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i E r2saé Zr(Mni_.Ni.)2(0.40< z <0.75) w%# Rietveld 44758, SE£L C15 &
Laves # ZrMz HEMEMAR. AH M/Zr BF it (M=Ni, % Mni_.) 3 Laves #4 &8 H3;
5EEMESASRAME P Ni/Zr RF LML, 3*5 Ni-Zr B+ EF R Ni/Zr EFm
SRELEMAHRRMRR. =0.75, ZryMio W3R 38.57%; £=0.55, C15 Laves B A%
B3k 85.98%, wL¥ AR AR KM 242mAh/g; = >0.55, C14 & Laves HER#E 2% £4;
z <0.55, C14 B Laves BB Mn BUAR 2 i 4 im i 48 =0.40, £RER 26.38%. BAE = 11
WRIIRENETFH PN B TFHOBLTLURE C15 Laves 4 Hi 8 £ R34k
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PHASE COMPOSITION FOR Zr(Mn;_,Ni,); ALLOYS
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ABSTRACT The phase composition of Zr(Mn;_4Niz); (0.4< z <0.75) alloys has been revealed
by means of multi-phase Rietveld analysis. The major phase in this alloy series is C15—t‘ype Laves
phase. The minor phases are C14-type Laves phases, intermetallic compounds Zr;Miq, ZrgM;;, ZrM,
ZrO2 and ZrO. The appearance of non—-Laves phase and the variation of abundance for different M /Zr
atomic ratio correspond with the change of Ni/Zr atomic ratio in the alloy component, its crystal type
is the same as the intermetalic compound in Ni-Zr phase diagram. When £=0.75, the abundance
of Zr;Myg is 38.57%; z=0.55, the largest abundance of C15 Laves phase is 85.98%, and the largest
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electric chemical discharge capacity is 242mAh/g;  >0.55, anundance of C14 Laves phase is 2% or so;
z <0.55, abundance of C14 phase increases with the increasing of z; £=0.40, it's abundance is 26.38%.

The appearance of C15 Laves and the variation of abundance can be interpreted by the variation of
average valence electronic number in the ZrM2, which changes with the increasing and decreasing of
substitution amount z of Ni.

KEY WORDS hydrogen storage alloy, Laves phase, phase composition, Rietveld analysis

AB, RIERE — TR-E AL R H— R Ni/MH & 6, —# A fr2 Zr, BfI& Mn, Ni,
Co, Cr, VEH{Fe BREMAS. 5AB; BT EPEAEHN, TRAAEISRNALEH,
AETEMEHBAELEHMEAEERETEERR V). SHASEHERBIGFR. A4
A BEX F B RS B AR R LR H). | Pebbler R IAH Cl4 BEH I ZrMny
SEEERBESEHE L WMo Mo Ni, Co, Cr, Al, Fe RHAEMRBEHREEH
FEHR, BREXALZHNALRTAER 7. Mo 1 Ni R—UI42HAMEOEEE T s
AEMEBLARTE, BRENZANMERRLURHEHWHELAE, FHTHXEEGEN
MG 5 B2 X R AR,

1 = ® F *

Zr(Mn;_Nig )2(2=0.40, 0.45, 0.50, 0.60, 0.65, 0.70, 0.75) &4 R HH 1 E 2 BIp h
BN (EXRBTTENBERE). 8. 8. E050EH 54 99.9%, 99.99%, 99.97%. FRAHEE
BARLPOERTAETERBEAE (Zr. Mo, Ni WERESHIHN O, 6%, 3%).

Rietveld 447 XRD #(38 &7 Rigaku D/max-3B 75X W88, CuK, Wi, XA
40kVx30mA, FiSTRRER BHAREKE K 85, BrBME %A 0.02°20, TR 5 & Bt
] % 5s, 20 FEE 4 20° ~120°.

Rietveld 447 FF H f0 2 2 DBWS-9411[81. £ 41 Rietveld 447 5 53Xk [7) A, £HB
W EIRIR Rup, ZEEIF Ry, A E S, UL RF/H B DIk K4 febR R HRPTEEWHAKE
AR TE R KR O

% # Rietveld 4347 )14 %Y B pseudo—Voigt ¥, Xt 20 50° AT MM RE T A HEIE. H
AR 5 kLW, Cl4, C15 Laves . W HHH ZroMyy . IEZA ZrsMio HIS MRS LUAY
HMRE 7, EEAAR ZeM | B ZrO, . SEH A ZrO G5 MRV | SCRR [10~12].

2 4 R 5 i #

21 ASRMHESHHOER

B 1 & Zr(Mn;_,Ni;); &4 &8 XRD B. Laves AifI3E Laves AR It B 3R A7 & £ 75 A 7E
30° ~50° 20 Z [6]. EFHRH TR Rietveld HMTHHIER & H FBEATHIGME. AETR, C15
Laves Al ZrM, REBEBE KK, ABE Ni BURE = IR ARBBAE; Cl4 Laves A
ZrM, HIRTEt 235 C15 Laves A ZrMz, 3k Laves 4 ZryMjo HIFTST L ER. £ = >0.55, Ni [ F
BB Mo JEE, T BMSATHIE  <0.55, Mn BURR BB Ni K8, Zr/Mio A
%, Cl4 MEEHBH¥M, RA 013,021 —A B BHMILATHE. AR M/Zr JRF LI IE Laves
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H, PHEARFE =z HFEE, 2=0.4~0.5 WEEHE ZrM, 0.45~0.6 F£FE ZrgM;;, 0.60~0.75 -7
Zr7Mipo.
2.2 Rietveld 9THER

z=0.45 WH &, B C15 B ZrM,, C14 ® ZrM;, ZroMyi, ZrM, ZrO, ZrOy A H4A K.
z=0.60 B il C15 B ZrM,, C14 & ZrM,, Zr;Myo, ZroM;; 4ARK.

_ 300
[
£
4
E 200F
2
‘o
g 100t
oAe 0 ° A 045 S
|':JQ _X 1 ‘J\f\ e, 040 0 L ) L A ‘ L
35 40 45 04 05 06 07
20/ (°) X
B 1 Zr(Mn;_.Ni;): i XRD @ 2 Zr(Mni-:Ni:)2 7 298K WA &b
Fig.1 The XRD patterns for Zr(Mn;_.Ni.)2 z B34k
alloys. ® -C15ZrM2; O -Cl14-ZrMy; Fig.2 Discharge capacity of Zr(Mn;-.Niz)2

© -ZrM; © —ZrgM;;; © —-ZrtMio at 298K as a function of «

E1ARHT Zr(Mn;Nip); BROHARMENMEOHEERE W,. S EHR, & =055
4, C15 HMAXTEEH —BK{E 85.98(0.98)%, x >0.55 Fi B, Ni HFHMWm, C15HEBT
R, Cl4 MFERMEMRFE 2% L4, Ik Laves #M) M/Zr JHF HAEFMAEXT £ S ERMB+ Ni
5 Zr RrHBMmsm. < <055 i, Cl4 HEE#$EH, C15 T, Ik Laves #il) M/Zr
JRF AN EE TR {H 2=0.45, 040 Z RS K Ni/Zr BFHAT 1, M ZrM, il
BT ZrO,, ZrO #1.

MFE 1740, Rietveld 47 BT % & MW ARFIARRS £ BEBEBUR B = (8 (0 IR A Ui k.

27RHT Zr(Mn;_,Niy )2 AR 298K WHBAEBBEARY ¢ XK, 7 2=055 &, K
BARA B KM 242mAh/g, HEMBES5ERF C15 HEBHTBL—H.
2.3 HEWMSW

Xt F B ALLL Mn I Ni h FEARTRMOEE AB, WM T A 44, FEHRE 45 B
B45E Laves tHLUSMO R EM R AM. 7 Ni BB D, 3E Laves 41 ZryMyo EBEHIME,
{€ C15 2 Laves fRIR¥4 C14 4. BFREH, Cl4, Cl15, ZrrMyo B EATH RN BB R 1 RIiR
EHEREE. C15 R 220(0.249nm), 311(0.212nm), 222(0.203nm) 7515 C14 # ¥y 110(0.250nm),
112(0.213nm), 004(0.204nm) fFH E, Zr,Myo K 004(0.2295nm), 204(0.2158nm),133(0.2218nm),
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#F 1 Zr(Mni-.Niz)2 WH4AR. FE W, MGRESH

Table 1 Phase composition, phase abundance W, and cell parameters of Zr(Mn;_.Niz)2

Alloy Phase Cell parameters/nm Wp/%
C15 a=0.70711(2) 66.15(1.07)
Zr(Mno.60Nio.40)3 C14 a=0.50075(2) ¢=0.81806(4) 26.38(0.49)
ZrM a=0.32599(1) b=0.99620(2)  ¢=0.40797(2) 5.18(0.34)
C15 a=0.70695(2) 75.74(0.95)
Zr(Mno.55Nig.45)3 Cl4 a=0.50042(2) ¢=0.81738(5) 11.19(0.27)
ZrgMi11  a=b=0.99233(1) c=0.66449(6) 3.60(0.43)
ZrM a=0.32828(1) b=0.99483(4)  ¢=0.40794(2) 7.88(0.42)
C15 a=0.70604(1) 77.31(0.740)
Zr(Mno.50Nio.50)2 Cl4 a=0.50050(1) ¢=0.81673(4) 7.70(0.18)
ZrgMi;  a=b=0.98767(8) ¢=0.66423(1) 11.16(0.65)
ZrM a=0.32775(3) b=0.99594(3)  ¢=0.40808(1) 3.32(0.10)
C15 a=0.70511(2) 85.98(0.89)
Zr(Mng.45Nio.55)2 Cl4 a=0.49855(2) ¢=0.81232(6) 1.25(0.35)
ZrgMi1  a=b=0.98703(5) c=0.66306(6) 12.78(0.63)
C15 a=0.70386(1) 72.86(0.51)
Zr(Mng.40Nio.60)2 Cl4 a=0.49311(12) ¢=0.82848(3) 1.83(0.18)
Zr7M1o  a=0.12340(2) b=0.92000(1)  c=0.93483(1) 15.11(0.29)
ZrgM;1  a=b=0.98798(3) c=0.66265(9) 10.20(0.38)
C15 a=0.70233(2) 71.31(0.60)
Zr(Mno.35Nio.65)2 Cl4 a=0.49825(2) c=0.81998(5) 1.86(0.21)
Zr7M1o  a=0.12339(1) 5=0.92031(1)  ¢=0.92384(1) 24.22(0.43)
ZroMi11  a=b=0.98774(3) c=0.66263(3) 2.61(0.31)
C15 a=0.69972(2) 58.44(0.86)
Zr(Mno.25Nio.75)2 Cl4  a=0.49695(17) ¢=0.81823(2) 2.98(0.23)
ZrrMi1o  a=0.12327(2) b=0.91895(2)  ¢=0.92177(2)  38.57(0.56)

Note: 1. There are monochinic phase ZrO2 and baout 2% cubic for the

€ % )

samples

2. The space groups of phase C15, C14, Zr7Mio, ZrgMi1, ZrM, ZrOz and ZrO are
Fd3m, P63/mmc, Aba2, I14/m, Cmcm, PZ; and Fm3m, respectively

333(0.1918nm) A4 C14 & ) 103(0.230nm), 200(0.217nm), 112(0.214nm), 202(0.192nm) 74
R IMESELBEOERAMSFPREURXSSE. S Rietveld ST RIFHMBR T ERE
B4 B, e RENTHEE, RETHMMENGEWEL, SN FERENIYHEKEERE
THBE. 7« >055 W, Cl4AMMERERE 2% £H, WNE 1 HFIK Cl14 HERSHETL,
Cl4 HBFEERTENK, Cl4 M (d % 0.297nm)102 T IEEHB T ERNFE. BRHAR
AT B8 5 45 & B % H B A 5% 18], % Zr(Ni.es, Mno.3, Cro.125, Vo.00s)2 ¥ fil KiXE K C14
Laves FH74 %%.

St B fif Ni BEFEELHNESE, Z&& d{H 0.249nm 5 0.203nm Z [H, B[ LARE] Zr Mo Fr
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¥EM d {4 0.238nm, 0.230nm, 0.2245nm KIRTET LR, d {4 0.221, 0.227nm TS LR AL
Zr:Mu HERE. ERSE#NTHERRESRAIRAIPHE. & N BEFELR S ETERS
W&&F, MERH ZIM 4, FHASH Rietveld SHTE, TUARAEWEE. REE JdHEY
0.246, 0.202, 0.204nm ) E EATEI eI ¥ $3F Laves A HUIRMATEIE, 0L ZrM ARG RAe 2, 4R
BHRE, FERME, SAERRR. HHE 1 PRI 0=04, 045, 0.5 FHETLAR. BT ZM
MK, C15 M1 220, 222 AT 5T 9 75 £ 0 B B M 77 76 J B9 T I 4G 4E.

R Rietveld 5347, BRIFEEEE N 0.5%~2% 184K} ZrO, FISEH ZrO, HASMEIE d {4
435124 0.317nm F1 0.267nm.

2.4 Ni, Mn 3} Zr(Mn,_,Ni.); HH&HNER

RIBEEREIL, BRL Laves Ml A, B JHFEBH ra/rp=1.225, Laves 4 95047 £
B, ra/re MWEER 1.05~1.67M. WILMEAESE, #5HETELRETEBTURMK Laves
G1, BRZE LM SR ZrNiy Laves #145H) 151, 7 Ni/Zr BT H 4 1.5~1.8, R
Zr7Niy #5F, BB ZeNis A8 . Zr, Ni, Mn ZEERR S S LW P ETFHERS I N 23.2, 109,
110161, b Ar%, Zr 5 Ni, Mn BB TR K4 5134 1.286, 1.278. B Mn MTEEFTE & C15
& Laves #4# Zr(Mn;_.Ni;);. AT L Ni 5 Zr BRAW E Laves MW RILA &4, Tt R
HE Mn FERNEHTARERXMEH. N Cl5 HNERE, RRSES Mo 58 “12” 1
KEPAH, “1l-z” 4 0.25~045 Cl5 HEMSHK, LM « 1« > MMTHM, Cl44
FHBEAARRE; 7 0.45~0.60, C15 Laves 1 & IS Sk 5N, MXTEME TE, Cl4 Laves 44
XEFE B, REXEAHE, ATERS Nig CL5 M, Mo SBE—BKME, HWEES
fa.

S H79E Laves MMM EHES Ni § & “2” X R, #2818 Zr(Niy3, Mng, Cro 25, Vo.005)
WgR ", LR Ze-Ni #8 U7, ORI, # Ni/Zr BT 08~15 X—fE, HATY
ZrNi, ZrgNiyy, ZryNijg MAX N K ZrM, ZrsM;;, Zr;Mio 3 Laves #f. Zr-Ni ¥ AR AR
Zr(Mn;_oNiz)2 # Zr/Ni R F R E T Ik Laves MMMAFMEX £/, {8 Ni/Zr BFHANTF
1B, Mn W77, EHEBER ZrIM 4. EHilt, 7 Zr(Mn;_.Ni,); 4R H3E Laves A TE
L3 Zr-Ni RARM AL,

2.5 SPEHBRTFHE Laves HHEMBX R

B 50 £4%, Elliot BRI Ti B Zr X4 &ML HWARFE ¥ EHE T# ANOE(the
averaged number of outer electrons) 3% [18]. ANOE /NF 4.67 B, F Laves MW E R 7
4.67~5.40 JFE, JEA Zr & C15 Laves £5H), BT Ti & Laves %544, 7 5.4~7.0 JBE, Zr
5 Ti B4 E&#WMR Cl4 Laves &i#l); KXF 7Hf, Zr 5 Ti HEEE&PHIERL C15 Laves &5 #4.
% Zr(Mn,_,Niz); A&F, BRINERRRE ¢ ERFE Laves #H Ni WERE, 2=0.55,
ANOE=(1x4+0.9x7+1.1x10)/3=7.1, 2=0.4, 0.75, ANOE {} 6.8, 7.5. ¥R, Cl4 1 C15
Laves MK A%} £ E 5 ANOE BFZE—FXMKXR. ANOE XF 7, C15 4 F; ANOE /h
T 7,Cl4 HERZHMKA. C14 & Laves 4 ZrM, i) ANOE £ 6.0. Ni RFigtELBLED
M THBEHTE, HEM ZrNiy Laves BZH), 3 ANOE {824 8, {H KR BETE K Laves £ H).
Mn )8 ANOE R Z /R C15 Laves MM MME. 5 Zr EFAMIRA, MEFHELE
2 1) Mg 5 Ni B AT LAJE A%, Laves 4544, HPEHMBFHE 7.3. BHilt, BRETFLBH, BT
P FHRAT AU EE. '
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3 4 ®
1. Zr BJ&— 3¢ Zr(Mn;_.Niz); &4, Mn MFEEMBARBRREER P C15 Laves 1S

K LAY B, Ni-Zr 6 8RR LR & & RE P Ni/Zr JRF H3CRE 3R Laves 48 K9 R

2. 5T Zr(Mn;_;Ni;): A& R P, FHBEIBEFHEXTTF C15, C14 Laves A K FE B AH

NERAEERER.
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