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Characterization of PTFE Electrode Made by Bar-Coating Method Using
Alcohol-Based Catalyst Slurry
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TCorresponding author :
chanho.pak@gist.ac.kr Abstract >> Alcohol-based solvents including ethanol (EtOH) and tert-butyl alco-

. hol (TBA) are investigated instead of isopropanol (IPA), which is a common sol-
:\fgzzd ix]zmgéggzo vent for polytetrafluoroethylene (PTFE), as an alternative solvent for preparing
Accepted 30Jun'e, 2020 the catalyst slurry with PTFE binder. As a result, the performance at 0.2 A/cm”

from the single cells from using catalyst slurries based on EtOH and TBA showed
very similar value to that from the slurry using IPA, which implies the EtOH and
TBA can be used as a solvent for the catalyst slurry. It is also confirmed by the
very close values of the total resistance of the membrane electrode assemblies
from the slurries using different solvents. In the energy dispersive spectrometry
(EDS) image, the shape of crack and dispersion of PTFE are changed according
to the vapor pressure of the solvent.
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Fig. 1. Schematic diagram of fabrication process for GDE
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Fig. 2. (a) Polarization curve and (b) EIS spectra at 0.6 V with
different solvent
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Table 1. Electrochemical resistance with different solvent at
0.6V

Solvent Rohm Rer Rpro Riotal
() () () ()
IPA 0.0136 0.0244 0.0185 0.0565
EtOH 0.0135 0.0221 0.0167 0.0523
TBA 0.0152 0.0279 0.0112 0.0543

Fig. 3. Surface images and Wetting angles with different
solvent (a, d) IPA, (b, e) EtOH, and (c, f) TBA

Transactions of the Korean Hydrogen and New Energy Society <<



280 YIEA =0 S

Tl
utor

uAlshA S WAt ATt Sl of 2e
81} S71%4(vapor pressure), Tol2ok0] 5]
S} oy 4k £ (evaporation rate)@} 2 7]
2 Holtl gujg ARE-3}l= EtOH, IPA, TBA, 9]
250 719 20C oA Ati= 242} 5.95 kPa,
4.5 kPa, 3.9 kPa, 2.33 kPao|t}. 181l ol
T4 12 E AAE 2L v|wshd Z2zF 0.654,
0.546, 0.3892] 7S 714 Ar& k49 37]= EtOH,
IPA, TBA £A2 Holzl Ao 7 AZk=E aolg_/,:
o}o] F3F fufjo] 2uF AT 2 H|malH RAR

(n-Buthyl acetate, BuAc)Z 7|52 2 EtOHZ} IPA=
247y 14, 239 £2F 7k, TBA= 573t Aol

- -7

A= BuAcE 71E02 1059 71 e Fur S
£ ZH=t) BOHS 37%0] 71 A8 Hol s
oho] 4EAgo] AN EF Bl FU HEL
IPA, EtOH, TBA &0 &2 WalRth= AL 938 4~

9]
\O

Qlct. 8ul59] H]52 EtOH, IPA, TBAGC 2 0.7
0.7864, 0.7886.0.8 5% o]ujo] Zo]ahe: Hol, n]%=
&, Sefe] 24k 2ol fromet WAl gl
202 AYZHErh Fig. 3(a-c)ollA SUEET} wE
“Eiﬂ W e g7t Ax mFo] A= EH
o waA AFSElal 1E olF] AZo] ZeEbA
ELQH Hu7t AXE 43S HoiF3lch Fig. 3(a)
olA IPAE 7P W SUE=E 7 ER 7 2
o] Fat 2 A0 cakeS FAJSHAICE
Fig. 3(d-f)ol| A IPA, EtOH, TBA 408 & zto]
oA Aol Frlshe A AE 4+ Yk
&0 XMH Tor Yzshd 54 01 7}

>

A= 71

A SIS ALEElYS W A %
}5]_ AL A Ayslr] dEct ag
Zof 380°C o)A “Z%Elg ‘3P‘i'i

P oF HL
= 11 — 1o
op o OIN

ol

i

QL'

Sl
Ny =

w4 ofN I 52 1o 2 2 4> o o

o2 1o dF o,
1 i
HT 4 o ox
i) =)
N o
lo 1l
o L
7 P
(o3 _l),
W o
o flo
i
2
2
o

i e
re
r.l
i
)

3
)
i
o
r (o]
o
)
-
(o}
1o
rE
5
N
M [e]
<
re
i
ok

N
iy
p
J

20}
(Y
1o

=
o
e
[e]
5
o
wo
o
o
s
ofl
rir
)
Y
2 O
oy
B>
ol
o,
s
X

85ttt 202 HAH PTFE T2 #4 U 54 XA

F2to] Hash= o= WeHd:

Fig. 4(a)o]l IPA, EtOH, TBA 37}%] S0z A %3t
GDE9|| tigt 7|3 =7] E3(pore size distributions)
£ UEhdlch. HT-PEMFCOA] 1Ak} Abao] =
W 2k T8 ynlel 7]E A7)0 g%

o wher)
T el e 713 372 BRsE 3 U

8 5
(@ IPA
| EtOH
] L--TBA | 1[4
44 L3

Specific pore volume (mL/g)
b
N
Cumulative pore volume (mlL/g)

—— : -1
1 10 100

0.01 0.1

0.8 Pore size Diameter (Um)
(b) Secondary pore

Specific pore volume (mL/g)

Pore size Dlameter (um)
(¢) Macro pore

W

Specific pare volume (mL/g)

I
1
|
|
'
|
|
'
|
'
|
il
e
[
|
1
1
|
|
'
|
|
|
T

20 40 60 80 100
Pore size diameter (um)

Fig. 4. Hg-porosimetry of the electrodes with different solvent
(a) Total pore size distributions (b) Secondary pore volumes
and (c) Macro pore volumes

H 313 H3Z 2020 62



2 0.1 pm oJsloll A SAHEIL = Fjo] T3 AR}
& Aol 3 YeEi= primary poreZ} T
A= 1 oA 2E]= 3=+ secondary pore®
o, A @] fA dojukar WA HafES
AHgale BN R8Tk AL o AR )8
o]tk Al AR 20-80 tm WS4 40 rm 7<)
13E ZH= 7]3S macropore® FE2=4|, o]
A AZTHN YAE 2T} 2 75| i
9lo] secondary pore2} HA| Q1AL Bhilof| W
& = Joz 2ud Ao,

Fig. 4(b)o}|A] secondary poreQJ 7]& F(specific
pore volume)= TBAE AR&-3F Z=Hof|A] 0.585 mL/g
o7 TP e T L‘rEHHJ—, IPA%} EtOH+= 242}
0.525, 0.516 mL/gO 2 5% o]u] z}lo]& R
Fig. 4(c)ol| 4= 20-100 tm 2] 2] macroporeS UEF
WAL, Al A= B 40 mo| A peak gk H AT Ol
% BIOH 132 40 m ool H 714 2 2oj2
931, Q14ke) W@ ko) Shito] 7 %%st
uh ol Fig. 204 714 2 ZL ekl 0§
2 NS 4 ek TBA Ae] A9 80 mofl A &
ChE peakS HOJFQUAT, peaks HF EHTh=
20-100 ¢m $AE HESF A0 EtOH, IPA, TBA =
O 109, 89, 899] = 7HA Fu] Zfol7k UA| o=
AL QI 4= QItHFig. S2). F3l o)A Aukel
H]Iﬂ.% 3 IPA =9 secondary pore®] 73-$- &
0% IPA HIL AZHAL ot G

g :

=
oJ3F

[}

lshr] flsf gulld A= Eryf dobof Ao
SEM image2} energy dispersive spectrometry (EDS)
mapping - 2745101 Fig. Sofl LERch EDSS o] &
Slo] Zufo] BEARS F915}7] 93l WL, binder=2
AMEE PTFES] B4HS ; Sla}7] Sla) B4 94 7
22 AWSTE 1 AT} PA A4 wiat
PTFE7} 2|73 %—’35101 AT EtOHY} TBA A=
o4 PTFEZ} 520 o] 9les Bhalstglon], &
5] EtOH¥} TBA A= To) A o] Z25 HH PTFE
7F A= 2o 2 R

Vol. 31, No. 3, June 2020

PTFEQ} Zro] &ujjo] %] 9= binder® =L
7] flsiA=, sl #abE SEEE ol
WA A% ﬂfﬂoﬂﬁ E49] o]5S Az}
Z a3tk E31, gujel ol £ & e
7} 01011,}7\] or & aHo]: 3t} oeba] &3 L)
44 =7do] PTFE &
8 QIAP7} Hk EtOHS] 7
-l %*OL’\S&} ;ELol i A S4do] wob
SEELETE IPA] HI|
1:31]11]&1 4424191 PTFE binder?] 3-3o] Az 144

(b)
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scope images of electrode with EDS analysis; (a) surface im-
age, (b) cross-section image
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