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Carbon nanotube supported molybdenum carbide catalysts were prepared as a function of various preparation conditions and
characterized, and their catalytic activities were compared through electrochemical oxidation of methanol. To overcome the
low activity of a trangtion meta catalyst, carbon nanotube was used as a support, and the amount and the kind of precursors,
acid treatment method, and carburization temperature were varied for the catalyst preparation. ICP-AES, XRD and TEM were
used for the catalyst characterization. Based on the various preparation methods of carbon nanotube supported molybdenum
carbide catalysts (M0o,C/CNT), the size and the amount of supported catdysts could be controlled, and their effects on the
electrochemical oxidation could be explained.
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Table 1. Acid Treatment Condition for CNT

Support code Acid trestment Amount of support (g) Amount of acid (mL) Treatment time (h)
ATS1 10 N HNGs 12 10 N HNOs 540 mL 1
ATS2 H2SO4 + HNOs mixture 12 98% H.SOs 324 mL + 70% HNOsz 216 mL 1
ATS3 H,SO, + HNOs mixture 12 98% H,SO, 324 mL + 70% HNO; 216 mL 2

Table 2. Mo C/CNT Catdyst Preparation Condition

. Theoretica . . _—
Cadys oo ALIOt g’ o mama Prossw Moo n Melogpat o Cabden
(Mo wi%) 9 P g °
AT? 10 N HNO; 1 h
b H.SO, + HNOs .
AT2 mixed acid 1 h 50  Molybdenum (V1) dioxy 334 100 100 700 C 3 h
acetylacetonate
b H;SOs + HNO3
ATS mixed acid 2 h
10 wT® 10 0.38 011 111
30 wr” H,SO; + HNOs 30 Molybdenum (VI) dioxy 143 043 428 700 C 3 h
b mixed acid 1 h acetylacetonate
50 wT 50 334 1.00 100
70 wT® 70 7.79 2.33 233
p1b 50 Molybdenum (VI) dioxy 334 1.00 100
H,SOs + HNO; acetylacetonate 5
. mixed acid 1 h Ammonium molybdate 70 c3h
P2 50 tetrehydrate 2.00 1.00 100
cr’ 5.01 150 150 800 C 3 h
b H2SO, + HNOs Molybdenum (V1) dioxy .
c2 mixed acid 1 h €0 acetylacetonate 501 150 150 700 € 3h
c? 501 150 150 600 C 3 h

a 1 g CNT was used as a supporter
b. THF 100 mL was used as solvent

¢. The mixture of ethanol and H,O (50 : 50) 150 mL was used as solvent
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=HH(CNT: carbon nanotube)i= Iljin Nanotech CM-95AF2] mul-
ti-wall carbon nanotube (MWCNT)E AF&-3F31 th(purity 95 wt%, di-
ameter 10~ 15 nm, length 10~ 20 um, surface area 200 m%/g). == |
9] Ak 2] o= Dagung Chemicas & Metas Co.2] ZAH70% conc.)
7} 2AH98% conc)e AMESFSITH BB s ATFAIE TCIAR
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Figure 1. 3-Electrode hdf cel reactor.
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Table 3. Measurement of Loading Efficiency of Mo2C/CNT Catalyst as a Function of Various Preparation Parameters

Variation of preparation Mo contents in

Mo contents (wt%) Loading efficiency ~Average particle

Catalyst code .
y parameters of Mo/CNT catalyst®  precursor (9)  Theoretical loading Measured loading )° size (nm)
AT1 10 50 9.6 192 9.08
AT2 Acid trestment condition 10 50 238 47.7 9.78
AT3 10 50 16.9 339 7.66
10 wT 0.11 10 53 53.1 6.83
30 wT 043 155 51.9 8.44
Precursor amount
50 wT 1.00 50 238 477 9.78
70 wT 2.33 70 36.9 52.7 9.87
P1 . 10 50 238 477 9.78
Type of precursor material
10 50 28 5.7 5.49
C1 10 60 154 25.7 6.53
c2 Carburization condition 10 60 159 26.6 6.49
C3 10 60 175 29.2 5.92
a detailed preparation parameters of each catayst is same to descriptions in Table 2
b. Loading efficiency (%) = (measured loading / theoretica loading) x 100 (%)
N ¥ a- Mo, ___ AT1 10N HNO3 Th ¥V oa-MoC — 1oNT - 5. 31wty
il AT2 HyS04+HNOg 1h = W WNCNT | —— 30WT - 15.50wt%
o —— SONT - 23. 85wt%
. ——— AT3 HpS04+HNO3 2h R JONT _ 36, 92wtX
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Fgure 2. Catdyst characterization by X-ray diffraction patterns of molyb-
denum carbide as a function of the acid treatment methods of CNT.
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Figure 3. Catayst characterization by X-ray diffraction patterns of
molybdenum carbide as a function of the precursor amounts.
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(3 10 WT - Mo C/CNT (b) 70 WT - MoC/ICNT
Figure 4. TEM images of molybdenum carbide on CNT as a function of the precursor amounts (: 20 nm).

Table 4. Electrochemica Oxidation of Molybdenum Carbide a& Various Preparation Conditions

Catalyst code Mo loading (wt%) Mo metal (moal) Average particle size (nm) Maximum current i/(LA-cm?)
AT1 9.6 1.00 x 10* 9.08 24.09
AT2 238 249 x 10* 9.78 27.94
AT3 16.9 177 x 10* 7.66 25.60
10 WT 53 554 x 10° 6.83 16.44
30 WT 15.6 163 x 10* 8.44 27.50
50 WT 238 249 x 10" 9.78 27.94
70 WT 36.9 385 x 10" 9.87 35.86
A 238 249 x 10" 9.78 27.94
P2 28 300 x 10* 5.49 12.02
c1 15.4 161 x 10* 6.53 28.32
c2 15.9 166 x 10* 6.49 24.94
c3 175 1.83 x 10* 5.92 20.64
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A st R EH S Ao W AEV]F AN ET H2 =8 sto] gtel ek AFgke] Ws 5495 LSvE S35t S
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Figure 5. Linear sweep voltamogram - methanol oxidation over molyb-
denum carbide as a function of the acid treatment methods of CNT.
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