WO T %
ACTA POLYMERICA SINICA

BRI R B R R & —BFfg R H %8
ArA 2 ER OE T IAR' BRAD ZERYV

AT FRAAAAAE T 2 (T e R R A LIS AT F 832001)
CHER TS B AR R F L A BRI F MR BB 5T A7iTF 832001)
CHgEr TV K= IR 8248 W& 41 844000)

B SRR R R RS (PET) M 22 I REMEA IR, A58 AR I B ot 2 — Y 3Lk
A JE(PDMS) N INFERR , 53X HER(PTA)FI 2 —BE(EG)il i HIEIL B H & T — Mo Mlrk ke 3L R ook
1Y PET 3L R i (SPET), H 5% %57 PDMS 43 T 5 XF SPET SOV S, 4 A1 22 WAL RE (5200 . 25 5 % B, SPET
HIREEBEE (7146 0.7 dL/g LA ., PDMS 5| AR PET 2> FBE R ML M: , K&K T SPET RO %5 fhPERE . 24
PDMS [ 43 F# 4 2000 g/mol i, 5 PET F:IR 3K A54% i SPET2 ', PDMS 5 PET Z [MI /A 7EflAH 0 B Bl 42
TEREEE G RAK IR G54, $-TF T SPET WML J12/ R BE, o011 B2 A0 W 28 < o 43 1)l LU
157 56.4 MPa F1503%, 43 HH 45 PET #2711 12% 0 43%,  XF b BOHE oh v 3 BE Al Lk %) 11.68 kI'm2, &
PET [ 4.74% . #1258~ , PDMSH ) In| K0, 7€ SPET R &4E, BN T SPET iy« mife, W

TR RAF B 75 AIBHAA P RE .

KR BNEHWIRS TR AYUGEGILR,; MRk RKiEeeE; Biis

PR,

51 Wede, 223, 2RI, TR,
2F %R, doi: 10.11777/3.issn1000-3304.2026.26003.

T AR AP R R 28 iR £ s KR RE . &

Citation: Guo, L. L.; Li, H.; Li, G.; Wang, P. X; Li, D. X.; Wang, Z. Q. Preparation and properties of copolyester

of poly(ethylene terephthalate) with organosilane. Acta Polymerica Sinica (in Chinese), doi: 10.11777/j.issn1000-

3304.2026.26003.

XK R 4 FERS(PET) B A 514 70
LRI YERE, ) ZNATZ. M T
FEIRIAEATIRI-4. SR1T7, PET HUEE 73 745 H A0
SREE M RE T BOLAAE I M E R Th REMEAS 2 S5
5, BRI T PET £ vty T2 SRl A0 1 3
U, WFFTE I IR . SR AN KA G ) SR
SKRIEFFPET N FHTEGE, DAY B L0 458 . 3
B O PET 3045 13 45 i i SR BB A R 2
s Ak, W I IR £ RS- 1,4-38

2026-01-03 Wi, 2026-03-19 %1,

EESS

bt —HEEES(PETG) XK R 1,4-30 b
Z B (PCT) RIS oK R  —E-1,4-30
ft — H EERS(PCTG)S 4%
KL, HIhRetE A E 5| A PET
S FEERARIIRE R PET, HAT AR = i A
SEPELFSEIL A, I SR AR R A, RRES
ST A A OU 45 K4 (158 T BRI N FH 1 A 1
W%, BN PET D REA e 5T i) 3 98 77 0] (890,
Pang S50 i — P L ISR IE 4 2,2,4,4- DY F K- 1,

FEETH . B EIA R R ISR A FERIAA G H S 2024TSYCCX0112) . HrdE H 1A X R A F4EM - A A5 A
(HH*5 CZ002732)FIE 5 A SR FH# 54 (45 22068033).

*M{EBER A, E-mail: WZQ20070420@163.com

AR F LRE R, 5IESC—FF P AEA T 5 (www. gfzxb.org).
doi: 10.11777/j.issn1000-3304.2026.26003; CSTR: 32057.14.GFZXB.2026.7582

1



2 oA

Fok

3-8 T %t —#(CBDO) 5| N 2| PET 43 T-HE 45 4 3k
3 7 #5IPEBT 3L MR, 255 KM CBDO 5|
A LU 3R T PET M A b B AR IR B, #
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AT T — Pl D e AL ISR A B R (HSCP),
TG NBIPET 4544, KILHSCP 5| AA
(0] LASRE T PET 1) Ju 4 fg, 18 0] DA T PET
5 I BELA Y i, HSCP L2 PET (K% R 48045 %
PR 2 30.0%, HEEHREIIERIV-04, FFHE
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Scheme 1 Synthesis route of SPET copolyesters.
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PET L3R B8 (SPET). AW 50, @it M7 PDMS
7RI — RIIAFE 57 &2 PDMS LR
PET, 2 A SPETn, H i n3K/x PDMS K435 45>
T, N1 20 40 THTI0 kg/mol. 1ERN%FEE,
% SPET A i L& 5 %4, ULPTAFEG A
JRRHE B T 4E PET.
1.3 M5 R
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F+25280 °C, RS min LAJHFRIAT S, B 5 4>
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FAHEESE 2 (°)/min, FHETE HE 5°~90°.
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22 18 [H X bR v GB/T 1040.2—2022 (38} i
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K SCA20 ZY 42 fish £ I E2 A% I 72 SPET 3L 58
W el £ . A CE TSRS S R 0 S pL B 4K
AT, AR EENS Ik, BCPE.
1.3.11  HETE B ik

HRHE 1SO 5660—1 AxiE (X K s i ik 36— 4
Bs. PR E R ERER, 1 PR
HRHEEEROGE)) 37, HulE N 35 kW/m?,
FEAY R SF 100 mm x 100 mm x 3 mm, &FFE S
HEH2R.
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SE ARSI N L BRI AR IR IR 77V it
4T, BRI STN 130 mm x 6.5 mm x 3 mm.

2 FHRER

2.1 HEMmHEHK

TP T AR SPET H[n| fl o T, 4553
7~ i SPET (1 [n] 73 A 7£ 0.65~0.85 dL/g 2 [H]
GPC 45 M /3 AT 7E 0.86x10%~1.39x10% g/mol, PDI

FE2.0 iy, USRI P A0 40 20201 LSRAS =1 40
TR SPET IL Y. FHIN, w1 BdEaT LR
& PDMS 7> & 138N, & B SPET 4> T &
WA BEAG, X 2R K274 PDMS 85 B I 51N
SRR A R BN, FEAG T 7 T8k
K21, iy SPET ] GPC il 28 (H8 T~ 3 #5155 & S1)
A LLA L, SPET10 /i GPC i £k 7E 12.2 min kb7
1T g4, 7E13.8 min Kbk B %, R
4y PDMS 5 PET 3L ffi 5 SPET 1) 4> & 7
AT H G

JNUESE SPET M4E#), 1K FTIR itk A
XIRE AT T, S5 5 WL SRS BRI S2. 78
KIS2 1, 2963 em™! Al F AL 1) C—H 4R 3
Wi, 1714 cm™' Ab N EkFE C=0 K 4R 3 T
Wi . 540 PET AHEL, 7F797. 840 F11341 cm™
ab, PIHILT B FREEYE, HA 797 em AR
T Si—O B FARAEIR BN, 1341 em™! KLU )3
5T 840 em! [ HTUE S i A 8 T Si—CH- %5 i 4z
K% C—HZ fiiRzh1. R4 BB SPET 3£ 5
Yy RIS 45 PET M1 PDMS KB AEH] .

Table 1 Polymerization data of PET and SPET.

Sample Feed Molar Calculated M,® N [n] Actual component ® (mol%) Surface content ¢ (mol%)

ratio molar ratio (x107* g/mol) (g/dL) N¢ Ny Ng; Nc No Ns;

PET 0 0 1.36 1.91 0.73 - - - - - -
SPET1 224 10.7 1.39 1.93 0.82 7579  23.16 1.05 5594  26.58 17.48
SPET2 224 10.2 1.17 2.07 0.85 7599 23.14 0.87 65.84 19.60 14.56
SPET4 22.4 11.2 1.14 2.13 0.65 75.92  23.15 0.93 5345 2425 2230
SPET7 224 11.3 0.94 1.84 0.74 75.80  23.16 1.04 53.60 2492 2148
SPET10 22.4 12.7 0.86 1.79 0.69 75.68  23.17 1.15 59.62  23.18 17.21

2 Calculated by '"H-NMR; ® Measured by GPC; © Calculated by XPS.
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Fig. 1 'H-NMR (a) and *C-NMR (b) spectra of PET and
SPET copolyesters.
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Fig. 2 DSC curves of SPET: (a) heating curves; (b) cooling

curves.

Heat flow
Endo
—_—

Table 2 Thermal properties of PET and SPET.

Sample 1, (°O) 1 (C) T (°C) A, (J/g) Xt (%) Ts,° (°C) Tnax © (°C)
PET 76.5 183.8 244.7 34.8 24.8% 419.6 458.9
SPET1 77.6 183.0 2448 303 21.6% 4225 460.9
SPET2 76.8 166.3 2415 322 22.9% 416.8 455.8
SPET4 78.8 161.2 240.5 34.8 24.8% 416.1 457.3
SPET7 783 172.8 244.6 343 24.5% 4182 457.0
SPET10 77.0 179.6 242.8 30.8 22.0% 416.3 456.9

2 Calculated by DSC; >¢ Measured by TG.
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Fig.3 Non-isothermal crystallization curves of PET, SPET2 and SPET10: (a) relative crystallinity as a function of time at

various cooling rates; (b) corresponding Avrami plots.
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PET fr 5 EL (I A1 5E 5, 32— DR PDMS 15
NFHIH PET 145 ftad 72 . R A (@) F1(9), *t
In(~In(1 - X)) 5 Inz Z [8] 11 5% RBEAT L HER A
SRIFEE R I 3(b), XM HIAESE sh 1122501
T#3.

FH 1 3(b) T BL A AL, & 5 1) it 2 SR 30t A e
LPESE &R, W] SPET FIPET 1145 i 3h 1% —
, BIFFE Aveami FFE. R 3T LUK, 26PET
H n{E1E 2.78~3.03 2 [f], 5 SPET2 ¥ nfHAHZEA
K, ULHA PET FSPET2 5 ff ] - —4EBR b A= .

1 -X,=exp(—Z,t") (8)
In[ —=In(1-X,)] =InZ,+nlnt 9)
A X AR R, Y% Z NS SR

Table 3 Non-isothermal crystallization kinetics parameters.

Sample S (°C/min) n Z,(min™) ¢, (min)
PET 5 2.79 0.02 3.62
10 2.78 0.11 1.94
15 3.01 0.24 1.43
20 3.03 0.42 1.18
SPET2 5 2.84 0.01 5.21
10 2.88 0.03 3.04
15 2.80 0.09 2.07
20 2.73 0.26 1.42
SPET10 5 2.15 0.03 4.17
10 2.81 0.08 2.17
15 3.03 0.14 1.69
20 2.55 0.39 1.25

n N Avrami 18 58 7~ Bz 20 5 AR KL
&7+ 5 PDMS ALK T PET 7318
HERE, SPET2 M4k il 18] (1,,) 2% KT PET )
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fip. SRT, 2 PDMS 73 1816 2 10 kg/mol IFf, H:
HPETAEM™EA DB, ERMAHFmIRML 7 7
AHRAZ s, et AT SPET2 4% . RIS, K
R~} PDMS AHIX 2 Bl ™ B BRI, FESPET10
b PR AR K YEFE AN Y, DR R O R B
(2.15~3.03).
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XRD i B 7F 17.0°. 23.0°. 25.6°F 42.8° 4t H!
7B BT, 2y e LT PET /(0 1 1)
(1 10)s (100)FI(1 0 5) 5T FIHRFAEAT S lERe, 5
2 PET FEShAH L, SPET [R4FAE AT 5 06 o & A= W
R, X B sV R PDMS BRI AR,
nAy, fEXRD i EH o 2155, Ktk PDMS
LRI AR A8 PET AR G Y . it — 20 T i
PDMS 5 PET Z [AJ#H &M, I H SAXS X} SPET
HAT T 0 Hr, RIS R 40) s . ATLLR I,
L PET & — M4 5, 1£¢=0.65 nm™' 4k
(RRFAE U BRI T 45 i P 2 G50 7= AR 1 A
L2 BE AR, fE{K g A [X [A], SPETI (1) SAXS
M2k 5 PET R AE 4, RAMKD T2 PDMS B
ST T PET HEdu X, FERTERUMALAH X . PDMS
(1143 F & KT 2.0 kg/mol J5, SPET 7£ i ¢ X [
SAXSHIZE 5 PET EAE S, 1M7EK g X SPET
() E6 ST 5 FE B 5258 T- PET, 138 W SPET 45 #4 v 7=
2B T RO 43 25 B %09 MR HE Flory-Huggins # g,
PDMS 73 F & KB, H 5 PET AR AT 224
FHASVESE 3g,  F B R A TR BOR SRR
53 A B8 B ¥ PDMS & ££ X, 3 80UH 2 B I Gl
TR T AR TR A 7 5 [X 3 19-28.29],

(2) (01D)'1 (1110)('100)

I
(105) SPET10

Intensity
217
o )
es] o]
= I
SIS

10 20 30 40 50 60
20(%)
r \
10* ;(b) N — PET
g -~ SPETI
i N - - SPET2
10° £ AN —-- SPET4
~ f RS ~-- SPET7
Z s " ---- SPET10
= 10% | BAY
N
g L
E 00

10° ¢

101 L
q (nm)
Fig. 4 XRD (a) and SAXS (b) patterns of PET and SPET.

2.3 SEM¥WZ

K15 9 PET F1 SPET hu T 2L [ (1) SEM [ fr,
F1 Pl 5(a) 7T PA & B 48 PET F 43z e Bk T ' 17 4%
R A a2 2K S5(b)h, SPETL )
WL T HAH 206, (HTER A BRIR R 73 HU7E
PET &R, X PG A HURE b 5 oot S
TR 58 & I SL IR 24 T SEML R i — 3031,

Fig. 5 SEM images of tensile sections of (a) PET, (b) SPET1, (c) SPET2, (d) SPET4, (¢) SPET7 and (f) SPET10.
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Fig. 8 (a) Stress-strain curves of PET and SPET; (b) The comparison of SPET2 with other PET-based copolymers in

mechanical property.

Table 4 Mechanical properties of PET and SPET.

Sample Tensile strength (MPa) Elongation at break (%) Elastic modulus (MPa) Impact strength (kJ/m?)
PET 5042 35245 1779446 2.5+0.3

SPET1 53+1 420+11 1779+27 5.5+0.1

SPET2 56+1 503427 1666+38 11.7£0.5

SPET4 39+1 330+18 1550+20 8.3+0.7

SPET7 39+1 140+2 1758433 5.0+0.1

SPET10 3343 6+1 1816=+11 4.54+0.1
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Fig. 9 (a) Water contact angles of sample; (b) DIM contact angles and suferace energy of sample; (c) Test of the antifouling

ability of SPET2.
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Table 5 Analysis of cone calorimeters for SPET.

PHRR THR PSPR TSR Av-RHC Residue UL-94
Sample ~ TTL (s) — -
(kW/m?) (MJ/m?) (m?/s) (m?/m?) (MJ/kg) (%) Dripping  Rating
PET 73 552.43 67.82 0.11 1360.26 26.07 3.6 Y NR
SPET2 69 502.43 64.90 0.12 1273.83 25.84 6.6 Y V-2

Fig. 10 Photographs of the residues after cone calorimetry tests: (a) PET; (b) SPET2.
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Research Article

Preparation and Properties of Copolyester of Poly(ethylene terephthalate)

with Organosilane
Long-long Guo!, Hui Li!?, Gang Li?, Pei-xian Wang!, De-xing Li%, Zi-qing Wang!**
(!Key Laboratory of Green Process Technology of Xinjiang Production and Construction Corps,
School of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832001)
(?Xinjiang Tianye Huihe New Materials Co., Ltd.,/Xinjiang Production and Construction Corps
Carbon-based New Materials Industry Innovation Research Institute, Shihezi 832001)
(3School of Fashion and Textile, Xinjiang Polytechnic University, Kashgar 844000)

Abstract To address the issues of poor toughness and insufficient functionality of poly(ethylene terephthalate)

(PET), a series of organosilane copolymerization-modified PET copolyesters (SPET) were prepared by the direct

copolymerization of terephthalic acid (PTA) and ethylene glycol (EG) with dihydroxy-terminated polydimethylsiloxane

(PDMS). In this study, the influence of the molecular weight of PDMS on its microstructure and macroscopic

properties was investigated systematically. The results showed that the intrinsic viscosity [#] of all the synthesized
SPET was greater than 0.7 dL/g, and the introduction of PDMS disrupted the regularity of the PET molecular
chains, thereby reducing the crystallinity of SPET. When the molecular weight of PDMS was 2000 g/mol,
microphase separation occurred between PDMS and PET, producing a nanoscale “island” structure at their interface,

* Corresponding author: Zi-qing Wang, E-mail: WZQ20070420@163.com
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enhancing the mechanical properties of SPET. Among them, SPET2 exhibited excellent mechanical performance,
with a tensile strength and elongation at break of 56.4 MPa and 502.8%, respectively, which were 12% and 43%
higher than those of neat PET, respectively. The corresponding impact strength reached 11.68 kJ/m?, which was
4.7 times that of PET. Driven by thermodynamics, PDMS would migrates to and enriches the surface of SPET,
decreasing the surface energy of SPET and endowing the SPET material with excellent antifouling and flame-
retardant properties.
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