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Fig. 1. Experimental procedure.

HEE2E o]&d g & HAHEE o83l 7]
710 @A) SHAY RS o]83e] ARAE-S]7oA
gz sIth A2 e 29071371, akhelr Exe] &
TE 800 °CE, FA AR 2A7ko 2 315t Exle] &%
£ M-typeo] A= 2o AAY Aol 2Js) 27
2 o] AdEe AS aEfslitt. HES 2o AU &
B 558 e alo] 800 °CollA] 2A)7F B}F SAEAL
800 °CZ 0] H Zof BL&S A3 F 243t Bt /A4
sl GAe] sler At B F 23S s 3]
oA Wzt Adady) GAe] 22 Fig 13 Fig.
20 YJeR ). Al o] 2442 PhilipsAke] XCpert
PRO XASIAEA7IE o] 83l AR, 717 54
Lake Shore 7300 model®] FEA15E A=EA (VSM)Z HU

ki3
=

3=21718k3) A 21194 63, 20093 129

I HT.1 I Furnace cooling after heat treatment. ]
‘ air ‘ ‘ HT.2 \ Air quenching after heat treatment. ‘
HT3 Furnace maintained at 800°C and air
’ quenching after heat treatment.
| HT.4 I Furnace cooling after heat treatment. ‘
‘ 0, ‘ I HT.5 [ Air quenching after heat treatment. ]
Furnace maintained at 800 C and air
HT.6 -
quenching after heat treatment.

Fig. 2. Heat treatment conditions.
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Fig. 3. XRD patterns of BaM powder heat treated under various con- ditions (Fe**: Ba®* =12 : 1.5, 800 °C, 2 hrs). (a) pH~8, (b) pH~10.
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Fig. 4. XRD pattern of BaM powder prepared with different Fe** : Ba®* (800 °C, 2 hrs, pH~10). (a) HT.1: Furnace cooling after heat treatment in

air (b) HT.4: Furnace cooling after heat treatment in O,.
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Fig. 5. FESEM micrograph of BaM powder obtained at different Heat treatment conditions (Fe*": Ba*" = 12 : 1.5, 800 °C, 2 hrs, pH~10). (a) HT.1

(b) HT:2 (c) HT.3 (d) HT4 (e) HT.5 (f) HT.6.
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Fig. 6. FESEM micrograph of BaM powder obtained at different pH (Fe**: Ba>*=12: 1.5, 800 °C, 2 hrs, HT.4: Furnace cooling after heat treat-
ment in O,). (a) pH=S8, (b) pH~10.
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Fig. 7. Hysteresis curves of BaM powder obtained at different pH (Fe>": Ba*" =12 : 1.5, 800 °C, 2 hrs). (a) pH&8, (b) pH~10.
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Fig. 8. Hysteresis curves of BaM powder obtained at different pH and Fe** : Ba>* (800 °C, 2 hrs HT.4: furnace cooling after heat treatment in O,).
(a) pH=8, (b) pH~10.
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Table 1. Magnetic properties of the samples as a function of the
relative amount of Fe** : Ba®" and heat treatment conditions at pH~8
(}[max: 10 koe)

Heat
treatment 1 2 3 4 5 6
Fe’: Ba®

13.6: 1.7 o (emu/g) 445 442 424 422 4311 429
T Hce (Oe) 3720 3490 3330 3920 3710 3260
12:15 o (emwg) 325 316 209 30.1 318 23.1
T He (Oe) 5250 5200 5170 5210 4880 4900
104:13 o (emu/g) 30.6 266 12,6 268 175 105
o He(Oe) 5320 5290 5100 5250 4670 4780
-1 o (emu/g) 195 122 25 165 153 23

Hq(Oe) 4830 4790 4300 4530 4250 2320

Table II. Magnetic properties of the samples as a function of the
relative amount of Fe**: Ba*" and heat treatment conditions at pH~
10 (Hpnax = 10 kOe).

Heat
treatment 1 2 3 4 5 6

FeS+ . Ba2+

o (emu/g) 52.6 549 544 557 536 527
He(Oe) 4150 3910 3910 4430 4400 4400

o (emug) 52 517 509 546 531 524

13.6:1.7

12:15 " (0e) 3950 3690 3710 4310 4070 4260
lo4.13 CO(emug) 498 473 467 503 503 493
T He(Oe) 3450 3240 3260 3900 3750 3850
g.; Olmuwg) 504 436 429 516 512 481

Hc(Oe) 3550 3380 3360 3910 3770 3940
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Effects of Metal Ions Mole Ratio, pH and Heat Treatment Condition on the Magnetic
Properties and Formation of Co-precipitated M-type Barium Ferrite Powders

In Seung Baek and In Tak Nam™*
Department of Advanced Materials Science and Engineering, Kangwon National University, Chuncheon 200-701, Korea

(Received 7 October 2009, Received in final form 20 November 2009, Accepted 21 November 2009)

M-type barium ferrite (BaFe;;0;9) powders were synthesized through the co-precipitation method. Starting material composition
Fe**: Ba>" mole ratio was fixed as 8 and the relative amount of Fe*" and Ba®" was controlled. Structure and magnetic properties and
powder morphology were investigated using XRD, SEM, VSM. Powder showing high coercivity and small magnetization was
obtained at pH8 and Fe**: Ba®" of 12 : 1.5. Small magnetization value was originated from the existence of a-Fe,O;. Single-phase M-
type barium ferrite were obtained regardless of the heat treatment condition and the amount of Fe** and Ba®" at pH~10. The largest
value of magnetization (55.7 emu/g) under investigation were obtained when Fe** : Ba** of 13.6 : 1.7 and furnace cooled powder in O,.
Particle size of powder was in the range of 50~200 nm.

Keywords : M-type barium ferrite, co-precipitation, metal ions mole ratio, pH, Heat treatment condition
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