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Summary

The crystal structure and magnetic properties of the Ni;_ Cd,FeAlQ, (0<x<1) have been investigated
by means of X-ray diffractometry and Massbauer spectroscopy. The samples(0<x<1) have been
prepared by the ceramic sintering method. The X-ray diffraction pattern shows that the crystal struc-
ture of the samples is of a cubic spinel type. The lattice constant has been found by extrapolation using
the Nelson-Riley function and it increases slightly from 8.3209A to 8.6183A with Cd concentration. M&
ssbauer spectra of Ni;_,Cd FeAlO, have been taken at 80K and 300K. The Massbauer spectra for x<0.3
show a superposition of two sextets and a paramagnetic doublet at room temperature, a relaxation
behavior for 0.6<x<0.8, and a paramagnetic quadrupole doublet for x>0.9. The cation distribution for
x=0 is determined to (Fey ;5Aly 55)A(NiFey 5cAly 76)30, with the help of peak intensities. The
superparamagnetic doublet for x<0.3 seems to be due to the superparamagnetic clustering effect.

Aoz 2 #e4e MO-Fe,0, (M=Ni¥, Co™,

Mn*, Cu™, Mg, Fe¥, Zn*, Cd") ez Z¥sn

A = tetrahedral site (A-site) 9} octahedral site (B-site)

7t FE3& spinel =& o]z gt} (Verwey

Spinel ferrite: space group Fd 3m(0,")od 43}  and Heilmann 1947, Verwey$ 1947) ola| ¥ cubic
+ cubic FZ§F olFxn . o|a]¥ ferrite2) spinel ¥=+ inverse spinel®} normal spinel2 3
Bravais Azl w4 ¥ 7x2 Holgxn @l ¥ olo] wal a7 A Yo] cha vepde
cellell = 871 9] ferrite #2171 &R sjv] 2zte] £} & ferrite8] 2+ 3<% o] -2 Mo] Zne|} Cdel 3
708 o]2 oz F4s|eixn delA @4 cellel P& normal spinel F=§ 94 #o) 444 & v
€ % 5679 o]Zo] FEAgcl (Culity 1972, Bile W, Znd CdE A9y o} & 24 0|25
Goldman 19%0, Henry 5 1969, Standly 1972) Y4t  inverse spinel +2§ HA4%n 273448 Jehul

* Aledz g8 gl 43 (Dept. of Physics, Cheju Univ. Cheju-do, 690-756, Korea)
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t}. (West 1984) “ol2}3e & F79 2+ §4 o2
22 F44 ferrite sl At 71E4 4 A+ @
o] o]F o= gtt}. (Kirsch 1974, WoudeF 1968)
2+ Z4 o]2o] T FF ol EY=A e A5 2

4 ol29 52 7 siteol| Ao FE Aol o
2} ferrite2] 4 Aol qiztslAl Hichs Ao} ote
A F YUY ferritecl] NG A7t F&3] AA o
%} (Igarashi§ 1977, Baldha 1984) 53| Ni-Zn,
Mn-Znz} 72 E#3 ferritee] Mdssbauer spec-
trum 77} Ya HAgsio] 2748 F& o] 2 Ni
¢} Zn £+ Mn3} Zno| E¥ulo] wE =73 43
o] Wglo} gt =A}st o] FojH Yt = Zn, CdF
ol 239 YA ferrited] 27]1A A ef ¢ &
g ojHhe Aol Al olo] Ayt x17)
Fz7} walxln gl (Srivastava g 1976, AlievE
1983)

ol2} tj¥o| ATl Fe o] th4l ohg w|=4
o] o] x| ¥ ferrite] AAo] i dF71 Y3l
Agsja 9lct (Osbornes 1984) &Y spinel 7
29 ferrites] Ala} L w4y o] &€ Hrlsld
ferrite2}] magnetic moment¥ 74 3}x]=t
frequency responsev t] ¥-& Jdog Frla=ul
ol Wifel ] ¥ FF HYQels A% sl
tranformer5-2| §8&°| o83 4 Slch

Maxwell 5 (1953) & NiFe, ,Al0, (0<x<2) ferrite
ol A x7} F7hgtel o} unit cello] 4y Aoz G4
sl 3¢ BAsAn, Al o]-2o] Al octahedral
site2 o] E3}o] total magnetization€ 4]t
2% ul 9lew Kulshreshtha(1986) & NiFeAlO,
ferriteo) gt Mossbauer AT ZHE AF2ol4]
magnetic interaction®} <ts}ol| 2% broad{l sextet
2} #4 superparamagnetic Fe®o]2o} 2|t 2719
peak’}t FE¥cka v asigict

22|} spinel ferriteo] Al7} g vlal4 o] 2§
Ak Y ferriteo] Y AFE AFY AAel
t}, ojol ¥ AFoxE Ni-Cd ferrite® Nij_
Cd,FeAlO, 2} Fx4 o238l Nigt Cde] =4v] x
& 0.0014 e 1.07= 0.170A o2 ¥
ceramic sintering 22 A 23t X-ray 3 PAE
Ao A EAsle] AlRe Tz xgol o9& AA
4o WEg =AY 80K} 300K L=l Mo

ssbauer spectrumg 2331}
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£ Ay AE o] F Aldrich4l2) Fe,0,(99%) & <
£ JunseiAle] &2 AlO,, NiO, d¥ Yakurit}
9] CdO(99%) & *H83led 3719] FeF 3shr} Al2
A ® Ni-Cd ferrite & HEslch 2&e =4vie
Fz=4 Ni;_,Cd,FeAlOol A x& 0l 4} 1742] 0.1 3¢
Aoz Hakiizlon, 7 Aok digital ¥ E A4
gtel 10°g74A A A Hgsigich F3g 2gE
< oAt b g ol g slo] EsiF o, AYEe E
Yo] A o]FolA =& 3}7]§13) ethylalcohol €& #H 7t
sgich Alofol 5 EYE & EUY AUdE A

o 7=z4)A ethylalcohol® MAzIct &€ 4

BEEL &3] =& vasty] sl ¥ 4
712 5000 psi®] ¥ o2 2 2lm, ¥ 5m =
2] pellet YAz =glEn, dPe S Adz2
cruciblesl] o} siliconit& YdM2 £ muffle
furnace Woll 4 371 {91712 £33z CdO9
Fd 2=7 700C K207 A Eol YT FAs £
AL=F €A s)d CdO7} ub-go] doju}r] Aol
Fu¢y 87 Q17 W Fol 600CAA 8417 Ft 1
al adsida, 24 ARG %A APgE ol &3l o
F 4129 pelleta} Fdof 2@ Alu& 242 £ 4
¥l & Yo, crucibleoi] o} 1150TCo) Al 2441 7F 21}
473% ¥ AAPAzich. 27l pellets} $4=2
A2 5 shx) 9 ferrited vlmy Ao 5 A2 M-
tssbauer spectrumo] 5 Fe,0.of 2g 29 &4
Aol velubA] ¢gn E9 ¢ spinele] 39 Fr4d&
ylond o2 8e &7 AE e §U7Iel o WP
& o] Alefe] Hhgoll 2tha] Hodsia] gt AL U
T At £74% ferrite& powder2 ghEo] X-
ray 344 &4 4 A5z A3z, ferrite
powder2} Boron Nitride (Merck A}) powder& &%
Bled A 21 A 19 disk § o2 4 Ysled M-
ossbaver FoM2 ALE3iHct. o] Aol iy
block diagram$ Fig. 1ol vtepuigich

2729 A8 EY X-ray A AL Jeolrle X-ray
diffractometer (CuKa) & A}-§3le St eoz &4
39l 2 Mossbauer spectrum-g AustinAle] 574 =
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Block diagram of the experimental
procedure.

Fig. 1.
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(311)

X=0.0
440)
(2200} (400) (512)40
22
(111) 1 l Lw
.___A__.J,J_ et e
X=0.2
4
Mﬁ_sbwmﬁ
X=0.4
| \
e )Ll -_ﬁ___,ﬁ_j‘._ b ]
X=0.6
-‘-‘—-M-v—AJ f— L—v-—-‘L—o—-.J -L—.Amm
X=0.8
—_......_..MJUM..._‘A.A.J_.AJ\.N,.-

X=10

o 20 40 60 80
20

Fig.2. The X-ray diffraction patterns of Ni,_
«Cd,FeAl0, (x=0, 0.2, 0.4, 0.5, 0.8,

1) at 300K.

u}s}7to] NiFeAlO, (x=0)o} oi#| Nelson-Riley 9|
AUsE olg3ld AUY AxdsEF T2
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Fig.3. Extrapolation of measured lattice

constants for NiFeAIO, (x=0).

Fod
%

LATTICE CONSTANT (A)
o0
oA

{

»
bl

8 T T T T
0 0.2 0.4 0.6 0.8 1

X

Fig.4. The lattice constant of Ni,_,Cd,FeAlO,
as a function of x.

Aol x=12 A&+ 8.6189A NiFeAlO,o] 7%
NiFe,0,8] A} 443t 8.339A 8} NiAL,O,2] A=}
A3t 8.048A 2 FAof #Bsle] olE2 ¥

NiFe,O.0l ¥t 3tuct 2tg sloz wo} o] uiy
o] 242 Al o]-29} site ¥ Xof o2 oo 249
o). o| & CdFe,0,9 2=} 443k 8.6996 Al v]3j
22 A4 € 7HA € CdFeAlO2] A $olMx
e 348 ¥ £ Sl
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g2 AzRAss d¥Aez Zise e P
Muthukumarasamy (1981) §o] =} 43} 3 ¢
A3l, o]Z2 Ni-Zno|y Fe-Zn §3} e £¢3
ferriteel 4] Ni2} Zno] 29| ¥ 51} Fes} Znoj 2] ¥
Eof g Azt wistel B Aok =3 7 3
A peake] 91| 207} x3ko] FrHel we} P2
T M2 Nip_,Cd,FeAlO,oA 4 Ni(0.69A) 2.t} o]
2+ wbo] & Cd(0.97A) 7} NithAl chA o) o}a}
"9 celle] ¥3)7} F}slr] o ot}

Yt o2 spinel Fzol4} Cdr} Nicf4l x5
o} wa} Cd A-site (tetrahedral site)of] EA|s}e
Feo] 2§ B-site (octahedral site) & =ojjz A-
sited A3 Cd7} A4 F7isled Nivl 25 Cd
2 A=y A-siteoll & Cdgl @Al =)z B-siteo =
Feul EAsAl sl Aoz ¢eix 9o 28 x
7F 04 A1 Bl A 28 x7} (.49 Al EAA G 7] &7
7} ©}& 2-& Alo] Fe ¥t} octahedral site®] 4&
=7} Zsted Nij,CdFeO,9] Tx4]2 vlas ¥ o
25% A = ‘FolglE tetrahedral site2] Al o] &0] Cd
o] ch4l A F3lA ol iz} Cd o] &3 Al o]29)
W ol Asle] Cd o] 2 2} YA 2L o] 2 ul
7€ 713 tetrahedral siteol gl Alo]-2of o4 o
goz 474G £ glon, Ao z=4vle) oz}
%4 Mossbauer spectrumed 4 Zole} et
doubleto] glolAl+ x3te) ¥7147 2 Uxsa 9
& ¢ £+ 3t

Ni,,Cd,FeAlO, ferrites] xgtol =& 80K} 4-&
(300K) o} 4] o Massbauer spectrum-& Fig. 5~Fig. 6
of BQlulg} o}

x7} 021 X189 Mossbauer spectrum-& 9j@oz
£ FH9¥ 4+ 9v 5§ 29 magnetic hyperfine
splittingol /¢ % F44¢ debdich 300K A
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Fig.5. a) The Massbauer spectra of Ni,_

,Cd,FeAlO, (x=0, 0.1, 0.2, 0.3,
0.4, 0.5) at 80K.
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The Massbauer spectra of Ni,_
«Ld,FeAlO, (x=0.6, 0.7, 0.8,

0.8, 1.0) at 80K.

tetrahedral siteoll }¥-slo] Z} siteok oj ¢ 3% &
Mol FAHH Aoz x7} 0.6% AE74A el
2 UEE o 5 U olAL xgte] Folol ) Ni
o] &e] Cd o222 A#sivizte x7} 0.6 ol
Age 2A7H 4o E3A4E Uehr] &)
et x7b 0.7, 0.8¢ Algoll4e 242} €A44E RolA
sled &3 ferriteod 4 Mbossbauer spectrume]
23t ¥4 Ni-Zn, Cu-Zn, Mn-Zn, Mg-Zn, Ni-
Cd5 2] ferritec] 4] olof al&dx Q& Ap4lelct
x7t 090 Al8el4 0.3 A27AA FYdof Yepd
doublet& superparamagnetic E3jo§ 2§ Zo|of
superparamagnetic relaxation ¥At3} fAbsic}, &
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Fig.6. & The Mossbauer spectra of Nij_

LCd,FeAlO, (x=0, 0.1, 0.2, 0.3,
0.4, 0.5) at 300K
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tronic relaxation effecto] oJ% Hoz #43x Q)
o} bulk Adef2] §4of4 relaxation def§ bl
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2] AxoN 45R 4 Uckn dgic) Yy es
Mossbauer spectracl4] Fool el quad-
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Fig.6. b) The Méssbauer spectra of Ni,_

LCdFeAl0, (x=0.6, 0.7, 0.8,
9. 1.0) at 300K.
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NiHCleeAIO.-QI T ¥4 9 Mossbauer 3}

tering& °}7]4]1717] wl Fol doldcin sigict of
¥ ¥#5 € o] cluster+ superparamagnetic &3}
of oj¢ Hes § 4 onf o]AL cluster sizeol
gzt £ AdYAAd4E non-magnetic iongl
Ale} £0] Feol2 oj4l x#5]e] short range order
& olfFozd A7 Yol A&slo] y4d
superparamagnetic clustering L 3}oj Z]lél+& A
o2 4% 4 Uct domain wall oscillation E =}
X Mossbauer spectrumol]l 4] Fotoll quadrupole
splittingell 2| ¥t peak# vebdcl £ ol2{ F#HF
AL x71 0,291 Al87AR] ZH4sle] x71 0.3 A&
ol 4+ A2 Abebal et octahedral site® HE 3
Alo] &o] tetrahedral siteoll 4} octahedral site® o}
Fala Avle d4dezsa ooz iE
superparamagnetic &Zajof] ¥ FHYFFHL
tetrahedral siteol] 9l Alo] el 2|% Hos 3§44
¥ + oy X-ray A3 ¥4 A g
xg@tol 0.9 o)Al A} 8§29 Méssbauer spectrum
<€ quadrupole splittinge] ¢ 39 F+4& et
Wed, o] AL x71 0.901 4] AwoAe AA4E
dA H& o 4+ Ut = o]AL Ni_ ,Cd,Fe,0,9

VYA ferritee] =AJulo} & 2i2} EI}9} v)a
8 & wl x7} & A2l Ho] WAke] Yehdg &
+ Qlen Al o] 29 site £¥o) W& tetrahedral
site?} octahedral site2] Fe ool th¥ uje} ®A|7}
A Aoz A4Yg 4+ U

2 AYoid %49 Ni,CdFeAlO ol thg Ms
ssbauer spectrum- 0<<0.3¢] 2|89 7% 80Koj
A A-siteg} B-site2 7Zte}lal spectrume] 4} A-site
s} B-sites] #FE 4+ AAulF Fijo] F& ol
FHZo] Ay T4 AAFYR 0.4<X<1.0% A&
€ Ni;,Cd, Fe,0,f i@ F=4] (CdFe_ JA(Ni,.
e+ )B0F # A Aldsigicy. computer A4 3
22 8¢ 7% center shift gt, quadrupole splitting
gk, magnetic hyperfine field % line width® Table
1ol tebd wie} el

80K A &A%t Méssbauer spectrume 2 8-g| x
ol «B 7} siteo]4]2] center shift(C.S)gte
Fig. 7ol 4 2.1 ule} o] (. 3081xa/secell 4] 0. 5803
m/sec Atolell EA|&le] xgte] Frlo) wal ozt
F7bsle 7Z3%E Ho|nA quadrupole splittingol
Ay FHErHde] Usly x=0.9, 100142 3t

Table 1. The Mossbauer parameters of Ni, ,Cd,FeAlO, at 300K.

C.S. (m/sec) Q. S. (xa/sec) Hy (kOe)
super— super- I (mn/sec)
X B-site A-site | parama | B-site A-site | parama | B-site A-site

gnetic gnetic
0.0 0.3641 | 0.3046 | 0.3523 | 0.3641 } -0.0219 | 0.5862 | 527.751 | 492.597 0.2670
0.1 0.3866 | 0.3420 | 0.3234 | 0.3866 | 0.0063 | 0.5992 | 523.500 | 490. 156 0. 3509
0.2 0.4011 | 0.2743 | 0.3348 | 0.4011 | 0.0292 | 0.6238 | 517.808 | 482.521 0. 4688
0.3 0.3430 | 0.2775 - -0.031 | 0.0133 - 485.610 | 456. 137 0. 7555
0.4 | 0.2866 | 0.2752 - —0.010 | -0.0435 - 433.932 | 385.023 0. 9435
0.5 - - - - - - - - -
0.6 - - - - - - - - -
0.7 - - - - - - - - -
0.8 - - - 0. 9025 - - - - -
0.9 0. 5575 - - 0.8934 - - - - 0.2972
1.0 0. 5662 - - 0. 8904 - - - - 0.2290
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Fig.7. The center shift of Ni;_Cd,FeAlO, as a
function of x at 80K.
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Fig.8. The center shift of Nij_,Cd,FeAlO, as a
function of x at 300K.
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site®] center shift gt B} a0] o] 7L octahedral
siteof A1 &} Fe-02] 7% Ael7} tetrahedral site 2
o} Z7] al §oit}. & octahedral sites] Fe-02] A
g A2l7} tetrahedral site 2t} 27| wjEolc}, =
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Ni,_,Cd,FeAlO, 2] quadrupole splitting (Q.S) g}
< 80Kel M & x7} 0.8 o] 32 A18Ql H$, 424
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Fig.9. The quadrupole splitting of Ni._ Fig. 11. The Magnetic hyperfine field of Ni,_
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