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Various combinations of separate feeding of cast spherical tungsten carbides and matrix alloy into the surfacing zone have 
been investigated. It has been established that when a self-fluxing nickel-based alloy is used as a matrix, the most stable 
surfacing process is achieved if tungsten carbides are fed through the axial bore in the focusing nozzle, and the matrix alloy 
comes through two channels located diametrically opposite to each other at its end. Ref. 6, 1 Table, 11 Figures.
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Plasma transferred arc surfacing (PTA surfacing) of com-
posite alloys based on cast tungsten carbides (furtheron 
referred to as spherical tungsten carbides (carbides)) is 
ever wider used in industry to improve the wear resis-
tance of parts operating under the conditions of intensive 
abrasive wear [1, 2]. A mixture of powders consisting 
of 40 % carbides and 60 % matrix alloy (by volume) 
is mainly used as filler material for surfacing. By mass, 
the proportions are approximately the same, but just 
reversed. As a rule, the matrix alloys are low-melting 
self-fluxing nickel-based alloys with different degree 
of alloying by Cr, Si, B and C. Matrix hardness here 
varies in the range from HRC 20 up to HRC 60. The 
above quantity of carbides is considered to be optimal, 
ensuring good formation and high wear resistance of the 
deposited metal, although mixtures with an even high 
content of carbides are sometimes used in practice. They 
can be of a fragmentary or spherical shape. Surfacing is 
performed predominantly using PTA torch with external 
feed of powders through one or several channels [3]. The 
fraction of powders in the mixture usually is 63–160 μm.

To achieve maximum wear resistance of the depos-
ited layer, it is highly important for the carbide parti-
cles to be uniformly distributed in the deposited bead, 
both over the cross-section, and by its length. This, in 
its turn, is largely dependent on uniform distribution 
of carbides in the powder mixture used for surfacing. 
Unfortunately, it is difficult to ensure it in practice, as 
separation of carbides and matrix alloy takes place, 
because of the large difference in their density (ap-
proximately 2:1). This is particularly evident at ap-
plication of mixtures with carbides. In some areas we 
can observe an excess of carbides, and in other areas, 
on the contrary, a lack of it. In the areas of carbide 
accumulation, violation of the deposited bead forma-

tion takes place, because of a lack of the low-melting 
matrix, and cracking is probable. This disadvantage 
can be avoided, by applying separate feed of carbide 
powders and matrix alloy from separate feeders-dis-
pensers. In this case, their required ratio can be accu-
rately maintained during the entire surfacing process.

In this paper the possible schemes of separate 
feed of powders are considered, and their advantages 
and disadvantages are analyzed. Investigations were 
performed using experimental and batch-produced 
PTA torch of Plasma-Master Co., Ltd.. Used as fill-
er materials were carbides produced by Resurs-1 Ltd, 
Ukraine and powder of nickel-based alloy of 315-R2 
grade of Wall Colmonoy Company, US with HRC 32 
hardness. The fraction of carbides and Ni-alloy pow-
ders was 100–200 and 63–100 μm, and their ratio at 
feeding was 40  and 60 vol.%, respectively.

Carbides [4] is a highly convenient material for 
plasma surfacing with separate feed. It has excellent 
flowability, can be readily dosed, and compared to 
crushed carbides, it wears the channels in the PTA 
torch much less.

Surfacing of test samples was performed on plates 
from steel 20. Bead width was 20–22 mm, its height 
was 4.0–4.5 mm, and deposition rate was 4 kg/h. 
Samples were cut out of the surfaced plates for me-
tallographic investigations and for wear resistance 
testing by SR («stationary ring») procedure [5]. In the 
latter case, the upper part of the deposited metal lay-
er was ground to the level, where the carbide grains 
were relatively uniformly distributed over the section. 
Investigations were performed at PWI.

Figure 1 shows the schematic of PTA surfacing 
with separate feed, where the matrix alloy powder 
is fed into the arc through the axial bore of the PTA 
torch focusing nozzle in the form of a distributed flow, © A.I. Som and B.A. Halahuz, 2020
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and carbides flow through a separate channel directly 
into the weld pool tail part. The idea of this scheme 
consists in that the carbide particles did not penetrate 
under the arc, and were in contact with the weld pool 
molten metal for as short time as possible. This allows 
avoiding their melting or dissolution, preserving them 
in their initial form, and, consequently, providing the 
maximum wear resistance of the deposited metal.

Realization of this scheme mainly confirmed the as-
sumptions made. Carbide particles are well preserved, 
the interfaces are very clear-cut (Figure 2). Their mi-
crohardness is maximal and is equal to HV01 – 2200–
2400 Pa. Matrix microhardness is stable by the entire 
height of the layer and it is close to that of metal, de-
posited without carbides (HV01 – 327–380).This is in-
dicative of the fact that dissolution of carbide particles 
is practically absent, and the matrix is not enriched with 
carbon or tungsten, which significantly influence the 
microhardness. The wear resistance of metal, deposited 
by this scheme, is also maximal (Table).

This scheme, however, has a number of significant 
disadvantages. These are unsatisfactory formation of 

the deposited bead, large carbide losses and high level 
of internal stresses. Point is that the cold carbide parti-
cles «freeze» the weld pool. Its volume decreases and 
a considerable part of carbides (12–15 %) does not 
penetrate into it and is lost. Carbides is located main-
ly in the bead middle part that results in its convex 
shape. Internal stresses arise on the interface of car-
bides with the matrix, because of the large difference 

Figure 1. Scheme of PTA surfacing with carbides feeding into weld pool tail part: 1 — electrode; 2 — plasma nozzle; 3 — focusing 
nozzle; 4 — shielding nozzle; 5 — part; 6 — ballast resistor; 7 — power source; 8 — arc ignition block

Figure 2. Shape and arrangement of carbide particles in the ma-
trix at its feed into weld pool tail part (×200)

Filler powder losses and wear resistance of metal deposited by different schemes of carbides feeding into the weld pool

Number Scheme of spherical tungsten carbides feeding into the weld pool
Volume ratio of 

carbides and matrix 
alloy, %

Total powder 
losses, %

Wear resistance, 
SR (mass loss), g

1 Into tail part (Figure 1) 40/60 12‒15 0.035
2 Through two channels parallel to bead axis (Figure 3, a) 40/60 8‒10 0.045
3 Through two channels normal to bead axis (Figure 3, b) 40/60 10‒12 0.050
4 Through axial bore in the form of mixture (Figure 5) 40 /60 2‒3 0.035
5 Through axial bore (Figure 6) 40/60 3–5 0.040
6 Through axial bore (Figure 6) 50/50 4–6 0.045
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in the coefficients of thermal expansion. At surfacing 
of massive parts this can lead to appearance of micro-
cracks and cause spalling of deposited metal, particu-
larly at application of hard matrices.

The schemes of carbides feeding into the pool head 
part from two channels located diametrically opposite to 
each other in the end part of the focusing nozzle give the 
best result. This is true in the case of feed channel loca-
tion both in the plane parallel to the deposited bead axis 
(Figure 3, a), and normal to it (Figure 3, b).

To achieve the maximum effectiveness, the angle 
of carbide feeding and the distance from PTA torch 
end to the workpiece were selected so that the powder 
particles fell into the weld pool hottest zone near the 
arc anode spot. In this case, they are heated very well 
and do not noticeably cool down the weld pool. With 
a correctly selected surfacing mode, first of all, opti-
mal arc current, well formed beads can be obtained at 
small losses of carbides (see Table). Contrary to ex-
pectations, the carbide particles do not have time to 
melt under the arc. They quickly sink to the weld pool 

bottom and are closely packed in its lower part (Fig-
ure 4, a). Just a white fringe of the decarbonized lay-
er can be observed on the particle surface (Figure 4, 
b). Microhardness of carbide particles is the same as 
in the previous case. An unfilled layer of the matrix 
forms in the bead upper part, above the carbide layer.

Of these two schemes, preference should still be 
given to a scheme with longitudinal arrangement of 
the feed channels, as it ensures smaller losses of car-
bides. This is usually noticeable at wide-layer groove 
surfacing with PTA torch oscillations. Here, in its ex-
treme positions, carbides are fed into the weld pool 
more precisely and less is lost.

The smallest loss of carbides (see Table) and bet-
ter formation of the deposited bead are ensured by a 
scheme, where carbides are mixed with the matrix alloy 
inside the PTA torch and penetrate into the weld pool 
together with them in the form of a distributed flow (Fig-
ure 5). A principal difference of this scheme from the 
previous ones consists in that carbides come to the weld 
pool in a heated state after passing through the arc. Due 

Figure 3. Schemes of PTA surfacing with carbides feeding into the weld pool head part through two channels: a — channels are located 
in the plane parallel to deposited bead axis; b — normal to axis
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to that they do not cool the weld pool, but, on the con-
trary, increase its heat content that promotes their rapid 
distribution in the liquid metal. Despite the preheating 
of particles in the arc, as shown by experiments, the car-
bide particles do not have enough time to melt under the 
arc, as they immediately sink to the bottom. A layer of 
low-melting matrix forms on top, which protects them.

Self-fluxing nickel-based alloys of Ni‒Cr‒Si‒B 
system are very convenient for application as a ma-
trix alloy at surfacing with composite alloys. They 
have a low-melting temperature (1000–1100 °C), 
readily wet the carbide particles and have rather good 
inherent wear resistance. However, at plasma surfac-
ing with these alloys, using PTA torch with internal 
powder feed [3] there are a number of technological 
difficulties, related to their low-melting temperature. 
Fine powder particles (up to 100 μm) which penetrate 
into the central high-temperature region of the arc 
have enough time to heat up to evaporation tempera-

ture during their flight [6]. Metal vapours deposit on 
the cold walls of the focusing nozzle, forming a kind 
of insulation interlayer in the form of accretion. This 
interlayer is growing steadily during surfacing, and a 
moment comes, when it starts melting, forming drops 
at the focusing nozzle outlet. These drops block pow-
der outflow and, eventually, disrupt the surfacing pro-
cess. Moreover, volatile fractions from the weld pool 
deposit on the focusing nozzle edge, forming a loose 
deposit with time, which, if not removed, also disrupts 
the surfacing process. This adverse phenomenon can 
be partially avoided, if a coarser powder (more than 
100 μm) is used, but it cannot be eliminated complete-
ly, as a dust-like fraction (up to 5 %), which remains 
after screening, is always present in the powder.

At external feeding through separate channels, the 
effectiveness of powder heating is much lower [6] and 
no filler powder drops form inside the focusing noz-
zle, although sticking of volatile fractions to its edge 

Figure 4. Distribution and shape of carbide particle at feeding through two channels located diametrically opposite to each other in the 
end part of focusing nozzle: a — ×25; b — ×200

Figure 5. Scheme of PTA surfacing with feeding carbides mixed 
with matrix powder inside the PTA torch distribution chamber

Figure 6. Scheme of PTA surfacing with feeding carbides into the 
weld pool through axial bore of focusing nozzle
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still takes place, but to a smaller degree. In this con-
nection, the scheme of deposition of composite alloys 
presented in Figure 6, is the most preferable in terms 
of process stability. With this scheme, only carbides 
are fed into the weld pool through an axial bore of the 
focusing nozzle, and the matrix alloy comes through 
two diametrically opposite channels, i.e. conversely 
to earlier discussed schemes (Figure 3).

Carbides, as a higher melting material, do not have 
enough time to heat in the arc up to melting tempera-
ture during their flight, and, therefore, do not have any 
adverse influence on the surfacing process. Contrari-
ly, preheating, similar to the previous case, promotes 
denser and faster distribution of carbide particles in 
the weld pool and lowering of internal stresses in the 
deposited metal. Carbide distribution by this feed 
scheme is shown in Figure 7.

As one can see, carbide particles are rather closely 
and uniformly arranged in the lower part of the depos-
ited bead. Together with matrix alloy interlayers they 
take up approximately 2/3 of its cross-section. The 
bead upper part remains unfilled with carbides. It is 
natural that the wear resistance of this part is not high. 
However, excess amount of matrix alloy promotes 
good formation of the deposited bead (Figure 8, a), 
improves cracking resistance and is a kind of protec-

tion for carbide particles from dissolution under ther-
mal impact of the arc.

Additional experiments showed that with this scheme 
the carbide content in the filler material can be increased 
up to 50 vol.% without disturbance of the surfacing pro-
cess, in order to improve the bead filling with carbides. 
The bead shape becomes more flat and favourable from 
the view point of wear resistance (Figure 8, b).

At the same time, metallurgical investigations 
showed (Figure 9) that with increase of carbide per-
centage some carbide particles start breaking up.

This is attributable to the fact that in this case the 
deposited bead is filled with carbides almost to the 
top, the protective layer of the low-melting matrix be-
comes insufficient and its particles now are on the sur-
face under the concentrated plasma arc. Melting and 
dissolution of the carbide particles is further promot-
ed by that the arc current also has to be increased with 
increase of the amount of carbides in the mixture, en-
hancing the thermal impact on the particles. It results 
in matrix enrichment in carbon and tungsten that leads 
to a certain increase of matrix hardness. In our case, 
this increase is small (up to HV01 – 400–420 Pa) and 
it does not cause any noticeable embrittlement of it. 

Figure 7. Carbide distribution in deposited metal at its feeding 
through axial bore of focusing nozzle (40 vol.%)

Figure 8. Appearance of beads deposited with carbide feeding 
through axial bore of focusing nozzle: a — 40; b — 50 vol.% of 
carbides

Figure 9. Distribution and shape of carbide particles in the deposited metal at their feeding through axial bore in focusing nozzle 
(50 vol.%): a — ×25; b — ×200
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No cracks were observed in the deposited layer. Wear 
resistance also remained on the same level. This leads 
to a practical conclusion.

If machining of the deposited layer is required 
after surfacing to achieve an exact geometrical size, 
then it is better to deposit the bead so that it is not 
completely filled with carbides. This facilitates ma-
chining, and reduces the consumption of expensive 
carbides, without lowering the wear resistance of the 
working layer as a whole. Now if no machining is re-
quired by operation conditions, carbide content in the 
mixture should be increased up to 50 vol.%, and high 
wear resistance should be ensured by the entire thick-
ness of the deposited layer.

Figure 10 shows equipment for PTA surfacing 
with composite alloys with separate powder feed, and 
Figure 11 gives examples of the surfaced parts.

Conclusions

1. At PTA surfacing with composite alloys with separate 
powder feed the most effective is the scheme, where 
carbides are fed through the axial bore of the focusing 

nozzle, and the matrix alloy comes through two diamet-
rically opposite channels, located in its end.

2. To ensure more uniform wear resistance of the 
deposited layer by height, the volume fraction of car-
bides can be increased up to 50 % at feeding without 
violation of the surfacing process.
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Figure 10. Equipment for PTA surfacing with composite alloys with separate powder feed: a — PM-302 unit; b — PP-6-04 PTA torch

Figure 11. Examples of parts surfaced with composite alloy: a — cutter of coal cutter-loader; b —crushing equipment case; c — pump 
stabilizing ring


