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Research on Hydrolysis and Aging-resistant PET Modified by Melt Blending

MENG lJicheng, JIN Yifan, LEI Qiaorong
(Key Laboratory of Clean Dyeing and Finishing Technology of Zhejiang Province,
Shaoxing University, Shaoxing 312000, China)

Abstract: Polyethylene terephthalate (PET) film is a basic component of crystalline silicon solar cell backsheet, and its
main functions are moisture barrier and electrical insulation. Since the molecular chain of PET contains ester bonds, it is
susceptible to hydrolytic aging under high-temperature and high-humidity environments. Therefore, it needs to be
modified to improve its hydrolysis and aging resistance. In this study, carbodiimide was used as a modification reagent and
melt-blended with PET, followed by hydrolysis experiments under simulated high-temperature and high-humidity
conditions. The results showed that with increasing carbodiimide content, the melting temperature (z,)) of melt-blended
PET decreased, the crystallization temperature (#,) first decreased and then increased, and the thermal decomposition
temperature initially rised significantly and then declined somewhat. After the addition of carbodiimide, the hydrolysis and
aging resistance of PET was enhanced, but its melt flowability deteriorated. The optimal overall performance was achieved
at a carbodiimide mass fraction of 2.0%, where the melt-blended PET exhibited a ¢, of 253.0 °C, a ¢, of 192.0 °C, an
intrinsic viscosity of 0.507 7 dL/g, and a carboxyl end-group content of 9.3 mmol/kg.

Keywords: Solar cells backsheet; Hydrolysis and aging of PET; Carbodiimide
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fRNCTE PET, X RE S AL 22540 PR RE RK il Mk RE B4 T
Sy AIEA
1 KIGFERSY
1.1 FEEWH

WIS PET VI, ERPEZLEE 0.680~0.685 dL/g (&5 H
JRR A 11 B 2R M- DY S 2 e VW), s R it (¢,) A
259.0~261.0 °C , iL BH A3 il 4k TA PR 2 &) 5 Rtk 0 j%
N,N'-2(2,6- Z S AR R B e fb — ik, 43 7N A
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AR AR 2 ]
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ARSI NCY-3, R RIS AR A A B
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TS, PolyLab, SEEI PR G HH/RBHE 20 7] s A L AR 21
AMEREA , IR Prestige-21, S A E G AR A A ; ZZmH
HEHIL(DSC), DSC1, Ffi -t Mettler-Toledo 23 1) ; £ &k
REZMHTIY, TG/DTA6300, H AKS TALE AR F]; Bk % 1)
RERIIEAIL, JP-500C , ik JFE 1T A TS PR w5 AR
BB, MS400, iR A BR 2 7 5 AT,
WRX-2S, b DA AR 2 7
1.3 HmEl&

BRfb — A% 5 PET MM IR SE00 8 I PET Pl T8 |
JE LT A B PERERE IV BT A Sy IR A PR I . 5
PET A5l B 7E 100 °CEZS TG N T 8 ho BRI I
R AR FH AT PR RS, DIl O R 12 8 25 5 i) S B0 40
o £ 1MERILIE PETIELTT o B-AL D HAEAS TR

IR SEE 53 A 6 41, BEZHAR R 100.0 g REWIREY . B
TR INCRRARAX , BE A 270~280 °C, @il
TERMESR S SR AR EIR (DI G, AL
YRR B A ¥ 25 B Al G M iR RS0 R o
R 220 T AR (SR HE T St 5%, $%3% 50 r/min, (8]
10 min, f3ER AR SIHE SFPEESR . SEa PSR,
PET-1 HYJEREMESH MR Zh PR RE R I, BRIk e 4, 20
HARE G A AFL B 6. BSINERAL SRS , KRR
SRS ERE TR, AL A IR A BT,
W] 25 1) 6 ZELI R i A1 10 2 T RE R TR LIS i/
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Tab.1 Formula of melt blending PET

FES M1/ g M g W gl 70
PET-1 100.0 0 0
PET-2 99.5 0.5 0.5
PET-3 99.0 1.0 1.0
PET-4 98.0 2.0 2.0
PET-5 97.0 3.0 3.0
PET-6 95.0 5.0 5.0

1.4 Mgt 5 R

YA PEREFE PRI« 3 FH RN SR PET 1)
FEVERE R, (GO T AR DU o, B0 25 0 T SR
YIS B RGBT o SR PR (ELT R 1A DU PET ()i R
BE s WP IR AN o T RS

FTIR 3 : 5% B e AR 3 21 A0 63 A 53 A7 PET U
F B S 254, FHHETE B R 4 000~550 cm™, 43 HE R Ky
4cm’, 321K,

45 S PERE IR  FRECPET A5 5 mg, ZEVE 1S e 4l
RO T BT, FHEGHE B 10 °C/min, 25 °CHE

25 °C, T, 76 2 min, FLL 10 °C/min FHE % 300 °C,
BREFHRIZ, 300 °CF i 2 min, 285 L) 10 °C/min [
i % 25 °C, A3 Bl th 22

PAEPERENNIA : R FZR G PERE AT SO0 PET # i
TERGR T TR AR, FRECPET FE i 5~8 mg, LLAsHt
WPEMZEEE  AE 100 mL/min A9 25 RSP F AT,
FHELHE RS HIAE 10 °C/min, FHETER 30~800 °C , F14HiIk
0.5 s,

IKFRPERE IR . TR PET 585 1) it /K fi AL PEBE
B T AL AL 85 SEIR (ILEE 85 °C KRR 85% 454 T iy
it EACPEREI ) S, BE— 2T R s e ki, PET
R ) DU K MR PERE R I E DA 8 B L e s T
121 °C A XHE B 100% , FE 77 0.2 MPa 554 T iz # ik
48 h, SR 5 IS ) I R RS SR D) B R, RS



B AL FH E T A B4 A% s 000, SR PR e o i
AT LBEARAN 50 H AN B35 194 41 5 il — B AU P dk
SLIRNAE L TR R (100 °CAAF FKAEEAL 10 h, I AR
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LIEH, e Ay 101
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F2APET YT E2Y AR . W2 TR
L PET UL MRFAEREEE |1, SR AL & 1) 55 L PET 7=
s FEUT . PET 5 A Hh A n] i o it 25 B B o PR , 1T i
FRIEMTFAE S IR S22 PET 781 TR FH i R v i BEfiee
SO PR A A a . R, St D R R S
PET BRFERIEE 1, SRR & B R A TR
X LA IR B Ai 5 19 PET &5 WVERE , 76 /5 SR iR
RESKER G , LR R IRFPERIEE o, SomiRRE & ) AL
&2 PET¥ A #9 2L AL F M4
Tab.2 Main physicochemical properties of PET chips

FEPERIBE/(dL-g") 1,/°C
0.682 7 259.8 27.2
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Fig.1 FTIR spectra of melt blending PET
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Fig.2 DSC curves of melt blending PET

A3 Ak PET 69 AR A s
Tab.3 Thermal property parameters of melt blending PET

s WO Amag) xR
(mmol-kg™")
PET-1 2543 200.6 28.94 20.67 73.0
PET-2 253.7 195.3 33.94 24.24 51.0
PET-3 253.1 200.4 30.83 22.02 38.8
PET-4 253.0 192.0 31.73 22.66 9.3
PET-5 253.0 193.2 27.41 19.58 0
PET-6 251.8 198.4 30.47 21.76 0

M 2 3 oI LU TR IIBRAL SRR o , i i
PET [ ¢, FEE B AL 0 e &5 = 0 38 MRS B, 2L —
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W AT VR S B S Ak, — e A 2 7 R 25
SN I LA S0 5 PET 4R, Bl H
1 W PRI VR

Wl BRI R & BN, o Sk JE T, FERRiE — I
JHe o 12 43 H50A 1.0% S 5.0% B BN FRIRR I I . HE
TG PR BRAL R 53 T RESE K I 2 T B i v RS SR A
YrEFTEREROR, NS BEEERE ™ B N 5
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WS B R AL —E AP

ARSEHGNIBRAL P MEAE PET i) T 40505 2.0% B
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12.7%, WeB, KRS H WAL AL A ZEER 4 A5 B
PET 43 FHE2S L, (5 RHASON SR 4 Tt X PET 405501
PR WY S0 S E VAR F 45 S Tk & A
P, T i A2k 5 A, VAR SRR AT R b 4 5
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S HLEEHES bk 20 2% S S AZ O VE D IR T A R
PET{EMS AR TR PR 25 ST T 0 o AL, £ 3 PET-4
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Ak 2L 18 BRI e AE PET v i) it 843 B0 % 5.0%
B, PET-6 B AR 5L & & 1/5° 0 mmol/kg , IR £, AW I
TFRERTLUAH I RIARAR S 5 RN BRI P WA ERE R TR
RGP RIEEH B VER . B, ¢ 5 PET-5 B .42
FHuTLUE X Fh Az 0 18 F 6 PET ()25 Fl i i

HUL T UL, 225 PET 2 FREMMUIEHER | H SR RE
23 MINEREL B /NG TR WAL A P ) 2 it di A S 4 F 38
B AT E SR TR SR PET M4 d A Toh 1)
SR DR ¢ OB S BT AR AL, X6 T e 4
PRI TS AR R E P AR . X FAER E 1 e
WIS X B O AR
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o AR, TRINERAL IEME S, 5 PET Wi RSk ik
FIRNE, FEAIC T PET 732500k 2 P o R &5, e
PEREAT I i X WA A PERESE T BIiE 1IAR ) 25
{HEEE BRI IS ARSI, PR B A BT PR,
TERRAL SRR ITCR 5050k 5.0% BHEERUHE. . 34T A <
EWAL LIS BRI, B S 5 ROV IR L
IRITER I ATE PET H , R Bl TR () SRR b 5]
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Tab.4 Thermal degradation parameters

of melt blending PET A .oC

FESY  fwe twe fer fee how  Bow  Bses bow o
PET-1 389 399 405 409 413 430 440 450 460
PET-2 404 408 412 415 417 434 444 453 463
PET-3 393 402 407 411 414 432 442 452 460
PET-4 378 397 404 408 412 431 441 451 460
PET-5 386 400 406 410 413 431 441 451 462
PET-6 303 385 398 404 408 428 439 450 459

2.5 I5EhILR PET BUZKERIMERE ST

RELL A BH RE 15 4 A AR s 00 , 765 L 100 °C&AF
IKFEAL 10 h, SHE B TR PET FE SR PE L iR
CrR S, BATINE . 35 A RIETR PET /KRG 1R
T RS R .

H1 e 2 0] 5, PET Y OB R 4 0.682 7 dL/g
MFESTTLUE ), PET-1 FRPEREEERE 22 0.401 9 dL/g, FEIE &
K 41%, FE PR MRV F 38, PET M 4> TR B X —
SARPERE TR bR IO I TR, SRR AR ThRE P AR AR
WSROI . AR Al A A PR R s TR TS
JFERK S & B/ T 40 mg/kg, FEREIE/NT 0.020 0 AL/,
ARSI K i AR T A P MR ) T T, {H B 1)
EHE K K PET A% B2 RR IR 2 A0 i

IRMBRAL —ERR S , 7K fife i 5 ) PET (i AR5 & B89
BRSNS WA ST 5, FEHHAR A I T A 5 AR R 5
T, Ui AR R S HGEF) 2.0% L, PET [ i
BRIALEE 2R TR, BRI, S BR A e i
SRR 2.0% X PET B /K it RESR TR B35 . T
JEC R A A 3 e v AR BE RN . —J7 T, o] LAY #E




PET i 9 B AR s 5 —J5 Tl 18 it i i AR T
PR T RE PET /K fifr= A R AL R &Rk —
P RE— 25 AR R, , BEL Ik 7R AR, , AT 1)
REVt— R
&5 EEk IR PET KMATG 6945 L8 B Sn A S F AL,
Tab.5 Intrinsicviscosity, carboxyl end group content and ¢, of melt

blending PET before and after hydrolysis

AFIERR I/ SR AR e

PEsh (dL-g") (mmol-kg”) §
RN KR KRN KRR KR ARG
PET-1 0.4019 0.4027 73.0 102.1 254.3 253.7
PET-2 04843 04857 51.0 52.5 253.7 254.3
PET-3 0.4836 0.4834 38.8 38.1 253.1 254.0
PET-4 0.5077 0.5075 9.3 6.1 253.0 254.0
PET-5 0.4681 0.4675 0 0 253.0 253.2
PET-6 0.4323 04355 0 0 251.8 252.0

PET-1 /Kfif )G 1, FREWA S, iX & B TR 5k 1
BRI PET S &I, 70 T &S SEI S, w25 & =1
W EFAWOTUAEIE, TR ERE S, PET /KRS 1)
t M EFE o AT IR ZERRAE U HE 5 PET J& mil 3 IR K2
KIS R FREETSFE T PET W IIRIRIE | X BRI ) 4
BR B A TR s o YR A A B e T e /K A 3 N
T2, T HE] T PET MO R, sk /D 7 FE S 04 1 i
PET W& & 450 7/ TR A SE i

Rl R AL IR & G I, PET FE S 8 Rk 2l 1
A8 TR, IR /KA 5 FR PR Y BRI e 2. |
Fbo —J7 L, BRAL O e 5 s R B 0 Ak 2 RO, ik T
PET (R , /N T AR 5> F ) N e &5 o — 71, Bk
R SRR S2 R, SR B BRAL 3 PSR
WS PET W4 FREAL, W0 T 4 F 500 S 4t , okt
BT 4y FEEWE SR T, E 0 R BUA R SRR T
Vo RHE BRI RS s ARSI N, 2 4k 2.0%
J& , PET R tERhE I P REa %, BARD S TIA TR
INERAL R PET-1, {H & 0] LUE BIAERR AL 0 T &
G1HCR 2.0% I A REPE RN B IR B0 MR . 23 BT JRIA - H TR
A SRR 1, R 51 °C, AR T HL IR 270~275 °C, H
FEPET WA LI C 582 mh, RS &g, 28 51
FERLRAPERESGE T PET OSSN, Jayib I & & i By
PEREEE TR, SR, BT 3R R P AR AR S A ) )
ARETH IR PET B2 0R i sl MERE AR 235 . $2F PET MPRHH
X o3 F BRI B AR RS T i BB A R TR
PEACTERE . I, TR IIBRAL —EERE RSS2 Tt PET M
IKFREALVERE , 255 TS R PET RRIEREE R o, B AL TS
B BRI T 54 2.0% HLASE L
3 it

TEPET R IIBRAL 30 , A TE bk, SR

WAL A% PET BEATXF EL AT o 455360 ik — %
5 PET KA A8 PET B4 14540 & A2 284k B
WAL RS R I, PET ) ¢, S B T FEG 3, 1 10 754k
B E SR X PET N Tad FR A fa e Il = A AN
FIROVE s PR E TR S B TS A BT TR ; s
IKARJG , PET FOTR K i A PR RE R B IR b A 55 ) 34
ITHE BRI (R B A PERE TR . 454 PET SR I
TR A0 BT , T BRI B 5 0 R 2.0% B
PET L5 VERERAE . LI, 4, 24253.0 °C, 1,4 192.0 °C, 4%
PB4 0.507 7 dL/g, Wi R AL 5 504 9.3 mmol/kg, R4k
TORRETR T U3 5 PET B K A AR PERE , X0 i3
R BHAREF AR et PP RE B K A 5 dn 3+
Flo EFaRZE IS HA TN N, JE2ms Ze— o
YL PET AP J12EtERE , A Sel Tl AL AR P i 444
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