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(A) BEERY TF L High Density Polyethylene(HDPE)

N~ T

Fig. 1.1 Schema of stereo regularity of HDPE

FIREETE LN HDPE OEHHITIT L A ERESIN T, ik (AlgR) 88 <,
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(B) {EEEEKRY =F LY Low Density Polyethylene(LDPE)

Fig. 1.2 Schema of stereo regularity of LDPE
BREEETI ARG EFALT, &SN 5 LDPE %, REDECEH S
I AR FRATRET D ELEHERHRAT S, MEBEREET,
SFEEN LY 2237 NTHDH. LDPE BEEMEL, BaEsE<, mEL
PHREL, BEMEVWASEBRESREL, MIESCEHEAEND Y, &R
DHERBORBER T A NVLEIER ST,

(C) EHR{EBERY —F L > Linear Low Density Polyethylene(LLDPE)

TN AT AT

Fig. 1.3 Schema of stereo regularity of LLDPE
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VARLECIE HDPE [CE VB R, koT, BEERY =F 1L 0XRE L
BEER)=F L0 BEEEZFRRELTND.



1-2-2 ARUFar’LrofEiE

FFHELLTORRIEOLRT &L, ERTHEN 740D — 2 XETEEER
EFThD, PP AERYv—OfRLE, ZICH FHEOTABRMESZENSTH
% PP OBA . TEBAIEDORAZELOMN 3 BEHY, B ~— LT LAF L E
(CH3) BSSLBHIIE—F IO HEFIL TN BEDEA VS 7 Fv7 | BVEWT I
BELTOSbOEI VS I F v FRANEFILTODbDETFIF w7y,
Figl4iAVEIF 00 SV OFEIF vy THIF 7 PPEDERE AT, AV4
IFoy T FETTF v PP EHIL 40-70%E LB B R W IER(LERRL ., BSREE
BB, THF 97 PP T RLER Y THED MR THS Y,

Isotactic polypropylene

Syndiotactic polypropylene

Atactic polypropylene

Fig.1.4 Schema of stereoregularit}; for PP.
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Spherulite Lamerllar crystal

— Amorphous

Fig.1.5 Schematic illustration for super structure of iPP.
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Fig.1.6 Structure of fluorescent probes.
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Fig.1.7 Relation between energy levels and emission spectrum.
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—EEETIEML, Z0LEORBOMRENFRABCRET A LTHEALUTA
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THLLEND, LZCESROT B LENIAHIE oL ABROT Hel THENSY
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Fig.1.8 Stress-strain curve for crystalline polymer.
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2.1 el CF3
AR TILAARY & AR I 0 24t AN
SNTeA VE I F v RY Fur’lr (PP)
ERY—HASHIC I VIERINEEEER
JxF L (HDPE), BEEER) =F L
(LDPE) BLUVEHREFBERY =51 Fig.2.1 Coumarinl53.
(LLDPE) 2 @&uFEMELE LT, £k, F—7TrHAEPEELLT
Aldrich.Chem.Co. B ® Coumarinl53 (C153) % F\ 7z, Fig2.1 iZ C153 D&
BT, 7%V ORTLENIITS /) —NVHTH 532nm TiREZ LT3,
BEREATEMOSFRIITROBEY THB,

Table 2-1. Polymer Characteristics

Sample M, x 10* M, X 10° MM,

PP 38 7.8 4.9

HDPE 10 1.7 5.9

LLDPE 11 2.6 4.2

LDPE 20 2.2 9.1
211 HBOFEH

B =il L% 95g AR, 1I0CCEEETRESES, ZTHIZPPHL
SRV =F Loy baSgMZ iPPNEMET S ETHEEBLANLNEAT S,
iPP ML 726 10mM ICFESE L7z C153-F% 2/ L U¥AHE 100pl 2FM$T 5, £
D, BZEGR LI L UERETS ZETCIS3 % F—7LERERE LR
Do
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RONTERBEAT VUVAR, TAIRTERR, 7375/ 8oE
Ry MU RBETIPP T 230°C, WY TF L Tit 210CT 5 HRIBF X ¥,
ZERIREHRIZ 20MPa TF LA L, 0- 1000CTARBELERBZ - L To— kD
REZER Lz, £ PPRE TR OCTARKTELERTF UV LARER LD, 7
NVIBRDATERESED L E TREBEDHEE LRV — FRERITE 3, £
iz~ b%& 60-120CT 4h BB L, BREDOBRDZ YV AN LE,
LI CTRBLELDE AV U7, 0CTARAAELELDFR SH LTI
T3,

ERI L= — MR Fig22 O X 524 —PF 10mm O F W ~UbRICE O L7
b DOERETA N,

. 2] .
I4mm
_ ~N—

lg a!

10mm

Fig.2.2 The dimension of tensile testing.

212 ABOX¥ 775V E—a v
¥ 775 Ve e VIBERNES I OREEEBESE (POM) 12X A5EHE
BxfTao T, B ERIEL Mettler #HBUE FRAL XS205 # AVT T AF AF Rk
(B =5 =) VKDL, EBENLRAE AV, FRBEEy, ¥
KD,
_ P~ P,
Pe — Pq
P ITHEER DEE, plIdEREDEETH Y . FNFN PP Tldp=936kg/m’,
pa=85dkg/m’, KU F LTIk, p=1000kg/m’. ps=854kg/m’® & LCEHE* 1772
2Tz, ROTHERES PP IX Table.2-2 12, RY =F L 13 Table.2-3 /T,

Ay (2-1)
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Table.2-2 Cracteristics of iPP samples.

Sample | Anneal temp/°C p/kgm’ Crystallinity/%
Al - 906 63.4
A2 120 909 67.1
s1 i 887 40.2
S2 60 891 | 45.1
S3 80 896 | '5 1.2
54 100 904 l 60.9
S5 120 907 | 64.6

Table. 2-3  Cracteristics of Polyethylene Samples.

Sample Quenched Annealed p/kgm™ Crystallinity/%
Temp./°C Temp./°C

HDPE+C153(A) 100 100 958 712
HDPE+C153(B) 100 ; 953 67.8
HDPE+C153(C) 60 ; 950 658
HDPE+C153(D) 30 ; 947 63.7
HDPE+C153(E) 0 ; 943 61.0

LLDPE+C153 100 . 925 48.6

LDPE+C153 100 . 921 45.9

16



iPP 3B OB RS OB LITIT Olympus 5! RLEEMEE BXS0 2 Hu /-,
Fig2.3 1z Al, A2, S1 . S5 DRIABEMBEETEZ T, Al, A2 ([TIFEREDEE
SHDH S, S5 CREATHEROBKREENHE L TWHARNI ExbRi5,

S1 S5

Fig.2.3 Polarized optical microscope pictures of samples with various crystallinity.

17



22 JAIE
221 EBIERE
JIEEYEIR & LT Lambda Physik #8 LEXtra Z iV /=, LEXtra lZFE T 5 5 R
EEZDILETRAETOHL—V—DEEEZEX DI LN TE L, KT TR EFIHA
% & 248nm, XeF H A7 5 351nm 12725, AHFFE TiE 248nm 28FH Lz, &
Jt&s1d Ocean Optics £H8 USB-2000 % AV, o Ytas OIS KO AT h v
DT —H ZELY AT DT Ocean Optics FHD » 7 ~ O0IBase32 Z A L 7=,
IR & T BT R O /NSRRI A A S b e, BIESREN D
EONDNE L ATEEL, BRBOEMETIZES Lz, L oREELND
I T 7 A N—ZRELOHEF TR RLFERRALT PEZRE L, F
FRiZ e — R X D RBHZMB B A ZRIE Lz, ZHIC X 0 3R L OUs
FDOREHAIERFIEEIC /e o 7o, KBREBOWMER % Fig2.4 127 7F,

Light source

Load cell

Stress

Spectro

B <
==

Fig.2.4 The experimental set up for measurement of stress and fluorescence spectra.

Spectroscope
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222 BIREER

AEHIEA 100um ¥ — b % Fig2.2 TR L7ES—V & 10mm, 0§ 4mm O
Z o RICEID L7z b O&R AV, 7T BUYERTR O /NS RFEERRICER U+
i, EEEE Imm/min TEMBESHE, ZOLEDEHEOTHEZRE L, £
SE, BMIERT 22T TRRSHIBIRR L YA 7 ARBRbB I RoT,
RIS W D OIEHEZRF CTHETT 52 Z LT, OTHB—EDRET
HEHIMD DG EEMSEDLI LD THD, VA Z7AVBRIIFEICITLITAND
NAERBRTHY, EMERFERVIETZ E TOTHEMATIRT LW IR
BT D, Fig2sS T ERO, Fig2.6 2V 4 7 VERBROEXK %27,

A
m\\\\\‘h
7]
]
L=
et
W

-
Time
Fig.2.5 Stress-time curve in stress relaxation.

A
1=
©
-
W

Time

Fig.2.6 Strain-time curve in cycle test.
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3.1 JIFERE
EHTo—TH F—T LIz LI2L D PE OAHZEME~DEELFHB DI,

e EDE U(68%)TH 5 HDPE & C153 % K—7 L /= HDPEZBIT BB ERR %
To /R % Fig. 3.1 ITRT.

39

HDPE+C153

30

25

Stress/MPa

0 1 2 3 4
Strain/—

Fig. 3.1 Stress—strain curves for HDPE and C153-doped HDPE

DRI —OT HEREN D RED o TRBRIE S EBROT HOIER Table 3.1 12
Y. R ELTHDPEIZCIS3 2 F—7L(H, PEDO#MEEEERDT, 73
SMMEICITIEE A CEEZ RIS RN EBbroTt.

Sample Yield Strain/- Yield Stress/MPa
HDPE 0.624 30.1
HDPE+C153 0.528 29.6

Table 3.1 Mechanical characteristics of the samples
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3.2 WIEFHILEE

3.2. 1 BN AT b v

HDPE & C153 & R—2 L7z HDPE OFE KA~ b))% Fig. 3.2 12779, LD
C153 z F—7 L 723 B Tl 490nm iLfRIC R ¥ — 7 PR TE 5. AFETH
W2 Cl53 72 8D 7~ ) RENHE L 4200m 5> 5 570nm OF R THEETRT
ZEMND, Z0490mmEEOREIEE— 711 CI53 DEREXEELZONS.

800

700 | ot

600

500

400 HDPE+C153

300

Peak Intensity / counts

200

100

200 300 400 200 600 700 800

Wavelength/nm

Fig. 3.2 Emission Spectrum of HDPE and C153-doped HDPE
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3.2.2 BRI 2RNEE

JEHIBTRICI T 2R AREDE/E T 7=. HDPE DEIEHER% Fig. 3.4 II7
. ERATH OB CIXRBAEEITE A EE(L L TWRWS, BREERIC
ADEFENBEITEFLLHEML, BRERIEREZR L. Ry Z{EHBEEIC
ADEBNBENRSBITED L, —FEEL 2o, LT, BRENKEIRS
L, BAEE—JHMEPERLTREY. ZORXREOEKITIE, HBREENER
KEELTWAZ ENEXBNRD.

RRGEIEL TIIM B OB Z D, EHFREREEENERSh, 2072
HEBE~OELBETT 5. BRERORIREOHERIL, REBEOHER:L
ELTWAEEZ b, BREOBEEIC L BB OREERIEE T o —7 DRk
EZHNLBRMTEDZ L ¥bhoTz.

——‘Stress. Xv=712% 678 658% 637% 61.0%
¢ Peak Intensity
35 = - - 9 1200
30
1000 P
25 =
© 800 3
2 s,
=20 &
@ 600 2
L 15 3
* i 400
10 & ! S
& eAird Y D_
5 200
0 0
0 100 200 300 400 500

Elongation time/s

Fig. 3.3 Relation between stress, fluorescence emission intensity and elongation time

for C153-doped HDPE samples

22



LDPE OHIFEFER % Fig. 3.4 12T . BRBISA, L7y MIRLRE
ERLTWVD,

LDPE DFZE, B CIIBNMEILEL L2h o723, BRIEmR CERIC
B Lic. ZoZ &k, LDPE TIIEREE CHREBENE DOfERTE DM’ &
5 TIEARL, HRENIBOLSFRDOEYICL > THMEEE~ L BERLT S Z
EEFERLTWD, £, EFREEREOBIIEMRIIL-T, BBOELN
EL oz Itk BAbDEEDNS.

14 r Lo e Ceaan —— 1400
s @
12 3 1 1200
b j ; @
‘] W‘i‘ ’ o . a
1 af f . 1 1000 €
% ; - [ {:r.% g © @ ® 8
2% & i |-é"° & e . 9
£ ﬁ’qe ,‘ - ﬂm% # - Ql'r o Py oo o 3 \D
E 8 - \ ; L P‘n.:?“\? -:;‘:.a-g L &‘?"Q " @ 1 800 >
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u ‘ s 7]
o o
5 6 4 600 -Ea
(73] bt
%
4 r 1 400 O
o
2 1 200
0 ! x| 1 L 1 1 L 0
0 100 200 300 400 500 600 700 800

Elongational time/s

Fig. 3.4 Relation between stress, fluorescence emission intensity and elongation tin

for C153-doped LDPE
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LLDPE OEIEMRZ Fig. 3.5 1277, FRAWLA, 70y MIRELREZR
LT3,

LLDPE D&, WHES CIIEEREMS LA B L TV, F—B
REBIIC A D L BNBREITBIN L, B—BRARIIEBREZFR Lz, TOERREILA
ERRED L, ERRERICAY, EBRRABLVEABEITOEIDLOMN
WHEAD Uiz, 2B —BRRER CTIIMEOMBAE Z Y, EHNREREBEDR
Hrrahn, BHEDOHHBHEE~DELBPEITLTVWAZ L ERLTWVA.
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Fig. 3.5 Relation between stress,  fluorescence emission intensity and elongation time

for C153-doped LLDPE
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Fig. 3.6 Relation between stress, fluorescence emission intensity and elongation time

for C153-doped HDPE sample during relaxation test in yield zone
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Fig. 3.7 Relation between stress, fluorescence emission intensity and elongation time

for C153-doped HDPE sample during relaxation test in neck propagation zone
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Fig.4.1 Stress-strain curve for iPP and iPP with C153.
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Table.4.1 Mechanical characteristics of the samples.
Sample Yeild stress/MPa Yeild strain Young’s modulus/MPa
iPP 318 0.159 629
IPP+C153 32.2 0.152 631
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Fig.4.4 Fluorescence emission of iPP with C153.
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Fig.4.6 Fluorescence and stress-elongational time curve of

the sample quenched at 0°C.
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Fig.4.7 Fluorescence behavior in stress relaxation.
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Fig.4.8 Fluorescence behavior in stress relaxation after yield.
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Fig.4.9 Fluorescence behavior in stress relaxation before yield.
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Fig.4.10 Fluorescence behavior in cycle test.
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Fig.4.11 Fluorescent intensity of the sample with different crystallinities

under uniaxial deformation.
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