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Mg2Ni)-<Fex(x=0.015, 0.03, 0.06, 0.12 and 0.2)%F& A =3t Mossbauer 9ol
o3 AFE AT} x=0.015, 0.03 T2 Mossbauer spectrum-< 27§2] doublet(doublet
1, 2)&, x=0.06 &9 spectrume 2702} doublet(doublet 1, 2)% 17§19 six-lineg, 18
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12, 2 A4 AL o5 s HBYdoz EA4eE 98 3 g Yrle A2 B
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ol isomer shift Z7] (024 ~ 0.28 mm/s)2 Ho} Fe2 &A% 328 & Ut £%
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&o Eoj7tx] g+ A uid Ay

F 23583 Az x=0015 0.03 2 Mossbauer spectrume] six-lineg HAE
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#4383} 9-8F Mossbauer spectrum, 27139 g2 A 2ste] W3l 53, Auger
electron spectroscopy, electron diffraction pattern ¥4 Z 3}, Nig] HA 2 MgOe] A
& BAFEAEd, ole Fi Fo Eo] Y& v F9 Az MgNigh 8Hgste ofrl g
ddoz Aztet
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Abstract

After preparing MgoNii«* Fex(x=0.015, 0.03, 0.06, 0.12 and 0.24) alloys, they were
studied by Mossbauer resonance. The Mossbauer spectra of x=0.015 and 0.03 alloys
exhibit two doublets (doublet 1, 2). That of x=0.06 alloys shows two doublets (doublet
1,2) and one six-line, and those of x=0.12 and 0.24 alloys have only one six-line. The
doublet 1 for x=0.015, 0.03 and 0.06 alloys is considered to result from a fraction of Fe
in excess showing a superparamagnetic behavior. The doublet 2 is considered to result
from the Fe substituted for Ni in the Mg2Ni phase. The values of isomer shift 0.24 ~
0.28 mm/s suggest that the iron exist in the state Fe'. The result that the quadrapole
splitting of the doublet 2 is not zero shows that the distribution of electrons around
the iron is asymmetric. Their values for the doublet 2, 1.20 ~1.38 mm/s, approach the
value of quadrapole for the oxidation number +3. The six-line showing the magnetic
hyperfine interactions results from the iron which has not substituted the nickel in the
Mg>Ni phase.

The Mossbauer spectra of the hydrided alloys with x=0.015 and 0.03 show six-line.
This suggests that the iron segregates with the hydriding reaction.

The analysis results of the Mossbauer spectrum, the variation of magnetization with
magnetic field, Auger electron spectroscopy and electron diffraction show the
segregation of Ni and the formation of MgO. This is considered to result from the
reaction of the MgaNi phase with the oxygen contained in the hydrogen as impurity.
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2 712 Mossbauer spectrometer2 41 th.

TE&HE spectrume YWt o T AlHo
9 “Fe 99 7ted M2 g2 9x
3 HMolo] | F3l= peakE2l Fold uw
A &3 Fo #EAE spectrumel] 7HEd
Haske AL spectrum-$ Fe,
Lorentian ©¥ peakE9 ¢, F zgln
A%E ZAYE Hert dg. A2 gE
parameters°|, A¥ JAI AAg
Atolel tA9 AFY Fo] FAV HEF
ALAH o2 dtEFo TN TR}

Mgt NiE= MgoNi, MgNi;el 5+ M9 &
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7] & Al (recorder) & AH&3l9 ZAMS G 2
gl ¥r&7)(reactor)d UFL YA
(pressure gauge)E AM&3td AT 4=
HEriek ®EE O &7 RFEY RIEe
1237cm’e) 11, ¢E A} Wg7] FE 23

= 3l.lcm’elth. ¥kg7]e] A& Cu-filter
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Fig. 1 Variation of magnetization M with
magnetic field H for the Mg2Ni
samples : A ; sintered at 823 K for
120 h, and B ; sintered twice at 973
K for 60 h after melted at 1,223 K
for 30 min.

mixing 2.05Mg+Ni

pressing under vacuum

melting 1,223 K, 30 min, under Ar

' 3

grinding under Ar

pressing under Ar

) 4

sintering 973K, 60 h under Ar

) J

sample characterization
(XRD, magnetic measurement)

Fig. 2 Procedure for the preparation of
Mg:Ni.

3. 2% 9 23

Fig. 4% Fig. 29 FAd wet A 2§ A
H  MgaNij- Fex(x=0.015, 0.03, 0.06, 0.12,
024)9], Cu-k, A& AH&%, X-M A
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vacuum % ,_I 1_1 ,_J 1_, ,_I' L_l
pump hL 8 S
V6 V9 \Z V8 V7
\'A V3 .
cylinder
temp
controller Cu filter V1 - V3, V5, V6 : ncedle valve
VA4 : butterfly valve

teactor
furnace

' ] V7 : three-way coancction
V8, V9 : four-way conncction

standard
volume

P.T. : pressure transducer
P.G. : pressurc gauge

Fig. 3 Scheme of Sievert's type hydriding-dehydriding apparatus.
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olty, F43tES ¥wrgAIFZ] Ao #FEFY
spectrumE < doublet 27H9He B AFAE
b, 43183 d-§ Fo& doublet2 §19
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<t FastEs wgAZ MgNioss' Feoos
AlA 9], Cu-keAg& AEE, 314
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=
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26

X-ray diffraction patterns of

MgoNiy 'Fey 5 (a) x=0.015, (b) x=0.03,
(c)x=0.06, (d) x=0.12 and (e) x= 0.24,

taken with Ni-filtered Cu k.

radiation.
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5 Méss_bauer resonance spectra of
Mg:2Ni; > Fex at 298 K ; (a) x=0.015,
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(b) x=0.03, (c¢) x=0.06,

and (e) x=0.24.
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Mg:Ni Alg 9, Auger electron
spectroscopyoll 23 EH fi9] EAM3}A
=d], Mg, Ni, C, 0% peak’} #&EHAC
Mgel peake «43 Mgy, MgO =Y
Mg peakZ ¥ shift(e]5)=o YEtxt=d],
ol £Ai3E A - B3 cyclingd] ¥
2 Mg bonding AEi7} ¥st=o] 7] o
go2 Aztdd. C9 peake F7]1 F9
hydrocarbon2 2% & U Ho=Z AJztx
o, Be AESEA A #FSET.

g489 MgmNi AR EHOZRESY]
Zolol W& Yie FE WSE Auger
election spectroscopy®l 2l3dtd THIIAE
o], MgO2 surface segregatione 53 °]
Jeludu, Nie BHozXREle oo u
2t =7t A9 WA Fud.

Fig. 11 ()&, 949 FA3E ¥4 - &
8 cycling 438 A A A8Y
T3 Az @u)lF 23F AL BA9FL Y
. PAEol EAA  gE oy
(agglomerate)®] EWHol&= Fdd R 22
AL T8 2YFY YAEC €S UH. Fig
11 (), 2 9 YA MA 314 pattern
€ 2odF3 Jt}h Table 19 HA FHA
pattern® ¥4 Z3E Yeluoen, o E
Ad YAE MgO2 w3,

X-4 3d B4 A3 Az23 MgNi A&
o= A& %ol MgOZt A= Ao X-
A oA BA Az sd B 2 F4%
2 ¥4 .23 cycling ¥ A8odE ¥ &
o] MgO7} &AeE ¢ F Utk AES #
A Azx - B4 Z3 MgOe A9 &
Holl Ao gk A71F He FFEA
Z8 Mo W3 E A A, 4318 3
A - 23 cycling FE Nizt #HAHJS
< ¢ F U

Ar E471014 MgNig A zstod =, Mg
= AbAote]l FEFPo] ofF HAA Mg EW
of F&AE Ye A2y Arddd Eo3dE

mlael AbAst wgstel MgO® FHY +
Ath o] ®rEE T Zol EAZY + 3
t}:

2Mg + Oz — 2MgO (1)

o] ¥+g 9] standard free energy change 4

4Gy =-1,208000-24.69TlogT+284.1T () (2)

2 FoAT1). 58 KoM 4G =
-1,082,000 J2 A=A Mgo A4
)8t 33x 33 (chemical affinity),[4G
, 1=1,082000 J2 o}F 2 #g stAE=
(1) g2 g4 dojd F Ut F4 £
Eo9E v #Feo AL E MgNig}h HH-g-3h
MgOE 3 A3t NiE€ ¥ (segregation)A]
2 4 Qo o] ¥ v Ho] XEE
4 ok
MgzNi + Oz — 2MgO + Ni (3)
o] ®¥+2-9] free energy change 4Gst U&
3 Zo] EAIEH:

2
A Mgo @ Ni (4)
a MgzNi P Oz

4Gs=4Gs + RTn

o714 4Gs & (3) 989 standard free
energy change®]l, a¥t activity, P ¥ &
ol

4G &, 4G & tgol BEdFE (5
k-2 9] standard free energy change 4Gs
o os (6)A 3 o] EAEH

2Mg + Ni — MgNi (5)

AGs = 4G - 4Gs (6)
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X X

1g. 6 Variation of isomer shift § with Fig. 7 Variation of quadrapole splitting 4

. . 57 . . R 57
the value of x in Mg2Nii-« Fex. with the value of x in Mg2Ni1 «” Fex.
velocity (mm/s)
0.8+
N B B N WL N N T B
¥ R TV wle S e 0.5+
=
g o 0.4
g ‘o
p= ]
£ E os
(a) ]
a o o024
=
velocity (mmv/s) 0.1
€ 8§ 4 ~3 -2 -f 06 4 2 3 4 3 ¢
e 00 oo
" AL, L o N ::,-','.v".:' e -2 o 2 4 [] [ 10 12 14 186
‘g’. H (kG)
g Fig. 10 Variation of magnetization M
® b with magnetic field H : A, for the

Fig. 8 Mossbauer resonance spectra of
(a) hydrided Mg:Niogs" Feoots and
(b) hydrided MgzNiogr” Feoes at 298 K.

022

1 L A 4 W & A i A 1 1 | 1

"

Mg:Ni sample as prepared according
to the procedure in Fig. 12, and B ;
for the Mg2Ni sample hydrided at 573
K, 10 bar Hz for 36 h.

H

HO

A A 1 1 'e - A 1 1. 1 A i A A

60 56 48 10

32 24 16
20

Fig. 9 X-ray diffraction pattern of MgzNiomsS?Feo.ms hydrided at 583K, 20 bar H: for 10 days.
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(a)

Fig. 11

op>
02
i

(b)

(a) TEM microstructure (X5,000) of Mg:Ni after 39 hydriding-dehydriding

cycles, and (b) electron diffraction pattern for the MgaNi after 39 cycles.

Table 1. Electron diffraction pattern of

Fig.11(b).
rin radius interplanar intensit
g (mm) | spacing, d(A) Y

1 9.40 2.29 strong

2 13.45 1.60 strong

3 16.50 1.309 weak
4 19.15 1.127 very very

weak

5 21.05 1.026 weak

AGs £ &1 o] FojA)
AGSI, = AH298~ +

T q T 4C»p
fmd CpdT—TdSy —T [ —FT

(7)

N AHas 9 dSws & ZHZE MgaNigl
enthalpy of formation(-51,900 Jmol )3}
entropy of formation (79| zero)o]tH[11].
a8l 4Cpe MgoNigt 2Mg+Nio] &

o] 2}oj o]}, =}

R
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Faodx] M10d M25(1999¢ 63)

4Cp= C MgzNi'"(2 CMg+ CNi)-
ACpe] Al4kol Kopp's rule(3# 3}3E 9
BEHE O SFEY FA g2 E8F
o &3 Zoh[12]E H&IA 4Ce=0. =&}

Ay (3)¥F-82] free energy change 4Gs&
4Gy = -1,156,000-24.69Tlog T+284.1T+
2 Mgo ‘a Ni
RTI ¥ ' (8
n a MgzNi P 02 )

2 FojAt. 4Gz Niol HH® £ Atg
B oA 09 chemical potential® &

HAAYPFE RALZ -4Ge Atdd g
Mg:Ni¢] 383 3 3golry o]Ao] uE
F4& 7F2 ol O BEol FA Al Nig

EY &9 F%58(driving force)o]}.
zZt A9 activity &,

EE ZH Ase A= AZsd, 1ot

g 2dANA 4GE A AT
T=583 K,
P H, © 20 bar,

P o, = 20x10 bar(10ppm).

A4Gs= -989,000 J& ol& MgNi9 Ab&d
gk st o] olF F& HAFET (3)
$o FAHE MgOes £ d39 49 =3
A U7 UF A WAL
Ni2 +43tE A - 23 cycling <o
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Ao 2 #BAET doublet 29 isomer shift
7] (024 ~ 028 mm/s)& Ho} Fe''zg &
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quadrapole splittinge] o] o}d o 2 H ¥
Fe &9 9] AR} wjgo] v|hA S o]F 1 3
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mm/s)e A& +39 quadrapole splitting
gtoll o}&F Zl7h& groldh. A7) A ZuwlAl 4
3 A4E BHAFE six-lined F ol
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F4a3E3 S AIZ x=0015 0.03 &
2] Mossbauer spectrum®] six-lineg E X
=, o]ZFE F23E3} oz Ay
Fe°] HAHASE & =+ A
4383 ¥gF Mossbauer spectrum,
?‘P7]’§4 gr2A zste] ¥W3l A,
Auger electron spectroscopy, electron
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