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ABSTRACT: Aiming a the potentia safety hazards of
hydrogen permeation by proton exchange membrane water
electrolysis, nano Pt particles are doped into the membrane by
ultrasonic spraying and then Pt doped composite membrane is
obtained by hot pressing to aleviate the hydrogen permeation
phenomenon. Under the condition of keeping the total Pt
content of membrane electrode unchanged, the effects of
different Pt content in membrane on the performance and
hydrogen permeation of proton exchange membrane water
electrolysis are studied. The results show that nano Pt particles
are successfully loaded into the membrane by ultrasonic
spraying and hot pressing, thus effectively aleviating hydrogen
permeation. With the increase of Pt content in the membrane,
the hydrogen permeation flux decreases, but the electrolytic
performance also decreases because of the gradually increasing
ohmic loss. Considering the hydrogen permeation and
electrolysis performance, the optimal Pt content in this paper is
0.01mg/cm? at 0.1 A /cm? the hydrogen in oxygen content is
only 0.82%. Compared with the membrane without Pt, the
hydrogen permeation is reduced by 50.32%, and the
electrolysis voltage is only increased by about 20 mV. During
long-term operation, the electrolytic voltage and the hydrogen
concentration in the oxygen are relatively stable and the
hydrogen concentration in oxygen is below the lower limit of
the explosion.

KEY WORDS: proton exchange membrane water electrolysis;
composite membrane; Pt content in membrane; hydrogen
permeation; electrolytic performance
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Fig.1 Schematic diagram of the Pt doped membrane
electrode assembly(M EA) preparation process
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B[y 95 ) FAE BB AT AR o dd i i Ak 5 K
K. IEHEEE. 25 7/K(A8MQ-cm)fl Nafion D520
TR IR A, FRLEE P B R UK = 20 min
PAFMEA AR AR L SR 1 PR
18 R FE IR LLSRAS 2.0 mglem? F BH AR P A 771 7 28k
B, BEEh PRy 0.2mglem®, RIARE P
H O E RN 02mglem®, &4 0.01mg/em’
() Pt EE AR 019mg/ o, DAL
e, HH &SRR ERIEE P SRS AR
Pt-free. Pt-0.01. Pt-0.02. Pt-0.04 Al Pt-0.06.

R OBUHIRAEL
Tablel Ratio of catalyst ink

8 fEkAlimg  IEREE/mML EgiK/mL Nafion/mg
A% 175 34 46 70
PoF A% 44.8 9.1 4.7 149
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Fig.2 SEM images of membrane section
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Fig. 3 Microscopic morphology of
the surface of Pt doped composite membrane
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Fig.4 Thicknessand high frequency resistance of
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electrolytic Cells of composite membraneswith
different Pt content
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Fig.5 Effect of Pt content in membrane on hydrogen
permeation at different current densities
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Pt-free FEMTE 0.1A/cm? [ B 25 B 12 4TI 48
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it 50%LEL. T Pt-0.01 7£ 0.1 A/cm? i 48 H A
EHEN 0.82%, &K 50.32%, 1 MREBLIE,
B G R R (R IR B AT I B e A L Bl
Py P& n, ABENRE R PR,
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Fig. 6 Effect of Pt content in membrane on
performance of electrolytic cell

gE BRI N B P R R X H A
REsCmE /N, (HEGBZEH W] DA BB B2k ; it
—SIRIRANS Pt B8, ABEEMEEEEAR
K, HSFm AR ERE, AR T AR TH [ SEFRR
Fio N T IRBEASTIRAERIME P P&, SEA VA
A RE MR IR A BB RE /1, XTH T K524 E(0.01
10.02 mg/em?) (2R . 5 Pt-0.02 i L, 5 Pt-0.01
I LW (1 LA b PP B 25 mV A2 4, T HLAR
hAIRETERK T 05A/Cm? HIHIREE R LR %%
PE,  EAERR/N IR R SR RS SR T PE0.02,
EARIHAE T — MEX 2 a2 . Rk, P
BN P g ] A R A R AN A IE AT I
R, ACHRAEBANB PE R 0.01mglem?,

2.5 EEFEBERmAMENR

T T A SRR, B TS PR A R
ANECL S AEK I (A8 4T N R B & e I i e
Yo HER AR EEIZT T, AhEs
B, WA XRR P-0.01 £ 0.1A/cm? FigfT
150h, FFEERE 12h K IBH AR A P SR, R HE
S AR AL 2R 1 7 T o E S T UA I
Pt-0.01 7£ 0.1 A/cm? T FHAR S A & B8 0.81%, 1F
150 h FFEEE AT JE AP SR E N 1.14%, AR BiE
AR KM JE R AT AE N PAERCK I 18] (384T F T



3 14

TR A PSR T A B HL K RE S B I R 5593

A5 FAEER R S BUEERRAR . RS D
FHL AR 0 2 K A IR TRD 3B AT 5 2 A S 1) 17 0t
P, SRR I BRAK. EARFI R A
WREWS A TH i, BAEE A7 B e S b SR FE R T
50%LEL, HEARIE HL MRS I [A] (1) 2 42 18 4T . W3R
AT L VR B 5 13 B A AR B B I R,
2.36x10°°%0h, LI TG MR EBIE I 6E SR
FasE ko [FIR, o B o R A AT RS 5 15
B R PR Ry 1020V /h, 5 A Sk g R e v
B AREUEA Y, 0 164.1uVv/h?, 96.7 v/
s, ATLLR I, TEMR AMENR A, e AR R A
Wt IR AOBLR, WIEE . TR A xt Ak B A A R AR
FE S , T AR K (E3E AT, AT AR AR IR
JEATHBE S, DA 4 25 DR 2 P A R )
Ko BAL, FEARHGE BEIBITR, ASCHIEMES
R TIL AR e T H A Sk AR 2 B, kb
WEB T & AT DURIE K iR e 847 .

1.60 4.0
155F
130
+102uVv/h
150 1 X
2 =
5 120 &
145} 1 £
+2.36x10 2 %/h
'__'_____.,_..._--l——.—‘l"'-""'——.——-—4 {10
1.40
135 1 1 1 1 1 1 1 0.0
0 40 80 120 160
t/h
E7 SABRBERKMNEEITTEREES
FERE P RRETK

Fig. 7 Electrolytic voltage and hydrogen concentration in
oxygen of the electrolytic cell during long-term operation
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Proton exchange membrane electrolysis (PEMWE)
is a green and efficient method of hydrogen production,
which has significant application and development
potential in renewable energy use and hydrogen energy
storage. During operation, however, it is accompanied
with hydrogen permeation. The enrichment of hydrogen
on the anode will accelerate the degradation of the
membrane electrode assembly, impair the operationa
efficiency of the electrolytic cell, and cause significant
safety risks.

This research uses ultrasonic spraying to load nano
Pt particles on the membrane and prepare Pt doped
composite membrane through hot pressing, to aleviate
hydrogen permeation during operation. Fig. 1 depicts the
preparation process.
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Fig. 1 Schematic diagram of the Pt doped membrane
electrode assembly (MEA) preparation process

Under the condition that the total Pt content of
membrane electrode remains constant, the effects of
different Pt contents in membrane on the performance
and hydrogen permeation of proton exchange membrane
water electrolysis are investigated.

The findings show that composite membranes can
significantly reduce hydrogen permeation, as shown in
Fig. 2. Pt-free a 0.1A/cm? the hydrogen content in
oxygen is as high as 1.66%, while Pt-0.01 at 0.1 A/cm?
the hydrogen content in oxygen is only 0.82%.
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Compared with Pt-free, the hydrogen permeation
decreased by 50.32%,effectively alleviating hydrogen
permeation and avoiding safety issues during low current
density operation of the electrolytic cell, and the
electrolysis voltage only increased by about 20 mV.
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Fig. 2 Effect of Pt content in membrane on anodic hydrogen

fraction of electrolytic cell at different current densities

The durability test results of Pt-0.01 for 150 hours
are shown in Fig. 3. The increase rate of hydrogen
concentration in oxygen is 2.36x1072%/h, demonstrating
good ability and stability to alleviate hydrogen
permeation. And the voltage degradation rate is 102 uV/h,
which is equivalent to the degradation values in other
literature. The prepared composite membrane ensures
long-term stable operation.
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Fig. 3 Electrolytic voltage and hydrogen concentration in oxygen
of the electrolytic cell during long-term operation



