The Magnetics Society of Japan

J. Magn. Soc. Jpn., 30, 166-169 (2006) (Paper)

Curie Temperature and Magnetic Exchange Interaction
of Mgi1+xFez-2:Tix04(0=x=0.5)

T. Shimizu, T. Yoshimura, H. Asano and M. Matsui
Graduate School of Engineering, Nagoya Univ., I Furou-cho, Chikusa-ku, Nagoyva 464-8603, Japan

The magnetic properties of a low-Curie-temperature Mgi+1Fe2-2xTixO4 system, which could be used in magnetic
induction hyperthermia, were investigated. The thermo-magnetization curves and magnetic susceptibilities at high
temperatures for water-quenched and slow-cooled Mgi+1Fez-2xTixO4 samples were measured. The Curie temperature
decreased with increasing Ti concentration x and increasing cooling rate. Rietvelt analysis was performed to
determine the site occupancy at A and B sites of the constituent atoms in the spinel structure. The exchange
interactions, Jas, Jaa ,and J8B, were then estimated by molecular field theory. The calculated Curie temperatures as a
function of x and those for samples with different heat treatments were in good agreement with experimental data.
The effect of the inter-atomic angle ¢ between Fe-O-Fe on the Curie temperature was also investigated under the
super-exchange interaction regime. The reduction of the super-exchange interaction owing to the increase in angle ¢
contributes to the decrease of the Curie temperature.
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Fig. 1 XRD spectrum and Rietveld refinement of
Mgi+xFez2xTix04 (W.Q., x = 0.2). The solid line is a fit
to the data.

Fig. 2 Occupancy rate of Mg, Fe, and Ti at the
A-site and B-site for Mgi+xFez2xTix04 (W.Q.). La and
Ls are occupancy rate of A-site and B-site
respectively.
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Fig. 3 Temperature dependence of the magnetization
at H = 10 kOe for Mgi+Fez-2xTix04 (W.Q). The arrows
indicate the Curie temperature Tc.
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Fig. 4 Inverse magnetic susceptibility of W.Q. and
S.C. samples of Mgi+xFe2-2:TixO4. The solid lines are
fitted to the data, as described in the text.
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Fig. 5 Concentration x dependence of the molecular
field factors was, waa, and wes of Mgi+Fez-2xTixO4
(W.Q.). The solid lines are guides for the eye.

Fig. 6 Exchange interaction as a function of the
concentration x for W.Q. and S.C. Mgi+xFe2-2xTixOa4.
The solid lines are guides for the eye.
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Fig.7 Configuration of the nearest-neighbor
Fe-O-Fe between A-site and B-site.

ZIT. p g,ck kDo & Fig8ITRT. RKICZR LN
% X9z, TiBEE x OB & i o 1/ hERY, E2WQ.O
FMRS.C.LEW/hEV. ZDZ LT Fig D apDOE(LE R T,
oM SBICHBERITL TNDZENDD5.

T D¢ DEHOEBIL, B-site (2 Ti BASTEE, TE DA
VHRIIMMDO Z oD AR L D HbREVLOT (Tiv >Mg?
>Fe3") , p BRLR-ToWHEL 2BMH T, S.C.OHFH
W.Q.L D ¢ BREVDIT Asite 1A A L FED/NEU Fe A 2
URELIINY q NELRDBIHTHDHEZZLND. o
T, Fig. 4 TBRISNZ. WQ.O Ux D 2 B DRFIL,
W.Q.OREETIE Fed* & Mg 2 A AV HETEBMBIZ2< . &
BT S.COFMEE~BETI-DLEXONSD.

F7= Japid Fe £ A & OA A BOEBZI LEFTD. b,
q,c & o NEDIRE JpllHFE LTV H0 %, EERMIZTHEY
A LIIEEETHS. L L, WQ. & S.COBFERENIZITE
LWx=05Th JaptZiTZERBH Y, ¢ DELIE Jas DEALIZK
XREERHDHZ LIIRENRNEVRD.

7 VAT, DX TUXR0 EA22BENRF =) —R
B0 (YL, KA THEZHILD.

6, =%{CA +C, +(C,-C,) +4c,,cﬁ}

Fig.9 1210 & W RD7=F =2 UV —IBE 0¢ & Fig.3 7>b3RdD7C
FEEME Te L B L L 0T, 1 HE—HL TS,

(10)

4. F&0

1. Reitverd ##47H 5 A-site & B-sit OFA A D EFR
EROI-FER,
(D). Ti*HX B-site IZIXW B Z & p3mdo 7.
(2). B-site & §H T 5 Mg? A A U1 x ([ZIHKFEE T,
IEIF—E T, x & HITHI L 7= Mg2*d A-site (230
B EMGMoT.
2. ABDKXZIZTABROAE o ITEKFELTEY . EM
I Tc DB LEHRHATE S,
3. WQOMERE Iy DRE L 2 ERBEEIT Fe* & Mg
2 A A UNEIETATEEBE T LICLDEEX
Hils.

Journal of the Magnetics Society of Japan Vol. 30, No. 2, 2006

i)

3)

5)

6)

n

8
9

o ()

Mg, Fe

Ti O

2-2x7 x4

123.5

123.0

122.5

1 a 1 " i 1 " 1 1
0.0 0.1 0.2 0.3 0.4 0.5
X

Fig. 8 Angle ¢ between Fe-O-Fe atoms as a function
of the concentration x and lattice parameter a in the
inset. The solid lines are guides for the eye.
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Fig. 9 Concentration dependence of Tc and 0 1.
Tc is the experimental value, while 8¢ is the
estimated value, as described in the text.
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