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Abstract >> Co/Al,03 nanopowder was used as a catalyst to investigate the effect
of catalyst support, reduction temperature, sodium borohydride (NaBH4) con-
centration, sodium hydroxide (NaOH) concentration, and reaction temperature
on the characteristics of NaBH4 hydrolysis. The Co/Al.O3 nanopowder showed a
high catalytic activity among various catalysts. Catalyst reduction at 250C ex-
hibited a relatively good activity. The activity decreased with an increase in the
NaBH4 concentration. Conversely, the activity increased and then decreased
with an increase in the NaOH concentration. Additionally, the activity increased
with an increase in the reaction temperature. The value of apparent activation
energy was 40.81 kJ/mol, which was lower than the other Co-based catalysts.
Thus, Co/Al,03 nanopowder catalyst can be widely used for NaBH4 hydrolysis ow-
ing to its superior catalytic activity.

Key words : Sodium borohydride(sA3t5 ALLE &), Catalyst(£0f), Catalyst
support(Z 0 X| X| | ), Reduction(Z¥), Fuel composition(1g X
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rich, St. Louis, MO, USA), #33 ALO; (Alfa
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6H,0O, Samchun Chemical, Seoul, Korea), SH
(HO, Samchun Chemical), MWCNTs (US Research
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Fig. 1. Experimental setup for hydrogen generation test
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Table 12> theFgt Sl o] v|EHA S £A4% A
olc}. HHY Co/ALO; Ffe}t -9t Co/AlLOs
Zj| o] H|FHA-L 717} 158.8 m7/g, 128.3 m7/go] Q)
31, Co/MWCNTs Z0jjo] H|EH 22 85.6 m7/go]Q)
1:]— r/]._:_/d 220] ALOS & oo].oq ;q]x]—b‘]- HHQ,]

H]EHZ o] MWCNTsE &-8-5t0] A2ket Zufj <] ]

FHHECE =39t
32 Table 2] st &
F2 10 wi%= A5 U

2} Zjo] Co A%
£ Fojo] B §A3

wk$-H g Co/ALO; Fulje] Tl 8 wi%= 7}
A $eatich F3lg Co/ALOs Fmo] HR|Fe
4.1 wt%3).01, CoMWCNTs Z1j2] SHR]eke- 1.4 wt%
2 7P okt AAA| el 24 xfolet vl

Table 1. Specific surface area of various catalysts

Specific surface area

Catalyst (mz/g)
Co/AlxO3 (nanopowder) 128.3
Co/ALL O3 (pellet) 158.8
Co/MWCNTs 85.6
Table 2. Co loading of various catalysts
Catalyst Manufacture Analysis
(Wt%) (Wt%)
Co/Alx03 (nanopowder) 10 8.0
Co/ALO3 (pellet) 10 4.1
Co/MWCNTs 10 1.4
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Fig. 2. Effect of catalyst support on hydrogen generation
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Table 3. Effect of catalyst support on hydrogen generation
rate per 1 g cobalt

Hydrogen generation rate
Catalyst K
per 1 g cobalt (L/min-gc,)
Co/Alx03 (nanopowder) 7.45
Co/AlO3 (pellet) 0.66
Co/MWCNTs 6.05
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Zuj| o] 4=AAIE AuLE Fig. 33+ Table 40f A)A]
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o] 7HF $43519 1L, BULETL F7IRE Su)9
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2l HlaLE o]@ A 250 C oA A= 9S we
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Fig. 3. Effect of reduction temperature on hydrogen generation

Table 4. Effect of reduction temperature on hydrogen gen-
eration rate per 1 g cobalt

Reduction temperature Hydrogen generation rate
() per 1 g cobalt (L/min-gco)
Reduction X 7.45
250 9.03
350 5.39
450 2.25
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Fig. 4. Effect of NaBH4 concentration on hydrogen generation

Table 5. Effect of NaBH4 concentration on hydrogen gen-
eration rate per 1 g cobalt

NaOH ‘§%=7} NaBH; 7he2afit-gof nx= 9%
S Fl3l%th NaOH = 1-15 wi%2] o)A
27319931, 250 CoflA] st Lhesh-e-rE Co/ALOs
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Fig. 5. Effect of NaOH concentration on hydrogen generation

Table 6. Effect of NaOH concentration on hydrogen generation
rate per 1 g cobalt

NaBHj concentration Hydrogen generation rate NaOH concentration Hydrogen generation rate
(Wt%) per 1 g cobalt (L/min-gco) (Wt%) per 1 g cobalt (L/min-gco)

23 9.03 1 5.07

10 6.03 5 6.03

20 3.70 10 5.69

30 2.61 15 5.00
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Fig. 6. Effect of reaction temperature on hydrogen generation

Table 7. Effect of reaction temperature on hydrogen gen-
eration rate per 1 g cobalt

Reaction temperature Hydrogen generation rate
(C) per 1 g cobalt (L/min-gco)

25 6.03

35 10.15

45 16.01

55 28.50

>> S22 ALK =

il

Ho
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wt% H00] 2402 A Z}et NaBH, 48917} 250C
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Qi WhgL = 250+1.9C, 34.2+127C, 44.7+1.1°C,
54.8+3.1°C o] WQlo]A {-R|5}ich

HRE-2=0] Wt wE ol
Fig. 63} Table 7] 425}t WH-g-2%=7} 7+
T8 FaUAE B3 g4 Sk AEE B
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Fig. 7. Arrhenius plot of Co/Al,03 nanopowder catalyst
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Table 8. Comparison of apparent activation energy among various catalysts
NaBH4 concentration| NaOH concentration |Reaction temperature . Ap.parent
Catalyst % (Wi%) (C) activation energy Reference
(i) ° &limol)
Co/Al0s 10 5 25-55 40.81 This study
(nanopowder)
Ru/G 5 5 25-45 61.10 [3]
Pt/C 3.8 Not used 27-67 36 [6]
Co-P/Ni foam 15 5 20-35 46.8 [8]
Co-Ni-Fe-P/Cu foil 10 1 20-60 54.26 [10]
Co-P/Cu sheet 10 1 10-40 60.2 [11]
Co-W-P/ALO3 (pellet) 4 10 30-45 49.58 [12]

shlliAE Aelstint. Yieahe g Co/ALOs =
o] AE7] BAstouAl= PUC Sl ok 9k
A9k, Ru/G Enfj o= 2okt E3L Co-P/Ni foam,
Co-P/Cu sheet 52| t}ol3t Co 7|4t ZufjHc} L)
ok wbA v whe PAR7] st uA| R 5|
U=t 9-H % Co/ALOs FHvfle Bhe-25of whg it
Sawol WsP} AL Aow Almd:.

4. 2 &

2 AolAE Y9 HE Co/ALOs S5 &
&5t NaBHy 7h=i-afivh-g- 542 g<lstqlct |
A, ZA A L] FEFE Aoty Fuf A}
FaYAE S 2Fste] Co FAFH A5 SHI
A e YeubeHE ALOsE NaBHy 71453
W0l ARtet Zu AR A| = A4 stich E3F, Zul
2= JFS A stk 250C ] AL w=
Ueak9-tg Co/ALO; Fuljo] B4& F7HAIFAA
9k 350C o]Ae] ghee = 3|8 Zujjo] TS
A SHAIZAEE wheba] BlaA] A9kt Suf U =R
250CE AAstoact 250 CollA] Ut Yieuke-r
g Co/ALO; Z1|E -83}9] NaBHs %=, NaOH
s, PReEo] i JFS EelskeIr:. NaBH,
st MRS SuiY 2S Haskiich
NaOH 557} 1 wt%ol| 4] 5 wi% 2 Z71alH Zuj o
g2 Z7IBFAAINE, NaOH 557 5 wt%eoll Al 15 wt%
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