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Scheme 1 Synthesis route of SPET copolyesters.
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Table 1 Polymerization data of PET and SPET.

Feed molar  Calculated M,"

[ Actual component ® (mol%) Surface content ¢ (mol%)

Sample ) ] PDI®
ratio molar ratio* (x107* g/mol) (g/dL) N¢ No Ng; N¢ No Ng;
PET 0 0 1.36 1.91 0.73 - - - - - -
SPET1 22.4 10.7 1.39 1.93 0.82 75.79  23.16 1.05 5594  26.58 17.48
SPET2 22.4 10.2 1.17 2.07 0.85 75.99 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 53.45 2425 2230
SPET7 22.4 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.

Table 2 Thermal properties of PET and SPET.

Sample 1, (O 1. (O T (°O) 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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Table 3 Non-isothermal crystallization kinetics parameters.

Sample S (°C/min) n Z,(min™)  t,, (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
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Fig. 4 XRD (a) and SAXS (b) patterns of PET and SPET.
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Fig. 5 SEM images of tensile sections of (a) PET, (b) SPETI, (c) SPET2, (d) SPET4, (¢) SPET7 and (f) SPET10.
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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 1779+46 2.5+0.3

SPET1 53+1 420+11 1779427 5.5+0.1

SPET2 56+1 503+£27 1666+38 11.7+£0.5

SPET4 39+1 330418 1550+20 8.3+0.7

SPET7 39+1 140+2 1758+33 5.040.1

SPET10 3343 6+1 1816+11 4.5+0.1
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Fig. 9 (a) Water contact angles of PET and SPET samples; (b) DIM contact angles and suferace energy of PET and SPET

samples; (c) Test of the antifouling ability of SPET2.



I AU TR TR 2 W R £ s S Lk e 11

F|PET R HE A T KR M AER T, &S+ T SPET
FM B AR . F RSO v, T R
Ft(DIM)5 SPET Hy#fil /1, 455K 9(b)Frow
AR YE SPET 57K Al DIM 4% il /1115 T SPET
R MIFRMAE, 45 F K b)) . B 9b)nf
DL I PDMS (1) 5] N2 2 B#AK T SPET B [ fg,
TE H i i AT R B AT R A (1 N
PRI, 4% JE SCHR[30] 0 77 V5% SPET2 R IHI I PLi5
FEEREAT TR IR 9(c) T, K B K 4 il
T N#| PET A SPET2 MR TH, FHEF N\ S8 /KK
W, MG sh&EEr, MRS
1. TR, W& S EE NS, PET RKHEM
SRKIRE 2 PO G XA A PET HISR TH RERR
m, A SKZ R RSk R K T RE S
UK Z B GETEK 7, R SR/KTE PET R 1HI R
H IR T B L 4% HEAE [ (1 77 72: 25 b B SPET2
T R 52 /K IF, T 30 SPET2 38 THI 52 7K i 4%
DL BT O TS, IX 2 RN SPET 2 1 RE 4%

i, 52K BTk BN, AR
B ANIRE SRk, UiB] SPET K ifi B A RIFIIBT 5
PERE .
2.8 [FERMEARE
EREBREMAN T Si—O e s, TR
PO fife B FEDS), R SR I A S 1R BEL A M e
AHIF 7R P HE T B A AORT UL-94 3 B R BE I %o
PET A1 SPET2 ) FHEA T REREAT A 7, IR1FFHMATE
RESHIN T3S, BARR a7k ) JE A LI 10. i
FSHIEAT LRI, S4iPET ML, SPET2 fU4
T AR HGE R (PHRR) S HAVBE i B (THR) AL
PR B (TSR) YR I A [RIFE B (1 FEAG, R 1%
$2)5 SPET 5k & )% PET 19 1.8 /%, UL-94 %54
MONR 25 $8 F+ 22 V-2, 1568 PDMS [ 5] A3 7+
T PET WIFHBAYERE . HIEI 1018 0] LA I, SPET
BRBE G EIUNESL B AR )Z, PET KBS
R IURE GV AE (IR, SPET JAKe 5 MK )Z nT
DR v AR, BAT IR e

Table 5 Analysis of cone calorimeters for SPET.
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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
AR r— - M
Fig. 10 Photographs of the residues after cone calorimetry tests: (a) PET; (b) SPET2.
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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, 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 migrate to and enrich 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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