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A
o] g3l ER= o ZugAS Hojd
—L
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HolH,
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Al %% (coalescence)
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oeA Tt [20, 33, 34].
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Feked kAl
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=
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=24

olt} [19, 20, 34].
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BT =
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file)

el
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t} [20, 34, 35].

s

3o
= =2

Zolt o

differential

o] 7,

AW F7&  (dielectric)

i)

scanning calorimeter, DSC)5-3 #& <&

@l FE Aol eR (Ty) A, AZ-T A Akt (small-angle neutron

SANS),

scattering,

NMR,

i
=

Joll 93k Edl= o] ul A% (microstructure)

i)
=

Fluorescence —spectroscopy

FTIR
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jind
fvzel

Al
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(resolution)ell
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Eqgn. 2-1

Ake} A7)
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skt

interfacial stress
(M G)/ (Y1) reveeesesesssesenes

deforming stress

3 e AN o= Ael Hb
C, =

o
=
Y12: Interfacial tension

G: Shear rate
Nm: Matrix viscosity

d: Radius of particle
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Eqgn. 2-2

probability of collision = exp(—m/(8G@t;s))

@: Volume fraction of minor phase
: Residence time

G: Shear rate
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Eqgn. 2-3
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P [40].
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polycarbonate (PC)/polypropylene (PP)
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o

Residence time

S: Mixing intensity

y: Shear rate
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st AZMA LEA Afo]

olth. AZLA mEAe] AWgee e

(spreading coefficient)
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EEE
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Eqgn. 2-4

AABC =Y — (VAB + VBC)

Aapc: Spreading coefficient of ABC polymer

yij- Interfacial tension between polymer i and

w2}

b Al gl

Z7F AA| Figure 2.2.
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ARzE A2l

ojg2 Erj7}t o

AL JYAfe] =Z7]o|t}t. PPe
Haw, J2ke] =7] (weight average diameters, d,, )7} 0.2 ~

9|

Hxl

o}
=

=k

o
el
ol
{r

o] 7}

0.4 um °]H Atk

<4

wo] st Aol $4A Hr, Aol 277}

5}

931 7]

A o]z Ao

18} (toughness)e] WH3}H = f

Al

w2}

7]

PA6/mEOR

T
1

1 o] oA ¥} Figure 2.4.

w9

g

s

a7y &

5 HojFH, b 9 d

HoET)

=
=

Z}F=17] (critical particle size)

o]
H

ask Ho A

=

o]

=M=
T

[58].

A71E ztom, polyester THT O F2 9A A7

F5lo] gt

PAke] =7k
Fell A €]

S

polyolefin

PAG66°]]

Wu+

p—

=0

o]

Al Y A7)

—_

o

3)

o

FAIRE, o]

S

2t BF3iT} [59, 60].
gl A YA A7)t

&
fojm

[59].

AU

ol

AR A (@7F YA YA A (uek &

ol
L
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Eqgn. 2-5

)§

(&

¢, Volume fraction of rubber particles

T =

matrix ligament thickness’ =}

= ¢
=

A2E AE
Borggreve &< Ut

o]
H

Wu+

o]
H

]_

o

Ho

[24].

3 53] 7] 7o

g Akl o

A

Hobbs, Sue, Yee &< A<

73 = o]

HAsHoz Adoel=zy F5  (void)©]
1% (stress field overlap) wiE-o]glar

T

2

olo

v
file)

o 3}

AFA = 24

BuEAe [42, 61, 62]. Wu <]
AR, SA9 A 7))

-
T

2ol 7]

N

/g—

—_

N
No

o A A o)

S

. (shear yielding)S 73}

5}

ol et

FolA]

YAzt 727

v
Qoju}

(plane strain)l] A]

4 Aol

3

b

3= o

(triaxial stress)©]

A7t

(plane stress)©. =
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AA Aoy Fehadem Jldse PKoAA 1A
185 98, ol 1A F& FrEHe] Ed=vt AFEof
Sk PKE] -t WSR-S dstr] f18) prete] whg A& skE
3 BA=E AZste] A FaES A WE PKIPP EJE=T
Hawo] 9t} [63]. PKE W& 74 & AFgS Folr] 3
A &8 E}olo] LT (recycling ground tire rubber, GTR)S] W ol A
AX PKE Fgslo] = PKIGTR Ed=9t WEZAAZMA core-
shell 1259} Ed= sl FALEE AT Ad57F Had b
oATH [64, 65]. W3 TFE AAA nEAF PA69] E A
T AEAAS Holw FAAEY IS Hole Ayt
HIE A} [66-68]. HlT F-=v]% EER ofy g} @ugl CaCO;
A2F T PK AEA e EEol FAAEE = Ak =g

Bae Bk Aot [69].

]

=

il

14 A9 7.

oo oA -] 5 ZdlAk (maleic anhydride, MA) 7] 7} L
ZIE Foj9l= dEd-Sd 315 (mMEOR)S A2 PK
T9lgle] Z=AREE olaal 39 th EORE thks drtAaA 4
A WS AAZN AL, 72, FTH =9 FF 24do] At
o] 7]E WEFAAEY H5% -8 AA8s TS [70, 71).
A uk PKS mEORE A Ztd Ed=i= H] 84

)2 mol7] ol
FeoAe mYe BaE Pk 129 A7 B

= A9 ofute]=7)9t PKE Ft2 W 7] Apele] 2 Adto] 7}
Sato] 2 4848 zton] [66-68, 72], PA6S} MEORS &5UE%
PAGZTHS] o}l 79k mEORS] MA”] Alole] 3}shul-go] ola &
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zHA €T} [70, 71]. 1222 PK¥} mEORS] # 3}
FESAEN PA6E ESiste] A EA 1EAL

bock AR LA JAH B4 Fes
o % J1AH B4 dejste] pAS Avu

32

ol olgk }¥)7) o] WaE Hela)

T 2 2] -2



2 A

21 AR A=

Edl=o] AFE3F Polyketone (PK)S 6 mol%2] propylene”] =
Sh3-3Fal L+ ethylene / propylene / carbon monoxide 4H¢]E 5 3HA]

(terpolymer)= &AoA T2 A& AHE3IY, PKE HE7F
1.24 g/mL, §82 225 C, &5 (Melt flow index, MFI)== 60
(9/10 min)?l AL AREsIth EdEd AEAAS F7]1 flstd
AFE-3 Polyamide6 (PAG)E %7l 113 g/mL, §HE 220 C=
el 1011BRTRI  AES  a@AdolA  Fadol  AFESSIT
A= YWESAAZ AFESE maleic anhydride (MA)7} 12X EH
ethylene-octene rubber (MEOR)< 11 wt%2] octene”| £} 0.5 wt% 2] MA
7152 E3eE= FEEA (copolymen®  UE7F 087 giml,
48445 1.2 (9/10 min)©|t}. DuPont Dow ElastomerA}2] Ak35+4
Fusabond MN493DE Al&-3}3it} E-Eo] ALg% A|7pA] a8-%}9
TZE Figure 2.6, Zon, BT 287 60 T2 HFL oA
247 7F FF A xEih

{(

0|

22 &R EA=9 A

PK/MEOR E# == ©o]%%=7] (Hankook EM Ltd., L/D = 36,
= 32 mm)E o]&ste] AZSGITE o, =X hESH
200 rpmo]il, EEFHL 20 kgh oW, ¢E7] oA B
AFAIEE o 1oAY dEREE ITHA Thol7bA]
579 0 & Uy, Z} 7o) = 210/220/230/230/230 C o] itk
dEF dojx Ed=it pelletizingdt 5 60 TollA 24x)7F FoF

L
a
=

@
9

A

S
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AFge B Az, BAd=¢ = FAHE= Table 2.1.9)
UeRQIth A9 o]52 PKEF PAGE UERNY] 98] Ko AZ
nom, Zhzhel dmpulg el ate FARE Wtw)S ovlshi,
olZ () HY A= EBdsd phr 9= ¥ 3E mEORY
SFS on| g o EE59], K7A3-5% PKe} PA67} 70:309] H&=
Z3txo] ¢lar, 5phre] mEORe] ¥gtd HA =S ov] i)

23 B4

A B T4 AEE SA4s7] g AE AEE sk,
= o < SdAYolgEet2Y (KEP)S| Zuh~H
=418 7] (injection machine, 150-ton Engel Victory)E ©]-835}]
Azpstelet. 1% 4 S48 AlH-> ASTM D638 Type 19] 74 il
wat FZdol 165 mm, F& = 127 mm, ¥4 32 mm =
A2 Al el Y X 4+E Figure 2.7.(a)ll YEFH AT

ddEAS  SAHsrl ek vV (UTM)E
3} th. Cross-head speedE 50 mm/mino.2 3dle] 3t F/F9

o] &

Alse disfiA 73] Aldete] FH-FH RS AASHL 578 s
Hyol &858  (yield stress), ItHAlE  (elongation at break),
& (Young’s modulus)s 9] kS LAt stress-strain 1< 4H
FEoA BdES FeFlal, FE-SHS stress-strain 41 ol A]
FEHoM ol FHE FHEUrh Ed Sl ES AGAET
Al o] Ftgbd o] AMES FHSHUT

ool T4 Algg AW ASTM D256 T+Zol we} 2o

_18_



63.5 mm, < 12.7 mm, 57 6.4 mm 2 A|Z}st Tl A|He] mka)
A& Figure 2.7.b) o YEhAT =AE W= Gl
AE = vpEdel o3RS A4S 5] S8 AlHS DS

102 AX T F 7Adle] vEAEo] 250 um ¢ =% AHE Zte
Tinius-Olsen Model 899 Axls Zelx~dy Aur|E o]&3lo] 254

mme] zlo]9} 45°9] ZEE zb= X2 Yt

ololxE ZAWREE =A3l7] 93 Tinius-Olsen Model 92T

A
2.7.(c)). A7} 2.085 kgf &1 WAE o] &k, WAe] H7|7F
135°2 &P om Iz 1335°%uh 3 FFe ARl thsA

73] Algste] Hol-Hagks As 57 @hS Etdle] A E
@2 TGOV, FABEE T gL Ao AN
RxW T X X1
-TT Hms( 180 ~ 0% 180)]
I+0 TXF TXF
T+ F{COS( 180~ “*Cigg )}]
...... Eqn 2-6

R: Distance of center of impact
W: Weight of hammer

T: Specimen thickness

0: Final angle after fracture

I: Initial angle

F: Resonance angle

AT e tdel ANAY ARG o) gatol

o
2.=2]-47 3% A]¥ (doule-notch four-point-bend, DN-4PB) A]¥H-S-

- 19 - g



A2 Th Bk Eo] 250 um¢l =% FHES z'E= Tinius-Olsen
Model 899 Hzts Zetxy A7 E o]&3te] 254 mme] zlo]<}
45°0] 742 Zt= A UdYh 7 A Abolo] HAE 10 mm
ojlm, WA AL &% HFPo]l H wj7tA] Ht WELES o] &5t
Fox R e Zolo UFtRE 7Y (sharp crack)E
A ZHT AlHe] Bt X455 Figure 2.8.(a) o YERSITH
Cross-head speed & 1 mm/min £%2 4% 3% (quasi-static
loading)S F-skste] Ietdl WS Wi, 37t dojur] o
WA o mAgk d WAS EFshL A= 7D (crack tip)
o] &4 (damage zone)S AIHIHE, CFA] FHAZ I
TS (out-of-plane) &2 °F 50 pymB =0 FAR Anpgk uhES
qh= o
o

Mo

n o

T2 gek A v (transmitted light optical microscopy, TOM)
2 #s3T} (Figure 2.8.(b)).

v

234 FH g #F

Edzol Az FEst (phase morphology)?t 572 AlgF
e (fracture surface)¥ S 9late] JEOL ARS] FARAAATR] A
(Model JSM-6701F, SEM &

B AlEe ter g
2 R e R s K I | R et | = S B e

WEo] E 5 oA ARE FYA
1

N
o
>

e

et & wolA P A%, 7 R4S AAS FA pace
X E4F  (formic  acid)e], mMEORS 34t (hexane)ol 1A]7F& <t
AL 295 ol&ste AAN FAG I AT wHIE

A ER S o] gelth. E AUE 40 To AFLEAA 4
Abeet dx F, 2Ws MEoR FYstd ZHAsh 10 kv
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ImagePro Plus 6.2 AXEE S nf iAol m7]¢F 77
WERAS T T Ae] ¥ A7] (number  average
particle size)e} F-AIE T 7] (weight average particle size)=

CeA B ol gatel ANsAL

Jn = Znidi /Z'I’li """"""""""""" Eqn 2-7
Ay = Snyd;® [ D mgd; wweeeeeeeeeeeeieen Eqn. 2-8

d,,: Number average particle size
d,,: Weight average particle size
n;: Number of rubber particles with d; of radius

PK/PAG/MEOR EHd= o HFFxE Rletr] sty
F38 Ax&u|7  (Carl Zeiss-LIBRA 120, TEM)o] A}&5 it}
FA2xu-d#H 7] (RMC PT-PC, cryo-ultramicrotome)S  ©]-8&3}o]
Z}zy /=2l 100 nm A8 WS AT TEM 244 2=
59 s WEstA FiEste] #Es7] 91ske] PA6= RuO, (0.5
Wt% in water, Acros Organics)E ©]-83}9], mMEOR-> 0OsO, (4 wt% in
water, Sigma-Aldrich)E ©]-&3fo] A1 (staining) 3FI T S

ZAL ZF wgel ZEzk TEM  1E=E HAACE St
AAAZIAL A 1 oem 3HAE Fa s e
dolmth. PA6S] B 147k, mEORS] 44 20253t e
HIAIACTE qtell ] 24 & ARF 7o} 2o e

B3

235 EH-F59g4 =4 54

£
|l

A AFFAFE A (DSC)2 TA instrument DSC29202 ©] 83131t
7105 mgel AEE AFY §F LFvE Wl Yol EAAHEE

A#Fakelth. DSCE 10 T/mine] 5 2 Wzh £x7 50 TolA
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250 T3k Aol Al AdS zl&stgle
A 10%7F 2EE fFASI Az dojEg A|AS
(heat flux) o =HE AA} 2% (T), =
(AH, ) T3t AAS=E F3l7] $18
o] -3}l th,

AHy,

X, = X100 % - Eqgn. 2-9

x-AHY, pe+(1=%)-AHD, p 6

AHY, p: Heat of fusion of 100% crystalline PK (227 J/g, [73])
AHY, p a6 Heat of fusion of 100% crystalline PA6 (191 J/g, [74])
AH,,: Heat of fusion of specimen

o] 7] 4] PK/PAG/MEORS] B =9 AH, < AAA a5 A< PK

4 pA6 F-EuhS mdE] Folok s wiEd], oy 7 A&
o] &aA Ed= UlFo nFAS AlLjsta PKe} PA6RHS] AH, &
RRia=
Ay oo )
AHm = W Eqn 2-10

x: Weight fraction of the PK and PAG6 in the PK/PA6/mEOR blends
w: Weight of the PK/PA6/mEOR blends

PK/PA6/MEOR &= 84S &elstr] 9Jste] DMA
(Dynamic mechanical analyzer, Perkin Elmer, DMA8000)S A}-&-3} % T},
DMA =42 single cantilever mode® 5 X 40 X 4 mm® o] 725 2t
AAE AFEte] o] &8t DMA A AL SEREE
2 CT/mine.2 3%, 2%E 90 C ~ 80 T7H#A Ax
stell A 1HzZ 0.05 mme] WS FUTh °o|u tans #2 loss
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modulusE storage modulus®= rolE #o=E, 8 o] 2EE
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A23FAY) Figure 2.18.% Figure 2.17.3 #2 ZAIW|o] Hd:==E
A& Zo|t}. Figure 2.18.(a)°lA HEo] = PKY A%
FANA F= A olzed 9% 3 7FE BT o=
T zke] v A A FEe o o] Fdo] xgE o
3] ¢1Ado] ksl A dehel] =dalry] wjiolt}h. Figure 2.18.(b,c)
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sHEh ARt PAE7E EdFE AR BA=E =Add
FHel HAebAl Aozt ARG, WG gl o A
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— Full miscibility

- - - Partial miscibility

— = No miscibility

Ty (C)

1.0 1.5 2.0

Composition

Figure 2.1. Schematic representation of the dependence of Ty on
composition in binary polymer blends.
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Aasc = Ve — Wap t V) > 0

Phase B {a) Phase B (b)
Phase C Aasc =Y = Wyp +¥p) < 0 Phase A Aage =Yye = Wag +¥3) > 0
Agpe = Yag — (Y,‘r_' +TR|’_‘) >0 Agpe = Yag — (]’r;_(_ T Y:}{) <0
Phase A
Aase =V = Wag + ¥ae) < 0 Phase C Aasc = Ypo = Vug + V) < 0
Phase B (C) Phase B (d)
Phase C Aapc = Ve — Vg V) <0 Aggc = Ve — Wap V) <0
Phase C
Phase A Aapc =V = Wae +¥5) <0 Aase =V — W +¥ge) <0
Phase A

Aase = Vpe = Wug T V) < 0

Figure 2.2. Possible morphologies in a ternary polymer blend composed of

two minor phases A and C and one major phase B, as

predicted by the spreading coefficient. (a) Polymer A

encapsulated by polymer C. (b) A and C are two polymers

dispersed in matrix B. (c) Polymer C encapsulated by polymer

A. (d) Partial wetting morphology of polymers A and C.
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Figure 2.3. Generalized property/composition behavior of polymer blends.
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Figure 2.4. Relationship between particle size and impact behavior for a
typical ‘super-tough’ thermoplastic blend. Points b and d mark
lower (@) and upper (o) ductile- brittle transitions.
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Matrix

o d domain

Figure 2.5. Schematic representation of surface-to-surface interparticle
distance.
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Figure 2.6. Chemical structure of (a) PK, (b) PAG, and (c) mEOR
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PK PAG mEOR

Code
(wt%) (wt%) (phr)

PK 100 0 0
K-5 100 0 5
K-10 100 0 10
K-15 100 0 15
K9A1 90 10

K9A1-5 90 10

K9A1-10 90 10 10
K9A1-15 90 10 15
K8A2 80 20

K8A2-5 80 20

K8A2-10 80 20 10
K8A2-15 80 20 15
K7A3 70 30

K7A3-5 70 30

K7A3-10 70 30 10
K7A3-15 70 30 15
PAG6 0 100 0

Table 2.1. Compounding Formulations of PK/PA6/mEOR blends.
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£ " E ——
E E
= S
= —
—
63.5 mm
thickness
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(©)

‘El!l"— ~Hammer

-
Notched IZOD impect test

Figure 2.7. Geometry of the test specimens: (a) specimen for the tensile
test, (b) specimen for the notched Izod impact test, and (c)

schematic of the notched Izod impact test.
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(a) | L3

(b)
/ Sub-damage zone
AN

Fracture surface

Figure 2.8. Schematic of the DN-4PB test specimen (a) used to evaluate
fracture mechanism and (b) used for TOM and SEM

observation.
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Temperature (TC)

Figure 2.9. (a) melting and (b) crystallization thermograms of PK, PAG,
and their blends.
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Code T.(C) T (C) X, (%)

PK 183.3 217.4 36.0
K-5 181.2 215.5 34.1
K-10 179.8 214.1 33.6
K-15 179.0 214.1 33.0
K9A1 182.6 218.4 37.0
K9A1-5 182.5 218.9 38.0
K9A1-10 182.1 218.5 35.6
K9A1-15 181.7 217.9 35.7
K8A2 181.2 218.7 35.2
K8A2-5 181.1 218.4 34.8
K8A2-10 180.3 217.9 34.3
K8A2-15 180.2 218.2 34.7
K7A3 181.0 218.2 34.8
K7A3-5 180.6 218.9 345
K7A3-10 180.1 219.2 355
K7A3-15 179.3 218.8 34.9
PAG 182.8 222.6 41.4

Table 2.2. Thermal properties of the PK/PA6/mEOR blends.
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012 o PAG 1
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Temperature (C)
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—— K-10 B
o K7A3 24.5 U 523 1

—a— K7A3-10

Temperature (C)

80

Figure 2.10. tan & curves as function of temperature for (a) PK/PA6 blends

and (b) PK/PAG/mEOR blends.
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Elongation

Young’s modulus Yield stress
Code at break
(MPa) (MPa)
(%)
PK 1325 66 283 £51
K-5 1201 60 104 £ 23
K-10 1133 55 94 £ 26
K-15 1039 51 102 £ 41
K9A1l 1339 66 94 £ 29
K9A1-5 1224 61 99 £ 26
K9A1-10 1162 55 116 £ 42
K9A1-15 1050 51 103+ 20
K8A2 1347 67 84 £ 28
K8A2-5 1286 63 127 + 38
K8A2-10 1197 57 120 + 36
K8A2-15 1083 52 128 + 33
K7A3 1424 69 94 + 24
K7A3-5 1316 65 140 + 36
K7A3-10 1249 60 133 £33
K7A3-15 1109 52 163 £ 33
PAG 1935 77 33+12

Table 2.3. Tensile properties of the PK/PA6/mEOR blends with varying
levels of total PA6 and mEOR.
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Figure 2.11. lzod impact strength of rubber toughened PK blends as a
function of PA6.; The KB8AZ2-15 and K7A3-15 blend
specimens did not break (N.B.) during the test.
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Figure 2.12. SEM image of the cryofractured surface of (a) K-10 blend, (b)
K9A1-10 blend, (c) K9A1-10 blend with mEOR phase
extracted with hexane, and (d) K9A1-10 blend with PA6
phase extractacted using formic acid after mEOR phase
extraction. (The inset image shows the same sample with a
higher magnification)
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Rubber content

Matrix d,, (um) d, (um) dyld,
(phr)
5 2.72 2.10 1.30
PK 10 3.94 2.72 1.45
15 7.52 5.25 1.43
5 0.66 0.55 1.21
K9A1l 10 0.68 0.54 1.27
15 0.73 0.57 1.27
5 0.38 0.31 1.21
K8A2 10 0.40 0.32 1.26
15 041 0.32 1.28
5 0.32 0.27 1.19
K7A3 10 0.36 0.30 1.20
15 0.36 0.29 1.24

Table 2.4. Rubber particle size for PK/PA6/mEOR blends.
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Figure 2.13. mEOR particle size and impact strength of PK blends
containg 10 phr mEOR as a function of PA6 concentration.
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Rubber content

Matrix ¢y (%) d, (um) T (um)
(phr)

5 6.7 2.10 2.08

PK 10 125 2.72 1.67

15 17.6 5.25 2.30

5 6.7 0.55 0.54

K9A1l 10 125 0.54 0.33

15 17.6 0.57 0.25

5 6.7 0.31 0.31

K8A2 10 12.5 0.32 0.20

15 17.6 0.32 0.14

5 6.7 0.27 0.27

K7A3 10 12.5 0.30 0.18

15 17.6 0.29 0.13

Table 2.5. Volume fraction (¢,) and number average diamer (d,) of the
mEOR particle and the matrix ligament thickness (t) as a
function of blend compositions.
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Figure 2.14. The dependence of the notched lIzod impact strength on the
interparticle matrix ligament thickness for samples of
PK/PAG/mEOR blends. The solid line represents the

regression curve.
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Figure 2.15. TEM images of (a) K9A1 blend stained with RuQ,, (b)
K9A1-10, (c) K8A2-10, and (d) K7A3-10 blend; all of the
blends are stained with RuO, for PA6 and OsO, for mEOR;;
The PAG6 is stained dark grey and the mEOR particles are
stained less dark grey, and the PK matrix is stained light grey
background.
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Figure 2.16. Proposed schematic diagram of PK/PA6/mEOR ternary
blends.
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Figure 2.17. SEM images of impact fracture surfaces of (a) PK, (b) K-10,
(c) K7A3, and (d) K7A3-10 blend under low magnifications.
The inset images were observed at the arrow marking under
high magnification. (The crack propagates upper direction.)
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Figure 2.18. TOM images of the DN-4PB sub-fracture surface zone of (a)
PK, (b) K-10, (c) K7A3, and (d) K7A3-10.; The crack
propagates from right to left. (Scale bar, 500 um)
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Tro}ﬂ 2A+i= ethylene / propylene / carbon monoxide 413 % & A
(terpolymen) = &AdolA Fautd AL AHEsSlY, PKE L&vt
1.24 g/mL, &2 221 C, €8A4 (Melt flow index, MFI)& 50
(0/10 min)¢l AL ARSI Y. PKol iR o g AREd FIA
WZZA A2 ethylene-octene rubber (EOR)S 25 wt%<2] octene”] &
Estste oY FFdAl (copolymer)® L :=7}F 0.87 g/mL, MFI= 0.5
(9/10 min)©]3l, DuPont Dow ElastomerAl2] 357 engage 81502
Tdstel ARESESTE PK o S54E 7 WEAAER ARER
maleic anhydride (MA)7} ZZ2}*2E¥ EOR (MEOR)< 11 wt% <]
octene”] 2} 0.5 wtne] MAZIE X &3l Tz L=7} 087
g/mL, MFI= 1.2 (9/10 min)©]3Z, DuPont Dow ElastomerA}2] “g35 73
Fusabond MN493DE AF&-3}3ith PK/MEOR E#=of WH-g/d-8315
9l & wekel ofWl (-NHp)7l& 743l 9l 1,10-diaminodecane
(DA)S Tokyo chemical industry °ll4] +¢jste] A3}ttt DAY
FA e 172.3 g/mol )il FE=H S 271 T (at 1,013 hPa)©] T}

Edso Algd EAELS BF ALEA 60 T F-F B A
24X 7F Eob 7@&6}9} RE EBU=E Table 319 UoE

<
W Eald EUes] Aol FEOL Aol H, olEAE)
3 =l

(Hankook EM Ltd., L/D = 36, ® = 32 mm)Z ©|-&3}o] A|2Ha}S



oluf, 4=FAL Y=HEEE 200 rpmol L, EEHLS 20 kg/h o]H,

H=7] dFollA Ed=e] AFAZES ¢F 170l dEEE

ol golZA = 5o uye, Zb ke 2k

210/220/230/230/230 Ceo] 2t} ¢+&3F Aolzl BA=1= pelletizingst
=

F 60 TollA 24412 Bt HFEoA HxZUTE AMEY
o]F2 Table 3.1.0] 3EA|Eo] Qom, M, E, D= 7Z}7t

PK/EOR, PK/IDA EH== PKell =¥ FTFE onlstH, olyA
Hol A= PKE E=9E 249 IS owsitt. sfolE ()
Ho] DE PK/MEOR % PK/EOR E#d=o] ¥ DA2l phr
olm gt} o EE0], M10-D0.05%= PK <:4to]| 10 phr @} 0.5 phre]
MEOR¥} DA7} 77} wjgt= o] v Ed=E 9w gt

23 A

A4 B 4 AEE 48] 9% w A $)ate],
Oé kel

gl yoly &2t~y (KEP)9] Zoh=

A=/ 87] (injection machine, 150-ton Engel Victory)%: o] &35}
Azretltt. 2 Al A dd gEA Y T4 =4
=44 AWS IS0 3167 (T=A A gH)e] FAo] wal o] 80
mm, % 10 mm, 7 4 mm=z A2t Alde] mgd AFE
Figure 3.3.()°ll e AT

S S48y fske weAdErIF (UTM)=S
o1 EA2 I1SO 527 742w}, Cross-head speedE
50 mm/mine. 2 3t 3 FF{Fe] Almo| oA 73 A5}
Ho-H 23k AAsta 578 #hs Hool AR, FdAE
(elongation at break), ¥4 % (Young’s modulus) 5¢ S Aitl.

Stress-strain 21412 A3 FioA BAHES T, IFAEE

_69_



Z stress-strain =71 of| 4]

AES A 3 Al ghE

)

o
s

o

232 AREI 7 Ag

>,

5~
>
[t
“
ofj
)
>,

i o

flr o
ro
2
L >
g L fo
o2
I
ﬁ
= o ¥

= <

)
o2 5o

ﬁd
e
ng

ot fo

=
[>
2
o
M
o
i’
rl

Mo

=
=.
c
@
o

oo T oo
Ll
PN
rlr

©

1o] 9} 45° 9
1 FAREE FH57

g A1g3tol

o
8
N

3

3
o
)

o

>,

o o2
_0|L
52 1
s

_0|L
$a%
RUNNTY

AAsEaL 57

ST

MFI= Tinius-Olsen melt
ASTM D1238-90b¢] +A &

230 Col H<A %, 216 kgo] F= = = # 10 go
g AT

(o= ZHssith
A At 57 fhe H il
AAFFALE EA] (DSC)2 TA
7105 mge AlEE AP F
A Z3FATE DSCE 10 T/ming]
250 C%F ApelellA A&

AAG7] s FHA FARE AE o] &et
(Tw), &&AET (AH,)S 33T

L Q-

S T T ws

_’70_

e
ol
>

N o

ISO 179 A8 4=
5o A& A 73] A5t
s

Figure 3.3.(c)). & &

=
)
o
A
ol
344
iy
t#
e

#5t5e,

o
2
S~

J¢} 72 1SO 3167 A Y

[rt

A28 7] 99 AR

WA Eo0] 250 um¢l =X

2 o ©

Isen Model 899 A} Zexr¥ HAur|=

=
EAgRe=

Zt= =45 Ui
2] Tinius-Olsen Model 92T =4
el Ao AlE S
A=

7 o e

flow indexerE o]&3lo] A3
w7t 2se] ARe o] gatol
] Yo ARk

< 73 AFste] HAQHLUS
instrument DSC2920=- ©] &3}t
dFE el Yol ZAAHS
& 9 W7 £xg 50 CollA
Agsiglon, Ao dolHe

)
_|

o

:—/

Figure 3.3.(b)ol EF AT



Sl thge] BAAE ol garon.

AHm

XPK >< 100 % """""""""""" Eqn 3'1

AHY - Heat of fusion of 100% crystalline PK (227 J/g, [73])
AH,,: Heat of fusion of specimen

o]7]4 PK/MEORS] E#=9 AH, & PKELETS 3124
Folof al7] w&Eel, g3 e A4S o]gai ZU= i PK
A BgS mElste] PKEHY AHp, peS T3}

ARy
AHp pg = 0 oo Eqn. 3-2

x: Weight fraction of PK in the blend
w: Weight of the blend

PK/IMEOR E#E=9] A84& g<lst7] ¢lste] DMA (Dynamic
mechanical analyzer, Perkin Elmer, DMAB8000)S A}-&3}%th. DMA
SAL single cantilever mode®= 1SO 3167 Al¥HS 40 mme] Zo]=
S o] €31t DMA 54 2L 52555 2 C/mino =2

T+ 590 C ~ 80 C7HA] AAaw9l7] sFallA 1Hz=Z 0.05
mme] WHE FAY. ol tand @S loss modulusE  storage
modulus® ol #ow, g ol xEE  AAst=d
o] &% AT}
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dojup= 3l WS Folsly] Y&te] Fourier transform infrared
2S5 33t FTIRS Perkin ElmerAl2] Nir

M

spectroscopy (FTIR)
frontier spectrum 4002 ©
AA EdE=e] tiH] s}

+s YEE 54 J3aE 5AA7] o8t webA,
sheigh-g-o] A¥tg wkeol vt FES dEAo R FEs) W7l
#3l PK/MEOR/DA Ed =+ PKe2l £ul<l hexafluoroisopropanol
(HFIP)$} mEOR®]  &wjQl  FAiHS o] §3te] PKS mEORS:
Aoz AAsY. Ed=E Zhzbe] &ujo] HAAZ 5
el FEo|EAY &5 1

1o

2 000 rpme] LA EE 7]l
A 7HESE W, Fe ol Ey gdom s ik FoES
Al 9ol HAE vhEslie] 1A olES do] Wil o]E KBr
7hEe 4o] #APog wEo FTIR SAHS J3g&dtt. FTIRS
427} 4000 ~ 400 cm™ 21 <3<
em'el 2o R A3

o oo
ox, S
o 2
s
1
flo e
o =
[o2x#}
il
e
o 2
R
)
=
OlO i
ol
ol
N ¥o
r
=)
= g
=

¢
of

ol

A

235 JFHI #F

Ed=o Az st ##ES 98] JEOLAFS] SEMO]
AFEEIQL Bdl=o] Az FEE #Esly] Ye AlHe tSa
HNA4S Tl FREHAL AAEAIANES AA D T
9 wEzZE vy 79 wEo £ od 9% Axz

(
==

BN 2> Mo ooX o i omy
AL A > o N 32 o oo
off
oA

SEM olHA2RE Holm 2007 olie] YAE A el

ImagePro Plus 6.2 AXEg oS T3 15 Aol z7])e} A7)
EX 24s FP8t T dAe] FHT 7] (number average
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particle size, d,)2} FAIHE 7] (weight average particle size, dy )T
Al 27e] Eqn. 2-63F Egn. 2-7% o] &34 T3kt
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oo

Fes 24

oo

A= H7Msls DA & & Zotof] oz E 7| AL
Al mEOR o] ZI#ZEd MA #5719 338
n= Asks & o Ak ®=3, DA o U
K¢ 7b2Ed7] (C=0)¢} 3}k atof olwl Aghs &
HuElo] 9t} (Figure 3.4.). TL# P& DA
mEOR 7Fe] 7}l (Figure 3.4.(a), (b)) & & 2}
¥4, PK EORTJr F Aol HH-g-3}e PK-g-mEOR ¥ S ¢AE
T A= (Figure 3.4.(c)). ¥ <172 PK/MEOR E-# =9
vk gk Rkg @Bﬁf(mﬂ 2o [PK-DA-PK] T+
[MEOR-DA-MEOR]®] && iliARZEe] Wh-3H o= (c)9F 2 [PK-
DA-mEOR]®] ©]F zke] whg-o] upghz| s},
= TAll dojubE DA ol ofgk kS MRl %k
WetE SslA GA gele] 7hs st Figure 35+ E¥Eo =%
DA 3t Wiste] W& MFI o] WstEs HolFrh DA ¢
S7 el wel & PKOERE ol EE Bdl=oA
SEA T FAE = ol8]3 7+A = Figure 3.4. ©ll A
HERWE DA =9l os fidEe Ed= A =27
stet At 71t 53], Ed= UjF-°] mEOR o Fo
Zol&ol wel B & MFI A4S HolFEdg. & ﬂE]rﬁORQ
A& Figure 3.4.() A9 7taRkgo]l MFI 7} =
K ol F2 dojupal, PK L@&2 A& %ZJ

N o H oz
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ofo
alo
2
e
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ol
°
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I
o 2 oo [o
2
v
W rr
—l> rlr
N focs
% o
ic)

i ox fo

o >i33
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N
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-
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o
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©

I ot
o

o
o

-

o 0o Hif
r o rlo

o o R oo
)
ol
-

7] wiEel =dEe] HF @EO = S7HE A ex
olgbal FotE Tk WHSAEEAl ol 93 MFI T7hE g
A EEME v Ba Hof glvth [101-103].
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MFI A¥=2HE DA E9o 93 PK/MEOR SH=9]
FU4EA o] dojye AS & 5 AT ATRFTIRES:
Figure 3.4. o] AAgk ststuk-go] HAAR dojup==] Z1Is)|
o &54EA RS FHolde= DAY ol YT ZolA
FEste] o AAE TEHAY 54 9A7F PKe mEORS]
Aol 7he A zZ HolA| ¢ woll Ag Fito| Aweh
denz Bal7F 3 E AT Figure 3.6. 2 PK, PK/MEOR, PK/DA,
PK/MEOR/DA Ed=¢] ATR-FTIR AFES HojFr} PKO
~HAEZL 1691 cm? oA 73 FtErRde A= % (stretching
vibration) W HojFtl dwbdel Jt=rRdulzl 1710 cm®
ool A Yelhd= AS HFo B o PK~°4 85 H]X“JZ#Q;
W& ol A Y], t
FF2R I 7|3k e] 52 A Aol %XH—c%M rﬂ%%olv‘r [1] |v|204
FTIR /\.\LHEEJ_Q PK, mEOR 7_1]—71—g /\_\-HI_E‘%_OE— k17| UZL%
Holm PK 9} A9 H|g BFES Bt} o= PKe mEOR F
AR gshgkgoluy F Aol EAsHAl 7] Wil th. DAZF
PKOl =% 3o ~"AEZ-HLS pKY M20 Edl=9} vludtelS uf
A7 2 2ol HS HATE WA D02 Hd=i 1654 cmlol A
Nz 1S BojF=t} 16564 cm™S o7 (-C=N-)2] A% AFuE
e, olgfst 54 we §84EA PKE 7HER I 7|9t DA
ofql  Iekr] Afolo] oWl | FEAF o] dowttE A
oJulslH, Figure 3.4.(a)7F A A
zlo] e D02 Ed=o] A~HE
sh= (1704 cm™Myell A YehE Aol oA
FFER LY 52 s Ago] olwlAdgow nkEolxl
ZhaLel] ol ofelf A AL AR A o] 72 R d 7]
937 veRd oletal AdE T [72, 104]. AHAR A
(fingerprint region) 1365 cm™ol 4] A 29 w7} vbElRtT)
AHpE o}wle] C-N ¢ Z$ 1250-1000 cm™o A}, W=
7 1350-1250 cm™ oA A% FEu]7} YehtEd 1365 cmte

A (= R ot ofo
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HZoAe CN A% Weuzta ddEv [105 106]. Chen}
Zhangsol 93t PKe 14-07t2Rd7])= ofule] EA3lel] Paar-
knorr o2 v Eo] Hr} olul, C-N 2% Fui= 1360-1380
cmell A e s Aow paso] glon, B AFdxel 1365 cm’
o] we ¥z JE 7)A8tts  #9Eth M20-D0.2
sdl=e] AAEHS D029 AR v|Ask $, FUkE 2
937k e s 32T ¢ ATk 1375 em?t o] A2 UpERE
7 H= o]u]E= (heterocyclic C-N)o| A% ZFuE on|gt} [107,
108]. ©]Z> mEOR®?| MAZ]¢t DAS] ofrle] 3}8huhg-5 3fo]

olml= AL Fa ri= AL oulEi, DA7F PKE mEOR
Rrel §EYEAl FstAds weEte 1S gy Eth FTIR
2AEHS Z3] Edso Bx xE g3 A Figure 3.4. ol
AA g kg3 HEo] 3 &30 ‘ﬂi o] ‘;}:211%, PK

Loy c}%ﬂxﬂi’ﬁ H4-8&4d PK/MEOR E=#=9 484e =d
deAoletal o et

32 @3-593%4 442

7zt Ed==9 DMA 5738 Z23E Figure 3.7.-3.8.0 YERH AT
Figure 3.7.5= PKel DA =%joll oJgt T, ®WstE HoFth <F
PKi= 231 ColA #32 #o] 2=5 HojFth DA 7t 2% =9]9]
HAS wW PKO Tl & Wshe= glAN, 02 phr ¢ DAVH
et Ty 255 C2 24 C 7FF S718ch o= DA 7}
et EFAEFol PK F AFE Abolo] Zhazp dojut
Bx5Fy AL 213] (chain entanglement) ©] <7}3FaL, PK
wAsle] WalE ol Tyb F U 2 2RE °E

bk
wy 24 o i
2 =2

o fo

2> fe o o

N K
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3t 7] Wit ol ekar e Tk [109].
Figure 3.8.(a)= PK/EOR Ed
AN}E HolFErh PR T, #% &
Hol= AL & + Aded, oA
=99 wel EORS Ty= A WA il Y

AA AN YER}E AL B 5 9o, PKE Figure 3.7.914 9} 2
°F 2 T Z7[I= = HlU} EORY 7% DAL wke & 4= gl
o] §17] wiitoll tiF-%2 DA7F PKE 7lal Al7]=dl At

o] DA X% WE DMA
Alo 545 Cold M2 Tt
EOR®] Tsolth E10 Edl=o

Figure 3.8.(0)> M10 Ed=¢] DA7} =¥l u}Z2 DMA
Ade molwdl, oA F TR BHssE tE dis
wolFrh DAZF =9E7] Aol PKE 231 T T,& zton,
MEOR-> -53.6 ColA T,& zZtith A%k DA7F =gl whahA
PKS T,= ZF4 Solx|al, mEORS A% a4 molAE A
LB = o Z23d oz 0.2 phre] DAZF M10 Edl=o] =1%
49, PKi= 197 C9 T8 Holil mEOR & -49.7 T9 T,&
B3t DMA S4 43+ PK/MEOR/DA =7} A3 84S
Holzl= FARE FEAQ A8AAS #evte AS ofvsid,
%A ATR-FTIR A#ZRYH FRIEHJE PK-g-mEOR & Aol
ol&l PKe}F mEORS] “&-&7do] S7ttte A& on gt

ke dEAS e @A A AMEH b
S E A=Y Fagk S0t Al BT A Zel §lofA]
LU ETY Fursdd 93 AATIE (X), HE 2% (Tw),
AR 2= (Too Wele Eds=o 848 FAsH wESF
Atk iZlel A9 vgEd EA B A2k AA g
AT ALY vAA @ow, FE&A IEA BAEE AEE
FEje] AAo] vbEo] AW AAst Aso] WstA Hrh A
TS AR = o8 Al gEFS W] wjitol, PK/MEOR
Ed=0] DA =90 gt dEA WstE AFSITE Table 3.2%

PK, PK/MEOR, PK/EOR Ed =9 DA %o g3t T, T. X
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W3S Bolsth WA PKE 2209 €2 T, 1866 T2l T, 32.9 %2
X, & HTh PKYl =¥ DAY o] T7teE T 11 C
Aol g A AFro] Wawhs HAT PKY X, E3F DAY
wQlo] 1 % olat®m = Ao|r} YUk AT T.o AL 47 C
7 o =& e Hth PKIMEOR E#=¢ 79 mEOR2
S/t = PK AHAle] dEAd = 2

E} Tm Te, X8 oFRFE] 3ol HAAIWE & A
o #Eow ®Welth EE PK/MEOR Eil=c] DA 7}
| Wt T PKOlA 9F vl 2ebAl & W37t EA) oA e
HATH Xo A5 PKolA et o] thi-iEe]l A9 ofihY

R sk A7 ey 2 atkel= flo] Ein shAIRh

9

©

ot ox
2

eI ¥ | U o[
B o 20 ol Y% ol of

Ll

PK/IMEOR S# =29 T2 74§ PK/MEOR Hd= HEFA DA
E=]jel wep Srtele AEs B ol PKAARE e
Aifol o= AS &2 AAFAH. A= PK E PK/MEOR
Ed= 2% DA =9 o8l Tk Xeoll 93 79 FA4 AR,
TS =U0e 2AS g0 F AU o2 ¥ 52 2=
Tc= DA =el 98 AAsbrt FREJv=E A 9ngth
olggt Aol Ul DAV} PKoll =HW A&de] PK Abol9
Zhatol o3 aLtAREEe] aitap Ao] AyAdo] Hu, o] A o] 7]EA
AeS sto] APAES FXe7] witoletar ddEth [109]. DSC
A ARERE DAVE REEAESAER E=UHAS o, g
Heokow L% DAE PK/IMEOR H#HE=o AA dAEA &
B PAA Fom oA AR} 2EntE ¢ Fole As ¢
T AR

Bibgel guse WAy g 2dse 374 A¥AS
AA Ak EZlNA 1o WAL WASEA shas



o3 E sHS SEMO 2 BEEte] Figure 3.9.-3.13.9 =X &t}

wAPEel A 2715 A o, Boh AEs 248 9351
gt S ke AAAA EaES AAS =FH 200 719
3 dy ot d, 2 73 Table 3.3°] YeERH ST

Figure 3.9.% PK/EOR¥} PK/mEOR E#=¢] xthdo] SEM
olmjzlelt}, E10 EHEi= HANES AA A EUSI=
Etstar wig- FElshAl EAFERl EOR & #HEE & it
(Figure 3.9.(a)). T3+ #zw ot

We Pk <
YAt BE2E PRI wALe PRe] ng
o
=

PK/MEOR Ed=9] 74 PKEOR Ed=9} nHshA F3
FE S BHolFut. shAv E10 BA=9} HAs ke uio)
EgEY JAFAE ETSta BAMEe] AV7F B &L AS
AT = Afen, I 99 mEORY EFH] Sl= MA
7ol ogk PKete]  FAAbol7E &EtEQIY] dwfteletal
AZrg}, AT PKIMEOR E#W =+ mEOR 3o Z7fe] uhgt
HAEe]l A717y AAE @S Hol FAh o)A mEORO]
= 24 #5712 zihets PKeFY AgAo] EA 4SS
o|m)stH, Eqgn. 2-2¢14] Ho]%o] mEORY Fhgs7tel wel gl
7heshe f4Ae] FE gEo] FolA 7] wWitolth (Table 3.3).

Figure 3.10.-> E10-DO.2E#=9] IS HolFt) PK/EOR

Edl=e DA Hujgtom LEfjsto® gtdbde] FEligh ARt
Uelskom, Az o] gk geek #EE 4 glATh Figure 3.11.

s

=
1

e

i rr o o o

< PK/EOR Ed=o DAE =3
gaHor Hess wHrh AAsHA B hexane
o]-&3fe] EAHel EOR & A 73Tl PK/EOR E#l=9] DA
B 3 ;
e

o
o
4 jr
o 14,
)
H

F um F59 & EOR YA} HAH

z o]
[e)
go194 99tk EORS DASH 38 wss @ + 9
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7178 171 Wil PKete] S5 FAE WSt jlo] FEAS
A BEy] wielth. SA|wk DASl ghaFel Fhgel upehA]
Zpe] A7 o FolmeE AS ER1F 4 ATt (Figure 3.11).
Egn. 2164 Heolize] g Sd=e] BAMGT A5
o

=
e g4 =28 Agse G

% N

=

F 9l%el, E10 A= WH-°] EORS 1079 um® dy St 7.62 um9]
dy & ztom 1429 ¥2=g Zeth DAZE =5idel wit o
FAE A gase] HFH R 02 phrel DAZE EYHEAS ),
7.31 um®| d,, % 5.54 um®| d, S zZrom 1329 = E Zterh
22, PKIEOR E#E=dA DAL A& ARZ7IE
Tabdel Ak ofb A AR AEIAEA A8E sk
NS

Figure 3.12.= M10-D0.2 Edl=2o] s}thH-S ®o]Ft} Figure

310 vlugysS o 7| Entet =4 PK/mEORe| DA}
EFols s ARV dolds B o AT dAL
ojgdt FFolu} Holgly Fito] HAWH Aol wji1iiA|
ggom AL FAYe] el o B3] vk 183 mEOR
d2ke] A7 AA EolE ASsE HoFr oo EFE

i)
2
3
3
o
0
T

Edl=o DAY = s AT PK-g-mEOR
FEFA L AEZA aTE A

S HolXE Yo 3

PK/IMEOR E#=9] Felgo] wnX
wEsky] fleE e ARl mEOR
ojlm|#]o]t}, M10 Ed=o] wj$- A2 kel DA (0.05 phr)7t

2L E BTre ae) A0} wolatz o] m AL
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3 0.1 phr ©]%
S7betol= iRRe] A7|7F AA EoleA Fker, diFEe
BA=oA 0.6 um oo A71E BTh oA wheAlg3hA
TH5ojx]=  PK-g-mEOR F&3hale]  Fo] FIFS wEria
o AE A Th PK/IMEOR Ed=¢ mEOR < 05 wt% ° MA 7|7}

]

EOR o Z18}2E F o] l&=d, o] M5 M10, M20 Sd=7} 717}
24, 4.6, 8.5 ymol/g®] MAZ]E 7FA AL Ytk ZS 9u|ght), o]
MA7} =% DA%t RS PK-g-mEOR FTFAE THEV]
A E M5, M10, M20 E#d =0 Z+7+ 0.04, 0.8, 1.5 phre] DA7}
Ty ool st} dE 59 1 g9 M10 Ed
4.6 umol/g®] MA7]E 7FA il gl&dl, o|3lo] 5 DAL HkE-3}o]
PK-g-mEOR 35 3AI7F il sopd, & deke] ol¥l7|&
7FAlaL 9l DA T3 4.6 pmol/ge] F A3t A

r
=
kel
1%
(i,
3

m
O
s
rlo

agxE H=slolth kel DA =YE PK-g-mEOR & WHEA
Zabn, dEare] slanks dog|m, Qo] ArE WE FolA
Zats A8 2 4 3tk PKIMEOR/DA Ed =9 #5719 43t
o|ZRE] wHEo] W £ 9E PKg-mEOR T A 42 Table.
340 WA FEHE wE Aixs wFer PK AH
el mEOR #4Hde] A7]= PK-g-mEOR FF A9 ¥l
ojEskH, Za A BAS 984 mEORI}F DASl <ol
REEA] 73S FAstelok gk AE o AL, B AFA
BAE A =¥ DAZE whEel B Asgvis se @
- ATt

Ay} 2ol mEOR #AH
Ad (1) & ALXEES

712 Eqgn. 2-4
}= Table 3.5.
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)
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Uetiith Al 2739 PK/PA6/MEOR EHdl=¢] ZAu=RE 1 Fto
5 um ofstell A FAZFE= o] AAEM, o ¢h2 0.3 um e
o 4 91t} PK/MEOR/DA Ed =% 0.1 phr |42 DA 7}
oJoF 1 gto] 0.5 pum ©]st7t o7 *Wo}oﬂﬂ ol¢}
PK/MEOR/DA E#=o]|x mEOR 2] &&o] 10 phr, DA ¢
0.1 phr o]ddul] FAZES] o] ASAS oA g
,PK/mEOR/DA A==

E (t =025 pum) o A5 WS & FES

Zolgt o= At

=

rr A

YO iz Jmomoh Y R
Mlo r“é o ot & o o
o

34 71AH 44

PK/MEOR &3 =9°] DA = <3 uwrSA83171 7144
A mA= ¢S HY] sty 9 AdI 54 Agol
T35t} Table 3.6 PK, PK/mEOR, PK/EORS] 7]A1A EA&

Uebdl Zlelth PKel EOR F7F =4l wel g s
Fw7F PRl vle AA ol A #@0T  Unk o]
Hstes Al 28 E B2 HAd FEoe 15 317
Azt gdolty. AF A& AF FUPE dtEHAAT, 2
AT [76-78]. o] A2 LM E M= 315Kl PKE} EOR
WG A gREor s, oF S9o] rbs A

ol 1o g o

e >
oMl O &opo ox

oW o ope 2

N
=

e
O{N' HE rlo
>
o
1o
)
2
=2
R
e
2
T
aly
IN
N
=)
(e
£
Md
o
AL

i

Al A3, EOR a7 =4 deoll= E-shaL

PKol  tiulste] o v ZAis Bt ol PK
°] 3= EOR o] Atid ez yh A =A#oel= 7HA] 4A
(critical stress for craze initiation)S A 3 3| Al Ak
dold 95 HWsty] dieltt [59, 111] =, 2 3Rl
Ak ol Hast Ha HAE & dozivtay ddEt
Balzo] 49 E10 Eds=no ozt %5% B e 9%

-

lo o oo Mz fo &
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N
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e

Tsai-halpin 2]
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}o], Boyd ¢} Crist

S

of i

st9ch [112, 113].

eHow %Y
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[l

3

E.: Modulus of crystalline fraction
E,: Modulus of amorphous fraction

a: Crystallinity

&: Crystalline-amorphous geometry parameter
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PR A7 Aol Ae & AdY IREE,
: al

FAYES WS 9% F4A PK el Hu

shAI R, M59F M10 E¥=9] - DAS ghgol 0.1 phr o]
St E FARETY AA FUFskAl skt 9] Table 3.5.00 A
HoFE o o)gk A7 =] WElE Figure 3.159] YER ST oA
o ggtulel o]l 1 kol 0.5 umolste] E™ZolA FAFZ}

3l AS & 4 vl Figure 3.15. L W9
TR ok Al 2739 PK/PAG/MEOR E#=o 7z 37ta}
HOlE BYh (Figure 2.12). © #°] 0.25 umE H. 0] M20-
2 EdEdA 4% SAAE PSS IAT 5 Ao, =
°F 0.3-04 pmohi AJZET o] e Al 2749 PK/PAG/MEOR
LA Mo Az} 2 Zuiderduin®] A3 A3 B3 Fholt) [69].
B2 PK/MEOR E#=o] DA & o]&3 wSAE3ls =
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Figure 3.1. Schematic illustrations of polymer-polymer interfaces: (a)
between polymers A and B (non-reactive), (b) between
microdomains of neat A-B block copolymer, (c) consisting of
polymer A, polymer B, and A-B block copolymer, and (d)
generated by reaction between polymers A and B.

o Rk R

.



Maleic anhydride

?
P, L9 4+ HN— Py
o
Epoxide
0
Pn ~ 4+ HN— P
Q
P, © 4+ HOC— Pg
Oxazoline
M-
P. < | + HN— Py
-
M
P — | + HO,C— Pg
-

2
";'OH
—_— Pa —— NH— Pg
0
2
—> p [ N P = A-B copolymer
A 4
§
OH
" H
[ P}\ N PB
t
a 0
—_— Py + o0-c= P
OH
I PA 0\_[_. pB
0
H
. Pa »H _N— Py
H 9
_— PA + oc PB
o
i
Pa H D‘i"' Pg
0

Figure 3.2. Reaction mechanism of the typical reactive functional groups.
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Code PK mEOR EOR DA

(Wt%) (phr) (phr) (phr)
PK 100 0 0 0.00
D0.05 100 0 0 0.05
D0.1 100 0 0 0.10
D0.2 100 0 0 0.20
M5 100 5 0 0.00
M5-D0.05 100 5 0 0.05
M5-D0.1 100 5 0 0.10
M5-D0.2 100 5 0 0.20
M10 100 10 0 0.00
M10-D0.05 100 10 0 0.05
M10-D0.1 100 10 0 0.10
M10-D0.2 100 10 0 0.20
M20 100 20 0 0.00
M20-D0.05 100 20 0 0.05
M20-D0.1 100 20 0 0.10
M20-D0.2 100 20 0 0.20
E10 100 0 10 0.00
E10-D0.05 100 0 10 0.05
E10-D0.1 100 0 10 0.10
E10-D0.2 100 0 10 0.20

Table 3.1. Compounding formulations of PK/ImEOR/DA blends.
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Notched Charpy impect test
Figure 3.3. Geometry of the test specimens: (a) specimen for the tensile

test, (b) specimen for the Charpy impact test, and (c) Notched

Charpy impact test
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Figure 3.4. Schematic representation of chemical structures and the
reactions involved of PK, mEOR, and DA. (a) Covalent imine
link between PK and DA, (b) Covalent imide links between
MEOR and DA, and (c) Covalent imine and imide links
among PK, DA, and mEOR.
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Figure 3.5. Melt flow index of PK and PK/mEOR blends as a function of
DA content.
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Figure 3.6. FTIR spectra of the PK, M20, DO0.2, and M20-D0.2 blends.
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Figure 3.8. tan & curves as function of temperature for (a) E10 and (b)
M10 blends with varying DA content.
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Code T.(C) T () X (%)
PK 186.6 220.9 32.9
D0.05 189.3 221.5 325
DO0.1 189.6 221.0 32.2
DO0.2 191.3 221.3 32.0
M5 186.1 222.0 341
M5-D0.05 189.8 221.1 331
M5-D0.1 190.6 221.7 32.8
M5-D0.2 190.2 222.0 324
M10 186.8 220.6 33.6
M10-D0.05 189.9 221.0 345
M10-D0.1 190.0 221.3 34.2
M10-D0.2 189.9 221.2 32.6
M20 186.7 220.9 32.0
M20-D0.05 187.3 220.6 31.0
M20-D0.1 187.7 220.1 335
M20-D0.2 1915 220.8 32.6
Table 3.2. Thermal properties of the PK/ImEOR/DA blends.



Figure 3.9. SEM images of the cryofractured morphology of the PK/EOR
and PK/mEOR blends. (a) E10 blend and (b) M10 blend.
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Figure 3.10. SEM image of the cryofractured morphology of the E10-D0.2
blend.
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E10-D0.05

LI

(@™ 5. B10D0.2

Figure 3.11. SEM images of the cryofractured morphology of the PK/EOR
blends at various levels of DA. (a) E10, (b) E10-D0.05, (c)
E10-D0.1, and (d) E10-D0.2. (EOR was etched out in hexane

before SEM observation)
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Code d,, (um) d, (um) d,,/d,

M5 3.69 2.84 1.30
M5-D0.05 1.23 1.01 1.22
M5-D0.1 0.91 0.79 1.16
M5-D0.2 0.68 0.60 1.14
M10 5.89 4.32 1.36
M10-D0.05 151 1.21 1.24
M10-D0.1 0.97 0.84 1.15
M10-D0.2 0.72 0.63 1.14
M20 7.55 5.54 1.36
M20-D0.05 2.97 2.18 1.36
M20-D0.1 1.29 1.00 1.29
M20-D0.2 0.77 0.64 1.20
E10 10.79 7.62 1.42
E10-D0.05 8.15 6.08 1.34
E10-D0.1 7.83 5.75 1.36
E10-D0.2 7.31 5.54 1.32

Table 3.3. Rubber particle size comparison for PK/mEOR/DA and
PK/EOR/DA blends.
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Figure 3.12. SEM image of the cryofractured morphology of the M10-D0.2
blend.
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Figure 3.13. SEM images of the cryofractured morphology of the
PK/mEOR blends at various levels of DA. (a) M10, (b) M10-
D0.05, (c) M10-DO0.1, and (d) M10-D0.2. (mEOR was etched
out in hexane before SEM observation)
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MA content DA content PK-g-mEOR

Code
(umol/g) (umol/g) content (umol/g)
M5 2.43 0.00 0.00
M5-D0.05 2.43 2.91 2.43
M5-D0.1 2.43 5.81 2.43
M5-D0.2 2.43 11.63 2.43
M10 4.64 0.00 0.00
M10-D0.05 4.64 291 2.91
M10-D0.1 4.64 5.81 4.64
M10-D0.2 4.64 11.63 4.64
M20 8.50 0.00 0.00
M20-D0.05 8.50 291 2.91
M20-D0.1 8.50 5.81 5.81
M20-D0.2 8.50 11.63 8.50

Table 3.4. A summary of the content of the functional groups in
PK/mEOR/DA blends and the estimated content of PK-g-
MEOR copolymer.
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Matrix DA content (phr) ¢, (%) d,, (um) T (um)

0.00 6.65 2.84 2.81

0.05 6.65 1.01 1.00
M5

0.10 6.65 0.79 0.78

0.20 6.65 0.60 0.59

0.00 12.47 4.32 2.65

0.05 12.47 1.21 0.74
M10

0.10 12.47 0.84 0.51

0.20 12.47 0.63 0.39

0.00 19.16 5.54 2.21

0.05 19.16 2.18 0.87
M20

0.10 19.16 1.00 0.40

0.20 19.16 0.64 0.25

0.00 12.47 7.62 4.67

0.05 12.47 6.08 3.73
E10

0.10 12.47 5.75 3.53

0.20 12.47 5.54 3.40

Table 3.5. Volume fraction (¢,) and number average diamer (d,) of the
mEOR particle and the interparticle diatance (t) as a function of
blend compositions.
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Code E (MPa) o (MPa) &b (%) 1S (k3/m?)

PK 1300.2 64.2 60.4 10.5
M5 996.3 57.2 61.2 10.4
M10 862.5 51.0 57.6 10.0
M20 739.4 42.6 58.2 10.1
E10 856.3 51.4 55.8 8.0

Table 3.6. The tensile properties and impact strength of the PK/rubber blends.
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Figure 3.14. Tensile modulus, strength and impact strength of PK/rubber

blends as a function of DA content. (a) tensile modulus, (b)

tensile strength, (c) elongation at break, and (d) impact
strength: @ neat PK; M5; AM10; ¥ M20; oE10.

- 107 -

s A 2-tf] 83

& -

]
P



40 T T T T T T T T

30+ .

20 .

10 e - |

Notched Charpy Impact Strength (KJ/m?)

Matrix ligament thickness (um)

Figure 3.15. The dependence of the notched Charpy impact strength on the
interparticle matrix ligament thickness for samples of
PK/mEOR/DA blends. The solid line represents the regression
curve.
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B ¥ Y} [118, 121-129].

AL (wettability)> 2A]2] ¥HEAFT = [128-130],
214171 24 Aol Sl AEFAdel =de BA RS, 7
DAY 5 tgd Fopidld Fe3d AAWSER Zgstu
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ARA R FHst7] Al 7HF £33 olfEHe= SAHAULE, =5
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1A (), Z1A-2A2 (yys) FS] 2 2 (surface tension)ol] 2] 3l
AR A o)g nA AFAH} FFH7e] #A= Young©l
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Akl wre Un e pxEol A o A
HAe LES gtei= o2 7] 29 (self-assembly)dl] 7] 8FS
FiAdn A7 2L VAV §AEe FAAREEC] UAE
dastz] fa ApEAoR 2YEo FRES Ve As Wt
BEA dHem 2ded xus wE7] A PRleme 3%
717 52 W (chemical vapor deposition, CVD) [147], A ~7] 3}3}
=z WA (electrochemical deposition) [148], tF5 X A% (layer-by-

layer deposition, LBL) [149, 150], -2 (sol-gel method) [151, 152],
7] WAPH  (electrospinning) [153, 154], &4 Z¥ (colloidal
assembly) [155, 156] &©°] vt AFdka] wWHE 7] g <ok
Al Z2A Zbo] Zhsshr] Wil WAl xRS A7]E YT
e g oQew, AdEa mAFxe] A7) #\AE A4 e
TEE e T oAtk SHAEE A W mATE BWE

g oz Aztetr] ojge-w, Az wel avke] A

F7b A7 Bastel P SHel A 2 Aol k.

P

N

132 3} (Top-down)

ahaka WMo uA FRE M AAES BE7] 95te] H)A
U 722 ZAY (carving), B33 (molding), =& 3274,
Ba o Yol A S-S o] &5t ddt: HA aAlol FRES AVIE
Ae et 2wy gUeS wEV] YEHE dikle tRES
7 e AARRE date AR W nA] R E dAlets
(templating) *H 3 &4 Aol mA F2E FASE ATy

(lithography), Y= & WAl 7} (micro-machining), =2F=u}F A g
W Fo] o] &Hol sttt [141, 157-160]. 9ol A&7HgE WSl A

dZgoly W wA FxE Zta Qe HEE (template)S
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HZ2 o8 ALE-g aluminum (Al FE7F > 99.5%0] 0 T =

1 mmz, 2AddvFE F238AFe] AL050S o] &3t Ale] EHof

] x 1 ?L 2 wE7] 93k 278l o 2= Beck’s dislocation etchant

[164]. Beck’s dislocation etchanti= 40 mL<2] HCI

wt%), 12.5 mL2] DI water, 2.5 ml2] HF (J.T.Baker, 48.0-
gato] e Al o2 5 X 5 cm® o2 Adsia

2] Beck’s dislocation etchantol] 5~ 60%3+ % %] 3}

(Aldrlch 37
51.0%)& =
2l

o5 FH]

2 7kgk 7, e FRT 2535 o]&ste] AHES 60 T
A EANA Axst] B A3FAT
Edl=o] AF23F Polyketone (PK)<> 6 mol%<] propylene”] &

SH-slal )+ ethylene / propylene / carbon monoxide 4H13% 3=
(terpolymen) 2 &AdolA FgHte AS ARESISY, PKE =7}
1.24 g/imL, 382 220 C, §8AFE 60 (/10 min)3l A<
AbgET Bdl=o] BEAbabo 2 ALR-3F maleic anhydride (MA)7}
Z12FZ E H ethylene-octene rubber (MEOR)2 11 wt%<2] octene”] 2} 0.5
wt%e] MA”Z|E X3t 35 A (copolymer)=, DuPont Dow
ElastomerA}2] Fusabond MN493D©¢|t}. mEOR 2 ¥ =7} 0.87 g/mL,
|84 1.2 (9/10 min)?l AS ARESRiTh FEA LA B
60 Col FF oA 2427 &< Axg5 AREaF3ih

22 &R EA=9 Az}

J{}lr

PK/IMEOR E# =+ ©]%%%7] (Hankook E.M Ltd., L/D = 36, ®
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AAZNE 54371 98te], NANO View-E1000 A}2o] HIHZ 3%+
nlA &4 =47] (non-contact 3D surface profiler, 3DSP)=
o] &3ttt 3DSPE F3l Dozl AABERE v 2 A
dste] 04 X 06 mm* o] Wi R, (average roughness)#ke
Ak AT

i

ol

R, = %fle(X, V)|dXAY oo Eqn. 4-6

Z(X,Y): Elavation for a given point
S, Projected area of the given area

R, (maximum height roughness)zt-S Hwatat FHA kel Aoz
(maximum peak to valley height) 3] Ew o] AZ7|E DA F7]
A R, SAHC o8 T3 JHo2RE ZSAHHIAT HA
o] AAE PK 2 PK/MEOR B#e] W 23A4S 5A3
el W=7zt =A7] (Smartdrop lab, Femtofab)S o] &3l H=
(contact angle, CA)¥} =7} ©]¥ (contact angle hysteresis, CAH)
Atk A4S F2xdoA 5 pLe] ERES HEe Al
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31 Xd B4

217} 34 (etching process)ol]l kAl Al HHS  olA|E
Netez o] W AFE Fof FTHo WA FIES AFH
TR E=nlE Al H32 2] F-x9te] 9l Beck’s dislocation

%
etchant (HF/HCI/H,0)ell 5, 10, 30, 60 % w<oF 21zZts) At}
Azpst7] 3 o] Al o] WAl Fxe] WsE SEMOoE
A

AT AZbd Al He w9 wnga Agst BES
B o]t} Figure 4.6.()% Al-5s2] X SEM o|n|A| 2, 217} %7]
AAA oz Azte FEI A7EA] ke Fito] Ed s
Al EA 8, um FEY AW B mAFERTL
TEol T A7 gre]l 3027 HW 2 AGE A9 mAg
Zo] wAl EA k™, 2ZHAITke] 607 HWH Al H¥ W
Z FERAEL UFE AR nm 5 vAlgE SR EA)8e
RAE 25 ATk (Figure 4.6.(c), (d)). Az Azto] Ao} A4=
Hyt dAo AAA A7Zto] P, wMFERE= Hxp Zopx
Ag A F AA

5}
= .
ko] A 7zbo| o3k AA7|] WItE FAAHoE H7]93
3DSP (non contact 3D surface profiler)E ©]-83}$it}. Figure 4.7.2

4ZpA2E Mol ol Al W@ mHe] 3D oW A MEE moFuh

A - viER FHS BolFd Al HaE2, SEMolA yHEEl
olm| | e} o], A7t z7]ol= A Zto] ® FEF 27F tE HFEo
7Y (heterogeneous)stAl X o] ATt A2 AlFFo] F71gH
ot AAHew A7bEm, FY e 9Fo] WA s
J= A B F AT Figure 4.8.2 3DSP EH-E S 39
AA7] (R, RYoIth 224 Al H32 60 nme} 471 nm9] R, ¥ R;
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3DSPE Edfl Al Ha ®=3le] Azt A7t uwhE PK/MEOR
LA ge] ARYE FAsAT (Figure 4.13). oFFH A2 S
3t 2 PK B PK/MEOR E#1= H3-& oF 40~90 nm %9 R,
& °F 0.5~1.5 pm FFo R @S HolF3Ath W g PK/MEOR
dl=9] mEOR &3Fe] T7teds5 AA7|7F o
o ANEd, o= PKe mEOR H]’%}o*é %115 ;igzigl
el 711%tt [167-169]. AL Ab Fdel mAl 8-S HALGHS
AA7IE B2 Ay, @IS Az AZko]l Frfelel whebA
AAbE LA B R Rkl S7F aFQinh Egh PK 157l
mEOR®] o]l T7hgel whel, & PK o] wls) dAR- H
T ARVE BoFglen, old AV TV= UM SEM
HEA el dA 7,

PerEEe] AgHs Aigel 37

= oA7E A SR
aEA W Aolel AEHY Frbel st Al AYA, Al
ko] A7k A ol2l mEOR % Z7bel e} gaelol
AR FAY 5 AT oldF AHY S BAS wwo

T

ukE¥ (mechanical interlocking), 52 ©]& (adsorption theory),
2k o] (diffusion theory), %1714 ©]& (elctronic theory) 5] 1th
[170]. 2FolA 7IAA 2EHS Td] 3W X]?‘Sﬂﬂ (surface
topography)el] 2] st == nt
(surface chemistry)oll <]t 2] ol ofn| gty 75% @Z}Eﬂ,—%
Zstetr] A= Z1AA, shebd aa o
3} [171, 172]. MAZ]7}F 182 E 5oj9)
FHe] FRo o8] A2oME FE 18] (anhydride ring 7}
Agal 7pERejEe] 2544 (-COOH)7]E ZE+= maleic acid7}
At [173]. oA AAE JEEAV|= AIF A oR
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o
Lo
=)
ol
o

=<
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Figure 4.1.

SR

Functional surface nanostructure observing in living organisms.
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liquid

solid

(b)

vapor

Hadv

Figure 4.2. Schematics of a droplet on (a) a solid substrate showing the
contact angle (CA, 6) and forces at the three-phase contact
line.; (b) a tilted substrate showing advacing (f.a) and
receding (fr) contact angles. The difference between these

angles constitutes the contact angle hysteresis (CAH).



(a) (b)

() (d)

Figure 4.3. The wetting behavior of a liquid droplet on flat and rough solid
substrate. (a) A liquid drop on a flat substrate; (b) Liquid
Liquid penetrates into the grooves (Wenzel state); (¢) Liquid
suspends on the spikes (Cassie-Baxter state); (d) Metastable
state between the Wenzel and the Cassie-Baxter state.
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water

—— Wenzel state

T } » cosf@

water

7R water

_____________________ -1

Metastable state

Cassie-Baxter state

Figure 4.4. Relationship of cos 6,44, With cosf. 6, is the critical
intrinsic contact angle. Inset figures are schematic
representations of Wenzel, Cassie-Baxter, and metastable state.
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PK mEOR

Code
(Wt%) (phr)
PK 100 0
M5 100 5
M10 100 10
M20 100 20

Table 4.1. Compounding formulations of PK/mEOR blends.
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F«13
Al etching l

|

heat and pressure

-
Polymer
e
- Template
reuse

Polymer l replication

W

Stripping l

polymer replica

Figure 4.5. Schematic illustration of the fabrication of polymer replicas
having various surface structures from etched Al templates
with micrometer-sized irregular steps and nanometer-sized
hierarchical structures by using the heat- and pressure-driven
polymer replication method.
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Figure 4.6. SEM images of the Al templates etched for various lengths of
times ((@) 5s, (b) 10s, (c) 30 s, and (d) 60 s) by using Beck's
dislocation etchant; insets show high-magnification images
(x10K).
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9.29 pm

10.60 pm

15.41 pm

Figure 4.7. 3DSP images of the Al templates etched for various lengths of
times. (@) 5, (b) 10s, (c) 30 s, and (d) 60 s

- 146 -



(a)

(b)

Figure 4.8.

3.0
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Etching time (sec)
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0 " L " L R L " L N L " 1
0 10 20 30 40 0 &0 70

Etching time (sec)

(a) The average surface roughness parameter (R,) and (b) the
maximum height roughness parameter (R;) for Al templates as
a function of the etching time.

- 147 -



Figure 4.9. SEM images of the PK replicas with microstructure replicated

from Al templates etched for various lengths of times. (a) 5 s,
(b) 10 s, (c) 30 s, and (d) 60 s; insets show high magnification
images (X10k).
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Figure 4.10. SEM images of the M5 replicas with microstructure replicated

from Al templates etched for various lengths of times. (a) 5 s,
(b) 10 s, (c) 30 s, and (d) 60 s; insets show high magnification
images. (X10k)
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Figure 4.11. SEM images of the M10 replicas with microstructure replicated

from Al templates etched for various lengths of times. (a) 5 s,
(b) 10 s, (c) 30 s, and (d) 60 s; insets show high magnification
images. (X10k)
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Figure 4.12. SEM images of the M20 replicas with microstructure replicated

from Al templates etched for various lengths of times. (a) 5 s,
(b) 10 s, (c) 30 s, and (d) 60 s; insets show high magnification
images. (X10k)
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(a)
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Figure 4.13. (a) The average surface roughness parameter (R,) and (b) the
maximum height roughness parameter (R;) for PK and
PK/mEOR blends as a function of the etching time.
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Figure 4.14. SEM images of (a,c,e) the flat surface of (a) M5, (c) M10,
and (e) M20 blends, and the rough surface of (b) M5, (d) M10,
and (f) M20 blends after etched with hexane.
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Figure 4.15. SEM images of the (a) M5-5s, (b) M5-60s, (c) M10-5s, (d)
M10-60s, () M20-5s, and (f) M20-60s replicas after etched
with hexane.
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Figure 4.16. Schematic illustration of the change in the surface topology
by using the microstructure replication and removal of minor
phase.
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Figure 4.17. (a) The average surface roughness parameter (R,) and (b) the
maximum height roughness parameter (R;) for PK and
PK/mEOR blends after etched with hexane as a function of
etching time.
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(a) 77.1° (b) 102.5°

(c) 78.8° (d) 84.5°

(e) 83.3° (f) 90.6°

(9) 86.7° (h) 94.6°

Figure 4.18. (a, b, c, e, g,) Optical images of a water droplet on the flat PK,
mEOR, M5, M10, and M20 blend surfaces; (d, f, h) Optical
images of a water droplet on the M5, M10, and M20 blend
surfaces after removal of mEOR.
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140
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Contact angle (0)

Figure 4.19. Water contact angles of the PK and PK/mEOR blends before

120

PK M5

—= Flat

— mEOR removal

M10

M20

and after etched with hexane to remove mEOR.
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Surface volume

. Theoretical Experimental
code fraction
contact angle (0)  contact angle (0)
PK mEOR

PK 1 0 77.1 77.1
M5 0.93 0.07 78.9 78.9
M10 0.88 0.12 80.4 83.2
M20 0.78 0.22 83.0 85.6
mEOR 0 1 103.8 103.8

Table 4.2.  Comparison between theoretically esimated and experimentally
measured contact angle on the flat PK/mEOR blends surfaces.
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Surface volume

. Theoretical Experimental
code fraction
contact angle (0)  contact angle (0)
PK air

PK 1 0 77.1 77.1

M5 0.93 0.07 81.8 83.4

M10 0.88 0.12 85.9 89.7

M20 0.78 0.22 92.7 94.1

air 0 1 180.0 180.0

Table 4.3.  Comparison between theoretically esimated and experimentally
measured contact angle on the PK/mEOR blends surfaces after
removal of mEOR.
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(a) (b)

KN

hydrophilic

Pi
M N

hydrophobic

Figure 4.20. Schematics showing the shape of a local meniscus for (a)
hydrophobic and (b) hydrophilic materials and the interplay
between internal and Laplace pressures.
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(a) (b) ()

Water Water Water
:-}?Hve#ung A’_q:wwhang {_\/_faverﬂang
e wiog / wn,
8, ‘p' J' F 6, A . 8, ‘(5“ TFS )
s air air ajr
Ferniann” P -
Solid Solid Solid
gomﬂang > 6, gouemang =6, gonemang < g,

Figure 4.21. The cross-sectional profiles of water in contact with a solid
indent consisting of overhanging structures. (a) When
Oovernang > the intrinsic water contact angle (6o), the net force
(Fs) generated by the meniscus at the water-air interface is
toward the inside of the indent. (b) When Ogyermang > 6o, the
water-air interface is flat and stays at a circular intersection
of the indent. (c) When Ogvernang < 8o, Fs is toward the outside
of the indent, which prevents water from entering into the
indent.
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Figure 4.22. Water contact angles of the PK replicas having microstructure
as a function of etching time.
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30
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Figure 4.23. Water contact angles of the M5 replicas before and after
etched with hexane.
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M10

180
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30
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Figure 4.24. Water contact angles of the M10 replicas before and after
etched with hexane.
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M20

180
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Contact angle (0)

30
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Figure 4.25. Water contact angles of the M20 replicas before and after
etched with hexane.
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Figure 4.26. Water contact angle hysteresis of the PK replicas having
microstructure as a function of etching time.
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Figure 4.27. Water contact angle hysteresis of the M5 replicas before and
after etched with hexane.
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M10

80
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Figure 4.28. Water contact angle hysteresis of the M10 replicas before and
after etched with hexane.

o Rk R

.



M20

I before
= after

Contact angle hysteresis (0)

Flat 5s 10s 30s 60s

Figure 4.29. Water contact angle hysteresis of the M20 replicas before and
after etched with hexane.
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Figure 4.30. Overlap images of the contact angle hysteresis test for (a)
PK-60s, (b) M20-60s, and (c) minor phase removed M20-
60s blends.
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ABSTRACT

Toughening of polyketone (PK) was carried out by blending with a
maleic anhydride-grafted ethylene-octene rubber (MEOR) via melt
blending. Polyamide 6 (PA6) was employed as the third component to
compatibilize PK/mEOR blends. The changes in mechanical properties,
morphology, and fracture behavior associated with the addition of PA6
were investigated. PA6 showed a significant toughening effect on the
PK/mEOR. The addition of PA6 improved the compatibility between
PK and mEOR and resulted in fine dispersion of mEOR in PK matrix.
Morphological studies showed that the cavitation, shear yielding, and
crazing in PK/PA6/mEOR ternary blends can absorb fracture impact
energy and prevented crack propagating, and thus obtain higher notched
Izod impact strength.

This study examined the effect of the 1,10-diaminodecane (DA)
as a reactive compatibilizer on the mechanical properties and
morphology of PK and mEOR blends. The concentrations of mEOR
and DA were varied from 0 to 20 phr and from 0 to 0.2 phr,
respectively. Effects of DA were studied in terms of attenuated total
reflection-Fourier transform infrared (ATR-FTIR) spectroscopy, melt
flow index (MFI), morphology, thermal, and mechanical properties.
Both ATR-FTIR and MFI results demonstrated that DA reacted with
PK and mEOR during melt blending and produced the desirable PK-g-
MEOR copolymers at the interface. This in situ-formed copolymer
was efficient in reducing the interfacial tension between the two
immiscible polymers and finer dispersed phase morphology was
obtained. Compared to the PK/mEOR blends, mechanical properties
such as Young’s modulus, tensile strength, especially notched impact
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strength of PK/mEOR/DA blends were improved distinctly. A direct
correlation between the impact strength and the interparticle distance
could be established.

We proposed a convenience method to fabricate the
superhydrophobic surface on the PK/mEOR blend using their phase
separation behavior. The structured surface was fabricated onto the
blend by the pattern transfer using nanostructured Al template. Al
templates which had nano- and/or micro-structure were prepared by
simple chemical etching using Beck’s dislocation etchant that
preferentially dissolves the dislocation sites in the grains. The rough
surface on the Al templates was transferred to PK and PK/mEOR in
heat and pressure. The characteristic properties of the blends with
microstructure were analyzed by 3DSP, SEM, and contact angle
measurements. Various surface morphologies were obtained due to
different shape, size, and density of microstructures. The experimental
results revealed that surface roughness was enhanced by the pattern
transfer and the removal of minor phase on the surface. In addition,
the contact angles of the rough PK/mEOR blends increased with
increasing the surface roughness. The contact angle hysteresis of
PK/mEOR blends having microstructure decreased when the
dispersed minor phase was removed, which made pore and valley on
the surface. The surfaces of the PK/mEOR blends having nanometer-
sized curled strands and pores exhibited superhydrophobic properties
with contact angle of larger than 160° and contact angle hysteresis of
smaller than 10°.

keywords: Polyketone, Polyamide, Blend, Compatibilization, Impact
strength, Fracture behavior, Phase separation, Superhydrophobic

Student 1D: 2008-21062

- 185 -



	I. 서론  
	1. 연구의 배경  
	1.1 폴리케톤의 개요  
	1.2 고분자 블렌드의 개요  

	2. 연구의 범위 및 목적  

	II. 폴리케톤/나일론6/에틸렌-옥텐 고무 삼성분계 고분자 블렌드의 강인화에 대한 연구  
	1. 서론  
	1.1 고분자 블렌드의 상용성과 형태학  
	1.2 고분자 블렌드의 상용성과 기계적 물성  
	1.3 폴리케톤 블렌드의 연구  
	1.4 실험의 개요  

	2. 실험  
	2.1 시약 및 재료  
	2.2 고분자 블렌드의 제작  
	2.3 분석  

	3. 결과 및 고찰  
	3.1 열적동역학적 성질  
	3.2 기계적 성질  
	3.3 형태학  
	3.4 파괴 기구  

	4. 요약  

	III. 디아미노데칸을 이용한 폴리케톤/에틸렌-옥텐 고무 블렌드의 반응상용화에 대한 연구  
	1. 서론  
	1.1 고분자 블렌드의 반응상용화  
	1.2 실험의 개요  

	2. 실험  
	2.1 시약 및 재료  
	2.2 고분자 블렌드의 제작  
	2.3 분석  

	3. 결과 및 고찰  
	3.1 반응상용화 분석  
	3.2 열적동역학적 성질  
	3.3 형태학  
	3.4 기계적 성질  

	4. 요약  

	IV. 폴리케톤/에틸렌-옥텐 고무 블렌드의 상분리를 이용한 초소수성 표면 제작  
	1. 서론  
	1.1 표면에너지와 젖음성  
	1.2 미세구조 표면과 젖음성  
	1.3 초소수성 표면 제작 방법  
	1.4 실험의 개요  

	2. 실험  
	2.1 시약 및 재료  
	2.2 고분자 블렌드의 제작  
	2.3 블렌드 표면 미세 구조 구현  
	2.4 분석  

	3. 결과 및 고찰  
	3.1 표면 분석  
	3.2 접촉각  
	3.3 접촉각 이력  

	4. 요약  

	V. 결론  
	참고문헌  
	Abstract  


