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ABSTRACT

On board hydrogen generation from the hydrolysis of an active metal is very attractive due to its economical,
convenient, and safe reasons. A Mg-graphite pellet has been designed as a hydrogen source for portable fuel cell.
Mg (1 g) + 0.10 g graphite pellet showed an excellent hydrogen generation rate that is equivalent to 15.8 ml/g.min
from its hydrolysis. The hydrogen generation rate of the pellet is significantly increased due to the galvanic

corrosion by galvanic cells between Mg anode and graphite cathode in a 10.wt. % NaCl solution at a room
temperature.
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Graphite= 7)3}g& o2 1|9 H3}o(noble) w1
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o™, Mg-Graphite 7+ 2
=5 Adsa 1 549%
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2.1 Mg-Graphite Zzlo| izt
T4 A4HE Mg-Graphite & THE7] #1351k Mg
TH(AE JUNSEIAF / 20 ~ 50 mesh)®} Graphite &
(M= AldrichA} / < 20 pm)°] ¥AEZ ARE-EH AT
Y2EAol| W2 Graphite T3] JTFS Ay
Yot vladlge 1 goF 313}l Graphite
&0 ~ 020 g2 FH7bst] 22 EFAE AR}
o, £ &A= HYEle]A(Technology power
stem, TECPOS Press)E ©]4-3}o] 210 kg/em’2] 3
7¥ste] A ¥t Mg-Graphite B9 | =1}3
oh= Fig. 13 #th
Fig. 1 a)& %24 HaEo]A o] Azlo|H, Fig. 1
b= gES Arlete B2 E3AE Y5t A
< A&ste Fgolth PR e R Fig 1 o HF
A8 H Mg-Graphite S RHoFTh AFH A|gH
9 < 14 mm, T/ 4 mm °|om, z} A@H
o] £54& o}zl Table 13 2t}
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2.2 24 gy

AZE Mg-Graphite Bo] 424 A W A% ¥
A A zA Y s8hE 24 AAFAFA Y] 7 (Scanning
Electron Microscopy)™ Energy Dispersive Spectroscopy
(EDS), XA 3AE4(X-ray diffraction analysis)S 53l

2vZy B3R Y. &3 Mgl Y]X|+= Graphite ZHbY
F210] Qg £4317] 3k 10 wt.% NaCl &4

A B Al (Polarization test)®} ZHlIY  AlH(Zero
Resistance Ammeter test)= 3}ATh MgS AFH=, £
32w A=(SCE : Saturated Calomel Electrode)E 7]
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Audsem guly ARE AN oM, 74 AF
WAL 115 e’ ® FUsA AR

HalEl Mg-graphite

Fig. 1. Manufacturing of Mg-Graphite pellet
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Table 1. Specipication of Mg—Graphite pellet

N = olztetad | xl2 | =4 | 2 3.1 Mg-Graphite Z2lo| ojh7x= 2H
- (kgfom?) | (mm) | (mm) | (9 4® Mg-Graphite Hele] vlAT2E AAFA
Mg (1 g 210 14 4 1.00 U B(SEM)= F5}o] 3'1:]'-?—:}?:5} A7 Fig. 3 a)v Mg 4
oo Agel ol o) GEHel thgy TEE 345
+ -
gGra i J 210 14 4 1.05 9101 b)oll A d)E Graphite?] o] 27142
> A FZ Atolell Graphite7} ZE3H dFHo] A=
+ -
Me  010g | 5 4 | 4 | L0 2 ARl 5 sl
Graphite
+
Mg +0200g |5 14 4 120
Graphite
2.3 Mg-Graphite2| 4 Mit §EM &1
Mg-Graphite®] F~AAsbe B A0 &5 SA2
AEst FAaEAEE 24 X (Automatic  measuring

system for H, generation rate)E AME-3}1.S™ Fig. 2
b)e] RESHA BAEE Fae a)f Fi TYEE
SAFAE Fol 2HARE T4 Fhgo] AT
o] 3 —’Fia& Ao gk FeE mRste] 7t
AEYE 4 ANEEE Ak o] ¢4 WA APL
Zd2ell A 10 Wt.% NaCl =81 100 mie] A|ZtE Mg
(1 g + x Graphite(x = 0, 0.05, 0.10, 0.20 g)& A5}
o] Graphite $Fafell W& $4 SA S =9 Fig. 3. Surface morphology of Mg-Graphite pellet
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TE AFAA HES Y3 Mg-Graphite Hlo] 7lE3] Wk

3.2 Graphite2| &zto| A2
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Fig. 4. Amount of accumulated H, gas

Accumulated Hydrogen Volume(mi/g)

Fig. 4olX & <= 05| Graphite?] o] 0.05,
0.10, 0.20 g2 F71&FE &9 FAY 74 F4&
Arkol S7Hgt Mgl ZhrEEsl whg- ofel W
Aoz xd & & Jd=dl, Mg JERAE 53
T4 AL (2) WAl o3t o] FolAER (1)
F&2ol| ] Mge] FA&ETE FIbsHAl HHY (2) v
Aol e FaF Ex QA FrFsHAl "ok 10
wt.% NaCl &2l Mgo| FdF-2 o] Hste] Mg 7]
A9k H7HeZ A GraphiteZt Avbe F4& oA F
AEEE F7/MAZ 4 Atk Fig 4914 Mg + 0.1g
Graphite®] =4 427} Mg + 0.5 g Graphite 2| &
o Hlsle] 23] mE Holt} ©o|= Graphite’} 7}
Hol Mg 7I1A Mgt wAg Antyg A& o ¥
sto] Zupy RS dored, RAExe JF
mE Fr wA Zupe AS JAsh] fsiAe
A3 014l Graphiter} H71Elolok e Ao
Hr} S 1208 o] Mg + 02 g Graphite A 5.9
FAANSE} Y ot WE SN
2 2Ashed. Mg 714 ARs} 3R FAE0] ofa)
2 (D 2ol FaAL e Fag ARE YT
7] dfFoltt. Whg 2417 & &Y FAE 7 4
AabeFe & Mg BlREES W Mg + 010 g
Graphite pellet2 27.38l], Mg + 0.20 g Graphite pellet

oo =z o

o

o1 8F Fa

27.58 F7kstAch

My(s)—Mg(aq)** +2¢~ (anodic reaction) )
2H,0+2e —H, (g) +20H (cathodic reaction,) ?2)
My(s)+ 2HQOHMg( OH)2 + H, (g) (total reaction)(3)

Graphitex= Mg¥} 3|5#97](3.5 wt.% NaClol|lA] Z
e s FAst] Zdubd 7S dor|a Mgd
FAEEE TR 98-S v de] <A
AT o]213F Graphiteoll 93+ HAEE S7he= A4
9 73ER Q)FE T dEFS vAHAN FaA
2 E5 5 FTHA7]7] wEe|th

Mg(OH)2 ,Graphite

Fig. 5. H> gas production from the hydrolysis of Mg +
0.20 g Graphite pellet

Fig. 55 Mg + 0.20 g Graphite Helo] A|7FE 7}
E 5% & ANEEFS RoAFth BE F44
T2 QI8tY NaCl &0l A=A & H
27F A, B T8 $olle 3
1 Eo] HAEATh Fig 62 ©] 7
g HAAES] 4ES XRDE 4
Hhg-2l7 o] Mgo| 7HrEs)] W
3td Mg(OH),7t A= Aem, 7M. Graphite
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Fig. 6. XRD patterns of Mg + 0.20 g Grpahite pellet
after H> gas production the Hy gas production

F|g 7. Surface morphology of Mg—Graphite after H, gas
production the H> gas production

Fig. 72 Mg + x Graphite(x = 0, 0.05, 0.10, 0.20 g)
94 BYE 10 wt% NaCl Sl A 1027+ 7FE3)
% 73 w220l Graphite®] Fo] 27}
EHelA Tk ol o 2siAl Ao
B 4 3t} o= Graphite 7ol 93 Znapd
Ago] 71 Q1o Faite] 43 S 2
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3.3 Mg-Graphite Hz2le| Zf=l A

Graphite 7}el w2 Znly F2 J3gg 1317
A3 B S Tk Mg ¥4 A/E SAS
A3 Aty AES B3k MgS Graphite Alo]e] &
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Mg F21% 4%4 7% Fig. 8 a2} 2ol 439 x 10*
A’ ®2 FAEgom 10 wt% NaCl SHojrel
Mg ¥ Graphlte kel Zmbe MR Fig 8 b) 2ol
226 x 107 Alem’E 23 Fo] Zulyg AF{F7} Mg ¥
AAFED sou) ol E2 AoZE EHEULE ole
Graphite®] 712 213}e] AAdE Mg-Graphite 28}
AZ Qlate] Zule F2o] of7|E AL, o] ZAnpe F
A& Mg o] FAEEE FTVMA FAANEE St
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Fig. 8. a) Anodic polarization curve of Mg, b) Galvanic
current density of Mg-Graphite
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T8 AEXHA HEE Y% Mg-Graphite o] 7t4a] WS o] &3k FAAA

&8 Mg 09l 7}
Al H%{OL} 0.05 g2] Graphite”}
7t "9 ml/g - min®] FAPAEEE HA
o™, 0.10 g2 Graph1te7} Z7FE "F2l2 20 ml/min
oo FAAYMEEE 50 £ B FASA 020
g9l Graphite7} 718 =&l <Al 20 mlmin ©]4<]
£ Z 50 B 59 A5 5AS 2yt
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Fig. 9. H> gas production rate per gram of Mg-Graphite

Table 2v= Mg + x Graphite(x = 0, 0.05, 0.10, 0.20 g)
9,] /‘/\xg/\]. E./H_O_ x%ﬂé—]. 7—]0]1:].. o]_gﬂ Eo]]}\-] B
4 59| Graphite®] #H7}Fo] F71EFE F244¢
F7HE o™, 53] 0.10 go Graphite?} 37}l
T8 Mghth 2738 718 @9 FAT &
ES 5 HAS ¥u olyz} 020 g Graphite
7b A7rE A vagds W 50 % 7HA¥ Graphite

o

A9 Ao s gan,

Table 2. H> gas production of Mg-Graphite

o) =] C}H
o | e | aseag | eeemg
GrEphile 98 s | pases
9 TEE ke ) e
m - min mi/cm min
(2h)(mi/g) s
0 69.393 0.5783 0.1752
0.05 298.189 2.4849 0.7907
0.10 1891.45 15.7621 5.3017
0.20 1908.52 15.9044 5.7834

3.5 Mg-Graphite2| 7|Et £4

Mg-Graphite®] 7heial w32 ofg] 4 (49}
ol HF A & 2“’1 b Wk 7h
Graphite:= Whg-ofl FoJsix] gFar W<
FE 4T FuEA Z}%S}ﬁ‘:]'.

=

Mg + 2H,0— Mg(OH), + H, AH= —354kJ/mol

(€]
¢ Wkg-2 e WY Wh-S(exothermic reaction)©]”] W&
o] 7hEsl whg 7F AAEE €& ol&ste FulE-

<& (portable heat source)Z2] &&-o] 75t AH
o] Atk ES ¢ JpgEE WhgAoE AiE A=
ASAAE Fotd A7 A] Aito] 7hsstrz +
(F)NM= ohFst EokellA AL 4 AT

AT ME AUA AHS glo] Mg #8374 Graphite
29 FYLILE olgdtel Y Fel2 AZAA
&g k) EHH A A
5

Gfaphlte Eds 7LHP" Aol 53"45101 21 %H}‘:‘. 72
S ooz mWE FAEEE dS £ AN
t}. Graphite® 7F5EE3] ¥kg 7F vl 4 A

AEEE AN Fue S Stk oS
Mg—Graphite Hele FhAS A=FA, A6, 18

TS FAMANEER QIstY FoiE As5HA ®
%]01313 A=AA A=Y FaouAdozA A
o] 7Fs& Aolgt olddrh

oo r Rl ook
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