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Fig. 1 The preparation process of PS-PA.
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Fig. 2 The preparation process of PBS-PA/CS.
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Fig. 3 FTIR spectra of raw materials and samples. Taking
PBS-PA/CTS-2 as the example.
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Fig. 4 SEM images of the surface and cross-section of PBS-PA and PBS-PA/CTS-2: (a) the surface of PBS-PA, (b) the cross-
section of PBS-PA, (c) the surface of PBS-PA/CTS-2, (d) the cross-section of PBS-PA/CTS-2.
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Fig. 5 The EDS image of the cross-section of PBS-PA/CTS-2: (a) SEM image of the cross-section of PBS-PA/CTS-2; (b) EDS
spectrum of B element in cross-sectional of PBS-PA/CTS-2; (c) P-element diagram of energy spectrum in PBS-PA/CTS-2;
(d) EDS spectrum of P element in cross-sectional of PBS-PA/CTS-2.
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Table 1 Water absorption rate of the PBS-PA/CTS membranes.

Sample Water uptake (%)
PBS-PA/CTS-0.5 9.64+0.62
PBS-PA/CTS-1 10.9+0.36
PBS-PA/CTS-1.5 11.8+0.50
PBS-PA/CTS-2 12.3+0.55
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Fig. 6 TGA thermograms of PBS-PA and PBS-PA/CTS-2.
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different phosphate loading ratios at different temperatures.

63 mS/cm, & B Z A = AR 2% 4 T IR
MRS 1R o T AR v R
3.5 SRR B AR TR

¥ Nafion™ 117 & Al PBS-PA/CTS-2 fi 43 5l
f£40. 90, 140 °C NEHAT HLH bR, R
WA 0 Ty %6 5% B it 26 an 1 8 o . B B BT
PBS-PA/CTS-2 i 1) 71 i i 28 0.88 'V, 1E 40.
90 #1140 °C'F, A LA FL it () DO 2225 FE 43 0 N
56.7. 294.9 F1420.2 mW/cm?2. Nafion™ 117 &4
IGIR N R I AL b I, 7E40 °CA190 °C
TR ATIA 335.9 f1664.7 mW/em?, FILH
PRI R R RE, XS H SRR RE L. B
140 °CH IR ZLTEIZNNIR, Atk Nafion™ 117 50
VEAE IR IR R N . PBS-PA/CTS-2 JEAE SR T
VIR FFEC I H B DA, T I AR S P v it H Tt
PERE, BEOETH LI TR mIR AR N A EK

1.0
700 Eegc(z) Nafion™ 117
~ o, P okl )
600+ O O, o % 108
=] o O @ N
= 5 o8 ®
% 500 ¢ b /.O O, o. —m— Powder density | 06 S
< 400l 4 oy, at 40 °C O
= /. [=] O, —@— Powder density )
= ~o, o =
5 300} ﬁ o, 90 C 0473
g a E:Fi %o,
'§ 200 o, O
£ o o L1102
100 - Voltage at 40 °C
—O— Voltage at 90 °C
1 1 1 1 0
0 0.5 1.0 1.5 2.0 2.5
Current density (A/cm?)
(b) —m- Powder density at 40 °C pBS-PA/CTS-2 1.0
500 k -@- Powder density at 90 °C
((é\ %— Powder density at 140 °C {08
A .
S400B B aaA Ay
- 0%8\ )’ BN ~
E |8 o A 0.6 2
> 300 (-0 W A >
& E“l_. S N e
=] O =
5] o o S
Tk g o, .\;kAA 042
5 o | e,
2 o, o, 102
~ 100 8 -0~ Voltage at 40 °C © A ’
—-O- Voltage at 90 °C
-A- Voltage at 140 °C

1 1 1 1 0
0 02 04 06 08 1.0 12 14 16 1.8
Current density (A/cm?)

Fig. 8 Single cell performance of Nafion™ 117 (a) and PBS-
PA/CTS-2 (b).
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Research Article

Preparation and Properties of Phosphonated Polysiloxane Proton
Exchange Membrane

Bo Liu, Fang Liu®, Gui-bao Guo”
(School of Chemistry and Chemical Engineering, Inner Mongolia University of Science & Technology,
Baotou 014010)

Abstract The phosphonyl groups were covalently grafted onto 3-aminopropyl(diethoxymethyl)silane (3-APDEMS)
via a phosphonylation reaction. A phosphonated polysiloxane network was prepared by dehydration condensation,
and the network was subsequently blended with chitosan to fabricate the phosphonated polysiloxane/chitosan
composite proton exchange membrane (PBS-PA/CTS). The microstructure, surface morphology, and elemental
distribution of membrane were characterized using Fourier transform infrared spectroscopy (FTIR) and scanning
electron microscopy with energy-dispersive X-ray spectroscopy (SEM-EDS). The effect of phosphoric acid
loading on the proton conductivity of membrane was systematically investigated. The results confirmed the successful
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grafting of phosphoric acid onto 3-APDEMS via N—C—P bonds, with uniform phosphorus distribution throughout
the membrane. The composite membrane demonstrated excellent thermal stability (about 6% mass loss at 200 °C)
and moderate water uptake (<15% at 25 °C). Under anhydrous conditions at 140 °C, the proton conductivity
achieved 63 mS/cm, while single-cell tests yield an open-circuit voltage of 0.88 V and a maximum power density
of 420.2 mW/cm?, indicating excellent performance under high-temperature, low-humidity conditions.
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