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Fig. 1 The changes of tensile strength (a), elongation at
break (b), and gel content (c) of POE aged under different

conditions.

fER e 5, T B AR S N TEVR A A BT 9 T
F RN, TR TR N L (1S
RS, TEMAT A0 5 28 BB A o & 2
ORI A X U AR AT Z A R,
AT 8 BRSO B 2R, X e At & i
POE 7 T8 2 A B = AR 00U, TR RROK 2 T
H AL, B IX K7 B s AR ST
R HERREE R, IR T R KRG AC
e R AR . TR TAT 245 1, T KRERR
YT, POE SZIE 4 S5 b KRR, SC Ik
FREE TR . AR B S P BER AT 2 1b 5 S T FE A
FIEEPERERIE FF%, HE1000 h 5 52 &2 EL
EHAT I, U SRR I R B R A e x)
Gy FHELE NG O™ AR, I R A A R
K T W o 2o

22 R

B2 G0t T AN A2 GRS o POE B34 il 2 4k
1000 h 563 2. B OSBRI 22 124k . e
fEEAL J5 LT B BRI R (L AR R
A R T LB R IL S R B ), RRPBERK T
LRI e . ¥R e B 8 22 I R ) S B i 1k
MFERE, AT LLE A FZ A2 T Bk RE B HE
FPoR: BURST A0 > WA 24 ~ AL > #
At

BeAk, AL 2(a) AT LA H AL RIS #
Z A 1000 h J5 637 2 i 267 260 nm AbH
i, HIR A E IR . X W] RESE T E
AR B R AR N RSN GRITE I R R R
BEATHIFER, FEE BRI LIRS
. T AT 2 A0 AE 260 nm AL TEWR g, 5B
TR JUPEAAAEBIFRIAT H B S
23 HBETEUEMNESR

N 5T POE RS AE & A T J5 1URE 2H 75 I 4
FaE PER AL, AR SRR B4 S Bt
1TTHICEH, W 3@)FTs. LR R 5%
(PR A R AR VTR AR Ty, XTEE T AN 2K
PR Z AL )5 1000 h 5 T, AR50, T 3(b)
Jo.

ALEH, #EEZAE 1000 h G T, AR K,
R BEEI450 °C, XZ&HTHEET, HEF
R GBS BB E g, HUERBAE S,
SEEZBSEARWT BT, AN 4 AR RE KR
TR R e BAEAE T, F %2



FLICBRAE : AN[E NI E A T B S A A R R AT AN LER B ST

100
(a) e e
P ]
80 F 3 T T 7
~ I e
X D
~ .7
§ 60 o,
I
g 4
g 40 i
g .
= i T DH
20t S ---Xe
A ---1IGUV
ANV
0 el ) . . .
300 400 500 600 700 800
Wavelength (nm)
0.8 (b)
=061
Z
£
g 04r
3
2
> 02t
0 [ 1 1 1 1 1 1 1
0 100 200 400 600 800 1000
Aging time (h)
351(c)

W
(=]

N
W

Chromatic aberration (AE)
o8

—_
=]

W

0 100200 400 600 800 1000
Aging time (h)

Fig. 2 The changes of transmittance (a), yellow index (YT)

(b), and chromatic aberration (c) of POE aged for 1000 h
under different conditions.
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T it 2 2 Rl e 14 2K 2 T DSC P IR R
TMRA B i, PRI ERAT] 32 B 28 — T HiR it
2R I Eh A AR AL . B 4(e)4i it T POE JIRIEAE AR
A2 T S AR g L. B S AL
2615 POE Z Ak 1000 h Ji5 () X 28575 i 28 14 .
TERASIET, POERIARIIGASLASK, 45
A R, XA R ARAEZ T
T H oK B 15 A I S B T B R — Ik 4 i e
SZ RS, [ B I R A& A TR ) W B A A R
ik, MAERAENLLET, POE 44 fili g At 5
B, SR ETHRE, X AR F N AE
XS SR EE A BUNOBERE R, AL A
FHEE 58, [RCTE G 264 POE 1) 1K &5 i g
PSSR P R SN DN N A L N T
A B AR P4 32 A0 FE A o A 1) AR 4 DA
CRAER” NE, WITEZMLEKMGT, POER
DSC Ml 26 7 80 °C B I 7™ £ 1 — A A 445
IR TR Z R R ST R R i 3, K
AT PR SRR AR, R AN RO
HBENJR POE K4 155 O A If db A, AT B 47



25 50 75 100

6 [T M S
(a) — First heating (b) — First heating
HT -——=Second heating DH ---Second heating
z z
£ fg
=R < M
Q ]
an T
25 50 75 100 25 50 75 100
Temperature (°C) Temperature (°C)
(©) — First heating (d) — First heating
Xe —---Second heating IGUV —---Second heating
e e m e
wH g H
Q Q
= s 500h ______

25 50 75 100
Temperature (°C)

Temperature (°C)
14
(©
—— HT
—o— DH
12 = Xe
——IGUV
S
= 10
S,
8 L
6

0 200 400

600 800 1000

Aging time (h)

Fig. 4 DSC curves (a—d) and the changes of crystallinity (e) of POE aged under different conditions.

HHIH B TR T R BN R E I ik, R
N A A T TRV AT Ak S B RE
ds AT LG AL S I Rl AR 15 52, 1000 h
S (R R Y5 LA 50~90 °C, XA H T E X Fi e
PRFE R ANE AT P ASBRN ZE PR AR, H
TR EMTRY, MR PRC T REEL,, R
TEEBLZENEE Sy . R AR R AR S AR ST R 0 TR
A CATE A 28 B 25 M SR A8 1R 26 A R 1B AT Ik &
i, JERCT AR TE A G, AR 2 AR
BUK, IR M RRAEE S, Rkt gt
BA KRR B, S5EAT 21 45 6 AR A A
8L 15 1) XRD #I £k n] LLE 2405 A 7= A2

7 210) (020)
i IGUV

Intensity

DH-85 °C/85%RH
HT-95 °C
Unaged

10 15 20 25 30 35
20 (°)
Fig. 5 XRD patterns of POE aged for 1000 h under different

conditions.



FLICBRAE : AN[E NI E A T B S A A R R AT AN LER B ST 7

(U, R Z AT FE A I IR 4 b VA 7 AR )
L
25 FREERHOTL

TS T LR I O 3 (L SCFF
SHEESH, KRIUVITOFUVS31 E IR, 2 Ff
PUEGH R ERIREBURLIR . AW AN R Ak 254 %)
POE i SO T 31 52, 6 24k 5 i 1

KIHHEAT SEM 70 #r, iR 6 s . v L&
i, BECRITE G AK 1000 h i 28 T HURE 2 3%
Hahn, AL SR BIAT R T RLR B R IF B
A, CHAEBAGEAF FEMA R XU, fEa
BEE =R, N FBIFIAE POE S 44
PR AT ¥ YNNG/ 1]

Fig. 6 SEM surface images of POE aged for 1000 h under different conditions.
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Fig. 8 XPS Cls spectra (a), Ols spectra (b) and O/C ratio
(c) of POE aged for 1000 h under different conditions.

B, S4imssR—8. FEE, @I ZhEg
13BN 2 L R P A AR I B 1Y), 28U
FUAR 1R KNI 5 3 S 48 B0 R /N iy — 2. B
AR5 22 A0 J5 POE BRI S AL A2 B 9 AT > il
BT > W > BGEL REIHL, IR RGBS A
AIE AN L TR C—O g, XA EEEH
TACER BRI 747 tH 2R SR B, Bl
THRKEC—O4HM.
2.7 EZEUNEBRLE

R4 E iR X%t POE fEAN [A] 246 2644 R (1 2 4L
IT RIS R, S 45 T POE B3 BEAEA R
A N HIEAHLEE, XEEE T AR 264 N B AR
PLERFNBFIST AT R, ~EEWE 9 R, B
SR/ NERIER IR AR A, BB/ F



FLICBRAE : AN[E NI E A T B S A A R R AT AN LER B ST 9

HT-post crosslinking

@ Additives
O Crosslinking points

« Free radicals

DH-additive migration
e o o
“\ .

Fig. 9 Aging mechanism and additive migration behavior of POE aged under different conditions.
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Research Article

Study on the Aging Behavior and Mechanisms of Polyolefin Elastomer
Encapsulation Films under Different Accelerated Aging Conditions

Wen-yue Zhuo, Zi-ye Yang, Tong Zhao, Yan-hua Niu®, Guang-xian Li"
(National Key Laboratory of Advanced Polymer Materials, College of Polymer Science and Engineering,
Sichuan University, Chengdu 610065)

Abstract A variety of indoor accelerated aging experiments were conducted to study the aging behavior of
polyolefin elastomer (POE) encapsulation films under conditions such as thermal oxygen, damp heat, xenon
lamps, and iodized gallium lamps, and to explore the sensitivity of POE encapsulation films to different aging
factors. By characterizing the changes in mechanical properties, crosslinking degree, optical properties, thermal
stability, surface morphology, chemical structure, etc., the changes in macroscopic properties and microstructure
before and after aging were evaluated. The aging mechanism and additive precipitation behavior of POE under
different aging conditions were compared and analysed. It was found that under thermal oxygen conditions, there
is a competition between oxidative degradation and post-crosslinking, resulting in no significant change in
macroscopic properties. Photo-oxidative aging showed a significant accelerating effect on the degradation of
molecular chains. Xenon lamps with low irradiation showed the most severe oxidative degradation after aging,
while iodized gallium lamps with high irradiation led to the break of molecular chains after aging. The
temperature and humidity of the environment affected the precipitation ability of small-molecule additives in the
material matrix. Under high-temperature or high-humidity conditions, the precipitation phenomenon of additives
was more obvious, thereby affecting the anti-aging ability of the material.
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