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Hardening Characteristics of Aluminum Alloy Surface by
PTA Overlaying with Metal Powders(I)

—Optimum condition for formation and microstructure of thicker surface alloyed layer—
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Abstract

Effect of Cr, Cu and Ni metal powders addition on the alloyed layer of aluminum alioy (AC2B) has been
investigated with the plasma transferred arc(PTA) overlaying process. The overlaying conditions were 125-
200A in plasma arc current, 150mm/min in'process speed and 5-20g/min in powder feeding rate. Main results
obtained are summarized as follows :

1) It was made clear that formation o.f thick surface alloyed layer on aluminum alloy is possible by PTA
overlaying process.

2) The range of optimum alloying conditions were much wider in case of Cu and Ni powder additions
than the case of Cr powder addition judging from the surface appearance and the bead macrostructure.

3) Alloyed layer with Cu showed almost the homogeneous microstructure through the whole layer by eutectic
reaction. Alloyed layers with Cr and Ni showed needle-like and agglomerated microstructures, the structure
of which has compound layer in upper zone of bead by peritectic and eutectic-peritectic reactions, respectively.

4) Microconstituents of the alloyed layer were analyzed as Al+CrAl, eutectics, Cr:Al,, CrAl, Cr.Als and
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CrsAls. for Cr addition, Al+CuAL(8) eutectics and 8 for Cu addition, and Al+NiAl; eutectics, NiAls, NiAl;

and NiAl for Ni addition.

5) Concerning defect of the alloyed layer, many blow holes were seen in Cr and Ni additions although

there was lesser in Cu addition. Residual gas contents in blow hole for Cu and Ni alloyed layer were confirmed

as mainly H, and a littie of N,

Cracking was observed in compound zone of the alloyed layer in case of Cr and Ni addition but not in

Cu alloyed layer.
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Table 1 Chemical compositions of base metal

. Chemical compositions(wt.% )
Material Si Fe Cu Mn Mg 7n Al
AC2B 5.8 0.49 25 0.31 0.04 0.08 Bal.

* Size of test specimen 100'x60%x10"
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Fig.1 Grain size and shape of metal powder.
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Table 2 Overlaying conditions used in this experiment

IMEAN IEN [EP fesr(i)ivr:d:;te O": rtlei};ng Ar gas(1/min)
o) o)) (&) Tex/Tee ¢ peed 8
(g/min) | (mm/min)
125 172 5 Pilot Powder Shield.
carrier
150 217 80 75/25 | 150 gas gas gas
175 255 2
200 205 0.5 2 16

Tungsten elfectrode
Pilot gas

Waler

Powder

Shielding gas
(=) {— g g

Plasma arc

Pilot power source
=1
+
Z
| S——

Plasma power source
&) l

Base melal

. 100
Fusion zone

Fig.2 Schematic illustration of PTA overlaying process.
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Fig.4 Combined effect of overlaying current and powder feeding rate on alloyed bead appearance.
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Fig.5(c) Combined effect of overlaying current and powder feeding rate on microstructure of cross-section of Ni alloyed

bead.
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AC2B(10mmt) + Cr powder, PTAW :150A ,150mm/min
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Fig.7 Distribution of Cr in alloyed bead.
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Fig.11 SEM microstructure and mean Cu contents of Cu alloyed bead showing relationship between phase diagram
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