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Abstract

The microstructural evolution during mechanical alloying of elemental Fe and Si powders,
average composition FexSin and FexSis, has been investigated by X-ray diffraction (XRD), Scanning
electron microscopy (SEM) and Differential scanning calorimetry (DSC). Mechanical alloying was
performed by using a SPEX 8000 Mixer/Mill under argon atmosphere with/without hexane as a
process control agent (PCA). In the presence of PCA, the milling process was dominated by
fracture resulting in the decrease in particle size to about 1gm. The structural development with
milling time depended on the average composition of starting powders.

The mixture of FexSis and FexSin resulted in the formation of FeSi( ¢ - phase) and FeSix( 8
- phase), respectively. In the case of FexsSig7 a mixture and FeSia( ) was formed. These
results were discussed by considering the thermodynamics and kinetics concerning the

milling process.
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Fig 1. X-ray diffraction patierns of the FexsSiss powder mixtures
milled for different times with 2 wi% hexane.

S AlZbe] Folxa, AAY A7) (grain size)T©
Zol M Mg HERE p& A WHIAIR o
A kg ¥E 7 vk ol g Wl MAWE
ot B~ FeSixe AL & #AHE 7HX 3 ok
®3F f- FeSix& #4839 s AL+
%Oﬂ o]3] &- FeSi® FesSis( @ -phase) &

T, EMkgol] o8] B- FeSip7l gAH ==
ﬁ FeSip ©@Y44& 9+ Zo] @3 v
TEs WP A wrgolmE $HAo)
B~ FeSiz& &ol3lA d& & Qrtl5]

mrkA 2 Aol AE thermoelectric A EEA &
§o] 7153 B- FeSix ¥ ¢- FeSiZ 7|43 3§+
3t WS 01%3}"4 Azsta, AxzIgol o] A
ghel] ofgk ®E37) ATyl sty Zh7e] Bz
dell W& W ﬂ%% ZAbetH, T4 AAQ
hexane(CeHz) #7Fell 28 AdE A% 2 ¢Jzt9
morphology ¥ 318 AuH 51z} §ho},

N Hy oz ol

¥O 0 -y ok of
e & opok ro

2. A3y

% AdoA NAAH FF3+E Spex Mixer/Mill
0008 o]&3tom, £3 A9 FexSin FesSies
Fes()Slso (]38} at %)l @A Fe (99.9%, 200mesh)st

-108 -

Temperature / K

Si (9%, 32bmesh)e] ¥4 EHE& @4 3083
T3 F Ar gasE AYR glove box WollA] vialol ball
7 A FYE glove box WA ball mille A8
ol ojm A& balle] =)= A7 o] 95mmo] e
¥, millingS $3 FYE FSELH balle] FA
HE 182 39tk bal mille 1027 #3idx)n
1083F AAE 53 o, bal mill Fete %

2 JAsY] e $F7E ol T A2
Tde FE3E Yat FA A0 viale IFAANA
=

Ball mill AlZ+& 2h ~ 30h ¥l WolA 2Ajsgo
W, SFAAMZA hexane 2 Wt%E AHR3E I ball,
vial& Z}Z} stainless steel 2 tungsten carbideE AM&-
sHA Tt

3.4 o Dz

3.1, =4 WM3to o3t A3 HE

FessSiesro] ZAol 2wt % Hexaneg #H7}3+d
Stainless Steel ball, vial®} Ar gas 7] 3}dlA]
o2 AF Fe A FFEE AAG 3o XRD
4 2%4& Fig. 19 Y.

1A 3 27 dAQ 242 ball milldlAE Sie)
3|14 peak intensityZ} FEolA EFNI A9 vluws}
o Ao AEHJLH, Fe peakd 26071 & z4rz

ojFHIL Fo] F/3PLE & 4 Utk milling®] 6
Az o] AHF Fol: Siol 3 A peake BE A9
1773 ' — o]

L ( Eutecﬁc) 1687K
reaction/ -
1573 ' 1
: 1480K
50.8 67. f73.8
13731 : ~—~ ~FeaSis J
1255K
_*"/ 70.5 1210K
1173y, Pcﬁcclcm 7
reaclion )
s’ | PB-FeSi2 Gj—r
< c-Fe§ =< : N
o T | |
50 60 70 80 90 100
- Siat%

Fig. 2 Equilibrium Phase Diagram of the FeSi - Si System.
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Fig 3. X-ray diffraction patterns of the FexSin powder mixtures
milled for different times with 2 wi% hexane.
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Fig 4. X-ray diffraction patterns of the Fes3Sies7 powder mixtures

milled for different times using WC ball, vial with 2 wt% hexane. Fig 5. X-ray difitaction patterns of the FesoSko powder mixtures

milied for different times with 2 wt% hexane.
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Fig 7. SEM micrographs of the FewsaSis7 powders mechanically alloyed without hexane for various times :
(a) as mixed, (b) 6h, (c) 10h, (d) 30h.

Fig 8. SEM micrographs of the FexsSls7 powders mechanically alloyed with 2wt % hexane for various times :
(a) 8h, (b) 10h, (c) 20h, (d) 30h.
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Fig 9. Differential scanning calorimetic curves of the FexSin
powder mixtures milled for different times with 2 wt% hexane.
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Fig 10. X-ray diffraction patterns taken after DSC experiment up to
700°C for FexSin samples previously milled for various times
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