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Fig. 3 Schematic of electrospinning process
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Tab. 1 The influence of electrospinning parameter on nanofiber morphology

Factor Ink parameter Process parameter Environmental parameter
L Surface . -
Viscosity tension Conductivity ~ Voltage Flow rate DCI Temperature ~ Humidity
Diameter + + R +
Uniformity + +

(Note: + positive correlation, - negative correlation)

5 W 55 3 B ) (Rayleigh ) A Fe e P Y 32 2K 3R D
JINTE TR B 2 T 5K AT TR IS 2 T S 1 4T 4R,
VWY L R E R R B AR AIE A, WM
ARG ) 55 O 52 B0 A B A B 5 AT A T AT
Y AR A BN

FBORNT ISR, i ihd e
B BE b 2 ) I TN A R | R R DL K O 22 R
1% (distance between collector and injector, DCI). I
1R e — 5 T N B T 56 B A2 B ir
VR 2Bl 3, AT 2 5 BR2T 4 AR Il /N
B[R Iy 2 S B2 A (0 22 5 P AR 25190, e S B 1
SR UG IS () A8 L 2 R T A AR A ) ] e
SUE- 1 | ) 1B N1/ B B 8 o R
SETERYSZ , HET AT R T R ) 3 2 i T 4R,
— AR OL N, P 22 BE RN, 22 BN s B i 1]
S T A B 58 23 B A A T A 4R B AR /N,

WA S, Y R rh R
Vo P U0 R A o AR S B S N L i 1
B, PREEIRBE RGN, 23 s S i v i s R A 4R
Je ol S [ AR HL ) 7 % SR IR B4 A 4 FE D
55 , AT 52 352 4k EL AR 3 . B8 1E 0 , S U fe
PRFE HL AT AARIR S W H 3 g e e o fifr ) DT 88
L1 Y EAR D/ R BF E AR AT ST A il R AN
FRE PRGN, 2 S 30 AR 2 vh 2RO 77 AR AT R AR
21 Yk iy o S P

2) i 2 22 BRI 25 B HE AR 2 19 4328

HET, AT 97 22 H A & 0 4 4k 750 J2 2
T 4548 B9 A IR AT 43 Sk i L 277 22 9 K £F 4 (electro-
spun nanofiber, ESNF)CL 5 #t i 25 22 4l K & (elec-
trospun nanotube , ESNT)CL (4] 4). ESNF CL % F
A Ak 00 2 A 1 A T) SCRT DA 43 oA 35 e 40 K R
(carbon nanoparticle , CNP) [ i Hi, 25 22 40 K 21 4 fi:
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A3 J2 0 3 ik 40 oK £F 4k (carbon nanofiber , CNF)
F10 i FL 27 22 20 K 2T 4 A0 3R] J2= (ISR A i HL 97 22
W A K £ 4R 1L 7 JZ | electrospinning carbon nano-
fiber catalyst layer, ESCNF).

FE T e JURE 1) 75 FEL 277 22 90 K £ 2 A Ak R 2 02
K LA 29 oK U A Sy 480 A 1 i A 70 1 6 R
Jei, R T L 95 22 R ) 4 B B A8 4 5 R
BRA S HE CER IS A 3. SR v ok Al Y
HEALF A PYC! PYPA/CP4  £F 4E B 4R T-1#] 5A.

Ink
Electm%inning
Nanofibers
v v
Nanotubes
Electrospinning Electrospinning
nanofiber (ESNF) CL nanotube (ESNT) CL
|
| |

ESNF CL ESNF CL based on
based on CNP CNF (ESCNF CL)

P 4 g oK 2 e AL = ) 2 26

Fig. 4 Classification of nanofiber catalyst layer

10 pm

P 5 AR 2 B0 314 % T 2 BOBE (SEM) IR R AL JiE T il

UL (4 0 L 2 22 R 2T AR AL R 2P BL L 2 22

B A K £T HEME AL =049, C. i L 27 22 90K A AL R
JEBS D, PYC 9K 21 4k 5 JURLIR A i Ak 7] 2 1540

Fig. 5 SEM images of different CLs A. ESNF CL based on

CNP®3L B, ESCNF CLM"##, C. ESNT CLP*¥; D.

Pt/C nanofiber and nanoparticle mixed CL*!
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(2) ;o0 WAL FE (g-em?); T AR 5 19 T (em,
WE 6 PR, s 2 AR 2 A JE B 5 S J2FF
MR, A 1 em? JEF AR SCME & R4 i & 1
Pt/C 4K £ YA AL 70 J2 A Pr/C 50k 3 B A AL 771 12
TR S5 5 T 3% 2. FE A AR SROREEC 75 A [R) B 1%
i, H75 1 PYC 9K AEfE AR 2 TR AL Ho A
A7 F1 Nafion fRF 7 b 22 L PYC kL 3E 2 44 1k
20 53 B 2% F1 6% 28 47 .

AT 2 0 R B — R AE oK B g, F 2
it SEM #4700 5. AR 2 PR A I = 15 2 ) Pt/C o
o HE B AL TR PYC L 25 22 90 K &1 i 4L 57
JEI R E 6A F1E 6B T, TE4NE S48 0.1
mg-cm? BT, P/C 8 HE 25 22 90 K 21 44 1k 71
JE B4 JE A 3.23 wm, Pt/C kL HE 2 i1k 7 2
f - X JEEE Ky 2.57 m, PY/C i B 25 22 90 K 21 4 i
A7) 2 4 5L B R T PH/C Uk M B AL ) 2 1Y R
JEEFE TR T, PYC ¥ 25 22 90 K 45 4 fit
R RE S T A K 25 |, T 2 A AL
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it L 25 22 90 K 2 2 A A 0] 40 o A% i ] g A T
]SS

AT 22 00 FL AR 3 5 53 A1 7E 9 oK RUBE 31 ok
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2 i, fEARIRIEAZE T, PYC 5 L 25 22 40 K £F 4k
PEAL ) 2 1 FLER R B Ee PYy/C k: i B AL )2 19
8% ey WA 7 BTN ,PY/C i H 25 22 40 K £F 4
AL 2 B2 1 PY/C R HE S AL ) 27 AE B 2 1Y
L. A, Lee J %5 A & (1) FePt vt 5 22 44
KAE AL R 2 I FL IR R 220 5 T PY/C i 25 22 4

St

._ .-- - _ e r"}'.. :
- L / Fal

KT AEAE AL TR JZ F PY/C URL HE S i 16 7] 2= 1 FL B
R, X ATREVHA T FePt i i 25 22 40 K& & N p
ZsgE ey, VR T FePt i i 25 22 40 K 5 i 4L 5
EFLER R, P 7 FiR  Park I HUAE A 1) 7
HL 2y 22 T 4 K £ 4 A A6 00 2 1 FL IR UK T PY/C
o HE S AL R 2 B ALK ER LB AN K £F A AL 57 )=
HAEAE S Z 11 FP fL. Cavaliere S 2 AP NbC/C
i 7 22 9 KA AL T2 LR R R T PY/C ks
HE S AL Z R FLARE, 1 H NbC/C #iHL 25 2240
KM Z AR E Z M AL, R A SR
il & Ry L ] 22 GRS ) rh S S 2 AR T 2 )
fL
2.3 FREEGIZMKTHEENTEHINEESFE
ESNF CL 14 Dy e R 32 2040 45 v Ak 2 0% M i
FL(ECSA) 3¢ f L i % B DL K il 1% 3 R 4% EC-
SA Iz Sz WA Ak R 2 PN A0 SR 0 T 1Y) B AR A (]
A2 PE A AR 2 B = A R R S,
B 1 2 R % 3 (eyclic voltammetry, CV) #E 17
. ST H I R R R S A AL R 2 N B I 1Y)
G R TN o S PO & A A R e o S
(electrochemical impedance spectrum, EIS) 17 il
b N s N 0 S (i R A D =Y TR R S T N
JIN OB 7 A A A 2 BELT T R R
VE& 454 Fr e R4 9 F 5, % SCk b ECSA
Bl AT a5 AN R 8 B . 7E AR A A9 28 e
T, WS gOK LT Y (BT R URL R ik 49 0K 2T
9E) A2 R ECSA H7w T PY/C UL B i 1k
F s PYC 44K 25 4t 5 UKL IR & 19 4 46 57 2 1Y
ECSA & T Pt/C J0RLHE B Al 771 22 /9 ECSA; {E1E

6 MEIEFNZ MR A PYC Uk HE S 452, 81284 0.1 mg-ocm?;B. PY/C i Hl 25 22 94 K 21 i i AL 0 2 | A 30
0.1 mg-cm?;C. FePt # fi 25 22 44 K B i AL 77 2, #1357 0.2 mg - cm
Fig. 6 The thickness of different CLs A. Pt/C SP CL, 0.1 mgp-cm?; B. Pt/C ESNF CL, 0.1 mgy - cm?; C. FePt ESNT CL, 0.2

mgp - cm
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Tab. 2 Proportion of different components in catalyst layers
Pt/C SP CL Pt/C ESNF CL FePt ESNT CL
Volume/cm® Ratio Volume/cm? Ratio Volume/cm? Ratio
Total volume 2.57x10* 100% 3.23x10* 100% 1.3x10* 100%
Catalyst 2.37x10° 9.3% 2.37x10° 7.33% 1.36x10° 12.3%
Nafion 7.9x10° 30.7% 7.9x10° 24.46%
PAA 6.8x107/0 21.05%/0
(after pre-condition)  (after pre-condition)
-4 -4 0, 0,
Pore 1.543x10* 60.19  |6x1072.28x10 47.16%/68.21% 1.164x10* 87.7%
(after pre-condition)  (after pre-condition)
(Note: No change in the thickness of CL after pre-condition)
0.008 120 - Bl rcseo
0.007 - —e— PYC SPCL | ESNEeN
0.006 | i 100} or ESNT CL
—.’;‘n —— ESCNF CL y i
-2 0.005F | *— NbC/C ESNT CL e 80
£ 0.004F $ S
- < 60
80003} 1 %
= 0.002f 2 40
0.001 N 20
0.000( Vo

0 50 100 150 200 250 300
Pore width/nm

7 EARF)Z A BET {44 S0

Fig. 7 The BET test results of different catalyst layers!**”)
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Tab. 3 The results of durability test

Durability test Reference Loss
C loss ECSA loss Max power loss
17% 14%
Start-stop cycling protocol [25]
18% 43%
49%
Load cycling protocol [25]
42%
23% 10%
Accelerated degradation test [38]
73% 48%
22% 8%
[351[36][37]
88% 52%
Accelerated stress test
4.8%
[33]
23%
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Tab. 4 The comparison among catalyst layers

Particle stack CL

Column array CL

ESNF CL or ESNT CL

TPB Small

TPC is bent and the mass

TPC TPC is ordered

transfer resistance is larger

It is difficult to synthesize the ordered

. carrier.
Commercial mass produc-

Mass production .
tion

PEM may destroy the structure of or-

dered CL.

Better than nanoparticle CL

The process of transferring the CL into

Better than nanoparticle CL

The channels of proton and electron are
ordered. But the channel of gas is bent.

With the rapid development of electro-
static spinning industry, it is feasible to
prepare catalyst layer on a large scale
by electrostatic spinning.
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Abstract: The limitation of catalyst layer for proton exchange membrane fuel cell (PEMFC) in cost, durability and performance
constitutes the bottleneck for the commercialization of fuel cell vehicles. Electrospun catalyst layer, with high catalyst utilization,
increased triple phase boundary (TPB) and triple phase channel (TPC), has been developed by many researchers. This paper reviews
the research progress in the electrospun catalyst layer for PEMFC, combined with the author’s work. Firstly, the development
progress of catalyst layer is summarized, and the catalyst layer is classified and analyzed based on its fabrication method and struc-
ture character. Next, the fabrication process, physical property characterization, electrochemical performance analysis and durability
characterization of the electrospun nanofiber catalyst layer are described. Finally, further develoment tendency in catalyst layer for
PEMFC is viewed by comparion of three kinds of catalyst layers from the viewpoints of TPB, TPC and mass production. Future re-
search topics are discussed.

Key words: proton exchange membrane fuel cell; catalyst layer; electrospinning; triple-phase boundary; triple-phase channel
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