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Abstract

Plasma carbon blacks of 20~30 nm diameter were synthesized by direct decomposition of natural gas using a hybrid
plasmatorch system with 50 kW direct current and 4 MHz of radio frequency. The insulating rector which inside diam-
eter of 400 mm and length of 1500 mm, respectively was kept at 300~400°C during the preparation. The ultimate anal-
ysis of plasma carbon blacks revedls that the raw plasma carbon blacks contains a large quantity of volatile which is
mainly consist of hydrogen. Therefore devolatilization of raw plasma carbon blacks were carried out at 900°C for one
hour under nitrogen atmosphere. The devolatilization leads to the decrease in electrica resistivity and surface oxygen
functiona groups of plasma carbon black significantly. In order to investigate the plasma carbon as a catalyst support,
devolatilized plasma black at 900°C (DPB) supported PtAu catalyst was synthesized by sodium boronhydride reduc-
tion method. Electrochemical measurements and direct formic acid fuel cell test indicated that catalytic activity of DPB
supported PtAu catalyst for formic acid oxidation was similar to that of Vulcan XC-72 of commercia carbon black

supported one.
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2.2.2. Gas Chromatography/Mass Spectrometry(GC/MS)
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Table 1. Properties of carbon black samples
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, C 95.4 96.2
Ulimae H 26 11
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A}E-3F1 T}, carrier gasE & 99.999%°] Hed AH&-8191 o
furnaces= 40°Cell A 53%-3F &9 3 § 10°C/ming] %=
300°C7H S .

2.2.3. 9254 (Ultimate analysis)

Zetzut B2 o] ] Qe 44 FEE 27193
A 912244 7] (FISIONS instrument Co., EA1108)S Al-&-3}
et

2.2.4. BET Surface 2 porosity

BET Surface 2! porositys £41517] $Jall 57942 ASAP
2010(M|crometr|cs international Co.)= ARME3ISITE. B4 R
© s AIASH] flske] 393.15KelA 7HEEkela, 1
mmHg7H| degasingsto] A1 2]akSitt. 24 7FAE H A (Ny)
£ AHE3F3I AL, andlysis bath®] =%+ 77.35 K A8t
micropore®] pore size distributionS ZAFsH7] 9138 Dubin-
Astakhov equations: AME-8F3ITHY.

225 AFE ¥4

2ol w38k kS 2Akel 1 fleto] AT 4
71(TGA, Thermogravimetric analyzer, TA instrument Co.)2- ©]
Gt BAA R R, S %o Hlwatr] 9lste]
N-= 241717 900°C7HA] 10°C/mind] &5 k% w48t
ATt

2.2.6. TPD(Temperature programed desorption) 2

Oxygen trap(MnQO/SiO,)Z} Moaisture trap(zeolite)S- A4 %] 5}
A Al FRFE AR 0 f4lo] A fle AdEiel
A carier gas7t 72 AlS7F AdE AUE =9 gas
chromatography(Shimadzu, GC-8A) #4720 &3l - 5 3}
T}, carrier gasEx 99.999%°] HeS AR5t on A3 &
4 30 co/min, 2% 120°CE 47sH| frAletes ds)
St FHEEY AR 0.05g2 F31e U7 4 mm quratz tube
H-8-715 A5l He gass 1431 oF 2417F 5<F purging
3k & Hk2 7] 25 E 10°C/min2] 5% 1000 °C7HA] =%
A7](RKC, REX-P1000)= ©]-§-3tof 4 =3] 24531t} 50 °C
& Al ket gample gas= injectionste] GCE 45151 0.1
AlE o] S Al71sh] f18ke] 120 °CellA 2081 I8k
St GCY columne Porapak Q°] 1L column®] 25+ 100°C
2 AN dHEE AE7)(TCD)E o83t 7 &
SOl 9> GC peskell &3 sample gas®] %, 473 w4
< F35t] 7HEE29] surface oxygen functional group 5

sgict.

227 Eefzv B9 $S AT

FHEE S A7|AEEE S35 flate] A7) 4A
= AFg-Elo] =453t} 4-probe methodZ ©]8-317] £)5ko
A 2H¥ resistivity measurement tool-2 21 7] &4 4] (Won



Characterigtics of Plasma Blacks Used as an Electrode of Direct Formic Acid Fuel Cdll

A Tech, WBCS 3000)°l] 9143t F+ &3] Aleld d/E
A UA] S = Abol o] AsPdelE el AdtE
skt A7IA RS ek Al vt Z

p=2xR ®

p . resistivity [€.cm]

| : average thickness of the specimen [cm]

A : effective area of the electrode [cn?]
R : resistance [Q]

23 HF A=
2174 JfmlAat A

% 7z =¥

244 Sl gAARS] 7FsAdE Bk
flate] A7IHEE7} 52 DPBS} o|v] g3k o] ARE-= 1
= Vulean XC-725 AHg-ato]l FHuiE HdaRleh. 41 o
5] W59 (HoPtClexH0)7 =% (HAUCI,3H,0) 8 ST
off F3] iou ﬂx]zﬂol DPB2} Vulcan XC-7201 ZH7+&
A7yl Fet wnk 5 3hlA|(NaBH,)E o838t el
AAN 711, /\«]]Zh} Az379-8 A*4 DPBS} Vulcan XC-72
°f DWE’ H”:L% FulE 4 7 ASUTH

Johnson Matthey /\}94 e B HAE FulE ARk
SRS TSI ol =gt AT Ao oR 3
mglem?S TRIAA ARSI T W HS Nafion®1152 AR
alo] hot-press 0.2 v HFA(MEA)S Alxsto] @9
A s S8kt

53749 (Cydlic voItammetry, V) 8= $16HA1 il
gol= RS AR 5 comin® ® Fekel L, 3]
o= 7)|FAZLS 94 0}7] A3l 75E 4E 250 co/min

S FFBITh 3 o HA] s 58S SlEiM 6 M AT
A 7kEE AAE Ee59 30 dectric loaders o] 83810 ©F
9] AR 2] Aty AFE AU

:té OJ*S}O% ¥ A =4l Raw PBO) 3
?SW :“é*é = iﬁ}o}ﬂ fste] AAEE dA S wl B4
H= 7142 $EA1A IR spectrume =731, 1 A3E Fig.
10 VFERAQITE. 3000 cmt F-2ofl A O-H peak, 1200 et -
o)A C-O peak, 1800 cm F-2o|A] C=02] 54 peak’}
UERdt}. o] 24 carboxyl 2! ester groupe] X3t o] Q1SS
O]— /\ o] otq 1600 Cm—l 1:1:101]}\1 u]_fy];z: j_g_(c_c)ﬂ peak
= E I Ut =3 coF No| Ajt: ek 4= Ql=d, Table
1of] YeRISIRe] dA ] A5 o] Aigel zto]7) ¢l
Qo rE HAVIAE o] 83t Zef=u} A|AE] T A7
9l HA7kol At A7 23t o] Qlo] Tt &2 A ¥

200

150

100 +

50

transmittance(%)

:_\\X\o

rlng) C N
——7— —
4500 4000 3500 3000 2500 2000 1500 1000 500 0

wave number(cm™)

Fig. 1. Infrared spectroscopy of liquified volatile of plasma car-
bon black.

Table 2. The components of liquidized gas during heat treat-
ment for Raw PB under the nitrogen gas by GC/MS analysis

No. substance No. substance

1 phenylacetylene 9  4h-cyclopenta]def] penanthrene
2 styrene 10 pyrene

3 1lh-indene 11  1-methyl pyrene

4  azulene 12 cyclopentg[cd]pyrene

5 biphenylene 13 3,4-dihydrocyclopenta] cd]pyrene
6 acenaphthene 14  2,2-binaphthalene

7  9h-flourene 15 benzo[ghi]perylene

8 phenanthrene 16  coronene
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Fig. 2. Pore size distributions of Raw PB and DPB by the Dubi-
nin-Astakhov method.
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Fig. 3. Thermogravimetric curves for Raw PB and DPB. Heat-
ing rate of 10 °C/min under nitrogen atmosphere.
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Fig. 4. Surface oxygen functional groups of Raw PB and DPB

evolved as CO and CO, by temperature programed desorption
(TPD). Heating rate of 10 °C/min under helium gas atmosphere.
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Fig. 5. Comparison of the volumetric electrica resistivity
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supported PtAu catalysts in single cell.
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