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Abstract — Sodium borohydride, NaBH,, shows a number of advantages as hydrogen source for portable proton exchange
membrane fuel cells(PEMFCs). Properties of NaBH, hydrolysis reaction using unsupported Co-B, Co-P-B catalyst were
studied. BET surface area of catalyst, yield of hydrogen, effect of NaBH, concentration and durability of catalyst were
measured. The BET surface area of unsupported Co-B catalyst was 75.7 m?/g and this value was 18 times higher than
that of FeCrAlloy supported Co-B catalyst. The hydrogen yield of NaBH, hydrolysis reaction by unsupported catalysts
using 20~25 wt% NaBH, solution was 97.6~98.5% in batch reactor. The hydrogen yield decrease to 95.3~97.0% as the
concentration of NaBH, solution increase to 30 wt%. The loss of unsupported catalyst was less than that of FeCrAlloy
supported catalyst during NaBH, hydrolysis reaction and the loss increased with increasing of NaBH, concentration. In
continuous reactor, hydrogen yield of NaBH, hydrolysis was 90% using 1.2 g of unsupported Co-P-B catalyst with 3 £/min

hydrogen generation rate.
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olg] SellA A Agtet Wgolet & 4= gick.
3}8h4 481l CaH,y, MgH,, C,oH,g, NH;BH;, NaBH, 5-©|
. ©] %, NH;BH;(Amoniaborane, AB)= 19.6 wt%2] 352 4
AGEFo R Htol B IS B QAT H FANERE
(100 °C ©]7h)2} HHS- F-ARE-(borazine, ammonia, diborane)®] PEMFC
o] Aeta Alo] HER[1] o]F WA|al] $lgt FrHAQl A=
alo] A Aol W A g oe 7HA eitel] gl



NaBH,7} %ol 7715 3 Qlth. NaBH, = 10.6 wt%2] &
2ATEEE 7 HESAIAIER] boraxts X Hola, HESER
A7 Fsskch,

NaBH, 2] 7}r-all REg-45571 =2)7] wiize] S5 ARg-alf 5
2SR FAI71H NaBH, A1 5 H9/dS 918 NaOHE
A7 2], o] wf el WA (1)@ 2t

NaBH,+2H,0 = NaBO, +4H,, AH=217k]J 1)
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o] 74434 F T} NaBH, 1 mol®] H,0 4 molZ} RE-§-31H F4
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2-1. S0 M=
H]2H4] Co-B vl NaBH,(Aldrich)?] =& 23} CoCl,-6H,0
(Aldrich) =€-0-& E0] 2 3 : 19] EA] #2353}l NaBH, 895
248] CoCl, T&-ell 7FshaA wHIsISiTh NaBH, 7894 BF
7Feh 5 ok 10331 v] wwkstar G| gt oF 30i1E g xlate] So

FAEH FEestaL, FAFS Agoldato] SHFE AH ek
A

Co-P-B 4| NaH,PO,-H,0(Aldrich) 8- 3} CoCl,-6H,0
(Aldrich) F8-H& EH| 2 | : [0] HA £33t Co-P 7845 =t
11, NaBH,2| 578913} Co-P &2 EH|E 3 : 10] HA A%
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Fig. 1. Schematic diagram of continuous reactor system for NaBH,
hydrolysis reaction.

1. NaBH, Solution 6. Pressure sensor

2. Pump 7. Buffer
3. Reactor 8. MFM
4. Byproduct tank 9. PC

5. Condenser

3}al NaBH, 58-S A A13] Co-P 48Nl 7lshaA wikslsitt,
oat Al W Co-B Ful] Al W= sYaitt.

Co-P-B/FeCrAlloy %= FeCrAlloy 3-8 CoCly,-6H,0(Aldrich)
1 mol#} NaH,PO,-H,O(Aldrich) 1 mol& 37| 591 -8} NaBH,
3mol &8 10°C o|3}7} = A| gt §- 105 1HA 0= W= Yo
A 3= S 103] o) WHESE & SR E AF 3T Co-
B/Cu S| FUst R o & A|z=313]t).

2-2. NaBH, 7530l HHS

352 W1-3-7) 9] NaBH, 55 20%(5-A) S=&Noll NaOH 1.0%
(FAEA 3 thg A% Co-B, Co-P-B Z1| S A 24|
20 mg B 7HEal RES-S I AIZICE w8719 25271 80~90 °C7}
HA 2371 MFM(mass flow meter, CNL Energy) 2% 44
RS SABIIT MEMO.R FHo] §-905%] A 8171 $18)
HE87] fr& 7EAE -5 0Ce WA E F - MFMO.E {1415
A &3ict.

AL 7] AL Fig. 13} 7o) 73 8F3i . 38 2 (LongerPump,
BT100-1L)%E o83l Rh-g-&-of A%¢-87| 256 H-g7]el g-s
o= Ficol] oaf Al S5E Alojalth HiF o) S =
el ok Alo)A] & 0.6~1.0 bar H9]ollA] ¢hedo] vow sH3z o)
pm= 0|11 FHo] HO0W pmS W= WO R FAYNA &
55 °F 3.0 ¢/min°] A EA st HulE 04 ¢ B AT &
A] 371& WES7]o Yl 20 wt% NaBH, &S 5.0 ml/min &5
FUP L o] v §k7] H 25 85-95 °C7 H A AT vk
FARES REE7] W] Foll Zo7F Bl & A AR (A 07 9]
FZ ajEsioith RN F571E S5 o] AlAR i
7} WS B33 & MEMO.2 3-8 S48t

N

2-3. &M

| A v} Fv)) 73 52492 BET 577 |(ACAP 2010 MicroPore,
Micromeritics)= - 3FA=8] Al 5= 1AZF 5<F 200 °CoflA] A
25 AAE $ 243818

Zuj 2] 9=t 7] W FEE FAPAAFA "] 4 (Scanning Electron
Microscope, Hitachi S-4800, KBSI Suncheon center)= ©]-3 #2

3151 ™ beam voltaget= 10 kVSIth.



H|Z%] Co-B, Co-P-B Z1|S ]88 NaBH, 7}-8-3)] W& 13

3. Zdu} 4 nEt

3-1. S0 M=

@2 Fujjo} v]ghx] Full A2 F BET ©43F Z 25 Table 14
YEFAtE Co-B/FeCrAlloy < 2] BET 42 4.08 m%/g ©] A1k
H=#] Co-B Fv 9] BET W42 75.7 m¥/gC. % < 18u] T}, o]
9} o] Hig] Fwlj2] BET WA o] Z7F3t ol 75 27]+= &
oFREHl 71 AA Fu= AX FHul A i vlsE Aol AR
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o] Fou} 7] A& o] | 7 ofll SEM A (Fig. 2)°lA &
AUszol Ak A7 7F 2l 2 FAAA Sl EAE0] STV T
AE e 5= Qi

Table 201 Sl 1 g& A|Zs17] S18l 2 Q3 AaaFe vekl
HIEA] Co-BZ el & Q3F NaBH, 2} CoCly:6H,0 %] Co-B/
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S AAA e FHA] Sl duFo] AR Al @A) A i vk
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Fe 2ol7] 8l B R FA8FEA(10 °C o8k XA AIE RE
&89l 103] o]’ t1-3 (dipping)atAl F| PR AZAE Ao A=
EAEe] et

3-2. 3124, HESTI0IAM A b

H|9A] Co-P-B Fu|& o] g3l 3&
NaBH, €91 7}=23)) siA] 424 Ay
= Fig. 39 YepAc).

Hhg 270 2ol x] A|Ztste] oA WS Skl &
7} 35 he Holal 9tk Wk vl w2 A] X E|o] 2,55
FH1 1.0 0/ming] FARAYE T =21 G Wkl 93] W57
227} 85°C o) do] HA] ¢kl A L5 FAISHEA] F4 A
&7 A WS £ 571 60 °C o]Ek} B FAlE] oe) A
o] FA o] RkgEEe} o] Fhadh= EAI7F 91a1[13], 100 °C
ool HH fto] THE| WhEREA Gt £ EAVE Qo E®
HES7] 55 80~85 °C7} B A 3lGith. o] REofA] FARAAE T
1032714] 0.8 £/min®] ¥] L3l o] % Rhg-E20] FH0 7 FAkgs
S7b AR R AL gl
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a8 1o 9lth. NaBH, s =7f SVt ARk 718 vhe-
HHS-AHE0] NaBH,9F F1ll A58 Whallahr] wlitel Whg-skA]
NaBH,7} Wo]7] wiio]eh13]. Z12] a1 BE=] Zulj7} Cuell
3k Co-B/Cu ZH|HT} -80] 1~2% 24|, 1 o]-f+= 114 5o
© B4 SRk YR sk vIEA] 971 NaBH,SH
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Table 1. BET surface area and pores properties of catalysts

@) (b)

T

Fig. 2. SEM image of unsupported catalysts (a)Co-B (b)Co-B (c)Co-P-
B (d)Co-P-B.

Table 2. Weight of chemicals used to produce 1 g of catalysts
NaBH,(g) CoCl,6H,0(g) NaH,PO,-H,0(g)

Co-B(Unsupport) 1.37 1.13 -
Co-B/FeCrAlloy 48.5 55.0 -
Co-P-B(Unsupport) 1 1.55 1.05
- 42 ' ' ~ 100
c ——
= 90
£ 10 -
= 80 ©
[] 4 ~—
-é 0.8 L 70 o
§ 06 -60 ‘E
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§ 04 % 8
3 —— Generation rate 40 8
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Fig. 3. The temperature and hydrogen evolution rate of NaBH, hydroly-
sis reaction with unsupported Co-P-B catalyst in batch reactor.

Co-B 1|7} 780] %58 Holal i}
H'EA] Co-B 1| E NaBH, 555 W7 WA 74 A &
TE 24 A7E Fig. 50 YERTE NaBH, 557} 20%Y W+

Sk 208 7FA] S A £ 0.6 liter/min A5 S AP =5

Catalyst BET Surfa. Area

Cumulative Surface Area of pores

Cumulative Pore Volume Average Pore Diameter

(m%/g) (m?/g) (m?/g) (A)

Co-P-B(Unsupport) 1035 8.81 0.036 167.1
Co-B/FeCrAlloy 4.08 2.15 0.033 6283

Co-B(Unsupport) 75.75 83.71 0297 1422
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Fig. 4. Comparison of hydrogen yield of NaBH, hydrolysis reaction
with various catalysts.
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Fig. 5. Change of hydrogen evolution rate with unsupported Co-B
catalyst in batch reactor.
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Fig. 6. Comparison of catalyst loss during NaBH, hydrolysis reaction
in batch reactor.
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3t tkFig. 7). oIy 329 o 1w g %2015 1371 4]
25 LA Aol ©Eshd 90~100 °CE 7413153t 200W
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Fig. 7. Pressure and pump rpm during NaBH hydrolysis reaction in
continuous reactor.
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Fig. 8. Temperature and hydrogen generation rate during NaBH,
hydrolysis reaction in continuous reactor.
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