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Mg ST ORI FRRITHARZREE | 1RO DK ERGHEE , AZRCEIFHIL , 200 pum UL FOUIKZHWHZET, 120
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INTT A 36 KARBRIC KD R VAR L MBS KOREEN AT B L1372 o1z, T2, & KRBR% CHIERE T 5201
PRSI IR KD | BRTRVEIZEALL TODZEEBNILT,

VL EDZEDD ARFZE TR LIRS RS S LR — AL 7 a 2& AR T FEE, Mg BEOY Mg A4:0Y)
B LR IOKFEERLETHEEHIT, R THD Mg BL O Mg &8 U 24 27 B\ FET 52 LI/ T o
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WICHNTHD, BRI T B B B OFE % O I3 A
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RAMHERHIT 5D, Mg ERIFIRD MK IS
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Mg+2H,0 — Mg(OH),+H, (1)

o EEAT U DFAET DL RMMEET D728

FHZHWDIH R coM FIZHIRS L C0d, L
UG, ZOMIGENRINZAECSTEHZENTENR
X, 2V — ek ERGE L L CHIRFCE D, Mg DKy
I LD I TIE, KFEE Mg(OH),D ALK T D728,
BRERICHIEF B L WELEH AN TH D03, Mg EKD &
Tlid, Mg OFEIZAERKLZ Mg(OH), DB LY S
TREETTLZR U, E2AD KRR AT AR T
& Mg(OH), 1ZIERL . BUSHBHETT T2, MK il
VDKL CHlE K Z IO IUE, DhERpg72e g a2k o
BRI F 595, JOGERESE D HIEO— 2L TH
#7z Mg I Z& O ERE X LD, Mg 1HTEMEZ 24
JBTHY | W DL BRIEFR /2 E DR EL D, —
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HIIN T CALLU OB N EE /2> TD, Bl %
I, Mg 548 THAF Y ANEIZED 100 kg OFEENBH)
50 kg AL ARGET DB AL, 2.5 kg YR DSHERIN T
Lo TAELDY, 22T, YIHITAEL Mg Yl EEKE
DEISEFIAT UL, KFoRlEL Mg BEIEY O 2472
RLFRSFIREE 72D,

ARFFETIX, Mg Yy EHEK E DMK Sy iR % FH L T
BN TAFEERET IO OEM AT 5, mhER
{EDT=DIZHEK T T Mg Fv 7 2L TR b S,
BUSEECSE DI DIEEAAFRKL . KB RIERME
FRDZEEBERET D,

2. AR AZE

Mg LHEK ED IR KO Bh RNk EE RET D
72912, Fig. 1IRT IR — L% AW T Mg ik &
WK Z 7Ry MZAFLT, HiEKH T Mg ST A ik LTk
FROERREAT, EDERSEE T~
2.1 HEXKE

RV UUIEREVA T, @ [BIEEEL 130 rpm
THEEEEZEZ T T2, Ay MNESUS304 -THY , D
WAL 1,000 cm® Thr o7z, R 2R MrSFALTZ
KRFEFEUT D7D, Ry rDOBEOH.LOR—F)—
AL NEROAHT T, B DR — iSRS SUS304
FOEREDZ WV, R—/LOEEIT 10 mm TH-o7z,
2. 2 KD FRRBR GBK)

WEARKITER I . AIAETTV, A ZE TR EROTHW
720 VIENZ A R13 250 mml & U7z, HEKOHE /3 EE 134
FHC LV, ZORET 3.2 wt% Tholz, o, 1
ITIRPE DA TR DT-12 KRR AL C, 6
Wt% I LT 10 wi%DHE /3 FE DK% VW COKFE D4
KE1To7,

2.3 #M#

Mg OUIFIE Mg 71y D8R —IZ LD YIS
AL OE Rz, GIIET T2 mm LA FOLOTH
. ZDO4MBIZ Fig. 2 (TR LT, UIIEREIROME WD
DRZEAETH ST, REICLDKFEOEREHEZLD
RD5701Z, 200 um LA T, 200-500 pum, 500-1,000 pm,
1,000 um LA DY iz O TofkE1T 72, Fig. 3
VZEIR ORI 34T % R L TR Y, 200-500 um DY
SELELFIEL TN, T2, B8 L DKFARZEE)

ZARADTDIC, — My esiE G 4 AZ91 (Mg-9
Wt% Al-1 wt% Zn) LD/ R — 2K AL =0 L
AU Mg &@LU THIRFSI TV D Mg-0.8 wt% Ca &
DT AN L CHACTZIINI DWW TKFEORIEEIT

-7,

Mill pot
Sea water /
Mg chlps . H,.
ball ~—_ At ~H, outlet pipe

Ball mill

Fig.1. Schematic of the designed H, production system

Fig.2. SEM micrograph of Mg chips generated by machine

saw
60
- Mg chip
40 |
>~
S 20
©
g
- L
0 [

200pm 200- 500-
under 500um

1000pm
1000pm over

Fig.3. Particle size distribution of Mg chips generated by

machine saw
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2.4 KREDBRE

SAEUTKRFITK EBEBICEVIHEL T, 20KRFEE
HIE LT, FEEIREEIX 200CEL, KIEAHIEL T, 20C,
1,000 hPa COMRFEICHLEL TKB DL EA RO | I
BEDT=0OIZ Mg DE R 1 g bz &L T, ZORHH
BALEFART=, Fo, ESHNTKFE IOV TI/NRBRE
A WO EE To7,
2. 5 fAMEE

ARSI FED R D3 &f& T RELZ, Mg S A fili
L. X #REHT, SEM BEU LB B L O HR D
[FEZAToTz, o, BNERPNBEL TH YL X BroobT
(IR RT R AT T, SDIT, Tg-DTA (ZXLDEHT,
INH AR KRB KO BRI DRI &4 T -7,

3. AEHER
3.1 KEABEEICHBKIFTHREDSE

Fig. 4 (X Mg U ORIEZ 2 T, AR —/L UL D[alfsEL
130 rpm TR EDANIK I3 RSOS TH UT K TR DG
{LEIRL TG, HEERDT=8012, [FIRLE D Mg YT % Fu
T A=V AW HIZHEKITIRIE L7 SO LD
HECKF LN ORI R Fig. 5 (ORI, A—3
W HWTZSE 200 pm BN OEI XSSO AT Tl
IRFBOARERITRFHE L &HIZERRAVTHEINL , 80 min LA
FEIIFRIE EHITRTEGNEIL THD OB R bH, 120
min C 800 ml/g IZEELTW5, (1) ROANAK SR T

w0
o
o

Mg
80t 200 d °o ©
130 m unader
200 L0 " o © O 200-500um
> 600 © o 0 -
2 o o Y 500-1000pm
E s00 o) ] A A
5 o A b8 o0
= 400 - o AD 1800 m over
© (] é > 5
g 300 N
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Fig. 4. Hydrogen production profiles for the reaction of sea
water and Mg chips with various particle size in the ball

mill

RFEWAERRLIZSA. 1 g D Mg 2>51% 20°C, 1,000 hPa
TIE 1,000 ml THD, KBEHLRZRKNTERT D,

IRBEHAR (%) =TIV AECTKE R BRI
IS ECT S B Go LK FE&E (2)

800 ml (F/KFEHE 0% NBFHNTNDES 2D, B
DEEINUTZ35 6 CL KFBOAEENIFRE TH L8, i
FENREWNZEYIH O A BRI L, 120 mim T
HNDHKFEOELILTFL, 1,000 um LL_E Tl 500 ml/g 12
WD UT, ZAUTRIBR A NESWNEE R EAEDS K EWTZ0,
FOSHARNREL ARBGHENRENZLIZEDHDTH
%o Fio, KISOEITTHIZEL WGV A RS 3
Bl=8 | K& LB IZARGRE N T 2L Bbhs, —
J7. Fig. S IZROLNDHIINT, Mg Ul AR ED MK 53 iR
BOS T, RBRITRLEE DS/ NSUWNEE KRB O A RGEE 5 X
OFHADEITHEINL TD, SO BRI A R FE 1
REWVD, A B LA T L CTnD, ZAUEE
MITLEDE, Mg OREHKERL~T R T L TEDI
TLEI D, EDHDFUSIME T T 5L5 254115, 120
min THELNDHKFERIL, 200 pm LLF T 180 ml, 1,000
um TIE75 ml THY, — 7 R — A& AW 5EI2E
200 pum LA FERBETN,000 um LL_ETZEAEI 800 ml X
U500 ml ToHDHTEND, S{ERBIO T DL ED R L
MHHZED G370,

250

200pm under
200 Mg O 200-5004m
) © 500-1000um o
= 4 1000pm over
%150 e g o
"% o 2 o o °
S 100 o 0 4 ©
c e} A
5 o) g © A A A
()] (o) @ A A
o 50 o) o &
gaére
0B L L
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Time (min)

Fig. 5. Hydrogen production profiles for the reaction of sea

water and Mg chips various particle sizes
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Fig. 6 (3057 DiE /KD % 250 ml —EEL T, Mg D
BAEEZ TGS T HE O KB LK RO ZLE
AT R TD D, RS TORE I TOAERT
HHIHDY, 120 min THONDKFE &I 1-5 g TRER
A AL,

—77.10 g PLETIE Mg O EE S, ARG, A
R EH IR T T DA RSz, KFRREH DT
Mg G)F- OO R B DI, LB TED Mg 23
ZUNEELEFELL, 250 ml DWFKIZXL TS g D Mg 2%
SELNRITHLIEN 3D,

Fig. 7 1% 5 g ® Mg Y1k VT R— v olaliztk
EEZOKRBEREEZNE LI FER THD, Bl K
TUVNFEAKRFEOAREITEML CODORROND, Zh
L BN RENNZE G T OMEMEESNHZ LR
HHICED2RICEDbDEEZBND, SHICEHEET
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o> 700 Mg o ° % % @ @ ?
o I 200um  under = A A A
E eo | Mopm O @ ;4
c E A o ©
S 500 | ¢ o ©
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S 400 | e o 1g
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Fig. 6. Hydrogen production profiles for the reaction of sea

water and Mg chips with various amounts in the ball mill
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H, generation (ml/g )

DAY FTRE THIUT IR RANAK TR D RIED "I RELS
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Fig. 8 |3HR—/LIUIZHWDR — /L OME 2 TK
REBIELTFERTHD, BEA S (X T AT H—N
AR+ 2V NE4E) R— VA V=854 SUS304 &4k
DIKFE OIS BT RENZEN DD, BHlAR— L EBL O
SUS304 54R—/LOESITZNEI, 7.7 g BL041 g
ThHY, HENRKEWVIZEMHEEII R KREWTZOKED
AERREDNEENINLTZ 2 Hb, Fig. 9 13/KEEARKIZBIIE
TR I L DR RE NI AER TH D, WK
WOREIX 32%THY, ZHICBIEEZMZ T 6% K& W
10% D538 FE DES R A AFRL TR 3 iR 24T > 7223
REICEDEWVRIZEALE RN T, ZOZ L3
RO FE XSS IC LD AU T2 Mg(OH), DA< 5
LD EThHHEF 2D,

1000

900
Mg 5g
__ 800 200-500pm
2 700 130rpm
E 400 o © ©
c
.8 500 o © S g 090rpm
©
5 400 o 2 ohb
8 a o ©
o> 300 o O o © < 5orpm
T 200 9 o o ©
100 <&
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Fig. 7. Hydrogen production profiles for the reaction of sea
water and Mg chips in the ball mill with various rotation

speed
1000
Mg 5g
800 - 200-500pm
130rpm
600 |- g B B ®
g B
@ @) Salt content 3.2 wt%
400 r o (sea water )
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@ 0 (sea water+ salt )
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®
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Fig. 8. Hydrogen production profiles for the reaction of Fig. 9. Hydrogen production profiles for the reaction of sea

sea water and Mg chips in the ball mill WC-Co balls and water with various salt contents and Mg chips in the ball mill

SUS304 balls
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LLEDZEDD, Mg LK ED KRz L0 K% 5
ETAHEAITIE, R— LIV Z N2 28T, K
FORGEHEE 2 LS ENTE, [BERHRVIEE
F72, HOWDR— T EWIEERET DR oT,
F72, Mg EMERORFE I 5 ¢ 250 FREE DS - &b A RlH
FEDHNZ LR o7, KO IREL, HRICE E
NTCWBRE T+ Tholz, Mg IZBIL T, M7l
EIKFED ARG FE 133 3 SRR ITHOIN T CAETAY)
BIFE 4 OREZOLEDONREFNTNDIEDD, RO
RET2H D& NFEINALIRT HFIEE R D0 ER S
HEZZHID,

WL KFICBEL L, BB EIc LR EE
1727z AW/ NRREEEHLIE 7 ml/min 0)7}<$T“ 0.8 W
DFBENATRETHY, Fig. 10 (TR T ITRENEH
LED TANeAERR LT, R LT-/KFE 1T 200 cc DIVUY
(ZFEHEL T, BRBFEMIC AL 7, Fig. 10 IZAONDHED
(CARAFFE TIERR L 72K E & WD S L0 E /LD

Syringe filled with
Hydrogen

LED

FEENFIEET, LED ZABT 2L T&EIz, ALK
RIIHT AT ETORG DR EATINETHDHD, B
B TOIEN %%éu‘_wﬁi IKFTHDLZ DR
TED, EFHAICHEETDH0OICIE, —EOEE TKHE
i S YA YN VN fﬁjﬂi&f‘ IREECTHY , &S
DIRFH DL, FEREEZFHATHIMLERDD, £,
KEIZ Mg UM Z LB T35 A IE R EOKFEN I A
T 5120, fEl @63’@&.’)J:#B%O)ﬁ’?ﬁfﬁﬂﬂ%?ﬁwﬁ%ﬁ
T RERETHD,

ZHVETIHE Mg DY LMK EDINK 3R
BHIKFEDRIEIZ OV TIR A3 EBR IS ST
MEHIAEETHY, BAETLUMbAETHD, £ T,
HoLL VBN TWD A A THD AZI1 G4xE Ca Z RN
Mg Ca 0.8 B&DUIHITHOWTHKFEDRLEEIT-7-,
AZ91 |3/ RV —T, Mg Ca 0.8 1Z7 T A AETOMITT
AELTELDTHY, WIFNb kT 22872 H /-, Fig.
11 & Fig. 12 132N E 1, AZ91 A4 BL U0 Mg Ca0.8 &

light

Fig. 10. Electricity generation by fuel cell using Hydrogen obtained by Hydrolysis reaction of Mg chips and sea water in the

fuel cell
ball mill
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Fig. 11. Hydrogen production profiles for the reaction of sea  Fig. 12. Hydrogen production profiles for the reaction of sea

water and AZ91 chips in the ball mill

water and Mg Ca 0.8 alloy chips in the ball mill
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Y OKRFARR OB RHKAFE AT ~TRER THD,
B DT Jmk“ﬁ%ﬁm@&fébmkﬁE@H#F'%k
ML R UTZ, AZ91 DIFAITIE, SUSBREE) 60 min %

TIEAKRFE TR LB JI:WJL/CEE‘/:LT:FQD\ Z Dt
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DOE—71H12 Mg(OH) , ODE—7RRHNEHIT, 120
min Tl Mg OB —2713J80 LT, Mg(OH), OB —27 134
KTHEELIZ, NaCl DE—I RSN TEY IFEAED
Mg (3K L~ 27 22D DZEALL TWAHI LN DD,
Fig. 4 7°5 120 min TOKFE LRI 80% THY | 20%7D
Mg DSFRAFL TUWBA, Mg DI Mg(OH) 3 FET D
728 X BREHTIE Tldk Mg O —2Z 3 EFIT/INEL 7o

TWa bbb,

Fig. 14 |[3&FFHSUSS 72 Mg U1 O SEM filikz <L
TW5, RUGHTD Mg OEIROREILIET (72D b8

I E MO N E D BSIVA, 10 min SOSZRIZIE, i
RN ER AT Y WAL 72> Tnd, SHIT
SO HEAT 30 min [ZEET D ER RN G ERNRS
TEDLNT, TORBELHEZ TWDONRAENLN, &5
WZEUGHHEA T 60 min TIEEI ORI L TS
WORRBND, ZIUE, R =ML DES eI
FHEELND,

Fig. 15 (I 72200 pmPL F D Mg Uiz —1ur
HCHEK E DMK SRS % 120 min 1T 7230 L

X B ATRE R CTHD, Mg U IZIE Mg DL Fe AR H
SNTEY, TEHLIFERHITIRA LD LB DiILD,
— I RSB T R EHT IR Mg DOHLIZ Fe, Cr, Co, W DE
—INRBHIND, Co BLD W 1T OR—LTHD
WC-Co mHIRATHY ., £/, Fe, Cr iIAT L ARy M)
SOLOEEbND, ZDIFH, Ca X S b RSN, HEKIZ
BENTOELOLEDND, 6o T, AHFETIE Mg O
K3 R BOGCIERE e Mg(OH), D A 7257, Ry R
RO LR ORADAECLT-O , BRIHTS
OB DRRE DN LI TH D,

Mg
200under
130 rpm

)

Before reaction
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|
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Fig. 13. X ray diffraction patterns of Mg chips reacted with

sea water in the ball mill for various times
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Fig. 14. SEM micrograph of Mg chips reacted with sea water in the ball mill for various times
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Fig. 15. Fluorescence X ray analysis of Mg chips reacted

with sea water in the ball mill before and after 120 min

250

200

—-
o
o

Tg(mg)

Heating rate :10K/min

-
o
o

Mg —1 10
200um  under
120min reaction with sea water

| In air

DTA (arb. Unit)

o
o

0 200 400 600 800

Temperature (°C)

Fig. 16. Tg-DTA curves of the Mg chips reacted with sea

water in the ball mill for 120 min
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ADNIRNWZ e bnrolz, IHIT, KIS ERM O fakit
LMl 572
Fig. 17(a) [Z/KFELEHR 80%F ThULSHT- Mg Uk %
HANN—F—"T 10 s FHFKLIZIRREZ/RL T, 73—
T —DRITHL TODERITNIIREL TODDM B,
Fig. 17(b) |33 —F—%{HLI2REETHY | IEREIZAET T
URUY, THBEEE T 2 mm DA BT A RITE R
(ZHRY 3208, MK RESIZ KD KB BT 80%lZ i
L7z Mg YIBNT/INT AR FE KEBRIZ LD IEREN oS
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Te R IRIE, DK 3 SO S 2 L D3RI b 2[RI IRE L AT
IZETARFERIETHLOT, #il7e Mg By RKOEDH
WL RO BLE N HEBANED 5D, MK 53 A5
D12 Mg OFTEREZ LD ENRDD, ZDT=HIC
Mg D7 vy 7% NaCl KERFCOIAIIN L Tk FEzi
Ea‘éﬁiz%i&iémﬂ%?’%i\ AP E
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Fig. 17. Evaluation of flammability for the Mg chip reacted with sea water in the ball mill for 120min

(a) on exposing to flame of gas burner ,(b) after exposure to flame for 10 s
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Summary

The process for the production of Hydrogen by hydrolysis reaction of Mg chips was developed. The Mg
chips generated by machining such as cutting or lath were reacted with sea water. This hydrolysis reaction was
combined with ball milling process, and the production condition was investigated The Hydrolysis reaction of
Mg chips with a particle size below 200 pm generates hydrogen of 160 ml/g for 120min ,meaning 16% of Mg is
converted into hydrogen. On the other hand, a hydrogen of 800 ml/g is obtained by the designed process. The
process makes it produce hydrogen at 5 times higher compared to the hydrolysis reaction only, and is found to be
effective to produce hydrogen. This is maybe that the ball milling causes the fine particle and fresh surface,
leading the increase of the reaction rate. The production rate increases with the decrease in grain size of Mg
chips. The higher rotation speed of ball milling and the weight of ball, the high hydrogen is generated. At a
ratio of the weight of Mg chip to the volume of sea water, 5 g to 250 ml the highest hydrogen production rate is
obtained. The salt content of sea water is 3.2%, the increase in the salt content causes no significant increase of
hydrogen production rate.

This process was also applied to Mg alloy AZ9, which is commonly used. The AZ91 alloy chips without
classification produced by cutting are converted into hydrogen with 800 ml/g by the present process at 300min.
The hydrolysis reaction only produces 80 ml/g. It is said that the process is effective for commercial Mg alloy.
Mg chips generated by machining are fine, and easily combusted on heating in air before melting, therefore the
recycling of the Mg chips is hard. In addition they are classified as hazardous good. After hydrolysis reaction,
Mg is changed into Mg (OH),, which is safe and easy to deal with. It is concluded that the developed process is

useful to produce hydrogen from Mg chips effectively and covert into safe materials.
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