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SHIELDED OPEN AIR PLASMA SPRAYING OF

REACTIVE MATERIALS

By J. M. Houben and J. H. Zaat

Eindhoven University of Technology, The Netherlands.

SUMMARY

A shielding device for open air plasma spraying
has been developed, tested and put to practice.
The device mainly consists of a diverging tube
in which two fluid streams are established:

the plasma jet and a coaxially flowing stream
of primary shielding gas, thus producing a
coherent gas coverage of the transport tra-
jectories and the substrate spray area.

Test results show that the oxygen content of
the spray gases within the gas-covered area of
the substrate can easily be reduced to 0,2
percent. Spray deposits of Mo do not contain
more oxygen than the spray powder.Sprayed
deposits on the basis of Sn-Sb show good per-
formance as bearing material; the oxygen con-
tent of these deposits vary from 0,018-0,04
weightpercent.

1 INTROBUCTION

Since a free plasma jet for spraying purposes
has a predominantly turbulent character, such
a jet will always involve the problem of
mixing with the ambient air.Oxygen will pene-
trate the plasma gases as reported by Hasui
@.a. The spray particles will absorb the oxygen
and will be oxidized during their flight from
torch to substrate. This oxygen contamination
is one of the main problems related to conven-
tional plasma spraying of reactive materials
such as molybdenum.

To avoid the contamination, adequate inert gas
protection must be given to the particles and
the deposit during the spray operation. Up to
the present time, the most reliable method of
producing near by oxygen free spray deposits of
reactive materials such as molybdenum, makes
use of a special chamber into which the work-
piece to be treated is placed 2:3.4, The cham-
ber may be evacuated and operated under vacuum
or may be filled with inert gas to give the
required high degree of protection.

Equipment of this type however is expensive
and limits the size of the part to be treated.
The work partly reported here deals with the
development of " shielded open air” technique
for which there is a need. As far as the
authors are familair to this object, two other
investigators 28 paye recently published about
this technique. Both authors make use of a

78

coaxially jet shielding tube., From their re-
ports it is obvious that their methods have
been successfully put to practice.Although the
shielding device to be discussed in this paper
is related to those which are mentioned above
it differs essentially from these methods.
Jackson’'s device attains the shielding effect
by blowing a considerable amount of shielding
gas around the jet, which is not the case in
this one and Okada et al. use an extra, what
they call "shield cover” with a diameter of
200 mm, which also is absent in the following
construction.

2. DIFFUSER TYPE SHIELDING TUBE+
A typical representation of such a device is
outlined in fig. 1. The ambient air is not
permitted to penetrate the plasma stream by
enclosing the jet and the transport way of the
spray particles within a diffuser. Inside this
diffuser two coaxially flowing fluid streams
are established: the plasma jet and a primary
shielding gasstream surrounding this plasma
Jjet. The shielding diffuser is essentially a
diverging tube whose purposes are to increase
the pressure of the fluid streams by reducing
the flow velocity and to stabilize a coherent
stream of gas coaxial with the plasma jet.This
gasstream has to cover a certain workpiece
area with a shielding atmosphere from which the
air is excluded. A diffuser essentially con-
verts the kinetic energy of the streaming gases
into potential energy, i.e. pressure. There are
two main problems involved when applying a
diffuser as a plasma spraying shielding device.
a. The spray particles must leave the torch
coaxially with the plasma. An excentric
spray jet will cause a deposit of spray ma-
terial inside the shielding tube,blocking
- the proper operation of the device.Besides
the divergence angle of the spray jet, if
coaxially with the plasma, must be restric -
ted. These problems have been solved First7.
The pressure recovery in a diffuser will not
quite reach a hundred percent. There is an
irreversible pressure drop, compared to the
theoretical ideal recovery according to

Bernoulli's law, because the inlet area of

+ Patent pending.



the diffuser, does not correspond to the
exit bore of the anode.Besides there are
1osses due to wall friction causing another
pressure drop compared to the ideal case of
non viscous flow.

1f the flow inside the diffuser were uni-
form over the cross section, then these
pressure drops would not be of great im-
portance for the diffuser's performance.
However the friction losses have consider-
able effect especially on the boundary
layers, the more so, because a diffuser for
spraying purposes has got a short length
and a relatively large divergence angle.
Flow separation can occur and a flow pat-
tern as sketched in fig. 1, curve a must

be considered as being usual for such a
short diffuser if not sufficient primary
shielding gas 1s supplied.

sa to avoid the penetration of air into the
spray gases along path "a",additional mea-
sures must possibly be taken.

The unfavourable effects due to fluid decelera-

tion along the diffuser wall previous to flow

separation, can be overcome basically in two
ways:

a. By removing the decelerated fluid elements
along the wall before flow separation and
subsequently, penetration of air occurs.

To realise this, suction slots can be in-
stalled as shown in fig. 2.

b. By acceleration of the slow fluid particles.
This can be done effectively by blowing in
secondary shielding gas along slots in the
diffuser wall, also show in fig. 2.

Details of the action of suction and blowing
on the boundary layer profile are given in
fig., 3.8

3. TEST MEASUREMENTS

Shielding tubes provided with these design
features have been put to practice.

At this moment experimental data based on a tube
working with primary shielding gas but not yet
fitted with suction and secondary injection
slots, are available.

A schematic of therexperimental set up for tes-
ting is presented in fig. 4.

The total pressure distribution over the center-
iine of a cross section was obtained for varying
primary shielding gasflow rates by using a water
cooled Pitot-tube, connected to a manometer,
pasically existing of a tilted glass tube filled
with alcohol. »

The velocity profile can be deduced from the
total pressure and additional static pressure
and temperature measurements. Typical results
are shown in fig. 5 and 6.

From fig. 5 it appears that in absence of a sub-
strate in front of the tube and without supply-
ing of shielding gas in the tube a reverse flow
of air along the wall inside the tube will occur.
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The plasma jet works like an injection pump and
no shielding effect is achieved.

From fig.6 it appears that a positive total
pressure profile at the exit plane of the tube
can be obtained by placing the tube in spray
position in front of the substrate at a distan;
ce of 5 mm and additional supplying of 50 1min
N> as primary shielding gas. Without or with to
small an amount of shielding gas, the flow can
not be kept attached to the tube wall and flow
reversal and subsequential air penetration
occurs.,

Oxygen measurements in the spray gases show the
effect of the shielding tube performance if the
proper gquantity of primary suppletion gas is
supplied, see fig. 7. The oxygen concentration
in vol.% is measured over a centerline in the
gascovered area of the substrate at a 5 mm
stand off distance between tube and substrate.
Curve a and b in the presence of the substrate,
curve ¢ in absence of the substrate. It is
clear from this figure that both the nearness
of the substrate and the suppletion gas flow
rate are of cruciable importance for the per-
formance of the device.

4 SPRAY RESULTS.

The diffuser type shielding tube has been put
to practice.Molybdenum and, among others, a
Babbitt bearing alloy called V 738 were sprayed.
Table 1 summarizes some spray results for Mo.
The emphasis was placed on the reduction of the
oxygen content in the sprayed deposit.

As appears from table 1 the oxygen content of
the deposit did not surpass the original content
of the spray powder. The microhardness figures
of the deposit show approximately 12% increase.
The deposit efficiency is 10% less than is the
case when spraying without shielding tube.
Probably this phenomenon is due to the fact

that no occidation occurs, so the extra heat
generation from oxidation is absent as may be
concluded from the heat content figures. Conver-
sing the lowest figure 920 kJ/kg into the tem-
perature of the Mo particles, it turns out that
they are just about melting,whilst the heat con-
tent of 1000 kJ/kg means that approximately 37%
of all particles are completely molten. Good
adhesion with high deposit efficiencies can be
expected when all the particles are completely
molten as is the case when the heat content sur-
passes the level of 1190 kJ/kg. So, the conclu-
sion can be drawn, that the power level for a
successfull application of this shielding device
must be increased compared to the non-shielded
way of spraying. The structure is nevertheless
of a non permeable type. It shows epitaxy at the
grain boundaries, see fig. 8a and 8b.

Table:1: Spray results for Mo

Column I : Using centerline injection
System I : According to- reference 7



respect to the maximum load that can be applied.

Column II: Using the same centerline injection
Another aspect is the dynamical behaviour of

system combined with shielding tube

i X from substrate with figures for cast bearings of the same
f; material. The chemical composition is given in

and a shielding gas consumption of the bearing, So, sprayed bearings were tested
50 1min~ ! N2 on a M.A.N."-test device which consists basis-
. cally of a rotating shaft surrounded by loaded
Torch-exit Spray- half shells of the bearing to be tested.
to substrate I IT material The inner diameter of the bearing is 50 mm.
distance Mo The load and the number of revolutions of the
Sz mm shaft can be varied. The test run is carried }
f - out in the following way. In the beginning a
| 0, % 1,81 0,155 0,148 small load of 2 Nmm 2 is applied. Then a step-
| (Weight) 1,58 0,098 0,142 wise increase of shaft's rotation speed takes
; of deposit 1,58 0,135 0,147 place until a radial velocity of 20 ms~7 is
ﬁ 0,084 attained. Then the load is stepwise increased
i 0,11 until break down of the bearing occurs.Table 2
ﬁ 0,11 summarizes some test results of shielded plasma
f& Vickers Hardness Hv25 kgf mm~2 at distance sprayed bearings. These results can be compared
J

X um 20 488 237

i table 3.

it 50 677 306

it 80 673 289 Table 2. Test results of shielded plasma

%; 110 657 370 Sprayed and cast V738 bearings.

i

M% 140 627 342

#g 170 503 308 | Test Cast Sprayed

i . .

%g 200 525 285 Maximum dynamical

ﬁé 230 548 351 load acc. to 18,860 19,60

| 260 572 240 M.A.N. test

| 290 627 333 Nmm™2

l 320 589 317

i 350 588 336 Adhesion strength 90 92

i Average 588 309 275 Nmm™~2 91
Deposit effi- Brinell Hardness 25,8 27,3
ciency 83 73 2,5/31,25/180 25,5 27,9
average % KgFamm™2 25,5 27,8

3 24,8 24,86

Heat content » 25,0 28,4
of spray par- 1110~ 920~
ticles kJ/kg 1280 1000

a. Power levels from 9-17 kW over the
electrodes,

Quite another and rather unusual type of
plasma spray material which has been sprayed
using the shielding tube is the V738 material,
It is a typical soft bearing material and it
was of interest how the application of a
shielding device would work out on the struc-
ture and mechanical properties of sprayed
deposits with respect to their application as
a bearing surface.

For reasons of good heat conduction, the
bearing material should have only a slight
degree of porosity, if any. A good adhesion to
the substrate may be considered as a basis for
good overall performance of the bearing. It
has been tested by Chalmer’s method. Also of
great importance is the macrohardness with

The deposits were sprayed onto tinned steel
substrates. Some main spray parameters are
summarized in table 4.

From table 2 it is obvious that the sprayed
bearings behave mechanically very well. As to
the chemical composition (table 3) it is clear
that most elements are "burned out” somewhat
during the spray operation.

Although can be expected that this loss of
elements has got an adverse effect on the
strength of the deposits, it appears that the
strength is not affected really.

Probably the very fine structure as shown in
fig. 8c and 8d compensates for possible reduc-
tion of strength based on chemical compesition.
The structure shows fine irregular shaped
christals consisting of a solid solution of
Cu-Sn and Ni-Sn, fine cubic shaped christals of
Sn-Sb solid solution and a matrix with high Sn
content.,



Table 3 . Chemical composition of spray powder
V736 and shielded plasma sprayed deposit.

‘Welght percent
Element| V738 | ois6 range um
53-75  75-105 105-150
Cd 1,2 0,13 0,12 0,18
Cu 5,5 5,24 4,37 4,393
Sh 12 10,5 11,3 11,8
Ni 0,3 0,3 0,28 0,28
As 0,5 0,35 0,35 0,35
02 0,03 0,04 0,032 0,018
Sn Balance
Table 4. Main spray parameters.
T —————
size range 53-75 75-105 105-150
pm
Deposit effi- 58 75 75
ciency % -
Heat content of 460 485 410
spray particles
kikg™1
Current 300-330 Amp
Voltage 23- 24 volt_
Arc gas 30 Imin ,Argon
Shielding gas 50 min~?, N,
Spray distance 130 mm
Powder flow 40 gmin—1
rate 5
Substrate 110-150 and 150-200°C
temp.,
Deposit n B mMm.
thickness

Porosity has been extremely reduced.

Further investigations will be directed on the

following items:

- reduction of primary shielding gas consumption

- Application of suction and secondary injection
slots in order to force the flow kept attached
to the wall

- caombination of cooling and shielding gas

supply
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- increasing of the stand off distance between
shielding tube and workpiece.

- avoiding any deposition of rebounded spray
particles or metal and metal oxide vapor on
the inner tube wall.

5. CONCLUSION

A plasma spraying shielding device for open air
technique has been developed and successfully
put to practice. Using this device in combina-
tion with centerline injection,deposits of
reactive materials which are ductile and poor
in oxygen content and porosity can be produced
at powerlevels of approximately 8-17 kW over
the electrodes.
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FIG.A

Schematic of diffuser type shielding tube with velocity profiles.

Curve a : velocity profile if shielding gas is insufficiently
supplied,

Curve b : overall positive velocity profile if shielding gas is
sufficiently supplied.
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shielding cooling shielding gas
gas water
FIG.2

Diffuser type shielding tube provided with suction and
secondary gas injection slots.
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120 i

Pitot-tube pressure N/u2

ATMOSPHERIC PRESSURE

A o
FIG.3 30 20 10 0 10 20 30
a. Influence of suction on velocity profile shielding tube radius mm
of the boundary layer. FIG. 5
b, Influence of secondary gas injection on .
velocity profile of the boundary layer. Total pressure profiles over cross-section of

plasma jet enclosed by diverging shielding
tube without supply of primary shielding gas
and in absence of a substrate in front of the
exit plane. ‘
X = Internal axial location starting

from tube's exit plane.

plasma water cooled

7 | L

Inerwall
shielding
tube

out L Tin thyl alcohol
water

FlG 4 Schematic of the experimental set up for tube test.
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Pressure profiles at exit plane of shielding
tube in front of a flat substrate when primary
shielding gas is supplied:

50 1min~1 N2

25 1min~1 N2

— . —
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TUBE TO SUBSTRATE DISTANCE

radial displacement mm
FIG.7

I Oxygen content of the spray gases in the

‘ covered area of the substrate.

Curve a:-distance tube to substrate 5 mm -1
-primary supnletion gasrate 50 1min N2

, bi-distance tube to substrate 5 mm

| -~without suppletion gas -1

c:-primaty suppletion gasrate 50 Imin N2

~without substrate.
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Plasma sprayed deposits using diffuser type shielding tube.

&
b.
C.
d.

Molybdenum

Detalil of fig. a
V738-Babbit alloy
Deteil of fig. c.
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