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Amino acid solid-supported sulfonated polyphenylene sulfide proton exchange
membrane combining high proton conductivity and low methanol permeability
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Abstract: To optimize and construct high—speed proton transport channels, and to address the challenge of achieving both
high proton conductivity and low methanol permeability, the meltblown polyphenylene sulfide (PPS) nonwoven
material produced on a large scale was used as the substrate, and amino acids (tyrosine, lysine, glycine, and cys-
teine) were solidly loaded onto the SPPS fibrous membranes, which were impregnated and coated with Nafion so-
lution and functionalized to obtain the high—conductivity and low—permeability proton exchange membrane (PEM).
The results showed that a large number of polar groups on amino acids induce water molecules to form an SPPS
three—dimensional network connected structure, endowing the composite membrane with good dimensional sta-
bility; by functionalizing amino and carboxyl groups on amino acids, the substrate/matrix interface interaction
has been improved, and proton transport channels have been optimized; the conductivity of composite mem-
branes largely depends on the proton transfer ability of the loaded amino acids, with the order of proton transfer
ability being —SH > —OH > —NH,. Compared with Nafion membrane, the water uptake of the composite mem-
branes loaded with amino acids was significantly increased, the swelling rate was significantly decreased, the
proton conductivity was increased, and the methanol permeability was reduced. The proton conductivity of the
SPPS—-Cys/Nafion composite membrane loaded with cysteine at 80 °C is the highest at 0.297 S/cm, and its me-
thanol permeability is 7.6 x 107 cm?¥s. Under 60 °C and 100% relative humidity (RH) conditions, the single—cell
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density of the SPPS—Cys/Nafion composite membrane can reach 104.8 mW/cm?

Key words: proton exchange membranes; sulfonated polyphenylene sulfide; amino acids; proton conduction; methanol per-

meability
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Fig.10 Water absorption and swelling rate in H,O of Nafion
membrane and composite membranes solidly loaded
with different amino acids at different temperatures

& 10(h ) AT, BT A FEE A 97 ik 25 i o B8 - v
17 48 25 1A A, o R G TT R R A R 7K 46 i o U )
FE I N5 DR st BE R s (B AR 2, A
S TR IR K T Nafion 5, 36 B R 2 4 1Y
WK R A TGN, AH LA KR IR IR I 55 T Nafion i
[ AN [ G R A2 5 I AR B R AN [, 5 K3 e
))& SPPS—Cys/Nafion, HfKAY/& SPPS-Gly/Nafion,iX
2 R A [ 2k E R MR AP S AN [R) 5 B8O R OK BB T AT
PRI Tk 3R Bt o WO R T A2 K. {2 SPPS £F
AEREE R =2 ELIE M 28 25 R BRI T Nafion 25 W)HEM)
iEZ), M T B Nafion JE 55K 51 i R~ 38
I ARSIE TR AR SR E . iR, [ R SRR )
25 BRI RS RS PR R AR L L PEM YK
27 EESENRFESESHN

T TR EAE PEM 5685 TN RE ST, X Y Ak
R EREE, K11 BR T ARSI 100%
RH 0 NI R AR T AR 6.

A 11 AT, ROk oA — RS ki
T, o LB Y EE B0, B A R ) BT A% 3 R 1 A5 2
$2TF. Nafion JE7E 20,40 .60 .80 “CHI Tt T-1£ 5343 7]



~16 -

45 4

0.30 | —=— Nafion

—e— SPPS-Gly/Nafion
0.25+ — SPPS-Lys/Nafion
—v— SPPS-Tyr/Nafion

0.20 - —— SPPS*C'ys/Nafion
0.15F
0.10F

0405 1 1 1 1 1 1 1
20 30 40 50 60 70 80

HREIC
B 11 Nafion EREMARSEREHESEERRRE
THRFESE
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different temperatures
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Fig.12 Proton transfer process inside a composite membrane

—J5 I, [ 2R BRI K LT HE N 5 A A TR
A R RI PR IE S TN ks BUAR” RO
P 1T “ Vehicle—type HLEL P8 S0 5 o5 — 5 1T, &
BRI 2 5 —S0.H A ZUHEA T I s isoxt , i b2
JERR E—COOH K R 3 1AM Mk A B4R it SE 2 HY
A AL, P T HAI LB eR .
2.8 EREMPESERRIEEES T
A R AR T TP BE R B A T B R Y ) M g
MRS EIBAT BCH 2 QR W BRI i 0T 1SR
P2 5 2 0, 2 R EURRHE g ROR PR 2L
RO, R, B i R B Jo T S 2 [ 2% i 3 g
U SRR ERS 3. 3R 3 R T 40 CHRIAFR
Nafion BEFIAN[A] 52 5 560 H B8 i 4R (D) o715 3
(o) B HAB P (RN BT T S5/ P RS )
&3 Nafion RREH AR EEREARNRTESE. Pl
Tab.3 Proton conductivity, methanol permeability, and
selectivity of Nafion membrane and composite me-

mbranes loaded with different amino acids

PEMs al D prize e
(S+em™) (107 cm?+s™) (10* S*s+em™)
Nafion 0.095 124 7.66
SPPS—Cys/Nafion 0.148 7.5 19.73
SPPS-Tyr/Nafion 0.137 7.3 18.76
SPPS-Lys/Nafion 0.125 8.3 15.06
SPPS-Gly/Nafion 0.118 9.2 12.80

M2 3 0, AR AR H S SR LT
Nafion ) FH 2 % 4 (12.4 x 107 em¥s), E A
P15 15 % Nafion BEEIE AR FIAEF LA ILE :©
i T SPPS A =4k H BRI L 45T B T — Nl B 2%
BB, AT RELAG T H B2 i3 s i iss 42 ; Q4F 4k 5
Nafion & W3R 2 6] T8 1 0 S0 5 A 18— S 1 3 i
WIAARAS , NITTRFAC F BEAY B 1B R P, 3 3 80
VI, SPPS—Cys/Nafion & A5 B 2E£EME ey, HYA
7 19.73 x 10* S +slem®s 4 A SC T il £ () SPPS—Cys/
Nafion & & -5 2 /i SCHk H 09 2 &2 5 AR 80 C4&%
PRI T PERE LA, 25 RN 4 R,

%4 SPPS-Cys/Nafion 5HfthfEEEELL 2
Tab.4 Comparison of performance of SPPS—Cys/Nafion with

other membranes

WP 2%

PEMs (Som) (107 emees?) (104 Savom) A
SPPS—Cys/ Nafion 0.297 7.6 39.08 EN'Y
A/PAN@SPSF 0.216 7.0 30.86 [26]
SPEEK/TNC-15 0.062 5.8 10.69 [27]
Nafion—Cys 0.242 10.2 23.72 [29]
SerCSNFs/SPSF 0.192 11.3 16.99 [24]
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Fig.13 Power density and polarization curves of recast Nafion,
commercial Nafion membranes and composite mem-

branes solidly loaded with different amino acids
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