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A new technique for preparing Zn.Fe;_,0, fine pow-
ders from a-Fe;03; and Zn in Ar using a spontaneous
completion reaction in the thermite method has been
proposed. Preparation conditions for the Zn,Fe;_,0,
fine powders were investigated by varying Zn/a-Fe,0;
molar ratio and heating conditions under an Ar gas
flow. The Zn,Fe;_,0, fine powders of single phase
were successfully prepared by firing the powder mix-
ture of Zn/a-Fe;0;=0.35 (molar ratio) at 500°C for 1-
10h in Ar (200 cm?/min). The particle size of Zn,Fe;_,
0; powder prepared at 500°C for 3h was 0.3-0.6 um,
and the powders showed nearly spherical in shape and
little aggregation. The saturation magnetization and
coercive force of the Zn,Fe;-,0; powders were 97
emu/g and 0.11 kOe, respectively.

Key-words : Preparation, Zn,Fes_,04 Thermite method, a-
Fez03, Zn, Argon gas
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(3 Z DEREBRIEICH D HB 7 0¥ A0 BHLIC BT L C s
LB, TNOORBEERYT H5—DOOFEY LT, 2L
DIEEARY & BIERY OER S BECEAL: > B RN EE L
EM S AR 7 B R BN R O EINE % s L7V,

CDERIEZTTEEINC, BESHRIGIC L TR
NDTNCOERMEHHFIE L, BIERYOBERE
ELEELEVTIVI v MRIBIC & 2R ERATEETS
B EEZI: (BT, HESEERIEEIES). &0zl
m%ﬁﬂ®éﬁwk%k%&ﬁ&@ﬁ&éb%%w&c@
RU, POBROEBRELHMT ZUERES. 20T
AT, HMREFRHCSERY E LT a-Fe,05 %, *
TERTLEIE & LI nER B TR ITRE D % A 5 10 &l
HWTEL Zn DA EDEEFTRL, CORAEBERE Ar
A AP T CIES % LIC k0, BRI OBNSE Y «
T4+ (ZnFe; .0 DMKERERLT-. FOBEORK
REBRICEIT T Zn & a-Fey03 OE VR U INB GO B
BlzowThaT 5 & 2 b, B—HOBHY T 54
BMROE BT~ 7-.
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2. EBREX

HIRERHTIE, THIRO a-Fe03 K (Bl L2emr5emt
BL, M :99.9%, FHRIFEE : lum) » Zn¥k (i
EAETIepTHL, M : 99.9%, B : 200X » 3 < L
T) ZHW:. DOSHAMKTHHICRE LAFiEe/V
(Zn/a-Fes03=0.3~2) OREWMEH T IV IFR— h ()
HL, ARBEEICAN, 5 Ar HACEHR L.
B 5 COMEDRE (400~800°C) 12 L T\ 7=
BABESFANRILE R AN, Ar T AR (200 cm3/
min) FTI1~10h g L7-4, RIGEEKTESE L TE
BMRE/ . £/, BEH» S 2~20°C/min OEE CHf
TEIREE & CAR S 5 BT & V7.

FIMBGARIT 51T B LB OSSO R BT Kk
X#EH (XRD) EEX A\, £B7 1 Ko NHEE
BH& LC, ZnFe;_,04(311), FeO(200), ZnO (100) K T* a-
Fe(110) E O[T — 7 MEE % 2 h Zhkd, Si(111)
EOEHTV— 7 BREE % FEMEIZ U 2o i SRSl O B L
7.

B LCHESEET « 54 PHROWAE, BTFERUSE
KRBOBRICIIEENETERSE (SEM) #HV7-. %
7z, HEREKT T4 P ORKHIEIT SR TOERBUE
Brat (VSM) i & 0 B Lx.

3. BRRUER

3.1 Ar IAFHETCTO aFey03 & Zn DR

B 112, Zn/a-Fex0s €L HE=0.751CF8 L /- B & B F
w Ar J AP (200 cm3/min) F, 400~800°CC1him
BL7-BCB o N/ AR & MBNEE OBIR AT, MR
FRD a-Fe03 & Zn 13400°CC—EBAF L C\W/=28, Zn
Dt (419.6 °C2) L EOMBEE TIIRDLNEL -
7z. 450°CLL E T A 43 ZnFes 04, FeO, a-Fe % (F
Zn0O TH Y, ThbDERYOREMBAME R TSR
OFERFFEITRT T, InFes 04 DEREITA50~
500°CTRAM &R LB INBERE ORI & & &I &8ic
WA L7z, THhIZRE LT, FeO D4R EI11550°CLL
T, a-Fe DAEREII800°CTEBICHEM L.

BB L7 ZnFes Oy OB FER AR/ L 25,
400°CT0.8396 nm, 500°C T0.8401 nm, 600°C C0.8406
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Fig. 1. Change in the relative XRD intensity of products as a
function of heating temperature at the holding time of 1h in Ar
and at Zn/a-Fe;05 molar ratio=0.75.

O Zn,Fe;_,0,, @ ZnO, @ Zn, /\ a-Fe, A FeO, A a-Fe;0;.

nm T - 7z. FesOy DOREFE$£50.8396 nm?, ZnFez04
OB TEHHN0.8441 nmP TH L L HERTH &, 400°C
T3 Zn DIF & A FEE LT\ FegOy BER L, IR
BED R & & HIC Feg0s O AL XV AD Zn DE
WENEINT A Z ERGhoT7.

a-Fe,03 O Zn i & ARILKIG T, % 3 Fez04 AR
L, MEEEO LR » i ZnFes_,04 FeO KU a-Fe
B FWICERT 5. ZnFes_,04 O A PRI 13450~
500°C CEA&RICH = 548, 550°CEL Ric7a 5 &AER L7
Zn,Fes_,05 D—3B7% a-Fe 12 & 0 7S TFeO & AR
+57-01C, ZnFes 04 B a-Fe DAREIVR R,
FeO OERENIEINT 5.

2T, aFe05 & Zn OFET ZnFes 04 H BRAIC
RS B A 7-0I0, B FREE 22 S ¢/ B0tk
%, Zn/a-Fe,05 EIVH=0.75, Ar 4 Al (200 cm3/
min) FC 2~20°C/min OMEE TERH 5500°CE THIE
L7-#% 1 h {25 UCR-7-. B2 ICAHERE & AR OB
HaRd. FAESE<10°C/min Tl ZnFe;—,04 FeO pid
U Zn0 DERESIHIF LA LB Lnh - edd, FHRE
B >10°C/min Tl ZnFes_,0s DA E T WA L, FeO
OERENHEM L. 72, aFe OERETAREED
B r & B IR PICEA L, Zn0 QAR BT AREE
CEBIN WD o7, TOXDHAREEICHT 5%
AR OB ER 2 S, Ar T ATE F TO a-FexOs
¥ Zn ORIETHE, Zn ORI CER L7 FesOs O Zn
I EABTOMT WG+ 5 Z LIC & D ZnFe;,04 234
B A EHERI L7z,

3.2 Zn/a-Fe,03 EILI & MBREDRR

& x O Zn/a-Fe03 BV HIC K1 % a-Fex03 & Zn DR
e X BE AWML, BOFHREEY» 5, In/ae
Fe,03 £V OB & & & 12 Fes04~>FeO—Fe L7 %.
72T, BLABO Zn OBEHIHD400°C £ 500°CT Zn/
a-Fe;03 TV AL S TERY ZH /0.
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Fig. 2. Relationship between the relative XRD intensity of
products and heating rate at Zn/a-Fe,03 molar ratio=0.75.
Heating conditions : 500°C, 1h in Ar.
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Fig. 3. Relationship between the relative XRD intensity of
products and Zn/a-Fe,0; molar ratio.

Heating conditions : 400°C, 5h in Ar and heating rate=10"C/min.
O ZnFe;_ 0, @ Zn0O, /A a-Fe, A FeO.

312, Zn/a-Fe,05 TV H.=0.5~1.5, Ar 77 AF# T
T10°C/min OFEE TEEL H400°CETHE L/, dh
fE L BRIc B DB & Zn/a-Fe;05 BV OBtk
9. ZInFe;_,04 ODEBEDT Zn/a-FezOs TIVE=1T
K2R, BILVLORME &SI L. £/, aFe
DHEFET Zn/a-Fes0s BV TR U CHFR I fEm 2
T L, FeO OEBET Zn/a-Fe 05 EIV IR <IEE
—EERR L. —F, ER L7 ZnFes 04 O TER
i3 Zn/a-Fe,03 BV HOREMTH L QRITERINCHEM L
Zn/a-Fe 03 €L H =0.5"0.8396 nm, Zn/a-FezO3 EIL Ik
=1570.8402nm > 7V, Zn/a-FeOs EIVHOEME &
412 Fes0y 1D Zn OFEFEESHEN L T/,

K412, Ar HAWHE T, 10°C/min DFRHEE T500°C,
1h O InEG k% I C Zn/a-Fe03 €V H%0.3~2 O#l
BB E R BEOEFW & Zn/a-Fez03 BV ORR%E
FF. KA Zn/a-Fe0s TIVHICBEEICEE SN,
Zn/a-Fe;03 E )L 1 =0.3~0.50FH Tid ZnFe; 04 DA
WEMBA X, Zn/aFe05 EIVIL>1 DHEICIE aFe D
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Fig. 4. Relationship between the relative XRD intensity of
products and Zn/a-Fe;03; molar ratio.

Heating conditions : 500°C, 1h in Ar and heating rate =10°C/min.

O Zn,Fe;_,0,, @ ZnO, @ Zn, A a-Fe, A FeO. '

ERERHEM L.

% O Zn/a-Fe05 EIVHIT KT 5 a-Fe05 & Zn O
JETH, BOIRREETE D D F B I N7z Fes0y FeO R U
a-Fe AR L, 400°CK Uf500°C & & Zn/a-Fe,05 E L H
<1 TOEZHEEWE InFe;—,04 THo 2. =D Zn,
Fe3—,04 DA & W FHANC a-Fe R L, Zn/a-Fe,O3 &
VDB & & I a-Fe DERKIEBFEAICHK 5 =
EBGIp o 7.

3.3 H—H Zn,Fes_ 0, MK DAR &5t

a-Fey03 & Zn DM AE LR THAWTHCEERIG %52
S ®CTHE—HD ZnFes O, MR % &R T HEIC1T,
Zn/a-Fe O3 BNV R U MBS OHMAEE LR T & 72
%. F7z, a-Fey03 D Zn I X 5B ITGKIG TER T 5 Fes0,
DAY FIVEEIEHRAND Zn 3 5\ E ZnO OEIC L 1 Zn,
Fes .04 BBROLNBZ &5, aFe0; DBILRIGER UK
ERADFBRKOHEMSEE L 725, 5%, a-Fey03 &
In DA G E AW HESEBRIGENEREER T
Zn/a-Fex03 BV IR B2 H# L, aFe03 DR
LR & A XV R~ D Zn % 5\ Zn0 OB %
NGV ASRGEPOHETIRD T L CHREL LS.

Z IC, ZnFes 04 D4R G2 Zn/a-Fes0s €V I
=0.3~0.50 %M TEEMICTHIT T 5 = & KU ZnFes_,
Oy DAEBIEH450~500°CTRAME R = L+ E B L,
Zn/a-Fe:03 B =035 LT Ar 7/ A (200 cm3/
min) F, 10°C/min & F.{5 m#EEE, 500°C, 1~10 h In& o
ST ZnFes .0 DMK ERET 72 &5, WFho
BHRICHIZEHE D InFe; 0 B RBBHTE/z. *
DERICAE BNz X BEHTRIO—FI%E] 5 107

B 612, & L7z ZnFes .0 R DOFEHREHTER T
BRI ALAE & INBEE R OBIMR 27 . ISR & 5
Zn,Fe3—,04 ¥ R O35 5 FA21L 5 h % T50 nm B2 >
FE—REBTH-78, 10h|Th5276nm K=< 7o
7e. =7, ZnFes 04 ¥R O RRIBLLMEIT B 3 h
TRRERD, ZOHBIBBAER &R L.
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Fig. 6. X-ray diffraction pattern of powders synthesized by heat-
ing the sample of Zn/a-Fe,05 molar ratio=0.35 at 500°C for 3h in
Ar.
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Fig. 6. Change in average crystallite size and magnetization as a
function of heating time at 500°C in Ar and at Zn/a-Fe,O; molar ra-
tio=0.35.

Fig. 7. Scanning electron micrograph of powders synthesized
by heating the sample of Zn/a-Fe,0; molar ratio=0.35 at 500°C
for' 3h in Ar.

7 I Zn/a-Fe;03 BV 1 =035 & LT Ar # A %@
(200 cm®/min) F, 500°C, 3 h MHEC& B L7 ZnFes_,0,
BRD SEM FHEFT. HROKTHEI20.3~0.6 um T
B0, HEIRBROBED DL B TFCH- 7. &
72, T O InFes 04K ORIRBLAEILIT emu/g & 7¢
D, BREE77130.11 kOe TH - 7.
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4 & 7

WA ERNC a-Fes03 & Zn Ol A S bEEZHWT, Ar
A AFE T CHENS 5 2 212 &k D BERSEMEOMIGE RS iR
BT = 54 FOBMKRERERART. TOBITHRAERIC
BIE4 Zn ¥ a-Fex03 OE VIR U MBGMFOFEIC OV
Tt 5 L & bic, B—HOREREET « 514 MEROE
B4R TRN, KD XD MR EB.

(1) Ar HAFKBE T TO aFey03 & Zn ORIG T, o
Fes03 12 Zn 12 £ 0 % ¢ Fes04 ICETL I N, KT FeO,
a-Fe B Zn,Fes 04 L FANTAER T 525, Zn/a-Fex03
EVHOMMB OMBRE O EF & & LICEIC a-Fe £T
B3N/

(2) FIFTH—H ZnFes_ O KD E B GEMHIL Zn/a-
Fe,03 E )V H:=0.35, Ar F AW @& (200 cm?/min) T T

500°C, 1~10 h i CTH - 7=.

(3) &R L7 ZnFes;_,04 K OB F£130.3~0.6 um
ThbH, HEBBWERBR CREOD LW T THo7c. &
O ZnFes 04 WK O BFIREALIEILI7 emu/g 272D, &
B73130.11 kOe TH - 7=.
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