU WePSeUaWXUeV (23). IQWeUeVWLQgO\, fRU Whe 20 ZW.% 

FA VaPSOe, Whe PeOWLQg eQdRWheUP dLVSOa\ed a VhRXOdeU SeaN aW ORZeU WePSeUaWXUe. ThLV ZaV dXe WR 

PeOW-UecU\VWaOOLVaWLRQ aQd UeRUgaQLVaWLRQ Rf SRO\PeU chaLQV RQ heaWLQg (99). 

ThLV daWa VhRZV WhaW Whe FA acWed aV a SOaVWLcLVeU aQd eQhaQced Whe PRbLOLW\ Rf Whe aPRUShRXV UegLRQV 

aQd affecWed Whe cU\VWaOOLQe UegLRQV b\ LQfOXeQcLQg Whe PeOWLQg WePSeUaWXUe aQd Whe degUee Rf 

cU\VWaOOLQLW\.  

 

IQ Whe aged PA-12/DA bOeQdV, Whe DA had a VLgQLfLcaQW effecW RQ Whe PeOWLQg behaYLRXU Rf aged PA-12. 

The Tg Rf aged PA-12/DA bOeQdV VhLfWed XQV\VWePaWLcaOO\ WR VOLghWO\ hLgheU WePSeUaWXUeV WhaQ aged PA-

12. The Tg Rf Whe 1, 5, 10 aQd 20 ZW.% DA bOeQdV ZeUe 46.83, 42.17, 41.50 aQd 42.83 ℃ UeVSecWLYeO\. 

ThLV VXggeVWV WhaW Whe DA LPPRbLOLVed Whe aPRUShRXV UegLRQV Rf aged PA-12. IQWeUeVWLQgO\, Whe 1 ZW.% 

DA bOeQd e[hLbLWed Whe OaUgeVW LQcUeaVeV LQ Tg, ZheQ cRPSaUed WR aged PA-12 SRZdeU. ThLV ZaV 
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XQe[SecWed VLQce WhLV bOeQd cRQWaLQed Whe VPaOOeVW aPRXQW Rf DA. The Tg Rf Whe 1 ZW.% DA bOeQd ZaV 

cORVe WR Whe Tg Rf XQaged PA-12 SRZdeU (47.3 ℃). ThLV UeVXOW cRXOd be dXe WR VaPSOe YaULaWLRQ.  

AV cRPSRVLWLRQ Rf Whe DA LQcUeaVed, a SeaN PeOWLQg WePSeUaWXUe deSUeVVLRQ ZaV RbVeUYed. The SeaN 

PeOWLQg WePSeUaWXUe Rf Whe 1, 5, 10 aQd 20 ZW.% DA bOeQdV ZeUe 188.0, 187.0, 184.8 aQd 180.5 ℃, 

UeVSecWLYeO\. ThLV daWa VXggeVWV WhaW Whe DA behaYed aV a SOaVWLcLVeU aQd SURPRWed PeOWLQg Rf Whe 

cU\VWaOOLQe UegLRQ. The RQVeW PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ aOVR fROORZed Whe VaPe 

WUeQd. MRUeRYeU, Whe eQWhaOS\ Rf fXVLRQ, RU degUee Rf cU\VWaOOLQLW\, LQcUeaVed VOLghWO\ ZLWh Whe addLWLRQ 

Rf Whe DA. HRZeYeU, Whe RYeUaOO LQcUeaVe ZaV cRQVLdeUed LQVLgQLfLcaQW, ZheQ cRPSaUed WR Whe degUee 

Rf cU\VWaOOLQLW\ Rf aged PA-12. The PeOWLQg UegLRQ LQcUeaVed ZLWh Whe addLWLRQ Rf DA aQd Whe PeOWLQg 

eQdRWheUP VhLfWed WR ORZeU WePSeUaWXUeV. ThLV VhRZV WhaW Whe DA LQfOXeQced OaPeOOaU WhLcNQeVV, 

ZheUeb\ Whe OaPeOOaU ZeUe WhLQQeU aQd OeVV VTabOe (23).   

 

SLPLOaU WR Whe XQaged PA-12 bOeQdV, LW ZaV cOeaU WhaW Whe FA aQd DA LQfOXeQced Whe PeOWLQg behaYLRXU 

Rf aged PA-12. TR fXUWheU LQYeVWLgaWe Whe effecW Rf Whe FA aQd DA RQ Whe WheUPaO SURSeUWLeV Rf PA-12, 

Whe FA aQd DA ZeUe decRQVWUXcWed LQWR WheLU Ne\ cRPSRQeQWV aQd bOeQdV Rf aged PA-12/ZaWeU, PA-

12/CB, PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU ZeUe cUeaWed.  

 

IQ Whe aged PA-12/ZaWeU bOeQdV, LQcUeaVLQg YROXPeV Rf ZaWeU dLd QRW VLgQLfLcaQWO\ LQfOXeQce Whe PeOWLQg 

behaYLRXU Rf aged PA-12. The Tg Rf Whe 1, 5, 10 aQd 20 ZW.% ZaWeU bOeQdV ZeUe 39.46, 48.83, 49.87 aQd 

49.15 ℃, UeVSecWLYeO\. The Tg Rf Whe 7 da\ aged PA-12 SRZdeU ZaV 39.50 ℃. TheUefRUe, WhLV daWa VhRZV 

WhaW Whe Tg Rf Whe 5, 10 aQd 20 ZW.% ZaWeU bOeQd VLgQLfLcaQWO\ LQcUeaVed, cRPSaUed WR aged PA-12 

SRZdeU. IQ WheVe bOeQdV, Whe VhaSe Rf Whe Tg cXUYe ZaV dLffeUeQW cRPSaUed WR YLUgLQ PA-12, aged PA-12, 

aQd 1 ZW.% ZaWeU. ThLV behaYLRXU LV XQXVXaO LQ WhaW ZaWeU W\SLcaOO\ ZRXOd caXVe Whe Tg WR VhLfW WR ORZeU 

WePSeUaWXUeV b\ acWLQg aV a SOaVWLcL]eU dXe WR Whe SUeVeQce Rf SROaU gURXSV (163). The RQVeW PeOWLQg 

WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe aQd Whe OaVW WUace Rf cU\VWaOOLQLW\ ZeUe cRPSaUabOe WR aged PA-

12. The aYeUage SeaN PeOWLQg WePSeUaWXUe Rf Whe bOeQdV ZaV 188.6 ℃, ZheUe Whe SeaN PeOWLQg 
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WePSeUaWXUe Rf aged PA-12 ZaV 189.0 ℃. The PeOWLQg UegLRQ LQcUeaVed VOLghWO\ ZLWh aQ LQcUeaVLQg 

cRQWeQW Rf ZaWeU. A Pa[LPXP LQcUeaVe Rf 3 ℃ ZaV RbVeUYed. The eQWhaOS\ Rf fXVLRQ aQd Whe degUee Rf 

cU\VWaOOLQLW\ Rf Whe 1, 5 aQd 10 ZW.% ZaWeU bOeQd ZeUe cRPSaUabOe WR aged PA-12. WheUeaV Whe degUee 

Rf cU\VWaOOLQLW\ fRU Whe 20 ZW.% ZaWeU bOeQd LQcUeaVed b\ 12 %. ThLV ZaV dXe WR SRVW-cU\VWaOOLVaWLRQ. R. 

SeOW]eU eW aO VWXdLed Whe effecW Rf ZaWeU cRQdLWLRQLQg RQ Whe WheUPaO SURSeUWLeV Rf PA-12 cRPSRVLWeV 

fabULcaWed b\ (138). IQ WheLU ZRUN, PA-12 SLS VaPSOeV ZeUe cRQdLWLRQed b\ VXbPeUgLQg Whe VaPSOeV LQ 

ZaWeU aW 90 ℃ (abRYe Whe Tg Rf PA-12) fRU 80 da\V. AQ LQcUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ ZaV 

UeSRUWed fRU VaPSOeV WhaW had beeQ cRQdLWLRQed. ThLV ZaV a UeVXOW Rf 2 SRVVLbLOLWLeV; fLUVWO\, h\dURO\Ved 

PROecXOeV fROd PRUe eaVLO\, WhXV LQcUeaVLQg Whe degUee Rf cU\VWaOOLQLW\ aQd UaWe Rf cU\VWaOOLVaWLRQ (164); 

VecRQdO\, bRWh h\dURO\VaWLRQ aQd SOaVWLcL]aWLRQ Rf Whe SRO\PeU PaWUL[ eQhaQced Whe chaLQ PRbLOLW\, 

caXVLQg Whe PROecXOaU VWUXcWXUe WR UeaUUaQge WR cUeaWe PRUe WheUPRd\QaPLcaOO\ faYRXUabOe 

cRQfLgXUaWLRQV.  

 

IQ Whe aged PA-12/CB bOeQd, Whe cRPSRVLWLRQ Rf caUbRQ bOacN dLd QRW VLgQLfLcaQWO\ LQfOXeQce Whe PeOWLQg 

behaYLRXU Rf aged PA-12. The Tg Rf Whe 1, 5, 10 aQd 20 ZW.% CB bOeQdV ZeUe 41.50, 42.30, 42.67, 45.17 

℃ UeVSecWLYeO\. The Tg Rf Whe 20 ZW.% bOeQd ZaV gUeaWeU WhaQ Whe 1, 5, aQd 10 ZW.% bOeQdV. ThLV Pa\ 

haYe beeQ dXe WR Whe SUeVeQce Rf UeVLdXaO VROYeQWV SUeVeQW ZLWhLQ Whe bOeQd WhaW had QRW eYaSRUaWed 

dXULQg Whe dU\LQg SURceVV. The RQVeW PeOWLQg WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe aQd Whe OaVW WUace 

Rf cU\VWaOOLQLW\ ZeUe cRPSaUabOe WR aged PA-12. The aYeUage SeaN PeOWLQg WePSeUaWXUe Rf Whe bOeQdV 

ZaV 188.8 ℃, ZheUe Whe SeaN PeOWLQg WePSeUaWXUe Rf aged PA-12 ZaV 189.0 ℃. The PeOWLQg UegLRQ 

LQcUeaVed VOLghWO\ ZLWh aQ LQcUeaVLQg cRQWeQW Rf caUbRQ bOacN ZheUe a Pa[LPXP LQcUeaVe Rf 4 ℃ ZaV 

RbVeUYed. The eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ LQcUeaVed VLgQLfLcaQWO\ ZLWh Whe addLWLRQ Rf 

caUbRQ bOacN aV a UeVXOW Rf SRVW-cU\VWaOOLVaWLRQ. ThLV cRXOd be dXe WR Whe chePLcaOV ZLWhLQ Whe FA QRW 

beLQg eQWLUeO\ eYaSRUaWed fURP Whe caUbRQ bOacN, deVSLWe Whe dU\LQg SURceVV PeQWLRQed LQ ChaSWeU 2.   
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IQ Whe aged PA-12/2-PYR bOeQdV, 2-PYR ZaV added WR aged PA-12 WR cUeaWe bOeQdV WhaW ZeUe 

cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe 2-PYR SUeVeQW LQ Whe FA aQd DA bOeQdV. The daWa VhRZV WhaW 2-PYR 

LQfOXeQced Whe PeOWLQg SURSeUWLeV Rf aged PA-12. The Tg Rf aged PA-12/2-PYR bOeQdV VhLfWed 

XQV\VWePaWLcaOO\ WR VOLghWO\ ORZeU aQd hLgheU WePSeUaWXUeV WhaQ aged PA-12. The VOLghW VhLfW LQ Tg 

VhRZed WhaW 2-PYR dLd QRW VLgQLfLcaQWO\ LQfOXeQce Whe Tg Rf PA-12. The PeOWLQg UegLRQ Rf aged PA-12 

ZaV VLgQLfLcaQWO\ LQfOXeQced b\ Whe addLWLRQ Rf 2-PYR ZheQ Whe 2-PYR ZaV SUeVeQW LQ e[ceVV Rf 4.07 

ZW.% 2-PYR, fURP ZhLch Whe SeaN PeOWLQg WePSeUaWXUe VhLfWed WR ORZeU WePSeUaWXUeV. The SeaN PeOWLQg 

WePSeUaWXUe Rf Whe 0.10, 0.38, 0.50, 1.05, 1.97, 2.33, 4.07 aQd 8.72 ZW.% 2-PYR bOeQd ZaV 187.3, 187.3, 

187.6, 187.6, 187.5, 186.7, 186.0, 183.7 aQd 178.0 ℃, UeVSecWLYeO\. The RQVeW PeOWLQg WePSeUaWXUe aQd 

OaVW WUace Rf cU\VWaOOLQLW\ aOVR dLVSOa\ed Whe VaPe WUeQd. The eQWhaOS\ Rf fXVLRQ aQd degUee Rf 

cU\VWaOOLQLW\ ZeUe cRPSaUabOe WR aged PA-12. HRZeYeU, Whe eQWhaOS\ Rf fXVLRQ aQd degUee Rf 

cU\VWaOOLQLW\ fRU Whe 4.07 ZW.% aQd 8.72 ZW.% 2-PYR bOeQd LQcUeaVed VOLghWO\, ZheQ cRPSaUed WR aged 

PA-12 VhRZLQg eYLdeQce Rf SRVW-cU\VWaOOLVaWLRQ.  The PeOWLQg UegLRQ LQcUeaVed ZLWh Whe addLWLRQ Rf 2-

PYR, ZheQ cRPSaUed WR Whe PeOWLQg UegLRQ Rf aged PA-12. ThLV cRXSOed ZLWh a decUeaVe LQ PeOWLQg 

WePSeUaWXUe LQdLcaWed WhaW 2-PYR LQfOXeQced Whe OaPeOOaU WhLcNQeVV, ZheUeb\ OaPeOOaU ZeUe WhLQQeU aQd 

OeVV VTabOe aQd WheUefRUe PeOWed aW ORZeU WePSeUaWXUeV. AgaLQ, WhLV ZaV VLgQLfLcaQW ZheQ Whe 2-PYR ZaV 

SUeVeQW LQ e[ceVV Rf 4.07 ZW.% 2-PYR.  

 

IQ Whe aged PA-12/2-PYR/ZaWeU bOeQdV, 2-PYR aQd ZaWeU ZaV added WR aged PA-12 WR cUeaWe bOeQdV 

WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe 2-PYR aQd ZaWeU SUeVeQW LQ Whe FA aQd DA bOeQdV.  

IQ Whe bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA, Whe PeOWLQg SURSeUWLeV ZeUe LQfOXeQced, LQ 

WhaW Whe Tg ZaV cRPSaUabOe WR aged PA-12 aQd Whe SeaN PeOWLQg WePSeUaWXUe VhLfWed WR ORZeU 

WePSeUaWXUeV ZheQ Whe cRPSRVLWLRQ (UeOaWLYe WR 2-PYR) LQcUeaVed. The SeaN PeOWLQg WePSeUaWXUe Rf Whe 

0.38, 1.97, 4.07 aQd 8.72 ZW.% 2-PYR ZaV 187.0, 183.2, 182.5 aQd 181.5 ℃, UeVSecWLYeO\. The RQVeW 

PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ fROORZed Whe VaPe WUeQd. The PeOWLQg UegLRQ LQcUeaVed 

aQd VhLfWed WR ORZeU WePSeUaWXUeV aV Whe cRPSRVLWLRQ LQcUeaVed. FXUWheUPRUe, Whe eQWhaOS\ Rf fXVLRQ, RU 

Whe degUee Rf cU\VWaOOLQLW\, LQcUeaVed aV Whe cRPSRVLWLRQ (UeOaWLYe WR 2-PYR) LQcUeaVed, VhRZLQg 
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eYLdeQce Rf SRVW-cU\VWaOOLVaWLRQ. IW LV SRVVLbOe WhaW Whe LQcUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ ZaV dXe WR 

Whe SUeVeQce Rf ZaWeU aQd Whe h\dURgeQ bRQd LQWeUacWLRQ beWZeeQ ZaWeU aQd 2-PYR. 

 

IQ Whe bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe DA, Whe PeOWLQg SURSeUWLeV ZeUe LQfOXeQced, LQ 

WhaW Whe Tg VhLfWed WR VOLghWO\ hLgheU WePSeUaWXUe WhaQ aged PA-12 ZheQ Whe cRPSRVLWLRQ (UeOaWLYe WR 2-

PYR) LQcUeaVed. ThLV VXggeVWV WhaW Whe PRbLOLW\ Rf SRO\PeU chaLQV LQ Whe aPRUShRXV UegLRQV ZaV 

hLQdeUed.  

The SeaN PeOWLQg WePSeUaWXUe VhLfWed XQV\VWePaWLcaOO\ WR VOLghWO\ ORZeU WePSeUaWXUeV WhaQ aged PA-12, 

ZheUe Whe SeaN PeOWLQg WePSeUaWXUe Rf Whe 0.10, 0.50, 1.05 aQd 2.33 ZW.% 2-PYR (UeOaWLYe WR Whe DA) 

ZaV 172.6, 169.9, 172.8 aQd 169.51 ℃. The RQVeW PeOWLQg WePSeUaWXUe aQd OaVW WUace Rf cU\VWaOOLQLW\ aOVR 

fROORZed Whe VaPe WUeQdV. The PeOWLQg UegLRQ UePaLQed cRQVWaQW aW ~ 24 ℃ aQd ZaV QRW affecWed b\ Whe 

cRPSRVLWLRQ bXW ZaV gUeaWeU WhaQ Whe PeOWLQg UegLRQ fRU aged PA-12. SLQce Whe PeOWLQg UegLRQ UePaLQed 

cRQVWaQW aQd Whe SeaN PeOWLQg WePSeUaWXUe ZaV cRPSaUabOe WR PA-12, LW caQ be VaLd WhaW Whe OaPeOOaU 

WhLcNQeVV ZaV QRW VLgQLfLcaQWO\ affecWed b\ Whe cRPSRVLWLRQ. MRUeRYeU, Whe eQWhaOS\ Rf fXVLRQ, RU Whe 

degUee Rf cU\VWaOOLQLW\, ZaV cRPSaUabOe WR aged PA-12.  

 

SLQce Whe WUeQdV Rf Whe PA-12/2-PYR/ZaWeU bOeQdV ZeUe VLPLOaU WR Whe PA-12/2-PYR bOeQdV, Whe daWa 

VXggeVWV WhaW 2-PYR LQfOXeQced Whe PeOWLQg SURSeUWLeV Rf aged PA-12 b\ behaYLQg aV a SOaVWLcL]eU, 

LQfOXeQced OaPeOOaU WhLcNQeVV aQd LQdXced SRVW-cU\VWaOOLVaWLRQ aQd ZaWeU dLd QRW VLgQLfLcaQWO\ LQfOXeQce 

PeOWLQg behaYLRXU Rf PA-12.  
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FLgXUe 7.2.1 ± The PeOWLQg behaYLRXU Rf aged PA-12 bOeQdV RQ heaW 1, a) PA-12/FA, b) PA-12/DA, c) 

PA-12/CB, d) PA-12/ZaWeU, e) PA-12/2-PYR, f) PA-12/2-PYR/ZaWeU (FA) aQd g) PA-12/2-PYR/ZaWeU 

(DA). 
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The bOeQdV ZeUe cRROed aW a cRQWUROOed UaWe Rf 10 ℃/PLQ fURP 220 – 25 ℃. The cU\VWaOOLVaWLRQ SeaN ZaV 

eYaOXaWed, fURP ZhLch Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe, eQWhaOS\ Rf 

cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ ZeUe UecRUded. ThLV daWa LV dLVSOa\ed LQ TabOe 7.2.2 aQd FLgXUe 

7.2.2. 

 

IQ Whe aged PA-12/FA bOeQdV, Whe FA had a VLgQLfLcaQW effecW RQ Whe cU\VWaOOLVaWLRQ behaYLRXU Rf PA-12. 

The UecU\VWaOOLVaWLRQ behaYLRXU ZaV cRPSOe[ LQ WhaW Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed aQd 

WheQ decUeaVed aV Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed, ZheQ cRPSaUed WR Whe SeaN cU\VWaOOLVaWLRQ 

WePSeUaWXUe Rf aged PA-12. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 1, 5, 10 aQd 20 ZW.% FA bOeQdV 

ZeUe 145.0, 147.0, 145.2 aQd 140.3 ℃, UeVSecWLYeO\. The RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aOVR dLVSOa\ed 

Whe VaPe WUeQd. The LQLWLaO LQcUeaVe LQ SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZRXOd VXggeVW WhaW aW ORZ 

cRPSRVLWLRQV Whe FA acWed aV a QXcOeaWLQg ageQW. The decUeaVe LQ cU\VWaOOLVaWLRQ WePSeUaWXUe ZRXOd 

VXggeVW WhaW QXcOeaWLRQ ZaV hLQdeUed. TR LQYeVWLgaWe WhLV fXUWheU, Whe degUee Rf VXSeUcRROLQg ZaV 

eYaOXaWed. The degUee Rf VXSeUcRROLQg decUeaVed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf FA. ThLV VXggeVWV WhaW 

Whe FA facLOLWaWed QXcOeaWLRQ. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ, aQd degUee Rf cU\VWaOOLQLW\, LQcUeaVed 

VOLghWO\ ZheQ Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed.  

 

IQ Whe aged PA-12/DA bOeQdV, Whe DA LQfOXeQced PA-12 LQ WhaW Whe cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed 

WR ORZeU WePSeUaWXUeV aV Whe cRPSRVLWLRQ Rf Whe DA LQcUeaVed. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf 

Whe 1, 5, 10 aQd 20 ZW.% DA ZeUe 144.7, 144.0, 143.3, 141.0 ℃, UeVSecWLYeO\. The RQVeW cU\VWaOOLVaWLRQ 

WePSeUaWXUe dLVSOa\ed Whe VaPe WUeQd. The degUee Rf VXSeUcRROLQg decUeaVed VOLghWO\ aV Whe cRPSRVLWLRQ 

Rf DA LQcUeaVed, VXggeVWLQg Whe DA facLOLWaWed QXcOeaWLRQ. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ, aQd degUee 

Rf cU\VWaOOLQLW\, UePaLQed cRQVWaQW aQd ZaV cRPSaUabOe WR aged PA-12. ThLV daWa VXggeVWV Whe DA 

LQfOXeQced Whe cU\VWaOOLVaWLRQ WePSeUaWXUe PRUe WhaQ Whe degUee Rf cU\VWaOOLQLW\ RQ cRROLQg.  
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IQ Whe aged PA-12/ZaWeU bOeQdV, Whe UecU\VWaOOLVaWLRQ behaYLRXU ZaV QRW affecWed b\ Whe addLWLRQ Rf 

ZaWeU. The RQVeW UecU\VWaOOLVaWLRQ WePSeUaWXUe aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZeUe cRPSaUabOe WR 

PA-12. The aYeUage SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe fRU aged PA-12/ZaWeU bOeQdV ZaV 144.8 ℃, Whe 

SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe fRU aged PA-12 ZaV 144.7 ℃. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee 

Rf cU\VWaOOLQLW\ Rf Whe 1, 5 aQd 10 ZW.% ZaWeU VaPSOeV ZeUe cRPSaUabOe WR aged PA-12. WheUeaV, Whe 

degUee Rf cU\VWaOOLQLW\ LQ Whe 20 ZW.% ZaWeU VaPSOe LQcUeaVed. ThLV caQ be dXe WR SRVW-cU\VWaOOLVaWLRQ Lf 

Whe ZaWeU had QRW eQWLUeO\ eYaSRUaWed dXULQg Whe dU\LQg VWage. AOWeUQaWLYeO\, WhLV caQ be aQ aQRPaORXV 

UeVXOW. The degUee Rf VXSeUcRROLQg ZaV aOVR XQaffecWed b\ Whe addLWLRQ Rf ZaWeU aQd ZaV cRPSaUabOe WR 

aged PA-12. ThLV dePRQVWUaWeV WhaW ZaWeU dLd QRW affecW Whe cU\VWaOOL]aWLRQ behaYLRXU, LQ WhaW ZaWeU dLd 

QRW facLOLWaWe QRU hLQdeU cU\VWaOOLVaWLRQ. HRZeYeU, LQ OaUge TXaQWLWLeV ZaWeU LQcUeaVed Whe degUee Rf 

cU\VWaOOLQLW\.  

 

IQ Whe aged PA-12/CB bOeQdV, Whe UecU\VWaOOLVaWLRQ behaYLRXU ZaV affecWed b\ Whe addLWLRQ Rf caUbRQ 

bOacN. IQ Whe 1 ZW.% CB bOeQd, Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe 

ZeUe cRPSaUabOe WR aged PA-12. HRZeYeU, aV Whe cRQWeQW Rf caUbRQ bOacN LQcUeaVed, Whe RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR hLgheU WePSeUaWXUeV. The 

RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe fRU Whe 1, 5, 10 aQd 20 ZW.% CB bOeQd ZeUe 153.4, 155.6, 154.2 aQd 

155.1 ℃, UeVSecWLYeO\. The SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe fRU Whe 1, 5, 10 aQd 20 ZW.% CB bOeQd ZeUe 

144.7, 147.8, 147.0 aQd 146.8 ℃, UeVSecWLYeO\. The VhLfW LQ Whe RQVeW cU\VWaOOLVaWLRQ WePSeUaWXUe aQd 

SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe WR hLgheU WePSeUaWXUeV VXggeVWV WhaW caUbRQ bOacN facLOLWaWed QXcOeaWLRQ 

b\ acWLQg aV a QXcOeaWLRQ ageQW. ThLV agUeeV ZLWh Whe degUee Rf VXSeUcRROLQg, ZhLch decUeaVed aV Whe 

cRPSRVLWLRQ Rf caUbRQ bOacN LQcUeaVed.  MRUeRYeU, Whe eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee Rf 

cU\VWaOOLQLW\ RQ cRROLQg LQcUeaVed aV Whe cRQWeQW Rf caUbRQ bOacN LQcUeaVed. ThLV LV cRQVLVWeQW ZLWh Whe 

acWLRQ Rf a QXcOeaWLQg ageQW ZhLch LQdXceV heWeURgeQRXV QXcOeaWLRQ. HRZeYeU, Whe SUeVeQce Rf caUbRQ 

bOacN caQ aOVR LQfOXeQce cU\VWaOOLVaWLRQ LQ WhaW ZLWh LQcUeaVLQg cRQWeQW Rf caUbRQ bOacN, Whe UadLaO gURZWh 

Rf VSheUXOLWeV LV hLQdeUed. ThLV daWa dePRQVWUaWeV WhaW caUbRQ bOacN LQfOXeQced Whe UecU\VWaOOLVaWLRQ 

behaYLRXU b\ facLOLWaWLQg QXcOeaWLRQ aQd LQcUeaVLQg Whe degUee Rf cU\VWaOOLQLW\ RQ cRROLQg. IQ a VWXd\ 
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e[SORULQg Whe effecW Rf caUbRQ QaQRWXbeV RQ Whe eOecWULcaO cRQdXcWLYLW\ aQd WheUPaO SURSeUWLeV Rf PA-12, 

LW ZaV VXggeVWed WhaW aQ LQcUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\, deWeUPLQed b\ Whe eQWhaOS\ Rf 

cU\VWaOOLVaWLRQ, ZaV UeSRUWed dXe WR QaQRWXbeV beLQg e[SeOOed WR Whe aPRUShRXV ShaVe (159). DeVSLWe 

Whe VL]e Rf caUbRQ bOacN LQ Whe FA aQd DA QRW beLQg Rf QaQRVcaOe, WhLV caQ aOVR be WUXe LQ Whe PA-12/FA 

aQd PA12/CB bOeQdV, ZheUe Whe VOLghW LQcUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ LV dXe WR Whe caUbRQ bOacN 

beLQg UeMecWed fURP Whe cU\VWaOOLQe UegLRQV.  

 

IQ Whe aged PA-12/2-PYR bOeQdV, Whe 2-PYR had a VLgQLfLcaQW effecW RQ Whe UecU\VWaOOLVaWLRQ behaYLRXU 

Rf PA-12 LQ WhaW Whe cU\VWaOOLVaWLRQ WePSeUaWXUe decUeaVed aV Whe cRPSRVLWLRQ Rf 2-PYR LQcUeaVed. The 

SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf Whe 0.10, 0.38, 0.50, 1.05, 1.97, 2.33, 4.07 aQd 8.72 ZW.% 2-PYR 

bOeQd ZeUe 144.3, 144.0, 144.0, 144.0, 143.3, 142.8, 140.8 aQd 137.3 ℃, UeVSecWLYeO\. The RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe aOVR fROORZed Whe VaPe WUeQd. The decUeaVe LQ cU\VWaOOLVaWLRQ WePSeUaWXUe 

VXggeVWV WhaW cU\VWaOOLVaWLRQ ZaV hLQdeUed aV Whe cRPSRVLWLRQ Rf 2-PYR LQcUeaVed. HRZeYeU, Whe degUee 

Rf VXSeUcRROLQg decUeaVed VOLghWO\ LQdLcaWLQg WhaW 2-PYR facLOLWaWed QXcOeaWLRQ. The eQWhaOS\ Rf 

cU\VWaOOLVaWLRQ aQd Whe degUee Rf cU\VWaOOLQLW\ decUeaVed VOLghWO\ aV Whe cRPSRVLWLRQ Rf 2-PYR LQcUeaVed.  

 

IQ Whe aged PA-12/2-PYR/ZaWeU bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA, Whe SeaN 

cU\VWaOOLVaWLRQ WePSeUaWXUe decUeaVed aV Whe cRPSRVLWLRQ LQcUeaVed. The SeaN PeOWLQg WePSeUaWXUe Rf 

Whe 0.38, 1.97, 4.07 aQd 8.72 ZW.% 2-PYR ZaV 143.7, 141.2, 140.3 aQd 140.3 ℃, UeVSecWLYeO\. The RQVeW 

cU\VWaOOLVaWLRQ WePSeUaWXUe aOVR dLVSOa\ed Whe VaPe WUeQd. The degUee Rf VXSeUcRROLQg decUeaVed, 

VXggeVWLQg WhaW cU\VWaOOLVaWLRQ ZaV facLOLWaWed. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ 

ZaV cRPSaUabOe WR aged PA-12.  

IQ Whe aged PA-12/2-PYR/ZaWeU bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe DA, Whe 

UecU\VWaOOLVaWLRQ behaYLRXU VXch aV Whe RQVeW aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe aQd Whe eQWhaOS\ Rf 

cU\VWaOOLVaWLRQ ZeUe cRPSaUabOe WR aged PA-12. 
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ThLV daWa VhRZV WhaW LQ Whe PA-12/FA aQd PA-12/DA bOeQdV, VLPLOaU WUeQdV LQ PeOWLQg aQd 

UecU\VWaOOLVaWLRQ behaYLRXU ZeUe RbVeUYed. The FA aQd DA ZeUe decRQVWUXcWed aQd fXUWheU bOeQdV ZeUe 

cUeaWed WR e[aPLQe Whe effecW Rf LQdLYLdXaO cRPSRQeQWV RQ Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU 

Rf aged PA-12 SRZdeU. ThLV ZRUN dePRQVWUaWed WhaW 2-PYR aQd caUbRQ bOacN had a VLgQLfLcaQW effecW 

RQ Whe cU\VWaOOLVaWLRQ behaYLRXU Rf PA-12. Aged PA-12 ZaV Rf LQWeUeVW VLQce LQ PBF WechQLTXeV, VXch aV 

MJF, SRZdeU LV RfWeQ UefUeVhed ZLWh each SURceVVLQg c\cOe aQd bRWh YLUgLQ aQd aged SRZdeU LV XVed WR 

fabULcaWe VXbVeTXeQW cRPSRQeQWV.  

 

FXUWheU decRQVWUXcWLRQ Rf Whe FA aQd DA VhRZed WhaW ZaWeU dLd QRW LQfOXeQce Whe PeOWLQg aQd 

UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12. HRZeYeU, ZaWeU LQcUeaVed Whe degUee Rf cU\VWaOOLQLW\, ZheQ SUeVeQW 

LQ OaUge TXaQWLWLeV. IQ Whe aged PA-12/CB bOeQdV, Whe caUbRQ bOacN affecWed Whe degUee Rf cU\VWaOOLQLW\ 

RQ PeOWLQg aQd cRROLQg. OQ UecU\VWaOOLVaWLRQ, Whe RQVeW aQd cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR hLgheU 

WePSeUaWXUeV, VhRZLQg WhaW CB acWed aV a QXcOeaWLQg ageQW. ThLV dePRQVWUaWeV WhaW caUbRQ bOacN 

LQfOXeQced Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12. OYeUaOO, 2-PYR had Whe gUeaWeVW 

LQfOXeQce RQ Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf aged PA-12, ZheUe Whe PeOWLQg aQd 

UecU\VWaOOLVaWLRQ WePSeUaWXUe decUeaVed ZLWh LQcUeaVLQg cRQWeQW Rf 2-PYR. The degUee Rf VXSeUcRROLQg 

aOVR decUeaVed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR. ThLV VhRZed WhaW 2-PYR behaYed aV a SOaVWLcL]eU 

WR eQhaQce PRbLOLW\ Rf SRO\PeU chaLQV WR SURPRWe PeOWLQg Rf Whe cU\VWaOOLQe ShaVe. SLPLOaUO\, RQ cRROLQg 

2-PYR facLOLWaWed cU\VWaOOLVaWLRQ. The degUee Rf cU\VWaOOLQLW\ aOVR LQcUeaVed VOLghWO\ ZLWh Whe addLWLRQ Rf 

2-PYR, ZhLch LV cRQVLVWeQW ZLWh Whe acWLRQ Rf a SOaVWLcL]eU. IQWeUeVWLQgO\, LQ Whe 3 cRPSRQeQW bOeQdV Rf 

aged PA-12/2-PYR/ZaWeU Whe UeVXOWV ZeUe cRPSaUabOe WR bOeQdV Rf aged PA-12/2-PYR. ThLV VhRZed 

WhaW ZaWeU dLd QRW VLgQLfLcaQWO\ LQfOXeQce Whe V\VWeP. ThLV agUeeV ZLWh Whe WUeQdV LdeQWLfLed LQ Whe aged 

PA-12/FA aQd aged PA-12/DA bOeQdV.  

ThLV VhRZV WhaW bRWh 2-PYR aQd CB cRQWULbXWe WR Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU RbVeUYed 

LQ Whe aged PA-12/FA bOeQdV, ZhLOe RQO\ 2-PYR affecWV Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU LQ 

aged PA-12/DA bOeQdV (dXe WR caUbRQ bOacN QRW beLQg SUeVeQW).  
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FLgXUe 7.2.2 ± The cU\VWaOOLVaWLRQ behaYLRXU Rf aged PA-12 bOeQdV RQ cRRO 1, a) PA-12/FA, b) PA-

12/DA, c) PA-12/CB, d) PA-12/ZaWeU, e) PA-12/2-PYR, f) PA-12/2-PYR/ZaWeU (FA) aQd g) PA-12/2-

PYR/ZaWeU (DA). 
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T e m p e r a tu r e  [ ℃ ]

Virgin PA-12
Aged PA-12
1 wt.% FA (aged)
5 wt.% FA (aged)
10 wt.% FA (aged)
20wt.% FA (aged)
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T e m p e r a tu r e  [ ℃ ]

Virgin PA-12
Aged PA-12
1 wt.% DA (aged)
5 wt.% DA (aged)
10 wt.% DA (aged)
20wt.% DA (aged)
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Virgin PA-12
Aged PA-12
1 wt.% CB
5 wt.% CB
10 wt.% CB
20 wt.% CB

130.0 140.0 150.0 160.0

R
el

at
iv

e 
h

ea
t 

fl
ow

 [
m

W
]

T e m p e r a tu r e  [ ℃ ]

Virgin PA-12
Aged PA-12
1 wt.% water
5 wt.% water
10 wt.% water
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4.07 wt.% 2-PYR

8.72 wt.% 2-PYR
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Virgin PA-12

Aged PA-12

0.10 wt.% 2-PYR
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2.33 wt.% 2-PYR
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TabOe 7.2.1 ± MeOWLQg SURSeUWLeV Rf aged PA-12 bOeQdV RQ heaW 1 aQd heaW 2. WheUe TP - PeaN MeOWLQg TePSeUaWXUe, TE - LaVW TUace Rf MeOWLQg TePSeUaWXUe, TO 

- OQVeW Rf MeOWLQg, Xc ± DegUee Rf CU\VWaOOLQLW\ aQd ¨H LV Whe heaW Rf fXVLRQ. 

                              

BOeQd ZW.% 
 Heat 1    Heat 2   

  Tg  (ႏ) TP (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%)   TP (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%) 

PA-12 (7 da\ aged) 

  

40.33 189.3 175.77 193.83 87.88 41.99 

 

177.5 166.09 182.12 49.33 23.57 

FA 1.00  39.83 187.50 172.35 193.87 121.76 58.17  176.50 164.25 181.40 53.43 25.53 

 5.00  46.17 183.33 161.26 190.27 120.93 57.78  173.67 155.00 180.03 53.37 25.50 

 10.0  40.50 180.33 154.57 188.14 121.10 57.86  171.00 150.09 177.05 56.13 26.82 

 20.0  42.50 174.67 146.54 183.02 134.36 64.20  165.83 144.76 170.93 60.10 28.71 

DA 1.00  46.83 188.00 171.07 195.11 117.69 56.23  177.17 162.96 182.68 51.60 24.65 

 5.00  42.17 187.00 170.40 193.54 115.05 54.97  176.33 163.39 182.00 50.70 24.23 

 10.0  41.50 184.83 165.38 191.13 120.28 57.47  174.67 159.79 179.62 53.03 25.34 
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 20.0  42.83 180.50 153.35 189.70 120.87 57.75  171.67 154.57 178.22 51.34 24.53 

CB 1.00  41.50 188.33 173.21 197.07 119.79 57.23  177.33 163.49 182.72 53.09 25.37 

 5.00  42.30 189.71 174.91 195.93 122.61 58.58  177.67 164.96 183.59 49.94 23.86 

 10.0  42.67 188.67 174.63 195.68 134.19 64.11  177.17 164.05 182.62 54.98 26.27 

 20.0  45.17 188.50 174.91 197.13 149.73 71.54  177.33 164.10 182.74 59.65 28.50 

WaWeU 1.00  39.46 187.50 174.15 193.83 121.20 57.91  176.67 162.69 182.04 53.54 25.58 

 5.00  48.83 188.83 175.12 196.69 120.29 57.47  177.50 164.53 182.45 52.27 24.98 

 10.0  49.87 189.00 176.48 197.09 124.36 59.41  177.50 164.96 182.74 54.34 25.96 

 20.0  49.15 189.00 175.20 196.83 141.40 67.56  177.33 164.53 183.27 63.98 30.57 

2-PYR 0.10  39.57 187.33 170.25 196.53 120.94 57.78  176.67 162.54 181.60 53.66 25.64 

 0.38  39.50 187.67 169.51 194.87 115.36 55.12  177.00 163.25 182.88 50.40 24.08 

 0.50  42.60 187.67 168.79 196.60 115.41 55.14  163.34 176.83 182.02 51.13 24.43 

 1.05  41.20 187.50 169.85 194.68 115.58 55.22  176.83 163.25 182.02 51.24 24.48 
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 1.97  40.33 186.67 166.91 193.12 114.54 54.72  176.17 160.55 181.88 50.99 24.36 

 2.33  40.83 186.00 166.95 194.28 109.81 52.46  175.67 159.55 181.86 49.50 23.65 

 4.07  38.20 183.67 161.58 191.13 110.22 52.66  173.67 157.70 182.22 49.07 23.44 

 8.72  38.54 178.00 149.63 184.86 125.56 59.99  169.00 149.31 173.92 65.69 31.38 

FA (2-PYR + WaWeU) 0.38  40.17 187.00 171.04 194.77 121.57 58.09 

 

176.33 160.95 181.88 54.05 25.82 

 1.97  41.67 183.17 161.24 190.27 118.14 56.44 

 

173.83 156.27 179.26 42.30 20.21 

 4.07  38.83 182.50 161.42 189.79 118.33 56.53 

 

172.83 155.74 178.66 52.40 25.04 

 8.72  38.17 181.50 156.99 189.37 129.35 61.80 

 

172.00 154.43 178.01 56.08 26.79 

DA (2-PYR + WaWeU) 0.10  39.83 188.33 172.57 197.04 112.04 53.53 

 

177.33 162.82 183.45 49.34 23.57 

 0.50  46.33 186.83 169.92 194.53 123.02 58.77 

 

176.17 162.43 182.20 54.52 26.05 

 1.05  49.83 187.50 172.78 194.26 119.96 57.31 

 

176.83 164.10 182.74 52.94 25.29 

  2.33   49.33 187.17 169.51 195.11 115.11 55.00   176.67 162.05 182.74 50.36 24.06 
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TabOe 7.2.2 ± CU\VWaOOLVaWLRQ SURSeUWLeV Rf aged PA-12 bOeQdV RQ cRRO 1. WheUe TP - PeaN CU\VWaOOLVaWLRQ 

TePSeUaWXUe, TE - EQd CU\VWaOOLVaWLRQ TePSeUaWXUe, TO ± OQVeW Rf CU\VWaOOLVaWLRQ, Xc ± DegUee Rf 

CU\VWaOOLQLW\ aQd ¨H LV Whe heaW Rf cU\VWaOOLVaWLRQ. 

                

AddLWLYe ZW.% 
 Cool 1   

  TC (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%) 

PA-12 (7 da\ aged)   153.25 153.25 135.52 59.53 28.44 

FA 1.00  155.43 155.43 136.93 62.20 29.72 

 5.00  152.69 152.69 137.79 62.11 29.67 

 10.00  150.45 150.45 134.80 64.26 30.70 

 20.00  145.90 145.90 129.68 67.56 32.28 

DA 1.00  144.67 153.72 133.68 61.40 29.34 

 5.00  144.00 153.29 135.94 59.41 28.38 

 10.00  143.33 151.59 134.96 61.70 29.48 

 20.00  141.00 149.45 130.92 60.38 28.85 

CB 1.00  154.45 154.45 134.80 62.87 30.04 

 5.00  155.57 155.57 138.07 62.34 29.78 

 10.00  154.72 154.72 136.82 67.90 32.44 

 20.00  155.09 155.09 137.65 73.26 35.00 

WaWeU 1.00  144.47 153.42 136.08 62.05 29.65 

 5.00  145.00 154.15 134.23 62.81 30.01 



228 
 

 10.00  144.67 153.39 136.23 63.87 30.51 

 20.00  145.00 154.50 136.62 75.29 35.97 

2-PYR 0.10  144.33 153.94 135.64 62.75 29.98 

 0.38  144.00 152.72 133.67 59.13 28.25 

 0.50  144.00 153.49 134.62 59.66 28.50 

 1.05  144.00 153.39 134.23 59.97 28.65 

 1.97  143.33 151.73 132.95 60.22 28.77 

 2.33  142.83 152.30 132.98 58.14 27.78 

 4.07  140.83 149.71 129.68 58.14 27.78 

 8.72  137.33 146.47 137.33 75.41 36.03 

FA (2-PYR + WaWeU) 0.38  143.67 152.87 133.81 63.49 30.34 

 1.97  141.17 150.68 131.25 61.07 29.18 

 4.07  140.33 149.60 129.81 61.69 29.47 

 8.72  140.33 150.16 130.54 65.62 31.35 

DA (2-PYR + WaWeU) 0.10  144.33 154.25 133.67 58.75 28.07 

 0.50  144.00 153.15 133.95 63.78 30.47 

 1.05  144.50 153.86 135.94 61.56 29.41 

  2.33   143.83 153.01 134.09 59.39 28.38 
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7.3 ± FTIR of aged PA-12 blends 
 

The FTIR VSecWUa Rf PA-12 SRZdeU bOeQdV aQd bOeQd VaPSOeV WhaW had beeQ e[WUacWed fURP DSC SaQV 

ZeUe UecRUded aQd cRPSaUed WR PA-12. The VaPSOeV WhaW had beeQ e[WUacWed fURP DSC SaQV ZeUe 

VXbMecWed WR a heaW-cRRO-heaW-cRRO c\cOe XVLQg a heaWLQg UaWe aQd cRROLQg UaWe Rf 10 ႏ/PLQ dXULQg DSC 

aQaO\VLV.   

 

The aLP Rf WhLV ZRUN ZaV WR chaUacWeULVe aged PA-12 bOeQdV aQd WR RbVeUYe Whe effecW Rf Whe addLWLYeV 

RQ Whe VSecWUa Rf PA-12 b\ cRPSaULQg Whe bOeQdV WR aged PA-12 aQd e[SORUe Whe LQfOXeQce Rf Whe addLWLRQ 

Rf addLWLYeV RQ Whe Whe SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch. The PA-12 SRZdeU had beeQ VXbMecWed WR 

aQ ageLQg SURceVV aW 170 ℃ fRU 7 da\V. The ageQWV aQd addLWLYeV added WR 7 da\ aged PA-12 ZeUe Whe 

FA, DA, caUbRQ bOacN, ZaWeU, 2-PYR aQd 2-PYR/ZaWeU. 

 

7.3.1 ± FTIR characterisation of aged PA-12 blends 
 

The FTIR VSecWUa Rf aged PA-12 SRZdeU aQd aged PA-12 SRZdeU bOeQdV LV dLVSOa\ed LQ FLgXUe 7.3.1 

aQd 7.3.2. TabOe 7.3.1 VhRZV Whe SeaN ZaYeQXPbeU Rf Whe chaUacWeULVWLc SeaNV. The VSecWUa VhRZ SeaNV 

cRPSaUabOe WR YLUgLQ aQd aged PA-12 (Vee chaSWeU 6), bOeQdV cUeaWed XVLQg XQaged SRZdeU aQd WhaW 

UeSRUWed b\ H.J. O¶CRQQRU eW aO fRU a PA-12 SaUW PaQXfacWXUed b\ MJF (61,68).  
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FLgXUe 7.3.1 ± FTIR VSecWUa Rf aged PA-12 SRZdeU bOeQdV, ZheUe ³FA´ LV Whe FXVLQg AgeQW, ³DA´ LV 

Whe DeWaLOLQg AgeQW, ³CB´ LV caUbRQ bOacN, 2-PYR LV 2-S\UROOLdRQe aQd 2-PYR(Z) LV 2-

S\UROOLdRQe/ZaWeU. 
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FLgXUe 7.3.2 ± FTIR VSecWUa Rf aged PA-12 bOeQdV afWeU beLQg VXbMecWed WR DSC aQaO\VLV, ZheUe ³FA´ 

LV Whe FXVLQg AgeQW, ³DA´ LV Whe DeWaLOLQg AgeQW, ³CB´ LV caUbRQ bOacN, 2-PYR LV 2-S\UROOLdRQe aQd 

2-PYR(Z) LV 2-S\UROOLdRQe/ZaWeU. 
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FLgXUe 7.3.1 VhRZV Whe FTIR VSecWUa Rf aged PA-12 SRZdeU bOeQdV. The addLWLRQ Rf Whe FA, DA, caUbRQ 

bOacN, 2-PYR aQd ZaWeU dLd QRW haYe a VLgQLfLcaQW LQfOXeQce RQ Whe VSecWUa LQ WhaW VWURQg QeZ SeaNV 

ZeUe QRW RbVeUYed. FRU e[aPSOe, a SeaN aW 1634 cP-1 ZaV RbVeUYed LQ aOO VSecWUa, WhLV ZaV aVVLgQed WR 

Whe C=O VWUeWch. 

 

AQaORgRXV WR Whe YLUgLQ PA-12 SRZdeU bOeQdV, a VWURQg SeaN ZLWhLQ Whe UegLRQ Rf 1660 ± 1710 cP-1 

(SeaN aW ca.1681 cP-1) ZaV SUeVeQW LQ Whe aged PA-12/FA SRZdeU bOeQd aQd LQcUeaVed ZLWh Whe 

cRPSRVLWLRQ Rf FA. ThLV SeaN ZaV aOVR SUeVeQW LQ Whe PA-12/DA SRZdeU bOeQdV. AddLWLRQaOO\, WhLV SeaN 

ZaV aOVR SUeVeQW LQ VSecWUa Rf Whe aged PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU SRZdeU bOeQdV aQd ZaV 

aVVLgQed WR Whe C=O VWUeWch Rf 2-PYR (148). ThLV VXggeVWV WhaW 2-PYR ZaV UeWaLQed LQ Whe aged SRO\PeU 

SRZdeU. ThLV LV a UeVXOW Rf h\dURgeQ bRQd LQWeUacWLRQV beWZeeQ PA-12 aQd 2-PYR. H\dURgeQ bRQdLQg 

caQ RccXU VLQce Whe N-H aQd C=O PRLeWLeV aUe SUeVeQW LQ bRWh V\VWePV. TheUefRUe, WhLV dePRQVWUaWeV 

WhaW Whe ageLQg SURceVV dLd QRW affecW Whe LQWeUacWLRQ beWZeeQ PA-12 aQd 2-PYR.  

 

FLgXUe 7.3.3 VhRZV Whe UegLRQ Rf 3100 ± 3500 cP-1 fRU aged PA-12 bOeQdV WhaW had beeQ e[WUacWed fURP 

DSC SaQV.  

IQ Whe aged PA-12/FA bOeQd, a VhRXOdeU SeaN aW 3203 cP-1 gUeZ aV Whe cRPSRVLWLRQ Rf FA LQcUeaVed, aV 

dePRQVWUaWed LQ FLgXUe 7.3.3. ThLV WUeQd ZaV aOVR RbVeUYed LQ Whe aged PA-12/2-PYR bOeQd aQd Whe PA-

12/2-PYR/ZaWeU bOeQd. ThRXgh Whe VhRXOdeU SeaN ZaV aOVR SUeVeQW LQ Whe PA-12/2-PYR/ZaWeU bOeQd LW 

dLd QRW dLVSOa\ aQ\ WUeQd ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR. SLQce Whe VhRXOdeU SeaN ZaV aW 3203 

cP-1, LW LV SRVVLbOe WhaW WhLV caQ be dXe WR Whe SUeVeQce Rf 2-PYR. ThLV LV becaXVe decRQYROXWLRQ Rf Whe 

YLUgLQ PA-12 bOeQdV VhRZed a VhRXOdeU SeaN aW 3221.9 cP-1 ZhLch aVVLgQed WR N-H VWUeWch Rf 

PRQRPeULc 2-PYR, aV deVcULbed LQ ChaSWeU 6.3.  

FXUWheU LQYeVWLgaWLRQ LQWR Whe UegLRQ 3100 ± 3500 cP-1 (Vee FLgXUe 7.3.3) VhRZed WhaW Whe SeaN UeWXUQed 

WR a VWead\ baVeOLQe WRZaUdV hLgheU ZaYeQXPbeUV. ThLV LV LQ cRQWUaVW WR XQaged SRZdeU PA-12 bOeQdV 

ZheUe a cOeaU VhRXOdeU SeaN ZaV RbVeUYed beWZeeQ 3550 ± 3600 cP-1. The VhRXOdeU SeaN LQ XQaged PA-
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12 SRZdeU bOeQdV ZaV aVVLgQed WR fUee N-H, aV UeSRUWed b\ SchURedeU aQd D. SNURYaQeN. IQ WheLU ZRUN, 

Whe fUee N-H baQd ZaV aVVLgQed aW 3440 cP-1 aQd 3444 cP-1, UeVSecWLYeO\ (95,105). The abVeQce Rf Whe 

VhRXOdeU SeaN LQ Whe aged PA-12 bOeQdV VXggeVWV WhaW fUee N-H ZaV QRW SUeVeQW RU ZaV QegOLgLbOe aQd 

WheUefRUe XQdeWecWed. AddLWLRQaOO\, Whe aged VaPSOeV had beeQ VXbMecWed WR heaW-cRRO WheUPaO c\cOeV LQ 

Whe DSC ZhLch caQ LQfOXeQce Whe bRQdLQg Rf PA-12 dXe WR Whe UeVWUXcWXULQg Rf SRO\PeU chaLQV dXULQg 

UecU\VWaOOLVaWLRQ. The abVeQce Rf WhLV SeaN ZaV aOVR RbVeUYed LQ Whe YLUgLQ PA-12 bOeQdV WhaW had beeQ 

VXbMecWed WR heaW-cRRO WheUPaO c\cOeV LQ Whe DSC. ThLV dePRQVWUaWeV WhaW LQ YLUgLQ aQd aged PA-12 

SRZdeU bOeQdV fUee N-H ZaV SUeVeQW aQd LQ Whe DSC cRXQWeUSaUWV WhLV SeaN ZaV abVeQW.  

 

 

FLgXUe 7.3.3 ± FTIR VSecWUa Rf Whe N-H VWUeWch Rf aged PA-12/FA bOeQd (WRS OefW), aged PA-12/2-PYR 

bOeQd (WRS ULghW) aQd aged PA-12/2-PYR/ZaWeU bOeQd (bRWWRP), ZheUe VaPSOeV had beeQ e[WUacWed 

fURP DSC aOXPLQLXP SaQV. The aUURZ deQRWeV a VhRXOdeU SeaN aW ca.3222 cP-1. 
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IQ FLgXUe 7.3.4, Whe UegLRQ beWZeeQ 1590 ± 1770 cP-1 LV dLVSOa\ed Rf Whe FTIR VSecWUa fRU VeOecWed aged 

bOeQdV WhaW ZeUe VXbMecWed WR DSC aQaO\VLV. TheVe bOeQdV ZeUe VeOecWed VLQce Whe\ had Whe OaUgeVW 

SURSRUWLRQ Rf 2-PYR SUeVeQW. The SeaN aW 1690 cP-1 LV UeSUeVeQWaWLYe Rf C=O, aVVLgQed WR 2-PYR aQd 

VhRZV WhaW 2-PYR ZaV UeWaLQed LQ Whe aged DSC bOeQdV, LOOXVWUaWed b\ Whe VROLd bOacN aUURZ (148). The 

daVhed bOacN aUURZ VhRZV Whe caUbRQ\O VSecLeV SUeVeQW aW ca.1720 cP-1. The SUeVeQce Rf caUbRQ\O 

VSecLeV ZaV a UeVXOW Rf SURdXcWV fRUPed fURP WheUPR-R[LdaWLYe degUadaWLRQ. The SeaN aW ca.1720 cP-1 

ZaV eVWabOLVhed LQ Whe FTIR VSecWUa Rf aged PA-12 SRZdeU (Vee ChaSWeU 7.1). WhLOe Whe VWURQg SeaN aW 

ca.1634 cP-1 ZaV aVVLgQed WR C=O VWUeWch Rf PA-12. ThLV daWa VhRZV Whe dLffeUeQW caUbRQ\O VSecLeV 

SUeVeQW ZLWhLQ Whe bOeQd.  

IQ Whe 8.72 ZW.% 2-PYR (Z) bOeQd, Whe SeaN heLghW Rf Whe C=O 2-PYR SeaN LV QRWLceabO\ ORZeU WhaQ 

Whe 20 ZW.% FA aQd 8.72 ZW.% 2-PYR bOeQd, deVSLWe aOO bOeQdV cRQWaLQLQg Whe VaPe aPRXQW Rf 2-PYR. 

A UeaVRQ cRXOd be dXe WR Whe LQWeUacWLRQ beWZeeQ 2-PYR aQd ZaWeU h\dURgeQ, VXch WhaW LQ Whe 8.72 ZW.% 

2-PYR (Z) bOeQd a TXaQWLW\ Rf 2-PYR cRXOd haYe eYaSRUaWed ZLWh ZaWeU dXULQg Whe dU\LQg ShaVe. 

AddLWLRQaOO\, LW LV SRVVLbOe WhaW WhLV cRXOd haYe haSSeQed dXULQg DSC aQaO\VLV, ZhLch ZaV SeUfRUPed 

XS WR a WePSeUaWXUe Rf 220 ℃ aQd ZaWeU eYaSRUaWeV aW 100 ℃. HRZeYeU, WhLV feaWXUe ZRXOd haYe aOVR 

beeQ SUeVeQW LQ Whe 20 ZW.% FA bOeQd, VLQce 20 ZW.% FA bOeQd aOVR cRQWaLQed ZaWeU aQd 2-PYR. 

TheUfRUe, WhLV UeTXLUeV fXUWheU LQYeVWLgaWLRQ RU caQ be WUeaWed aV aQ aQRPaO\.  
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FLgXUe 7.3.4 ± FTIR VSecWUa Rf VeOecWed aged PA-12 bOeQdV, e[WUacWed fURP a DSC aOXPLQLXP SaQ. The 

VROLd OLQe aUURZ VhRZV Whe C=O UegLRQ aVVLgQed fURP 2-PYR aQd Whe daVhed aUURZ VhRZV Whe SeaN aW 

ca.1720 cP-1 aVVLgQed WR degUadaWLYe caUbRQ\O VSecLeV. 

 

IQ ChaSWeU 6.3 Whe FTIR VSecWUa Rf YLUgLQ PA-12 bOeQdV ZeUe aQaO\Ved. IW ZaV VhRZQ WhaW Whe abVRUbaQce 

ZaV PRdLfLed b\ Whe addLWLRQ Rf Whe FA WR PA-12. IQ Whe YLUgLQ PA-12/FA bOeQd, Whe abVRUbaQce Rf Whe 

VSecWUa VhLfWed WR hLgheU YaOXeV aV Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed. HRZeYeU, WhLV WUeQd ZaV QRW 

RbVeUYed LQ Whe YLUgLQ PA-12/CB bOeQdV. ThLV ZaV dXe WR Whe LQWeUacWLRQ Rf PA-12 aQd caUbRQ bOacN. IQ 

Whe PA-12/FA bOeQdV Whe caUbRQ bOacN ZaV dLVSeUVed aV aQ LQN aQd caXVed Whe cRORXU Rf Whe SRZdeU WR 

chaQge fURP ZhLWe WR bOacN. WheUeaV, LQ Whe PA-12/CB bOeQdV Whe caUbRQ bOacN ZaV LQ Whe fRUP Rf VROLd 

bOacN SaUWLcOeV WhaW ZeUe dLVSeUVed ZLWhLQ Whe ZhLWe PA-12 SRZdeU. 

 

FLgXUe 7.3.5 VhRZV Whe XQcRUUecWed VSecWUa Rf aged PA-12/FA aQd PA-12/CB SRZdeU bOeQdV. IQ Whe PA-

12/FA bOeQdV, Whe abVRUbaQce ZaV PRdLfLed b\ Whe addLWLRQ Rf Whe FA WR PA-12. AV Whe cRPSRVLWLRQ Rf 
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Whe FA LQcUeaVed, Whe abVRUbaQce Rf Whe VSecWUa V\VWePaWLcaOO\ LQcUeaVed. WheUeaV, LQ Whe aged PA-

12/CB Whe caUbRQ bOacN dLd QRW haYe a VLgQLfLcaQW effecW RQ Whe abVRUbaQce Rf PA-12. ThLV VhRZV WhaW 

Whe behaYLRXU dLd QRW chaQge fURP YLUgLQ WR aged PA-12/FA aQd PA-12/CB SRZdeU bOeQdV, ZLWh UeVSecW 

WR Whe LQfOXeQce Rf caUbRQ bOacN RQ Whe abVRUbaQce Rf PA-12. M. GaOaWL eW aO UecRUded Whe VSecWUa Rf Whe 

OLTXLd FA aQd DA aQd UeSRUWed WhaW Whe FA VSecWUXP had VhLfWed WR a ORZeU WUaQVPLWWaQce ZheQ cRPSaUed 

WR Whe VSecWUXP Rf Whe DA (58). ThLV ZaV dXe WR Whe UROe Rf Whe FA ZhLch ZaV WR cRQYeUW LQcLdeQW IR 

UadLaWLRQ LQWR heaW eQeUg\. The FA cRQWaLQed caUbRQ bOacN ZhLch LV XVed LQ MJF aQd HSS WR LQcUeaVe 

Whe abVRUSWLRQ Rf IR UadLaWLRQ. ThLV behaYLRXU LV cRQVLVWeQW ZLWh Whe acWLRQ Rf a RAM (146). HRZeYeU, 

Whe PA-12/CB bOeQdV aOVR cRQWaLQed caUbRQ bOacN WhaW ZaV cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA aQd aQ 

LQcUeaVe LQ abVRUbaQce ZLWh cRPSRVLWLRQ ZaV QRW RbVeUYed. TheUefRUe, WhLV caQ be dXe WR Whe LQWeUacWLRQ 

Rf caUbRQ bOacN. The dLVSeUVLRQ aQd LQWeUacWLRQ Rf PA-12 aQd caUbRQ bOacN LQ Whe aged SRZdeU bOeQdV 

ZaV cRPSaUabOe WR Whe XQaged SRZdeU bOeQdV. WheUe LQ Whe aged PA-12/FA SRZdeU bOeQdV Whe caUbRQ 

bOacN (LQ Whe fRUP Rf aQ LQN) caXVed Whe cRORXU Rf Whe SRZdeU WR chaQge fURP ZhLWe WR bOacN. WheUeaV, 

LQ Whe aged PA-12/CB SRZdeU bOeQdV Whe caUbRQ bOacN ZaV LQ Whe fRUP Rf VROLd bOacN SaUWLcOeV WhaW ZeUe 

dLVSeUVed ZLWhLQ Whe ZhLWe PA-12 SRZdeU. 
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7.3.5 ± FTIR VSecWUa Rf Whe aged PA-12/FA aQd aged PA-12/CB SRZdeU bOeQdV, ZheUe Whe daWa haV QRW 

beeQ cRUUecWed, ZheUe FA LV Whe FXVLQg AgeQW aQd CB LV caUbRQ bOacN. 
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7.3.2 ± Peak shift of the N-H stretch 
 

The SeaN ZaYeQXPbeU Rf Whe N-H PRLW\ ZaV UecRUded LQ RUdeU WR deWeUPLQe Whe effecW Rf h\dURgeQ 

bRQd LQWeUacWLRQV beWZeeQ aged PA-12 SRZdeU aQd Whe FA, DA, CB, ZaWeU, 2-PYR aQd 2-PYR/ZaWeU 

(151).  

 

FLgXUe 7.3.6 dLVSOa\V Whe SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch fRU Whe SRZdeU bOeQdV. IQ geQeUaO, a 

XQV\VWePaWLc SeaN VhLfW Rf Whe N-H VWUeWch (ca.3290 cP-1) WR hLgheU RU ORZeU ZaYeQXPbeUV ZaV 

RbVeUYed. The VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch VXggeVWV h\dURgeQ bRQd LQWeUacWLRQV ZeUe 

fRUPed beWZeeQ aged PA-12 aQd Whe FA, DA, CB, 2-PYR aQd 2-PYR/ZaWeU (151). CRPPRQ WR Whe FA 

aQd DA LV Whe 2-PYR, WheUefRUe Whe VhLfW LQ SeaN ZaYeQXPbeU ZaV dXe WR Whe SUeVeQce Rf 2-PYR. ThLV 

VXggeVWV WhaW 2-PYR ZaV UeWaLQed LQ Whe aged SRO\PeU SRZdeU, WhLV ZaV aOVR dePRQVWUaWed b\ Whe 

SUeVeQce Rf Whe SeaN aW ~1690 cP-1 WhaW ZaV aVVLgQed WR Whe C=O VWUeWch Rf 2-PYR (148). The gUeaWeVW 

SeaN VhLfW ZaV -3.97 cP-1, e[hLbLWed b\ 1.97 ZW.% 2-PYR LQ Whe PA-12/2-PYR/ZaWeU bOeQdV. The e[WeQW 

Rf Whe SeaN VhLfW Pa\ be dXe WR UeVLdXaO ZaWeU LQ Whe bOeQd aV a UeVXOW Rf 2-PYR aQd ZaWeU h\dURgeQ 

bRQd LQWeUacWLRQV. IQWeUeVWLQgO\, Whe PA-12/CB bOeQdV aOVR e[hLbLWed a VhLfW LQ SeaN ZaYeQXPbeU. ThLV 

caQ be dXe WR UeVLdXaO VROYeQWV fURP LQcRPSOeWe dU\LQg.  

 

The N-H VWUeWch (ca.3290 cP-1) LQ Whe DSC bOeQdV VhLfWed XQV\VWePaWLcaOO\ WR hLgheU aQd ORZeU 

ZaYeQXPbeUV fRU bOeQdV Rf dLffeUeQW cRPSRVLWLRQV, aV dLVSOa\ed LQ FLgXUe 7.3.6. ThLV VXggeVWV h\dURgeQ 

bRQd LQWeUacWLRQV ZeUe SUeVeQW beWZeeQ PA-12 aQd FA, DA, CB, 2-PYR aQd 2-PYR/ZaWeU (151). IQ 

cRPSaULVRQ WR Whe aged PA-12 SRZdeU, Whe VhLfW LQ SeaN ZaYeQXPbeU fRU Whe aged DSC bOeQdV ZaV 

PXch OaUgeU. ThLV caQ be aWWULbXWed WR Whe cU\VWaO UecRQfLgXUaWLRQ acTXLUed RQ UecU\VWaOOLVaWLRQ. The 

OaUgeVW VhLfW LQ SeaN ZaYeQXPbeU ZaV -10.50 cP-1, e[hLbLWed b\ 8.72 ZW.5 2-PYR (Z). IQ geQeUaO, Whe 

bOeQdV WhaW e[hLbLWed Whe OaUgeVW VhLfW LQ SeaN ZaYeQXPbeU ZeUe Whe 2-PYR/ZaWeU cRQWaLQLQg bOeQdV. 

ThLV caQ be dXe WR UeVLdXaO ZaWeU LQ Whe bOeQd aV a UeVXOW Rf 2-PYR aQd ZaWeU h\dURgeQ bRQd LQWeUacWLRQV. 
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The bOeQdV WhaW aOVR e[hLbLWed a OaUge SeaN VhLfW ZeUe Whe 20 ZW.% FA, 0.38 ZW.% 2-PYR, 2.33 ZW.% 2-

PYR (Z) 4.07 ZW.% 2-PYR (Z), 8.72 ZW.% 2-PYR (Z) ZhLch had a SeaN VhLfW Rf -9.6, -10.5, -10.5, -

10.3 aQd -10.5 cP-1, UeVSecWLYeO\.  

 

The LQWeUacWLRQ ZLWh 2-PYR aQd ZaWeU haV beeQ VWXdLed SUeYLRXVO\ LQ OLWeUaWXUe (147,165). IW ZaV VhRZQ 

WhaW Whe OaUgeVW VhLfWV LQ SeaN ZaYeQXPbeU ZeUe WRZaUdV Whe ORZeU fUeTXeQc\ UegLRQ. ThLV ZaV aOVR 

UeSRUWed LQ bOeQdV Rf WheUPRSOaVWLc SRO\XUeWhaQeV aQd PA-12 (151). The addLWLRQ Rf PA-12 WR TPU 

caXVed Whe fUeTXeQc\ Rf Whe N-H baQd WR VhLfW WR ORZeU fUeTXeQcLeV WhaQ Whe fUeTXeQc\ Rf YLUgLQ PA-12. 

The aXWhRUV cOaLP WhaW Whe VhLfW WR ORZeU fUeTXeQc\ UegLRQ LV dXe WR PRUe hLgh-eQeUg\ h\dURgeQ bRQdV 

fRUPed.  

 

IW ZaV cOeaU WhaW Whe N-H baQd e[hLbLWed a SeaN VhLfW ZLWh Whe addLWLRQ Rf Whe FA, DA, CB, ZaWeU, 2-

PYR aQd 2-PYR/ZaWeU. ThLV dePRQVWUaWeV WhaW h\dURgeQ bRQdLQg ZaV SUeVeQW beWZeeQ PA-12 aQd Whe 

addLWLYeV. The e[WeQW Rf Whe SeaN VhLfW ZaV gUeaWeU LQ Whe DSC bOeQdV, ZheQ cRPSaUed WR Whe SRZdeU 

bOeQdV.  
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FLgXUe 7.3.6 ± BaU chaUW dLVSOa\LQg Whe VhLfW LQ SeaN ZaYeQXPbeU fRU Whe YN-H VWUeWch fRU aged PA-12 

SRZdeU bOeQdV (WRS) aQd aged PA-12 bOeQdV WhaW had beeQ VXbMecWed WR DSC (bRWWRP), ZheUe ³PA-12´ 

UeSUeVeQWV YLUgLQ SRZdeU. 
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7.3.3 ± DeconYolXtion of the N-H stretch in aged PA-12 blends 
 

A VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch ZaV e[hLbLWed b\ VRPe bOeQdV. ThLV VXggeVWV WhaW 

h\dURgeQ bRQdLQg ZaV SUeVeQW beWZeeQ PA-12 aQd Whe FA, DA, CB, ZaWeU, 2-PYR aQd 2-PYR/ZaWeU. 

The N-H UegLRQ ZaV e[aPLQed accRUdLQg WR Whe PeWhRd dePRQVWUaWed b\ M. DaYLOa eW aO, aOVR fROORZLQg 

Whe VaPe SURcedXUe WR chaSWeU 6.3. IQ ZhLch, Whe GXaVVLaQ-LRUeQW]LaQ PeWhRd ZaV XVed WR decRQYROXWe 

Whe VSecWUa ZLWhLQ Whe UegLRQ Rf 3000 ± 3500 cP-1  (147). The SeaNV UeVROYed ZLWhLQ Whe UegLRQ Rf 3000 

± 3500 cP-1 ZeUe UeOaWed WR 2-PYR. The RXWSXW VhRZV 2-PYR LQ Whe fRUP Rf a c\cOLc dLPeU (3221.9 cP-

1) RU PRQRPeU (3482.8 cP-1). MRUeRYeU, RYeUWRQeV Rf Whe C=O VWUeWch (3100 cP-1) aQd Whe h\dURgeQ 

bRQded C=O Rf 2-PYR (3311.9 cP-1) ZeUe aOVR LdeQWLfLed. IQ Whe YLUgLQ PA-12 bOeQdV cRQWaLQLQg 2-

PYR, a SeaN aW 3221 cP-1 ZaV RbVeUYed VXggeVWLQg WhaW 2-PYR ZaV SUeVeQW aV a c\cOLc dLPeU (Vee 

VecWLRQ 6.3).  

 

FLgXUe 7.3.7 VhRZV Whe UeOaWLRQVhLS beWZeeQ Whe SeaN aUea aQd SeaN heLghW Rf Whe ~3222 cP-1 SeaN ZLWh 

cRPSRVLWLRQ Rf 2-PYR. The SeaN aUea aQd SeaN heLghW Rf Whe ~3222 cP-1 SeaN dLd QRW VhRZ a cOeaU 

WUeQd ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR. HRZeYeU, a cRPSRVLWLRQ Rf 8.72 ZW.% 2-PYR had Whe 

gUeaWeVW SeaN aUea aQd SeaN heLghW. ThLV LV LQ cRQWUaVW WR Whe XQaged PA-12 SRZdeU bOeQdV ZheUe aQ 

LQcUeaVe LQ SeaN aUea aQd SeaN heLghW ZaV RbVeUYed ZLWh LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR.  

SLQce 8.72 ZW.% 2-PYR had Whe gUeaWeVW SeaN aUea aQd heLghW, WhLV VhRZV WhaW c\cOLc dLPeU aQd Whe 

cRQWeQW Rf Whe c\cOLc dLPeU ZaV Whe gUeaWeVW fRU WhLV bOeQd. ThRXgh, LW LV XQcOeaU ZhaW fUacWLRQ Rf 2-PYR 

ZLWhLQ Whe bOeQd adRSWed WhLV cRQfLgXUaWLRQ. ThLV VXggeVWV 2-PYR Pa\ aOVR be SUeVeQW aV a PRQRPeU. 

AccRUdLQg WR M. DaYLOa eW aO, 2-PYR LV LQ Whe fRUP Rf a PRQRPeU LV UeSUeVeQWed b\ a a SeaN aW 3482 

cP-1 (147). HRZeYeU, LQ FLgXUe 7.3.3 SeaN a 3482 cP-1 ZaV QRW RbVeUYed. ThLV caQ be dXe WR PRQRPeULc 

2-PYR beLQg XQdeWecWed VLQce LW ZaV SUeVeQW LQ a VPaOO TXaQWLW\. The SUeVeQce Rf PRQRPeULc 2-PYR 

caQ caXVe a SeaN ZLWhLQ Whe UegLRQ Rf 3550 ± 3600 cP-1, aV RbVeUYed LQ VRPe XQaged PA-12 SRZdeU 

bOeQdV. ThLV SeaN LV aVVRcLaWed ZLWh Whe fUee N-H baQd (Vee chaSWeU 6.3.1 aQd chaSWeU 6.3.3). HRZeYeU, 



242 
 

a SeaN ZLWhLQ Whe UegLRQ Rf 3550 ± 3600 cP-1 ZaV QRW RbVeUYed LQ Whe aged PA-12 SRZdeU bOeQdV. ThLV 

VXggeVWV WhaW fUee N-H ZaV QRW SUeVeQW.  

 

 

FLgXUe 7.3.7 ± GUaSh Rf 2-PYR cRPSRVLWLRQ YV SeaN aUea aQd SeaN heLghW Rf Whe 3222 cP-1 RbWaLQed 

b\ decRQYROXWLRQ XVLQg Whe GXaVVLaQ-LRUeQW]LaQ PeWhRd fRU VeOecWed SRZdeU bOeQdV. 

 

 7.4 ± Optical microscop\ of aged PA-12 blends 
 

IQ chaSWeU 6.4, RSWLcaO PLcURgUaShV Rf YLUgLQ SRZdeU bOeQdV ZeUe caSWXUed WR RbVeUYe Whe effecW Rf Whe 

FA, DA aQd addLWLYeV RQ Whe PLcURVWUXcWXUe Rf PA-12. A VORZ cRROLQg UaWe Rf 0.5 ℃/PLQ ZaV XVed VLQce 

LW SURdXced dLVWLQgXLVhed VSheUXOLWeV ZhLOVW eQabOLQg Whe QXcOeaWLRQ effecW SURYLded b\ Whe ageQWV WR be 

RbVeUYed, Lf aQ\. TheUefRUe, Whe VaPe cRROLQg UaWe ZaV XVed fRU Whe aged SRZdeU bOeQdV.  

 

IQ AM WechQLTXeV, PA-12 SRZdeU LV UefUeVhed ZLWh each SURceVVLQg c\cOe. A VPaOO fUacWLRQ Rf YLUgLQ 

SRZdeU LV added WR Whe UePaLQLQg SRZdeU WhaW haV aOUead\ beeQ e[SRVed WR a QXPbeU Rf SURceVVLQg 

0.004

0.005

0.006

0.007

0.008

0.04

0.05

0.06

0.07

0.08

0 2 4 6 8 10

Pe
ak

 h
ei

gh
t

Pe
ak

 a
re

a

wt.% 2-PYR

Peak area
Peak height



243 
 

c\cOeV. The UefUeVh UaWLR Rf QeZ aQd Uec\cOed SRZdeU LQ SLS aQd MJF aUe W\SLcaOO\ 50:50 aQd 20:80 

(51, 55). ThLV VXggeVWV WhaW Uec\cOed PA-12 ZLOO behaYe dLffeUeQWO\ WR YLUgLQ PA-12 SRZdeU VLQce LW haV 

beeQ e[SRVed WR hLgh WePSeUaWXUeV fRU SURORQged SeULRdV Rf WLPe. FRU WhLV UeaVRQ, RSWLcaO PLcURgUaShV 

Rf aged PA-12 bOeQdV ZeUe caSWXUed LQ RUdeU WR RbVeUYe Whe effecW Rf Whe ageQWV aQd addLWLYeV RQ Whe 

PLcURVWUXcWXUe aQd PRUShRORg\ Rf aged PA-12.  

 

DadbaNhVh eW aO VWXdLed Whe effecW Rf ageLQg RQ Whe PLcURVWUXcWXUe Rf PA-12 VLQgOe Oa\eU SaUWV fabULcaWed 

b\ SLS (51). IQ WhLV ZRUN, SEM LPageV Rf Whe VXUface ZeUe VWXdLed. IQ YLUgLQ SaUWV, Whe VSheUXOLWeV gUeZ 

fURP a OLPLWed QXPbeU Rf QXcOeaWLRQ VLWeV aQd cRQVLVWed Rf hLghO\ SacNed OaPeOOae aQd VPaOO 

LQWeUOaPeOOaU UegLRQV. The aSSeaUaQce Rf Whe VSheUXOLWeV ZaV deVcULbed aV ³fLQe´. AOWhRXgh Whe 

VSheUXOLWeV LQ Whe SaUWV SURdXced fURP QeZ SRZdeU ZeUe deVcULbed aV ³fLQe´, Whe LQWeUOaPeOOaU UegLRQV 

ZeUe dLffLcXOW WR dLVWLQgXLVh RQ Whe LPageV caSWXUed XVLQg SEM.  

OQ Whe RWheU haQd, SLS SaUWV fabULcaWed fURP aged SRZdeU cRQWaLQed a QXPbeU Rf aggUegaWeV WhaW PeOWed 

aW a hLgheU WePSeUaWXUe WhaQ Whe VXUURXQdLQg PaWUL[. TheVe VeUYed aW QXcOeaWLRQ SRLQWV (heWeURgeQRXV 

QXcOeaWLRQ). ThLV LV PRVW OLNeO\ dXe WR LQcRPSOeWe PeOWLQg dXULQg VLQWeULQg. AV a UeVXOW, a OaUge QXPbeU 

Rf VSheUXOLWeV ZeUe SURdXced. IQ WheVe VSheUXOLWeV, Whe cU\VWaOOLQe PaWeULaO ZaV OLPLWed. The aXWhRUV QRWe 

WhaW heWeURgeQRXV QXcOeaWLRQ OeadV WR a ³cRaUVeU aSSeaUaQce Rf VSheUXOLWeV´. ThLV VXggeVWV WhaW Whe OaUge 

aPRXQW Rf aPRUShRXV cRQWeQW OeadV WR OeVV defLQed cU\VWaOOLQe UegLRQV. IQ SaUWV fabULcaWed fURP UefUeVhed 

SRZdeU, Whe aSSeaUaQce Rf Whe VSheUXOLWeV ZaV LQ-beWZeeQ WhRVe RbVeUYed LQ Whe SaUWV Pade fURP YLUgLQ 

aQd aged SRZdeU. The aXWhRUV VSecXOaWe WhaW Whe ORQgeU PROecXOaU OeQgWh Rf Whe aged PaWeULaO cRQWULbXWeV 

WR cRaUVeU aSSeaUaQce Rf VSheUXOLWeV dXe WR aQ LQcUeaVed OaPeOOaU WhLcNQeVV.   

 

A VLPLOaU WUeQd haV beeQ UeSRUWed LQ OLWeUaWXUe ZheQ aVVeVVLQg Whe PLcURVWUXcWXUe Rf SLS SaUWV Pade 

fURP YLUgLQ, aged RU UefUeVhed SRZdeU (13). IQ SaUWV fabULcaWed XVLQg QeZ SRZdeU, fLQe fLbULOOaU/OaPeOOae 

VSheUXOLWLc UegLRQV ZeUe RbVeUYed dXe WR Whe aggUegaWLRQ Rf chaLQ fROded cU\VWaOV. WheUeaV, LQ SaUWV 

Pade fURP aged SRZdeU ³cRaUVeU´ VSheUXOLWeV ZeUe RbVeUYed.  
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IQ SaUWV Pade fURP YLUgLQ SRZdeU, Whe QXPbeU Rf VSheUXOLWeV ZaV OLPLWed VLQce Whe QXPbeU Rf QXcOeL 

ZLWhLQ Whe PeOW ZaV aOVR OLPLWed. HRZeYeU, Whe OaPeOOae fRUPed ZeUe hLghO\ SacNed aQd Whe 

LQWeUOaPeOOaU aPRUShRXV UegLRQV ZeUe VPaOO. IQ SaUWV Pade fURP aged SRZdeU, VSheUXOLWeV QXcOeaWe 

heWeURgeQeRXVO\. ThLV LV becaXVe aged SRZdeU cRQWaLQed a QXPbeU Rf hLgheU PeOWLQg SRLQW aggUegaWeV 

ZhLch acWed aV effecWLYe QXcOeaWLRQ VLWeV.  

 

The aSSeaUaQce Rf Whe VSheUXOLWeV LV dLffLcXOW WR RbVeUYe LQ gUeaW deWaLO LQ PeWhRdV VXch aV RSWLcaO 

PLcURVcRS\. WheUeaV, SEM SURdXced PRUe deWaLOed LPageV ZheUe Whe ³fLQe´ aQd ³cRaUVe´ aSSeaUaQce 

Rf VSheUXOLWeV ZaV dLVWLQgXLVhed. ThLV ZaV aSSaUeQW ZheQ Whe LPageV ZeUe cRPSaUed WR each RWheU. IQ 

geQeUaO, Whe fLQe deWaLOV Rf Whe OaPeOOae aQd LQWeUOaPeOOaU UegLRQV ZeUe dLffLcXOW WR RbVeUYe XVLQg WheVe 

PeWhRdV. FURP Whe LPageV caSWXUed XVLQg RSWLcaO PLcURVcRS\ aQd SEM, cOXVWeUV Rf OaPeOOae aUe 

RbVeUYed aQd QRW Whe LQWeUOaPeOOaU UegLRQV.  

 

IW ZaV dePRQVWUaWed LQ OLWeUaWXUe WhaW Whe fLQaO SaUW PLcURVWUXcWXUe ZaV cOeaUO\ LQfOXeQced b\ Whe 

cRQdLWLRQ Rf Whe SRZdeU. HRZeYeU, Whe SUeVeQce Rf ageQWV, VWabLOLVeUV RU addLWLYeV Pa\ aOVR LQfOXeQce 

Whe PLcURVWUXcWXUe.  

 

IQ PA-6, Whe SURceVV Rf ageLQg aW a WePSeUaWXUe beWZeeQ Tg aQd TP SURdXced OaUgeU VSheUXOLWeV LQ 

cRPSaULVRQ WR YLUgLQ SRZdeU. WheQ VWabLOLVeUV ZeUe added WR YLUgLQ PA-6, Whe VSheUXOLWe VL]e Rf 

VWabLOLVed PA-6 decUeaVed, ZheQ cRPSaUed WR YLUgLQ PA-6. ThLV ZaV dXe WR Whe VWabLOLVeUV acWLQg aV a 

QXcOeaWLQg ageQW WR LQdXce heWeURgeQRXV QXcOeaWLRQ. IQ aged, VWabLOLVed PA-6 Whe QXPbeU Rf VSheUXOLWeV 

ZaV VSaUVe. ThLV ZaV dXe WR eLWheU Whe geQeUaOO\ ORZ degUee Rf cU\VWaOOLQLW\ Rf PA-6 LWVeOf, Whe VaPSOe 

SUeSaUaWLRQ PeWhRd RU Whe cU\VWaOOLQe PRUShRORg\ Rf VPaOO PROecXOeV becRPLQg daPaged dXULQg ageLQg 

(159). AfWeU ageLQg (beWZeeQ Tg aQd TP), Whe QXPbeU Rf VSheUXOLWeV RbVeUYed LQ YLUgLQ PA-6 ZaV OLWWOe 

WR QRQe. ThLV VWXd\ VhRZed WhaW bRWh ageLQg aQd addLWLYeV caQ LQfOXeQce Whe PLcURVWUXcWXUe Rf 

SRO\aPLde.  
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The effecW Rf Whe FA, DA, CB aQd 2-PYR RQ Whe PLcURVWUXcWXUe Rf aged PA-12 ZaV RbVeUYed XVLQg 

RSWLcaO PLcURVcRS\. The VaPSOeV ZeUe heaWed WR 220 ℃ ZheUe Whe\ ZeUe VWRUed aW aQ XSSeU LVRWheUP fRU 

5 PLQXWeV WR eQVXUe cRPSOeWe PeOWLQg aQd cRROed aW a cRQWUROOed UaWe Rf 0.5 ℃/PLQ WR 25 ℃.  

 

The PLcURVWUXcWXUe Rf Whe 1 aQd 20 ZW.% FA bOeQdV aUe dLVSOa\ed LQ FLgXUe 7.4.1. The daUN UegLRQV LQ 

FLgXUe 7.4.1b aQd FLgXUe 7.4.1c UeSUeVeQW caUbRQ bOacN LQ Whe FA aQd Whe VXUURXQdLQg aUea LV Whe SRO\PeU 

PaWUL[. The RSWLcaO PLcURgUaShV VhRZ WhaW caUbRQ bOacN ZaV UeMecWed WR Whe LQWeU-VSheUXOLWLc UegLRQV 

(155). AV Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed, a gUeaWeU cRQWeQW Rf caUbRQ bOacN ZaV RbVeUYed. The FA 

had a VLgQLfLcaQW effecW RQ Whe PLcURVWUXcWXUe Rf PA-12 LQ WhaW Whe VSheUXOLWe VL]e ZaV VLgQLfLcaQWO\ 

UedXced b\ Whe addLWLRQ Rf Whe FA ZheQ cRPSaUed WR Whe PLcURVWUXcWXUe aged PA-12, eYeQ aW a 

cRPSRVLWLRQ aV ORZ aV 1 ZW.% FA. ThLV VXggeVWV WhaW Whe caUbRQ bOacN LQ Whe FA acWed aV a QXcOeaWLQg 

ageQW RU LPSeded Whe UadLaO gURZWh Rf VSheUXOLWeV b\ acWLQg aV a Sh\VLcaO baUULeU.  

 

IQ Whe PA-12/DA bOeQdV (FLgXUe 7.4.1d aQd FLgXUe 7.4.1e), Whe VSheUXOLWe VL]e Rf PA-12 ZaV QRW 

VLgQLfLcaQWO\ LQfOXeQced b\ Whe addLWLRQ Rf Whe DA. IQ Whe 1 ZW.% DA bOeQd, Whe VSheUXOLWe VL]e ZaV 

cRPSaUabOe WR PA-12. IQ Whe 20 ZW.% DA bOeQd Whe VSheUXOLWe VL]e ZaV VOLghWO\ UedXced b\ Whe addLWLRQ 

Rf DA. ThLV VhRZV WhaW RQO\ aW hLgh cRPSRVLWLRQV Rf DA Whe VSheUXOLWe VL]e ZaV LPSacWed.  

 

IQ Whe PA-12/CB bOeQdV (FLgXUe 7.4.1f aQd FLgXUe 7.4.1g), Whe VSheUXOLWe VL]e ZaV affecWed b\ Whe 

addLWLRQ Rf Whe caUbRQ bOacN. IQ Whe 1 ZW.% CB bOeQd, Whe VSheUXOLWe VL]e ZaV cRPSaUabOe WR PA-12. 

WheUeaV, LQ Whe 20 ZW.% CB bOeQd, Whe VSheUXOLWe VL]e UedXced VOLghWO\. ThLV LV dXe WR Whe caUbRQ bOacN 

acWLQg aV aQ LPSXULW\ WR LQdXce QXcOeaWLRQ RU acW aV a Sh\VLcaO baUULeU WR LPSede UadLaO gURZWh Rf 

VSheUXOLWeV.  
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IQ Whe PA-12/ZaWeU bOeQdV (FLgXUe 7.4.1h aQd FLgXUe 7.4.1L), Whe VSheUXOLWe VL]e ZaV XQaffecWed b\ Whe 

cRQWeQW Rf ZaWeU aQd Whe VSheUXOLWe VL]e Rf Whe bOeQdV ZaV cRPSaUabOe WR PA-12. ThLV VXggeVWed ZaWeU 

eYaSRUaWed dXULQg Whe dU\LQg SURceVV.  

 

IQ Whe PA-12/2-PYR, 2-PYR ZaV cRPSRVLWLRQaOO\ LdeQWLcaO WR WhaW LQ Whe FA aQd DA bOeQdV. FLgXUe 

7.4.1M aQd FLgXUe 7.4.1N VhRZ WhaW Whe 2-PYR affecWed Whe VSheUXOLWe VL]e Rf PA-12.  

IQ Whe 0.1 ZW.% 2-PYR bOeQd, Whe VSheUXOLWe VL]e ZaV cRPSaUabOe WR PA-12. WheUeaV, LQ Whe 8.72 ZW.% 

2-PYR bOeQd, Whe VSheUXOLWe VL]e UedXced VOLghWO\. The decUeaVe LQ VSheUXOLWe VL]e b\ Whe addLWLRQ Rf 2-

PYR LV cRQVLVWeQW Rf Whe acWLRQ Rf a SOaVWLcL]eU VLQce SRO\PeU chaLQV haYe LQcUeaVed PRbLOLW\.  

IQWeUeVWLQgO\, accRUdLQg WR DSC daWa (Vee chaSWeU 7.2) Whe degUee Rf VXSeUcRROLQg decUeaVed ZLWh Whe 

addLWLRQ Rf 2-PYR VXggeVWLQg WhaW 2-PYR facLOLWaWed cU\VWaOOLVaWLRQ, ZhLOe RSWLcaO PLcURVcRS\ VhRZed 

WhaW Whe PLcURVWUXcWXUe ZaV QRW VLgQLfLcaQWO\ affecWed. ThLV ZaV aOVR UefOecWed LQ Whe degUee Rf 

cU\VWaOOLQLW\, ZheUe Whe degUee Rf cU\VWaOOLQLW\ Rf PA-12/2-PYR ZaV aOVR QRW VLgQLfLcaQWO\ affecWed b\ 

Whe degUee Rf cU\VWaOOLQLW\. ThLV dLffeUeQce caQ be dXe WR Whe dLffeUeQceV LQ e[SeULPeQWaO VeW XS RQ Whe 

DSC aQd RSWLcaO PLcURVcRSe, LQ WhaW Whe DSC RffeUV a PRUe cRQWUROOed heaWLQg aQd cRROLQg SURceVV.  

 

IQ Whe PA-12/2-PYR/ZaWeU bOeQdV, ZheUe bRWh 2-PYR aQd ZaWeU ZaV cRPSRVLWLRQaOO\ LdeQWLcaO WR WhaW 

LQ Whe FA aQd DA bOeQdV, Whe VSheUXOLWe VL]e ZaV LPSacWed b\ Whe addLWLRQ Rf Whe 2-PYR aQd ZaWeU. ThLV 

LV VhRZQ LQ FLgXUe 7.4.1O, FLgXUe 7.4.1P, FLgXUe 7.4.1Q aQd FLgXUe 7.4.1R.  

IQ Whe PA-12/2-PYR/ZaWeU bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe FA, Whe VSheUXOLWe VL]e 

UedXced VOLghWO\ aV Whe cRPSRVLWLRQ LQcUeaVed. ThLV LV VhRZQ LQ FLgXUe 7.4.1O aQd FLgXUe 7.4.1P. IQ Whe 

PA-12/2-PYR/ZaWeU bOeQdV WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR Whe DA, Whe VSheUXOLWe VL]e ZaV QRW 

gUeaWO\ LPSacWed. ThLV LV VhRZQ LQ FLgXUe 7.4.1Q aQd FLgXUe 7.4.1R. SLQce LQ Whe PA-12/ZaWeU bOeQdV Whe 

VSheUXOLWe VL]e ZaV QRW LPSacWed b\ Whe addLWLRQ Rf ZaWeU, LW caQ be aVVXPed WhaW WhaW 2-PYR LQfOXeQced 
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Whe VSheUXOLWe VL]e. ThLV agUeeV ZLWh DSC daWa (Vee chaSWeU 7.4.2), ZheUe Whe cU\VWaOOLVaWLRQ SURSeUWLeV 

Rf PA-12 ZeUe PRdLfLed b\ Whe addLWLRQ Rf Whe 2-PYR.  
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FLgXUe 7.4.1 ± OSWLcaO PLcURgUaShV caSWXUed aW 500[ PagQLfLcaWLRQ Rf aged bOeQdV (a) PA-12 (b) 1 

ZW.% FA (c) 20 ZW.% FA (d) 1 ZW.% DA (e) 20 ZW.% DA (f) 1 ZW.% CB (g) 20 ZW.% CB (h) 1 ZW.% 

ZaWeU (L) 20 ZW.% ZaWeU (M) 0.1 ZW.% 2-PYR (N) 8.72 ZW.% 2-PYR (O) 0.38 ZW.% 2-PYR/ZaWeU (P) 

8.72 ZW.% 2-PYR/ZaWeU (Q) 0.10 ZW.% 2-PYR/ZaWeU (R) 2.33 ZW.% 2-PYR/ZaWeU. 
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CHAPTER 8 ± CONCLUSION 
 

The LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 ZeUe LQYeVWLgaWed aW a YaULeW\ Rf 

dLffeUeQW cU\VWaOOLVaWLRQ WePSeUaWXUeV aQd cRROLQg UaWeV. The LVRWheUPaO aQd QRQ-LVRWheUPaO 

cU\VWaOOLVaWLRQ NLQeWLcV aUe LPSRUWaQW WR cRQVLdeU VLQce WhLV caQ be XVed WR e[SORUe hRZ Whe bXLOd 

WePSeUaWXUe aQd cRROLQg UaWe affecW Whe PRUShRORg\ aQd UaWe cRQVWaQW Rf PA-12.  

IVRWheUPaO cU\VWaOOLVaWLRQ VhRZed WhaW aV Whe cU\VWaOOLVaWLRQ WePSeUaWXUe LQcUeaVed, Whe WLPe WaNeQ fRU 

cU\VWaOOLVaWLRQ LQcUeaVed. The LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 SRZdeU ZaV VWXdLed XVLQg Whe 

AYUaPL aQd TRbLQ. TheVe PRdeOV ZeUe LPSOePeQWed XVLQg Whe cRQYeQWLRQaO PeWhRd aQd NLR. The 

cRQYeQWLRQaO PeWhRd VhRZed WhaW bRWh Whe AYUaPL aQd TRbLQ PRdeO ZeUe VXcceVVfXO LQ deVcULbLQg Whe 

cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12, ZheUe Whe AYUaPL PRdeO SURdXced a gUeaWeU R2 UaQgLQg beWZeeQ 

0.9913 ± 0.9998, ZheUeaV, Whe TRbLQ PRdeO SURdXced a ORZeU R2 beWZeeQ 0.9793 ± 0.9988. NLR aOVR 

VhRZed WhaW Whe AYUaPL aQd TRbLQ PRdeO ZeUe VXcceVVfXO LQ deVcULbLQg Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf 

PA-12, ZheUe Whe TRbLQ PRdeO SURdXced a gUeaWeU R2 UaQgLQg beWZeeQ 0.982 ± 1, ZheUeaV, Whe AYUaPL 

PRdeO SURdXced a ORZeU R2 beWZeeQ 0.962 ± 0.997. The TXaOLW\ Rf fLW Rf NLR daWa ZaV cRPSaUed WR 

e[SeULPeQWaO daWa b\ SURdXcLQg a gUaSh Rf UeOaWLYe cU\VWaOOLQLW\ YV WLPe. The daWa VhRZed WhaW Whe TRbLQ 

PRdeO had Whe beVW TXaOLW\ Rf fLW, fROORZed b\ Whe AYUaPL PRdeO.  

The eTXLOLbULXP PeOWLQg WePSeUaWXUe Rf PA-12 ZaV 188℃ aQd 205℃, WhLV ZaV deWeUPLQed XVLQg Whe 

HRffPaQ-WeeNV cRQVWUXcWLRQ fURP Whe SeaN PeOWLQg WePSeUaWXUe aQd Whe OaVW WUace Rf cU\VWaOOLQLW\, 

UeVSecWLYeO\.  

 

The QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 SRZdeU ZaV VWXdLed XVLQg Whe AYUaPL PRdLfLed b\ 

Je]LRUQ\ aQd Whe Ca]e PRdeO.  
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The AYUaPL PRdeO PRdLfLed b\ Je]LRUQ\ ZaV VXcceVVfXO LQ deVcULbLQg Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ 

NLQeWLcV Rf PA-12. TheUe LV YaOXe LQ LPSOePeQWLQg dLffeUeQW PRdeOV LQ WhaW each PRdeO LV aQ adaSWaWLRQ 

RU a QRYeO PeWhRd. HRZeYeU, ZLWh YaULRXV PRdeOV aYaLOabOe aQd VRPe PRdeOV beLQg cUeaWed dXe WR 

e[LVWLQg RQeV faLOLQg WR deVcULbe SRO\PeU cU\VWaOOLVaWLRQ, WhLV dePRQVWUaWeV WhaW cU\VWaOOLVaWLRQ PRdeOV 

caQ be geQeUaWed VSecLfLcaOO\ fRU a SRO\PeU V\VWeP. ThLV ZRUN haV VhRZQ aPRQgVW Whe YaULRXV PRdeOV 

LPSOePeQWed, feZ ZeUe RQO\ abOe WR deVcULbe Whe LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV 

Rf PA-12. Of ZhLch, WheVe aUe Whe cRQYeQWLRQaO PeWhRdV WR LQYeVWLgaWe Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf a 

SRO\PeU V\VWeP. IQ MJF, LW LV WhRXghW WhaW a cRPbLQaWLRQ Rf LVRWheUPaO aQd QRQ-LVRWheUPaO 

cU\VWaOOLVaWLRQ RccXUV. ThLV LV becaXVe cU\VWaOOLVaWLRQ LV LQfOXeQced bRWh b\ Whe WePSeUaWXUe ZLWhLQ Whe 

cRUe Rf Whe SRZdeU bed aQd Whe cRROLQg UaWe e[SeULeQced aW Whe VXUface Rf Whe SRZdeU bed.  

 

PA-12 bOeQdV (XQaged aQd aged) ZeUe cUeaWed LQ RUdeU WR VWXd\ Whe effecW Rf Whe FA, DA aQd WheLU 

chePLcaO cRQVWLWXeQWV RQ Whe WheUPaO SURSeUWLeV, chePLcaO SURSeUWLeV aQd PRUShRORg\ Rf PA-12.  

 IQ Whe XQaged PA-12 bOeQdV, Whe FA aQd DA had a VLgQLfLcaQW effecW RQ Whe WheUPaO SURSeUWLeV Rf PA-12 

b\ VhLfWLQg Whe SeaN PeOWLQg WePSeUaWXUe WR ORZeU WePSeUaWXUeV aQd VhLfWLQg Whe cU\VWaOOLVaWLRQ 

WePSeUaWXUe WR hLgheU aQd ORZeU WePSeUaWXUeV, cRPSaUed WR PA-12. Of Whe chePLcaO cRQVWLWXeQWV PaNLQg 

XS Whe FA aQd DA, 2-PYR aQd caUbRQ bOacN had Whe gUeaWeVW LQfOXeQce RQ Whe WheUPaO SURSeUWLeV Rf PA-

12.  

The FTIR VSecWUa Rf Whe SRZdeU bOeQdV aQd DSC VaPSOeV ZeUe eYaOXaWed, WheVe VhRZed SeaNV 

cRPSaUabOe WR PA-12. The PaLQ fLQdLQgV LQcOXded; Whe abVRUbaQce VLgQaO Rf Whe FA bOeQd LQcUeaVed ZLWh 

cRPSRVLWLRQ Rf FA, WhLV ZaV dXe WR caUbRQ bOacN beLQg PRUe UeadLO\ abVRUbed b\ Whe IR beaP. IQ Whe 

PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU bOeQd cRQWaLQLQg 8.72 ZW.% 2-PYR a VhRXOdeU SeaN beWZeeQ 

3550 ± 3600 cP-1 ZaV aVVLgQed WR Whe fUee N-H VWUeWchLQg YLbUaWLRQ (147). IQ VRPe bOeQdV cRQWaLQLQg 2-

PYR, a SeaN aW a1690 cP-1 ZaV aVVLgQed WR Whe aPLde-I baQd (C=O VWUeWchLQg). ThLV VhRZed WhaW 2-

PYR ZaV UeWaLQed LQ Whe SRO\PeU, eYeQ afWeU Whe DSC WheUPaO aQaO\VLV. The SeaN VhLfW Rf Whe N-H baQd 

aW 3100 ± 3500 cP-1 ZaV aVVeVVed. The PaMRULW\ Rf Whe bOeQdV e[SeULeQced a VhLfW LQ SeaN ZaYeQXPbeU 
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Rf Whe N-H baQd, UeOaWLYe WR Whe SeaN ZaYeQXPbeU Rf PA-12; eVSecLaOO\ afWeU beLQg VXbMecWed WR DSC 

aQaO\VLV. ThLV VhRZed WhaW h\dURgeQ bRQdV ZeUe SUeVeQW beWZeeQ PA-12 aQd Whe FA, DA aQd 2-PYR, 

LQ SaUWLcXOaU.  

OSWLcaO PLcURVcRS\ VhRZed WhaW Whe VSheUXOLWe VL]e ZaV affecWed b\ Whe addLWLRQ Rf Whe FA aQd caUbRQ 

bOacN. IQ Whe PA-12/FA aQd PA-12/caUbRQ bOacN bOeQdV, Whe VSheUXOLWe VL]e decUeaVed VLgQLfLcaQWO\ ZLWh 

Whe addLWLRQ Rf Whe FA aQd caUbRQ bOacN. ThLV ZaV dXe WR Whe caUbRQ bOacN (aOVR SUeVeQW LQ Whe FA) beLQg 

UeMecWed WR Whe LQWeUVSheUXOLWLc UegLRQV aQd LPSedLQg Whe UadLaO gURZWh Rf VSheUXOLWeV b\ acWLQg aV a 

Sh\VLcaO baUULeU.  

 

PA-12 SRZdeU ZaV aged LQ aQ aLU YeQWLOaWLQg RYeQ aW 170 ℃ fRU 0, 5, 7 aQd 9 da\V. AV Whe ageLQg WLPe 

LQcUeaVed, PA-12 SRZdeU (aQd DSC cRXQWeUSaUWV) chaQged fURP a ZhLWe cRORXU WR a daUN RUaQge cRORXU 

VXggeVWLQg WhaW PA-12 had degUaded. The WheUPaO behaYLRXU Rf aged PA-12 ZaV eYaOXaWed, LW ZaV VhRZQ 

WhaW Whe SeaN PeOWLQg WePSeUaWXUe VhLfWed WR a hLgheU aQd WheQ ORZeU WePSeUaWXUe ZLWh LQcUeaVed ageLQg 

WLPe, VXggeVWLQg WhaW PechaQLVPV VXch aV SRVW-SRO\PeULVaWLRQ aQd chaLQ VcLVVLRQ WRRN SOace. 

MeaQZhLOe Whe cU\VWaOOLVaWLRQ WePSeUaWXUe PRYed WR ORZeU WePSeUaWXUeV, VXggeVWLQg SRVW-cURVVOLQNLQg 

RU SRVW-SRO\PeULVaWLRQ RccXUUed. FTIR VSecWUa ZeUe UecRUded, WheVe ZeUe cRPSaUabOe WR YLUgLQ PA-12. 

HRZeYeU, LQ Whe 9 da\ aged VaPSOe a VPaOO SeaN aW 1716.4 cP-1 ZaV RbVeUYed. ThLV ZaV aVVLgQed WR 

caUbRQ\O cRQWaLQLQg cRPSRXQdV WhaW had fRUPed dXe WR degUadaWLRQ SURdXcWV fURP WheUPRR[LdaWLYe 

degUadaWLRQ.   

Aged PA-12 bOeQdV e[hLbLWed VLPLOaU WUeQdV LQ WheUPaO behaYLRXU WR XQaged PA-12 bOeQdV, LQ WhaW Whe 

FA aQd DA had a VLgQLfLcaQW effecW RQ Whe WheUPaO SURSeUWLeV Rf PA-12 b\ VhLfWLQg Whe SeaN PeOWLQg 

WePSeUaWXUe WR ORZeU WePSeUaWXUeV aQd VhLfWLQg Whe cU\VWaOOLVaWLRQ WePSeUaWXUe WR hLgheU aQd ORZeU 

WePSeUaWXUeV, ZheQ cRPSaUed WR aged PA-12. Of Whe chePLcaO cRQVWLWXeQWV PaNLQg XS Whe FA aQd DA, 

2-PYR aQd caUbRQ bOacN had Whe gUeaWeVW LQfOXeQce RQ Whe WheUPaO SURSeUWLeV Rf PA-12.  

The FTIR VSecWUa Rf Whe aged bOeQdV Rf SRZdeU aQd DSC VaPSOeV ZeUe eYaOXaWed, WheVe VhRZed SeaNV 

cRPSaUabOe WR PA-12. IQ Whe bOeQdV, a SeaN aW 1690 cP-1 (aVVLgQed WR Whe aPLde-I baQd, C=O VWUeWch) 
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LQdLcaWed WhaW 2-PYR ZaV UeWaLQed ZLWhLQ PA-12. The SeaN VhLfW Rf Whe N-H baQd aW 3100 ± 3500 cP-1 

ZaV aVVeVVed. The PaMRULW\ Rf Whe bOeQdV e[SeULeQced a VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H baQd, 

UeOaWLYe WR Whe SeaN ZaYeQXPbeU Rf aged PA-12; eVSecLaOO\ afWeU beLQg VXbMecWed WR DSC aQaO\VLV. ThLV 

VhRZed WhaW h\dURgeQ bRQdV ZeUe SUeVeQW beWZeeQ PA-12 aQd Whe FA, DA aQd 2-PYR, LQ SaUWLcXOaU.  

OSWLcaO PLcURVcRS\ VhRZed WhaW Whe VSheUXOLWe VL]e VLgQLfLcaQWO\ decUeaVed b\ Whe addLWLRQ Rf Whe FA 

aQd caUbRQ bOacN. ThLV ZaV dXe WR Whe caUbRQ bOacN (aOVR SUeVeQW LQ Whe FA) beLQg UeMecWed WR Whe 

LQWeUVSheUXOLWLc UegLRQV aQd LPSedLQg Whe UadLaO gURZWh Rf VSheUXOLWeV b\ acWLQg aV a Sh\VLcaO baUULeU.  

 

The OLWeUaWXUe haV SRLQWed RXW WhaW caUbRQ bOacN LV a fXQdaPeQWaO cRPSRQeQW ZLWhLQ Whe MJF. ThLV 

UeVeaUch haV VhRZQ WhaW caUbRQ bOacN VLgQLfLcaQWO\ LPSacWed Whe WheUPaO SURSeUWLeV aQd PLcURVWUXcWXUe 

Rf PA-12 b\ acWLQg aV a QXcOeaWLRQ ageQW. HRZeYeU, WhLV LQYeVWLgaWLRQ haV aOVR VhRZQ WhaW LQ addLWLRQ WR 

caUbRQ bOacN, 2-PYR had a VLgQLfLcaQW LPSacW RQ Whe WheUPaO SURSeUWLeV Rf PA-12. MeaQZhLOe, 2-PYR 

dLd QRW haYe a VLgQLfLcaQW LPSacW RQ Whe PLcURVWUXcWXUe Rf PA-12. WheUe RWheU VWXdLeV TXaQWLf\ Whe 

cRPSRQeQWV Rf Whe FA aQd DA, WhLV VWXd\ haV VhRZQ WhaW 2-PYR ZaV UeWaLQed LQ Whe SRO\PeU aQd fRUPed 

h\dURgeQ bRQdV ZLWh PA-12. IQ WXUQ, WhLV PRdeUaWed Whe WheUPaO SURSeUWLeV b\ 2-PYR acWLQg aV a 

SOaVWLcL]eU. ThLV dePRQVWUaWeV WhaW 2-PYR LV aOVR a fXQdaPeQWaO cRPSRQeQW LQ MJF. IW LV cOeaU WhaW Whe 

FA aQd DA haYe beeQ fRUPXOaWed VSecLfLcaOO\ WR RSWLPLVe Whe bXLOd SURceVV Rf MJF, gLYeQ WhaW Whe\ 

cRQWaLQ LdeQWLcaO cRQVWLWXeQWV LQ dLffeUeQW TXaQWLWLeV (e[ceSW fRU caUbRQ bOacN).  

 

IQ WhLV ZRUN, Whe WheUPaO SURSeUWLeV aQd chePLcaO SURSeUWLeV haYe beeQ e[WeQVLYeO\ VWXdLed. TechQLTXeV 

VXch aV DSC, FTIR aQd RSWLcaO PLcURVcRS\ SURYLded aQ XQdeUVWaQdLQg LQWR ZhaW PaNeV MJF XQLTXe LQ 

cRPSaULVRQ WR RWheU AM WechQLTXeV. ThLV ZRUN addV YaOXe WR Whe MJF cRPPXQLW\ aV LW VhRZV WhaW PA-

12 SRZdeU caQ be VXbMecWed WR PXOWLSOe c\cOeV befRUe beLQg dLVcaUded. The LQWeUacWLRQ beWZeeQ PA-12 

aQd Whe ageQWV ZaV QRW hLQdeUed afWeU ageLQg. ThLV LV becaXVe Whe VaPe WUeQdV ZeUe RbVeUYed LQ Whe 

YLUgLQ aQd aged SRZdeU bOeQdV. FRU e[aPSOe, Whe XVe Rf FA UeVXOWed LQ decUeaVed Tg aQd SeaN PeOWLQg 

WePSeUaWXUe Rf PA-12 LQ Whe YLUgLQ aQd aged bOeQdV. IQ LQdXVWULaO aSSOLcaWLRQ, PA-12 SRZdeU cRXOd be 
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e[WUacWed fURP Whe bXLOd aQd Whe WheUPaO SURSeUWLeV eYaOXaWed. ThLV ZRXOd VhRZ ZheWheU PA-12 ZLWhLQ 

Whe bXLOd chaPbeU VhRXOd be eQWLUeO\ dLVcaUded RU UefUeVhed, SURYLdLQg WhaW Whe WheUPaO SURSeUWLeV VhRZ 

QR VLgQV Rf PaMRU degUadaWLRQ. ThLV caQ be XVed aV a TXaOLW\ cRQWURO VLQce SaUWV cUeaWed fURP PaMRUO\ 

degUaded PA-12 aUe OLNeO\ WR haYe a QegaWLYe LPSacW RQ Whe fLQaO SURSeUWLeV Rf Whe cRPSRQeQW.  

The LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV caQ be XVed WR deWeUPLQe Whe cU\VWaOOLVaWLRQ 

PechaQLVPV e[SeULeQced ZLWhLQ Whe SRZdeU bed. BRWh LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ LV 

e[SeULeQced LQ MJF. ThLV LV becaXVe MJF LV QRW SeUfRUPed LQ cRQWUROOed cRQdLWLRQV. The PeOWed SRZdeU 

ZRXOd LQLWLaOO\ cRRO dRZQ TXLcNO\ RYeU a WePSeUaWXUe UaQge VR WhaW aQRWheU Oa\eU caQ be deSRVLWed. ThLV 

LV a QRQ-LVRWheUPaO SURceVV, WheUefRUe Whe cRROLQg UaWe ZRXOd affecW Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe 

aQd cRQVeTXeQWO\ Whe PLcURVWUXcWXUe Rf PA-12. AW a hLgh cRROLQg UaWe, cU\VWaOOLVaWLRQ RccXUV aW ORZeU 

WePSeUaWXUeV WheUefRUe Whe VSheUXOLWeV aUe e[SecWed WR be VPaOO aV QXcOeaWLRQ LV faYRXUed. AW a ORZeU 

cRROLQg UaWe, cU\VWaOOLVaWLRQ RccXUV aW hLgheU WePSeUaWXUeV aQd VSheUXOLWLc gURZWh LV faYRXUed. HRZeYeU, 

LVRWheUPaO cU\VWaOOLVaWLRQ cRXOd RccXU afWeU RU aW dLffeUeQW UegLRQV LQ Whe SRZdeU bed. AW ORZeU 

cU\VWaOOLVaWLRQ WePSeUaWXUeV, Whe UaWe Rf cU\VWaOOLVaWLRQ LV hLgh faYRXULQg QXcOeaWLRQ. AW hLgheU 

cU\VWaOOLVaWLRQ WePSeUaWXUeV, Whe UaWe Rf cU\VWaOOLVaWLRQ LV ORZ faYRXULQg VSheUXOLWLc gURZWh. TheUefRUe, 

Whe LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ SURceVV ZLOO LQfOXeQce Whe fLQaO SURSeUWLeV Rf Whe 

cRPSRQeQW b\ affecWLQg Whe PLcURVWUXcWXUe. AddLWLRQaOO\, LVRWheUPaO cU\VWaOOLVaWLRQ caQ Oead WR ageLQg 

VLQce PA-12 LV beLQg VXbMecWed WR a hLgh WePSeUaWXUe fRU a SURORQged SeULRd Rf WLPe. The e[WeQW Rf Whe 

ageLQg ZRXOd deSeQd RQ Whe ORcaWLRQ Rf Whe SaUW ZLWhLQ Whe SRZdeU bed chaPbeU aV Whe WePSeUaWXUe 

dLVWULbXWLRQ LV QRQ-XQLfRUP. The cU\VWaOOLVaWLRQ NLQeWLcV caQ heOS WR deWeUPLQe Whe accXUac\ Rf Whe fLQaO 

geRPeWU\ Rf SaUWV ZLWh UeVSecW WR WheLU bXLOd SRVLWLRQ ZLWhLQ Whe SRZdeU bed chaPbeU. The cRROLQg 

PechaQLVPV acURVV Whe bXLOd chaPbeU aUe e[SecWed WR YaU\. ThLV LV becaXVe Whe SRZdeU cORVeVW WR Whe 

VLdeV Rf Whe chaPbeU ZLOO haYe a dLffeUeQW heaWLQg SURfLOe ZheQ cRPSaUed WR SRZdeU ZLWhLQ Whe cRUe Rf 

Whe chaPbeU. TheUefRUe, a fUaPeZRUN Rf NQRZOedge RQ Whe cU\VWaOOLVaWLRQ NLQeWLcV caQ heOS LdeQWLf\ Zh\ 

cRPSRQeQWV aUe geRPeWULcaOO\ LQaccXUaWe. AQ XQdeUVWaQdLQg Rf Whe heaWLQg SURfLOe aQd Whe cU\VWaOOLVaWLRQ 

behaYLRXU caQ be XVed WR LPSURYe Whe SULQWLQg SURceVV. FRU e[aPSOe, Whe VL]e aQd Whe geRPeWU\ Rf Whe 

SaUW caQ dLcWaWe ZheUe LQ Whe SRZdeU bed chaPbeU Whe SaUW LV bXLOW. LaUgeU aQd PRUe cRPSOe[ SaUWV caQ 
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be bXLOW LQ Whe cRUe Rf Whe SRZdeU bed chaPbeU becaXVe WhLV LV ZheUe Whe WePSeUaWXUe dLVWULbXWLRQ LV 

OLNeO\ WR be PRUe XQLfRUP. FXUWheUPRUe, VLQce Whe cRUe LV Whe hRWWeVW SaUW Rf Whe chaPbeU aQd OeVV OLNeO\ 

WR ORVe heaW, WhLV ZLOO Oead WR LVRWheUPaO cU\VWaOOLVaWLRQ aQd SURdXce SaUWV ZLWh OaUge VSheUXOLWeV, Lf Whe 

WePSeUaWXUe UePaLQV hLgh aQd Whe cRQdLWLRQV aUe VWabOe. AOWeUQaWLYeO\, a ORZ cRROLQg UaWe ZRXOd faYRXU 

VSheUXOLWLc gURZWh. SPaOOeU SaUWV caQ be bXLOW cORVeU WR Whe VLdeV Rf Whe chaPbeU aV Whe\ aUe OeVV OLNeO\ 

WR be affecWed b\ Whe WePSeUaWXUe SURfLOe dXe WR WheLU VPaOO VL]e. ThLV ZLOO UeVXOW LQ a SaUW ZLWh a XQLfRUP 

PLcURVWUXcWXUe.  

 

The LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV caQ be XVed WR deWeUPLQe Whe cU\VWaOOLVaWLRQ 

PechaQLVPV e[SeULeQced ZLWhLQ Whe SRZdeU bed. BRWh LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ LV 

e[SeULeQced LQ MJF. ThLV LV becaXVe MJF LV QRW SeUfRUPed LQ cRQWUROOed cRQdLWLRQV. The PeOWed SRZdeU 

ZRXOd LQLWLaOO\ cRRO dRZQ TXLcNO\ RYeU a WePSeUaWXUe UaQge VR WhaW aQRWheU Oa\eU caQ be deSRVLWed. ThLV 

LV a QRQ-LVRWheUPaO SURceVV, WheUefRUe Whe cRROLQg UaWe ZRXOd affecW Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe 

aQd cRQVeTXeQWO\ Whe PLcURVWUXcWXUe Rf PA-12. AW a hLgh cRROLQg UaWe, cU\VWaOOLVaWLRQ RccXUV aW ORZeU 

WePSeUaWXUe WheUefRUe Whe VSheUXOLWeV aUe e[SecWed WR be VPaOO aV QXcOeaWLRQ LV faYRXUed. AW a ORZeU 

cRROLQg UaWe, cU\VWaOOLVaWLRQ RccXUV aW hLgheU WePSeUaWXUeV aQd VSheUXOLWLc gURZWh LV faYRXUed. HRZeYeU, 

LVRWheUPaO cU\VWaOOLVaWLRQ cRXOd RccXU afWeU RU aW dLffeUeQW UegLRQV LQ Whe SRZdeU bed. AW ORZeU 

cU\VWaOOLVaWLRQ WePSeUaWXUeV, cU\VWaOOLVaWLRQ LV TXLcNeU aQd QXcOeaWLRQ LV faYRXUed. AW hLgheU 

cU\VWaOOLVaWLRQ WePSeUaWXUeV, cU\VWaOOLVaWLRQ LV ORQgeU aQd VSheUXOLWLc gURZWh LV faYRXUed. TheUefRUe, Whe 

LVRWheUPaO aQd QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ SURceVV ZLOO LQfOXeQce Whe fLQaO SURSeUWLeV Rf Whe 

cRPSRQeQW b\ affecWLQg Whe PLcURVWUXcWXUe. AddLWLRQaOO\, LVRWheUPaO cU\VWaOOLVaWLRQ caQ Oead WR ageLQg 

VLQce PA-12 LV beLQg VXbMecWed WR a hLgh WePSeUaWXUe fRU aQ e[WeQVLYe SeULRd Rf WLPe. The e[WeQW Rf Whe 

ageLQg ZRXOd deSeQd RQ Whe ORcaWLRQ Rf Whe SaUW ZLWhLQ Whe SRZdeU bed chaPbeU aV Whe WePSeUaWXUe 

dLVWULbXWLRQ LV QRQ-XQLfRUP. The cU\VWaOOLVaWLRQ NLQeWLcV caQ heOS WR deWeUPLQe Whe accXUac\ Rf Whe fLQaO 

geRPeWU\ Rf SaUWV ZLWh UeVSecW WR WheLU bXLOd SRVLWLRQ ZLWhLQ Whe SRZdeU bed chaPbeU. The cRROLQg 

PechaQLVPV acURVV Whe bXLOd chaPbeU aUe e[SecWed WR YaU\. ThLV LV becaXVe Whe SRZdeU cORVeVW WR Whe 

VLdeV Rf Whe chaPbeU ZLOO haYe a dLffeUeQW heaWLQg SURfLOe ZheQ cRPSaUed WR SRZdeU ZLWhLQ Whe cRUe Rf 
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Whe chaPbeU. TheUefRUe, a fUaPeZRUN Rf NQRZOedge RQ Whe cU\VWaOOLVaWLRQ NLQeWLcV caQ heOS LdeQWLf\ Zh\ 

cRPSRQeQWV aUe geRPeWULcaOO\ LQaccXUaWe. AQ XQdeUVWaQdLQg Rf Whe heaWLQg SURfLOe aQd Whe cU\VWaOOLVaWLRQ 

behaYLRXU caQ be XVed WR LPSURYe Whe SULQWLQg SURceVV. FRU e[aPSOe, Whe VL]e aQd Whe geRPeWU\ Rf Whe 

SaUW caQ dLcWaWe ZheUe LQ Whe SRZdeU bed chaPbeU Whe SaUW LV bXLOW. LaUgeU aQd PRUe cRPSOe[ SaUWV caQ 

be bXLOW LQ Whe cRUe Rf Whe SRZdeU bed chaPbeU becaXVe WhLV LV ZheUe Whe WePSeUaWXUe dLVWULbXWLRQ LV 

OLNeO\ WR be PRUe XQLfRUP. FXUWheUPRUe, VLQce Whe cRUe LV Whe hRWWeVW SaUW Rf Whe chaPbeU aQd OeVV OLNeO\ 

WR ORVe heaW, WhLV ZLOO Oead WR LVRWheUPaO cU\VWaOOLVaWLRQ aQd SURdXce SaUWV ZLWh OaUge VSheUXOLWeV, Lf Whe 

WePSeUaWXUe UePaLQV hLgh aQd Whe cRQdLWLRQV aUe VWabOe. AOWeUQaWLYeO\, a ORZ cRROLQg UaWe ZRXOd faYRXU 

VSheUXOLWLc gURZWh. SPaOOeU SaUWV caQ be bXLOW cORVeU WR Whe VLdeV Rf Whe chaPbeU aV Whe\ aUe OeVV OLNeO\ 

WR be affecWed b\ Whe WePSeUaWXUe SURfLOe dXe WR WheLU VPaOO VL]e. ThLV ZLOO UeVXOW LQ a SaUW ZLWh a XQLfRUP 

PLcURVWUXcWXUe.  

 

IQ RUdeU WR e[SaQd Whe UeVeaUch LQWR Whe WheUPaO behaYLRXU Rf PA-12 bOeQdV, Whe PA-12 bOeQdV caQ be 

cUeaWed fURP UefUeVhed SRZdeU WhaW ZaV SaUW Rf Whe SRZdeU feedVWRcN Rf MJF PachLQeV. ThLV ZLOO eQabOe 

Whe PeOWLQg aQd cU\VWaOOLVaWLRQ SURSeUWLeV Rf UefUeVhed PA-12/FA aQd PA-12/DA WR be eYaOXaWed. ThLV LV 

UeSUeVeQWaWLYe Rf MJF aQd ZLOO SURYLde aQ LQVLghW LQWR Whe WheUPaO behaYLRXU Rf PA-12 LQ aSSOLcaWLRQ. 

AddLWLRQaOO\, RWheU aQaO\VLV WechQLTXeV VXch aV geO SeUPeaWLRQ chURPaWRgUaSh\ caQ be XVed WR aVVeVV 

chaQgeV LQ PROecXOaU ZeLghW beWZeeQ YLUgLQ SRZdeU, UefUeVhed SRZdeU aQd Uec\cOed SRZdeU. ThLV 

LQfRUPaWLRQ caQ be cRXSOed ZLWh DSC daWa aQd OLQNed WR Whe ageQWV XVed LQ MJF WR deWeUPLQe Whe 

PechaQLVPV WhaW RccXU RQ ageLQg RU Uec\cOLQg.  

 

AM RffeUV Whe abLOLW\ WR cUeaWe cRPSOe[ cRPSRQeQWV, VSecLfLc cRPSRQeQWV, LQ addLWLRQ WR PaQ\ dLffeUeQW 

W\SeV Rf cRPSRQeQWV LQ RQe bXLOd ZLWhRXW Whe Qeed fRU WRROLQg. AddLWLRQaOO\, VXch cRPSRQeQWV aUe 

PaQXfacWXUed UeOaWLYeO\ TXLcNO\ aQd Whe SURSeUWLeV aUe cRPSaUabOe, Lf QRW, e[ceed RWheU PBF WechQLTXeV 

VXch aV SLS. AM WechQLTXeV, VXch aV MJF, haYe a SURPLVLQg fXWXUe WhRXgh PRUe UeVeaUch LV UeTXLUed WR 

XQORcN Whe WUXe SRWeQWLaO.  
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APPENDIX A 
 

 

The effect of HP FXsing Agent and HP Detailing Agent on the thermal properties and 
microstrXctXre of pol\amide-12. 

 

Ke\ZRUdV; SRO\aPLde-12, PXOWL-MeW fXVLRQ, fXVLQg ageQW, deWaLOLQg ageQW, UecU\VWaOOLVaWLRQ. 

 

Abstract: 

MXOWL JeW FXVLRQ (MJF) LV a SURSULeWaU\ addLWLYe PaQXfacWXULQg (AM) WechQLTXe WhaW faOOV LQWR Whe 
VXbcaWegRU\ Rf SRZdeU bed fXVLRQ (PBF). Ke\ WR WhLV WechQLTXe aUe Whe fXVLQg ageQW (FA) aQd deWaLOLQg ageQW 
(DA). TheVe ageQWV ZeUe decRQVWUXcWed LQWR WheLU PaLQ chePLcaO cRQVWLWXeQWV aQd Whe LPSacW Rf WheVe 
cRQVWLWXeQWV RQ Whe WheUPaO aQd chePLcaO SURSeUWLeV, aV ZeOO aV PLcURVWUXcWXUe, Rf SRO\aPLde-12 (PA-12) ZaV 
LQYeVWLgaWed XVLQg dLffeUeQWLaO VcaQQLQg caORULPeWU\ (DSC), FRXULeU TUaQVfRUP IQfUaUed SSecWURVcRS\ (FTIR) 
aQd RSWLcaO PLcURVcRS\. BOeQdV Rf PA-12 aQd FA, DA, ZaWeU, caUbRQ bOacN RU 2-S\UUROLdRQe (2-PYR) aW 
YaU\LQg ZW. % cRPSRVLWLRQV ZeUe SURdXced aQd LW ZaV aSSaUeQW WhaW Whe 2-PYR had a VLgQLfLcaQW LPSacW RQ 
Whe WheUPaO SURSeUWLeV Rf PA-12 YLa LWV acWLRQ aV SOaVWLcLVeU: DSC UeYeaOed a deSUeVVLRQ LQ SRO\PeU gOaVV 
WUaQVLWLRQ WePSeUaWXUe (Tg), Rf XS WR 17 ℃, aQd a deSUeVVLRQ LQ PeOWLQg WePSeUaWXUe, Rf XS WR 10 ℃, ZLWh 
LQcUeaVLQg cRPSRVLWLRQ Rf 2-PYR. MRUeRYeU, Whe cU\VWaOOLVaWLRQ behaYLRXU ZaV aOVR affecWed b\ Whe 2-PYR 
cRPSRQeQW LQ WhaW LWV SUeVeQce decUeaVed Whe VXSeUcRROLQg UeTXLUed fRU Whe RQVeW Rf cU\VWaOOLVaWLRQ. FTIR 
aQaO\VLV UeYeaOed a VPaOO SeaN aW 1690 cP-1 ZhLch ZaV aVVLgQed WR 2-PYR aQd WhLV LQdLcaWed WhaW 2-PYR ZaV 
UeWaLQed LQ Whe PA-12 aQd LQWeUacWed ZLWh Whe SRO\PeU YLa h\dURgeQ bRQdLQg. OSWLcaO PLcURVcRS\ VhRZed 
WhaW Whe 2-PYR cRQVWLWXeQW dLd QRW affecW Whe VSheUXOLWe VL]eV, bXW LQ Whe caVe Rf Whe caUbRQ bOacN cRQVWLWXeQW, 
LW ZaV fRXQd WR be UeMecWed WR Whe LQWeU-VSheUXOLWLc UegLRQV aQd WhLV ZaV cRXSOed ZLWh a QRTabOe UedXcWLRQ LQ 
VSheUXOLWe VL]e.  

 

1.0 Introduction 
 

MXOWL JeW FXVLRQ (MJF) LV a SURSULeWaU\ addLWLYe PaQXfacWXULQg (AM) WechQLTXe WhaW faOOV LQWR Whe VXb 
caWegRU\ Rf SRZdeU bed fXVLRQ (PBF) (1,2). IQ MJF, a WhLQ Oa\eU Rf SRO\PeU SRZdeU LV VSUead RQWR a bXLOd 
SOaWfRUP XVLQg a bOade (3). AQ LQNMeW head VcaQV Whe VXUface WR VeOecWLYeO\ deSRVLW a fXVLQg ageQW (FA) aQd a 
deWaLOLQg ageQW (DA). AQ LQfUaUed OaPS LV WheQ XVed WR LQdXce ORcaOLVed PeOWLQg Rf Whe SRO\PeU SaUWLcOeV LQ 
aUeaV cRQWaLQLQg Whe FA. ThLV SURceVV LV UeSeaWed XQWLO Whe bXLOd LV cRPSOeWe. The deVLgQ fUeedRP RffeUed b\ 
PBF WechQLTXeV, VXch aV MJF, aOORZV fRU Whe fabULcaWLRQ Rf a UaQge Rf cRPSRQeQWV, LQcOXdLQg hLgh SUeVVXUe 
h\dUaXOLc YaOYeV, fXeO WaQNV aQd bLRPedLcaO deYLceV aQd eYeQ cRPSOe[ cRPSRQeQWV VXch aV OaWWLceV aQd 
aX[eWLc VWUXcWXUeV (4±9).  

 

PRO\aPLde-12 (PA-12) LV Whe PRVW cRPPRQ SRO\PeULc PaWeULaO XVed LQ PBF aQd LQ SaUWLcXOaU, MJF (10). PA-
12 LV a VePL-cU\VWaOOLQe WheUPRSOaVWLc SRO\PeU ZLWh gRRd PechaQLcaO aQd Sh\VLcaO SURSeUWLeV. PA-12 
W\SLcaOO\ e[hLbLWV a WeQVLOe VWUeQgWh Rf ~ 49 MPa (11) aQd PeOWV LQ Whe UegLRQ Rf 184 ± 187 ℃. The 
cRPbLQaWLRQ Rf a UeOaWLYeO\ hLgh RQVeW Rf PeOWLQg aQd ORZ RQVeW Rf cU\VWaOOLVaWLRQ SURYLde a ZLde VLQWeULQg 
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ZLQdRZ, ZhLch SUeYeQWV Whe cU\VWaOOLVaWLRQ dXULQg Whe bXLOd aQd RffeUV gUeaWeU cRQWURO Rf Whe VLQWeULQg RU 
fXVLRQ SURceVV (3,12). MRUe UeceQWO\, Whe SRZdeU feedVWRcN PaWeULaO VeOecWLRQ haV e[SaQded WR gOaVV-fLOOed 
PA-12, SRO\aPLde-11 aQd SRO\SURS\OeQe (13±15).   

 

IQ addLWLRQ WR PA-12, Whe FA aQd DA aUe aOVR LPSRUWaQW cRPSRQeQWV LQ Whe bXLOd SURceVV LQ WhaW Whe\ eQabOe 
ORcaOLVed heaWLQg aQd SUeYeQW WheUPaO bOeedLQg RQ Whe SRZdeU bed VXUface, UeVSecWLYeO\ (16). The PaLQ 
dLffeUeQce beWZeeQ Whe WZR ageQWV LV Whe SUeVeQce Rf caUbRQ bOacN ZLWhLQ Whe FA, LQ ZhLch caUbRQ bOacN LV 
XVed aV a UadLaWLRQ abVRUbLQg PaWeULaO WR facLOLWaWe SaUWLcOe PeOWLQg aQd ORZeU Whe SRZdeU bed WePSeUaWXUe 
(16).  

  

PUeYLRXV ZRUN LQ UeOaWLRQ WR Whe chaUacWeULVaWLRQ Rf Whe FA aQd DA LV OLPLWed WR chePLcaO/cRPSRVLWLRQaO 
aQaO\VLV. ReceQW VWXdLeV haYe VhRZQ Whe Ne\ cRQVWLWXeQWV LQcOXde ZaWeU, 2-S\UUROLdRQe (2-PYR), WULeWh\OeQe 
gO\cRO aQd caUbRQ bOacN (RQO\ SUeVeQW ZLWhLQ Whe FA) (3,17). ThRXgh, Whe TXaQWLW\ Rf each RUgaQLc VROYeQW LQ 
Whe FA aQd DA ZaV fRXQd WR dLffeU (17). The LQcUeaVed cRQWeQW Rf ZaWeU SUeVeQW ZLWhLQ Whe DA eQabOeV a 
ORcaOLVed cRROLQg effecW aQd WhLV LQhLbLWV heaW WUaQVfeU RQ Whe SRZdeU bed VXUface (3,17). WheUeaV, ZaWeU LV 
XVed LQ Whe FA WR aOORZ a hRPRgeQeRXV dLVWULbXWLRQ Rf caUbRQ bOacN WR SeQeWUaWe WhURXgh Whe deSRVLWed 
SRZdeU Oa\eU (17). AfWeU ZaWeU, 2-PYR haV beeQ UeSRUWed aV Whe Qe[W abXQdaQW VROYeQW, VaLd WR be LQcOXded 
dXe WR LWV  LQeUW QaWXUe aQd hLgh bRLOLQg SRLQW (251 ႏ) (18). TheUPRgUaYLPeWULc AQaO\VLV (TGA) haV aOVR 
beeQ XVed WR e[SORUe Whe cRPSRVLWLRQ Rf Whe ageQWV (14,17). A UaSLd PaVV ORVV ZaV RbVeUYed fRU bRWh Rf Whe 
ageQWV dXe WR SUeVeQce Rf RUgaQLc VROYeQWV, LQ SaUWLcXOaU, ZaWeU aQd WhLV ZaV UeSRUWed WR be aW WePSeUaWXUeV 
aV ORZ aV 40 ႏ (14,17).  

 

PUeYLRXV ZRUN RQ cRPSRQeQWV fabULcaWed b\ MJF LV dRPLQaWed b\ VWXdLeV WhaW fRcXV RQ Whe PechaQLcaO 
SURSeUWLeV Rf Whe UeVXOWLQg SaUWV, VXch aV PRdXOXV RU WeQVLOe behaYLRXU (4,5,22±25,8,9,11,13,16,19±21), aQd 
Whe fRcXV Rf WheUPRaQaO\WLcaO VWXdLeV LV WR eYaOXaWe Whe WheUPaO hLVWRU\ Rf Whe LWePV (OaUgeO\ aV a PeaQV Rf 
TXaOLW\ cRQWURO). AQaO\VLV XVLQg dLffeUeQWLaO VcaQQLQg caORULPeWU\ (DSC) W\SLcaOO\ UeYeaOV a dRXbOe RU VLQgOe 
PeOWLQg SeaN, ZhLch aUe LQWeUSUeWed aV SaUWLaO RU cRPSOeWe PeOWLQg Rf SRO\PeU SaUWLcOeV dXULQg Whe 
PaQXfacWXULQg SURceVV, UeVSecWLYeO\ (21,24,26,27). OWheU VWXdLeV WhaW LQYeVWLgaWe Whe WheUPaO SURSeUWLeV Rf 
PA-12 LQcOXde chaUacWeULVaWLRQ Rf Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU Rf YLUgLQ aQd Uec\cOed SRZdeU 
XVLQg DSC (25)(16)(3).  

 

CXUUeQW OLWeUaWXUe UeOaWLQg WR MJF LV OLPLWed WR Whe chaUacWeULVaWLRQ Rf Whe WheUPaO SURSeUWLeV Rf YLUgLQ RU 
UefUeVhed PA-12 feedVWRcN PaWeULaO, aQd LQ VRPe LQVWaQceV, Whe VWXd\ Rf Whe cRPSRVLWLRQ Rf Whe FA aQd DA 
V\VWePV. HRZeYeU, Whe effecW Rf Whe FA aQd DA, aQd WheLU cRQVWLWXeQW cRPSRQeQWV RQ Whe WheUPaO SURSeUWLeV 
VXch aV PeOWLQg aQd UecU\VWaOOLVaWLRQ Rf PA-12 LV OLPLWed. TheUefRUe, LQ WhLV VWXd\, Whe FA aQd DA V\VWePV 
ZeUe decRQVWUXcWed LQWR WheLU SULPaU\ chePLcaO cRQVWLWXeQWV aQd bOeQdV Rf PA-12/caUbRQ bOacN, PA-12/ZaWeU, 
PA-12/2-PYR aQd PA-12/2-PYR/ZaWeU ZeUe cUeaWed. TheVe bOeQdV ZeUe chaUacWeULVed XVLQg DSC, LQfUaUed 
VSecWURVcRS\ aQd RSWLcaO PLcURVcRS\ LQ RUdeU WR XQdeUVWaQd Whe effecW Rf WheVe FA aQd DA V\VWeP 
cRQVWLWXeQWV RQ Whe WheUPaO behaYLRXU aQd PLcURVWUXcWXUe Rf PA-12. 
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 2.0 Materials, e[perimental methods, and techniqXes. 

 

  2.1 Materials 

AOO PaWeULaOV ZeUe SURYLded b\ MTC (CRYeQWU\, UK) aQd XVed aV UeceLYed. TheVe ZeUe SURSULeWaU\ HeZeWW 
PacNaUd (HP) PaWeULaOV. NaPeO\, HP 3D HLgh ReXVabLOLW\ PA-12 SRZdeU, b\ WUade QaPe V1R10SeULeV, Whe 
fXVLQg ageQW (FA), b\ WUade QaPe V1Q63SeULeV, aQd Whe deWaLOLQg ageQW (DA), b\ WUade QaPe V1Q64SeULeV.  
AddLWLRQaOO\, 2-S\UUROLdRQe (CAS 616-45-5) (2-PYR) ZaV VXSSOLed b\ MeUcN (DaUPVWadW, GeUPaQ\). The 
PA-12 SRO\PeU e[hLbLWed a gOaVV WUaQVLWLRQ WePSeUaWXUe (Tg), SeaN PeOWLQg WePSeUaWXUe (TP) aQd 
cU\VWaOOLVaWLRQ WePSeUaWXUe (Tc) Rf 50.37, 187.20 aQd 148.3 qC, UeVSecWLYeO\ (deWeUPLQed aV SeU VecWLRQ 2.3). 
FXUWheUPRUe, Whe aYeUage eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ ZeUe 105.3 J/g aQd 50.3 %. TheVe 
PeaVXUed YaOXeV ZeUe cRPSaUabOe WR WhRVe UeSRUWed eOVeZheUe. (16).  

 

 2.2. Sample preparation 

BOeQdV Rf PA12/FA aQd PA12/DA ZeUe SUeSaUed YLa dLVSeUVLRQ Rf Whe OLTXLd FA (aQd DA) LQWR Whe PA-12 
SRZdeU. The fROORZLQg cRPSRVLWLRQV ZeUe SURdXced, 1, 5, 10 aQd 20 ZW.% FA (RU DA). TheVe OLTXLd 
dLVSeUVLRQV ZeUe deVLgQaWed aV OLTXLd-VROLd dLVSeUVLRQV. The FA aQd DA cRQWaLQ a OaUge SURSRUWLRQ Rf ZaWeU 
(17), VR WR dU\ Whe bOeQdV, Whe\ ZeUe VWRUed LQ a deVLccaWRU ZLWh VLOLca geO aQd ZeLghed SeULRdLcaOO\ XQWLO Whe 
ZeLghW ZaV cRQVWaQW. The XVe Rf heaW LQ Whe dU\LQg SURceVV ZaV aYRLded WR OLPLW Whe e[WeQW WR ZhLch h\dURO\VLV 
cRXOd RccXU RQ heaWLQg. TR YeULf\ WhaW aQ\ UeVLdXaO ZaWeU LQ Whe PA-12 bOeQd cRPSRQeQW ZaV QRW degUadLQg 
Whe SRO\PeU dXULQg WheUPaO aQaO\VLV, ZaWeU ZaV added WR PA-12 LQ YaU\LQg TXaQWLWLeV, WheQ dULed aV abRYe, 
aQd Whe PeOWLQg UegLRQ UecRUded XVLQg dLffeUeQWLaO VcaQQLQg caORULPeWU\.  

 

TR LVROaWe Whe effecW Rf Whe caUbRQ bOacN cRQVWLWXeQW, Whe FA ZaV aOORZed WR eYaSRUaWe LQ a fXPe cXSbRaUd fRU 
48 hUV. The caUbRQ bOacN ZaV fRXQd WR be SUeVeQW aW a cRQceQWUaWLRQ Rf 0.586 g/PL. The UecRYeUed caUbRQ 
bOacN ZaV WheQ PL[ed ZLWh Whe PA-12 SRZdeU WR SURdXce bOeQdV. The caUbRQ bOacN ZaV added LQ TXaQWLWLeV 
WhaW ZRXOd \LeOd Whe VaPe ZW.% caUbRQ bOacN cRPSRVLWLRQV aV LQ Whe FA bOeQdV L.e.  1, 5, 10 aQd 20 ZW.% 
caUbRQ bOacN. TheVe bOeQdV ZeUe deVLgQaWed VROLd-VROLd dLVSeUVLRQV aQd ZeUe VWRUed LQ a deVLccaWRU ZLWh 
VLOLca geO XQWLO UeTXLUed. ThLV cRPSRVLWLRQ UaQge ZaV  LQ accRUdaQce ZLWh RWheU UeSRUWed cRPSRVLWLRQV, ZheUe 
LQ SUeYLRXV VWXdLeV, AM cRPSRQeQWV ZeUe fabULcaWed aW YaU\LQg cRPSRVLWLRQV LQ Whe UaQge 1-10 ZW.% caUbRQ 
bOacN LQ PA-12 (28,29).  

 

BOeQdV Rf PA-12/2-PYR ZeUe aOVR cUeaWed, LQ ZhLch OLTXLd 2-PYR ZaV added WR PA-12 LQ cRPSRVLWLRQV 
ZLWhLQ Whe UaQge Rf 0.10 ± 8.72 ZW.% 2-PYR, WhLV ZaV LQ SURSRUWLRQ WR Whe TXaQWLW\ Rf 2-PYR SUeVeQW ZLWhLQ 
Whe PA-12/FA aQd PA-12/DA bOeQdV. AOVR, WR aVVeVV Whe effecW Rf aQ\ LQWeUacWLRQ beWZeeQ ZaWeU aQd 2-PYR, 
WhUee-cRPSRQeQW bOeQdV ZeUe SURdXced WhaW ZeUe cRPSRVLWLRQaOO\ LdeQWLcaO WR WhaW LQ Whe FA aQd DA.  TheVe 
bOeQdV ZeUe cUeaWed fURP a dLffeUeQW baWch Rf PA-12 SRZdeU (HP 3D HLgh ReXVabLOLW\ PA-12 SRZdeU). The 
WheUPaO SURSeUWLeV Rf WhLV baWch ZeUe eYaOXaWed aQd Whe PeOWLQg aQd UecU\VWaOOLVaWLRQ behaYLRXU ZaV 
cRPSaUabOe WR PA-12. HRZeYeU, a ORZeU degUee Rf cU\VWaOOLQLW\ RQ heaW 1 aQd cRRO 1 RbVeUYed. The degUee Rf 
cU\VWaOOLQLW\ RQ heaW 1 aQd cRRO 1 ZeUe 41.9 aQd 23.6 %. AOO cRPSRVLWLRQV aUe UeSRUWed LQ TabOe 1.  

 

Table 1 Summary of blends and blend compositions. 

Blend Composition 
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PA-12/carbon black 1, 5, 10, 20 wt.% carbon black 
PA-12/FA 1, 5, 10, 20 wt.% FA 
PA-12/DA 1, 5, 10, 20 wt.% DA 
PA-12/water 5.2, 26.9, 56.9, 127.9 ߤL 
PA-12/2-PYR 0.10, 0.38, 0.50, 1.05, 1.97, 2.33, 4.07, 8.72 wt.% 2-PYR 
PA-12/2-PYR/water (FA) 0.38, 1.97, 4.07, 8.72 wt.% 2-PYR 
PA-12/2-PYR/water (DA) 0.10, 0.50, 1.05, 2.33 wt.% 2-PYR 

 

 2.3 Thermal anal\sis 

A MeWWOeU TROedR DSC 1 (MeWWOeU-TROedR, GUeLfeQVee, SZLW]eUOaQd), caOLbUaWed ZLWh LQdLXP aQd ]LQc 
VWaQdaUdV, ZaV XVed WR UecRUd Whe WheUPaO UeVSRQVe Rf Whe PA-12 SRZdeU aQd Whe bOeQdV deVcULbed LQ VecWLRQ 
2.2 (39). A VWaQdaUd SURcedXUe ZaV adRSWed LQ ZhLch Whe VaPSOeV ZeUe ZeLghed LQWR 40 ȝL aOXPLQLXP DSC 
SaQV VeaOed ZLWh aOXPLQLXP DSC OLdV (39). SaPSOeV PaVVeV ZeUe LQ Whe UegLRQ Rf 6 r 0.5 Pg. AOO e[SeULPeQWV 
ZeUe caUULed RXW XQdeU QLWURgeQ VXSSOLed aW a fORZ UaWe Rf 50 PL/PLQ (39). SaPSOeV ZeUe heaWed fURP 25 WR 
220 qC aW 10 qC/PLQ aQd Whe gOaVV WUaQVLWLRQ WePSeUaWXUe, SeaN PeOWLQg WePSeUaWXUe, OaVW WUace Rf cU\VWaOOLQLW\ 
aQd Whe heaW Rf fXVLRQ ZeUe deWeUPLQed fURP Whe gOaVV WUaQVLWLRQ UegLRQ aQd Whe PeOWLQg UegLRQ. PULRU WR 
cRROLQg, VaPSOeV ZeUe VWRUed aW Whe XSSeU LVRWheUP fRU a SeULRd Rf WZR PLQXWeV WR eQVXUe cRPSOeWe PeOWLQg 
aQd eOLPLQaWe UeVLdXaO cU\VWaOV, Whe\ ZeUe WheQ cRROed WR 25 qC aW 10 qC/PLQ. The RQVeW cU\VWaOOLVaWLRQ 
WePSeUaWXUe, SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe aQd Whe heaW Rf cU\VWaOOLVaWLRQ ZeUe deWeUPLQed fURP Whe 
cU\VWaOOLVaWLRQ UegLRQ. FRU WhLV VWXd\, Whe fLUVW heaWLQg UXQ ZaV XVed WR eYaOXaWe Whe WheUPaO hLVWRU\ Rf Whe 
bOeQd SUeSaUaWLRQ SURceVV. 

 

The degUee Rf cU\VWaOOLQLW\ ZaV deWeUPLQed XVLQg Whe eQWhaOS\ Rf fXVLRQ fRU 100 % cU\VWaOOLQe PA-12, ∆𝐻௙
ଵ଴଴% 

= 209.3 J/g (3). WheUe Xc LV Whe degUee Rf cU\VWaOOLQLW\, ∆𝐻௙ LV Whe eQWhaOS\ Rf fXVLRQ, ∆𝐻௙
ଵ଴଴% LV Whe eQWhaOS\ 

Rf fXVLRQ fRU a 100 % cU\VWaOOLQe SRO\PeU aQd f Lf Whe fLOOeU ZeLghW SeUceQWage (30). 

 

𝑋஼ ൌ ቆ
∆𝐻௙

 ∆𝐻௙
ଵ଴଴%ሺ1 െ 𝑓ሻ

ቇ ൈ 100 

 

 

 2.4. Optical microscop\ 

MLcURgUaShV Rf UecU\VWaOOLVed PA-12 aQd PA-12 bOeQdV ZeUe caSWXUed aW a PagQLfLcaWLRQ Rf 500[. SaPSOeV 
ZeUe SUeSaUed b\ VSUeadLQg ~1 𝑚𝑔 Rf PA-12 SRZdeU aQd PA-12 SRZdeU bOeQdV (aV deVcULbed LQ VecWLRQ 2.2) 
beWZeeQ 2 cLUcXOaU gOaVV dLVcV (dLaPeWeU 16PP). TheVe ZeUe SOaced LQ a LLQNaP THMS600 hRW-VWage 
cRQWUROOed b\ a LLQNaP LK600 cRQWUROOeU. The hRW-VWage ZaV PRXQWed RQ a LeLW] RSWLcaO PLcURVcRSe. DLgLWaO 
LPageV ZeUe caSWXUed XVLQg a PL[eOLQN dLgLWaO caPeUa. SaPSOeV ZeUe heaWed WR 220 qC aQd VWRUed aW aQ XSSeU 
LVRWheUP Rf 220 qC fRU WZR PLQXWeV SULRU WR cRROLQg bacN WR 25 qC aW a UaWe Rf 0.5 qC/PLQ.  
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 2.5 Infrared Spectroscop\ (FTIR) 

A NLcROeW 8700 aWWached ZLWh aQ aWWeQXaWed WRWaO UefOecWLRQ (ATR) acceVVRU\ ZaV XVed WR UecRUd VSecWUa Rf 
PA-12 aQd PA-12 bOeQdV LQ VROLd fRUP e[WUacWed fURP Whe DSC aOXPLQLXP SaQV. The VSecWUa ZeUe UecRUded 
ZLWhLQ Whe ZaYeQXPbeU UaQge Rf 400 ± 4000 cP-1. TR defLQe SeaN SRVLWLRQ aQd LPSURYe Whe VLgQaO TXaOLW\, 
each VaPSOe ZaV VXbMecWed WR 250 VcaQV aW UeVROXWLRQ Rf 2 cP-1.  

 

3.0 ResXlts  

 

3.1 The effect of the FA, DA and their chemical constitXents on the thermal properties of 
PA-12. 

 

IQ Whe PA-12/FA aQd PA-12/DA bOeQdV, Whe FA aQd DA had a VLgQLfLcaQW LPSacW RQ Whe WheUPaO SURSeUWLeV Rf 
PA-12 SRZdeU LQ WhaW a deSUeVVLRQ LQ gOaVV WUaQVLWLRQ WePSeUaWXUe aQd SeaN PeOWLQg WePSeUaWXUe ZeUe 
RbVeUYed ZLWh LQcUeaVLQg cRQWeQW Rf FA aQd DA. ThLV LV LOOXVWUaWed LQ FLgV. 1a, 1b, 2a aQd 2b. FXUWheUPRUe, 
Whe RQVeW Rf PeOWLQg aQd OaVW WUace Rf cU\VWaOOLQLW\ aOVR VhLfWed WR ORZeU WePSeUaWXUeV ZLWh LQcUeaVLQg cRQWeQW 
Rf FA aQd DA. The eQWhaOS\ Rf fXVLRQ (aQd degUee Rf cU\VWaOOLQLW\) LQcUeaVed ZLWh LQcUeaVLQg FA cRQWeQW. 
WheUeaV, LQ Whe PA-12/DA bOeQd Whe eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ UePaLQed cRQVWaQW aQd 
ZeUe XQaffecWed b\ Whe addLWLRQ Rf DA. 

 

The cU\VWaOOLVaWLRQ behaYLRXU dLVSOa\ed a PRUe cRPSOe[ SaWWeUQ. IQ Whe PA-12/FA bOeQdV (FLg. 1c), UedXced 
TXaQWLWLeV Rf FA (1 aQd 5 ZW.% FA) VhLfWed Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe WR VOLghWO\ hLgheU 
WePSeUaWXUeV cRPSaUed WR Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12. HRZeYeU, fRU hLgheU cRPSRVLWLRQV 
Rf FA (10 aQd 20 ZW.% FA) Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe VhLfWed WR ORZeU WePSeUaWXUeV. The RQVeW Rf 
cU\VWaOOLVaWLRQ aOVR fROORZed Whe VaPe WUeQd. IQ Whe PA-12/DA bOeQdV (FLg. 2c), Whe cU\VWaOOLVaWLRQ behaYLRXU 
dLffeUed LQ WhaW LQcUeaVLQg Whe DA cRQWeQW caXVed Whe RQVeW aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe WR VhLfW WR 
ORZeU WePSeUaWXUeV cRPSaUed WR Whe SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe Rf PA-12. AOVR, Whe eQWhaOS\ Rf 
cU\VWaOOLVaWLRQ LQcUeaVed ZLWh LQcUeaVLQg cRQWeQW Rf FA. WheUeaV, LQ Whe PA-12/DA bOeQd, Whe eQWhaOS\ Rf 
cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ UePaLQed cRQVWaQW aQd ZeUe XQaffecWed b\ Whe addLWLRQ Rf DA. 

 

IQ Whe PA-12/caUbRQ bOacN bOeQd V\VWeP, Whe WheUPaO behaYLRXU ZaV OaUgeO\ XQaffecWed b\ Whe caUbRQ bOacN 
cRQWeQW, aV dLVSOa\ed LQ FLg, 3 aQd 4, bXW Whe eQWhaOS\ Rf fXVLRQ (aQd degUee Rf cU\VWaOOLQLW\) deWeUPLQed fURP 
Whe fLUVW heaW LQ Whe DSC LQcUeaVed ZLWh LQcUeaVLQg caUbRQ bOacN. HRZeYeU, RQ UeheaWLQg, QR VXch LQcUeaVe 
ZaV RbVeUYed. IQ Whe PA-12 aQd ZaWeU VaPSOeV, Whe WheUPaO behaYLRXU VXch aV Whe gOaVV WUaQVLWLRQ 
WePSeUaWXUe, PeOWLQg WePSeUaWXUe (SeaN aQd OaVW WUace) aQd cU\VWaOOLVaWLRQ WePSeUaWXUeV (RQVeW aQd SeaN) ZeUe 
XQaffecWed b\ Whe addLWLRQ Rf ZaWeU. AOVR, Whe eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ ZeUe aOVR 
XQaffecWed b\ Whe addLWLRQ Rf ZaWeU. ThLV VXggeVWV WhaW aQ\ UeVLdXaO ZaWeU ZaV QRW degUadLQg Whe VaPSOe.  

 

IQ PA-12/2-PYR bOeQdV, Whe 2-PYR had a VLgQLfLcaQW LPSacW RQ Whe WheUPaO SURSeUWLeV Rf PA-12 SRZdeU LQ 
WhaW a deSUeVVLRQ LQ gOaVV WUaQVLWLRQ WePSeUaWXUe aQd SeaN PeOWLQg WePSeUaWXUe ZaV RbVeUYed fRU LQcUeaVLQg 
cRQWeQW Rf 2-PYR. FXUWheUPRUe, Whe RQVeW Rf PeOWLQg aQd OaVW WUace Rf cU\VWaOOLQLW\ aOVR VhLfWed WR ORZeU 
WePSeUaWXUeV ZLWh LQcUeaVLQg cRQWeQW Rf 2-PYR, aV dLVSOa\ed LQ FLg. 3. The eQWhaOS\ Rf fXVLRQ aQd degUee Rf 
cU\VWaOOLQLW\ UePaLQed cRQVWaQW aQd ZeUe XQaffecWed b\ Whe LQcUeaVLQg cRQWeQW Rf 2-PYR. RegaUdLQg 
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cU\VWaOOLVaWLRQ, WheUe ZaV a decUeaVe LQ RQVeW aQd SeaN cU\VWaOOLVaWLRQ WePSeUaWXUe ZLWh LQcUeaVLQg 
cRPSRVLWLRQ Rf 2-PYR, aV dLVSOa\ed LQ FLg. 4. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ ZeUe 
XQaffecWed b\ Whe addLWLRQ Rf 2-PYR. IQ Whe PA-12/2-PYR/ZaWeU bOeQdV, Whe cRPbLQed effecW Rf 2-PYR aQd 
ZaWeU RQ Whe WheUPaO SURSeUWLeV Rf PA-12 ZaV LQYeVWLgaWed. DeVSLWe Whe UaWLR Rf 2-PYR aQd ZaWeU SUeVeQW LQ 
Whe FA aQd DA beLQg dLffeUeQW, Whe WUeQdV RbVeUYed LQ each bOeQd VXbcaWegRU\ ZeUe VLPLOaU, aV dLVSOa\ed LQ 
FLg, 3 aQd 4. A deSUeVVLRQ LQ gOaVV WUaQVLWLRQ WePSeUaWXUe aQd SeaN PeOWLQg WePSeUaWXUe ZaV RbVeUYed. The 
eQWhaOS\ Rf fXVLRQ aQd degUee Rf cU\VWaOOLQLW\ UePaLQed cRQVWaQW aQd ZaV XQaffecWed b\ Whe addLWLRQ Rf 2-
PYR aQd ZaWeU. The cU\VWaOOLVaWLRQ behaYLRXU dLVSOa\ed a decUeaVe LQ RQVeW aQd SeaN cU\VWaOOLVaWLRQ 
WePSeUaWXUe. The eQWhaOS\ Rf cU\VWaOOLVaWLRQ aQd degUee Rf cU\VWaOOLQLW\ ZeUe XQaffecWed.  
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Figure 1 (a) Glass transition region (b) melting region (c) crystallization region of PA-12/FA blends, using a 
heating and cooling rate of 10 K/min. 
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Figure 2 (a) Glass transition region (b) melting region (c) crystallization region of PA-12/DA blends, using a 
heating and cooling rate of 10 K/min. 
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Figure 3 Deconstruction of the FA and DA into key constituents and their influence on the melting temperature 
on PA-12, using a heating rate of 10 ℃/min. Where CB is carbon black, 2-PYR is 2-pyrrolidone and 2-PYR (w) 

is 2-pyrrolidone and water blend.  
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Figure 4 Deconstruction of the FA and DA into key constituents and their influence on the crystallisation 
temperature on PA-12, using a cooling rate of 10 ℃/min. Where CB is carbon black, 2-PYR is 2-pyrrolidone 

and 2-PYR (w) is 2-pyrrolidone and water blend. 

 

3.2 The effect of the FA, DA and 2-PYR on the microstrXctXre of PA-12. 
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12 b\ cRROLQg VeOecWed bOeQdV fURP Whe PeOW WR URRP WePSeUaWXUe XVLQg a cRQWUROOed cRROLQg UaWe Rf 0.5 
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UeMecWed LQWR Whe LQWeU-VSheUXOLWLc UegLRQV. ThLV haV beeQ RbVeUYed SUeYLRXVO\ b\ C. AbbRWW eW aO (31). 
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ZW.% caUbRQ bOacN bOeQd, Whe VSheUXOLWe VL]e decUeaVed LQ cRPSaULVRQ WR PA-12. The PLcURVWUXcWXUe Rf 0.38 
aQd 8.72 ZW.% 2-PYR bOeQdV aUe dLVSOa\ed LQ FLg. 5h aQd 5L. IQ Whe 0.38 ZW.% 2-PYR bOeQd, Whe VSheUXOLWe 
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VL]e ZaV cRPSaUabOe WR PA-12. IQ Whe 8.72 ZW.% 2-PYR bOeQd, Whe VSheUXOLWe VL]e UedXced VOLghWO\, hRZeYeU 
WhLV ZaV LQVLgQLfLcaQW LQ cRPSaULVRQ WR Whe UedXcWLRQ LQ VSheUXOLWe VL]e caXVed b\ Whe FA, WheUefRUe, VhRZLQg 
Whe FA had a gUeaWeU LPSacW RQ VSheUXOLWe VL]e WhaQ 2-PYR.  

 

 

Figure 5 Optical micrographs at a magnification of 500 x of PA-12 and PA-12 blends, a) PA-12, b) 1 wt.% FA, 
c) 20 wt.% FA, d) 1 wt.% DA, e) 20 wt.% DA, f)1 wt.% carbon black, g) 20 wt.% carbon black, h) 0.38 wt.% 2-
PYR i) 8.72 wt.% 2-PYR. Scale bar to 50 ߤm. 

 

 3.3 The effect of blend composition on the N-H stretch and C=O stretch of PA-12. 
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a b c

ed

gf

ih



 

278 
 

SaUW PaQXfacWXUed b\ MJF (11,13). IQ SRO\aPLdeV, Whe N-H PRLeW\ (abVRUbaQce baQd 3100 ± 3500 cP-1) caQ 
SaUWLcLSaWe LQ h\dURgeQ bRQdLQg ZLWh Whe C=O PRLeW\ (abVRUbaQce baQd 1590 ± 1670 cP-1) (32,33), bXW Whe 
SUeVeQce Rf RWheU PROecXOaU VSecLeV ZLWhLQ Whe SRO\PeU caQ dLVUXSW WhLV LQWeUacWLRQ aQd caXVe Whe SeaNV WR 
VhLfW. AV dLVSOa\ed LQ FLg. 7, Whe SeaN ZaYeQXPbeU fRU Whe N-H baQd YaULed beWZeeQ Whe bOeQdV. IQ Whe PA-
12/FA aQd PA-12/DA bOeQdV, Whe N-H SeaN YaULed XQV\VWePaWLcaOO\ ZLWh Whe cRPSRVLWLRQ Rf FA aQd DA. 
ThLV VXggeVWV VRPe fRUP Rf LQWeUacWLRQ beWZeeQ Whe cRQVWLWXeQWV Rf Whe FA aQd DA ZLWh Whe PA-12. ThLV ZaV 
aOVR WUXe LQ Whe PA-12/2-PYR bOeQdV, ZheUe a VhLfW LQ SeaN ZaYeQXPbeU ZaV RbVeUYed. ThLV VXggeVWV Whe 2-
PYR cRPSRQeQW (cRPPRQ WR Whe FA aQd DA) caXVed Whe VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H baQd b\ 
LQWeUacWLQg ZLWh PA-12. SLPLOaUO\, WhLV ZaV aOVR RbVeUYed LQ Whe PA-12/2-PYR/ZaWeU bOeQdV. IQ Whe PA-
12/caUbRQ bOacN aQd PA-12/ZaWeU bOeQdV, QR VLgQLfLcaQW VhLfW LQ SeaN ZaYeQXPbeU ZaV RbVeUYed.  

A VWURQg SeaN UeVePbOLQg Whe C=O VWUeWch aW ~1634 cP-1 ZaV SUeVeQW LQ aOO VSecWUa aQd LV dLVSOa\ed fRU 
VeOecWed bOeQdV LQ FLg. 8. HRZeYeU, LQ Whe PA-12/2-PYR bOeQdV (LQ SaUWLcXOaU, aW 8.72 ZW.% 2-PYR), a VPaOO 
aQd ZLde SeaN aW ~1690 cP-1 ZaV RbVeUYed aQd LQcUeaVed ZLWh 2-PYR cRPSRVLWLRQ, LOOXVWUaWed b\ Whe 
XSZaUdV aUURZ LQ FLg. 8. ThLV ZaV aOVR RbVeUYed fRU LQ Whe 20 ZW.% FA bOeQd, WhRXgh Whe aSSeaUaQce Rf Whe 
baQd ZaV dLVWRUWed aQd ZeaN, dXe WR Whe SUeVeQce Rf caUbRQ bOacN ZLWhLQ FA. The VPaOO aQd ZLde SeaN aW 
~1690 cP-1 ZaV aVVLgQed WR Whe aPLde-I baQd (C=O VWUeWch) Rf 2-PYR. IQ RWheU FTIR VWXdLeV RQ 2-PYR LQ 
CCO4 VROXWLRQ, a VWURQg QaUURZ baQd aW 1699 cP-1 ZaV aVVLgQed WR Whe aPLde-I baQd (Whe C=O VWUeWch) Rf 2-
PYR (34).  

 

 

 

Figure 6 FTIR spectra of PA-12, PA-12/FA, PA-12/DA, PA-12/2-PYR and PA-12/2-PYR/water blends at 
varying compositions of FA, DA, 2-PYR and water. All recorded spectra were normalised to the same baseline. 

Where FA is Fusing Agent, DA is Detailing Agents, 2-PYR is 2-pyrrolidone and 2-PYR (w) is 2-pyrrolidone 
and water. 
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Figure 7 Bar chart showing the peak wavenumber of the N-H stretch for blends exhibiting a shift in peak 
wavenumber, when compared to the peak wavenumber of PA-12. Where FA is the Fusing Agent, DA is the 

Detailing Agent, 2-PYR is 2-pyrrolidone and 2-PYR (w) is 2-pyrrolidone and water. 

 

 

Figure 8  FTIR spectra of PA-12, PA-12/2-PYR, PA-12/FA and PA-12/DA blends showing the carbonyl (C=O) 
stretch at 1635 cm-1.  The upwards arrow indicates a peak at 1690 cm-1 that increased with composition of 2-
PYR. All recorded spectra were normalised to the same baseline. Where FA is the Fusing Agent, DA is the 

Detailing Agent and 2-PYR is 2-pyrrolidone. 
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4.0 DiscXssion 

 

The FA aQd DA aUe cRPSRVed Rf ZaWeU, 2-PYR aQd caUbRQ bOacN, aQd LQ WhLV VWXd\, Whe FA aQd DA ZeUe 
decRQVWUXcWed LQWR WheLU chePLcaO cRQVWLWXeQWV aQd bOeQdV Rf PA-12/caUbRQ bOacN, PA-12/ZaWeU, PA-12/2-
PYR aQd PA-12/2-PYR/ZaWeU ZeUe cUeaWed. The bOeQdV ZeUe chaUacWeULVed XVLQg DSC, FTIR aQd RSWLcaO 
PLcURVcRS\ WR XQdeUVWaQd Whe effecW Rf WheVe cRQVWLWXeQWV RQ Whe WheUPaO aQd PLcURVWUXcWXUaO chaUacWeULVWLcV 
Rf PA-12.  

 

IQ Whe PA-12/FA aQd PA-12/DA bOeQdV, Whe FA aQd DA had a VLgQLfLcaQW effecW RQ Whe WheUPaO behaYLRXU Rf 
PA-12 LQ WhaW a deSUeVVLRQ LQ bRWh Whe gOaVV WUaQVLWLRQ WePSeUaWXUe aQd PeOWLQg WePSeUaWXUe ZeUe RbVeUYed 
RQ fLUVW heaWLQg. ThLV ZaV aOVR WUXe LQ Whe PA-12/2-PYR bOeQdV aQd VXggeVWV WhaW Whe 2-PYR cRPSRQeQW 
(cRPPRQ WR Whe FA aQd DA) ZaV behaYLQg aV a SOaVWLcL]eU WhaW PRbLOLVed Whe aPRUShRXV ShaVe beORZ Tg aQd 
SURPRWed Whe PeOWLQg Rf Whe cU\VWaOOLQe ShaVe. 

 

IQ Whe PA-12/FA bOeQd V\VWeP (cRQWaLQLQg bRWh 2-PYR aQd caUbRQ bOacN), Whe degUee Rf cU\VWaOOLQLW\ 
(deWeUPLQed fURP Whe fLUVW heaWLQg) ZaV fRXQd WR LQcUeaVe ZLWh LQcUeaVLQg FA cRQWeQW. ThLV LV cRQVLVWeQW ZLWh 
Whe acWLRQ Rf 2-PYR UeVXOWLQg LQ LQcUeaVed SRO\PeU chaLQ PRbLOLW\ aQd WheUeb\ facLOLWaWLQg Whe cU\VWaOOLVaWLRQ 
SURceVV. HRZeYeU, WhLV ZaV QRW RbVeUYed LQ Whe PA-12/DA bOeQd, ZheUe Whe DA dReV QRW cRQWaLQ caUbRQ 
bOacN aQd aOVR cRQWaLQV OeVV 2-PYR. IQ UeOaWLRQ WR MJF, aQ LQcUeaVe LQ Whe degUee Rf cU\VWaOOLQLW\ (deWeUPLQed 
fURP Whe eQWhaOS\ Rf fXVLRQ) Rf Whe UefUeVhed SRZdeU haV aOVR beeQ OLQNed WR Whe SUeVeQce Rf UeVLdXaO 
LPSXULWLeV fURP Whe DA acWLQg WR SURPRWe QXcOeaWLRQ. (25).  

 

The FA aQd DA aOVR LQfOXeQced Whe UecU\VWaOOLVaWLRQ behaYLRXU Rf PA-12 LQ WhaW Whe VXSeUcRROLQg 
cRUUeVSRQdLQg WR Whe RQVeW Rf Whe UecU\VWaOOLVaWLRQ SURceVV decUeaVed ZLWh LQcUeaVLQg FA aQd DA. ThLV 
VXggeVWV WhaW Whe FA aQd DA aUe facLOLWaWLQg Whe QXcOeaWLRQ SURceVV LQ PA-12. The 2-PYR ZaV fRXQd WR caXVe 
a VLPLOaU effecW, bXW RQO\ ZheQ Whe SURSRUWLRQ Rf 2-PYR Ueached > 4 ZW.%. WhLOe LW LV QRWed WhaW caUbRQ bOacN 
haV SUeYLRXVO\ beeQ fRXQd WR be acWLQg aV a QXcOeaWLQg ageQW ZheUe aQ LQcUeaVe LQ SeaN cU\VWaOOLVaWLRQ 
WePSeUaWXUe ZaV aOVR UeSRUWed fRU LQMecWLRQ PRXOded SRO\aPLde/caUbRQ bOacN cRPSRVLWeV (29), QR decUeaVe 
LQ Whe RQVeW VXSeUcRROLQg fRU Whe PA-12/CB bOeQdV ZaV RbVeUYed, aQd \eW, RSWLcaO PLcURVcRS\ VhRZed WhaW 
caUbRQ bOacN ZaV fRXQd WR OLPLW Whe VSheUXOLWe VL]e. ThLV RbVeUYaWLRQ ZRXOd VXSSRUW LWV SRVVLbOe UROe aV a 
QXcOeaWLQg ageQW. 

 

SWXdLeV haYe SUeYLRXVO\ UeSRUWed WhaW LQ addLWLRQ WR 2-PYR, ZaWeU LV a PaMRU cRQVWLWXeQW Rf Whe FA aQd DA: 
ZaWeU LV SUeVeQW LQ 65% aQd 83 % aQd 2-PYR LV SUeVeQW LQ 18.7% aQd 3.7 % LQ Whe FA aQd DA, UeVSecWLYeO\ 
(17). FXUWheUPRUe, ZaWeU aQd 2-PYR aUe NQRZQ WR LQWeUacW YLa h\dURgeQ bRQdLQg. ThLV LQWeUacWLRQ aULVeV 
fURP Whe NH aQd C=O gURXSV WhaW aUe SUeVeQW LQ 2-PYR ZhLch acW aV a SURWRQ dRQRU aQd acceSWRU gURXSV, 
UeVSecWLYeO\ (35±37). DeVSLWe Whe SRWeQWLaO fRU LQWeUacWLRQ beWZeeQ ZaWeU aQd 2-PYR, Whe WheUPaO UeVSRQVe 
Rf Whe PA-12/2-PYR/ZaWeU bOeQdV ZaV cRPSaUabOe WR WhaW Rf Whe PA-12/2-PYR bOeQd V\VWeP LQdLcaWLQg WhaW 
Whe effecW Rf Whe 2-PYR ZaV QRW PRdeUaWed b\ Whe addLWLRQ Rf ZaWeU.  

 

IQ WeUPV Rf Whe PLcURVWUXcWXUe, LQ Whe PA-12/FA bOeQdV, Whe caUbRQ bOacN ZaV OaUgeO\ UeMecWed WR Whe 
LQWeUVSheUXOLWLc UegLRQV aQd Whe VSheUXOLWe VL]e ZaV VLgQLfLcaQWO\ UedXced b\ Whe FA aW cRPSRVLWLRQV Rf 1 aQd 
20 ZW.% FA. SLPLOaU behaYLRXU ZaV RbVeUYed LQ Whe PA-12/caUbRQ bOacN bOeQdV. ThLV agaLQ VXggeVWV WhaW 
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caUbRQ bOacN LV caSabOe Rf acWLQg aV a QXcOeaWLQg ageQW, bXW aOWeUQaWLYeO\, Whe VegUegaWLRQ Rf Whe caUbRQ bOacN 
Pa\ LPSede Whe UadLaO gURZWh Rf Whe VSheUXOLWeV. WheUeaV, fRU Whe PA-12/2-PYR bOeQdV, Whe VSheUXOLWe VL]e 
ZaV cRPSaUabOe WR PA-12 LQ bOeQdV Rf 0.38 aQd ZaV VOLghWO\ UedXced aW a cRPSRVLWLRQ Rf 8.72 ZW.% 2-PYR.  

 

IQ aOO bOeQdV, a VhLfW LQ SeaN ZaYeQXPbeU Rf Whe N-H VWUeWch ZaV RbVeUYed, ZheQ cRPSaUed WR PA-12. ThLV 
VXggeVWV WheUe ZaV aQ LQWeUacWLRQ beWZeeQ Whe aPLde baQd Rf Whe SRO\PeU aQd Whe FA, DA aQd 2-PYR (33). 
IQ WheVe bOeQdV, Whe VhLfW LQ SeaN ZaYeQXPbeU ZaV dXe WR 2-PYR. DeVSLWe Whe RbVeUYaWLRQ WhaW Whe C=O (PA-
12) LQ Whe bOeQdV dLd QRW dLVSOa\ eYLdeQce Rf SeaN VhLfW, LQfUaUed VSecWURVcRS\ VXSSRUWV Whe Ldea WhaW Whe 2-
PYR aQd PA-12 aUe caSabOe Rf LQWeUacWLRQ LQ Whe cRQWe[W Rf Whe aSSOLcaWLRQ Rf Whe FA aQd DA. FXUWheUPRUe, 
a VhRXOdeU aW 1690 cP-1 ZaV aVVLgQed WR 2-PYR, SURYLdeV eYLdeQce WhaW 2-PYR ZaV UeWaLQed LQ Whe SRO\PeU. 
ThLV ZaV aOVR UeSRUWed fRU SaUWV fabULcaWed b\ MJF (17).  

 

5.0 ConclXsions 

 

The SULPaU\ acWLYe cRQVWLWXeQW Rf Whe FA aQd DA LV Whe 2-PYR cRPSRQeQW, Whe SUeVeQce Rf ZhLch LV OaUgeO\ 
UeVSRQVLbOe fRU SOaVWLcLVLQg Whe PA-12 aV eYLdeQced b\ Whe deSUeVVLRQ Rf Whe gOaVV WUaQVLWLRQ aQd PeOWLQg 
WePSeUaWXUeV. IQfUaUed VSecWURVcRS\ UeYeaOed WhaW a SURSRUWLRQ Rf 2-PYR ZaV UeWaLQed LQ Whe SRO\PeU, 
cRXSOed ZLWh a VXggeVWLRQ Rf aQ LQWeUacWLRQ, YLa h\dURgeQ bRQdLQg, beWZeeQ Whe N-H PRLeW\ LQ PA-12 aQd 
Whe C=O LQ 2-PYR. The SUeVeQce Rf caUbRQ bOacN aSSeaUed WR UedXce Whe VL]e Rf Whe PA-12 VSheUXOLWeV, 
cRQVLVWeQW ZLWh heWeURgeQeRXV QXcOeaWLRQ. HRZeYeU, WheUe ZaV QR cRUUeVSRQdLQg LQcUeaVe LQ Whe WePSeUaWXUe 
aW ZhLch Whe RQVeW Rf UecU\VWaOOLVaWLRQ RccXUUed, aV ZRXOd be e[SecWed Lf Whe caUbRQ bOacN ZaV acWLQg aV a 
QXcOeaWLQg ageQW. TheUefRUe, Whe acWLRQ Rf caUbRQ bOacN RQ Whe cU\VWaOOLVaWLRQ Rf PA-12 ZaUUaQWV fXUWheU 
LQYeVWLgaWLRQ. 

 

 

AcknoZledgements 

 

TR Whe MaQXfacWXULQg TechQRORg\ CeQWUe (MTC) fRU VXSSO\LQg Whe HP 3D HLgh ReXVabLOLW\ PRO\aPLde-12 
SRZdeU, FXVLQg AgeQW aQd DeWaLOLQg AgeQW WR eQabOe WhLV UeVeaUch. 
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Table 2 Table of melting and recrystallisation parameters of PA-12 blends, where 2-PYR (FA) and 2-PYR (DA) correspond to the PA-12/2-PYR blends that yield 
the same composition of 2-PYR found in the FA and DA.  Tg = Glass transition temperature, TP = Peak melting and crystallisation temperature, TO = Onset melting 
temperature, TE = Last trace of melting/crystallisation, XC = Degree of crystallinity.   

AddLWLYe ZW.% 

  HeaW 1     CRRO 1     

  Tg (ႏ) TP (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc (%)   TP (ႏ) TO (ႏ) TE (ႏ) ¨H (Jg-1) Xc 
(%)   

PA-12     50.37 187.2 170.6 195.7 105.3 50.3   148.3 155.8 136.4 60.5 28.9   

FA 1.00   43.2 185.5 164.7 193.0 101.6 48.6   149.3 157.7 138.9 55.1 27.4   

  5.00   38.2 183.2 162.1 191.8 107.0 51.1   148.8 155.4 138.9 59.5 28.4   

  10.00   35.6 179.8 151.8 186.2 114.8 54.9   147.0 153.8 136.5 61.2 29.3   

  20.00   34.4 173.8 139.9 181.5 116.6 55.7   141.8 147.6 129.3 66.3 31.7   

DA 1.00   48.4 187.3 172.1 193.8 104.4 49.9   147.7 155.2 139.1 46.3 22.1   

  5.00   43.2 185.0 167.4 192.3 104.4 49.9   149.0 157.2 136.6 56.9 27.2   

  10.00   41.1 182.5 161.0 190.2 107.3 51.3   147.5 156.5 136.8 58.9 28.2   

  20.00   38.5 179.0 147.8 189.0 106.3 50.8   144.8 152.0 134.1 58.4 27.9   

CB 1.00   48.2 187.3 169.4 197.1 105.0 50.2   149.2 158.9 135.8 52.7 26.3   

  5.00   48.9 187.7 169.7 196.0 111.2 53.1   148.2 157.4 138.8 52.2 25.0   

  10.00   46.7 187.7 168.1 198.2 115.3 55.1   148.2 157.6 136.6 53.5 25.6   

  20.00   47.5 187.3 169.1 195.8 117.9 56.3   148.3 157.2 137.7 57.0 27.2   

WaWeU 1.00   47.9 187.0 170.2 192.0 108.2 51.7   148.0 156.3 139.9 45.7 21.8   
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   5.00   47.7 186.8 170.4 192.9 111.5 53.3   149.0 156.4 139.5 55.9 26.7   

  10.00   45.6 186.3 168.8 191.9 109.4 52.3   148.7 156.1 141.5 56.5 27.0   

  20.00   46.4 186.3 172.4 192.8 95.1 45.4   148.8 157.4 139.0 49.7 23.7   

2-PYR 0.10   48.9 185.8 168.0 191.2 103.7 49.5   149.2 155.4 140.5 57.0 27.2   

  0.38   51.3 185.8 164.0 192.9 109.0 52.1   148.8 156.5 141.7 56.1 26.8   

  0.50   46.1 185.3 167.1 190.8 101.5 48.5   148.7 155.8 140.4 55.6 26.5   

  1.05   39.8 184.5 166.6 189.8 102.6 49.0   148.0 154.8 139.6 57.1 27.3   

  1.97   46.7 185.7 167.8 191.0 107.1 51.2   149.0 155.5 141.5 58.1 27.7   

  2.33   45.6 185.3 168.0 191.1 105.0 50.1   148.7 155.0 140.7 58.3 27.9   

  4.07   34.8 181.8 155.4 187.2 109.3 52.2   146.0 152.1 138.8 59.5 28.4   

  8.72   33.0 176.3 152.8 181.5 108.1 51.6   141.7 147.8 131.5 61.1 29.2   

FA (2-PYR + 
WaWeU) 0.38   48.9 187.8 167.2 193.9 93.9 44.9   148.0 155.9 139.4 48.7 23.3   

  1.97   47.9 186.0 165.7 192.1 91.4 43.7   146.8 155.9 138.5 49.3 23.6   

  4.07   38.9 183.2 157.8 190.3 97.5 46.6   145.0 152.9 135.5 51.6 24.6   

  8.72   35.0 179.2 150.4 185.7 98.3 46.9   142.7 150.4 133.8 53.7 25.6   

DA (2-PYR + 
WaWeU) 0.10   49.2 189.0 169.2 194.8 95.5 45.6   148.5 156.2 139.6 49.5 23.7   

  0.50   48.6 187.5 170.7 193.5 88.6 42.3   147.8 155.1 140.8 48.5 23.2   

  1.05   47.5 186.0 168.9 192.0 84.7 40.5   147.7 155.3 140.6 47.4 22.6   

  2.33   47.2 186.0 168.3 192.9 88.2 42.2   147.7 154.8 139.4 49.3 23.6   
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Table 3 FTIR peak assignments for PA-12.

 
        

 

 
Sample 

FTIR 
Peaks   Peak assignment 

 

 
  [cP-1]     

 

 
PA-12 3292.9 

 
H\dURgeQ bRQded N-H VWUeWch 

 

  
2917.4 

 
CH2 aV\PPeWULc VWUeWch 

 

  
2849.1 

 
CH2 V\PPeWULc VWUeWch 

 

  
1633.5 

 
C=O VWUeWch 

 

  
1540.4 

 
C-N VWUeWch, C=O LQ SOaQe beQdLQg 

 

  
1367.4 

 
CH beQd, CH2 WZLVW 

 

  
1269.0 

 
C-N VWUeWch, C=O LQ SOaQe beQdLQg 

 

  
1124.3 

 
C-C VWUeWch 

 

  
944.8 

 
CONH LQ SOaQe 

 

  
719.4 

 
CH2 URcNLQg 
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APPENDIX B 
 

Scanning electron microscop\ of PA-12 
 

 

Figure B1: SEM images captured at x160, x350, x800 magnification of PA-12 powder, displaying 

particle shape, size and texture.  

 

ScaQQLQg eOecWURQ PLcURVcRS\ (SEM) ZaV XVed WR caSWXUe LPageV Rf PA-12 SRZdeU aW dLffeUeQW 

PagQLfLcaWLRQV WR RbVeUYe Whe VL]e aQd VhaSe Rf PA-12 SRZdeU SaUWLcOeV, aV dLVSOa\ed LQ FLgXUe B1.  

 

The VL]e Rf Whe SaUWLcOeV ZaV deWeUPLQed XVLQg Whe VcaOe baU, Whe SaUWLcOeV UaQged fURP 50 െ  𝑚. Aߤ 100

PRUe accXUaWe deWeUPLQaWLRQ Rf Whe SaUWLcOe VL]e LV VhRZQ LQ VecWLRQ 3.1.4, b\ PSA. The VL]e Rf SRZdeU 

SaUWLcOeV deWeUPLQed XVLQg SEM ZaV cRPSaUabOe WR PSA. The VhaSe Rf Whe SRZdeU SaUWLcOeV aSSeaUed 

QRQ-XQLfRUP, eORQgaWed aQd LUUegXOaU LQ VhaSe, WhRXgh VRPe SRZdeU SaUWLcOeV aSSeaUed PRUe VSheULcaO. 

ThLV ZaV aOVR UeSRUWed b\ M. GaOaWL eW aO ZheQ e[aPLQLQg Whe PRUShRORg\ Rf QeZ MJF SRZdeU (58). 
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AddLWLRQaOO\, LW ZaV UeSRUWed WhaW Uec\cOed MJF SRZdeU had a VLPLOaU PRUShRORg\ WR YLUgLQ SRZdeU 

(58).  

 

The VXUface We[WXUe Rf Whe SRZdeU SaUWLcOeV ZaV aOVR RbVeUYed. The SaUWLcOeV aSSeaUed URXgh aQd dLd 

QRW dLVSOa\ eYLdeQce Rf cUacNLQg. IQ ZRUN b\ RRVVR eW aO, Whe PRUShRORg\ Rf UefUeVhed PA-12 XVed LQ 

SLS aQd MJF ZaV cRPSaUed (91). UQOLNe PA-12 XVed LQ WhLV VWXd\, Whe\ UeSRUWed eYLdeQce Rf cUacNLQg 

LQ bRWh SLS aQd MJF gUade UefUeVhed SRZdeU, WhRXgh Whe e[WeQW Rf SaUWLcOe cUacNLQg ZaV PRUe eYLdeQW 

LQ SLS SRZdeU SaUWLcOeV (91). IW ZaV QRWed WhaW UefUeVhed SLS SRZdeU ZaV SURQe WR PRUe cUacNLQg dXe 

WR Whe SRZdeU V\QWheVLV PeWhRd, ZhLch LQYROYed Whe eYaSRUaWLRQ Rf eWhaQRO (91). HRZeYeU, OeVV LV 

NQRZQ abRXW Whe V\QWheVLV Rf MJF SRZdeU WheUefRUe Whe cUacNed SaUWLcOe VXUfaceV RQ UefUeVhed SRZdeU 

cRXOd QRW be accRXQWed fRU. AddLWLRQaOO\, Whe SUeVeQce Rf Whe cUacNed SRZdeU SaUWLcOeV caQ be aSSRLQWed 

WR Whe Uec\cOed SRZdeU. The URXgh VXUface We[WXUe Pa\ be a UeVXOW SRZdeU SRVW-WUeaWPeQW WR RbWaLQ a 

deVLUabOe SaUWLcOe VL]e.  SRPe SURceVVeV WhaW affecW Whe VXUface We[WXUe Rf SRZdeU SaUWLcOeV LQcOXde 

PLOOLQg aQd gULQdLQg ZhLch LV W\SLcaOO\ XVed WR RbWaLQ a fLQeU SaUWLcOe VL]e.  

  

Optical microscop\ of PA-12 
 

HRW VWage RSWLcaO PLcURVcRS\ ZaV XVed WR caSWXUe LPageV WR LOOXVWUaWe cRaOeVceQce Rf SRZdeU SaUWLcOeV 

XVLQg a cRQWUROOed heaWLQg UaWe, aV dLVSOa\ed LQ FLgXUe B2. AW URRP WePSeUaWXUe Whe VhaSe Rf Whe SRZdeU 

SaUWLcOeV ZaV cRPSaUabOe WR WhaW RbVeUYed b\ SEM, ZheUe SRZdeU SaUWLcOeV aSSeaUed QRQ-XQLfRUP aQd 

LUUegXOaU. OQ YLVXaO e[aPLQaWLRQ, Whe SRZdeU SaUWLcOeV aSSeaUed ZhLWe. HRZeYeU, Whe SaUWLcOeV aSSeaU 

bOacN ZheQ ORRNLQg WhURXgh Whe e\eSLece. ThLV ZaV becaXVe Rf Whe WUaQVPLVVLRQ Rf OLghW fURP Whe OLghW 

VRXUce WR Whe XVeU beLQg bORcNed b\ Whe SRZdeU SaUWLcOeV.  

OQ heaWLQg, Whe SRZdeU SaUWLcOeV aSSeaUed VROLd XQWLO 190 ℃, afWeU ZhLch Whe cRaOeVceQce UaWe 

dUaPaWLcaOO\ LQcUeaVed aQd Whe SRZdeU SaUWLcOeV begaQ WR PeOW. The PeOWLQg WePSeUaWXUe ZaV QRWed aV 

Whe WePSeUaWXUe aW ZhLch Whe SaUWLcOeV becaPe WUaQVSaUeQW, WhLV RccXUUed aW a WePSeUaWXUe Rf ~ 195 ℃. 
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AW WhLV SRLQW, Whe LQWeUacWLQg SaUWLcOeV (cLUcOed) fXVed WRgeWheU ZLWh Whe eQeUg\ VXSSOLed RQ heaWLQg. 

PURgUeVVLYeO\, WhLV LQWeUacWLRQ RccXUUed RYeU aOO Rf Whe SRZdeU SaUWLcOeV ZLWhLQ Whe LPage fUaPe aV Whe 

WePSeUaWXUe cRQWLQXed WR LQcUeaVe WR 220  ℃. AQ XSSeU LVRWheUP Rf 220  ℃ ZaV PaLQWaLQed fRU 5 

PLQXWeV. OQce LQ Whe PeOW, a dURSOeW VhaSe ZaV fRUPed UeVePbOLQg a WhLQ fLOP caXVed b\ Whe 

aPaOgaPaWLRQ Rf SaUWLcOeV beWZeeQ 2 cLUcXOaU gOaVV OeQVeV. The PeOWLQg WePSeUaWXUe UaQge ZaV beWZeeQ 

190 ± 215 ℃. ThLV ZaV gUeaWeU WhaQ Whe PeOWLQg WePSeUaWXUe UaQge Rf 180 ± 190 ℃ UeSRUWed b\ S. 

DadbaNhVh eW aO, ZhR VWXdLed Whe cRaOeVceQce behaYLRXU Rf YLUgLQ PA-12 SaUWLcOeV XVed LQ SLS (51). 

The heaWLQg UaWe XVed LQ WhLV VWXd\ ZaV 10 ℃/PLQ. The aXWhRUV aOVR UefeU WR a SUe-PeOWLQg VWage caOOed 

³VRfWeQLQg´ WhaW RccXUUed beWZeeQ 160 ± 180 ℃. ThLV Pa\ haYe beeQ PRUe YLVLbOe Lf Whe RSWLcaO 

PLcURVcRSe XVed LQ Whe e[SeULPeQWaO ZRUN had a hLgheU UeVROXWLRQ. The PeOWLQg WePSeUaWXUe Rf SLS 

gUade PA-12 SRZdeU ZaV UeSRUWed aW 186 ℃ b\ M. VaVTXe] eW aO XVLQg RSWLcaO PLcURVcRS\. The heaWLQg 

UaWe XVed LQ WhLV VWXd\ ZaV 10 ℃/PLQ (94). ThLV VhRZV WhaW Whe PeOWLQg WePSeUaWXUe UaQge Rf PA-12 

SRZdeU YaULed ZheQ XVLQg RSWLcaO PLcURVcRS\. ThLV LV dXe WR Whe PeOWLQg WePSeUaWXUe beLQg VXbMecWLYe 

WR Whe XVeU aV WhLV LV UeSRUWed aW Whe SRLQW aW ZhLch Whe SaUWLcOeV becRPe WUaQVSaUeQW LQ Whe fLeOd Rf YLeZ.  

 

The PeOWLQg WePSeUaWXUe RbVeUYed b\ RSWLcaO PLcURVcRS\ ZaV cRPSaUabOe WR Whe OaVW WUace Rf 

cU\VWaOOLQLW\ Rf SRZdeU UecRUded b\ DSC RQ heaW 1, ZheUe Whe OaVW WUace Rf cU\VWaOOLQLW\ LV ZheQ aOO Whe 

cU\VWaOOLQLW\ haV beeQ eUaVed aQd Whe eQWLUe VaPSOe haV beeQ PeOWed.  
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FLgXUe B2: OSWLcaO PLcURVcRS\ LPageV (aW a 32[ PagQLfLcaWLRQ ZLWhRXW SROaULVLQg fLOWeUV Rf PA12 SRZdeU (a) URRP WePSeUaWXUe (b) aW 195 ႏ (c) 200 ႏ (d) 

205 ႏ (e) 210 ႏ (f) 215 ႏ (g) 220 ႏ (h) 10 PLQV LQWR Whe PeOW ShaVe aW 220 ႏ. ScaOe baU WR 50 μm.
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SEM and optical microscop\ of PA-12 blends  
 

The interaction of carbon black and PA-12 
 

IQ ChaSWeU 6.1, LW ZaV VhRZQ WhaW Whe cRORXU Rf PA-12 SRZdeU LQ Whe PA-12/FA bOeQdV chaQged fURP 

ZhLWe WR bOacN ZLWh Whe addLWLRQ Rf Whe FA. The SLgPeQWaWLRQ Rf Whe SRZdeU LQcUeaVed ZLWh cRPSRVLWLRQ 

Rf Whe FA. ThLV dePRQVWUaWeV WhaW caUbRQ bOacN ZaV UeWaLQed LQ Whe SRO\PeU bOeQd. TUaceV Rf Whe caUbRQ 

bOacN fURP Whe FA ZaV aOVR deWecWed LQ MJF cRPSRQeQWV, WhLV LV dePRQVWUaWed b\ C. CaL eW aO XVLQg XRD 

(84). IQ RUdeU WR cORVeO\ e[aPLQe Whe PA-12/FA SRZdeU bOeQdV, SEM LPageV Rf Whe 1, 5, 10 aQd 20 ZW.% 

FA bOeQdV ZeUe caSWXUed, WheVe aUe dLVSOa\ed LQ FLgXUe B3. The SEM LPageV VhRZ WhaW caUbRQ bOacN 

ZaV deSRVLWed aV a UeVLdXe RQ Whe SRZdeU VXUface. AV Whe cRPSRVLWLRQ Rf Whe FA LQcUeaVed, Whe aPRXQW 

Rf caUbRQ bOacN deSRVLWed RQWR Whe VXUface Rf PA-12 SaUWLcOeV LQcUeaVed. IQ Whe FA, Whe caUbRQ bOacN ZaV 

SUeVeQW aV aQ LQN VXVSeQded LQ a OLTXLd PedLXP. ThLV aOORZed fRU a dLUecW LQWeUacWLRQ beWZeeQ caUbRQ 

bOacN ZLWhLQ Whe FA aQd PA-12 SaUWLcOeV ZheQ Whe FA ZaV added WR PA-12. HRZeYeU, Whe dLVSeUVLRQ RQ 

Whe SRZdeU VXUface ZaV QRQ-XQLfRUP. ThLV VXggeVWV WhaW aV Whe SRZdeU WUaQVfRUPV LQWR a PeOW RQ heaWLQg, 

Whe dLVWULbXWLRQ Rf caUbRQ bOacN ZLWhLQ Whe PeOW ZLOO aOVR be QRQ-XQLfRUP.  

 

IQ RUdeU WR LQYeVWLgaWe Whe dLVWULbXWLRQ Rf caUbRQ bOacN ZLWhLQ Whe PeOW, Whe 5 ZW.% FA bOeQd ZaV heaWed 

WR a WePSeUaWXUe Rf 220 ℃ aW a heaWLQg UaWe Rf 10 ℃/PLQ XVLQg a hRW VWage. OQce Whe VaPSOe ZaV LQ Whe 

PeOW fRU 5 PLQXWeV, aQ LPage ZaV caSWXUed. ThLV SURcedXUe ZaV UeSeaWed ZLWh Whe 5 ZW.% CB bOeQd. 

FLgXUe B4 VhRZV Whe caUbRQ bOacN dLVWULbXWed ZLWhLQ a PeOW-SRRO Rf PA-12 LQ Whe PA-12/FA aQd PA-

12/CB bOeQd. IQ Whe 5 ZW.% FA bOeQd, caUbRQ bOacN ZaV SUeVeQW aV aQ LQN ZhLch ZaV QRQ-XQLfRUPO\ 

dLVWULbXWed ZLWhLQ Whe SRO\PeU PaWUL[. IQ Whe 5 ZW.% CB bOeQd, Whe caUbRQ bOacN ZaV RbVeUYed aV VROLd 

bOacN SaUWLcOeV WhaW ZeUe LUUegXOaU LQ VhaSe, WheVe ZeUe aOVR QRQ-XQLfRUPO\ dLVWULbXWed ZLWhLQ Whe SRO\PeU 

PaWUL[. AOWhRXgh Whe dLVWULbXWLRQ Rf caUbRQ bOacN LQ Whe PA-12/FA aQd PA-12/CB bOeQd ZaV QRQ-
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XQLfRUP, WhLV VhRZV WhaW Whe PA-12/FA bOeQd had a gUeaWeU dLVWULbXWLRQ Rf CB, aV VhRZQ LQ FLgXUe 6.5.2. 

ThRXgh, WhLV cRXOd aOVR be dXe WR VaPSOe YaULaWLRQ.  

 

IQ OLWeUaWXUe, Whe SURSeUWLeV Rf PA-12/CB cRPSRVLWeV ZaV LQYeVWLgaWed. AWhUe\a eW aO chaUacWeULVed PA-

12/caUbRQ bOacN SRZdeUV aQd SaUWV PaQXfacWXUed b\ SLS. SEM LPageV VhRZed WhaW caUbRQ bOacN ZaV 

cRaWed RQWR Whe VXUface Rf PA-12 SRZdeU, ZheUe Whe caUbRQ bOacN ZaV LQ Whe fRUP Rf VROLd SaUWLcOeV 

(139). ThLV ZaV aOVR RbVeUYed LQ (41,156). FLgXUe B5 VhRZV aQ LPage Rf Whe 20 ZW.% CB bOeQd caSWXUed 

XVLQg RSWLcaO PLcURVcRS\. The LPage dLVSOa\V caUbRQ bOacN SaUWLcOeV aV daUNeU SaUWLcOeV WhaQ PA-12. 

HRZeYeU, Whe\ ZeUe QRW cRaWed RQ WR Whe VXUface Rf PA-12 SRZdeU, aV LQ OLWeUaWXUe (41,139,156). A UeaVRQ 

fRU WhLV LV WhaW Whe VL]e Rf caUbRQ bOacN LQ OLWeUaWXUe (41,139,156) ZaV < 15  ߤP aQd ZaV WheUefRUe LQ Whe 

QaQRVcaOe UegLRQ aQd PXch VPaOOeU WhaQ PA-12 SaUWLcOeV. WheUeaV, FLgXUe 6.5.3 VhRZV WhaW Whe SaUWLcOe 

VL]e Rf caUbRQ bOacN PXch OaUgeU WhaQ LQ OLWeUaWXUe (41,139,156). AQ e[WeQVLRQ Rf WhLV ZRUN ZRXOd LQYROYe 

caSWXULQg SEM LPageV Rf PA-12/CB SRZdeU bOeQdV LQ RUdeU WR cORVeO\ e[aPLQe Whe VXUface Rf PA-12 

aQd caUbRQ bOacN SaUWLcOeV aW dLffeUeQW cRPSRVLWLRQV Rf caUbRQ bOacN.  

 

IW ZaV QRWed LQ (41) WhaW aV Whe cRPSRVLWLRQ Rf caUbRQ bOacN QaQRSaUWLcOeV LQcUeaVed ZLWhLQ Whe bOeQd, 

VXUface cURZdLQg Rf caUbRQ bOacN SaUWLcOeV RQ PA-12 SRZdeU aOVR LQcUeaVed. IQ WXUQ, WhLV caXVed Whe 

VXUface URXghQeVV Rf Whe SRZdeU SaUWLcOeV WR aOVR LQcUeaVe, OeadLQg WR Whe LQhLbLWLRQ Rf Sh\VLcaO cRQWacW 

beWZeeQ PA-12 SRZdeU SaUWLcOeV. The SEM LPageV VhRZQ LQ FLgXUe B3 VXggeVWV WhaW WhLV ZaV QRW 

RbVeUYed LQ Whe PA-12/FA bOeQd. ThLV caQ be cRQVLdeUed a beQefLcLaO feaWXUe Rf Whe FA, ZheUe Whe caUbRQ 

bOacN LV deSRVLWed RQ Whe PA-12 LQ Whe fRUP RQ aQ LQN, OeadLQg WR a UedXced VXUface URXghQeVV Rf PA-12 

SRZdeU SaUWLcOeV LQ cRPSaULVRQ WR (41). MRUeRYeU, Whe URXgh SRZdeU VXUface Rf PA-12/CB bOeQdV LQ (41) 

ZaV OLQNed WR SRRUeU PechaQLcaO SURSeUWLeV.  
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ThLV daWa VhRZV WhaW caUbRQ bOacN, ZheQ deSRVLWed RQWR PA-12 LQ Whe fRUP Rf Whe FA, had a dLUecW 

LQWeUacWLRQ ZLWh PA-12 b\ cRaWLQg Whe VXUface LQ Whe fRUP Rf aQ LQN UaWheU WhaQ aV VROLd SaUWLcOeV.  

 

 

Figure B3 ± SEM images at 800 x magnification of solid-liquid PA-12/FA samples at 1, 5, 10 

and 20 wt.% FA. The white surface represents PA-12 and the black coating represent carbon 

black in the FA. 
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Figure B4 ± Optical image of (a 5 wt.% PA-12/FA and (b 5 wt.% PA-12/CB at 220 ℃. 

 

 

 

Figure B5 ± Optical image of a 20 wt.% CB blend. The arrows demonstrate examples of 

carbon black particles within the powder blend, that appear darker than PA-12 powder. Scale 

bar to 50 ߤm.  
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Cr\stallisation of PA-12/FA blends Xsing hot stage optical microscop\ 
 

ThLV VecWLRQ ZLOO dLVcXVV Whe UecU\VWaOOLVaWLRQ behaYLRXU Rf Whe PA-12/FA bOeQdV. The bOeQdV ZeUe heaWed 

fURP URRP WePSeUaWXUe WR 220 ℃ aW a heaWLQg UaWe Rf 10 ℃/PLQ XVLQg a hRW VWage. The\ ZeUe PaLQWaLQed 

aW a WePSeUaWXUe Rf 220 ℃ fRU 5 PLQXWeV. AfWeU, Whe bOeQd ZaV cRROed fURP 220 WR 25 ℃ aW a cRROLQg UaWe 

Rf 5 ℃/PLQ.  

 

FLgXUe B6 dLVSOa\V LPageV Rf Whe 5 ZW.% FA bOeQdV ZeUe caSWXUed WhURXghRXW cU\VWaOOLVaWLRQ. OQe LPage 

ZaV caSWXUed 5 PLQXWeV LQWR cU\VWaOOLVaWLRQ fURP 220 ℃ aQd RQe LPage ZaV caSWXUed aW cRPSOeWe 

cU\VWaOOLVaWLRQ. ThLV cRPSRVLWLRQ ZaV chRVeQ VLQce Whe FA cRQWeQW ZaV QRW VR OaUge VXch WhaW Whe eQWLUe 

LPage fUaPe Rf Whe PeOW SRRO ZaV cRYeUed b\ Whe caUbRQ bOacN ZLWhLQ Whe FA. ThLV eQabOed Whe VSheUXOLWLc 

deYeORSPeQW dXULQg cU\VWaOOLVaWLRQ WR be RbVeUYed. IQ ChaSWeU 6.2 aQd 6.4, Whe UecU\VWaOOLVaWLRQ behaYLRXU 

Rf PA-12 ZaV e[SORUed. IW ZaV VSecXOaWed WhaW caUbRQ bOacN LQfOXeQced Whe UecU\VWaOOLVaWLRQ behaYLRXU Rf 

PA-12 LQ WhaW caUbRQ bOacN LQcUeaVed LQ Whe degUee Rf cU\VWaOOLQLW\ Rf PA-12 b\ acWLQg aV aQ LPSXULW\ WR 

LQdXce heWeURgeQRXV QXcOeaWLRQ RU WhaW caUbRQ bOacN LPSeded UadLaO gURZWh Rf VSheUXOLWeV.  

 

IQ FLgXUe B6 aQ eaUOLeU RQVeW Rf cU\VWaOOLVaWLRQ ZaV RbVeUYed fRU aUeaV Rf Whe SRO\PeU PaWUL[ VXUURXQdLQg 

Whe caUbRQ bOacN (ZheUe W = 5 PLQXWeV). IQ WhLV UegLRQ, a OaUge QXPbeU Rf QXcOeL ZeUe RbVeUYed aQd 

LPSLQgePeQW ZaV TXLcNO\ achLeYed. CRQVeTXeQWO\, Whe gURZWh Rf VSheUXOLWeV ZLWhLQ WhLV UegLRQ ZaV 

OLPLWed. OQ Whe cRQWUaU\, LQ aUeaV fXUWheU fURP Whe caUbRQ bOacN, QXcOeL ePeUged OaWeU LQWR cU\VWaOOLVaWLRQ. 

The VL]e Rf WheVe VSheUXOLWeV ZaV OaUgeU VhRZLQg WhaW gURZWh ZaV faYRXUed LQ WheVe UegLRQV. ThLV 

dePRQVWUaWed WhaW Whe dLVWULbXWLRQ Rf caUbRQ bOacN LQfOXeQced cU\VWaOOLVaWLRQ aQd PLcURVWUXcWXUe Rf Whe 

SRO\PeU LQ ORcaOLVed aUeaV.  
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ThRXgh MJF aLPV WR cUeaWe aQ eYeQ dLVWULbXWLRQ Rf Whe FA acURVV Whe SRZdeU bed b\ Whe XVe Rf aQ LQNMeW 

bLQdeU, Whe deSRVLWLRQ Rf caUbRQ bOacN ZLWhLQ Whe FA caQQRW be eQWLUeO\ cRQWUROOed bRWh RQ Whe VXUface Rf 

PA-12 SRZdeU aQd RQ fRUPaWLRQ Rf Whe PeOW. ThLV VXggeVWV WhaW Whe PLcURVWUXcWXUe caQQRW be SUecLVeO\ 

cRQWUROOed aQd ZLOO YaU\ LQ ORcaOLVed UegLRQV Rf Whe SRO\PeU PaWUL[.  

 

 

 

Figure B6 ± The microstructural differences caused by nucleating agents. The arrow shows 

rapid crystallisation and nucleation in areas containing carbon black. This sample was solid-

liquid PA-12/FA dispersion of 5 % wt. % FA and ran using the hot stage optical microscope 

at a cooling rate of 10 K / min. 
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APPENDIX C 
 

O]aZa model to describe the non-isothermal cr\stallisation kinetics of PA-12 
 

AV deVcULbed b\ PaSageRUgLRX eW aO, Whe O]aZa PRdeO WUeaWV cU\VWaOOLVaWLRQ aV ³aQ LQfLQLWe QXPbeU Rf 

VPaOO LVRWheUPaO cU\VWaOOL]aWLRQ VWeSV´ (130).  

A SORW Rf OQ[-OQ(1-C(T))] YV OQ ߶ ZaV cUeaWed, fURP ZhLch Whe O]aZa e[SRQeQW, m, aQd Whe O]aZa UaWe, 

NR]aZa ZeUe RbWaLQed b\ Whe gUadLeQW aQd LQWeUceSW, UeVSecWLYeO\. IQ WhLV caVe, NR]aZa LV a fXQcWLRQ Rf 

WePSeUaWXUe (131). IQ a SORW Rf OQ[-OQ(1-C(T))] YV OQ ߶, C(T) LV Whe UeOaWLYe cU\VWaOOLQLW\ aQd ߶ LV Whe 

cRROLQg UaWe.  

 

 

FLgXUe C1: O]aZa SORW Rf OQ[-OQ(1-C(T))] YV OQ(WLPe) YV OQ(cRROLQg UaWe) fRU PA-12. 
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IQ O]aZa¶V RULgLQaO ZRUN, VhRZLQg Whe cU\VWaOOLVaWLRQ behaYLRXU Rf PET, LW ZaV UeSRUWed WhaW a VeULeV Rf 

OLQeaU SaUaOOeO OLQeV ZeUe RbWaLQed ZLWhLQ Whe WePSeUaWXUe UaQge Rf cU\VWaOOLVaWLRQ (131). The O]aZa SORW 

LV VhRZQ LQ C1 aQd ZaV cRQVWUXcWed fURP daWa SRLQWV ZLWhLQ Whe WePSeUaWXUe UaQge 120 ± 150 ℃, VLQce 

WhLV cRYeUV Whe eQWLUe cU\VWaOOLVaWLRQ UaQge fRU aOO cRROLQg UaWeV e[SORUed. IW ZaV cOeaU WhaW aW hLgheU 

WePSeUaWXUeV, Whe daWa deYLaWed fURP a OLQeaU OLQe b\ cXUYLQg dRZQZaUdV. AddLWLRQaOO\, Whe VORSe ZaV 

VWeeSeU aW hLgheU WePSeUaWXUeV. ThLV VhRZV WhaW Whe e[SeULPeQWaO daWa dLd QRW fROORZ Whe VaPe WUeQd aV 

Whe O]aZa¶V RULgLQaO ZRUN. IQ O]aZa¶V RULgLQaO ZRUN RQ SRO\(eWh\OeQe WeUeShWhaOaWe), LW ZaV VWaWed WhaW 

³Whe VORSeV Rf Whe OLQeV VXggeVW QXcOeL Rf cU\VWaOOLVaWLRQ Rf SRO\(eWh\OeQe WeUeShWhaOaWe) aUe UaQdRPO\ 

fRUPed dXULQg cU\VWaOOL]aWLRQ«´. AddLWLRQaOO\, Whe PagQLWXde Rf Whe VORSeV aSSeaUed WR be cRQVWaQW, 

ZheUe YaOXeV Rf 3.4, 3.6 aQd 3.6 ZaV RbWaLQed aW 493, 295 aQd 500 K, UeVSecWLYeO\ (131). T. LLX eW aO aOVR 

LPSOePeQW Whe O]aZa PRdeO RQ PRO\(AU\O EWheU EWheU KeWRQe KeWRQe). IQ WheLU ZRUN, Whe daWa dLd QRW 

VhRZ a OLQeaU WUeQd aQd LQVWead ³RbYLRXV ]Lg-]ag OLQeV´ ZeUe RbVeUYed. ThLV Pade LW dLffLcXOW WR 

deWeUPLQe aQ accXUaWe YaOXe fRU Whe VORSe aQd VXggeVWed WhaW m ZaV QRW cRQVWaQW ZLWh WePSeUaWXUe. IW 

ZaV cRQcOXded WhaW Whe O]aZa eTXaWLRQ dLd QRW accXUaWeO\ deVcULbe Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PEEKK 

dXe WR Whe VLgQLfLcaQW SUeVeQce Rf VecRQdaU\ cU\VWaOOLVaWLRQ (132). IQ FLgXUe 5.2.1, LW caQ be aUgXed WhaW 

Whe VeULeV Rf daWa SRLQWV aOVR dR QRW VhRZ a VWUaLghW OLQe aQd LQVWead VhRZ a ]Lg-]ag SaWWeUQ. ThLV ZRXOd 

Oead WR Whe cRQcOXVLRQ WhaW Whe O]aZa PRdeO dReV deVcULbe Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.   

 

IQ RWheU ZRUN, RQ SRO\(eWh\OeQe WeUeShWhaOaWe), Whe daWa SRLQWV aOVR deYLaWed fURP a VWUaLghW OLQe (133). 

OSWLcaO PLcURVcRS\ ZaV XVed WR RbWaLQ LQfRUPaWLRQ RQ Whe PRUShRORg\ Rf Whe cU\VWaOOLWeV aQd aQ\ RWheU 

UeaVRQV fRU QRQ-OLQeaULW\. OSWLcaO PLcURgUaShV VhRZed WhaW LQ addLWLRQ WR bXON QXcOeaWed VSheUXOLWeV, 

WheUe ZaV a QaUURZ UegLRQ Rf WUaQVcU\VWaOOLQLW\.  ThLV ZaV dXe WR YeU\ deQVe QXcOeaWLRQ RQ Whe SRO\PeU 

VXUface ZhLch Oed WR XQLdLUecWLRQaO gURZWh SeUSeQdLcXOaU WR Whe SRO\PeU VXUface. ThLV ZaV OLQNed WR 

VSaWLaO cRQVWUaLQWV LQ VSheUXOLWLc gURZWh caXVed b\ LPSLQgePeQW aQd WUaQVcU\VWaOOLVaWLRQ, ZheUe Whe 

VSheUXOLWe gURZWh LV LPSeded b\ deQVe LQVWaQWaQeRXV QXcOeaWLRQ RQ Whe SRO\PeU VXUface.  
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McFeUUaQ eW aO, aOVR XVe Whe O]aZa PRdeO RQ PA-12 (fRXQd LQ aXWRPRWLYe PXOWLOa\eU WXbLQg) (93). The 

VaPe WUeQd ZaV fRXQd ZheUe Whe daWa SRLQWV cXUYed dRZQZaUdV, deYLaWLQg fURP Whe OLQeaU OLQe. The 

deYLaWLRQ ZaV aVcULbed WR a WZR-VWage SURceVV Rf cU\VWaOOLVaWLRQ, SULPaU\ aQd VecRQdaU\ cU\VWaOOLVaWLRQ. 

FROORZLQg WhLV, YaOXeV fRU m aVcULbed WR SULPaU\ aQd VecRQdaU\ cU\VWaOOLVaWLRQ ZeUe deWeUPLQed. OYeUaOO, 

Whe PagQLWXde Rf m decUeaVed fRU VecRQdaU\ cU\VWaOOLVaWLRQ dXe WR VSheUXOLWe LPSLQgePeQW VORZLQg dRZQ 

cU\VWaO gURZWh dXULQg VecRQdaU\ cU\VWaOOLVaWLRQ. AddLWLRQaOO\, Whe daWa LQ FLgXUe 5.2.1 dLd e[hLbLW µ]Lg-

]ag¶ behaYLRXU.  TheUefRUe, LW LV SRVVLbOe WhaW Whe deYLaWLRQ ZaV dXe WR LPSLQgePeQW aQd VecRQdaU\ 

cU\VWaOOLVaWLRQ.  

 

The O]aZa SaUaPeWeUV aUe OLVWed LQ TabOe C1. The O]aZa e[SRQeQW dLd QRW VhRZ a WUeQd ZLWh 

WePSeUaWXUe. IQWeUeVWLQgO\, VRPe YaOXeV Rf m ZeUe e[WUePeO\ VPaOO. AW Tc = 120 aQd 140 ℃, m = 0.49 

aQd 0.78, ZhLch ZeUe VPaOO LQ cRPSaULVRQ WR OLWeUaWXUe (93). ThLV LV OLNeO\ dXe WR VecRQdaU\ 

cU\VWaOOLVaWLRQ (132). HRZeYeU, aW Tc = 150 ℃ Whe O]aZa e[SRQeQW m = 4.58 ZhLch ZaV cRQVLdeUabOe 

OaUgeU WhaQ Whe RWheU YaOXeV. The UaWe cRQVWaQW dLd QRW dLVSOa\ a WUeQd, Whe UaWe fRU Tc = 130 aQd 150 ℃ 

ZaV 166 aQd 4214 PLQ-1. ThLV daWa LV dLffeUV WR OLWeUaWXUe (93). The R2 YaOXeV ZeUe SRRU, UaQgLQg fURP 

0.3933 ± 0.9148. ThLV LV XQVXUSULVLQg VLQce Whe daWa deYLaWed fURP Whe VWUaLghW OLQe. The XQMXVWLfLed 

YaOXeV Rf SaUaPeWeUV m aQd K WR OLWeUaWXUe aUe MXVWLfLed b\ Whe ORZ R2 YaOXeV. The YaU\LQg YaOXe Rf m, 

OaUge UaWe cRQVWaQWV aQd ORZ R2 YaOXeV VhRZV WhaW Whe O]aZa PRdeO caQQRW be XVed WR deVcULbe Whe QRQ-

LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.  
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TabOe C1 ± O]aZa SaUaPeWeUV VhRZLQg Whe R]aZa e[SRQeQW, P, Whe O]aZa UaWe, K aQd R2. 

Temperature 

[℃] 
m lnK 

K 

[min-1] 
R2 

120 0.49 3.10 22.24 0.3933 

130 1.28 5.11 166.04 0.4219 

140 0.78 2.71 14.99 0.6650 

150 4.58 8.35 4214.98 0.9148 

 

Combined AYrami and O]aZa model to describe the non-isothermal cr\stallisation 
kinetics of PA-12 
 

LLX eW aO cRPbLQed bRWh Whe AYUaPL aQd O]aZa eTXaWLRQ WR deVcULbe Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ 

NLQeWLcV Rf PRO\(AU\1 EWheU EWheU KeWRQe KeWRQe) (PEEKK) (132). ThLV ZaV XVed ThLV ZaV XVed VLQce 

Whe AYUaPL eTXaWLRQ PRdLfLed b\ Je]LRUQ\ ZaV XVed WR deVcULbe RQO\ Whe SULPaU\ QRQ-LVRWheUPaO 

cU\VWaOOLVaWLRQ SURceVV. The O]aZa eTXaWLRQ aOVR faLOed WR deVcULbe Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ 

NLQeWLcV Rf WhLV PEEKK.  

 

IQ Whe cRPbLQed AYUaPL aQd O]aZa PRdeO, a gUaSh Rf ORg cRROLQg UaWe YV ORg WLPe LV SORWWed aV a fXQcWLRQ 

Rf UeOaWLYe cU\VWaOOLQLW\ (XW). The OLQe Rf beVW fLW SaVVeV WhURXgh each cRROLQg UaWe aV a fXQcWLRQ Rf XW.  The 

SaUaPeWeU b, ZhLch LV Whe UaWLR Rf Whe AYUaPL aQd O]aZa e[SRQeQW (b = Q/m), aQd F(T), ZhLch LV Whe 

NLQeWLc SaUaPeWeU, ZeUe RbWaLQed fURP Whe gUadLeQW aQd LQWeUceSW, UeVSecWLYeO\.   
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FLgXUe C2 ± AYUaPL-O]aZa SORW fRU PA-12. 

 

FLgXUe C2 VhRZV Whe AYUaPL-O]aZa SORW WhaW ZaV SORWWed fRU XW = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 aQd 

0.9. The daWa VhRZV a QegaWLYe cRUeOaWLRQ fRU each XW, LQ agUeePeQW ZLWh N. McFeUUaQ ZhR VWXdLed Whe 

cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12 XVed LQ aXWRPRWLYe Oa\eU WXbLQg (93). ThLV WUeQd ZaV aOVR RbVeUYed b\ 

J. LL eW aO ZhR VWXd\ Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf SRO\aPLde-6 fLOOed ZLWh PXOWL-ZaOOed 

caUbRQ QaQRWXbeV (135).   

 

The SaUaPeWeUV, b, F(T) aQd R2 aUe dLVSOa\ed LQ TabOe C2. The YaOXe Rf b LQcUeaVed VOLghWO\ aV a fXQcWLRQ 

Rf XW aQd UaQged fURP 0.98 ± 1.15. ThLV VXggeVWV Whe Whe AYUaPL aQd O]aZa e[SRQeQW ZeUe VLPLOaU VLQce 

Whe\ ZeUe ZLWhLQ Whe UegLRQ Rf 1 aQd Whe dLffeUeQce ZaV 0.13. IQ Whe ZRUN Rf LXL eW aO, b ZaV VaLd WR haYe 

UePaLQed cRQVWaQW aQd YaULed b\ ~0.1 (132). IQ RWheU VWXdLeV, b ZaV UeSRUWed WR haYe UePaLQed cRQVWaQW 

aQd YaULed b\ ~0.04 (136). WheUeaV, LQ Whe ZRUN Rf N.McFeUUaQ eW aO, LW ZaV cOaLPed WhaW b decUeaVed 

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

lo
g(

co
ol

in
g 

ra
te

) [
K

/m
in

]

log(time) [min]

10%
20%
30%
40%
50%
60%
70%
80%
90%



 

303 
 

303 

aV XW LQcUeaVed. AW XW = 0.2, b = 0.659 aQd aW XW = 0.9, b = 0.425. The dLffeUeQce beWZeeQ Whe XSSeU aQd 

ORZeU OLPLW Rf b ZaV 0.234. The WUeQd LQ b ZLWh XW ZaV e[SOaLQed b\ Whe WLPe WaNeQ WR Ueach cRPSOeWe 

cU\VWaOOLVaWLRQ. WheUeb\, a hLgheU cRROLQg UaWe LQcUeaVed Whe WLPe WaNeQ fRU cU\VWaOOLVaWLRQ aQd a ORZeU 

cRROLQg UaWe LQcUeaVed Whe WLPe WaNeQ fRU cU\VWaOOLVaWLRQ. TheUefRUe, Whe YaOXe Rf b LV cRQVLdeUed WR Whe 

deSeQdaQW RQ cRROLQg UaWe.  

The SaUaPeWeU F(T) LV Whe NLQeWLc SaUaPeWeU. TabOe 5.4.1 VhRZV WhaW F(T) LQcUeaVed V\VWePaWLcaOO\ ZLWh 

XW, LQ agUeePeQW ZLWh LLX eW aO (132). AW a cRROLQg UaWe Rf XW = 10 %, F(T) ZaV 9.08, ZheUeaV aW a cRROLQg 

UaWe Rf XW = 90 %, F(T) ZaV 17.30. The LQcUeaVe Rf F(T) ZLWh XW VXggeVWV WhaW aW a XQLW cU\VWaOOLVaWLRQ 

WLPe, a hLgheU cRROLQg UaWe VhRXOd be XVed WR LQcUeaVe Whe degUee Rf cU\VWaOOLQLW\ (93,129).   

 

TabOe C2 ± TabOe Rf AYUaPL-O]aZa SaUaPeWeUV VhRZLQg Whe UeOaWLYe cU\VWaOOLQLW\, XW, b, F(T) aQd R2. 

Xt 

[%] 

b 

a=n/m 
F(T) R2 

10 0.9773 9.08 0.901 

20 1.0451 9.94 0.929 

30 1.0466 10.62 0.923 

40 1.0754 11.28 0.929 

50 1.0904 11.92 0.931 

60 1.1142 12.62 0.938 

70 1.1302 13.47 0.945 

80 1.1461 14.61 0.950 

90 1.1098 17.30 0.964 
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OYeUaOO, Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ daWa aV deVcULbed b\ Whe cRPbLQed AYUaPL-O]aZa eTXaWLRQ 

ZaV cRQVLVWeQW ZLWh LLX eW aO (132). FRU e[aPSOe, a QegaWLYe cRUUeOaWLRQ LQ a gUaSh Rf ORg(cRROLQg UaWe) 

YV ORg(WLPe); aQ LQcUeaVe LQ F(T) ZLWh UeOaWLYe cU\VWaOOLQLW\; aQd a UePaLQed cRQVWaQW ZLWh UeOaWLYe 

cU\VWaOOLQLW\. TheUefRUe, Whe cRPbLQed AYUaPL aQd O]aZa eTXaWLRQ ZaV VXcceVVfXO LQ deVcULbLQg Whe QRQ-

LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.   

Comparison of non-isothermal cr\stallisation models 
 

A UaQge Rf PRdeOV ZeUe XVed WR aVVeVV Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12, WheVe ZeUe 

Whe Je]LRUQ\-PRdLfLed AYUaPL PRdeO aQd Whe Ca]e PRdeO. 

 

TR deWeUPLQe Whe TXaOLW\ Rf fLW Rf daWa, R2 ZaV eYaOXaWed fRU Whe O]aZa PRdeO, Je]LRUQ\-PRdLfLed AYUaPL 

PRdeO aQd cRPbLQed AYUaPL-O]Za PRdeO. Of ZhLch, Whe Je]LRUQ\-PRdLfLed AYUaPL PRdeO had Whe 

gUeaWeVW R2 LQ e[ceVV Rf > 0.99. The cRPbLQed AYUaPL-O]aZa PRdeO aOVR SURdXced UeaVRQabOe YaOXeV 

Rf R2. The O]aZa PRdeO SURdXced Whe ORZeVW R2, Whe PRdeO dLd QRW \LeOd a VeULeV Rf VWUaLghW OLQeV aQd 

LQVWead a cXUYe ZaV SURdXced.  

 

The R2 daWa LV cRQVLVWeQW ZLWh Whe VXcceVV Rf Whe PRdeO. The Je]LRUQ\-PRdLfLed AYUaPL PRdeO aQd Whe 

cRPbLQed AYUaPL-O]aZa PRdeO had Whe gUeaWeVW R2 YaOXeV. The Je]LRUQ\-PRdLfLed AYUaPL PRdeO 

eQabOed Whe WUaQVLWLRQ beWZeeQ SULPaU\ aQd VecRQdaU\ cU\VWaOOLVaWLRQ WR be LdeQWLfLed, LQ ZhLch Whe 

SaUaPeWeUV aVVRcLaWed ZLWh SULPaU\ aQd VecRQdaU\ cU\VWaOOLVaWLRQ ZeUe eYaOXaWed. The Je]LRUQ\ UaWe, Zc, 

VhRZed a deSeQdeQc\ ZLWh cRROLQg UaWe LQ WhaW Whe Je]LRUQ\ UaWe LQcUeaVed ZLWh cRROLQg UaWe. 

AddLWLRQaOO\, Whe YaOXeV Rf Q ZeUe OaUge fRU SULPaU\ cU\VWaOOLVaWLRQ VXggeVWLQg cRPSOe[ PRdeV Rf cU\VWaO 

QXcOeaWLRQ aQd gURZWh. ThLV LV XQVXUSULVLQg VLQce QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ LV a d\QaPLc SURceVV. 

The cRPbLQed AYUaPL-O]aZa PRdeO VhRZed WhaW Whe UaWLR beWZeeQ Whe AYUaPL aQd O]aZa e[SRQeQW 

ZaV cRQVLVWeQW aQd Whe NLQeWLc SaUaPeWeU, F(T), LQcUeaVed ZLWh UeOaWLYe cU\VWaOOLQLW\. TheUefRUe, Whe 
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Je]LRUQ\-PRdLfLed AYUaPL PRdeO aQd Whe cRPbLQed AYUaPL-O]aZa PRdeO ZeUe adeTXaWe LQ deVcULbLQg 

Whe cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12.  

 

The Ca]e PRdeO ZaV aOVR VXcceVVfXO LQ deVcULbLQg Whe aYeUage AYUaPL e[SRQeQW. HRZeYeU, LQ WhLV ZRUN, 

a OaUge UaQge Rf cRROLQg UaWeV ZeUe e[SORUed ZhLch Pa\ UeVXOW LQ YaU\LQg PechaQLVPV Rf QXcOeaWLRQ aQd 

gURZWh. ThLV PeWhRd LV VRPeZhaW adYaQWageRXV VLQce aQ aYeUage SaUaPeWeU fRU a UaQge Rf QRQ-

LVRWheUPaO cRQdLWLRQV LV SURdXced. TheUefRUe, LW LV PRUe aSSOLcabOe WR LQdXVWULaO SURceVVeV ZheUe a UaQge 

Rf QRQ-LVRWheUPaO cRQdLWLRQV aUe e[SeULeQced. TR VWUeQgWheQ Whe PeaQLQg Rf Whe aYeUage AYUaPL 

e[SRQeQW SURdXced b\ WhLV PRdeO, a VPaOOeU UaQge Rf cRROLQg UaWeV caQ be XVed WR deWeUPLQe Whe aYeUage 

AYUaPL e[SRQeQW. ThLV PeWhRd LV a TXLcN PeWhRd WR deWeUPLQe Whe aYeUage AYUaPL e[SRQeQW.  

 

MeaQZhLOe, VRPe PRdeOV ZeUe XQabOe WR deVcULbe Whe QRQ-LVRWheUPaO cU\VWaOOLVaWLRQ NLQeWLcV Rf PA-12, 

VXch aV Whe O]aZa PRdeO. IQ O]aZa¶V RULgLQaO ZRUN, VecRQdaU\ cU\VWaOOLVaWLRQ ZaV QegOecWed. IQ WXUQ, 

VLQce PA-12 e[hLbLWV VecRQdaU\ cU\VWaOOLVaWLRQ, Whe O]aZa PRdeO ZaV XQVXcceVVfXO. AV VXch, Whe O]aZa 

PRdeO had Whe ORZeVW R2 YaOXeV. 
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APPENDIX D 
 

 

FLgXUe D1 ± The Tg Rf YLUgLQ PA-12/2-PYR bOeQdV. 
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