20 12 Vol. 20,No. 12
1997 12 NUCILEAR TECHNIQUES Dec., 1997

Fe- (Co,Cr)- Zr

k
EAE
( 350007)
. 77K Feso- x CoxZro(x= 4,10, 20, 30,
40)  Feoy CryZro(y= 0,4,7,13,16) P( Hw)~ Hu
: (1) Fen- « CocZryp (x= 30,40) P ( Hu) R ; Feyp- x Co Zryp(x= 4,
10,20)  Feg_, Cr,Zro(y= 0,4,7,13,16) P ( Hu) s P( Hy)
Co( Cr) . . . Fe
s Invar ; (2) Fe= (Co, Cr) = Zr
Co » Cr 3 (3) Feso- x Car Zro (x = 4, 10,20, 30, 40)
“3DFM+ FS+ FSC
Fe— TM- Zr(TM= 3d )
e , v Invar . ,
: : P Gite )
T<T Fe
: Kaul " « (3DFM) (FSQ)”
a= Fe- TM- Zr (FS)
, Vincze ' Feor x Zriox (7= &= 12)
, Kaul ' . ,
( ) ,
, Fe Fe s
Fe e P( HuY~ Hu Fe
[14-17]
s ( ) o . 77K
a- Fe— (Co, Cr)— Zr ,
1

Fe90 X CO" ZrlO (x: 4, 107 20, 30, 40) F€90—y CD’ ZrlO(y: 07 47 7’ 139 16)(

: 1996- 10- 03, : 1997- 01- 30



706

20
AV B ) 9 [64
77K A B , A B
Y Hesse
, , 1 0.9 1.2 ,
0. Imol/L.  NaOH , 60m A /cm?
2
2.1
1 a— Feo-x Cor Zro (x = 4, 10, 20, 30) Feso Zri0
P(Huw); 2 0.4T a- Few-xCor Zrio(x= 4, 10,20) ( Er)
P(Hw); 3 77K a- Feswo- «
Cor Zno(x= 4,10,20) a- Feo-y Cy Zro (y= 0, { 1 Bre
4,7,13,16) P(Hw); 4 60min . His
a— Feo-x CorZno (x = 4, 10, 20) a— Fewoy - B
Co Zro (y= 0,4, 7, 13) ( H H) .
% M.
P( H ) a— Fesex Zrie-x —
B p H
A
B X / \
\ o B« Hy
WL s P £ K
"A / 2 yJ/\
& (% 5= A
| A l”‘- £ A;‘ ~ n He
E n EJ\I . ’,l
X u){/\}\ = AN )
| Am - Awo . Hio
I m
mJ \A
&N
1/\Aw Ax NS Ha
A
0 16.0 32.0 0 16.0 320
0 160 320 0 16.0 32.0 HwiT HufT
Hi(T HwfT B3 77K Fa-Yew . M4 j;}Z*;]G(Omin}SS;O)
1 Y 2 M 04TF CoxZrio(x =4,10,20)f1a- Feg-+CozZrio(x = 4,10,
P Cotn (=4, e “cfﬁz%j?(ﬁz e Fo Cralirn (=0T, (HIM o g
10,20,30)#1 FesoZrio e £ ﬁﬁg@w*gim; ﬁl#ﬁpz;) 13,16)f0 kRS 40 475} 7 (y=A0,4,7£,1:i) g{;m%)ﬁ
B0 R A157 15 P ) e A a X mareen b

Fig.2 P(Hy) curves of
a—-Few -Co:Zrw (x =4,
10,20) (Ex) under 0.4T
external magnetic field

Fig.1 Hyperfine field
distributions P(Hys) of
a—Feg-rCoxZriy (x =4,
10,20,30) and FegZrio
alloys at RT

’ Kaul

Fig.3 P(H) curves of
a—Feg-.CosZrio (x =4,
10,20) and a-Feo-,Cry
Zro (y=0,4,7,13,16)
alloys at 77K

Fig4 P(Hy) curves of
the hydrided a-Fego-x
Co:Zrio(x = 4,10,20)(Hz)
and a—Feo-,CryZrio
(y=0,4,7,13) (H}) at RT
(hydrided time = 60min)



12 Fe= (Co,Cr)~ Zr 707
P( Hw)~ Hu, P( Hw)
, Lerch ner el > T
a— Fewo-y Cry Zro(y= 0,4, 7,13, 16) el , Hesse
, (-4 ),
P ( Hur), , a— Feo-xCorZrio (x= 4, 10, 20)
a— Feoo-» Cp Zno (y= 0,4, 713, 16) P( Hi) \ i
a— Feo-x Coc Zro (x= 4,10,20) a— Fewo-yCr Zro(y= 0,4) 1L,
,a— Feo-y CoZro(y= 0,4,7,13,16)(B)
’ . [.1I
B 1.1 [19] B D o1
W= -0.00- - 0. 10mm /s,A1 == 0. 40mm /s, I W= -
017 - 029mm/s,&n= 0.32mm/s [ 11 Fe , Te
Fe 5 a— Feo-x Cor Zro (x= 4, 10, 20, 30)
a= Feo , Cy Zro(y= 0, 4, 7, 13, 16) . 77K | I | )
1o
100
I 08|
80
60 06 |
8 ©
& 04 b
40
. \\
20| ’L\r o vir
"%o '\"A\‘\ 0 1 1 I 1 !
07.6 7!8 sfo‘7 - sl.j\.qzi_ 76 T8 80 82 84
a
a

B5 Adx=4,10,20,30)F1 By(y=0,4,7,13,16) % 3]
BL2EZERTTK FRMRS HTIERN Az, T4

(3t IR T BIBy) RP(Hn)~ Huyfrtg 1. 1. TEY
HWARE 7 e ry 24k
orv Eiff, +XDO 77K

Fig.5 The  dependences of  intensity

percentages of peak 1 ,II and T in P(Hxnp)
curves and quadrupole splitting subspectra of
B, (at RT) on a (the average outer electron
concentration of the 3d TM atoms) for series
of A: (x=4,10,20,30) and B, (y=0,4,7,13,16)
alloys
oav At RT, + X0 At 77K

[ Co

a

,P(I{hf)

[ (77K

)

E6 IR BAMBRIEG EEEL TTK. BR
60minf5 SPfial) L X HR
® =i, 477K, + t=60min
Fig.6 The dependence of & values of A and B,
alloys on a
® At RT, A At 77K, + With ¢t =60min

B ) P(Hw)( 12
[ .1, III (Risisy)  3d
a
Yo— %o. 5 , A
30 100% ; B ,
a= 7.9- 8.1

B



708 20
, Invar 5 a— Fe(Co, Cr)- Zr
) I.10 .
6 A B . 77K 60min W a
, W Yo - & , W [20]
_ fo ( Hhi— T‘Ihf)ZP(th)dth]l/z
W o/t I'o P( Hi) Hitd His (1)
,O  P(Hit)~ Hnf 7
Ly , PR
( ), W 1 W i
. 6 > Feso-x Cor Zno (x=
30, 40) W ) 0.10- 0. 15 ) a— Feso- x Cor Zro (x < 30) ,
Co W > ; a— Feso-y Crx Zno ,
TIK Cr W , :
6 a 7.9- 81 R Invar
Invar (2211
(T ). ;
2( 5) 3( 4) ) ] [ 14,22]
cos’J= (4 A) I(4 A) (2)
] v D
s 7 . [22]
Po(D)
PO(D):JP(Q,()COSZJ dK (3)
P (0,H) .7
. ; cosJ = cos(D,M)="TU (4)
&7 %1&%@%%&7‘?@ T U D M ’ (2- (4) .
Xﬁﬂl?ﬁ?ﬁ%i’:%ffﬁl- ZHEHET
Fig7 M ?ﬁ%% in polar Po(D)= (4 A) /(4 A)ZZI,UQH 2Dy
B eutar o, the bhor's + Ul T (5)
plane. and X axis alon_g the Pi:J P(@ ,qaisz(@; P 1)
direction of long axis ’ 6)
Di=J P0,0aqadK (- 1/2 D< 1/2)
(6) . P i(x,y,2) ; D
23]
P(0,0= qo+ atcos 0+ @sin 0cos2@ @ sin20sin O
+ a+sin20cos 3 gssin 0sin20 (7)
(7) ao— @ ,a3— ds , (6) (7 ,
Px= 4. 180+ 0. 84a+ 1. 68a2 Dx= 1. 68a3
Pr= 4 180+ 0. 84— 1. 68 Dy= 1. 68a4 (8)

Pz= 4. 180+ 2 Sla:

Dz= 1. 68as



12 : Fe— (Co,Cr)— Zr

709
_ XO0Y S
q 2(:
sor (=101 inb cos(O- B) PO, sin0d0d O
= (2a0+ 0 50+ 0.5 cos (2a+ 0. 31— 0 52) € sin O (9)
O x s .S (0)= Se. S0 (90)= s :
c/2 . .
So=) "l cos 01 P(0,0sin0d0d = 20t 0. 75 (10)
R= (St+ S7)'"” /S (11)
>R .
Feso Coso Zrrio ( Aso ) Fess Coa Zmo ( As) l1h  Fess CoaZrio ( He)
. LD X0Y, Ao 2
X .z .D xXoz z 45,
A (5-(11) , P S oasar a2,
. 1 As A P S(i= X.,Y.Z) 2
a av a2 P(0,0 8 .
1 A30 A4 H4 A() Al\ P,' S(i: X,Y,Z)
Table 1 40 A+ P: andSi(i= X,Y.Z) values for three samples
Ao A1 Px Py Py Sx Sy Sz R
Sample
An 2.9t 0.05 1.95 0.04 053 0.01 0.3F 0.01 0. 158 0.008 0. 69 0.04 0.48F 0.04 0.46+ 0.02 1.8-0.2
A 2605 0.05 1955 0.04 0.48F 0.01 0.3 0.01 0.212 0.008 0. 64 0.04 0.48F 0.04 0.47+ 0.02 1. 7-0.2
He  3.2600.05 208 0.04 0.525 0.0l 0.37+ 0.01 0. 11t 0.004 0. 67 0.04 0.53 0.04 0.45- 0.02 1.90.2
2 Ao Ar Hy a0ala2 PO}
Table 2 ao.a1,a2 andP (0.9 ) for three samples
Sample aop aj) as P(0.9
Aso 0. 13F 0. 01 - 0.1650.01 0. 066 0. 009 0. 13— 0. 160520+ 0. 066sin20 c0s2 O
Ay 0. 12 0.01 - 0.1H0.01 0. 049t 0. 009 0. 12 0. 11¢os20+ 0. 049in20 cos2 O
H, 0. 155 0.01 - 0.20+0.01 0. 046 0. 009 0. 15- 0. 20c0s20+ 0. 046sin20 cos2 O
z Y

(b)

8 Ao Av Hy
Fig. 8 The spatial moment distributions for three samples

(a) In ZOX plane, (b) In YOX plane



710 20

3
Kaul ' ] , T < T
a— Fe- (Co, Cr) — Zr 9
r ' | (3DFM ) (FSC)
' f 3})FMf t . 3DFM  FSC

,E= - DcosO,D .0 3DFM

AN \\f J FSC . 3DFM
SN N . FsC :
‘ ".’ \ \\\ [11]

'( ‘\\\ FSC " \ :; 1 Ryan Bethe— Slater
IV N 4 3 ( Fe- Fe Fe- Co Fe
\\ .\ “l ,/’ f -G ) J

' ' N t t r, r

\\\ F;.\-”:\ \’l: ) ) ?
Py o

FSC .
(1) 1 25 , a— Feoo-
9 T<T. a- Fe- (Co, Cr) -Zr CoeZro (x= 0, 4, 10, 20, 30, 40), x= 30, 40 ,
s 5 X
Fg. 9Schema}ic diagram of the i FSC ( i , ) , d
electron spin structure of
a Fe— (Co, Cr) - Zralloys at T < T. ’ ° ’
1II X
77K P (Hx) ~ Hw, , a— Feo-x Cor Zro (x= 10, 20) II
, | Hhi , I ; a— Fevw-x Cox Zrio (x=
4) I , Kaul ' Fevo Zrio
) T<T Invar e
) r B )
3DFM , FSC ,
II . Invar a— Feo-xCoZro (x= 10, 20)
I II. (2) TInar a— Fess Crs Zrio II
, 5 . a— Fesw-,Cr Zro (y= 7, 13, 16), 1
( ) , Cr ,
Cr , II . (3) a— Fevso-y
Co Zrio (y= 0, 4, 7, 13, 16) (T. < ), (
3 ) . J(r) . 3 .
P( Hu) , . a— Fewo x Cor Zro
(x= 4, 10, 20) ) Fess Co4 Zr10 , ) Invar

, [ I , 1 | . x= 10 x= 20



12 : Fe= (Co.Cr)= Zr 711
, II . 3DFM
; FSC  ( FSC )
), J (r) , Fe ( Co)
( B C) FSC , II
I . (4 4 , a— Fess Cos Zrio, , 1
I, (
A 3.80), 3DFM , 6 ;
) Invar (251
3DFM , . R a— Feoo- »
Cor Zmo (x= 10, 20) II , . ,
H , o , Co
FSC , FSC ,
3DFM . (5 8 1 ,
, (X ) Fess Co4 Zr1o
Pz Py 0212 0 31, 9 3DFM Px , Py
Pz FSC o 3DFM FSC )
3DFM FSC () 90 . ,
a— Fe- TM- Zr(TM 3d
) ol a— FeoZrio ™ a— Fes-x Cox Zro
90 7]
90 : .
1 Hiroyoshi H, Fukamichi K. J Appl Phys, 1982; 53 2226
2 Shirakawa K. Ohnuma S, Nose M, et al IEEE Trans Magn, 1980; 16 910
3 Yamamoto H, Yamauchi H J Magn Magn Mater, 1983; 31- 34 1579
4 Kaul S N, Phys Rev B, 1983 27 6923
5 Shen Baogen, Xu Rufeng, Zhao Jiangao, ef al. Phys Rev B, 1991; 4% 11005
6 , 1989; 38 1698
7 s . , 1990; 39 1842
8 Huang Zhigao. Mossbauer study of magneties properties and structure of amorphous Fe— (Co, Cr) — Zr

alloys- Jon J Appl Phys (in press)

9 Saito N, Hiroyoshi H, Fukamichi K, et al. ] Phys F M etal Phys,

10 Kaul SN. J Phys Condens Mater, 1991; 3 4027
11 Ryan D H, Coey J M D, Batalla E, et al. Phys Rev B,

1986; 16 911

1987; 35 8630

12 Vincze 1, Kaptas D, Kemny T.- ef al- Phys Rev Lett, 1994 73 496

13 Kaul SN, Siruguri V, Chandra G. Phys Rev B,

14 Saegusa N, Morrish A H. Phys Rey B, 1982; 26 19

1992; 45

12343



712 20

15 Melamud M, Swartzendruber L J, Bennett L H, e al. Appl Phys, 1987, 61 3644
16 Metasiri T, Tang I M. Physica, 1985 133B 37

17 Tto A, Torikai E, Morimoto S, et al- Jpn J Appl Phys, 1981; 20 797

18 Lerchner H, Rosenberger M, Hyp Inter, 1988; 39 51

19 Michaelsen C. J Phys F, 1986; 16 109

20 Tsuei CC, Lilienthal H. Phys Rev B, 1976; 13 4889

21 Lu Zhichao, Ze Xianyu, Li Jizhou, efal- Chin Phys Lett, 1995 12 30

22 , , . , 1985 At 44

23 Huang 7Zhigao. Hyp Inter, 199L 69 553

24 Kaneyoshi T. Amorphous Magnetism. CRC Press, Roca Baton, 1984

25 . Fe- (Co, Cr) — Zr . s , 1997
26 Fert A, Grunberg P, Banthelemy A, ef al. ] Magn Magn Mater, 1995; 140- 144 1

The M(').ssbauer studies of moment distributions and electron
structure for amorphous Fe- (Co, Cr) — Zr alloys

Huang Zhigao
(Fu jian Normal University, Fuzhou 350007)

) Abstract

The Mossbauer spectra and hyperfine filed distributions P ( Hwt) = Hi of as quenched and hy—
drided amorphous Feyp y Cox Zriox= 4, 10, 20, 30, 40) and Feg(yyCry Zry (y= 0, 4, 7, 13, 16) alloys were
measured at room temperature, 77K and in an applied magnetic filed. The experimental results reveal that
(1) the P (Hir) curves of Feso- x Crx Zno (x= 30, 40) are single and narrow, which means that they are strong
ferromagnets, while the P (Hir) curves of Feo- x Cox Zno (x= 4, 10, 20) and Feo- ), CryZno (y= 0, 4, 7,
13, 16) comprise two or three Gaussian distibutions, and the low — filed spin (moment) fractions vary with
Co (Cr) content, temperature , applied magnetic filed and h ydrogenation; and anomalous behavior exists in
Co— poor Fe= (Co, Cr)~ Zr alloys,indicating the magnetic inhomogeneity and Invar character; ( 2) the degree
of disorder of spins for Fe— ( Co, Cr) — Zralloys increases with decreasing Co content and increasing Cr con—
tent; (3) the moment distributions of Fey_  CoxZry (x= 4, 10, 20, 30, 40) are preferential at the direction
of the films length. A“3DFM+ FS FSC” model containing density inhomogeneity provides a satisfactory ex—

planation for the present results.

Key words Amorphous alloy, Moment distribution, M ossbauer spectra



