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The Effect of the Ball — milling Parameters
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Electrode Properties of MgNi Amorphous Alloys
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ABSTRACT: The dependence of the formation of phase, structure and electrode properties of MgNi amorphous alloys on
the ball milling parameters was investigated by mechanical alloying. XRD shows that revolution per minute has fairly im-
portant influence to formation rate of MgNi amorphous single phase, and also the mass ratio of the steel balls and elemen-
tal powders, as well as the ball selection in diameters has strong effect in the initial milling-process, but little effect on the
formation of the end-product. Thesmal analysis (DSC, DTA and TG) confirms that the two-step crystallization transition
and weight-increased due to oxidation at about 800K occur in all MgNi amorphous alloys synthesized by various ball-
milling parameters. The electrode properties of synthetic samples were measured by simulation battery test. It was found
that the discharge capacity increases monotonically with the increase of MgNi amorphous phase in samples, the maximum
of which reaching for the samples obtained by 50 to 60 hours of milling, but reducing again after prolonging ball-milling.
Based on the phase component and phase structure of the samples, the change in electrode properties is discussed.
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Fig.1 The XRD patterns of MgNi alloy corresponding to different milling parameters



i 5 e 3 AR AH BE M AT ST TH 2R L 7E 20 KA R
40° b TE W — 1~ B/ 1 18 9 i, Bl & PR S A (] A SE
o, G5 0 107 S5 09 S DB 1 06K 55 AN BE 4k, I B I e e K
A BERY 7 1@ 5 B, MERBE £ 40h BF , B AT AT 58
Sk, B S AL X LR AR 42.5° , X 2
—AFRUER MgNi 3E 54 . B3 250rpm B, M
1(b) 7T LA B, BRBE &F [6] 24 S0h B, 88 8 AT 5 1
A5k BHATE 40° ML AL B — 1R /A 18 55 i, (B8R 1Y
7 5 A AR 38 o A [R]BRORE EE 0 A [R] BR A2 BC HE X Mg-
Ni e AT A M E 1 B(b) . (c) . (d).(e)
WAl F . ERBRE—FHFFETE L FH)
(e)),BRBHEL b 40:1 BF MgNi JE 5 48 B9 T2 B3 &
L, MEREERT R R 30 h Bt ERIHTE AT MeNi 3E
Sa A, T ERREEE A 1001 FOERBE =41 P AR T BE 9
fir S w7 SR e . AH [R] A BROBE b TS [l A9 BRAZ E B
XF MgNi E A TE BB LA —F, LBE 1§
9 (b) F1(c) AT LAFE 3« BS R B AR /N 3E S AH TE B3
R o A BR S B[] A 2E K, B A DA B JLRRER BS
TEBH AR ERBE =) #BRETE AL MgNi 3E & 48
(B EERBE of B2 b R AT 45 22 WA W2 B Mg, Ni 45 F
MgNi, #1848, X — & 5 30 Br iRl i 4 RN
Il

BRESREEN RN AN R ELE BEM
WAL, FEERE B B A B Bk
755 TERRBE o B 9 B0 0108 A A AR, B T % ACAE R
Frepo RATE AR ZETE ARG BB A1k DL &
MARTERRE SR ERBR AR MEE£ TR
2 [8) B F RUPE A 4 fik JL 3 n 3 R B R B RO 4R
AR BAHATE R . AE AR TE BRI SRS ER Z
(] , B R 5 75 4 2 1] 4 R 78 8 FF b 48 470 32 LA B ZE B
W5 5ot AR T fE B A B A O o bl SCHRYO AT BE BR G
HE v, EROMEAE f S5 EQ BB Rep LA
BB ER r, HWFHXER.
a; + 4asla; + mp(l + Rgp) |

azlas + m,(1+ Rgp)]

= a; + 4a2[a3 += mp(l + RBP)J
3 1)1[a3+ mp(l‘*’Rup)]rb

a5.Q (1)

Uh =

(b,Rp)202

(2)
Hd a; ~ as by ~ by W ERBEUAXRMHEE, m, K
HRB B EMXRXATUEF S, TiERERNEZ
B B R R AR AR S RV R E . H
B[] ) BR B % AT LA B, 7E3E SR U L 2
HOEHEREXEENER, B REEE, @
384 100 P R Rl A R, 55— O TED S o R K Y

AT, R TRE 53 I K AR A 7E 3K B 1o 72 o K13 O BB
K, X HEREER S M A E R TR T A
AR EFZ E I #A IR 30 F7 , 4 3 B AR T Pl
ARFCEZ A M Em#A 2 A TR ARTERE T
V¥ 361 4 B 7 B A A o FRAVT 0 T8 AR T 4 A M AR TR
YEVEARTE | X0 AR TE B I A9 2 P i 32 19 ) /e R
BB & A e AR TE , AT KA W8 AR T B A B b R
IR B R, BRR R4 B B IR . 24 4R B R B
— SE R BUEL IS PR RO RERE AT, RORE N T 48 R AT Ak
BRI EY , X FE MgNi JE S AHTE U PI iR o Br IR &
B2, R 0 7 A By 1 28 1 A TR R R oo AR o S T b A BT
ff (B & TR R T R R FE S Z P, 3 Hax Al A3t K
T BRER T AH Y ST 0 ST A RE L Eb R T R (6 kL
H1k,F F T AR 8O R e AT, KK 48 42 MgNi
3k SR ARTE AR A B[R], FL 45 SR IE N 1(a) . (b) Fl(e) BT
Mo TEEREERY TR P IRATHR LI, F% # H 400rpm, BR
BHEERFEEET 25: 1, 4BREERT R 2928 10h 6T, BREE
HNAE S HRAN 1~ 3mm H3EA MgNi 4 4
H,FEE P9 B DO % R B ST b AR W — R AR B 5
) MgNi &4, 76X — 2R A MeNi & 4 Ffi # B3R
A 8] A4 RE K<, T 4 e o A R L AR PR R D B R
FERC R V& ,3X KR KINE T MgNi & €[5 MgNi JF & 4%

AR AR, B BR B A A o — B IE R, T BT AR

IR R AR . T 24 53 8 250rpm B, 7 & JiE /9 1Y J&
RARHA - ZEEER SIS RE . BRER
@) MgNi & &, ERENNA —LHEREA R 0.7~
1.2mm B97NER . LB 1 o () F(d) B A AT S 06 AT
DL R B ER R R 10 1, BRES 5% 34 400rpm Y
F e H A I A, it 5| (002) m /Y 17 5t
AR AR, T 1 A (o) BE A AT ST W A0 IR A 1 BLAX A 1
o PAESESR TS0 - 3F AR A9 TR BB 58 R TE
BREE L FE Hh IT AR AR RO RE B S AH K, B SRRV A9 5%
HEEARA 5T,

(1) (2) AT A, AN [F] BR A2 AT HC A BRORE X
MgNi JE di A8 T2 B B9 %0 3% B B i FB A — %€ i 2
Mo BRERHGBR K, Blf 4 5 3R B, MgNi E #a A TE IR Y
BB . LEOR LAHR B, BEBR B2 B/, BE K
IR B, OR 5 U R BR BS of 72 o A4 Rl 18053
BRI AN TERER d 5% — BERER
6] 5 M AR R R S K/ £ IR A

t =k 5

Vn
kR, n REREVLAORE . REE AR K

AR FBURL /N T R 2 B BRI R L A L T RO AL



ERZ ERMAOERBERRE. & 1(b),(c),(d),
(e) AR R B BROBE EE A BR A2 B b X 3R AR TE BR ARG 5%
Wi, H Magini-lasonna B4 %0 B8 36 1) 40 B29F A3k 4
A, R 7EBRES of 72 P AR AR RE AL A £ /0, R 42 B BR S
AR 4y TR, BA 2 BR A Rl 8 B B Ak B —
FE MBS , REAH AT S XTI AR P B B R A &
ARBEHEM,
3.2 MgNi ERENRBEY

& 2 2 MgNi 3E #& 9 DSC £k , Jo i BREE A ] f2
50h 3E & 70h, #R A =~ g, TESR A 180C b A
— B e B e T X B T MgNi B S 7E Bt AR R g5
Aok ath, B M =040 5 b HE & A K
Mg, Ni MgNi, dis 1k i # g, 5 1k % 28 iR E 2 :335C
396°C (BKk B& 50h), 1 348°C .413C (R B 70h) 5 3¢
FIRC 12D B R A 45 SR — B, b it T B 3 R 1 IR RE B
HERRERTEMIERTTRAE. N DTA f1 TG i £ (&
3 LAE B MgNi JE A8 EERE B 4P, X T
Mg, Ni Fl MgNi, & 4 S 165 51 52 A9 3 06 1R BE K 4
£ 530°C 3% — 45 B 5 ik R 8 59 Mggy Nip, Y, &
LB R, M DTA i 2k 7T & 2 55k g, R4
TAH 3 5 > TR R U 43 31 R Mg, Ni \MgNi, 8 fTF & 4 )
AALR N T, A 3 Y () T (b) B A9 Mg Ni
AL L —B, & 3(b) Mg Ni fl MgNi, &
& A AL IR BE Fo P 3(c) A A IR IR X AT RE 5 0
FROR[RIBR S 2% (44 T il & 19 MeNi & & B9 R4 # I i
fLEER %o

- —

e
3357 § 396C

i

(a)

g (b) :wﬂ“‘ 41:;"(“
180°C
150 2;)() : 2;‘,() 3‘()() .'{I:';() 42)()
BEIc
B2 DSCHiZ
(a)BkEE 70h B9 MgNi & & ; (b) BKEE 50h 1) MgNi & &
FHiR #E#E 40K/min

Fig.2 DSC curves

: ! = ™)
() 572 l:,r:ﬂ*
£ (b) 5()S°Cl ](ml"(‘ :
2 % 53
" z
£
<1
(a) Sfm“d
IR pesees £
40K/min
1 1 T 1
200 400 600 800
/T

B3 DIA X TG #i £
(a) Mg, Ni; (b) BkBE 60h, BR#LEE 40:1 B9 MgNi;
(c)BKEE 60h, BR¥HEE 25:1 A9 Mg-Ni iR i% E 40K /min
Fig.3 The DTA and TG curves

3.2 MgNiERERATEBRMEENTH

P 4 7= MgNi JE & %77 46 780 . 25 Bt 5 BR B B[]
B FR, NE AT LL& R - 6 48 9 50 7 B I 3RS
(i) P9 EE < THT 48 i, 24 3K A5 B[R] O 60h Bif , R 75 i 36
B ARME L 240 ~260mAh /g, 4K 25 FE 1< BR BE i (8] A e
75 I T ARV , 300 Aol g b, 2 B 5 BR S  J) (1) B BO6 AR
530HRC T BT IR A 45 SRR — B9, FRATTAIE MeNi
ERMBEARE - E5EMMEHAR, R~ M-
Ni JESGAHM H B 5o AL 45 09 A Ay B 56 47
Bt BREE AL 38 8 15 MgNi & & 1Y SO 45 14 & 4 28 1k,
R L 4 A R T RN SR R BRBE W REHG N, E RS T
A& AT MgNi JES A F, X R AR
Rl 3R B B B] A IE R T RGN . MgNi 3R &b B & S Y
Tl— AN TaeNEaE ik wE, n—Jrm
N AHAG G 4 TE B8t E A VR P AR B S Al T 5 | S T
YRR K. B IR, MgNi & & 19 L & i &7
ERBIHEER A R, 7EBK BE B T R B B, SR R B0
MAEWERROZAA BT &S MEEAERONE, N
TR T e BAER, MR, & &7
g A e A R P RS ek G P £ T 0 R 4 2k ) P
R, EREEMHEARARN TR NE 4 TR
{1 BUAS [A] 49 BROBE B R BR 42 IC G P A 4% /9 MgNi JE
AaTEBR BE B 9] 46 B BR 9 L R BE 2 T K, XM o —
AT L3R B T 3RS 2 B (BB BROBH L BR AR T
%) TERR BE 99T 45 B Bt XT MgNi JF fa A T8 B R A
FHBENLE,



240 /
200 / 1
160} 1
1201 1

80

PIAAOR A it /mAD !

40L (a) (b) ]
L}

20 40 60 80 20 40 60 80
BRI AT (8]/n

BH4 MgNiGEVBEHEERSHKERAHXR
(a) BR¥LEE 40:1, K2 :6mm. (b) BREILE 25:1,
BKEE 18mm KIBRF A, H AR 10mm.
Fig.6 Initial discharge capacity of MgNi material as a func-
tion of milling time for different the ball milling parameters

4 & it

(1)MgNi JE AT BB R SERE S 50A %, &
R BR e AR K R FE BRI 1 AR R IR R AR B Ay ki, 3o
MgNi JF AR T2 B R A + 0 BRI,

() R [RIEREE T Z M & 19AE AR #R R A P25 f 4k
PR, FACH R A 7E 27 800K,

(3)EREE Z %%t MgNi FE e A AR — 52
RORZ IR , o 512 X 0 46 Bt B T2 IR MgNi dE & Y R
HEEABRBE W, BREE AT [R5 60h £ MgNi 3 &
Y Tk L 2 IR B K AE

BE MK :

(1) Zaluska A, Zaiuski L. Nanoerystalline magnesium for hydrogen storage
[1].] Alloys Comp, 1999, 288:217~225.

(2 ) Mgk, 5. MeNi RAEAA&MAEEENIIR]. WA &
I ,2000,24(2) : 128 ~130.

(3) Ruggeri S, Cyril Lenain, et al. Mechanically driven crystallization of
amorphous MgNi alloy during prolonged milling: applications in Ni-MH
batteries [J]. J Alloys Comp, 2002, 339:195~201.

(4) R1EH, %. PLWA &1 Mg-Ni 2R S A 24 4 00 du b 2 R bk
L. A& mpre 5 TR, 1997, 26(3)26~29

[5) Lei Y Q, Wu Y M, et al. Electrochemical behaviour of some mechani-
cally alloyed Mg-Ni based amorphous hydrogen storage alloys[J]. Z Phys
Chem, 1994, 183:1419.

(6) Orimo S, Fujii H. Materials science of Mg-Ni-based new hydrides[J].
Appl Phys, A, 2001, 72:167~186.

(7) Jiang Jian-Jun, Gasik Michael. An electrochemical investigation of me-
chanical alloying of MgNi-based hydrogen storage alloys[J], ] Power
Source, 2000, 89:117~124.

(8) Yamaura Shin-Ichi, Kim Hyang-Yeon, et al. Thermal stabilities and
discharge capacities of melt-spun Mg-Ni-based amorphous alloys[J]. J
Alloys Comp, 2000(339):230~235.

(9) PMRA, % . MgsoNiso- (Tix & A MMLBCE I ABLT]. o W AT €4 6 IR
S48, 2000, (10)4 il :205~208

(10] AR, % BRELSE R RENAT AAT1]. &REH, 1997,33
(4):381~385

(11) Magini M, lasonna A, Energy transfer in mechanical alloying
(Overview)[J]. Materals Transactions, JIM, 1995, 36(2):123 ~
135

(12]) Yamamoto K, Orimo S, et al. Hydriding properties of the heat-treated
MgNi alloys with nanostructural designed multiphase [ J]. J Alloys
Comp, 1999,546:293~295.

(13) Tony Spassov, Hekena Alves, Uwe Koster. Oxidation of rapidly solidi-
fied Mgg;Nipa Y, alloy[J],] Alloys Comp, 2002, 336:163~169.

iR H J1:2004 — 05 - 13



