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Figure 1 The variations of mechanical property tensile strength (a). tensile modulus (b) and impact strength

(c) of different density PE after aged for different aging days
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%Ak 24d J5 . HDPE Fil LDPE jrf; 58 B2 £ € 2 2, 8 A 22 Al 8 399 9 9 b R O T B R B2t die K. 3R W)
LDPE 25 iy ' it 52 AT Y642 & % 46 5 Wi B K . MDPE #l LDPE H: ¥k . HDPE #% /). LDPE #1 HDPE
i M e 2 TR A 2 A5 I Bk . MDPE il LDPE #/h,

2.2 XS FRE GPC i

AR X U PE R ZF AL 64d J5 IFE M T 0 T A A5 Rk 1 s . 3R 145K
W], k% HDPE,LDPE,LLDPE 1 MDPE #2545 & K AHXT 834 40 F i ME B 45 F i, &
1k 64d J5 o AH XS £ 43 BT fE R R B A 3 SO BE AR, L B0 7 B R R = Ak Y 17373
16713.,23847 Fl1 14780 F &% 5272.,2547,2982 H1 2740, B> TR EM L R BB 49 TR T
352820 A1 10 % H1 10% , LDPE F B s 20, 454w SCh 24 PR R (0 40 BT 45 R vl 0 e e | L IR B
AT L WUFP PE 43 F 4548 K A 30 A0 W7 8% S5 VE T S A S 38 43 7 T it R AR, e 2 S 30T MRS il 1 g
thif PERE R TR . (E15 1 B W2, LDPE (9 A48 % 43+ B & B IR 15 B R 2, e & 5 30 LDPE 19 %5 i % fig
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Table 1 Molecular weight of different density PE after aged for different days

HDPE LDPE LLDPE MDPE
ZALm ) /d
M, M, M, M, M, M, M,
0 17372 69622 16713 97044 23847 91710 14780 96457
64 5272 24590 2547 8622 2982 9241 2740 9990

2.3 MBEM TG S
2 JPUFp PE 5 TG #iZe &, R A TA Universal Analysis 4387 244 %) #h £& 35 17 5088 53 1, 75 21
Flv PE R FZ AT A 44 TR S %X IR EE T M KR T A8 fE B . I3k 1 FiR.,
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Figure 2 The TG curves of HDPE(a) ,LDPE(b) \LLDPE(c) and MDPE(d) after aged for different days

K2 KRESHHHEBRE T-w MRRANBFEE T.EH
Table 2 The T_s¢ and T,, of different density PE after aged for different days

T-5%/C Tn/C
Z Ak /d

HDPE LDPE LLDPE MDPE HDPE LDPE LLDPE MDPE
0 440 423 439 427 475.17 469. 42 472.93 468. 67
8 438 414 437 417 477.8 468. 8 472.57 467.93
16 431 381 431 388 473.31 469. 8 472.14 469. 47
24 421 393 411 369 475.13 469. 08 472. 6 468. 07
32 415 382 406 376 474.2 469. 59 470. 95 466. 96
40 420 344 384 363 A472.75 470. 65 473.9 467.3
48 414 310 345 355 472.31 469. 94 472.52 469. 35
56 388 305 340 354 474.43 470. 63 472.71 468. 08
64 375 306 338 348 472. 04 470. 74 471.07 467.7

M HE 5 V0 LI BE T 5o AH AR A6 W] LA H Bl 25 & AL B[R] 2 <, DU Ah PE 34 52 30 F B 1 R 3, SR A 7
AT & B S 0 Fh PE #4880 M3 T RE . o 24691 0d~16d, LDPE il MDPE T [t
LR ZALI 23 5 F T 10% A1 9. 2% .7 HDPE #il LLDPE HRFE T 2% M1 1. 8%, &4k )5 1, U PE
A AL R 4 DX B B R 2 Ak 64d 5 . HDPE T R B2 /N R B AR RS Y 440°C R RE % 375°C, T BE
T 14.8% . LLDPE #1 MDPE H¥K . /3 B F#A% 23 %0 F1 18. 5% . LDPE F F& I8 B B K . i oK Z ki Y 423°C
TREZE 306°C, FRET 27. 620, M Rl B T (6284 vl LU Bl & 2 AL B R E K, PUFh PE #9748
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Figure 3 The DSC curves of HDPE(a) \LDPE(b) .LLDPE(c) and MDPE(d) after aged for different days
x3 BEEIEERE T,MELIFSEE OIT TH
Table 3 The T, and OIT of different density PE after aged for different days
Aging T,/C OIT/C
time(days) HDPE LDPE LLDPE MDPE HDPE LDPE LLDPE MDPE
0 137. 4 116. 1 127.7 110. 5 228.7 225.4 222.5 221.8
16 133.3 115.0 125. 4 110.9 217.6 216. 1 225.8 228.5
32 130.7 114. 2 124. 1 111. 4 217.6 217.5 219. 4 223.6
48 130. 6 113.9 121. 8 111. 8 219. 8 218.7 220. 2 222.0
64 129.9 114. 2 121.9 111. 0 219.1 215.5 222.6 223.2

M 2 HE] LA 1 B 25 2 AL R A9 38 in , HDPE . LDPE #il LLDPE 1% 4 flt 06 06 {1 YL B 15 52 90 o f
R %, F %R B HDPE>LLDPE>LDPE. £ ¥4k 64d J5 . HDPE.LDPE fil LLDPE ) % il i i i 7
BEAS TR T 5.5% 1. 7% fil 4. 5% ,MDPE W&4 FF+. MEALE SR E AT LLFE B HDPE fil LDPE
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CH,,909cm™ ) MK W 2, 4 % (—CH = CH—, 965cm ™ '), 5 4h, WE 3 1 F &M Z 1k 16d #2. 7F
1375cm A — 4> W WS e 3% 7 14 5 3 A W R CHG 14 % Bk A8 1 3k 20 6, J2 43 F 45 0 S A0 R AIE 0, 33 B
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WREEE 3G 3 R i TR AR S B b S AR R O B, A T 3 T PE S5 A2 AL
FIABEEAS B (CD MR FAE 8 (HD . 7€ PE 3 F458 IR S 40 2019em ' b1 J2 48 1303em R4S
r A I IE 5 7T19em TR T A M AR ERSI NS R, BA R e, Wik, U
2019cm " A W WSC U Ry A L 43 S A AN (] 2 Ak B ) S0 9 B R UL 0 (17 14 em ') (R BRI (3400em 1)
V1R W52 ' 3 0 {5 o 0 %) TR ' A A LU A5 380 Bk i 8 BORn ¥ SE 48 4. 181 5 o5 HDPE,LDPE,LLDPE A
MDPE 7£ A 7] % Ak B [8] S5 445 (8 A [ R AiE 04 ' 1 728 Ak A
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Figure 4 The FTIR absorption spectra of MDPE after aged for different days

Pl 5Ca) g 2,5 B (909cm ) W I i B 4 fle I 1] B4 1< (0 78 4k 1 7T BA 414 6 4 o 97 8 0d ~ 40d.,
LLDPE 7% i I XU 28 36 J5 14 1€ 085 45 JH 8 = R JL P (5 59 A1 IR 0 8 A LA 2 1L 399 40d
~64d. LDPE 8K W1 i . LLDPE 32 . [ 5(b) k30 A B E Wb 11 (1378cm ) WK i B 4 fb e i 8
K 07 (D 3 e 75 Dl 1 S0 2 PR 608 5 B A (8 T ML L M H e T 5 - IDPE 8 K 0
Wi/ . 2 1 DUl RS S 76 KT 44 AT 45 2 T B B 4% PR 00 30 A M 9 6 0 2100 1 390 i 25 2 o i 1 7
K3 AR A B 38 L S A BE R A, T 5 (o) () S B E W 6 C — C {4 R 3 (1635em )
ABEEA 7% C = C 454 5 (16500m ) WK 6 22 Bt 1] 28 A P L T LG o D R RS 7 0 R ) C = C i
A SR 5 14 52 30 14 AR IR0 26 AR 0F 76642 R 0T 9  LDPE (9 C = C {H 5 45 3 00 O 15 B < W 1
TR FUE T RRE LU L ELIL T (4 02 F B . 1 LDPE (89 4 6% W5 6 0 11 0 88 51 . % k30
G R

FEl 5 e Ay 4 MW A i 1 P B o 2 301 25 A0 JEL 39104 45 MR 8 I 24 {500
% & LDPE>MDPE>LLDPE>HDPE, # &1k 64d J5, HDPE,LDPE,LLDPE 1 MDPE #3485 £ 73
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Figure 5 The variations of growth rate of feature peaks absorbance of different density PE after aged for different days
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AR 18.6.52.2.27. 6 A1 43. 7, & 5D Sy 8 B4 BB & Ak ik [|] 79 42 Ak 18], LDPE 34 K & 8l 21, MDPE H:
K s HDPE 1 LLDPE A5 fb Wi B He A — B, 456 ik S 98 BOR 2 JL 48 80530 B 25 5 mT 0, DU R RE & 76 LT 6
G A BACAEE 5T ¥ kAR T ORTRVRR B Y A VE R SR VR A S5 T 4K LDPE > MDPE >
LLDPE>HDPE, LDPE %&b/ Fl 5 A s U, SUAb 7 W) A iU 2 P R 48 HIOR s B4R B0 KRRl .

R T A U DU O [ B R 20 AR S PR R 22 S L AR SCAR BB Zerbit Y 5 FR I E T U RS
20 B S 5 1928 P AR5 A X, = 1= (1 _1(3(11';)/113233) | 100%
TRELHA I, F T, A& 730em T T 720em ! AR RRAE W SR . S5 R WA 6 TR, AT LL& 8L, HDPE,
LDPE.LLDPE Hl MDPE (1) 4% f J& 75 5 A~ 2 16 8] 19 P9 2 52 30 506 186 5 0/ 19 A8 Fb B 3R 0 25 & 3 3
KRB 43 8 2 W L BTBE 16 /N2 T B A AR i X kA 2 DR G O R G R U A ] 20 1
ZAb R R A TR SR 2 T Ak 452 A A 2 R 4 AR B0 R S8/ . W R T LR B LDPE
(1) 45 i FE AR Ak e o B, 4k 32d Je 45 S K T 20 % .1 HDPELLDPE fil MDPE 435l 3 4 9% .8%
M 15% 1M A5 B HDPE 1 LDPE 45 5 435 T B T 520 F0 20 % - &5 & B2 1 A5 fkt vT LUA ) LDPE
FEE BT ST Ak R RIZL

AR AEGUT I E & 2L IR ES 444 T, LDPE I LLDPE A {0 Fl B 34 K S5 M, 0O Fh B 5 52 4k B
A AL TC I S IX 5] LDPE () 43 7 & Wi &% 15 F 87 i 5 210, 04k 9 55 0% 4K Yk O LDPE > MDPE >
LLDPE>>HDPE, LDPE %k {F F i A s B, S0 7= ) A e 22 $ S48 ORI S48 B0 KR, ROk
& .LDPE {4 5 %1k . HDPE Z1LAFE 55 .

2.6 FREMMFEI SEM &
& 7~& 10 4 HDPE.LDPE.LLDPE fil MDPE 7£ [T Y6 4 & % AL IR BE 5511 T 23 A [R) 2 4k i [1]
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Figure 6 The variations of crystalline of different density PE after aged for different days

0d.32d 1 64d J5 AR EMIE S K. WK T Al LU k% 6hy HDPE,LDPE, LLDPE I MDPE 3£ [
Heit T, RfE DB T fE P AR N TR BRI %, 224 32dE. i TFEAT
) LT IR, HDPE i ) 3L AR E P47 HES 1 SRR 20 Fn B4R 2440, 52 s M W7 24 (9 R AiF , LLDPE 3%
TS 30/ 6 1) (B o Ak TR 3K J2 fR 1 G0 BRSO 17 2375 1) 4 245 i B B M R B b R E
FE G N 3, MDPE 22 1 7 Az R JL T R 04 LR A8 4585 8 AN P [ Bf o ff i 10 B0 1 (80O 1 3R ks, ]
AE (19 J5 K 2 i T MDPE 3% 122 A6 A J5 65 7 i 9 i 51 &2 19, i LDPE 76 0t 3 i) © 28 % A= W 5 19 22 L 31
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Figure 7 SEM photographs of surface morphology of HDPE after aged for different days
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Figure 8 SEM photographs of surface morphology of LDPE after aged for different days

Aged 0days - W Aged32days - 40 R "M Ageld 64days

K9 AFEEARTE LLDPE 3% if 8O % 5 &
Figure 9 SEM photographs of surface morphology of LLDPE after aged for different days
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Figure 10 SEM photographs of surface morphology of MDPE after aged for different days
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Influence of Density on Degradation Properties of Polyethylene

after Photo-oxidation Aging

DAI Jun', YAN Hua'* , GUO Jun-jun®*, HU Zhi-de', YANG Jian-jian', ZHANG Han-song'
(1. Department of Chemistry & Material Engineering » Logistic Engineering University , Chongqing 401331, China;
2. Unit 73801, Wuxi 214000, China)

Abstract: In order to analyze the influence of density on photo-oxidation degradation properties of polyethylene (PE),
the materials parameters (mechanical properties, thermal stability, melting characteristic, chemical structure and surface
morphology) of different density polyethylene including high, low, linear low and medium density polyethylene (HDPE,
LDPE, LLDPE and MDPE) were studied by mechanical experiments, gel permeation chromatography (GPC),
thermogravimetry analysis ( TGA ), differential scanning calorimetry (DSC), attenuated total reflection infrared
spectroscopy ( ATR-FTIR) and scanning electron microscope (SEM). The results show that LDPE resulted in the
decreased faster in the bending property, thermogravimetry analysis characteristic temperature and oxidation induction
temperature mainly concentrated in the early part of aging. After 24 days of aging, the impact strength of HDPE and LDPE
decreased. After 64 days of aging, the molecular weight of different density polyethylene decreased and the variations of
weight average molecular weight of LDPE decreased more intensely. The degree of unsaturation of LDPE and LLDPE
increased significantly and there were no obvious differences in the variations of chain branching of the different density
polyethylene. The variations of chain breaking, oxidation, carbonyl index. hydroxyl index and surface morphology of
LDPE were more significantly and severe. The branch breaking the regularity leaded that LDPE was prone to aging.

Key words: Polyethylene; Photo-oxidation aging; Comparative research; Degradation properties; ATR-FTIR
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