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Performance Evaluation of Hydrogen Generator for Fuel Cell

Unmanned Aircraft
Dae I Park*, Sung Uk Kim**, Dong Min Kim** and Taegyu Kim***

ABSTRACT

Performance of a hydrogen generator for a fuel cell unmanned aircraft was
evaluated as the change of temperature environment. Sodium borohydride (NaBH,)
was used as a hydrogen source due to its high hydrogen content and good storability.
The hydrogen gas was generated by the hydrolysis reaction using a catalytic reactor.
Reaction chambers were set up with the range of temperatures from -20 to 60 °C. The
hydrogen generation rate and temperatures changes of reactor and separator were
measured at the NaBHs concentrations of 20 and 25wt.%. As a result, the hydrogen
generation rate was decreased as the repeated reaction cycles. It showed that the
hydrogen generation rate was stable at low temperature, while at high temperature
the hydrogen generation rate was rapidly decreased. The performance degradation was
mainly caused by the catalyst loss and NaBO, deposition on the catalyst surface.
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Fig. 1. Schematic of the NaBH4 hydrogen
generator
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Fig. 2. Experimental setup for performance
evaluation of hydrogen generator

Table 1. Experimental conditions

NaBHs 20wt.% | NaBH4 25wt.%
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Fig. 3. Hydrogen generation as a function of
reaction time at 20wt.% NaBH, solution
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Table 2. Hydrogen generation rates as
reaction cycles and temperatures
(20wt.% NaBH, solution)

Cycle |20 °C | 20 °C | 40 °C | 60 °C
icycle | 1535.6 | 1343.1 | 1367.1 | 1319.9
2cycle | 1543.1 | 13956 | 1327.8 -
3cycle | 1475.7 | 1440.0 | 11112 -
Average| 1518.1 | 1392.9 | 1268.7 | 1319.9

Fig. 4. Hydrogen generation as a function of
reaction time at 25wt.% NaBH, solution

Table 3. Hydrogen generation rates as
reaction cycles and temperatures
(25wt.% NaBH, solution)

Cycle | 20 °C | 20 °C | 40 °C | 60 °C

icycle | 1116.2 | 1139.6 | 1108.3 | 696.2

2cycle | 1031.1 826.8 - -

3cycle | 9629 | 7845 - -

Average| 1036.7 | 917.0 | 1108.3 | 696.2




B39 & 57 %, 2011 7 ArAA F2A7] B E Fauar)e At 631
13] ¥eF7E BAs HW -20°C, 20°C, W&o FiadaE AU AE dolgrh 20°C
40°Ce] 4 HAFo= E o7} gl = 28 dgF7] Fok B frAo]l dojut

> Lo

NaBH4-°4 ]’

o

=

N
-

8l7

4 fo o & B Ay bR
DO i

e

ox

w
ot
=

S
]

TFa

N
®
=

i Yy
l-l U

Ak -20°CY
=]

45 Fv) E¥o] NaBO, =Xv 473

1600

F 9, ole %

%—7‘7177}74 —’F ag

wh-3-7] 1 18] &A 3]
ok, &gk -20°Co H]3) 20°C7F ¢
By At dold g 7
, -20°Ce] Af FRHY U2 2x
Wg7le WAane F3) =o
b 20°Ce] A9 W7 aw
| W&ol Zujfdo] 4
%o| FolE HITII ot
SHE 20°Ce
/\/\l:ﬂ-/%la]: 7L/\E _15]_

718 ¥4

wt.% NaBH; 2d 3 Hl
L 179 ~ 473% AE "ol
=2 Sds
NaBO, =X7} Az}
Ht} 60°Co

A9 ge 3

T Fol 3439 Fa

FAUAF Fat 24 Fe
e

AE FHle

rerl WzEHI ASHE
NaBH, S 985 Al&ggo=z 23 Ado]

Z43 3F
%Ei =
Z Js) wkg
Zrj Fwo

2o

o]ag

=-=HU
W o
lﬂ—l)m%%—l>&&

r g
N¥
ot
r]I

l

zt
%l

el W 20%o A 23
o] AY A7t HAA
SEIbEA S o] 1

"ol1 AL S

o (o

¥ — N ¥
U e [

i
, 20°

=
H flo
() olo

Aawmm
oo ko fu

1400

1200

1000 ~

H, generation(ml/min)

800

600

—8— 20wt.%
—— 25wt.%

-20°C 20°C 40°C

Chamber temperature(°C)

60°C

Fig. 5. Average hydrogen generation as a
function of chamber temperature at
20wt.% and 25wt.% NaBH4 solution

‘r7] U B éuﬂ
7] FAol dojuA &
3 Algte] Aol wWE NaBO, Z=X7F 2F7he]
G B Y FAS doE Ao o

Fig. 5% 20wt.% <} 25wt.% NaBH,o| W &
of Mg Hi & TAE s Yehd Ao
L AAHOZ 20wt% 7} 25wt %ol vl =L &
PAES HAoH, ALoA 1Low Zi’“
Fa WAE faste AL AAT F

2

ﬁmwﬂm
%0

o] H M

=1
[y |

B we Fa
a ®oith 2
o] XYL HA Zvj
NaBO,¢l Aoz doE A
ekl sk Fig. 63 o] SEM
Scanning Electron Microscope)S 53t ¥
A-5 Zv) £HS BE39 NaBOol =¥ A=
st Att. Fig. 6(A)= A8 A FHvle AR
S 2 Ni foam ZHAE Fvl& At EHo
e A FgA & 7 Ak AN Fig. 6(B)
Fig. 6(C), Fig. 6(D)2 X3 o] 242 ZHv) #
el NaBO, ®=%7} A8tH 7] Al#éte Ae
Atk NaBOoll ofal Zwf &3¢ &4
Ex=y Z08S & 7 A Hed,
°]E FaUATE FAaE oldfAA "o ol A
ToA iEE NaBHZ 25 Asts =,
1EEE 7 Zuj o] Wdolut vkgAJe] d
AXA == Al F rbAelth

w
w
2 4
wpy
i
0=
ot N
“
= qor
Rl
_O'h
o

i
ofr
2
ol
oy L2
O
o
tlo

z AT ~
>

e ox
fo
S

_?E
-
i
o 1L

e

!
i
rl

—
a
[}

O oo N

=)
2

—

mlru

=

lo e B S

).

N
-
S H

Fig. 6. SEM images of catalyst before and
after the experiments (A: pure
catalyst, B, C, D: NaBO:
deposition on the catalyst surface)



632 i - A - AR - AEA WA T
Fig. 7% Table 4= Zviw+-g-7]19} NaBO, 2 3 I At 20°CE w79 e:& =
AHEA Y FF L2 YeEhidoh ¥ &% Au NaBO, £ 7tEgA L2 02 37kA =
b &DA5E AAA I LR Asd ol wlE 4Ps) wed, ole Wtasel o
AL B 5 Ao =3 20%e ¥ 25%  Hujgdo] Ae Aow yuHEnh »}uw 3714
NaBH7} T %2 %37 225 UBHH. ol x99 739 B 7tEA A vwhs-H NaBH,
T WEIeh Ao exTt EEFE SulHAE g 4" Zuie) wkgEy] wE —,~7}Z4°1 7}
°of AZSA FauAF Fa7t doid £ AT walrl wASA Hiew, olw 2w I A
22 NEYA exrl 4oH Ao BeEt,
120
- ®) v e
e .
ol . : // B ATl drdA Te wAEHE
§ ~ - OAEM NeEle] Fausvh E6) 9 sk
£ "™ T T2 Tt F4E YA BEA 2%, &
g o g, A5 ugste A& FAsAT 3714
. 2w 54 F SAHoR 2RIl FaRAYd b ‘1L
-20(°C) 20(-C) 40(°C) 60(-C) AL yorsliew, 1 Ay ey e
Chamber Temperature(°C) % E%E}S’iq
(B) aus)e] W SRS 20°C~60°C7HA M
. A 71m AlEE A, 20wt%Sk 25wt% BT
g . \X\/_/: HEFI7F AYEFE FaIy gl Daske
/ T Ag B S7b A4S 2 ow2H 27 48
‘éi P Hgog g FHv FAH3 whgol XJ 3 =i A
5 e / ZujEWe] NaBOy/t EX EHWHA FAdA o]
3 ; Fa7h dejdtin gdE. NaBOz°ﬂ g3 =
s IfH A =gHor =X L E?H&%Ol g
s pe oo o }%01%71] Hol Fady o] askA Ao
Chamber Temperature(°C) AA Ao 7 20°CAA 71F =& F£4 dAH
S How, 20°C, 40°C, 60°C2e] o2 F£iw
Fig. 7. Reactor and borate temperature as a  xpapo] 7a3t= AL o 27} YAt -20°C
function of chamber temperature at o o Ay oxv} ]:]]—O 71E &R oi
20wt.% and 25wt.% NaBH4 solution Pt

(A : Reactor temperature, B : Borate

temperature)
Table 4. Reactor and Borate separate
cartridge Temperature

sy e E-=7| =2|7|

o =l =5

@ co | ro

-20 104.7 53.1

20wWt.% 20 99.9 83.4
NaBH; 40 100.4 76.0
60 108.1 814

-20 108.6 542

25wWt. % 20 108.3 736
NaBH. 40 109.8 85.5
60 111.2 78.7

BE we
YAANAF7] ol Frje] fido] e 2
o e Aoz ﬂ%%ﬁ‘r

60°Ce] 7% Wg Al 2 d3} FHoAY &
FFoE Ad Ful fFHo] AHslEHe g2 &=
of nls] A3 "olxe= i DAFS HAh

E e EAHOZ NaBO, &8 7IE& A 9|
A A" Zoeh muk-g-El NaBHoF w831
F7HH Q) 22 A wal F2F3 Aol
.E_ =] kel

UE} 3 28 7HEA
B3 dyE g7 7tE

ox o i 2>

s} e Ea Sk WS 2959
el AFsttn BeE,



%39 & 7 9% 2011 7

AuA 7/ HAG Farlel 4Rt 633

7|

ot

of Av(=H)e RIS ET] Adow
FasHE 2147] ZEE o] AT A (a0
AR deroE FaH g

&7

Ao
o

1) AAMRA, AeE, “AZ ™A FA7])”, KSAS
Wl AR, A3A, A2F, 2009, pp. 65-72.

2) A2, AsAAZEY] 7eTH, FTF
2 ANEFE, 79, 2%, 2009, pp. 95~105.

3) AHelq, A4¥FE, dAZ, "FAV]E& d=R
A FAANEH FEAY, IHFAF
20073 % FAgt&El 3], 2007, pp. 13~16.

4) A, AdE, AAZ, w1 YL
A AsHA Al="le] HA 9 HF AFE, &
At st 71483 20079 % et 3], 2007.

5 °o1&5, A4S, AW, "ArlEE &F ¥
AFF71e] AeiA", dxF0F33A, v. 14,
no. 4, pp. 65-70.

6) e, A&,
A2 3= Blended Wing-Body UAV", §+=13
F¢Fsts] 2007d% FASEUS], 2007, pp.
420~423.

7) AR, o718, AR, “AsdA 7l
71 AA 2 AFE A, F=FE+TI
20099 %= FA k=t 3], 508-511, 2009.

8) AHT, “A2¥ dsHA FA7E FiTA
Fxe) AEAE”, 2010 F=rga 2 Al A E
3] 20109 %= FA8EW S, 2010, pp. 126-129.

A4, "ARAAE B

=<l

9) James Larminie, Andrew Dics, "Fuel Cell
System Explained", John Wiley & Sons, 2003.

10) S.C. Amendola, S.L. Sharp-Goldman,
MS. Janjua, M.T. Kelly, PJ. Petillo, and M.
“An  Ultrasafe
Aqueous, Alkaline Borohydride Solution and

Binder, Hydrogen Generator:
Ru Catalyst”, J. power sources, Vol. 85, 2000,
pp- 186-189.

11) H.I. Schlesinger, H.C. Brown, A.E.
Finholt, J.R. Gilbreath, H.R. Hockstra, and E.K.
Hyde, "Sodium borohydride, its hydrolysis and
reducing agent and in the
generation of hydrogen", J. Am. Chem. Soc.
Vol. 75, 1953, pp. 215-219.

12) S. Galli, M.De Francesco, G. Monteleone,
R. Oronzio and A. Pozio, "Development of a
compact hydrogen generator from sodium
borohydride", J. Hydrogen Energy, 35, 2010,
pp. 7344 - 7349.

13) R. Oronzio, G. Monteleone, A. Pozio ,
M. De Francesco and S. Galli, "New reactor
design  for

its use as a

catalytic ~sodium  borohydride
hydrolysis", J. Hydrogen Energy, 34, 2009, pp.
4555-4560.

14) Bh Y, Ael5F, “Co-Ni-P-B/Ni foam Zvj
A NaBHs 7tr2alE &3 4 24”7, 2010
ghmard B AU A =53, Al 2148 Al 5
<, 2010, pp. 383-389.

15) 9oigg, Helqf, ‘e B A2 A A
33 FAstE A WAFR Y HFHY, =
Fa 2 AuAEs] 2010d% FATEY S,
2010, pp. 49-52.



