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Electrochemical Polarization Behavior of Various Carbon Materials
for Phosphoric Acid Fuel Cells

Jingyo Shin, Doyang Jeong and S. R. Yoon
Dep’t of Materials Eng. , College of Eng. , Hanyang University

Electrochemical polarization behaviors of various carbon electrodes were measured using potentio-
dynamic, potentiostatic and cyclicvoltametric method under phosphoric acid fuel cell conditions
at ambient pressure. The carbon electrodes were made of various carbon sources such as carbon
blacks bonded with polytetrafluoroethylene, commercial carbon papers, a glassy carbon and a
graphite. The shape of potentiodynamic anodic polarization curves for the carbon electrodes
could be classified into four types with different Tafel-like slopes and polarized current values
depending on carbon species. The results of tests revealed that the larger the Tafel-like slope and
current values, the greater the degree of disorder on the carbon surface. Measurements of current
efficiency for CO; evolution and cyclic votamogram indicated that at least two anodic processes
occurred in the corrosion of carbon: the evolution of CO; and the formation of a surface oxide.
At all potentials a linear relationship was observed between logarithms of the potentiostatic anodic
current, i and polarization time, t. The slope of the log i vs. log t plot was dependent on carbon
species and electrode potential. It had a larger value at lower potentials. This phenomenon was

ascribed to the reduction of active sites on carbon surface as the polarization time elapsed.

LA
L ME 2 Ul A2(F71Fe dxz2 ) 9

ARAAG AR ALE AU Yo So] Yo} AF FAWEL 5S4 2art AW
B2 dax Bdse BRAUAE AF A7) s £3707 HE wgol U

A NAEEss dFo) T A& AP S H, = 2H* + 2 ¢))
ot » AR AR = A de FFo wet 2 B 0: + 4H* +4e = 2H,0 €3)
ol Ed A ANAL Algste AAIEHZR % PAFC £Az4L Ad &%l 1 MW i<l

(Phosphoric Acid Fuel Cell, PAFC)7} &dA 4 AL SG9AA 7|Fo 2 07V, 200~ 220 mA/cm?,
oA gFsidAd dutd AD U= A 190°C, 4 baroldd Agel HPsidm o,
23} o watE 7tz A? 10MWo] 42l A 9o #e At F{FDx, 205C,

QA B AR (PAFC) 3o ME 4 (D Yehd  7~8 barel $3we] A Hole o @A
Gartael Ashigol YojUi $2ANE A (2 A AFUAY Azl w W37z wahs)



160 o B3R

A18¥ 3% 1989. 9

A7E AT tEA BAATol HEHFY HF
& ol F3 UAR”

PAFCE& &4 A2 7lol E & (carbon black)
g A FACE S
PTFE)$} &% wlz&3led current collectordsl et
N QEAZY oY PTFEe & AW
254 A7 gt A AAAH AR Hele @
& Bx22 wettabilityZ} AT d7lo) Pt
As) o7} BaEo] o} HFwGe] dojye A
H(Eu3 )yt Hw, = 2147 Heke Zdle 4A
7} AYsA ®E3 Aol A8 4+ e 49
23S gAEe 7 Fol LR T g e o
F AFer FAH Uk

= PAFCold e 43 &34 E}Z-:’\‘iﬁ‘&%
A d8 g BHA(F7DY EF2E2 A
2.2 B(bipolar plate)e] F 83 AA X
2 glem o|R A AMEZWHY wz 3 FA
o]zt ot @Ayt FAF LR Hol Q.

PAFCe] d &3t AdlA 1 4%E 37000
Azt ol4) MBI £EF WY A o3
BadIgR Fo] HA 9 e £3E Ast
9EA e g0 RAsoe] olEe FHEAS
WaAdol AME HAAEES FE o] T8
A2 dFEASY
PAFCol A 2 ’fl—v-*ﬂ S50 A g ste e
ZujZe ¥ 2 Relge] HHogA, ZujF
o] gaatsle 7|dE A ‘&"ﬂ 14 Pt #4 2 &
o] R0 Q3 Q1H ¥F I SFAboloA 9
B2 AZ(shunt current) o] AaAA 9
8% 9g& vAA "o

PAFC £ Z213A &4 B4 o3 HE
A Doz Ve F doen g3z TR, A
ALes, Adibsx, 7MY, FF7RS, 384
o 25 HJEgL g Ao| Addr.

C + 2H:0 = CO; +4H* +4e 3)

ulgta o] A$ RAEA AFE FYst AoE F

o} polytetrafluoroethylene,

X X O

r1r A

ZTog A&o]

F

Hd

rlo

Ae A71313 3 Pdyo s HIshe Aol vt A &t

B ATE, ol8g WA s PAFCE 3 @
& FRARES BVH%H £354& PAFC ¢
AzAstN A Z2HEA o] 59 RAdWolHEL &
B3I, gog Pt Aszo)s FAY BANYRS
AEE o Bag 7o 2UF 8ol H BRI}
utio] o st Al A mletd) ¥ oA 43 FH v}

2.1 AFSHE Bt

Table lell& & QATelA HFaAd S2A 59
59 2 438 8% ¥%oh No. 1~5 7x|9
2% stol 2d U PTFES FUstel 27
Fo02 & ©AASE A¥ded AH8H R o9 No.
6~92] carbon paper, vitreous carbon, graphite
< 4EEE e AEL 7Y Ao2A vu
£ 82 A4 Aot} carbon paper¥- &
o3, A& el PAFC A83AFAM current
collector2 Al&X7]% 32
carbong& glassy carbonolelnkx Eele ol &
ndEe BGANERZA Bl utx HE FIg #
o] wj&atn Hukate], Aol Fola Aoz o
712 A5 biploar plate9} & HEog At g
Hee ZldHe Edoln

No. 82} vitreous

2.2 EANS AT HIEt

Aot 2d BB ASW BauT AREH
< Fig. 19 a°%s] FsUth o] @2HIFEL 7ho}
£ 238 28 isopropanol +H0 1:3 &40 3
X ¥ 60% PTFE emulsion (Asahi Fluoropolymers
Co., Ltd. AF)} &g w=sn 4589 -0
Wol 4¥-1z-94d0-22 B34S AX A 0.2
~30mme] GF4 AHoz PEUTt A Flo}
¥ 29/PTFE F%vle 80/200.2 3l

= Table 19] Yephd carbon paper, glassy car-
bon, A7 e AlH B2AFSE HAPI 7]
o Fo2 #e AF A|HoE UEUG.



AUAEHAS GLAR A GH $I5y

Table 1. Description of carbons examined in the present study,

'7N70 Carbon Source Comments
IN*Acctylcnc black Denki Kagaku Co. Surface area : 65m?/g Thermal black
"2 |Vulean XC 72 Cabot Surface area : 2564m?/g, Furnace black .
Low resistivity Pore Volume (DBP) : 178ml/100g
3 N Black Pearls Cabot Surface area : 1475m?/g, The most conductive furnace
2000 black commercially available.
Pore Volume (DBP) : 330ml/100g
4 CSX 150 A 2 Cabot Surface area : 1025m?*/g, A Sample from manufacturer
M-3114 experimental grade.
%57 Ketjen Black Akzo Chemie Surface area : 800m?/g. Pore Volume (DBP) : 365ml/
EC 300J America 100g. Very high conductivity.
6 | Grade PC 206 Used as a fuel cell substrate. Apparent density : 0.40
Carbon paper Stackpole /em® Real density : 1.94g/cm® Specific Resistance :
(A plane) 0.0025 ohm —in. Total porosity : 80 —83%.
Crush strength ; 200 psia.
7 E - 175 Carbon paper | Kureha Carbon Fiber | Used in a fuel cell electrode. Weight | 150g/m2
Thickness : 0.40mm. Surface resistance : 0.5@/sq.
8 Vitreous Carbon Atomergic Chemicals | Rod and plate shape. Known as cellurose carbon or
Co. glassy carbton. 5500 microhm/cm.
) Compressive strength : 3000kg/cm?
9 | Graphite Private source Electronic grade sample.

|

Isopropanocl + Water

1 :3

Carbon Black

80%

2. 3 dos AEHEA R WY

161

Fig. 2& A%tsl 4@ 3ae Axolnt. Aslg

ZIA)e =4 HEZ2RE AA TE Aoz

$7] 2 proportional type

ol

AE2=2EZBIE F

Mixing
PTFE &
20% Dough
Emulsification J,
60% Drying
150°C, 60min
Pressing
200kg / ol
Finished J
Carbon Electrode Sintering
0.2~3m ¢ at 320C

Fig.1 . Process flowsheet for manufacturing of

" carbon black electrodes used in the present

study.
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Fig. 3. Potentiodynamic polarization behavior
of acetylene black eletrode (“F electrode”)
in 100% H;PO, at 158°C under atmospheric

pressure.
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Fig.4. A gas chromatogram for the collected gas
during potentiostatic polarization of acetylene
black eledtrode in 100% H;PO. at 200°C.
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Fig. 5.] Cyclic voltamogram of acetylene black
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Fig. 6. Potentiodynamic polarization behavior of various carbon electrodes immersed in 200°C,
100 % HiPO, under ambient pressure. Scan rate 1mV /sec.
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Fig. 7. Current vs. time plot observed during
potentiostatic polarization of Ketjen black EC-
300J under given experimental conditions.
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Fig. 8. Plots showing the effect of polarization time on the Tafel slope, which were

observed for the furnace blacks.
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