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Fig. 1 Schematic diagram of the preparation of composite proton exchange membrane
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Fig. 2 The variation trend of intrinsic viscosity of

PAA with different solid content after treatment
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Fig. 3 The influence of different feeding mode

on the intrinsic viscosity of PAA
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Fig. 4 The influence of water content on the intrinsic viscosity of PAA
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Fig. 5 The influence of temperature on

the storage time of PAA
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Fig. 6 The 3D geometric structure of four types of monomers
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Fig. 7 The performance prediction of four types of PI
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Fig. 8 The intrinsic viscosity (a) and molecular weight distribution (b) of four types of PAA
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Fig. 9 The effect of spinning solutions with different solid contents
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Fig. 10 The spinning effect of different spinning voltage
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Fig. 11 The spinning effect of different injection rate
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Fig. 12 The spinning effect of different receiving distances
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B 648 725 cm VAT 1 500 em S UG (4 B L
YRR FRUE AR =S (D TR B R . St
DURh PT B AL ZRERAE 92 % LA 1 (3% 1), AL
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Fig. 13 Comparison of FTIR spectra of PMDA/ODA

before and after imidization
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Table 1 The degree of imidization of four PI

I Z PMDA/ODA PMDA/PDA BPDA/ODA BPDA/PDA
WAL EE /%% 95. 3 92.4 94. 3 92. 1
(a) e
PMDA/ODA 100 BPDA/ODA
248 °C
PMDA/PDA 90 - PMDA/ODA
s
Y >~ g0t
= BPDA/ODA 5
Lﬂﬂ; 70 - BPDA/PDA
BPDA/PDA Sl MDD
50 -

100 150 200 250 300
MRE /°C

0 L ! 1 1 L I 1
100 200 300 400 500 600 700 800
TR /C

B 14 PRl PTAY 228 14 P ] Ca) AR I 14T (b)

Fig. 14
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2.4.1 PI 5 SPEEK % 5 B i

Sl B T AR R ) PT S SPEEK
ST 25 A (R 2) . PMDA/ODA 254 fieik  4ff
Al gt PMDA/ODA A 22 B WIPEIE b 2544 F- T
PERIBURE B85 07, IF H ODA Ff A ik 5 8 A 55 1 1Y)
RLEAME AEAS 15 SPEEK H 1 fiff i AR 1P A 0B A7 )
R UL LA

% 2 XRE4k% PlY SPEEK 4 4-7% &
Table 2 The interface bonding strength of SPEEK
with different PI

R Az A/ (keal « mol 1)
PMDA/ODA 57.06
PMDA/PDA 48. 15
BPDA/ODA 29. 96
BPDA/PDA 30. 50

¥ :1 kcal=4.19 kJ,
2.4.2 PI/SPEEK/PI & & ML AL REFRAL
K15 J&7n 1 Bl & 1) SPEEK JFI 52 45 [ Y
SRS » 384 440 ri 45 m] LA 2 245 TS B A

The DSC spectra (a) and TG spectra (b) of four types of PI

200 pm ZEA7, Hir PT LR 4R BE 2 20 o, T AL
TR =HA I 2454, P1 5 SPEEK R4 &
i IR TR 1
Xf SPEEK F15 & Y g 275 B2 4T 1 43 Hr
(3% 3), X7 SPEEK JER U /K AR5 YR AEAR 1
JESRE R T 51, 820 (R A4 T 31. 90
Ky SPEEK Hr AR FRARK 5 J5 2 i B R AR —
ARV IR R A o A IO o 245 IR 5 R 84l
Je A IR A4 A2 AL i # o EL= ZR AR i B2 AH L 41 SPEEK
TN BRE T BRI O LLR L K R AR R
A3 AT RBBREL
Table 3 Performance summary of all prepared proton

exchange membrane

. JEIRIREE/MPa IR/ %
T W TE B

SPEEK 47.9 231 9L0  120.0
PMDA/ODA 56.5  53.9  101.3  127.2
PMDA/PDA 47.8 42,0 137.1 144.8
BPDA/ODA 5.2 33.5 110.2  160.3
BPDA/PDA 38.4  25.5 148.8 181.7
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Controllable synthesis of polyamic acid and its application
in proton exchange membrane

DONG Yue, ZHANG Yingjie, DONG Xiao, WANG Jinke, LUO Chen

(Petrochemical Research Institute, PetroChina Company Limited, Beijing 102206, China)

Abstract: Non-fluorinated sulfonic acid proton exchange membranes represented by sulfonated polyether
ether ketone (SPEEK) have become a research hotspot due to their advantages such as low cost and
excellent heat resistance. However, it is difficult to synergistically optimize their ionic conductivity,
stability and durability. With its high mechanical strength and chemical stability, polyimide (PI) has
become an ideal material for the composite modification of SPEEK. This work was carried out in three
aspects: the controllable synthesis of polyamic acid (PAA), the preparation of PI nanofiber membranes,
and the research on the composite proton exchange membranes with a PI/SPEEK/PI sandwich structure.
The preparation processes of the PAA solution and the PI fiber membrane have been successfully explored,
and the proton conduction performance of the composite membrane has been significantly improved.
Molecular simulation results indicated that the hydrogen bonding interaction between the amide bond of PI
and the sulfonate group of SPEEK was the keypoint to interface optimization. This study provides a new
path for improving the performance of non-fluorinated proton exchange membranes.

Key words: polyamic acid; controllable synthesis; electrostatic spinning; proton exchange membrane
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