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Preparation and characterization of double-terminated polyethersulfone
SHI Zhenguo, DAI Jingqi, QIU Chun, WEN Honglin, GAO Deng
(Chonggqing Water Zhicheng New Material Technology Co., Ltd., Chongqing 401220, China)

Abstract : The hydroxyl (—OH) and chlorine (—CIl) end groups simultaneously at the chain ends of polyethersulfone (PES)
are key structural factors affecting its thermal stability, color and mechanical properties. To address this dual end-group issue,
dimethyl carbonate and benzyl chloride were employed for hydroxyl end-capped via etherification, while p-Phenylphenol and sodi-
um methoxide were used for chlorine end-capped via nucleophilic substitution. The effects of type, dosage of capping agent, reaction
time and temperature on the capping efficiency were systematically investigated. The capped performance was comprehensively
evaluated by ion chromatography, potentiometric titration, melt flow rate (MFR), color difference analysis, thermogravimetric (TG)
analysis and mechanical property testing. The results demonstrate that the combinations of benzyl chloride and sodium methoxide
exhibite the optimal capping performance, with the optimal conditions determined as follows:benzyl chloride dosage of 1%, sodium
methoxide dosage of 2%, capping temperature of 170 °C and capping time of 1 hour. Under these conditions, the hydroxyl end-
group concentration decrease from 230 mmol/kg to 38 mmol/kg, the chlorine end-group concentration decrease from 3 548x107°
kg/kg to 349x10°° kg/kg, the yellowness index is as low as 16.5. TG analysis reveals that the initial thermal decomposition tempera-
ture (568.3 °C) and maximum weight loss temperature (594.2 °C) of the optimally capped sample are increased by 26.2 °C and
17.8 °C, respectively, compared to the uncapped sample, indicating significantly enhanced thermal stability. Mechanical property
tests demonstrate that the introduction of rigid end-capping groups slightly increase tensile strength and flexural strength, while the
impact strength decreased slightly. This study achieves the simultaneous and efficient capping of both hydroxyl and chlorine end
groups in PES for the first time, providing important theoretical basis and experimental reference for the end-group structure design
and process optimization of high-performance, low-chlorine PES resins.

Keywords : polyethersulfone ; di-end-group capping ; thermal stability ; chlorine content ; mechanical property
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Fig.2 The second step reaction
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Tab.1 End group formulation scheme

HOend capping agent CI end capping agent

Dimethyl Benzyl Sodium
Sampl -
ampres carbonate chloride P Ph;?:;;;len()l methoxide
mass/% mass/% ? mass/%
1 #
2* 0.5 1.0
3" 0.5 1.0
47 0.5 2.0
5* 0.5 2.0

7% 2 /& PES 1) MFR 25 fb 175 (5L A 41 0 23 €625 Ak
TG, Horp 27 37 S T RS TR EE R (R 22 120 °CHE:
T E I ARS8 1 h, 47 SRR R IR 2 170 °C
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Tab.2 Influence of end-capping agent on change rates of MFR and

YI of PES
MFR/ MFR, ,/ MFR
Samples . o change YI
[g*(10 min)'] [g*(10 min)™'] atel%
1% 25.2 22.5 -10.71 23.4
2" 28.7 26.2 -8.71 18.2
3 27.6 26.1 -5.43 19.6
4% 25.8 24.2 -6.20 17.5
5* 254 25.1 -1.18 16.3
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Tab.3 Influence of addition amount of end-capping agent added on end-group concentration

Addition amount of

OH end group concentration/(mmol-kg ")

Addition amount of  Cl end group concentration/(x10°kg-kg™")

Samples HO™ end capping CI” end capping
agent/% Dimethyl carbonate Benzyl chloride agent/% p-Phenylphenol Sodium methoxide
6" 0 230 230 0 3548 3548
7 0.2 154 164 0.5 2 654 2134
8" 0.5 123 75 1 2190 1704
9 0.8 84 59 1.5 1463 1048
10 1.0 77 38 2 860 349
1’ 1.2 60 33 2.5 903 440
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Tab. 4 Influence of capping reaction time on capping effect

Samples Capping OH" end group/ CI” end group/
P time/h (mmol-kg™)  (x10"kg-kg ™)
12' 0.5 240 1085 18.6
& ! 38 349 16.5
1w I3 44 426 205
15 2 36 507 236
1o 25 51 409 284
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Tab.5 Influence of capping reaction temperature on capping effect

Cappin OH end group/  CI end group/x
Samples tempelzsturi/"c (mmol'ig")p (><10"’ki'kgpl D) i
17 150 224 2081 16.6
18* 160 52 386 17.5
19 170 38 349 16.5
20" 180 78 654 28.4
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Fig.5 FTIR curves of double-end-capped PES
it B 2l 0, 4 R (R ) 198 ) T e R A AR R
31 (1.600~1450 cm™), W. B % C—H i 4 4 3h
(2 920~2 850 cm™") FI A FR [ff 7125 i1 (900~600 cm™)
X ANRRAE TR , 156 B2 il 5 A R 3 g R
S
2.5 #AEE R

H T PES 7> F4E 1) 5L %) PES (VR e BA

B IFENN , 155 53— 32 Pk 3R S I D3tk A it
FATFIRT ORI A — B, i S5 W o3 i
BB TR, T Lo 0 M R = A R T R R . R
TG 5 Bk XA [l v BE2H ) PES #E4T 1 RGEXT EE
PEAS, il 6 Jr 7R N [ml i B S E PR AF TR R OR 22
5,3 6 A PES VR BN . WNF6mTLIAEH,
PES #AJ% 51 I B2 A BUIRHE R S 57>47>27>3">17, i)
A Bifi 25 35 35550 (R IUA. , PES B A $0 A J1 38 2 AN Jin

100 — 1
—

g
— 5

D [*
(=] (=]
T T

Mass residual rate/%

IS
=)
T

100 200 300 400 500 600 700
Temperature/°C

6 Mmdtiniy PES 1Y TG ik
Fig. 6 TG curves of double-end-capped PES
v A B S A, i ELS 6 A CH,ONa (1) 5f
Ui AR e A | MR 4 PR L (568.3 °C) Rl K
A H R (594.2 °C) 34 b 25 w5 TR B A il S A,
B G, 5 MFR AR e PEAH— 3. Bk
M2 — F PR BE TG PR R, TAVES R T 35 i 20 o 791 114



90 AR

2026 4E, 45 54 4 55 7 W)

#®6 PESKIEMAERR
Tab. 6 Thermal weight loss of PES resin

Initial thermal decompo- Maximum weight loss

Samples sition temperature/°C temperature/°C
G 542.1 576.4
2 5382 3815
3 545.6 5778
4 556.6 587.8
5 568.3 594.2

PR 2, T AR 55 B 2 B
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Tab.7 Influence of capping reaction temperature on capping effect

Samples Tensile strength/MPa Elongation at break/% Flexural strength/MPa  Flexural modulus/MPa Notched imp acit2
strength/(kJ-m™)
I 90.6 65.2 125.5 2750 8.3
2! 86.5 42.5 124.6 2629 8.1
3" 85.2 49.7 124.6 2885 7.6
4 93.5 64.5 125.7 2761 7.8
5" 92.3 63.3 126.4 2772 7.9
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