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SUMMARY

In modern society, hydrogen is one of the important chemicals,
which 1s largely utilized in  chemical industries. Moreover,
technologies utilizing hydrogen as clean energy have paid much
attention since they are expected to solve several problems related
with energy and environment. In this regard, fuel cells using
hydrogen as a primary fuel source have been under development.

A fuel cell, similar to a battery, i1s a electrochemical device
which is operated by hydrogen and oxygen. Energy obtained upon a
reaction of hydrogen and oxygen 1is directly converted into electric
energy.

In general, hydrogen 1is stored in the form of compressed or
liquefied H, It is also stored in bimetallic alloys, and on activated
carbon or carbon nanotubes. However, all these methods are not
suitable for portable applications due to the low volumetric and
gravimetric densities in hydrogen storage as well as potential safety
issues.

Among a variety of hydrogen storage materials, sodium
borohydride (NaBHy) is a promising candidate since it 1is safe
substance holding high hydrogen contents (10.8wt.%). Additional
benefits of using NaBH, is that its byproduct is environmentally
benign. Hydrogen generated by catalytic hydrolysis from NaBHs can
be easily supplied to PEMFC(polymer electrolyte membrane fuel
cell), which provide power to operate portable electronic devices.

In this research project, our main goal is to develop an efficient

hydrogen storage and supply system in which sodium borohydride is



used as fuel. In this project, safety and constant hydrogen flow rate

are of great importance for designing the system.

The outline of this report is listed below;

A. Physical and chemical properties of sodium borohydride
B. A new mechanism for hydrogen generation

— Thermosiphon system

— Amino acid system

C. Development of hydrogen generation catalyst

— Catalysts based on metal oxide are developed

— Development of the process for the catalysts making
D. Design of hydrogen generation system

— Optimization system

— Proto—type system test

The hydrogen generation system was designed based on the
simulation test of hydrogen generation experiments.

Out newly developed hydrogen generators (with flow rate of 2
liter/min.H, and of 10 liter/min.H>) supplies high purity H: gas from

aqueous solutions of sodium borohydride.
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o) olgRoks dl§ etk AAlel HeER, AEAY, FEAY, AAAge
19l = PAFC(phosphoric acid fuel cell)?} SOFC(solid oxide fuel cell)
F9 1S w0 Aaw, A Axge g 5 e ket 59,

o

o ol

PEMFC(polymer electrolyte membrane fuel «cell), DMFC(direct methanol fuel

cell), AFC(alkaline fuel cell) T 428 <dIHAAE  F3I  man—portable
appliance(PDA, Notebook PC, Camcoder, Cellular phone)2] 7H‘?j}—8— oto g wj§ &
Aol gado]l o itdnt. mpeba o]y X5 Hteol 1A est, AEsE, Ay F4A

of ukFo] olE WHAA § Qe ALY FAAA 1JHiﬂ(high hydrogen storage

media) 8] 7S wj$- A58}

g mgFe FAAY WA ARe e el ok Fai Aol

1.0079%2  7F¢  7MHE  HUdold,  EFAJE(STP, standard temperature  and

pressure)ol| Al 7k AElo]a, WX 0.08988 kg.m “o|H, ol H<Avkxel 1/79] §
ek mebd Al A & FIe v 2 ¢S dew I 19 Fae EA
o] T3 TAE AAHEH, o= ISt A, Hsprp golshH, A FAow
Aol ofgl® Wb, gt 8l gtiS s v A7) gEelv dA A AAH R B
ATEol T L PAR AF7A] LSt TG vz LS o] FojAA od2 A
doltt. AA o] &, ATHA e FaAE WHS taa 2u

7}. Liquid hydrogenated organic compounds
L. Zoelites/Glass spheres

t}. Cryo—absorbed hydrogen

g}, 93} 4= (Liquid hydrogen)

vl 71A 44 (Gaseous hydrogen)

v, F45943E (Metal hydride)
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AL 3484 4=43}E (Chemical hydride)

MacPhersonl] &3] AAlE FaAGuAe] 72 21

(1) Maximum deliverable hydrogen, (2) Ambient state and density, (3)
Storability,

(4) Delivery manageability, (5) Availability of the parent element, (6) Low

environmental impact, (7) Recyclability, (8) Heat of reaction, (9) Potential
for economic feasibility

o} e} mpebA ol & ze] wlZo] glol ANE Thdd 4247 WHE 7

A R AEHS AR A gy

7}. Liquid hydrogenated organic compounds

& ¥ 3} hydrocarbons —/Fiﬁ} Aglste] F4AE AN F 2o o A5 U4
7171 Al=glomA, 3¢9 Fa8AZE S8 methyl cyclohexane(MCH)S. 2 ®/F
S gl0] o Alzge] @ olut,

C;Hs(toluene) + 3H; — C,Hyx (MCH) ——-———7—7————— (3—-1)

MCH=ZFH 48 WEAZ de 673K i2oA #Aas Zuj7k daste. 7t
49l F2AFEFE 6.1 wt.% oM, F9F AF WEE 49 gdm otk ey Al
o] 23, ol AFHTE A He] A Axge] o g6l @7 Ak

2 + microsphere?] WH-&7koly}, zeolite® “4-$- molecular
cage Weoll FJ¥Ect. WzA] 424 spherett molecular cageWoll trap¥ il 7}EA] o}
Al WFEEIYE ZeoliteWol 47} trap® = U UrE A ASwto] H|E] AH oz Ao
™, 573K, 100bare] 2 Z7elA 0.08 wt.%9 a5 Asdch. webd dA G
GAZE o] Al2EE 4 Ao fgigte] # 4 gl

Microsphere®= 42 A& wjA=EZ AL & 9don, A4 50~100me] hollow

_|.4
O

—
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TS

40 wt.%7+A] 9
H7] 9

1

R

oleH o

400~700K <]
microsphere Wl trap¥ th.

=

=

-

Fe} 77~150K

s

t}. Cryo—absorbed hydrogen
[e)

60bar©]

-

A 4

glass microsphere
1500bar

=
=

7]

o] 4% 60barell A A

|
—_

1| 3ul7} AT,

o

= 7ol vl

i

A

I

hui
RIS

2= [e] 2~ = =
B Fode Dl 4F

)

o]

=
=

cryo—adsorbents

AR 7 A

a8

2}, o3l 4=24 (Liquid hydrogen)

71717F AR 7] wiitel

U= 0.071g.cm 9]

S

N
T

sl

;M 0.3 %.day !

orwm F7F FA7]9 £7]9 AS 1~1.5 %.day ! ©]

9

3}al, natural boil off¥ &= Ao of

Q)
/719 A% boil offel]l ¢

8

ok 2

]

ke

A

the

5

A

(e}
a1
A

1

R

oH

=

= 9ol
Qe

=

1

vl 71A 44 (Gaseous hydrogen)

o %
9101

shol AN Fo17h
A

=

=

o

)

—_
file)

o
) Tl
it

il

Joll A A A HoluAl

&

s

H

&71419]

===
175bar®] <F=ea} 298Ke] AbL-o] & ZAdA] A-ro] A
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HE o]g b3 AHlUA AUUE olF JMed FAFS lwt.d FEE 5
°oF 50dm” F-9o] AAriel sjFain], 2 Fa TH ok A¢E

EFAER oA 8718 ARESE AS % 7 Ay FA vlE&> oF 3w
1A4Fo] =718k 4= 9l dwrH o w odFEujgoli) thermoplastlcﬂr 22 oAV gl
YiA7F deste, Adu ] AEE FAst7] 8l oFE gAAFE frofof gt

d Eo ok AT =] Zayglon, B ol
o]FolA sty FETASES FAAEY FHOEA Asab okl tiE A7 78
Hol gkom BMWE 1970 dell hydrogen powered car program®lA] hydride®] t
sto] A+-stol T,
L3l Nikel-metal hydride battery®} #Hsto] @ whxo] o]Fojx] gt} 714
EAS NAE ARES 27 98 Be 259 metal hydride’}t A7E o,

H
Adutx o7 i PCT(Pressure—Composition—Temperature) =A< wzhba] 7F9 A
) Lo

E_,r(

X
o
rot
i

o2 Y, AHTe T FAYe curved HEF R dEdn AAZ Fas
H 2o 2noa] SHEY, QA metal hydrideE U & 252 7l<gsto] WEA7
t}.

7FAA Q1 hydride®] A S =2 AR 2 BEOG 53] F& AR wwel &
o] A 2HEe] AQoE FAE 1~2wt.% BEH| AAstA] ¥srh aejv 7 A<l
metal hydride= 77 wiACIARE, F-3 4 SwelA = w5 ZA=o] alar, o 45
ol MAl i ARG FL Ao deA vk aRAN AL TdnkoolnE 1Y
ZH& slFofof sk, Jo® outputo] BRI wi= RS WESY] s Fud A2H
A 4 FFa Folok dth wakA Awkrdow AAl metal alloy 3] o]eld] F7}

A FAZE gaiAA A

FaAG AE Thed B T aSTasteEe] Jdon |, HA alloy A¥
= 2 Q2



alloy®} LaNi A9 hydrideo]t}. 2 F7F9] metalS 718 desorption® o] 298 K
ol 0.4 oA 23bar AEZE HE = AA|TH 298 KollA FeTiel desorption plateaut™
5.2bar, LaNi;® 7% 1.6baro]t}.

A}, 3}skA 4= 2-3}E (Chemical hydride)

<a¥ 3-1>2 A AFHIL e FAAE AI2'Y AT 2 FaAE He
S YeRd oL ok vl=ro 4 %4 (Depatment of Energy, DOE)o|A 23t 4474 vl
Ao FaAF HEA(6.5 wt.%, 62 kgHy/m’)ol vl dted A 71Ee] t7bs Ao}
TETFASHES o] &3 LA AA e VsTo] vEete] oA kA 4] stel] W ZA
s 7HA AL vk g ar Askeh AGH e B AsrAE A xske o] vl B3
shal W2 Hgo] ARYE Wi o] A AEStel= ofHwol Stk Lo whsho

b

z
Lo

M S o Y 4y nfm
o o

™

NaBH,4, CaH,, LiHe} &2 3}8+4 443} & (chemical hydride), =2 & A &4

2ol B8 *)Fi@r%% o|ZAQ FADZe FHG FAAGEF] w AA

al AR 0 72 5184 FASES Bhgo] ulg- =2 T

TASES 47 H EH 2 E4350HY, =
[e]

ol ¢
2t A2 3ol 2 AEEE Yehia &ald 23} e
o

b

S ol ox

NaH + H,0 — H, + NaOH  —————————————— (3-2)

=

‘4. o E 59 L1H9]r Calo= A 3}stell A skl = O]%Qﬂ Rnom, = 5ot
wE&AkskE o] ghdoly Y a7]o) s Al def o] &+ itk

A FastERA A7 e A EEE A dEelE

hydrides), €¢Z8+w% F43%=(Alkali metal hydrides), 123 &

(Metal hydroborates) & 37FAZ F& F v o5 g}l

NaAlHs, LiAlHy 5ol glen, 7F94Ql 4 A% &%) 5~6 wt.% Lol Bl
ZAA Aot} 18y HekrrE -7k (plateau region)©] 270e]® 150~250 °Cel =

Seof W2 eas b 2 5 8 7 ARl
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200

Chemical Hydride! NaEH4
10—
7 B DOE Hydrogen PlanIG:
8 80 [
= =
g' AMGH! Alanates =+ Ligquid Hydrogen
= Hydrides Bt
3 a2l -
3 > i i
= CHrbons Materials - O_.carhuns Materials
5; 10— High Pressure - ©
~ High Pressure
5 w3 el | , y [ 5,000-10,000 paj |
05 1 2 5 10 20
Specific Weight, % H,
<7 3-1> T a4 Y A2we] FadY U
(DOE 2000 hydrogen storage report)
<H 3-1> 4 A Az gk B %) b
Weight/ | Power/ =x
Assessment Size Control Safety Ecology Cost g3
Reformed
Petroleum 2 3 2 2 2 Reformer
Reformed
Methanol 2 3 2 2 2 Reformer(200°C)
Metal Hydride 3 3 2 1 2 -

Liquid Hydrogen 3 3 2 1 2 VA3
Pressurized OF A A
Hydrogen 1 1 2 1 2 La=483

SAMEE S 54 0l
Borohydride 1 1 1 1 1 | ¥mzysesas
S, Mo E0l

* =) 1! Fine/acceptable, 2: Currently not good, but future potential, 3: Not
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o] Fa A &) 2uE 7= o] Sk

SaAl FastES e &9 oA ke A A 9 ko] JhEEH,
ol vu Hujol HES T3l FAE TN 5= Y] wiite] 4w =4
o wj-9- ottt FHS AU vk ey TAA FASES dAETE FAs)
B3 Zo] w7t wrgs s, s 7o) vl Ee EAFe] At FAaR S|
=A FastE FolA H NaBHy2 As5dAY F2A4%8 2 39 WA=ZA 714 /9
g Az 2A AAE 3 gt NaBH,9 7FeEa) vh$- ofS3 7o

NaBH,; + 2H;O — NaBO; + 4H, - ————————— (3—4)

2. Sodium borohydride®] &&% - 3}8t4 54

P AFIFS HuE Fote] X-rayiA A7 sodium borohydrider ol A
NaCl (FCC) 725 AUe Ae & 5 vk 99944 4= a=6.151£0.0005A (at
293K)elth. A2(90 K)elME AATZE BCTTRE Wetal, ol AT a=
4.354 £0.005A, ¢=5.907 +0.005A¢]t}, AH2olA AAFFe W= hydrogen o
S Ato]9]  repilsive energyE FFAA]7]aL, 190 K o419 transition point:
hydroborate ©](BO, )] A& ©& orientations X33t order—disorder point@A]
Al A T

Sodium borohydride (NaBH,® =%, €934 5Ao] & 3. o 8°Fso] 9l

Jm

Sodium borohydride (NaBH,)¢] ®%i= 1.074 or 1.04g/cco]™, enthalpy of formation
S —46.15 or —45.63 kcal/mole, specific heat: 0.55%0.01cal/g/deg, 1¥]3l heat
capacity + 20.67 or 20.72cal/deg/mol, entropy+ 24.26 or 25.5 * leu, lattice
energy += 168kcal/mol, refractive indexs= 1.494, free energy of decomposition =
24.6kcal/mol®]th, o 7]A] heat capacity™ w3llo] &3 AAAA H-2E0 400C e A

SAE A

Sodium borohydride (NaBH,) & ®A)e] mx] Edo|r, ¢k 400C 71X F g2 ol
A ekl , =& 2LoA =g A 47F wWASY) sodium borohydride®™ 5 $HE 7]
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Al EE& F58lA dihydrate® W3k, ©]32 hydrogen?} Sodium metaborate(NaBO,)

& FA4TE AU metal ions 5Y F e A4 SvjoAnt 5

I ATt o]t thekst &l A2 solubility™= Table 39 91t} NaBH,2 WH§-A-2 pH

o} &% (temperature, K)o &S wtow 7heEallit-g9 &% (hydrolysisrate) =pH7}

stopdps £o 2x7t Sebd4E 7Y NaBH, salts @Zeke] &0 =iy

T =22

AA 3=, water HolA salte] &3l+= hydrolysis WHe-& do7]al, ojuf AHELS

R

uj7p okZbel goo] H A sto] wEgol WEFA Hr)k waterdldl 3igtE 1M ¢
pH 10.48 + 0.02 °]aL, pH > 1394 hydrolysis¥r-&<& wj$- =g A Lojtr},
Property LiBH, NaBH, KBH, RbBH; CsBH,
Melting point, °C 268 505 585 — —
Decomp. temp., °C 330 315 S84 £00 600
Depsity, giem® 0.68 108 117 1.71 2.40
Refractive index —_ 1.547 1490 1487 1.498
Lattice energy,
kcal/mole 189.3 166.7 157 155 150.6
Enthalpy of formation,
ﬁH;gug.ls kcal,imolc ""44.1 “"438 - 53 —59 ""63
Entropy, S300,
cal/mole/deg o =3005 —30.19 -38.7 -430 -—460
Structure Ortho-  fcc fec fee fee
rhombic
Space group Pemn Emim Fm3m Fri3m Fm3m
M—B distancs, A 247 308 336 352 172

<3 3—2> Alkali Metal Tetrahydroborate? =24 54
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T8 4 NaBH,:= dihydrate(NaBH, - 2H,0)& Walal 2748 F8&HoA 2 &4
t}. 36.4C o]3tol A& NaBH, - 2H,09] solubility7} YEF= Hhel] 36.4°C o] 4ol A
anhydrous hydroborate(NaBH,)¢] solubility”} Webdt}, 25Ce A NaBH, - 2H,0]

a2 6.23mm, X3} £ (1.49 molar) W &9 activity coefficient= 0.294, free
energy of formatione —145.2kcal/mol = A2FE T},

rr

2. Sodium borohydride®] 7}5&3l (hydrolysis) HF2S o] 83k 4o A= = W

<

YEF5A~T432(NaBH,, sodium borohydride)> =5 dA9] 444 2 &5

AzA 7h e AaEA 2= ok NaBH,9 hydrolysisih-3S &3 =424
SR gdge
NaBH, +2H,0—NaBO, +4H, ———————————————— (3-5)

NaBH, = WA 10.8 wt.% (hydrolysisel ©3t E2RE FTIHE $42 184
21.3 wt.%)=ZA*] LiBH, (13.8 wt.%H) Hthi= Y1k KBH, (8.6 wt.%H) Ru= & 5
2AGEFS AYAL ok B3 BHEslo|=A] FAsESolA THE W dEUHAE 9
Asta 9o, v w-3-d(NaBH, : 40.3kJ/kg, LiBH, : 54.7kJ/kg, LiH : 92.2kJ/kg)<
ety ozx  Azgle] kg Ado] w9 sttt aE]al NaBH;+=  WheHARE
(by—product)?! NaBO,(sodium borate)2] NaBH,Z2] #A&&(recycling)o] #3+ A7}
o] AFaFANA EdstA JAyP=Ea Yok, EE NaBH,+= H]7F9Ae] & one—shot
hydride E&0o]7] wj&ol recyclinge FolA oy F3S Edfiwto] o]Fojz <

Eaek Aoz 4 Stk v=¢] Millenium Cell Co. o4& 7]3}
8F Wkg-5 o] &eto] -9 A7 UAE FHdte] NaBH,9 recyclings 7-skal o
H, dE9] Kogakuin w89 Suda T MgH,¢} Na,B,0,9] 7|A4 =3t
(Ball-milling)E &3+ NaBH,9] recyclings A58 JQuh.E3 Toyota A749]
Kojima & L4 (0.1~7MPa)®] 49718kl A MgH,9t NaBO,& 1(350~7507C)
dH S Foto] NaBH,E recyclingdts= 75 Fdskal vk wepA ol dd 9

ATE0l o= Ax AHE AEvd 7HAEA8E S ZE on —board system® 7HE
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A AR WA}l NaBO, 7k $H3 31849 &4 olgte AR it
NaBH,= &Zekl &0 =olM ol 7|k A&o] 7hestar v o]9]e] ofufdt

Kreevoy®} Jacobson -2 ©]2]3dF NaBH,2] APdt7p4=8& wkg-of tfst zpAE A5 5

sto] NaBH, 9| 7bisl7l Fuel pHst &wsh Belo] b A& wastgh,

= &2R¥E A7 (half life time)S 91

B 5 [eX]e] o >~ S O
waRks2 FHe pHIt HeE 2 2

2l 89 el AAZEol = NaBH,&= AFEAE Yk 4 2 Azt S|

(Catalyst)¢}e] HH5 FaliAwte] a5 A= FHe 7HAA

s vl NaBH,o a2 w3 Fa3 d47IE F9 sheln, o]¢h 2 NaBH

8 FME o] 8% NaBH, o 4o w3k 7]E9] £33 dund g3 2

Ajello <& 2=° A5S $3% NaBH,o| Fa2Agd g o

1 Schlersinger &< Oxalic acid, Phosphrous acid 2 A NG o] &t &

2kl & o] NaBH,o 7Fe&aiwrs& A% vt vk, B3 Brown < CoCl,, NiCl
Y £3}o] NaBH,9 71E8] w3&

2529t A4 (liquid phase)®] FwjE=dS AH&Fo®

429 2 4% (H, generation rate)®}

g xH-o] offe AR Jdon, Folup FHuje

A FE-(reuse) ] &7Fs sttt @ale 7FAaL glvh dbdel] Korovov, Amendola, Suda's

AT 1FL H TAH(solid phase)®] EWEAL o] 8FO M NaBH,o| 714240

X
&
=2
il
X
lo
BN
2
o
ofo
o
ol
>
a1
1%
o
t
X
al



golstthes AHS 7HAA " So

U EujE e Aabge] sgo s Asdel A4S BE 5 drks U AR
Korovov &+ LaNiy;Tys; (T=Mn, Cr, Co, Fe, Cu, A) FA2AZTFS °] &3}

NaBH, 27l $else HEE $F 404 54 BLAAOM, Suda 5L B

Ael¥ 43 EH (fluorinated metal hydride)< ©]-83+ NaBH,2] hydrolysis 5435
AT, A2 A7Flow cost) o] EFo|WA &dZERel &9 Yo A soluble

3 g2 950 £ Fdd 2484 HE= Yi-(nano)

ox
o,
oQ
o,
2
N
=)
Mo
=2
ol
ol "
I
_l
X,
fr
k1
ani
i
4»
[Py
i3
ox
1B
k1
rlr
v
filo
¥
3z
=2
0
rlr

A& Amendola 5< Ru é—“ﬁ% , dE 9] Kojima &

=
A= Pt Zvfe} e AT (Noble metal) S v E 22 AME3o] NaBH

& Zl= A9 7Aoo U 317k (high cost)o]”7] wliEeol AA] AlxwEle] ARg3le &
Ad ez #Z8d 4 Adrh. wEbdq NaBH,9 4224 Wk tidk £&  catalytic
activity® AHAA A 7Hlow cost) o] 7FA A o] Sl= Fwff 7jo] o] Fojxofnt 3t
=3
NaBH, 5424 ZujEd 24 754 E 247 Co9t Nie|th. H.C.Brown 5 Pt,
Rh, Ru, Co, Ni £2&= hydrolysisoll W Hrja 7} kv, L3 Os, Pd &2 S
a7 A YeuA] gega Baskdl e, Levyet Kafuman 52 CoCl, Y NiCl,7}
ol 89S NaBH, ¢Zeiel & Flate] AR BEALS Bt 3 4
o AT g AAT. EZE Cogt Ni2 Pourbaix diagramell Al gQlsjud ZFekzbeel
S el Aefell A Hydrogen evolution ol Akste ¢
glojn, 8&% %] ¢Fal o3tk inert YAolth T3 A9 714 WolA = Pt, Rudl H]
sto] 4] 1l HX] e 92 AA7MAS st 7] el B Al A
A WGl wl g3 olHAE Ate] FulEd R Coot Nig AA
sted NaBH,® wa®A SA4S #@stax o 22 Seje] Fwst obzp A~
¢ Faetth B JEje] FHuf ARES WA ARE
Durability) =#o] E7}5slth, weba 2 AFoAEs ub
WMol o3t Flexibledt system design®

1
Azste] Aage] 2 gAY A se, He| A HujF

S+ immunity 2

ol A g S
o oelgA Zujel

249 Abgol shsstn

o] ~E (Paste) HE|2] Fu

BB
oflt

ok
S
= o

Mo U

I
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o ALgsHE Wb FRU QS S g8 45 MMl Absa] W S
T AzzAd AMs B FYSuA Frh =W NaBH, Tl S Azx
o A4 HYE ol Tk, Aokl §ole] pHst NaBH, et Fad
8% WMERA 48T 5 7] WEA ol od AHG 21 R ol Fas o)

Aerog 2 Aol NaBH, o oW whoof we SulEde] H3iAss t83t

o
Jm
o,
=
ofN

a2} 3l Amendola 52 NaBH, hydrolysis ¥H&-o w& F2FE<Ql NaBO,7} Zvld=
of HHEo] AtolE g wWE FAEYYTS HUh
Kojima & XRD w45 &3dto] Fmj™el NaBO, - 2H,0 7} A== S et

Aot AL FHIA HAA A= KT

_46_



W zomo

2001

Z00z

2003

ik
b

W zoo4

2005

W zo00s

<a¥ 3-2> 5% AxW 53 53

53 T HaAd AgE 5de vm/dE/dwm 595 SHoR TAHAY
S8 VIEer AT 2AE 5319 71w WSl NaBH4E o83 i
#HdE 5352 [NaBH4E o83 a4 oA A" 7]E], NaBH4ol 23+
SN 7= [T 2 Fv) 7]&], NaBH4 22 AAE A28 A Y NaBO2ol A

NaBH4= A= [Ax 2 A #A 7]=], NaBH4E A4 Amd=d o] &3t %
715 WA Al 7] =[Electrochemical Cell], H4E o] 83 4 WA AJ2" 7)< 7+
HAHo= 9IS nAE (R 7E] 52 L}TOW ZAFSESA T
T SE[AE ] 58 F= o sRA[YEENY] 7 58 55 F
ol Avrw <a¥ 3-2> 7 T S Hth.NaBH49 #HE 7] 20004 ©]
TRE E37F 5257 AFeen 2002 o] FRE FA3 712 wBola Utk
<71 3-2> oA Bl 20054 o] Fo 53 o5 AUt gashe AL Ve d
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cell, Inc,

ROHM AND
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COMPANY
SUDA

u
SEMIRD

Hewlett-Pack

Development
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TOYOTA
MOTOR
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SEARLUND
=Rty

Hydrogenics
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QAR
TR E| A

More Energy

Lid,

SHARP CORP

Dyer,
Christopher
K.

Energy
Conversion
Devices, Inc.
General
Motors
Corporation
HITACHI
MAXELL LTD

NIPPEI
TOYAMA
CORP
SEKISUI
CHEM CO LTD

(=L

SHARP CORP
MHaste =:s

T

Z 5ol o4& 2 5ol H 4
Mrtllenntum Cell, Inc. 8 Greneral Mo}:ors 2
Corporation
ROHM AND HAAS COMPANY| (6 |HITACHI MAXELL LTD| 2
SUDA SEIJIRO 9 |[NIPPEI TOYAMA CORP| 2
Hewlett—Packard 8 SHARP CORP a2
Development Company, L P.
TOYOTA MOTOR CORP 7 Dyer, Christopher K. 2
A Al U 12 2 AL 3 AF b Energy— Conversion 2
Devices, Inc.
Hydrogenics Corporation 4 |SEKISUI CHEM CO LTD| 2
oY MR T AL 2 AL 3 (FOEl 2 2
More Energy Ltd. 3
<aY 3-4> FUNH 53 5= 3
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AAA 5815 EdAdEE F48 BA <a9 3-4>¢ o] yEhdrh w=9
Millennium Celle] 18719 53 & THAIA 71 B2 535 HFsta o, n=9]
ROHM & HAAS company”7} 1071¢] 5385 ®fstal ok Al AR @2 535 &
Hehar e E9A2 d¥e]  Sudam 979 5IE HEfrsta glem,
Hewlett—Packard, TOYOTA, sy eo]®] % Hydrogenics corporation’} 2t} 6
A~8x19 538 & Hfsta gt

SUUNES d¥EE A¥HEyd, ROHM & HAAS company, SEKISUI chem. &<
3}stated  3)A} Hewlett—Packard, <A # %}, SHARP, HITACHI, Energy Conversion
Devices 59 ZA##A A TOYOTA, General Motors 52 Aszk #&dE A 44
AYo]¥, Hydrogenics corporation, More Energy &9 oluyx] ##H 3AF 59 v}
g AFY FAbEo]l & Vs AEE A4E Akl k. o= B V]Eo] o= g
ofo =gkel 7ol ofe} thFdt Fokell AEH T U= Tl=oln, Ve Aol
e AFA 7)soletar &

T8 FUJNEY dxd 55 55 4SS ¥Ry <1y Sk %
Suda ¢} Millenium Cell, Rohm & Haas &°] X 53 522 7]&4 $9]
stal glom™, Hewlett—Packard, AHdxHoly o] & F ket
< stal 9tk 53] Millenium Cell wid 3

TEEs AFA7Ia

ML o2 2

riu

W Millennium

cell, Inc,

Hewlett-Pack
Development
Company,
LP.

ROHM AND
HAAS
COMPANY

Hydrogenics
Corporation

1
Bl

TOYOTA
MOTOR
CORP

HEURLHE

TR E A
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Electrochemical Cell

Electrochemical Cell: 12%
NaBH4 0|2 =2 2

4 28 ZM A= 10%

W 20 s

g
)

1
1S
i

0%
B
w
oy

20 7 1a%

HaBH4 0|8 ¢4 2

[

T 44%
[ s Ea=lip R el =3

va 1% s
NoBH, ol & 4% 4 BFAY uo
Mz 9 MY s 18
o a4 P}

Electrochemical Cell [}

AL o BEAY Zod 1l & 9

<9 3-6> 7= 53] 55 A%

o

2 7| dEE 53%= A4 NaBH4AE o & 4 A, 4 A Fvf 7]E, A

Z 9 A B 7]<4, Electrochemical Cell, o 714 o
AA 7% 5 NaBH4E o]& T4 TAo] 4492 714 ©eol 537 53U,
y 71 I Fd 7)E0] 20%9F 14%9] vF
2 ANRYE <OY 3-7> T4 24 S Ve Az 2 AR B V)
1l 71&e] o] Z7]e FRHE O] FAAR, Tzl
2} NaBHAE o] &gk A28 7dko] &lkelr] o] Fo] A= R o= e}

Eol AEAAYL U S8 AFed A2DS v ARAY] AF w2o]
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W HaBHA 0|2
e
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Main Effects Plot - Data Means for ave.flow rat
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