012 45 4
Vol. 12 No. 4

hESEEEFIR
The Chinese Journal of Nonferrous Metals Aug. 2002

2002 4% 8 H

[ XE4S] 1004- 0609(2002) 04— 0743- 06

43K B E &% Mg Ni-Cr,Os BRI S se”

TR, TURGE, XA, ZEPe
(PRI TR PO 15 TR B, WR/RIR 150001)

(8 ] a8 UREET, FPRE 05 3 & Mg NrCr0s 40K ME OW . E ARG R
LR A v R, TEEREE I AR P RE R AR AR N, S R RIBR S 2 5, FEARE S8 O A, B EUR B A BT
FRAG . %R A MR AR AE 200 CRILLTF 50 WIEEI 6. 0% UL F; 76305 'C, 0. 1MPa F, A RA 500s A Al ik 5
6.0% LA b . XSSP P REIEAT TS, WK T PCT il 2 KW & 1 A2 ke AH S5 50, 40 T 3

MR TR AL

[ REEIA)] WEME; Mg NrCrn0; KR &9, WikE s ¥

[PESES] 16139

[ CEKFRIRAD] A

fit G BHE — R I B T REM R, R B2
FERRR I | AT TS H b ST R, HAE SRR E N
WA L AT SR A AR RO R B
AR R EAM B — H AW TAEH FraskmH
b . AETE 2GSRI S B LGk M R
NI B A R Wi 34 AN R FH A S I A M R 2

B AT 5L it S B AN TR AL, B
Bty 4 (MgoNi) U1 78 UEUE RERIF 0 2 48 LG A Bk
B, A S AU, AR D H A R R AR
BT — R, B0 v Ik T 78 7800 75 1 3
B WAL ol ) RO 1OV S o B FH I A AR
PN

HARKEAR R, RSB i I 55 1 8k
St SRR AR — B AT B E A ]
PAF 6% (RN H) U LA RE . B HRIKK
AR, JFH AT R IMRBE R 8h 7 2 e
SRR E AR S BT R e
TEEE, WSS R RRE T HA R PR
WA R G HFI R KL E &Y, W Mg
LaNis, MgMgoNi, MgFeTi '™ Pl ixssg A4
R LA AT IO M R, AR B AE 300 'C
fids, WA AR — KA 4%~ 6% . 53— REE
YRS M TR E A, W MgV, Mgpd '
W HA R AR TR 205 TAEE R
T MgH,+ V, MgH,+ LaNis'™ ™ &5 &
Y1, BB GBI MgH,, SR 5 3 1 AL ER BE

O [YiEBEE 2001- 08— 31; [1&iT HHEA] 2001- 11- 11

MRS HALCK B G R G 2] . IXAEIR KRS
JE B3 TR, PR T AR ORI 3 )
FHERE .

TEEBE ST T AE S SAE N RSB DL T,
Mg K15 CraOs JE IS HUBCER B B 5 1% ) gl oK e =
wH, FHR T IR GV AN RE . AEROR )k
AEE T, RS TR R E B AR .

1 I8

S AR Ay 4y AT Al Mg B ( 299. 0%, 75
Um), 48#r4l Ni ¥ ( 299.5%, 75 Bm), 4 #7 4k
Cry03 B 299. 5%, 150 Hm) .

BUCER B 3k 2 Py H I BK B WL QM- 1SP AL AT
S ERENL . W E LI A B AT W BB A 2
B TR HR g AREASRES, Bl EE
M R IR SR G A i, T AR I R
W38 8 s 454 T AR R AR A R T RO A B . 1k
ERLA 28 A R A D Re, v BAAE 0. 2~ 600 s
I, AT R SR A (0], A8 R I 27 A7 i
REGEH ) W (LR SE A  BE E RE L) DA
Je e U R B AR R AR A S R

LIS IR A & Mo R 3% — e B LL TR
HUF, FES L N 95M g 3N2Cr,05 (it 2 4 #,
%), FEMTUEN 20 g o RHIR G 15 FIRE 23 B OB
PEGES, RS ERE M E T HAANAA, &R
[ 30 0.5 MPa., BRBE BERIBR 0044 5 35 2 K 66
W, BREFES TR 200 1, BRI EASHN 10 mm,

[TEEBIN THRM(1962- ), J, 1#+.



. 744 . ERNESESR Ry 2

2002 4 8 H

BREERER) B #5354 350 v/ min .

TENUMRER B I R vp, SRV FE LU LR, 7R
AR AN AR . MR RERR 20 h ZEEATEL
FE, A AILLER o BT 44 PR 4T A2 7 R AR
SFERPIATH, LB IERE AL .

W 22 AN [R] I [R) 3K BB 5 45 21 AL i A X 5 ZefiT
S H A 2% LR K & 4 Rigaku/ max-1B Jig #% FH
e X 5 R AT A 2 # . R (H AL S-570)
SEM 43 #7 J3% 5 s 85 TEM (JE-OL200EX) 4347 .

2 LIHFER

2.1 IRETE

Bl 1 7o 4 Ff AN [ BK B I [R) A ol 1Y) X 5 26
AT . AT LA, RS BRI IS 18] ) 58, B AT
SRS BB W IR/, A EREE I [A] 2 102 h )5, BEUE
BEAR B . HSULEIN, MgH, AT 5 U6 58 2 32
Woh, MEREEIL102h 5, FERIEER A
MgH, . BREE L FESL br b2 —FHU & &Ll 2,
EAZFE B2 MgoNi A4, X— T & f T4
& RN, S 7 TR A T R AR
R P S AR E RN A K MgH,, A>T
BRFEANLS - R 1 IR A HIL Cr05 1)
s, Xt T Cra0s B . B 2 Pros il
SEAN[RIBR B I 8] 5 B W AR R o S R B 1) [R) R
o 55h 2 )a, FEMBIRIEEC &R, —Bh 0. 1~
2.0 Bm, & AHI @R ST AE10~ 30 nm, o 44K
9 B3P R I EREEST WX FE I TEM [, o] LUE

20 30 0 50 60 70 80
20/¢%)

1 AR BREE N A 5% Mg Nt CrpO3 19 X I R AT 5 %
Fig. 1 XRD patterns of nanocomposite 95M g-3N r

2Cr,03 milled for various time
AR R

2.2 RS TR

Kl 4 RS FTos s ik FE Mg 3Ni3-2Cr,05 HIWL
NG00 . nTLLE H, %A R S B AR R, 7
60 s P FEAS 5 A St R, (H K B I ] IR 4 P kT
Gl B 0 W S0 R S W K . 45 200 C, 2.0 MPa
SRR, BREENE 4 102 h HRRPEWL S AT LUA 3
6.3% , TMEREERTE] Y 57 h B3R FER SR 2 Ak 5
5.6% . WA E AR BE R A AT AR RS, i 4k
b B 250 C I, BRBE N A) R A 57 h OB

ooooooooooo

WA, AR UL 36.3% AW AT g, |

2 WFERE R B T
Fig.2 SEM photos of samples
(a) —Milled for 32 h; (b) —Milled for 57 h; (c¢) —Milled for 102 h



W12 B 4

TR, 55 AR EAY Mg N CraO5 (508 1 fE © 745 ¢

Ni-2Cr0); 07 4 o B

3 BRHE 57 h 0¥ 95Mg-3

Fia..‘ TEM Ll}!uiu ol ‘\ftt'lL;Jl.f.' 95Mg-INI-2Cr0,
milled for 57 h
;| I
| : )
T ey etaseresirbatni sty fiay iy FATLEVITRIL 8PP AR RS YR BT REL
! “‘9,.;12125*"-\“
&
’f‘
st & o—102h
Y  v—57h
® 0—32h
~
; e mmﬁmﬁzﬁﬁ
T
40 80 120 160 200

Absorption time/s

Bl 4 A [ R I )R () W S i 2
Fig. 4 Absorption curves of samples for various
ball milling time at 200 C under
2.0 MPa hydrogen pressure

TR N, BT AR S R P A B A SR TR
LG, Xt W s I R A5 DU e R (1 AR A J5L A,
P SRR A RERR 2 e SRR, 1K R
WAL EAAIEREENE X . FLETIRIAZA
(H R AEAE BAT B R SRR R iR O R v, B AR
AR AR T 4R I F ) i Sl R b, i 6 B
71 o DR SR BRI I 1) A — 2, 58 B S R

JER R — L8 i EEYAERA R IR AT
e, 1M HBCE R RARH i . 8 7 FIE 8 s 4 i%
HEYRIREA ML e 7 1, 7T LLE Bl A (5K
BEINTE] & 57 h) 48 0. 1 M Pa &1 AU [5)30 FE F A
Sk . ifE 320 C, 450 WA R OB 6. 0%,
76305 CT, 900s WA H L T 6.0% . bi&
BB INF 1) (0 169 0, AR} Wi & B B ) A 1 e

U, G0 2 Bk B I Rk ) 102 h 5, E320 CiEE
T, 400 sitn] LA E 1A 26, 0% (LI 8) . & 9
JT 7R iz 9 K 2 A I PCT i £, M i% ih £ AT A

7 420
6f V. aanae S 140
. # {380
5 \ _;';L
_.-'. ®—Temperature ] 3608
§4 4 O—Absorption ratio 1340 E
g 320
335 "
i =
! 1300
280
L {260
s v T I
Absorption time/s
5 RESThERNRIRBEELHE
Fig.5 Absorption and temperature curves of
nanocomposite at 250 T under 2.0 MPa
hydrogen pressure
7
350
6 i '
1300
5 -
{250
mg
Jiso §
a~—Temperature =
O—Absorption ratio 110
150
1 1 i 1 ] 0
0 200 400 600 800 1000
Absorption time/s
6 {EFHEH A 20 'C/min, EREE 57 h
TR 0 S R U R it 2

Fig. 6 Temperature and absorption curves of
sample milled for 57 h under 2. 0 M Pa hydrogen

pressure at increasing temperature rate 20 ‘C/ min



© 746 ¢ A R AR R

2002 4 8 H

ABHXEEGWAE 300 CHA K & PBRIKEAT6 %,
FEMBERD, BEKF. REAFEEN
0. 19 MPa, &N 0. 18 MPa, WA M F & k1R
e, 5HALKBRE P MeoNi & & AHLL, Hir
JEARZN, BEEWIIE AN, fERER . B 10 Finh
ZEEYHIBIRE &R 5EE R . @il E 10
JIT 7 2 P Ak 5 R I T DA 23 ) B R R U - 1l K
3\ Mg+ Ho= MgH, °FIIETE AH FIHFAE AS,
H B M2 5% A AH= - 74.02kJ*mol” ', AS=
— 128.8 Jemol™ 'K~ ', IX SR 5 SCHR 11] FTIR
A,

0 200 400 600 800 1000 1200
Desorption time/s

7 ABREAREE N RS
Fig.7 Desorption curves of composite under

0.1 MPa hydrogen pressure for various temperatures

0 200 400 600 800 1000 1200

Desorption time/s

8 ANIF] B BB I ] A A TR
Fig. 8 Desorption curves of nanocomposite for
various ball milling time at 320 C under 0. 1 MPa

|

< —
o [ 8]
T T

<
(=)

Hydrogen pressure/MPa

0 1 2 3 4 5 6 7
w(H)/%
B9 49KEESH Mg-Ni-Cr,0, 1 PCT #i£k

Fig.9 Pressure-concentration-isotherm curve
of Mg-Ni-Cr,0; at 300 C

®—Absorption
0.5+ O—Desorption

In{ p/MPa)
&
(¥, ]

.0 i i i L 1 -
1.45 1.50 1.55 1.60 1.65 1.70 1.75
T /(107K

B 10 Mg NrCrO3 AT & 1 5l R
Fig. 10 Relation between plateau pressure and

temperature of composite Mg-N1 Cr;03
3 HHSIR

3.1 HUEKE 2 X R AU S RE B S0

Ao 0 % B B I i) A5 B Kt 1) 2 el
DAFE Y, AN TR ERBR B IS TR) 60 A4 R ) 3 ) 27 1 e 52 R
SRR o BREB R, PG 2Rk 3h ) 22
REMRAT o BRI A4 KA Al DUBESG A X4 J LA 7
If0: 1) BREEAEAP B B AG UL TE R, Gl K
I ERBE AR I, A AH A5 BAFE 20 70 ORI 7 . BRI
FEA i AN i AR B & A R R R SRR, AT
DI A5 AR 78 0 B fil M i 5, X At 7 S TR A 1



W12 &8 4

T, 25 GIKRBEAY Mg N Cr05 BN B . 747 ¢

FEFTANBEAVE ) - APl BRI e JE Tk T B
Y, SLRKRBEFE S YRR ER . 2) BREELE

SRR ETI D, B 208 BIAEL AR fIRAS, TR
MR SR AH 5 I R R BB, R R R T RE R T
=, AR TRRE AT # B ) A RERI R

MR EEAZAANE BB B M B o I, TR I [a]
PR A, BRI AR, LR+ iR B
A RERE G, X2 s TR R AR 2 R
R, AR HARBUKIE B

B 11 s A BREE 102 h (R 1) 76 W &L 78
RHITAIR A 10 X2 5 [ X5 S Air i B3 . B W]
BRPE 2 Ja AR OB U R HEAH LA S M RO AL
e, WORL N ER e B T 50 B, RSB AT ORI
B ARG AR, I BT T AR N B IR
AMERER AL .

o—Mg
F S A__hdg}.'lz
D_MgzNi
o—MgO

After 10 cycles ‘[

A N0 /‘\: Before cycle
260 30 40 S0 60 70 80 90 100

26/(")

B 11 EREE 102 h iR TS K XRD P
Fig. 11 XRD patterns for 95M g-3N+2Cr,03
before cycle of hydrogen absorption and

desorption and after 10 cycles

3.2 Cr0s HIENRIEH

A< B R N 0 2D i B o <6 ) A4 ) Cra O
B TR AR RE, R R TR S VR, B
IR MR B IAE ] o BAR CrpO5 2 BLAL 27 LY
o 2R Mt S AL 7, (B3 T 91Kk E 5% Mg Nr
Cr03 ' CryO3 BIEACAE FIHLEE AN+ 05 28, 1
FN AL HLE AT A8 L 2 A G R AL
P O B SR AL EE o AR B8 e A 37 B iR, Cr05
Cr™* i & 4175 A i E B T fR A B, fEEU4) T
AEERFIIERT, Cr05 1 Cr** AT LU B AR
TR — A FHOE R e, i et i d

A AE = H e R IE )\ T AR 3 b AR e AL BE D T
Cr't & AA&M, BT — AR R, Al
Cr** ATAR EHFEFT AN O, MR T —Fha)
&V, BEal R TSR E D T, A E
A, B RRE AT B 2 120 i 1l b S
T, RRAR 7 H R T4 MgH,, 2 TR
SN . T BRI RE T, MR T
Cry03 FEAFRBISM AT, HAT 78 ARSI N
AR .

R AE 78 A A T BIOHUIRER BE R 2, W] RAHI
PR Mg NECr 03 KW, REGYHRA RIf
I AP RE, MR ROR, R IF HS SR
JEAT BT RAR, WO PR E . R AW IO
SR BE 55 A UK PR (0 5 B2 NI [R], - BS54 F)
RLEE HATHGR A G AR, FURL EE R /N, IR s = i
REBRET . CroOa 42 I8 Ni —HE R AT R 4F 1R
fEALPERE, HFHE Cra0s, X1 B SR 5k 2
TOREEMIE .

[ REFERENCES]

[1] Song M Y, Pezat M, Darriet B, et al. A kinetic study on
the reaction of hydrogen with Mg,Ni [ J]. ] Solid State
Chemk, 1985, 56: 1991- 202.

[2] sk Afl, BrEE, LR, % MgNi0. 75Cu0. 25
Mgl. 76 R R &R A EA TR YIEHR [1]. =5
AR, 1988, 9(11): 1173- 1175.

[3] Zaluski L, Zaluska A, Tessier P, et al. Hydrogen ab-
sorption in nanocrystalline M g,Ni formed by mechanical
alloying [ J]. J Alloys Comp, 1995, 217: 245- 249.

[4] LiuF J, SudaS. Hydriding behavior of F-treated Mg, N1
at moderate conditions [ J]. J Alloys Comp, 1996, 232:
212- 217.

[5] Aymard L, Ichitsubo M, Uchida K, et al. Preparation of
M g,Ni base alloy by the combination of mechanical alloy-
ing and heat treatment at low temperature [ J]. J Alloys
Comp, 1997, 259: 5- 8.

[6] Cui N, Luan B, Zhao H J, et al. Synthesis and electrode
characteristics of the new composite alloys Mg, Nrwt%
TLNi[J]. J Alloys Comp, 1996, 240: 229- 234.

[7] Chen J, Bradhurst D H, Dou S X, et al. The effect of
chemical coating with Ni on the electrode properties of

Mg,Ni alloy [ J]. Journal of Alloys and Compouds,



* 748 -

A R AR R

2002 4 8 H

[ 8]

[ 11]

1998, 280: 290- 293.

Cui N, Luo J L. Effect of oxide additions on electro-
chemical hydriding and dehydriding behaivor of Mg,Nr
type hydrogen storage alloy electrode in 6 M KOH solu-
tion [ J]. Electrochemica Acta, 1998, 44: 711- 720.
Cui N, Luo J L. Electrochemical study of hydrogen dif-
fusion behavior in Mg,Nrtype hydrogen storage alloy
electrodes [ J]. Int J of Hydrogen Energy, 1999, 24: 37
- 42.

Terzieva M, Khrussanova M, Peshev P. Hydriding and
dehydriding characteristics of M g- LaNis composite mate-
rials prepared by mechanical alloying [ J]. Journal of Al-
loys and Compounds, 1998, 267: 235- 239.

Liang G, Boily S, Huot J, et al. Hydrogen absorption
properties of a mechanically milled Mg-50% LaNis com-
posite [ J]. Journal of Alloys and Compounds, 1998,
268: 302- 307.

Sun D, Enoki H, Bououdina M, et al. Phase compo-
nents and hydriding properties of the sintered Mg x %
LaNis(x= 20— 50) composites [ J]. Journal of Alloys
and Compounds, 1999, 282: 252- 257.

Liang G, Huot J, Baily S, et al. Hydrogen storage in

[ 15]

[ 17]

mechanically milled Mg-LaNis and MgH,-LaNis com-
posite [ J]. Journal of Alloys and Compounds, 2000,
297: 261- 265.

Zalus K L, Zaluska A, Tessier P, et al. Catalytic effect
of Pd on hydrogen absorption in mechanically alloyed
Mg,Ni, LaNis and FeTi [J]. J Alloys Comp, 1995,
217: 295- 300.

Guo X L, Wang E D, Fang S S. Hydrogen absorption
and desorption characteristics of mechanically milled M g-
35% FeTil. 2 powders [J]. J Alloys Comp, 1995,
223: 111- 114.

Zaluska A, Zaluski L, Strom-Olsen J O. Nanocrys
talline magnesium for hydrogen storage [ J]. Journal of
Alloys and Compounds, 1999, 288: 217- 225.
Zaluska A, Zaluski L, Strom-Olsen J O. Synergy of hy-
drogen sorption in balFmilled hydrides of Mg and M g,Ni
[J]. Journal of Alloys and Compounds, 1999, 289: 197
- 206.

Liang G, Huat J, Boily S. Hydrogen storage properties
of the mechanically milled MgH -V nanocomposite [ J] .
Journal of Alloys and Compounds, 1998, 291: 295-
299.

Properties of hydriding and dehydriding of

nanocrystalline composite of Mg Ni- Cr20s

YU Zhen-xing, WANG Erde, LIU Zuyan, XIAN Heng ze

(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

[ Abstract] The properties of hydriding and dehydriding of nanocrystalline composite of M g~ Nt Cr,03 milled in hydrogen were stud-

ied. This composite can absorb hydrogen in milling process; if the milling time is enough long, the composite will absorb completely

hydrogen. This composite has remarkable performance of hydriding and dehydriding, and the dehydriding temperature is low. The

composite can absorb hydrogen above 6. 0% within 50 s at 200 C, and release 6. 0% hydrogen within 500 s at 305 C under 0. 1

MPa. The thermodynamics and PCT curve of the composite were investigated, and mechanism was also analyzed.

[ Key words] hydrogen storage materials; Mg Nt CryO3 nanocrystalline composite; kinetics of hydriding and dehydriding
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