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Performance Analysis of Phytic Acid-loaded Metal Organic
Framework-Polybenzimidazole Composite Membrane in
High Temperature Proton Exchange Membrane Fuel Cell

SUN Han, BAO Jin-xiao", PAN Gao-fei
(College of Materials and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014000, China)

Abstract: Adding additional proton conductors into polybenzimidazole (PBI) is an effective strategy
to improve proton conductivity. In this study, the metal-organic framework MIL-101(Cr) was used to
effectively load phytic acid and evenly distribute it in the PBI membrane to construct an additional proton
transport pathway. The loading process of phytic acid did not destroy the original crystal structure of MIL-
101(Cr). The composite membrane prepared has a higher phosphoric acid (PA) doping level, better thermal
stability and stronger acid retention ability than the original PBI membrane. In addition, the MIL-101(Cr)
particles loaded with phytic acid limited the movement of the PBI chain and improved the mechanical
properties of the membrane. MIL-101(Cr) loaded with phytic acid constructed additional proton
conduction pathways and high-density hydrogen bond networks in the PBI membrane to further increase
the conductivity of the composite membrane. The conductivity of the PA-doped composite membrane
can reach 0.0744 S-cm™! at 160 °C under anhydrous conditions, while that of the PA-PBI membrane is
only 0.0398 S-cm™!. In addition, the single cell performance at 160 °C without additional humidification
and back pressure was tested. The maximum output power density of the composite membrane is
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178 mW-cm~2, which is 38 mW-cm~2 higher than that of the PBI membrane.
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1 MF J (a) SEM F1 (b) EDS K14 ; PMF ] (c) SEM #1 (d) EDS K%
Figure 1 (a) SEM and (b) EDS images of MF, and SEM (c) and EDS (d) images of PMF
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Figure 2 SEM images of (a—e) surface and (f-j) section of PBI and PBI-PMF-X (X=1,3,5,7) films
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Figure 3 XRD patterns of (a) MF, PMF and (b) the composite films
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Figure 4 (a) FTIR spectra of MF and PMF; (b) FTIR spectra of composite films; (¢) FTIR spectra of PMF after 24 h immersion
in water; (d) Two ways of PMF loading phytic acid; (e) Interaction between phytic acid and PBI chain

138 ) MF J 44 E 75 38, MF G i i e % 45 4
PR, RIERE AT JE B4R 43 28 1.6 F13.4 nm,
ANGE B DRI JE AR 4 B 1.2 /129 nm®, il
B2 oy 7 AT LA B o B O R AR AR B R o T OB, Ut
AL TR 30 3o TR 9T 5 1 £ O 4 FL T B B L T
CUS, M i 4 5E 76 MF |24, & W] MF 1] bL A 24
ORI . M 2T AR (P o) v ] DA 22 3]
1400, 1045 F1743 cm ™' 43 51%f N PMF [{jO— C— O

X FRIR Bl P— OH {4 A1 U AT 0T 26 — F IR 4 34

(11 C—H¥R 3. PMF [ R¢1iE W 76 FT B 990K 5 &
JEL TR 21 A0 S 0l v 350 B, S LR A 0 5 1 B
5 PBI A JEURE A BE 1A 3 N M 386 0, 1X 22 Wk %5 PMF
I N B PBIHT. 3413 F13144 cm™ 4b 4y 51 %
J8 AR SR N — H % PO g A A
N—HE: M ik 3. Bl & PMF 5 7k & (1) 1
s 3413 F13144 cm ™ Ab (065 FE SR 55, 56 W PMF
il $h 1 PBIHE 2 [A] 1) & #8 JF HP— OHANIN—H
Z AT BT T I AR AR P 1605 em ™! Ak



7 # FIHE 2L

: SRR 1A 2 AT WUHEZE- SRR IR e B 15 JRAE et L 5T SRt L i P g PR R 0B+ 929+

DKM ER ) C = N 4 iz 20 U, Tl 5 SEORL 5 2 1
BN, EW R R T 1623 cm b, AT BE R R 2
TEER AN =N— Z [ R T BRBRAR B F Y. Bl 4(e)
SRR LT A0 1) 45 JEHEN H ¥ 1 R AN PBI . []
(A ELAE FHHLEE . FTIR Pk 45 5 % W] PBI-PMF
A I BRI 2%
2.2 HMIBBEMS

PMF Fl 5 4 R 3 il 26 a0 18 5 iR, 76 170~
375 °C 4294 10%, y MOF Wt 7K 737« Btz K
51 LA K DMF {45 /% 2%, E375 °)C LR R & &
JEIl R 1 2 B T PMIF A0 28 = R SR 46 43 iR
550 °C LAJG PMF & ¥ #45  A 0% 7, 48 PBI
BNGURKLT G, A TR K 5 5 PMF
(3L A — 5, PMF 7£ 400 °C JFU6 73fiRt, Joi B A,
1£.600 °C i i A i . ES T RIE
G EA B % m A E M, #e883 /£ PEMFC [
TR

100

Volatile
molecule
loss

Residual weight (%)
o0
S
T

| Ligan I
| decompositioni formation
1 1 1

1 1 1
100 200 300 400 500 600 700
Temperature (°C)

5 PMF DS &R TG Hh4k

Figure 5 TG curves of PMF and composite membrane
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Figure 6 Stress-strain curves of (a) undoped PA and (b)
doped PA films
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Figure 7 (a) The PA doping level of the film; (b) The
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curves of the membranes for PA
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