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Structure changes in service of fabric—based PPS diaphragms
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Abstract: Aiming at the problems of decreased diaphragm working efficiency and increased energy consumption of poly -

phenylene sulfide (PPS) diaphragms during their service in alkaline water electrolyzers, the changes in PPS
fabric diaphragms during the alkaline water electrolysis for hydrogen production process were investigated, and
their underlying mechanisms were clarified, by analyzing the morphological changes, thermal properties, ele-
mental content and valence state changes, infrared spectra, mechanical properties, hydrophilic —hydrophobic
properties, and impedance of PPS fabric diaphragms with different service durations. The results show that C—
S—C bond breaking and desulfurization of the PPS diaphragm occurs during the electrolytic hydrogen production
service. As the service time increased, the surface of PPS fabric diaphragms becomes rougher and cracked, the
hydrophilicity of the diaphragm deteriorates, the hydroxide ion transport rate slows down, the thermal stability
and crystallization performance are gradually weakened, while the diaphragm impedance and tensile strength are
correspondingly increased. For the PPS—8 fabric diaphragm, the atomic fraction of S element is 4.9%, the S/C
ratio is 5.85, the water contact angle is 101.33° | the mass retention rate in thermogravimetry reaches 47.53%,

and the internal diaphragm impedance is 8.236 ().

Key words: polyphenylene sulfide (PPS)hydrogen production separator; service; impedance; electrolytic desulfurization

BEHE 25 FIAt 2 i GEUR i, BETR TR SR AN Wi
K, PTG QU BOk g™ 5, I, 1 T BE IR A 5 K0 7R
JEIEN, SREEA T ORI RT3 = & IR AL
SRR BB B, i 4 R AE IR B iy 71
Il TR R R ) RO 75 1] P, KR A ol S — B

T R RICRN RS ™ & i) o - B, H i K &
AR FEZA 3 25 0K (AWE )i+ 38 6 i
i /K (PEM, [ 3R 5 0 v A il ) -1 B 8 - S8 48 i
HLff K (AEMS) )24, a7k A Ji v Jot 52 8 i H fige
TR LA FL AR L AT 2B A L R R R ) 7 R R A

s B 2024-04-22

HETH: BEF A RPlARem EIH (21878231) ; KHEITT A AARl#3E 41 A3 H (19JCZDJC37300)

BIEEE: HH(1977—

), 2, i BB, FEWR T N AE S fE . E-mail : sukunmei@tiangong.edu.cn



~16 -

P N A N

i 44 4

o AR Tt AEAL R (BB P, FHAR 1r0, 45 ) KBk
FERUB AR, T3 SN F S 5 5%, A4 R
1% B 5 Lo THREAL, BRSBTS 1S it
FRAJE 1TE T AR HL i BE AR 1 (H G T IR 122
Bl T i i BT Rb, HATAL T 5256 5 I
B, HLBA B 380 22 e A KAt , AN RE IR ] A0,
5 E3R 2 RS BT FAR LG, 5K A H A o SR
AN, A RO SRR, R Tl P
i, g2 H AR A F2TFBe. 7EmitE B, n]
FI BRI AR Bt 48 (Fe .Co S Ni 55) Rt Ak7), BRI i
BRI K BAT AR IR SR &
TS BAR A 8 T RS S EL A 32 e

I JE 2 7K P i ) ke A O 2L P RSB AT R
ELHREI 1K LR R BEAE L UR U A
Mo b2 A VESE BRI R £ 24 2 . OB &R
TR QO R AL B8 B R T U B 22
i 7 P R P A ) ) R A B A A AR A SRR AR
BE(PPS) 22U R AW A IRIEAER, ATk IEAE &
i 5 B PV R P AN TR B e, A R BUR R 2 4 3, 38
AW PPS iU, G A A R IRIE 7 2 LAPPS
LY LR, SRR IR A R G WAL IR A
Pyn, B UPELF , REFEAR , PERE L AH XS AR , (ELIE i 55
Bt TIRBER S YR LU T 2 A IRREDK

PPS PR ELA (I R AYHUILIERE S A PERE, (H7E
HLfigp o S I e e A R b, PR 2t BRRE ARG O,
HUBRRCRIRARBI LG 520 1 PPS BRI AR S AE ST
Ko P, AR BT XS PPS LU AL iR MK i
V0P A P IR ST R B T, i 1 AN ] R A3 I ]
1) PPS HLfige il PN o 8 1k A AR AR AL ) PPS [
BREESEL FAPERE TTR & B SR LLADE
AP RE REKYERE DL B R R B, AT ST mE
fifE 7K il SRR PPS 214k R0 520

1 LIEES

1.1 ERGRFSEE

FE RS IR : PPS £F 4EZL R R (IR £ 2 4F
5 4F 84F ) s EEALER , b gl RERHE R A A
FRAF]; CFE, 43 Hr gl , KSR 2= R R A FRA
A B EAR R L (99% ), EiERE A Sl A F] S H
AUH fip il R SGRTERBH R RA R AR, Fikik
TN S A et — 2L el Ab B, Eed

F 24T CHIG60E B fb 7 T AR, iR
IERABRAT hflds, KIDILEBRH AR A A

Nicolet iS50 HU{ef HLIF-2T AP35 43 HrA% , 55 E FE BN it
IRBHE /N 5 Gemini SEM 500 %37 % 5 e, 1 i i,
Wi [ R JREE ] A 7] 5 TG 209F3 Tarsus FIH T 43 HFAY,
7 ] i St ) e A PR ) 5 CMIT 4506 AU AL H, 58 J 0 38
ML, IR RIREAHLA PR W] 5 DSA-100 B 5285+ fi
Fr AN, E v B AL
1.2 BERRERTERIRMOTLE

WA AN [) A% FF 18] £ PPS 2y B s, 5 A% i 1)
AN[E ) PPS B i 7E £ 251 /K b T 80 CA& Wk 2 h, i1
WHIRZERG, OB B TR B bk, K
ALFRSE I PPS BT 60 C8 12 h DL
1.3 PPS L¥IMRAEHIRIE

(1) #Fa eI (TG ) : K TG 209F3 Tarsus £
WA, 2B R R A PPS B AT e e
A3HT L R BE Y R 30~800 °C, IN#AHE %K 10 °C/min,
(EEF PR

(2) ST (DSC) : & DSC 204F1 B 2E7R 4
P ZE RS P AT PPS BRI IEAT IV BE AT,
TRV RN E IR ~320 °C, IFVIEEE SN 10 °C/min,

(3) fi HL 27 4 63 (FTIR ) F AF « 2% ] Nicolet
iS50 H{ef FL AR B 2T SO IR AR B TRIAS [ ) PPS
B AR A e L I AR S 2T S T, R KBr JR ik
HEE , RGP EGE R R 400~4 000 em™

(4) X B T REIS (XPS) R 1E : 2R ] NEXSA
AL X SR T RE 4SO I R TR) AR A% 5[] %) PPS
e B ) b 2% 2 B S B R R A T AT, IO G 3 Y Rl - 0~
1500 eV,

(5) $Emlf (WCA )L - >R I DSA 30S %Y 8l 84
Sk £ 000 2 4SO A ) IR A3 B 1] 1) PPS B A% 1T 119 5% i
IRPEHAT AT

(6) #37 & B4 B 558 (SEM) : & F Gemini
SEMS500 A7 e S48 v S Ass WS IRAR B[R] AS
[F]1% PPS WS R T

(7) SrpERENE SR H CMT 4506 HUAILH 38
TRHLIN B A TR AR A IS 6] ) PPS B BT F s i 3 iy
P50 TR PPS VWi R 2D 2 UK B R 4 em
() FRZP 2 FH T 07 2 BE I, s 250 15 mm/min,
JERFIE B 20 mm,
1.4 PPS /YRR B L S EE i

H TR A BH TR R T/ NI BE 2SI A5 5, vT AR
R HARAR A, I T FEL BH BEORS ff , PRIt AR SR FH I FR
et M PPS 2L BRI Y o Ak~ PERE . BHA R
BAHHZ (10 em x 15 em, J& 0.2 mm) , BB R FA4A R L,
AR R RYINT R AR E AR, A RCEAR T RN 0.1 em x



%5 6 1]

- 17 -

0.15 cm x 2 = 0.03 ecm? ¥f 2 AR HN 3 em B ESBER
N 2.5 mm. EEHN 75 mm 1 H BIBE A A v ke
F[E 72, H B B ELAR A 16 mm, 78 H AR L 9 ]
53 A AR FLAR ST HAR 4 CHIG60E B fb 2 TAE
wli ) TAE AR 52 ARG R A, X H R 2
FHHLA . IR PPS BRI AT O BsAL ke 1
[ 5, & e R 22, 75 A 0 35 335 P e ot 2 31 s A T
MU 30% B KOH ¥, i85 AE 28 W K H&
ATA] R A s (B 9 PPS ZU4 B BB, %6 H AU L i
i, 1E CHIT60E R A2 T ARG F X PPS 24 B I )
H b2 BHAT S (RIS ) A T 5w, A 5 B 10°~1
Hz, JR1EH 5 mV,

2 GRS

2.1 SEM ##fF
E 1 s AR IR BEAFEFR PPS Rl SEM R A

Ve

1 FERRIZEREY PPS RARFERE

Fig.1 Electron microscopic images of PPS diaphragms of

different service durations
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Fig.2 TG curves of PPS diaphragms for different service

durations

A3 W 49.00%F1 49.33%., HilFH , PPS 47
I8 A A U A o) S fel A R b, PPS 24 B v
OYFRER AR BT AR D AR E AR 22 T RE R A T AR 4k
RIZWER, BT 4e b RE W) THEWT 2, 5 3500 A
PERENE TR ARIREAEIR Y PPS 2R A DSC
ML anE 3 i

J—T
— PPS-5 -
— PPS-8 7

283.0
280.1

1 1 1 1 1 1 1 1 1
100 125 150 175 200 225 250 275 300

TREE/C
(a) M3k
N

g \
=

— PPS-2

— PPS-5

— PPS-8

50 100 150 200 250 300
REE/C
(b) A
B3 A EAREERR PPS FEER DSC #h%k
Fig.3 DSC curves of PPS diaphragms of different service

durations
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Fig.5 Infrared spectra of PPS diaphragms of different service

durations
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Fig.6 Stress—strain curves of PPS diaphragms of different

service durations
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