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A Study on the Nano Alloy Powders Synthesized by Simultaneous Pulsed Wire
Evaporation (S-PWE) method 1I - Synthesis of Fe-Al Nano Alloy Powders
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Abstract In this study the possibility to obtain a homogeneous mixture and to produce solid solutions and
intermetallic compounds of Fe and Al nano particles by simultaneous pulsed wire evaporation (S-PWE) have been
investigated. The Fe and Al wires with 0.45 mm in diameter and 35 mm in length were continuously co-fed by a
special mechanism to the explosion chamber and simultaneously exploded. The characteristics, e.g., phase com-
position, particle shape, and specific surface area of Fe-Al nano powders have been analyzed. The synthesized
powders, beside for Al and o-Fe, contain significant amount of a high-temperature phase of y-Fe, Fe Al and traces
of other intermetallics. The phase composition of powders could be changed over broad limits by varying initial
explosion conditions, e.g. wire distance, input energy, for parallel wires of different metals. The yield of the nano
powder is as large as 40 wt % and the powder may include up to 46 wt % FeAl as an intermetallic compound.

Keywords : Homogeneous mixture, Nano intermetallic compound, Nano powders, Simultaneous Pulsed Wire
Evaporation
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Fig. 1. Experimental scheme for simultaneous pulsed wire
evaporation method.
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Fig. 2. Experimental procedures for simultaneous pulsed wire evaporation method.
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Table 1. Experimental conditions and results of the powders.

S, m¥/g yield, %
No. Atmosphere U, kV A, mm
Cyclone (c) Filter (f) Cyclone (c) Filter (f)

1025 Air 25 52 8.9 42,6 -

1027 Ar 27 52 34 42.8 -

1028 Ar 27 26 31 449 59 41
1029 Ar 27 0 4.7 472 56 44
1030 Ar 23 26 3.1 41.2 76 24
1032 N, 27 26 8.3 219 19 81

Fig. 3. TEM images of Fe-Al powders.
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Fig. 4. X-ray phase analysis of powders of (a) No.1025 (A’; ALO,, F’; (-Fe,0,) and (b) No.1030 (A; Al, F;o-Fe, I'; y-Fe, *;

FeAl, C; Fe,AlC).

Table 2. Phase concentrations (wt %) and grain size (nm) (¢ ; cyclone, f ; filter)

Phase concentration (%)/Grain size (nm)

No.

Al o-Fe y-Fe FeAl Fe,AIC, (3+Y)ALO,
1027¢ 58/98 22131 211 18/14 - -
10271 58/85 9/44 21/12 10/15 2 -
1028¢ 60154 241 23/8 10732 2 1
1029f 15/46 2/32 20/14 42136 6 4
1030f 64/56 7131 6/15 15/27 5 1
1032f 12/52 30/42 3120 46/26 - -
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