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Formation of Thicker Hard Alloy Layer on Surface of Aluminum
Alloy by PTA Overlaying with Metal Powder!

Fukuhisa MATSUDA*, Kazuhiro NAKATA**, Kyu-Cheoun LEE*** and Young-Ho LEE****

Abstract
The formation of a thicker hard alloyed layer have been investigated on the surface of aluminum cast
alloy (AC2B) by PTA overlaying process with Cr, Cu and Ni metal powders under the condition of overlaying
current 125-200A, overlaying speed 150 mm/min and different powder feeding rate 5-20 g/min. In addition
the characteristics of hardening and wear resistance of alloyed layer have been examined in relation to the
microstructure of alloyed layer.

Main results obtained were summarized as follows: 1) There was an optimum overlaying condition to get a
good alloyed layer with smooth surface. This good layer became easy to be formed as increasing overlaying
current and decreasing powder feeding rate under a constant overlaying speed. 2) Cu powder was the most
superior one in metal powders used due to a wide optimum overlaying condition range, uniform hardness
distribution of Hv250-350, good wear resistance and freedom from “cracking in alloyed layer with fine
hyper-eutectic structure. 3) On the contraty, irregular hardness distribution was usually obtained in Cr or Ni
alloyed layers of which hardness was increased as Cr or Ni contents and reached to maximum hardness of
about Hv400-850 at about 60wt%Cr or 40wt%Ni in alloyed layer. 4) Cracking occurred in Cr or Ni alloyed
layers with higher hardness than Hv250-300 at more than 20-25wt% of Cr or Ni contents in alloyed layer.
Porosity was observed in all alloyed layers but decreased by usage of spherical powder with smooth surface.

KEY WORDS:
resistance) (Metal powder)

1. Introduction

As aluminum (Al) and its alloys have features of lower
density and higher specific strength than ferro-materials,
they have been widely utilized for the purpose of the
weight saving, for example, in the transportation system
such as aircroft, automobile, railway vehcle, ship etc and in
addition in many other industries. However, one of the
major drawback of Al alloy is its poor anti-wear property.
In order to overcome this, thicher surface hardening tech-
nology in mm order in thickness on Al alloy surface is
required!?,

For this purpose, surface melting and alloying process is
considered to be more possible method than coating proc-
ess such as electrolitic coating or spray coating so on in the
standing point of large thickness and the adhesion strength
to Al alloyV. As thermal conductivity of Al alloy is compa-
rably high in spite of lower melting point, high energy
density heat source is needed to melt only the surface of Al
alloy partly. So, electron beam®*~®, laser beam®~'" and
plasma arc'® have been tried for this purpose so far.

(Surface hardening) (Overlaying)(Aluminum Alloy) (Plasma Transferred Arc Welding) (Wear

However, application of these processes to Al alloy and the
chracteristics of surface alloyed layer have not been estab-
lished until now.

In this study, plasma transferred arc overlaying process
(PTA process) was employed as a surface melting heat
source, because it was already utilized in practice in the
field of hard surfacing of ferro-materials. By alloying some
kinds of metal powder with PTA process, the feasibility to
form the thicker hardened alloyed layer on Al surface have
been examined, and the optimum overlaying condition for
alloyed layer and microstructural analysis, hardening char-
acteristics and wear resistance of alloyed layer were inves-
tigated.

2. Materials Used and Experimental Procedures
2.1 Materials used

Al cast alloy, AC2B was used as a base metal, whose
chemical composition was shown in Table 1. The dimen-
sion of test specimen for PTA process is 100 mm in
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Table 1 Chemical composition of base metal.

Chemical compositions ( wt.%)
Si[Fe[CulMn|Mg|zn | A
AC2B | 5.8 |0.49| 2.5|0.31{0.04]0.08] Bal.

Material

* Size of test specimen 100'x 60% x 10!

Powder | Size(um) Morphology of powder (SEM)
Cr 50~100
Cu | 43~50
Ni | 65~150

Fig. 1 Grain size and shape of metal powder.

length X 60 mm in width X 10 mm in thickness.

As a metal powder for alloying, chromium (Cr), copper
(Cu) and nickel (Ni) powders of 99.9% in purity were used.
The shape and grain size of these powders are shown in
Fig. 1. Cr is the crushed and Cu and Ni are the atomized
powders.

According to phase diagrams’®, in Al rich side in each
binary system, these elements show peritectic reaction in
Al-Cr, single eutectic reaction in Al-Cu and eutectic-
peritectic reactions in Al-Ni systems, which is an intermedi-
ate one between Al-Cr and Al-Cu systems.

Prior to overlaying, these powders were dried in vacuum
(1 X 10~ 'Pa, 20°C, 24h) to intend to eliminate the formation
of porosity in alloyed bead, but this pretreatment showed
almost no effect for preventing porosity in this study.

2.2 Experimental procedures
2.2.1 PTA overlaying process

Figure 2 shows the schematic illustration explaining the
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Fig. 2 Schematic illustration of PTA overlaying process.

principle of PTA overlaying process. Surface layer of base
metal is melted continuously by plasma arc with a constant
traveling speed, and simultaniously metal powder is fed
into the molten pool through plasma torch and plasma arc
and then react with molten Al to make alloyed layer on Al
base metal surface.

An inverter type alternate current plasma transferred arc
overlaying equipment with a powder feeder was used.
Overlaying conditions used are shown in Table 2. The
alternate frequency is 200Hz, time duration ratio of elec-
trode negative (Tgy) and electrode positive (Tgp) is Ten/
Tuean=75/25, and mean current (Iygay, Which is called
overlaying current in this study) ranged from 125A to
200A by changing the negative current (Izy) under the
constant positive current (Igp) of 80A. Overlaying speed
was 150 mm/min and the distance between a tip of torch
and base metal surface was 8 mm, which corresponded to
the crosspoint of powder streams from different injection
holes in a torch tip. Argon gas was employed as a shielding
gas. Powder feeding rate was varied from 5 to 20 g/min for
each powder at a constant carrier Ar gas of 2 1/min.

2.2.2 Structural observation of alloyed bead

A crosssection of alloyed bead (which means overlayed
bead) was electrolitically polished in 2.5%HBF, water

Table 2 Overlaying conditions used.

TEN Ponger Overlaying .
IN(li/;N I(/EAI; I( E\; 453 f;{fg:iﬂsmprenjim) Ar gas (/min)
125 | 172 Pilot P°V‘{der Shield.
150 | 217 5 = s |
80 75/ | 150
175 | 255 25| og o5 | 2 6
200 | 295
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solution (15V, l0sec), and after then optical and scanning Powder | AG2B(10mmi) + Cu powder . PTAW - 125~200A . 150mmymin
electron microscopic observations, alloyed element distri- feeding -

; o . rate Overlaying current (A)
bution measurement by EPMA and phase idintification by (g/min) 105 150 200

EPMA and X-ray diffractometry were performed.
2.2.3 Hardness and wear resistance measurements Non

Hardness of alloyed bead was measured with vickers
microhardness tester with 9.8N load on crosssection. 5

Wear resistance of alloyed bead was measured with
Ogoshi-type wear tester. A rorating counter disk of
SUJ2(Hv650), 30 mm in diameter, was pressed on a pol- 10
ished alloyed bead surface under the constant test condi-
tion of 9.8N in wear load, 4.36 m/sec in rotating speed and
100 m in wear distance and then wear volume of alloyed 15

bead was measured.

2.2.4 Residual gas analysis in blow hole

20
Alloyed bead was drilled from the surface in order to cut
blow hole in a vacuum chamber (1x10-5Pa) and
simultaniously the kind of gas exhausted from blow hole Fig. 3 General appearance of Cu alloyed bead surface

was measured with 4 polers mass spectroscopy.:
high feeding rate as 20 g/min, excess powders were hilled

up on its surface. Almost the same phenomena were
observed in Cr and Ni alloyed beads.
3.1 Aloyed bead appearance Figure 4 shows schematically the combined effect of

3. Experimental Results and Discussions

overlaying current and powder feeding rate for Cr, Cu and
Figure 3 shows the typical appearance of Cu alloyed

bead for different overlaying current and powder feeding
rate. At low current as 125A, as the surface melting of base
metal was not sufficient, excess powders fed were scattered
and/or deposited on its surface as a spherical droplet. At

Ni powders on the bead appearance, of which surface
condition was divided into 3 types designated by marks in
figures.

The optimum condition range with a smooth surface was
obtained with more than 150A, and the optimum range of

Mark Surface appearance
Base metal : AC2B (10mmt) ) S
» . . A Rough
PTAW : 125~200A ’ 150mm/min a Rough with powder deposition
Cr powder Cu powder Ni powder
T | _ T T = 1 | T T T=
20+ o b oA+ D O, A A<+ O 0O 0O, A
s ’ 7
7/
/7
/

o

|

o
\\Q
"
>

|

|

—_
(=}
1

‘Powder feeding rate “(g/min)

(44}
]

| ] | 1

L | | | 1 ] A 1
0 V925 150 175 200 V125 150 175 200 V125 150 175 200

Overlaying current (A)

Fig. 4 Combined effect of overlaying current and powder feeding rate on alloyed bead
appearance.

79



(80) Transactions of JWRI

AC2B(10mmt) + Cr powder , PTAW : 125~200A , 150mm/min
Powoer Overlaying current (A)

feeding
ate (gmin) 125 150 [ 175 [ 200

Non

20

(a) Cr alloyed bead

AC2B(10mmt) + Cu powder , PTAW : 125~200A , 150mm/min
Povider Overlaying current (A)

feeding
rate (gimin) 125 150 [ 175 | 200

Non

20

(b) -Cu alloyed bead

Fig. 5 Combined effect of overlaying current and powder feed-
ing rate on macrostructure of crosssection of alloyed
bead.
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AC2B(10mmt) + Ni powder , PTAW : 125~200A , 150mm/min

Powder verlaying current (A
teeding o ying current (A)

rate (g/min) 125 [ 150 | 175 | 200

Non

20

(c) Ni alloyed bead

powder feeding rate was enlarged by the.increase of over-
laying current. Such optimum condition range was much
wider in the case of Cu and Ni powders than Cr powder.
This result means that Cu and Ni are better alloying
powders in a viewpoint of the easiness of alloyed bead
formation. The reasons are considered to be related to Al
binary phase diagram. Details will be discussed in the
latter section.

3.2 Crosssectional shape of alloyed bead

Figure S (a), (b) and (c) shows the combined effect of
powder feeding rate and overlaying current on the macros-
tructures of crosssections of alloyed bead for Cr, Cu and
Ni powders, respectively. Bead width and penetration
depth were increased by the powder feeding rate for each
alloying powder from those without powder, though much
differences were observed by the kind of powder.

In case of Cr (a), bead width and penetration depth were
much smaller than those of Cu and Ni alloyed beads.
Penetration depth was increased at first as the powder
feeding rate, but subsequently it was decreased. It is consid-
ered that the increase in penetration depth is due to the
heat of formation of intermetallic compound in bead
(13kJ/ mol in case of CrAl,)!. However, As much
increase in feeding rate, bead surface became covered with
high temperature compound layer, because Cr was easy to
make high temperature compound with molten Al by
peritectic reaction, and this caused the decrease in penetra-
tion depth and ununiform distribution of structure.

In case of Cu (b), on the contraty, bead width and
penetration depth were monotonously increased as the
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increase of feeding rate, and even with lower current than
I150A deep penetration and uniform structure were
obtained. The reason why Cu can make good alloyed bead
so easily on Al alloy surface under the wide overlaying
condition range is considered as follows: Cu has a eutectic
reaction with Al at low temperature (eutectic temperature
548°C) in a wide composition range as shown in Al-Cu
phase diagram (Fig. 11 (a)). In addition to this, liquidus
temperature remains comparably low as high as 591°C even
with hyper-eutectic composition. These features can lead
the easy and uniform melting and the alloying between Al
base metal and Cu powder fed.

In case of Ni (c), when Ni powder feeding rate was low,
bead width and penetration depth were increased remark-
ably as same as Cu or more and macrostructure was almost
uniform. However, as the feeding rate exceed the critical
value, penetration depth was decreased and the structure
became ununiform. According to AI-Ni phase diagram
(Fig. 14 (a)), there is an eutectic reaction at comparably
low eutectic temperature (640°C) in a low Ni content. In
addition, comparably large formation heats of NiAl; and
Ni,Als, that is, 40 and 57 kJ/mol'¥, respectively contribut-
ed to the increase of penetration depth and the easy forma-
tion of uniform alloyed bead within lower feeding rate.

However, as the increase of Ni content, peritectic reac-
tions began to be appeared, and liquidus temperature
steeply raised to make it easy to form high temperature
intermetallic compound. Therefore, in case of higher feed-
ing rate, penetration depth was decreased because the high
temperature compound layer covered the bead surface as
same as Cr.

The condition range for uniform structure in alloyed
bead in Fig. 5 coincided with that for the optimum range
for the smooth bead surface in Fig. 4 in the case of Cr and
Ni and was much wider than the optimum condition range

AC2B(10mmt) + Cr powder, PTAW :150A ,150mm/min

1 T I [ | |
(Cr: 10 g/min) boundary
Crka

Top surface

X-ray intensity

0 1 2 .3 4 5 6

Distance from surface (mm)

Fig. 7 Distribution of Cr and Al in Cr alloyed bead at powder
feeding rate, 10 g/min.

in the case of Cu.

Consequently, Cu has the widest condition range to
obtain the uniform alloyed bead and Ni followed, and Cr
has the narrowest range.

3.3 Microstructure of alloyed bead -
3.3.1 Cr alloyed bead

Figure 6 shows the typical microstructural changes of
the top, middle and bottom zones of alloyed bead with
different powder feeding rate. Some black holes in figures
seem to be blow holes.

It is difficult to get a uniform structure in Cr alloyed
bead and the amount of compound was increased gradu-
ally from the bottom to top zones of the bead. The alloyed
bead consisted of a needle structure at powder feeding rate
of 5 g/min, needle and globular structures at 10 g/min, and
globular and layer structures in the top zone and needle
and globular structures in the middle and bottom zones at
more than 15 g/min. Cracking was observed in such com-
pound layer because of the luck of ductility of brittle

AC2B(10mmt) + Cr powder ,PTAW : 150A , 150mm/min

Location Powder feeding rate {(g/min)

in alloyed
layer

Top
zone

Middle |
zone

Bottom |;
zone

10

Y g

15 20

4§
Lol 100um

Fig. 6 Microstructures of Cr alloyed bead at different powder feeding rate.
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compounds and tensile residual stress built up in the
cooling stage after overlaying process.

Figure 7 shows Cr and Al distributions from the top to
bottom zones in crosssections of the beads with 10 g/min.
Cr distribution in the bead was also ununiform, that is,
high Cr content in the top zone and abrupt decrease in the
bottom zone were .observed, which corresponding to the
unumiform structure as shown in Fig. 6.

Figure 8 shows the relation between Al-Cr phase dia-

Atomic Percenl Chromium

Transactions of JWRI
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gram (a) and SEM microstructures with mean Cr contents
of (b) 8.0, (¢) 17.0 and (d) 26.9wt% corresponding to the
bottom, middle and top zones, respectively. Microstructur-
es with 8 and 17wt%Cr consisted of primary compounds of
Cr,Al;,(b) and CrAl,(c) surrounding with a(Al)+ AlCr,
eutectic (a), respectively. With increased Cr content of 26.
9wt%, it became dense and consisted of mainly Cr,Al,; and
Cr,Aly(d) and partly @ (Al)+ AlCr; eutectic. At more than
15 g/min, surface compound layer consisted mainly of Crg

-41080%C

10 20 30 40 50 6 70 80 80 Il
i (@) Al-Cr Phase Diagram
0
L
1300
0, ‘."
€ ami 26.9wt% " )
g 17.0 wi%
bef 7
2 nood BOWS | 17 e 6 e
g o0 resy A
£ 841°C L3204 i © au°c
£ i - .
& e 2 < LAY
291° TS
5 A
200 o
pp—es =|| b2 !
Jamnaseoc 3 1§
500 3 CrAlz [&)
0%,
Neel
0 10 20 30 40 50 60 70 80 20
Al Weight Percent Chromium

L

Fig. 8 SEM microstructures and mean Cr content at bottom (b), middle (c) and top zones

(d) of Cr alloyed bead showing relationship between phase diagram and phase
formed, a: @(Al)+4CrAl,, b: Cr,Al,,, c: CrAl,, d: Cr,Al,.

AC2B(10mmt) + Cu powder ,PTAW : 150A, 150mm/min

Location ) Powder feeding rate (g/min)

in alloyed

layer 10 15 20
Top 3
zone ;@ ‘ .

V.ddie [ain

zone

Bottom
zone

Fig. 9 Microstructures of Cu alloyed bead at different powder feeding rate.
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Alg and partly Cr deposited on its top surface.

As a result of the comparison with phase diagram and
the structure of alloyed bead, the primary phases coincided
with predicted phases from phase diagram, but some
phases which should disappear due to peritectic reaction
with their Cr contents still remained. This means that
peritectic reaction was not accomplished perfectly by rapid
cooling rate in PTA process.

3.3.2 Cu alloyed bead

Figure 9 shows the microstructures at each zone with
different feeding rate. Hyper-eutectic structure showing
densely dispersed ¢ phase (CuAl,) appeared at more than
10 g/min. In Cu alloyed bead, uniform microstructure was
obtained in whole crosssection of alloyed bead with all the
overlaying conditions used. This also shows the good
agreement with a uniform distribution of Cu in alloyed
bead as shown in Fig. 10 with EPMA. Moreover, no
cracking was observed in Cu alloyed bead within the
overlaying conditions used in this study.

Figure 11 shows the Al-Cu phase diagram (a) and SEM

AC2B(10mmt) + Cu powder, PTAW :150A ,150mm/min

| [ ] | | Fusionl

boundary
Cu ko Alloyed zone

(Cu : 10 g/min)

Top surface

X-ray intensity

| 1 I ] 1 |

Distance from surface (mm)

Fig. 10 Distributions of Cu and Al in Cu alloyed bead at

microstructure with 38.2wt%Cu content (b) at 10 g/min, in
which primary ¢ phase surrounding by «(Al)+ 6 eutectic
was observed.

3.3.3. Ni alloyed bead

Figure 12 shows the microstructures at each zone of Ni
alloyed bead with different feeding rate. Needle structure

Atomic Percent Copper
10 20 30 40 50 60 70 80 90 100

a) Al-Cu Phase Diagram

108487

Y

1000

Temperature °c
Py
g
]
ﬁn
B
3

o 382l wi% ; 3
5482°C K,
500 b
CuAl -1
400340 (a)) CuAl2 = ©f
: L
0 10 20 30 40 %0 GVD 70 80 90 100
Al Weight Percent Copper Cu

Fig. 11 SEM microstruuctures and mean Cu content of Cu
alloyed bead showing relationship between phase dia-
gram (a) and phase formed (b), a: a(Al)+CuAl,, b:

powder feeding rate, 10 g/min. CuAl,.
AC2B(10mmt) + Ni powder ,PTAW : 150A , 150mm/min
Location I Powder feeding rate (g/min)

n aloyed
layer

Top
zone

Middle
zone

Bottom
zone

Fig. 12 Microstructures of Ni alloyed bead at different powder feeding rate
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was dominant at 5g/min, but at more than 10 g/min
globular or layer compounds appeared in the top and
middle zones and became dominant as the increasing
feeding rate. In these structures cracking was also observed.

Figure 13 shows the distributions of Ni and Al in
alloyed bead with 10 g/min. Ni content was decreased
from the surface toward the bottom zone as same as the Cr
distribution in Fig. 10.

Figure 14 shows the Al-Ni phase diagram (a) and SEM
microstructures with mean Ni contents of 20.7wt% (b),
45wt% (c) and 64.6wt% (d) corresponding to the bottom,
middle and top zones. At 20.7wt% Ni, the structure consist-
ed of primary NiAl; surrounding by «(Al)+NiAl;

AC2B(10mmt) + Ni powder, PTAW :150A ,150mm/min

! Ni k!:c ! ! !

Fusion |
boundary

(Ni : 10 g/min)

Top surface

X-ray intensity

1 ] | 1 1 |
0 1 2 3 4 5 6

Distance from surface (mm)

Fig. 13 Distributions of Ni and Al in Ni alloyed bead at
powder feeding rate, 10 g/min. :
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eutectic. At increased Ni content of 45wt%, primary phase
was Ni,Al; instead of NiAl, and Ni,Al, was surrounded
by NiAl, formed by peritectic reaction. In composition
range of this peritectic reaction, even at less than 42wt% the
same structure was formed because of unaccomplised
peritectic reaction as observed in Al-Cr system. Partly, the
island of @(Al)+NiAl; eutectic was formed because of
irregular segrigation in alloyed bead.

At much higher Ni content as 64.6wt% in the top zone,
single compound layer of NiAl was formed.

These structures in Ni alloyed bead showed good agree-
ment with those predicted ones from phase diagram exclud-
ing the structure due to unaccomplised peritectic reaction
as same as in Al-Cr system.

3.4 Hardness of alloyed bead

Figure 15 shows hardness distributions of Cr, Cu and Ni
alloyed beads at different powder feeding rate.

In the case of Cr alloyed bead, hardness was increased
with increasing feeding rate. At 5 g/min maximum hard-
ness was about Hv280 and hardness distribution was
comparably smooth due to the uniform needle structure. At
10 g/min, maximum hardness reached HvS510 in upper
zone where dense needle structure was formed. At more
than 15 g/min, high hardness as Hv700-740 in maximum
but much rough hardness distribution were observed. This
depended on the irregular structure of globular and layer

Fig. 14 SEM microstructures and mean Ni content at bottom (b), middle (c) and top zones
(d) of Ni alloyed bead showing relationship between phase diagram and phase
formed, a: a(Al)+NiAl,, b: NiAl,, ¢: Ni,Al,, d: NiAL
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AC2B(10mmt) + Metal powder , PTAW : 150A ,150mm/min
Cr powder Cu powder Ni powder
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Fig. 15 Hardness distributions on crosssection of Cr, Cu and Ni alloyed beads at different

powder feeding rate.

compounds. The hardness in surface zone was inclined to
be lower than that in inner zone. This tendency was also
observed in Ni alloyed bead. It is considered due to the
macrosegrigation caused by the specific weight between
alloying powder (Cr: 7.19, Ni: 8.9) and Al (2.7).

In the case of Cu alloyed bead, smooth hardness distri-
bution through bead in each feeding rate was obtained. At
5 g/min, hypo-eutectic structure with Hv120-180 was for-
med and at more than 10 g/min the structure was changed
to hyper-eutectic where primary # phase (Hv400-600%)
was densely solidified. However, their hardness were satur-
ated to Hv250-350. These smooth hardness distribution
corresponded to uniform Cu distribution in alloyed bead.

In the case of Ni alloyed bead, uniform hardness distri-
bution of about Hv200 was obtained at 5 g/min, in which
condition needle-like primary NiAl; (Hv700-770%) was
distributed uniformly in alloyed bead. At more than 10 g/
min, however, globular and layer structures of Ni,Al,
(Hv1100?) and NiAl (Hv300-700) began to formed
instead of needle structure: Therefore, hardness was much
increased but became very rough in the range of Hv400 to
850 corresponding to the irregular distribution of hard
globular and layer compounds.

Therefore, it is made clear that Cu is much more easily
and uniformly alloyed in moiten Al pool than Ni and Cr
in spite of the largest specific weight (8.96). This reason is
due to the existence of low temperature eutectic reaction as
mentioned in 3.2.

Relation between hardness, alloying content and the
dominant structure in alloyed bead was shown in Fig. 16
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(a), (b) and (¢) for Cr, Cu and Ni alloyed beads, respec-
tively, in which dark marks indicate the occurrance of
cracking.

In the case of Cr in (a), hardness was increased monoto-
nously up to 60wt%Cr. Cracking free range was less than
about 20-25wt%Cr, in which structure was needle one of
primary CrAl, dispersed in Al matrix and hardness of
cracking free bead was limited to Hv250-300 in maximum.
In 30-60wt%Cr, the structure consisted of dense needle
structure and hardness was increased to Hv300-400,
though cracking was occurred. In more than 60wt%Cr,
hardness was abruptly increased to Hv500-830 because of
the formation of globular Cr;Al; phase, in which cracking
also occurred.

In the case of Cu in (b), hardness was increased monoto-
nously up to Hv350 at about 40wt% in hyper-eutectic
structure and there was no cracking occurred.

In the case of Ni in (c), hardness was increased monoto-
nously up to 40wt%. Cracking free range was less than
20-25wt% within the composition range of eutectic reaction
and maximum hardness was Hv250-300. In more than
40wt%Ni, hardness abruptly increased to Hv400-850
because of the formation of dense needle structure
(NiAl; +Ni,Al;) and globular or layer compounds (Ni,
Al; +NiAl), where cracking occurred.

3.5 Wear resistance of alloyed bead

Figure 17 shows the relation between the specific wear
and the hardness of Cr, Cu and Ni alloyed bead under the
kept wear conditions of wear load 9.8N, sliding distance
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Fig. 18 Changes of total ion current corresponding to degree of vacuum and ion currents of
each mass number corresponding to CO,(44), N,(28), H,O(18) and H,(2) against
time during drilling of (a) unalloyed, (b) Cu and (c) Ni alloyed bead in vacuum
chamber measured with mass spectroscopy.

100 m and sliding speed 4.36 m/sec. In this high sliding
speed, adhesion wear property can be evaluated.

Spéciﬁc wear was decreased as increasing hardness in all
alloyed beads measured. Especially remarkable decrease in
specific wear was obtained in Cu alloyed bead and was
about 1/10 to that of base metal when hardness of alloyed
bead was about Hv300. On the contrary, specific wear of
Cr and Ni alloyed beads was larger than that of Cu alloyed
bead even at the same hardness. It is considered that the
reason of excellent wear resistance of Cu alloyed bead was
due mainly to the fine hyper-eutectic structure in which
hard fine # phase were densely dispersed in fine a(Al)+
@ eutectic structure as a matrix and in addition to this the
strengthening effect of a(Al) by Cu solution also affected.
As Ni and Cr have almost no effect to strengthening the
matrix which surround the needle compounds, compa-
rably low specific wear was obtained in harder alloyed
bead consisted of globular and layer compounds structure.
The existence of blow hole may increase the specific wear
by gnawing away by the counter disc.

3.6 Porosity in alloyed bead

Number of large blow holes were observed-in Cr and Ni
alloyed beads, however, in Cu alloyed bead, both the size
and the number of blow holes were decreased as shown in
Fig. 5. These differences were considered due to the
morphology of alloying powder as shown in Fig. 1.
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In order to make clear the cause of blow hole, the
residual gas analysis in blow holes was carried out. Figure
18 (a), (b) and (c) show the typical evaluated results by
mass spectoroscopic analyzer for unalloyed remelted bead,
Cu and Ni alloyed beads with 5 g/min, respectively.
Identified residual gas species were CO,(mass number 44),
N.(28), H,O(18) and H,(2). Other gas species were not
detected within the background level. An upper figure in
Fig. 18 indicates the change in relative degree of vacuum
represented by total ion current vs. time during drilling of
alloyed bead, and lower four figures show the change in
relative intensity of ion current for each mass number
corresponding to CO,, N,, H,O and H, vs.
simultaniously, in which maximum intensity indicates the
highest peak value in each figure.

Figure 18 (a) shows the results of blow holes formed in
unalloyed bead. Abrupt decreases in degree of vacuum
corresponded only to the exhaustion of H,, and CO, and
N, were ignored because of their extremely low intensity.
This result indicates that residual gas in blow hole formed
in remelted bead is H,, which probably caused by the
preformed blow holes in cast base metal.

Nextly, in the case of powder alloyed bead, two types
were observed i.e. one was only the exhaustion of H, as
shown in (c) for example and the other was the exhaustion
of H, accompanied by N,, of which intensity was much

time

low as shown in (b). In each case, the intesity of H, is 9 to
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10 times as high as in (a) without powder. This high
intensity of H, corresponds to much porosity in alloyed
bead, and the source of N, is considered to due to the air
gas absorbed into shielding gas, though its cause was not
made clear in this study.

The major cause of blow hole formed in weld bead of Al
alloy arc welds is considered to be H,'®, and absorbed
H,O and organic materials on the surface of base and filler
materials is considered to the cause of H,!9. In this study,
absorbed H,O in powder surface was considered to be the
dominant cause of blow hole. This was supported by the
evidence that Cu powder with spherical shape made less
porosity than Ni and Cr powders with irregular shapes
possessing many sites for H,O absorption as shown in Fig.
1.

Therefore, to prevent the porosity in alloyed bead the
usage of spherical shape powder and vacuum dry treatment
of powder just before the use will be expected, and these
effects should be treated in latter paper.

4. Conclusions

The formation of a thicker hard alloyed layer have been
investigated on the surface of Al cast alloy (AC2B) by
PTA overlaying process with Cr, Cu and Ni metal powders
under the conditions of overlaying current 125-200A,
overlaying speed 150 mm/min and powder feeding rate
5-20 g/ min. Hardening characteristics, wear resistance
and defects such as cracking and porosity of alloyed bead
have been examined in relation to the microstructures of
alloyed bead.

Main results obtained were summarized as follows:

1) There was an optimum overlaying condition to get a
good alloyed bead with smooth surface, which became
easy to be formed at an increasing overlaying current
and a decreasing powder feeding rate under a constant
overlaying speed.

2) Cu powder was the most superior one in metal powders
used due to the wide optimum overlaying condition
range, uniform hardness distribution of Hv250-350,
good wear resistance and freedom from cracking in
alloyed bead, of which microstructure consisted of fine
hyper-eutectics.

3) Irregular hardness distribution was usually obtained in
Cr or Ni alloyed beads, of which hardness was in-
creased as Cr or Ni contents and reached to maximum
hardness of about Hv400-850 at about 60wt%Cr or
40wt%Ni in alloyed bead.
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4) Cracking occurred in Cr or Ni alloyed beads with
higher hardness than Hv250-300 at more than
20-25wt%Cr or Ni contents in alloyed beads, of which
structure consisted of globular and/or layer intermetal-
lic compounds. Cracking free alloyed bead was
obtained in the structure where primary intermetallic
compounds were dispersed in the Al matrix.

5) Wear resistance of alloyed bead was remarkably in-
creased as the increasing hardness and reached ten, five
and three times as same as that of base metal in Cu, Cr
and Ni alloyed beads, respectively.

6) The structure of Cu alloyed bead coincided to Al-Cu
phase diagram. In the case of Cr or Ni alloyed beads,
primary phases coincided to Al-Cr and -Ni phase
diagrams, but following peritectic reaction was unac-
complished because of rapid solidification rate.

7) Alloying powder with rough surface made much poros-
ity, but powder with spherical shape and smooth sur-
face made less porosity. The residual gas in blow hole
was mainly hydrogen and sometines accompanied by
nitrogen in lower level.
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