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Abstract Recently, it has been found that mechanical alloying (MA) facilitates the nanocomposites formation
of metal-metal oxide systems through solid-state reduction during ball milling. In this work, we studied the MA
effect of Fe,0,—-M (M = Al, Ti) systems, where pure metals are used as reducing agents. It is found that composite
powders in which AL O, and TiO, are dispersed in 0.-Fe matrix with nano-sized grains are obtained by mechanical
alloying of Fe,O, with Al and Ti for 25 and 75 hours, respectively. It is suggested that the large negative heat asso-
ciated with the chemical reduction of magnetite by aluminum is responsible for the shorter MA time for composite
powder formation in Fe,O,~Al system. X-ray diffraction results show that the reduction of magnetite by Al and Ti
is a relatively simple reaction, involving one intermediate phase of FeAl,0, or Fe,Ti,O,,. The average grain size of
o-Fe in Fe-TiO, composite powders is in the range of 30 nm. From magnetic measurement, we can also obtain
indirect information about the details of the solid-state reduction process during MA.
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Reaction (kcal/mole of oxygen atoms
in the reaction products)
3Fe,0,+ 8A1 — 9Fe + 4A1,0, -67
Fe,0,+2Ti — 3Fe + 2TiO, -46
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Fig. 1. X-ray diffraction patterns for the mixture of Fe,0~
Al powders subjected to MA for various time intervals.
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Fig. 2. Grain size of o-Fe in Fe,O,~Al powders subjected to
MA for various time intervals.
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Fig. 3. X-ray diffraction patterns for the mixture of Fe O~
Ti powders subjected to MA for various time intervals.
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Fig. 4. SEM micrographs of the Fe;0,~Ti powders subjected to MA for (a) 0 h, (b) 20 h, (c) 60 h, (d) 75 h.
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Fig. 5. Room temperature hysteresis loops of Fe,0,~Al
subjected to MA for 5 h, 10 h, 20 h and 25 h.



vl elo] Bl FE(Ti, ADS] 71414 a3l 23 A3hede) 34 251

Ao 2 Z2719A1] MA 23] 5AZVHA] Fe,0,
9 a-Fert FEIN, L o] Feli= 2IukSe] 213
o wte} Fe,0, A2l &85} 7 a-Fe Aol A4
o} =gk F70 AR FeAl 02 vAHdA el B2,
ARk 2 A ZAE B3l vl folsH
MA oA gheanhgo] AleAd =t Al st
AREZ A& 4 gl Fig. 59 Al A]o)EFAe|
A BofFZo] Z4zke] MA AR ABRle] wi- o
HeZNE 7B a-Fe A2 A AEE M= o
2 AL ¢ 9en, 20 % 2542 F3F MA A
23t o] ¥ale] AdlHez a7 Jehd He
2HE] MAY 2J3le] AAHA AR Dot
I Ues & 5 AR

Fig. 621 MA A|zlel] mb3- A2} Hslehe) &
4= ol viel 2|, MA A 5 A8 FeO,
o] ANkl st o-Fer} AAEY Tl
vzl FeALOZF ARl whe} w2 Ap2lgto]
#AEE Aoz Sdee) 1007 33 MA HEdt
A& A5 AsRgle] 43 Skl AL Fig. 1
off uiehdt ukel o Fe 3PHAl 7Fxe] A St
o} o] gl g MA Az} 1547 o] F XA
sAsielo e St Wl fEER] oot #}
e FE3) Flslel adEIukge] SA3] A
3 F9& 4 ek A71M MA HEE 2587
7 A&shd Az S7Me A E3hEe] 23
emuw/goll 0|24, 0|71 Agkelulge] kwo) g
A WA FeALO, Aol &dshed 713k e
2 QY7Ed,

25 T T ! T
© [
= o
2 20 _|
= ®
L
c 15+ -
0
w ®
N 10+ -
©
c
g 5~ @ -
=

0 | I |

t
10 15 20 25
MA Time (hours)

Fig. 6. Magnetization for the mixture of Fe,0,—Al powders
subjected to MA for various time intervals.
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Fig. 7. Coercivity for the mixture of Fe,0,—Al powders
subjected to MA for various time intervals.
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