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ABSTRACT

Microstructural details of the first 1100 A1/SiC and A1(Zr)/SiC

precomposited powders are described. These powders will be used for initial

low pressure plasma depositions. Modeling of expected bulk and interfacial
reactions and degradation mechanisms in plasma processing of the composite

powder filler metals is described in detail.

COMPOSITE POWDER PREPARATION

Precomposited powders were prepared from 1100 aluminum (commercial purity)
and aluminum - 3.0 wt.% Zr inert gas atomized powders with a dispersed SiC
particulate reinforcing phase. Each composite powder composition contained 25
wt.%Z of the SiC particulate reinforcing phase. Although the uniformity of
dispersion of the reinforcing phase is not yet completely satisfactory and
experimentation is continuing to produce composite powders suitable for initial
plasma deposition trials, preliminary findings are described herein.

Figure la. shows an optical micrograph at 500X magnification of the
microstructure of cross sections of 1100 aluminum/SiC precomposited powder
particles. The macroscopic uniformity of dispersion of the reinforcing phase
throughout the volume of the composite powder particle is apparent.
Particle-to-particle uniformity is not yet completely satisfactory. Figure 1b.
shows a scanning electron micrograph of a composite particle cross section at
5000X where the SiC dispersion in the aluminum alloy matrix is wmore easily
seen.

Figures 2a. and 2b. show analogous cross sectional optical and scanning
electron micrographs of precomposited powders prepared with an aluminum - 3.0
wt.% Zr alloy matrix and 25 wt.? SiC particulate reinforcing phase.

When a sufficiently uniform dispersion of the SiC phase in the aluminum
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- Figure la. Cross Sections of 1100 Aluminum/SiC. K
S Precomposited Powders. Magnification (500X)
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Precomposited Powder. Scanning Electron Micrograph.
Magnification (5000X%) ; /
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alloy matrices has been achieved, these materials will be produced in pound
quantities and characterized in detail, particularly for bulk and localized
compositions, prior to low pressure plasma processing. Comparison of actual

plasma processing effects to theoretically predicted effects can then be made.

ANALYTICAL STUDIES

Thermodynamic and kinetic analyses of the physical and chemical events
occuring during plasma processing of composite powders, which may affect the
structure and properties of the deposit, were continued during this reporting

period. Preliminary results obtained are described below:
Reaction Between the Liquid Al Matrix and the SiC Dispersion.
(1). Reaction between liquid Al and SiC to form A14C3.

The reaction under consideration is:

3 SiC (s) + 4 Al (1) ~» A14C3 (s) + 3 Si (dissolved in liquid Al) (1)

*
The equilibrium activity of Si dissclved in liquid Al, a for this

si’

reaction was calculated from the standard free energy of reactionJAFo obtained

from the literature (Reference (1)) by using the equation

o L T * (2)
AF” = - RT 1n ag, = - 13.714 log ag.
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over the temperature range 1000-23000K. The results are shown in Table 1.

*

a g, represents the Si activity at the interface between the liquid Al and

the SiC dispersion when they are in equilibrium. Reaction (1) will proceed
only if the Si formed at the interface is removed continuously by diffusion
into the bulk of the liquid Al matrix, and the A14C3(s) formed is not a barrier
for Si, Al and C transport.

Assume a composite model consisting of alternate layers of SiC and liquid

Al of 10-3 cm thickness each, with the Si activity at the interface equal to

The average Si activity , a in the 1liquid Al layer after a diffusion

asi. Si’

time of t seconds can be represented by the equation (Reference (2)):

;Si 3 = 1 (2 o+l)m 2
R = = =1 -— Z —_— exp -(—-T) Dt (3)
ag, 77 p=0 (2n +1) 10

where R is defined as the degree of saturation, since when R=1l, i.e. asi =

*
a g the reaction will stop, and D = diffusion constant for Si in liquid Al.

Equation (3) shows that R is a function of Dt. R values for Dt
-6 , -7 .. -8 -9 2 . -

10 7,10 ",10 7, and 10 ° cm” were calculated using Equation (3). These Dt

values were selected because the D values for diffusion in liquid metal systems

are usually in the range of 10-5 to 10—4 cmz/sec (Reference (3)), and the

residence time for the composite powder in the plasma is expected to be in the

4

range of 10 "to 10-2 second. The calculated R values are given in Table 2.

The depletion of the SiC dispersed phase inventory by Reaction (1) can be

calculated as follows. The total number of Si atoms present in the liquid Al

Page 3
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Table 1

*
Equilibrium Si Activity, a for Reaction (1). at Various Temperatures

Si’

Temperature (°x) a*Si
1000 0.226
1100 0.200
1200 0.180
1300 0.165
1400 0.152
1500 0.142
: 1600 0.135
1700 0.128
1800 0.122
1900 0.118
2000 0.113
2100 0.110
2200 0.107
2300 0.104
e T e e T e e T et e e T e e e



Table 2

Degree of Saturation for Si in Liquid Al for Various Dt Values 'y

Dt (cmz) Degree of Saturation (R)

10 0.698
10 0.229 =

10 0.075
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taver of 10 “cm thickness and | cm™ cross sectional area, n

si’
he average molefraction NS* of Si in this liquid Al iaver bv the ejquation:

5]
L

- nQ

Y- Si
" - Si +n

n..

. sioal (%)
-

- . RS =3 Ce
where ng < aumber of Al atoms in the liquid Al laver of 10 cm o thicaness ind
a ) ) -3
1 cm” cross sectional area _ lem”™ x 1IN “¢m x 2.7 pm./c.c.

>3 lo -7 zm/mole
x 6.1 x 1077 atoms/mole = A.1 x 10

e T VLYY

If the solution of Si in Al can be considered as an ideal solution,

o«

".
b. -
h . - 7 £ . : ’
f then NSi dg; and from kquation {4)
N
_ b R 7
. a a
3 a < 19

g n ., = b x h.l x 1Wl = L x A1 x 1 (3)
rl <1 _ it - R
: 1 Yo 1 lﬁi

. . S . . Y . 3 o
Tne toral numter or Si{ atowms in tue SiC laver of 10 cin thickness and 1
¢m” cross sectionali area is
- 5 . K

10 "em x 1 em™ x 3.7 gm/c.c. 19

o)
xohL1 10-3 atoms/mole = 4.38 x 10

LSS ISAOEN..

40 gm/mole

LA
P

-.‘ 'l

ey .

From Equation (5), the fractional depletion F for the $SiC inventory is:

VIS K

n.. R a.. .
< .
. F = at = 1.2 oL (6) R
. 5.88 x 10 1 - Ra_, =
. Si ‘J
f Equation (6) can be used to calculate the loss of the SiC dispersed phase ;%
o -
i g
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due to reaction with the liquid Al matrix to form A14C3 during plasma

processing of the composite powders as a function of temperature and time if
the D values for the diffusion of Si in liquid Al at these temperatures are
known. Estimates can be made by assuming a D value of 10-5 cm2/sec. at 1000°k
and an activation energy for diffusion, Q, of 8000 calories/mole. These
assumptions may not be unreasonable considering the diffusion data for liquid
metal systems reviewed in Reference (3).

° 10_5 cmZ/sec. and Q = 8000 calories/mole, the D value for

Using D1000 K=
2300°K was found to be about 10_4 cmz/sec. Using these D values, the R and F
values for t = 10_2, 10_3, and 10-3second were calculated from Equation (3) and

Equation (6), respectively. The results are shown in Table 3.

It is interesting to note that the depletion of SiC is less at 2300°K than
at 1000°k for t = 10_2 second. This is due to the fact that the liquid Al
becomes saturated with Si before t = 10—zseconds is reached and that the Si
activity at saturation is lower at 2300°K than at 1000 °K (0.104 versus 0.226),
since A14C3 is 1  stable at higher temperatures. It is also interesting to
see that the F values for the same t values are relatively insensitive to
temperature. The loss of SiC can be held to about a few percent if t 10-4

; -3 .
seconds, about several percent if t 10 “second, and about twenty percent if t

10" %second, for both T = 1000°K and T = 2300°K.

(2). Other possible reactions.

Since A14C3 is unstable at high temperatures, as indicated by the decrease

*
of the a i value with the increasing temperature (see Table 1), the following

reaction which does not involve the formation of A14C3, was considered.

Page 5
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t(seconds)

D(cmz/sec)

Depletion of SiC Dispersed Phase by Reaction with Liquid Al Matrix

R

0.698

0.229

0.075

0.698

0.229

. ~.‘ o \._;'.A .A_.A\_n\
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to Form Al,C

.234

.068

.022

. 145

.098

.030
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SiC (s) = € (s) + Si (in liquid Al) (7)

* *
For this reaction, AF = - Rt ln a ;. The a ., values for 1000, 1500,
2000, and 2300°K were calculated by using thermodynamic data from the

literature (Reference (1)). The results are shown in Table 4.

*
These a i values are much smaller than that for Reaction (1) at the same

temperature (see Table 1), suggesting that Reaction (1), not Reaction (7), 1is

favored for the temperature range shown in Tables 1 and 4.

2. Reaction Between the Alloying Elements and the SiC Dispersion.

(1) Reaction between Zr dissolved in liquid Al and SiC.

The reaction under consideration is:

SiC (s) + Zr (in liquid Al) -~ ZrC (s) + Si (in liquid Al) (8)

* *
The equilibrium activities of Zr and Si in liquid Al, a 7t and a gi® are

)
related to the standard free energy of the reaction, AF by the equation.

* *
a_., a
8F° = -RT In—== = - 4.571 T log 51 (9)
aZr aZr
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Table 4

Equilibrium Si Activity for Reaction (7)

X
fo) *
: T°K a si
! y
P 1000 3.83 x 10
; 1500 7.12 x 107° =
. 2000 0.031 #

0.054
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Using thermodynamic data available in the literature (Reference (1)), the

* *
values of a /a were calculated for the temperature range 1000-2300°K.

Si 2r

These calculated values are shown in Table 5. Included in the same table are

* *
the a values in equilibrium with the a _,
Zr Si

*
of the temperatures indicated in these tables. These are the a 7r values

values given in Table 1 for each

*
needed to maintain the equilibrium a values high enough to stop Reaction

Si

* *
(1). The results in Table 5 show that the a Si/a 7z

*
implying that Reaction (8) is highly favored. They also show that the a

values are extremely high,
Zr
values needed to stop Reaction (1) are much lower than that corresponding to
the lowest concentration of Zr (0.5 wt. %) in the Al alloy matrix to be used in
this program. If the solution of Zr in liquid Al can be considered as ideal,
the a,_ for the 0.5 wt. % alloy is 1.49 x 10—3.

The above analysis shows that it is possible to use Zr additions to the
liquid Al matrix to prevent liquid Al from reacting with SiC to form A14C3
since Zr reacts preferentially with SiC rather than Al. The Si formed
according to Equation (8), if its activity in the liquid Al is increased to a
value higher than the equilibrium Si activity for Reaction (1), can prevent
Reaction (1) from happening. However, for the Zr-Al alloy matrix materials
used in this program, the Zr concentration is not high enough to accomplish
this goal. Even for the alloy containing 3 wt. % Zr, the highest activity of
Si attained after all the Zr has reacted with SiC is only 0.009 which is much
lower than the equilibrium Si activity.

Use of Al alloys of higher Zr concentration to overcome this problem is
undesirable, since this involves the loss of a significant amount of SiC in
order to increase the activity of Si in the Al to the value needed. 1In fact, a

better approach would be to prealloy the required amount of Si to the Al

matrix. However, the effect of large additions of Si to the Al on the

Page 7
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‘ Table 5
h] D
. .
Y [
Y fout
N [)
S 9
Thermodynamic Evaluation of Reaction (8) '
4
o * / * * d d . D
T°K a Si a 7r a 7r Needed to Prevent Reaction(l) :
; 1000 2.31 x 10° 9.78 x 1078 i
: 1100 6.08 x 107 3.28 x 1077 y
. 1200 1.95 x 10° 9.21 x 107/ by
> 1300 7.37 x 10% 2.23 x 107° v
: 1400 3.20 x 10° 4.75 x 10°° X
) 1500 1.55 x 10% 9.16 x 107°
; 1600 9.11 x 103 1.48 x 107°
- 3 -5
) 1700 4.69 x 10 2.73 x 10
1800 2.85 x 10° 4.28 x 107° .
1900 1.82 x 103 6.48 x 10 °
5 2000 1.22 x 103 9.26 x 107> ;
. 2100 8.52 x 102 1.29 x 107%
2200 6.12 x 10° 1.75 x 107 :
L 2 -4 :
2 2300 4.53 x 10 2.30 x 10
; ;
: :
N :
.
-~
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mechanical properties of the matrix of the composite would have to be carefully
considered.

Addition of a small amount (e.g. 0.5-3 wt. %) of Zr to the Al may prevent
the reaction of Al with SiC by another mechanism. As shown by the data in
Table 5, the SiC reacts preferentially with the Zr rather than the Al to form a
layer of ZrC over the SiC surface, which may act as a barrier to protect the
SiC from being attacked by the Al. ZrC is stable toward Al. This can be shown

by considering the reaction:

3 2rC (s) + 4 A1l () ~ A14C3(s) + 3 Zr (in liquid Al) (10)

*
and calculating the equilibrium activity of Zr in liquid Al, a 70° using the

; ~0 ; .
standard free energy of the reaction AF , according to the equation:

_ * 3 *
AF™ = RT 1n (aZr) = - 13.714 T log a,. (11)

*
The calculated a 7r values for 1000~2300°K are given in Table 6. It can

be seen that these a*Zr values are very small, implying that Reaction (10) is
nnot favored and ZrC is very stable toward Al(l) at the temperatures indicated
in Table 6.

The thickness of the ZrC layer required for it to be protective must be
determined experimentally. The maximum thickness of the ZrC layer which can be
formed from the Zr in the two Zr-Al alloys (0.5 and 3 wt. % Zr) used as matrix

materials in this program can be calculated by considering a model composite

consisting of alternate layers of S$iC and liquid Zr-Al alloy of 10-3cm

Page 8
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Table 6

Thermodynamic Evaluation of the Reaction Between ZrC and Al(1l)
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thickness each. For the 0.5 wt. % Zr-Al alloy, the maximum thickness of the

ZrC layer which can be formed on the SiC surface on each side of the liquid
Z2r-Al alloy layer is 1.14 x 10-6 cm. For the 3 wt. % Zr-Al alloy, this
thickness is 6.84 x 10-6cm.

The actual thickness of ZrC formed on the SiC surface during plasma
processing can be calculated on the basis of the model composite described
above assuming that the rate-determining factor for the growth of the ZrC layer
is the transport of Zr from the bulk of the liquid alloy layer to the SiC
surface and that the activity of Zr is zero at the SiC surface. The average

activity of Zr in the liquid alloy layer, a__, is related to the residence time

Zr

in the plasma, t, by the equation (Reference (2)):

- 2
a,. 8 o 1 (2n+1) »
— = — E 5 exp | - (—T> Dt (12)
a,_ 17 h=0 (2n+l) 10
where D = diffusion constant for Zr in liquid Al at the plasma temperature,

o
[}

7¢ initial activity of Zr in the liquid alloy layer, .!

9.09 x 10—3for the alloy containing 3.0 wt. % Zr,

and 1.49 x 10-3for the alloy containing 0.5 wt. % Zr.

The fractional depletion of the Zr inventory in the liquid alloy layer,

Fd’ after time t in the plasma is:

- 2
a;r -3, 8 1 (2n+1)
Fyg= ————— =1l-— z: 5 exp[-( =3 ) Dt 13
ay. n° n=0 (2n+1) 10

Page 9
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1078, 1077, 1078 and 107? cn? were

The Fd and a, . values for Dt
calculated, usiig Equation (13), for the two alloys (0.5 wt. % and 3.0 wt. %
Zr) used in this program. The results are shown in Table 7.

Included in Table 7 are also the losses of Zr atoms, An from the liquid

Zr’

alloy layer (10—3 cm thick, 1 cm2 cross sectional area) by diffusion to the SiC

surface to form ZrC. ‘AHZr was calculated from the equation:
a
An,_ = no_ - =n® - —2r
“fze T Tzr T Pze T Yzr - X fa1 (14)
l-a .
Zr i‘
where n;r = number of Zr atoms in the liquid alloy layer of 10—3 cm 4
N
thickness and 1 cm2 cross sectional area B
= 10—3cm x 1 cm2 x 2.7 gm/c.c. x (wt. % Zr) 21 -
x 6.1 x 10°
) 91.22 gm/mole x 100
= 9.028 x lO16 for 0.5 wt. % Zr allov and
5.417 x 1017 for 3.0 wt. % Zr alloyv
n, = number of Zr atoms in the same liquid allov laver

after loss by diffusion

a
Zr
_ * Pl if the solution of Zr in Al is ideal (see Eq. 3)
1 - aZr

_‘_!’ '

ng = number of Al atoms in the same liquid allov laver

10—3 cm x 1 cm2 x 2.7 gm/c.c. (wt. % Al)

- x 6.1 x 10%3 4
4

27 gm/mole x 100 .3

= 6.070 x 1019 for 0.5 wt. % allov and :&
5.917 x 1019 for 3.0 wt. % allov !
The thickness of ZrC formed on the SiC surface can be calculated fromLAan j
o

v

\l

b S
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. 3
0 Table 7

X v
. W
A \]
- 4
) Loss of Zr Atoms from Liquid Zr-Al Alloys by Diffusion to the Surface of SiC to Form ZrC .
:

- Dt(sz) F a Al -
o d Zr Zr [
’ * *% D'
y 0.5 wt.% Zr 3.0 wt.% 2r 0.5 wt.% Z2r 3.0 wt.% Zr .
.' - "
: 100® 1.0 0 0 9.028 x 10*®  5.417 x 10!7 :

. 1077 0.698  4.50 X 10°%  2.75x 1073 6.297 x 10'®  3.790 x 1017

g 1008 0.229  1.15x 1073 7.01 x 1073 2.048 x 10'®  1.269 x 1017 X

16 K

3 4.408 x 10 :

8.41 x 1072 6.521 x 10%°

10 0.075 1.38 X 10

& * o - S,
b a® = 1.49 x 1073 5
- Zr "
** o -3 ’
a = 9.09 x 10 .
. Zr .
N ‘]
P
. '
- ;
-‘ ‘o
- X
. N
L”s
N :
D G A, 3 A T S P S Sy e LIRS,
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as a function of time in the plasma if the D values for the diffusion of Zr in
liquid Al at the plasma temperature are known. Assuming D = 10-5 cmz/sec. at
1000°K and 10_10 cmzlsec. at 2300°K, the thickness of ZrC formed on the SiC
surface at these temperatures for t = 10-2, 10-3, and 10.4 seconds was
calculated for the two Zr-Al alloys (0.5 wt. % and 3.0 wt. % Zr) used in this
program, using 6.73 gm/c.c. as the density of ZrC. The results are shown in
Table 8.

It can be seen that the thickness of ZrC formed on the SiC surface is very

thin. Whether such thin ZrC layers can protect SiC from reaction with Al

during plasma processing must be determined experimentally.
(2) Reaction between Ti dissolved in Liquid Al and SiC.
The results for Ti-Al alloy matrix are expected to be similar to that for

Zr-Al alloy matrix. No analytical calculations were performed.

(3) Reaction between B dissolved in Liquid Al and SiC.

The reaction to be considered is:

SiC (s) + 4 B (in liquid Al) -~ BAC (s) + Si (in liquid Al) (15)

*
The ratio of the equilibrium activities of B and Si in liquid Al, a _ and

B
*
a gi® can be calculated from the standard free energy of reaction,‘AFo,
obtained from thermodynamic data in Reference (1), by the equation:
* *
a a_,
AF° = - RT In ( > )= - 4.°17 T log ( 2 ) (16)
B a

VY e

AP S o

t

PRRRRRAS

. r




LA T S Gl Bl St St Ml Al S SRS S L Al At Al Al D AL Eaa hinhd b ied Sat Dol bl a8 A d 0 8'a A R S\ Al At ahe sl #t. ah At a0 el tnd \ul ol AL SR B S )
" .

y u
(Y
‘h.
: Table 8 2,
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) t
: :
Thickness of ZrC Formed on SiC Surface at 1000
and 23000K as a Function of Time in Plasma
A :
rd ~
- K D(cmZ/Sec) t (seconds) Thickness of ZrC on SiC (cm)
y 0.5 wt.% Zr Alloy 3.0 wt.% Zr Alloy
~
; 1000 107 107 7.92 x 1077 4.76 x 10°° :
1072 2.57 x 1077 1.60 x 10°° :
2 107 8.20 x 1078 1.11 x 10°° :
: 2300 1074 1072 1.14 x 107° 6.84 x 10°°
- 1073 7.92 x 107/ 4.76 x 10°° b
3 1074 2.52 x 1077 1.60 x 10°° :
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The calculated results for the temperature range 1000 - 2300°K are shown 'ﬂ
"
* * ~
in Table 9. The small values of a Si/a QB indicate that Reaction (15) is not ::
.
favored. '
Further thermodynamic analysis of the reaction :;
3 BAC (s) + 4 A1 (1) ~ A14C3 (s) + 12 B (in liquid Al) (17)
shows that any BAC formed is not stable in liquid Al. The equilibrium .
*
activities of B, a B’ for the temperature range 1000 - 2300°K, were calculated N
from the standard free energy of reaction,;SFo, according to the equation: :
v * * K
- 2F® = - RT 1n 3812 = - 54.85 T log ay (18) v
)
- v
. =
)
*
- The calculated results are shown in Table 10. The a B values obtained are
. *
larger than or comparable with the a si values for the SiC-Al reaction at the
- same temperature (see Table 1). This indicates that BAC is not stable in t;
| liquid Al at the temperatures indicated in Table 10. The addition of B to the
N Al matrix therefore cannot prevent the reaction between SiC and Al during
-~
~ plasma processing. :
3. Removal of Hydrogen from Molten Al Alloy Droplets in Plasma 5‘
I3
..
e
o~
In the interim technical report for October/November 1985, the fractional o
loss of the hydrogen in the Al alloy matrix during its residence time, t, in E
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Thermodynamic Evaluation of B and SiC in Liquid Al
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Table 10

Thermodynamic Analysis of the Reaction Between B,C and Al

4

1(°K)




s oy e

PR

[NCRRAS LY S A

the plasma was calculaied for t = 10—2, 10_3 and 10_4 seconds, assuming the Al

alloy to be at its melting point and using a diffusion constant D = 7.6 x 10-4
cmz/sec for hydrogen in liquid Al at its melting point. Similar calculations
were carried out during this reporting period for a temperature of 12580K,

3 cmzlsec given in Reference (4). All the

using a D value of 5.6 x 10
calculated results, together with those given in the October/November 1985
interim report are shown in Table 11. It can be seen that if the oxide film on
the droplets does not impede the removal of hydrogen from the droplet surface,

a large fraction of the hydrogen in the droplets will be lost in the plasma if

the residence time is longer than 10-3 second.
Summary of Analytical Results

Analytical results for the major physical and chemical events occuring in
the plasma can be summarized as follows:
Loss of Al matrix material by evaporation is less than 10% even at 2300°K if
the residence time in plasma is less than 10—3second.

Losses of (1) Zr, Ti and B alloying elements, (2) SiC, ZrC, and TiC dispersion,

and (3) A1203 film on Al matrix, are negligible at 2300°K for in-plasma

residence times as long as 10—2 second.
Significant amounts of hydrogen dissolved in the Al matrix are lost at the
melting point of Al if the residence time in plasma is longer than 10-3 second
and the presence of an oxide film on the surface of the molten droplets does
not impede the removal of hydrogen from droplet surface.

$iC will react with the Al matrix to form A14C3.

is about 10% at 2300°K for in-plasma residence time of 10_3 second, if the rate

Loss of SiC by such reaction

limiting factor is the diffusion of the Si produced into the molten Al.




Table 11 -y

¥

Removal of Hydrogen From Molten Al Alloy Droplets in Plasma ht

§ N
)'-. :.
N Radius of Molten Residence Time Fractional Removal of ¥
,- Al Alloy Droplets (cm) In Plasma (sec.) Hydrogen From Droplets
-_ 933% 1258°K -
! 75 X 107 1072 0.84 1.00 y
- -3 -
10 0.35 0.77 .

~ -‘. :
10 0.12 0.31 .

g 22 x 107 1072 1.00 1.00 "

o

- 1073 0.87 1.00 :
> 4 N
o 10 0.38 0.81 3
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Zr and Ti alloying additions will react with SiC to form ZrC and TiC, which are
stable toward Al. For the highest Zr and Ti alloy concentrations used in this
program (3 wt. % Zr and 5 wt. % Ti), the maximum thickness of ZrC and TiC
formed in a model composite, containing alternate layers of SiC and Al of 10
microns thickness each, are 0.07 micron and 0.17 micron respectively.
B alloying additions do not prevent the reaction between SiC and Al. 84C is
not as stable toward Al as ZrC and TiC.

These predecitions will be compared with the results obtained on the
compositions and microstructures of the Al1-SiC, Al1(Zr)-SiC, A1l(Ti)-SiC and
Al1(B)-SiC feed materials and that of the plasma deposits on inert water-cooled

copper substrates at various power levels and distances between the nozzle and

the substrate as a prelude to plasma joining of metal matrix composites.
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