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Abstract: The gas diffusion layer (GDL) is a critical component of proton exchange membrane fuel cells (PEMFCs)
and accounts for 40%-50% of the fuel cell membrane's cost. Developing a low-cost and high-performance GDL is
imperative to advance the commercialization of PEMFCs. In this study, we generated a flexible carbon cloth with high
electrical conductivity and porosity from cellulose cloth at a low temperature (1500 ‘C). The carbon cloth is composed

of micron-sized carbon fibers with a porosity of up to 76.93%. Through catalytic graphitization of iron-based
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compounds, massive carbon nanotube clusters were formed in situ on the surface of carbon fibers, which effectively

enhanced the electrical conductivity of the carbon cloth. The in-plane resistance was as low as 34 mQ-cm while the

through-plane resistance was 2.8 mQ-cm under a pressure of 2 MPa, meeting the performance standard of commercial

carbon cloth. Furthermore, the PEMFC with the prepared carbon cloth as GDLs exhibits a power density of

0.4 W-cm” at current density of 0.7 A-cm >, exceeding the device with commercial carbon cloth (0.34 W-cm * at

0.7 A-cm°). This study demonstrates that the prepared biomass-derived carbon cloth with low-cost and high-

performance holds great potential for advanced GDLs for PEMFCs.

K ey wor ds: biomass; carbon cloth; carbon nanotube; gas diffusion layer; fuel cell
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Fig. 1 Preparation procedure of biomass-derived carbon cloth



1318 T AL A R R

(TEM, JEM 2100F) ML A4 B R T TE S« SR A X It
2% BT RE I {1 (XPS, Thermofisher, ESCALAB 250
X)) Mot & I H S R e RN A . R ABE 61
(Raman, Thermofisher, DXR)7 HT A4 k1 A7 S5 AL FEFE
K H & 7R AX (AutoPore V 9600, Micromeritics)Z {44
BHAFLBE R AL 204 o K F D4R ET HE 3 e A%
(RTS-8, " PUEREF R BR 2 7 )i sk A7 2 11 19
B3R, KA CHI 760E Hi4k 2% T4E s Rk} fL
b AL 22 BH BT (BIS) I 1A
1.3  BARLE I gE K
VY M 73 BOR (5 2 43 %1 10%, Dupont)

R AT AT R KA AR EE, ARG E 350 CEARAR
AR AL FE 30 min, f#f PTFE 2] % BUTE %
fi b

e T 1) 2 0 A L 5 2V ) D i T A T A
f)—If, 7€ 350 CZ A FIRER 30 min, 1330
BERILEMASARYT 82 . B TI(PYC, FiEar%
10%, JM4100, Johnson Matthey)Wmiis 7E 1 fLE |,
TR 0.5 mgprem 2 BTG 1R B
JZ 5 Ji T 22 e JiF (Nafion®212, DuPont, 50 pm)7E
120 °C, 3 MPa 1)/ /7 F#4 & 2 min, il £ B HLR o
PEMFC H H it 1 B I e B 1 = B an 1 S 1R,
M AR E A 40 mL-min!', EAWME N
50 mL-min ', L2 0.4 V fEEBCE 24 h 3G s,
N R A R = T N /N Y RS R 7 S B
65 C, HJE 0.6 V IE LM HETFE,

2 GRS

21 EYRIRAAERVIIE

B 2(a) AA R ) 2 F2 A AR XRD 38 B, 38
e JE IRAARAE 20=14.9°, 16.4°. 22.7°. 34.4°A U/
ATHTIE, 43 BN RLF4EZRFI(101) (10 1)+ (002). (040)
fr T, ULBAAR R AE R AT B A R R R
AYEF . 1R FeCly 5, A HIUH AT %, 38
FeCly )51 MHTE CLC KT, AR A B 145
WkL . 2RSSR 1000 CALBR S, 2R 4 R4
ey 2%, 1E 260=37.7°, 40.8°, 42.9°, 56.7°, 68.0° ¥
THTIAT R, 43 7% B FeoN (11 (100)+(002)+ (011)+
(012). (110)FA ™, HEHILE 1000 CF, FeCly 5%&
SRR T FeoNo 1500 CAE3RJS, FeoN FIATH
WA 2%, 7E 20=45.4°40 H BRI AT S W 2 B 5. Fe 1)
O11)f4 Y, FRF7E 260=35.6°H1 40.8°4b BT
Fe,O5(110)HT(113) 7 T FRIAT 5 0, 1k B 7E Je B 3ot 72
Hr, AR Fe 5000 5 B AT H ik B R 48 00 36 ROBEAE %

%38 %
T
(@) o Cellulose (00-050-2241) |  (c) <& 9% A g
v C(00-012-0212) t‘«‘“{(‘b‘g‘
+ Fe (96-900-0667) S o of Sk
» Fe,N (01-072-2126) fti:gﬁguC)eigg
* . Fe,0, (01-073-0603) TR T
e ] R
3 R CLC CLC
< \ —
I o | . b G K
M A . ;
g \JV/ e m\?{{g’é‘{”
z s FeCl-CLC “F -
2 v t y é\
= as +  a B e S
¢ Falt- S ié'
M +  CC-1000 ‘&3{;{{2‘&{“
% FeCl-CLC
CC-1500
10 20 30 40 50 60 70
20/ )
() o
p, (G 2D
" Iy/15=0.84 A
;.\ N . V,Jv/«—/ \\_j,»\
& CC-1000
2
5
g |
a 1\ Jo/1c=0.58 CC-1500
! 0l @c @N QH
1000 1500 2000 2500 3000 @ Fe D O

Raman shift / cm™
B2 AWFERATR XRD i K (a), Raman 3% B (b) Rl #1)
HIIEE(c)
Fig. 2 XRD patterns (a), Raman patterns (b) and microcosmic
preparative process (c) of biomass-derived carbon cloth

Fe 03, XA B Tk D A Bl A p S e &R & &,
P A SRR . 1500 °CALFR S (002) 5 T 1A
SRR AT A 06 B SR AR G U RH AR A R 1 f SR AL AR
FE$E e . B 2(b)HJ Raman 1 B [FIFEUE B 13X — 4,
o Ui A B S R AR D WA G UG5 B LU AB (In < 1)
M 0.84 2R T 0.58, T AR AL RE A SR A B L
125, 7E 2694 cm' A2 A HIPLA 2D W, TR
T A SR E AP0, CC-1500 () 2D L
CC-1000 ¥ 3, iF B 27 b A8 o w27 | 2(c)
ST CC-1500 WA TE UL 2, 126t FeCls Ja,
Fe "Wy B 78 #g A b, 453 1000 CR A G, 4F
e B K, FeCly 52 SR M A K T FeoNo FeoN
21500 CAFRA Y Fe B, @IS AEIET T BAL
RHOA BALFRRE .
22 EYRRRA 4R RIE

d SEM RAE il £ 1) A= 4 U A (CC-1500 Al
CC-1000) I TS (B 3(a~c)F1IE S2). 4N S2 fir
N, FHHT CC-N W g2 ik £F 4E (& S3), CC-1000
MR AL N A RCOR B B K A, 7 o5 R K



11

HIEEMY, 20 T AR S AT () o SRR v A BUR T e

1319

Kl 3 CC-1500 (R (a), I (b)FIE A (c)) SEM HE )7,
LA K& TEM H J7(d)

Fig. 3 SEM images of cross-section (a), surface (b),
magnified (c) and TEM (d) image of CC-1500
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Fig. S1 Diagram of single battery performance test
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Fig. S2  Cross-section SEM images of CC-1000 with different magnifications
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Fig. S4 TEM (a) and HRTEM(b) images of CC-1000
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Fig. S5 TEM (a) and HRTEM(b) images of CC-1500
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S9 Polarization curves(a, ¢) and power density curves (b, d) of PEMFCs using different GDLs at 55 and 75 C
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Table S1 EISfitting data of CC-1500, CC-CE and CC-N

GDL R./Q Roa/Q R c/Q
CC-1500 0.3123 0.0832 0.1047
CC-CE 0.3301 0.0658 0.1322
CC-N 0.3442 0.1081 0.1659




