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SUMMARY

The crystal structure and magnetic properties of NixMgi-xFe:04(0<x=1.0)
have been investigated by X-ray diffractometer and Méssbauer spectroscopy. The
samples(0<x=<1.0) have been prepared with an interval of 0.2. The samples are
fired in air atomosphere for 10 hours at 1100°C by the ceramic sintering method.

The X-ray diffraction pattern shows that the crystal structure of the
samples is a single phase cubic spinel type. The lattice constant has been found
by extrapolation using the Nelson-Riley function and it decreases slightly from
8.3357A to 8.3750A with the addition Ni concentration. |

Mossbauer spectra of NixMgi-«FeyO4 have been taken at both 20K and
300K. Mossbauer spectra show a superposition of two sextets and their intensity
decrease with the addition of Ni concentration. Isomer shifts are distributed
between 0.2569mm/sec and 0.3564mm/sec indicating exsistence of Fe* jons and
show very little change with the addition of Ni concentration, Quadrupole
splittings are distributed in the range of -0.0108mm/sec and 0.0478mm/sec and
show very little change with the addition of Ni concentration. This means no
influence by oxygen parameter, because the oxygen parameter values of MgFexQOq
and NiFe:Q4 are the same. Magnetic hyperfine fields(Hy) are distributed in the
range of 470.155k0e and 557.702kOe. Magnetic hyperfine field of NixMgi-xFez0s (0
<x=1.0) increase with the addition of Ni concentration.

The Curie temperature exists between 675K and 875K and increase with

the addition of Ni concentration, respectively.
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1. Mosshauer effect
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2. Isomer shift
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Fig. 2-1 Origin of isomer shift
(a) Electric monopole shifts nuclear energy levels without lifting the
degeneracy

(b) Mossbauer spectrum of 1somer shift



3. Second order Doppler shift
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4. Quadrupole splitting.
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5. Magnetic hyperfine splitting
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Fig. 2-2. Quadrupole splitting for a nucleus with spin 1=3/2 in exited state(*'Fe).
(a) 1=3/2 level is split into two sublevels by electric quadrupole interaction.

(b) Mossbauer spectrum of quadrupole splitting.
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(a) The nuclear energy levels by magnetic hyperfine splitting.
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RAW MATERIAL NiO, MgO, Fe:O3

WEIGHING

ETHYLALCOHOL

MIXING

DRYING
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X-RAY TEST

PRESSING

MOSSBAUER EFFECT TEST

Fig. 3-1. Block diagram of the experimental procedure
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AE 7§ motord F7tEE &F o4& AL Dopplerd s &E&A A
€ AHE3tY A d Y FHEFAH YA dE FAE=E AH FAAAG 97
M 99 He-Ne 7)4 wlolAolN v W2 Frhe ZaFoe= FAE ALY
(beam splitter)oll 93 #2]=o) z+z 14 A &(stationary mirror)® 7 A ¥o] 23zt
¥ ol FAL&(moving mirror)2 AP F wALH o ThA] FHEEVE T8
45° 71&d 2o FHEVIZ YAEE W A7 FriFez WEA €. R E
A g AHE 2338 personal AHFE A F+AAlA Doppler =& TslA ®c}.
Fig. 3-32 Mossbaver £% 24¥& 9% AL Ax9 AFzE veld FHolrh A
€ A= APDEAL AELZ CS-202 displexol DMX-20 Mossbauer % -&shroudE
A¢Y 2R He gas® <HAIE 4EFT719Zo 98 FFHolAd AF
shroudi &) gas A& L @7l ojste] NEFE 2EE FojmgA Ay oy
o} ¥-o] Batdg Adstr] A3te] radiation shield7b AMEHAY, AFee =5 w
AHE JAFe 2237 A8 CS-202 displex®t 2F shroud Alole] §3& &
F AEe 938 IAF5uY FEFo] £FHAYUY. 181 expanderZFE WNEF
d FEEE Fal MBd dEse AFel #4313 AAHA Reog 4%H AT
(A1 820cm, ¥o] 150cm)? HIHFA5cm, Wel25em, Zoll65em)2E A FREL
expanderst 4AA ARE AEHE JNFE BAPo2N AFSE Ha5s4d.

al
1A
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Fig. 3-2. Block diagram M#dssbauer spectrometer system
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a oo FH@AA F AFEE Fo)7) ¥ FEAEAE HAFPeH, nPAE
#Fetgatel nAANFLEZN AFE g EF N5 w@E SoldA
F FANe y AL HE7I9e 53 JHE /A Astq ZEHE AHEEIA A
28 AR dewar vessel AR EuWolE AFor RASFUT ALFA
9 £x 2A7|E 22 A AFY ADP-FE AHEdgon AHg2599E 20K9)
A 400K7AR o)t} o] W LEZA 7R E &% A7) o glE silicon dioded o
4 &FAsATh

3. 49

AzE 24 Age FHEAL A7) A8 o)&8F XMUL CuKe (15425A)0]¢}
X4 A4 24L& 209 E971 100 ~ 90° Alo]ellq AAEHon, 234 i
E9 HHE 20mA, 7H5 HgL 30kVeldn XA 9 scan speed 0.01%/80.2 3}
At

A &o] o] Mossbauer =2HEH L dewarle] F2]2 ¥ sample holderd] A&
g 45aM 2AANLFE AFFAE AL48 10 °Torr7bAl w71 A7 F &A43 40

Mossbauer ~2HEHES FA8dq y HY4d HF7]4tele] AZE 120mmE fA
3t 2 Doppleré =& *16mm/sec 7} H =& FAsrh
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V. A% 2L =e)

L X-4 344

E dgdM A NiMgiFeOd X-4 3" A& 4LolA FA48 29 =
E AsE A% 72E 2T spinel ©@YAT JvEgds AL @t (Mitra F,
1979). x7F 0.0¢! AN E+ (111), (220), (311), (400), (422), (511), (440), (620), (533),
(622), (444), (73D)W & XM F&H A& delen, o MgFeOd g
JCPDS cards} wlsted A9 R4t x7F 1.091 AlEE (111), (220), (311),
(222), (400), (422), (511), (440), (620), (533), (622), (444), (642)WA ] 2T &4 A&
YEbH 2.8, NiFeO4l T # JCPDS card9t 19 dAE &4 4 AAW o8 &
33 AL Fig. 4-1°] el oem Table 12 o]o] W& parameterE WEbW Ao},
Fig. 4-191 A ‘tebstol (222)H ] o] 2 Aol xge] F7tdl whel Frkstach
a8 3 x=06, 08¢ 2% BlHANA MgFe:049 NiFeOq0 thdt 4] §7 et
Vg BAFAch d7|M FaAgdss X-4 538 Jo2RE FHold 26, d, h,
k, 1 g2 o8& Nelson-Rileyd Q442 cos’d=00] IAEE Harsyos
Adete] TaAD ol2FE T AZAGST FE 83357TA~83750A0IUT ol 2
= WHoE x=009 AR W& AAGFE T AL Fig. 4-291 =A &N ¥
gHoz 42z MgFe04®] AR 443ke 83600AFx0ld, AEE 83750AAE
2 gl A9 dAET J&2 & 5 Ut EF NiFe:00 tiaf 2R F= A
g2 83390A0) 1, o)A ¥ A¥ data x=109 A g 833B7A% & YA
A UES ¥ F AN Alex Goldman). WaHA Fig. 4-3o] vebd uhe} o] x3te

€ Az A M3 xgtol $71Ed wet d¥A ez FaAse ddHE F

At A ¢+ Uk
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Fig. 4-1. The X-ray diffraction patterns of NixMgi-xFeeOa
(x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) at 300K.
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Table 1. (a) Data of X-ray diffractometry for NixMgi «Fez04(x=0.0, 0.2, 0.4)

MgFex04 Nio2MgpsFe204 Nio4MgosFe204
20 [d(A)|I/1ol hkl | 20 |d(A)|1/1o| hkl | 26 [d(A)|I/I¢| hkl
18.30014.8439| 2 111 - - - - |18.340|4.8335| 3 111
30.14012.9626| 35 220 130.140(2.9626| 41 220 (30.180(2.9588( 40 220
35.500|2.6266| 100 | 311 |35500(2.5266( 100 | 311 |35.550(2.5232| 100 | 311
- - - - |37.140|2.4187| ' 3 222 137220124137 b5 222
43.15012.0948| 23 400 |43.170(2.0938| 25 400 (43.230|2.0911| 28 400
53.54011.7102| 12 422 (53.570|1.7093| 13 422 (53.64011.7072| 10 422
57.080|1.6122] 32 511 |57.110/1.6115| 39 511 {57.180(1.6097| 38 511
62.660|1.4814| 48 440 162.720(1.4801| 47 440 |62.810(1.4782| 41 440
71.14011.3242| 3 620 |71.15011.32401 5 620 [71.260(1.3223( 4 620
74.16011.2776| 9 533 |74.210/1.2768| 8 533 (74.310(1.2754| 9 533
75.140{1.2633| 2 622 |75.230(1.2620| 2 622 [75.35011.2603| 3 622
79.140(11.2092| 3 444 (79.180(1.2087| 3 444 (79.30011.20721 3 444
86.930/1.1197| 3 731 - - - ~ |87.140(1.1176] 3 731
L
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Table 1. (b) Data of X-ray diffractometry for NixMgi-xFe:Q4 (x=0.6, 0.8, 1.0)

NiogMgoFez04 NipaMgo2Fe204 NiFe:04

26 |d(A)|1/1o| hkl | 26 (d(A){1/Io| hkl | 26 [d(A)[1/To| hkl

18.370|14.8256| 4 111 (18.370/4.8256| 5 111 |18.380|4.8230( 4 111
30.230(2.9540 27 | 220 |30.240|2.9531| 27 | 220 |30.280|2.9493| 28 | 220
35.610{2.6191| 89 | 311 |35.630(2.5177| 92 | 311 - - - -
36.630(2.5177| 100 | 311 |35.640(2.5170| 100 | 311 |35.670|2.5150| 100 | 311
37.250(2.4119| 6 222 |37.260|12.4112| 8 222 137.290(2.4094| 9 222
43.290(12.0833| 23 | 400 |43.300(2.0878| 22 | 400 |43.340(2.0860| 20 | 400
5372017049 11 | 422 |53.760(1.7037| 11 | 422 |53.820({1.7019| 11 | 422
57.260|1.6076| 35 | 511 |57.300{1.6066/ 30 | 511 |57.370(1.6048| 34 | 511
62.900{1.4763| 44 | 440 |62.940|14755| 42 | 440 [62.990|1.444 | 38
71.350(1.3208] 5 620 |71.420|1.3197 620 |71.510{1.3183| 5 620
74430(1.2736| 9 533 [74.480(1.2729 533 [74.560(1.2717| 8 533
75.410{1.259| 3 622 |75.460(1.2587 622 [75.570(1.2572| 3 622
- - - - (79.4601.2051 444 |79.570{1.2037| 3
87.280(1.1161| b5 642 |87.350(1.1154 642 [87.470|1.1142| 3

|52 B NN OC e cE b

642
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Fig. 4-2. Extrapolation of lattice constants measured for Ni\Mg; xFe:04(x=0.0)
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Fig. 4-3. The lattice constants of NixMg1 «Fe-0s as a function of x.
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2. ZAvld W2 Mossbauer spectrum

NixMgi-«Fe2Qs ferrite?] xgtell & 20Kt 300K A ¢l Mossbauer 2HEH L
Fig. 4-49} Fig. 4-5¢1 w.¢l wvis} o}, 20Kl A &A% Mossbauer 2 E o)A
EE A87 FYEFFAed EREo FHel #8¥ F %9 magnetic hyperfine
splittingo] 21§ FHFFHo2 JEwch xgto] T4 wel FHFFN FE
Fo] YolAle A= Hol Niol&o] Mge|2rt ¢ % A4E Ui 52
¢ 5 vk

XA #E el &AF upsh Zo] x7F 003 A& x=10¢) NEE Z%7
MgFe:04%t NiFex0,9] &9 2o, ebA NidMgi-«Fex0q0] ¥ Mossbaver 2
HEYHL o] ¥ ferrited FERE o&5td 4T = AN
Jani 5(1997)e] &¥  MgFex0s0] F& Fol@ X o FzAL
(MgowFeosw) [MgoseFe1a]?0s0] B0t &1 (Purushotham %, 1998). Uxtx oz
Ni o2 Mg o|2Ett o ZF3A BRelg Aaste Aoz 454 glerz xvt
S7herd whek Mgt Feol22 Aztele} Bl o] £X&A v Bahe e
Mg o] &¢°] FA&ste AR2Z o|Fdtin HME ¢ glvH(Sattar, 1996),(Tsukimura,
1997). Hiti(1996)o] 188 NiMgi-Fe:Os ferrites] AC AE&o] B AFIM x
gkol F7hgel wet AEgo] wolntn R oA BAEE FsA MEd
= Ni o]2o 23] Mgzt A2 ZelvAl el w2} Axtelel §X)3tA H& Mg
o] 2] 2§ Hdolgtn HuddchLee 5, 1995). utebr BAel§ HE s Niol&
°of F7teel wa AR deid Mg ol2d d# AEEo] ¥ T AL
H98 + Ak

3. 2Avld W2 Mossbauer parameter

Mossbauer 2¥9EH LS AFEHZE ANE o ALEg 712 #4= Lorentzian A8
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Fig. 4~4. The Mosshauer spectra of NixMg1-<Fex04(x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) at 20K
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Fig. 4-5. The Mossbauer spectra of NixMg: FexQu(x=0.0, 0.2, 04, 0.6, 0.8, 1.0) at 300K
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Aojc}, E AYPAA EAE NidMgi«FeO0l 3 Mossbaver 2HEHE FFE
2 A4 ZARzRE T 20K 300K A9 isomer shift g, quadrupole
splitting %, magnetic hyperfine field R line widthi= Table 29} Table 34| Y&t}
upe} e

1) isomer shift

20K A &4 Mossbaver 2HEH-L xgtol o 2 AejolA 2 isomer shiftak
€ Fig. 4-6914 K<l nle} Z+e] 0.3555mm/secoll A 0.458Zmmy/sec Alelol] &4l &t
xgtel F7h WialAq st Ao fln dAsHA FAHES B 5 Ak B x@tel
AAel wHA 22 isomer shift gtol APHA zzle] grcol At ol AL Van
Loef7} ¥tq vis} o] #WA oA o] Fe-09 A¥A7 AVEA A 2
7] qEoITE F THA A9 Fe-02 ZEAE A7) diid Athe 2pR A
o3t Fe 0|29 sHAYZ th@ 7ol gFomz FAA A9 Fe ol 9
& | A0) | %) A A2)Evt 2ok wald @A Aol MY isomer shift &
ol AFEA Aerch A Hek(ZE §, 19%).

EH A2oM ZAT Mosshauer 2HEH o2 HE xztel wE Z 29
isomer shiftZt2 Fig. 4-7elA 21 vl zFe] 0.2569mm/secoll A1 0.3564mm/secAto]
of EA3ly xgte] Frbel wet ofF ulAA Frlste FAdE JHH 20K A 9}
AR BAE 4% kel AREY) ¢ grRo o Avs AL ¢ 4+ Utk
F 2% d{ isomer shiftgh 2 ZFE Fe o] &2 3719 o]222 olFo]A Yg&
4 5 AHKim %, 1999),(Bluncson, 1994).

2) quadrupole splitting

Ni-Mgi-xFe:0401 th& 20Ke} 300KelAM 2] quadrupole splitting(Q.8.) &< Fig.
4-89} Fig. 4-99]A & v}l o] -0.0108mm/secell A 0.0478mm/secAto] o &35
x3tol] wE 3§ WHIE yolz ¢evh dwE e T quadrupole splitting S A
71% 71 €71(EFG)9 9FS ZA vom, spinel 72& Zv ZAAY AV 71&
71e Aba ol2e] X ¥Molxd A4 Helxe AAGS a%t A7 AHGutlich
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Table 2. Mossbauer parameter of NixMgi-«FexQ4 system at 20K

LS.(mm/sec) Q.5.(mm/sec) Hie(kOe) r
’ A A% B A2 A A2 B A2 |A A |B Ag [mm/se)
00 | 03736 | 0.4443 | -0.0046 | 0.0478 |513.088|537.634| 0.859
02 | 03582 | 04575 | 0.0031 | 00236 |515672 543984 0845
0.4 | 03629 | 0.4550 | 0.0100 | 0.0214 |515.907 |547.664] 0.762
06 | 03680 | 04619 | 0.0342 | 0035 |516.022 |549.867| 0.809
08 | 03555 | 0.4552 | 0.0165| 0.0295 |516.239 |554.076| 0.718
10 | 03617 | 0.4582 | 0.0275| 0.0224 |518.353 |557.702| 0.728

Table 3. Mossbauer parameter

of NixMgi-xFexQ4 system at 300K

L.S.(mm/sec) Q.S.(mm/sec) Hie(kQe) r
X
A %3 |B A2 |A A2 |B 24 (A A2(B 2y [TV

0.0 | 0.2760 | 0.3480 [ -0.0060 | 0.0275 |470.155|495.340| 0.549
02 | 0.2770 | 0.3564 | -0.0017 | 0.0213 |480.584|507.486| 0.636
04 | 02609 | 0.3524 | 0.0075] 0.0134 1487.363|516.701| 0.730
06 | 0.2633 | 0.3448 | -0.0046 | 0.0039 |490.805|519.445| 0.688
0.8 | 0.2569 | 0.3430 | -0.0058 | 0.0218 1495.769|526.785| 0.722
1.0 | 0.2626 | 0.3556 | -0.0108 | 0.0129 [498.055|526.869| 0.872
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Fig. 4-6. The isomer shift of NixMg;-xFez04 as a function of x at 20K.
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Fig. 4-7. The isomer shift of NixMgi-«Fe;O4 as a function of x at 300K.
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Fig. 4-8. The quadrupole splitting of Ni.Mgi-«FexO4 as a function of x at 20K.
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Fig. 4-9. The quadrupole splitting of NixMgi1 xFezOq as a function of x at 300K.
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%, 1984). 231} A7F 71471 2 uhdlEEe Nisk Mgel AAA4ST g9 o]
7b 2 ZA @ernz AR e ¥Ee FAY & dm, xgtd g
quadrupole splitting el ¥E= A4 Holxo] 93 9oz HHPt ferriteol
Ao A7 71719 F4 Holx 49 #AT BE AEEY 98 d7HY e
9 £3] Hudson? .Whitfield®= A4 Ho)lw7l 718t A7 A 71277 4%
T OAME R urb U gwrzos AME Nidl BE Ak Holm ghol
u=0.3800] 31 Mg A HelE gho] u=0.381 ©|22 quardrupole splitting <l 9
87 A9 Y 849 & 4A8 e ASe € & AUk

3) magnetic hyperfine field

Fig. 4-107 4-112€ x3#tol wW& NisMgi«Fe:0:9] 20 H27]) 3 (Hy) 3tS Lhebdl
Aot} olF Yol Be vlep ol zu A7 A(Hu)S 20K A& 513.088k0
e~557.702kOe® ¥ ol & A &tv], 300K A& 470.155k0e ~526.860kOe Bl &
< 4 7 AU 2O AR7ZHe) e xghel F7HEe) wel 2188 RoF 3 99
i °]A& Ni7k Mgt 3¢ A4& ux e A3 gdxsige), €8 F £
AN AT A3 =5 LA &9 Hygtol AAHA 229 Hysteoh ads A
4 5 AU dHHOR ferrited] A7H HAL F& Fol &9 EFY Ay 2
¥xo] me} 2FaA Ak Neeld ferrite?] ¥ Ao ZF A4 o)Ro] EAjde
Beole F Agd EA3E o] & 7] 2Ho| collineardtA WISl A-As}
B-B 45280 % 2A44E Revtn 9ot 2y Yafetd Kittele AAR
ferritee] ¥ Agjo &3k o9 & A7 spin® collineard}x] gFod, & Z 2
2ol F 7] spinell W& 71 &R A BAs] A-A B-B 432894 A-B 4%
g0l 4714 Jdo| F¥& wAGT BaFd H gt

o2 % Yafet - Kittel®] 71 &% @4L 538 EFY ferniteo] 4 ol LA}
1 A gloh WA o] Algel F$ Yafet¥ Kittele] A7) Fxo] ot 274
HAZ fMst= Aol elFaich
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Fig. 4-10. The magnetic hyperfine field of NixMgi-xFe:O4 as a function of x

at 20K.
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Fig. 4-11. The magnetic hyperfine field of NixMgi-<FexQ4 as a function of x
at 300K.
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4 A7)1dol &=

4713 ddstE gotry] A e FFGdM AT Mossbaver 2HER-E Fig
4-129) vt ik o] 2felA vebd uheh Zo]l NigMgiFe:048] &AHle] wg
A7 el 2EF ZHE 650K ~675K(x=0.0), 700K~ 725K (x=0.2), 725K ~750K(x=0.4),
775K ~800K(x=0.6), 825K ~850K(x=0.8), 850K~875K(x=1.0)9] 2= N EA 3}
€ e ¢ F AN dtHe g U=y Mgel29 Aol &Ex T00Ke):, Ni
o] & 80KA =R delA] gleng HdY data®) A9 UXsxn e ¢ F AN
o ol xghol] @& A7) Hol&x o] W3 Fig 4-1390 A4 vrebd npg} o) xghol
74 w2} 27 Pl =7t FolAE ROE Kol Nigl #§3e] F7bghe] wpe}
EL 2EAA 2A7)H A7 dojve #4F 2 9x8ta YN
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Fig. 4-12(a) The Méssbauer spectra of NixMgi-<Fe:0s at high temperature
for x=0.0, 0.2, 04.
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Fig. 4-12 (b) The Maossbauer spectra of NixMgi-«Fe20s at high temperature
for x=0.6, 0.8, 1.0.
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Fig. 4-13. The magnetic transition temperature of NixMgixFe:0s as a

function of x.
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E d3E X-M HAUTA Mossbaver EFH L o] &3t NiMgi-Fer0sd] 7%
2 274 4AL ZAEAT

X-A #4d A& (111), (220), (311), (400), (422), (511), (440), (620), (533), (622),
(444), (642), (73D A% A & verden, x=003 MgFeOs ¢ x=1.08)
NiFe:0q0) 3t JCPDS card} vBlad o Aol AAEE & 5 YN, oAz 5
B xgtol @Al NixMgi-xFe:04% spinel @ ¢3¢ EAFE gAdch Xd HY
o2 RE T AAAASE 837504 ~83B7AAA A A 72 E Uelyod oA
€ NiFe0s 33 4539 83390AA MgFe:0s AAF 43tq) 8.3600A o gkt
Ael YA g

isomer shift Zt2 0.2569mm/secl A 0.3564mm/sec & HHo] ESAJ3= ROz
Hol F*'g& & & gz, Aud disixe FRE Asst ok £ AbAA 2
@ 9] jsomer shift o] SR 2 e #E} FL AL Fe-OZ2F A7 HA =
2le] Aol 27] WEQ HAo= HA AT} quadrupole splitting e Ao ®A3lglol
-0.0108mm/secol A 0.0478mm/secAteldl EA 3™ A7) 71&7]d FdFE vA=
A& Bol=9 o] x=00%] A x=100A Zries AAEF F AL @ £ 3
Rk 20K M9 Za A7 gL 513.088k0edl A 557.702k0e Akelol Al EEEH,
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