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ARMY MATERIALS AND MECHANICS RESEARCH CENTER

OXIDATION BEHAVIOR OF A COMPLEX DIt ILICIDE COATING — Ta-10W
ALLOY SYSTEM AT TEMPERATURES OF 1700 TO 2700 F

ABSTRACT

The oxidation behavior of a complex disilicide coating — 90Ta-10W alloy
system was studied utilizing thermogravimetric, X-ray diff-action and electron
microprobe analyses. The coating afforded the alloy substrate complete protec-
tion against static oxidation for at 'east 200 hours at temperatures betweer.
1700 to 2700 F. The excellent oxidation resistance of the coating system is due
to the formation of a protective layer which corsists mainly of Si0O, with some
Ti, V, and ¥ in solution and a second dispersed phase of TiO,. While this pro-
tective layer is glassy at and above 2100 F, the reaction products become in-
creasingly crystalline with decreasing temperature betweem 1700 and 2000 F.
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INTRODUCTION

The Armmy has propulsion systems materials requirements for second generation
gas turbine encines which include turbine blade, disk, and vane materials: com-
bustor liner, and duct materials. For the required work extraction (for every
100 F rise in engine operating temperature there is a corresponding increase of

12% in engine performance), turtines must operate at inlet temperatures between
2300 and 3000 F.

Refractory alloys of tantalum and particularly columbium are candidate mate-
rials for such applications, provided coatings can be developed to protect them
against high-temperature oxidation. One of our efforts is directed at character-

izing -existing promising coating systems to provide data for further optimization
of these coatings.

Pure and alloyed silicide coatings offer some of the most promising means
of protecting refractory metals from high-temperature oxidation. However, in
the intermediate ¢emperaturc range (1400 to 1600 F), they fail due to pesting.
It has been proposed that pesting cssentially involves a type of intercrystalline
oxidation of a silicide in which each grain eventually becomes surrounded by
reaction products. Pesting is not only common in silicides, but also in other
intermetallic compounds #ad leads to the rapid disintegration of the bulk material.

We have evolved 2 simple method for alleviating pesting in a modified sili-
cide coating for a Ta-10W alloy, i.e., a preoxidation treatment at 1900 F. Our
study of the mechanisms of failure and protection of a modified silicide coating
for a Ta-10W concentrates on the oxidation behavior of the coated alloy above
the pesting range, namely 1700 to 2700 F.

MATERIALS

A swaged and annealed Ta-10W alloy rod was machined into disks 0.5-inch in
diameter and (1.125-inch thick. The disks were coated with a modified silicide
by Solar,* cmploying the following two-step process:

1. A slurry consisting of 50W, 20Mo, 15V, and 15Ti (in powder form) was
sprayed onto the disks. The specimens were then sintered at 2780 T for 15 hours
under a partial prcssure of 10-3 Torr.

2. The coated specimens were packed in pure-200-mesh silicon and were sili-
cided for 15 hours at 2150 F in an argon atmosphere under a pressure of 800 Torr.

The coating thickness resrlting from the two-step process was 7 to 8 mils per
surface.

The coating system is a duplex one, having a porous outermost layer (ressr-
voir layer) and a diffusion layer as shown in Figure ‘1. Electron microprobe
analysis (data which accompanies this photomicrograph) shows that the light

*Division of International Harvester Company, San Diego, California, U.S.A.
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areas of the reservoir layer contain mixed disilicides. At Points 1, 2, and 3,
Mo Si, predominates, whereas W Si- is the main constituent 50 microns frozm the
substrate (Point 4). Although the outer layer is rei-rred tc as a porous reser-
voir layer, there are isolated areas that contain Si0; and TiO; as shown in
Figure Z, Points A and B (Si0, is present at Point A, while 5i0, and TiQ, are
present at Point B). This is probably due to the introduction of oxygen as an
impurity in the powders during the coating processing.

Mag. 200X
} 2 1 Distance from
Pointy 'denttfication Sty Tol W M T v Substrate
1 t40 Sia 406]<0.1] 0.1 445 88! 60 235y
2 Mo Sia 42,31 <0.1§ 40 354 74104 1554
3 Ro Sty 40.4 3: 22:372.3 951105 85u
4 WS, 307§ <0.1{550 43 42| 57 504
5 | (Ta, W)Sia 25.3| 4311192, 13, 28] 138 251
6 |(Ta, W) Sy 223 s8.1{164] 03! 22 { o9 10K
7 10.1| 81.5{ 8.0{ <0.3] 0.09]<D.1 {CoatngsSubstrate
Interface
Dustance from
Coating
8 Alloy 0.08 | 89.5 | 10.5 | <0.3{ <0.01|<0.01 10
9 Alioy <0.05 | 89.5 ! 10.5 | <0.3{<0.01|<0.01 20u
10 Alloy <0.05 | 89.5 | 105} <0.3] <0.01{<0.Gi 30u

Figure 1. MICROPROBE &.WALYSIS OF AS-COATED REFRACTORY ALLOY
19-066-140/AMC-70

Point lidentification S| Ta|l W Mo | Th \4 Area
A |Si0; 20.25{<0.11 3.8 | <0.1{ 2.5] 1.4{Coating Oxide
B |Si0s 4 TiO, [20-251<0.1| 1.6 | <0.1[14.1] <D.1 | Coating Oxide
' ‘f. : J 8 - Figure 2, MICROPROBE ANALYSIS OF TYPICAL OXIDES IN THE
[ R L L ® .- AS-COATED REFRACTORY ALLOY
IS AN “mﬂm . 19.066- 41/AMC-70
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The derse diffusion layver consists mainiy of tantzlium and tungsten disilicide
(Points § and 6}. It is interesting to note that oniy smail amounts of silicon
(0.08%) have diffused into thc substrate. Not shown in this photonmicrograph, but
characteristic of silicide coatings, are microcracks which extend from the diy-
fusion layer into the reservoir layer. These microcracks are due to ‘he maismatch
between the thermal expansion ccefficients of the coating and the substrate.

EZPERIMEHTAL

The Mettler thermogravimetric apparatus describe¢ elsexhere! was used for
obtaining oxidation rates of the coated ailoy as a function of time and tempera-
ture. Inrestigations were carried out at atmospheric pressure at an air flow
rate of 50 cm/sec.

X-ray diffraction analyses were made with a Norelco X-ray diffractometer
using a copper target operating at 35 kV and 20 mA. A twe-theta {2-) sean was
made from 15 to 110° at a scanning speed of 1° pey mimute, A 1° divergence slit
with a nickel filter to eliminate the K3 radiation was usecd.

The diffracted radiation sas recorded on a strip chart at a speed of 30 inch-
es per hour. All variables of the unit werz held coastant so that a Semiquantita-
tive analysis of the compounds present at various temperatures could be made fron
peak heights and widths. Observed d-spacings were compared with known d-spaciigs
from ASTM X-ray-diffraction index cards.

€laectron microprobe analysis was performed w th an AMR electron beam micro-
analyzer. The accuracy of the concentrations obtained from the point analysis is
generally of the order of 25% of the amount reported. The analytical precision
varies slightly depending upon the element studied, but is generally within -2°%

relitive for concentrations ranging from 10 to 100 wt %. The precision is 5"
re'ative for concentrations ranging from 1 to 10 wt % and *10% for concentraticn-

ranging from 0.1 to 1.0 wt %.

DISCUSSION OF RESULTS

For discussion purposes, results of oxidation-rate studies, X-ray diffraction,
and electron-microprobe analyses have been conveniently grouped according to the
followirg temperature ranges: 1700 to 1800, 1900 to 2000, 2100, 2200 to 2400,
and 2500 to 2700 F. Thus, identification of rcaction products and their topology
were related to changes in oxidation kinetics.

1700 to 1800 F

At 1700 to 1800 F, Figure 3, oxidation proceeds parabolically for the first
few hours after which it exhibits no further weight gain. This indicates that
the protective film formed over the coating during the initial oxidation is
maintained throughout the entire run of 200 hours. Figure 4 is a photograph of
the coated alloyv oxidized at 1700 F for 20 minutes in air. A craching pattern
is ovserved in the lighter areas. It has been amply demonstrated that large
stresses are present in metal-oxide systems during and after oxidation which can




reselt in cracking. Many factors could he operative in the feriatien of cracks,
¢.g., ratio of the volune of equivalent ancunts of oxide and metair, variations

in growth rates of different layers in multilayered scales, differences in ther-
mal expansicn of metal and oxide, ctc. Additional experiments were carvied cut
at 1700 F in which air was replac 4 by nitroges in order to establish the role
«f oxygen in the cracking process. Under these ceaditions, neither cracking nor
.wight gain were observed, suggesting that the formation of am oxide was neces-
-ary for cracking to occur. The mechanism is most likely volume expansion due to
idation rather than difference in thermal expans.on or reaction with nitrogen
hich is in agreement with the work of Hayman and Restall.” Regardless of the
.actors «hick are operative, the presence of cracks dees not necessarily lead to
fiailare of the coated specimen. The darker arcas of the photograph show that
self-healing of the :racks is occurring. Electron microprobe and X-vay diffrac-
tion analysis show in Figure 5 that this outer protective layer contains Sif:

and Ti)s (Points A andé B) as well as an unknown compound having d-spacings 3.108,
2.735, and 1.938 §.

The oxides at Point A appear to be denser than Peint B (based on total
cight percent of clements), suggesting that self-healing initiates at the outer
‘rface of the coating and progresses inward. Since it is difficult to form a

stective oxide which remains absolutely sound under all conditions, the sclf-

1}ing capacity lability to regencrate protective oxide in case of surface

acking) is important. This capability depends on the preservation of an active
~:servoir of disilicides in the coating which is identified as (¥, Mo, Ti, V)
3i- at Points 1, 2, and 3. Points C and D are predominant!ty SiQ-, indicating
hat Ti is diffusing to the outer layer of the coating where it is present as
110>. Scme areas of tue diffusion layer of the as-coated material [containing
+Ta, W) Si.] have become oxidized as shown in the analysis at Points G and H.
"his has occurrcd only at those sites in the diffusion layer where cracks which
we formed are broad enough to act as diffusion paths for oxygen (sece Point E).
Jthough oxidation of the diffusion layer is undesirable, failurc has not occur-
red because the self-healing capability of the coating system prcvents further
oxygen diffusion.

1900 to 2000 F

Figure € contains oxidation curves at 1900 and 2000 F where the initial
segments of both curves ar- parabolic followed by linear portions. At 1900 F,
the linear portion represents no further weight gain; while at 2000 F, there is

an increase in weight. In both cases, complete protection is afforded the sub-
strate alloy for 200 hours.

Between 1700 and 2000 F, the initial parabolic oxidation rate increases with
increasing temperaturc. llowever, if one compares the sccondary linear portion of
the curves only, the weight gain at 1900 F is less than at 1800 F. This anomaly
may be explained with the aid of Figure 5., The photomicrograph (coated alloy oxi-
dized at 1800 T) is not characteristic of the entire coating but is representative
of the few sites which exhibited diffusion-laver oxidation. In this case, the
crack is much broader than the microcracks observed in the as-coated conditicn.

A velume increase occurs as a result of the localized oxidation of the diffusion
layer at the base of the crack which c¢reates internal stresses and a rapid broad-
ening of the crack. However, furthrr oxidation at these sites is totally arrestced

:
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2 [tW Mo, T W5y | 325 | 04just |120) 54 { sn e
3 {w.Mo. T visy | 271 | oclars {152 | ag o] 10 |
4 1Awoy woslsssf o7 fwal 3st 23 10° l
s lanoy (00518851100 |3 1 07 | 10 20

G {Aloy 006i8asi104 ]3| oo oo06] 3 |
7 | Aoy o10f orlsos Jiox Vvt 0o2] a0

A |50, 0, 406 [@wryariorles)sr] 240 *
8 150, T:0, 20%Nar 1alosl vy 20 ot

C {~0: M2 n1f 601 in 13 0

D |%0; 240! 02} 18 10! nx 04 e

E [voud 16 J 01! 41§ 1+ i DOs 02 1°

F {580; 2025 02{ 201 0% 025 an 7

G | Mixed Oxides e 2slnap i lag ] as e
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Figure 5 MICROPRUBE ANALYSIS OF COATEN REFRACIURY

ALLOY AFTER 200 HOURS OF Ald OX!DATION AT 1800 F
Mag. 175X
18.066-1242 ANMC-70




within a few liours (as shown by the leveling off of the oxidation curves st

1800 F), because a thin layer of oxides has forited at the coating surface. The
oxide layer seals the craci opening and bechaves as uan oxygen diffusion barrier.
The factor which controls coating spallation is largely dependent uvon the amount
of oxidation that has occurred at various sites throughout the diffuzion layer
hefore sclf-healing is complete. Regardless of the amount of oxidation undergone
by this diffusion layer at 1800 F, the coating would likely be susceptible to
hoth mechanical and thermal shock under {hermal cycling conditions.™

At 1900 F, oxidation of the diffusion layer and hence broadening of crachs
!iu not occur which probably accounts for the lower weight gain observed. At
1900 and 2000 F, the outer protective laver still consisted of Sin, Ti0 , and
the unknovil compound present at 1700 and 180C F. There was also some diminution
of the reservoir of mixed disilicides.

2100 F

Figure 7 shows that oxidation at 2100 F follows the parabolic growth law,

nd complete protection is afforded the substrate alloy by the coating. Some
olatilization of oxidation products may be occurring at this temperature since
reoinit al oxidation rate is less than observed at 2000 F. At this temperature
~100 Y the outer protective layer first takes on a glaczed appearance. Fitzer:
‘vport. . that disilicide coatings for molvbdenum take on this glassy appearance
it 2400 F.  the lower temperature we repert may be due to the complex composition
uf’ our coating system. In addition to Mo and Si, the coating contains Ti, V, and
Y which may lower the melting point of the glassy-like compounds formed and have
'he beneficial effect of allowing self-hecaling to take place at lower temperatures.
igure 8 which is a photomicrograph of the coated alloy oxidized at 2100 F along
w1th electron-microprobe analysis shows that the outer glassy layer consists
ainly of $i0~ containing <0.1 wt % Ta, 7.4 wt % W, <0.1 wt % Mo, 1.6 wt & Ti,
md 1.9 wt % V in solution (Point A), and small amounts of TiU. as a separate
phase. This is more readily seen in Figure 9 which magnifies the oxide layer by
a factor of 5. Pure 5i0, (cristobalite) could not be present as a glassy or
molten phase at 2100 [ since its melting point is 3120 F. X-ray diffraction scans
show the presence of an unknown compound which electron microprobe analysis iden-
tified as an oxide containing mainly silicon along with the aforementioned cle-
ments in much smaller amounts. Note in Figure 8 that the outer protective layer
has bridged a crack that has formed in the adjacent porous layer of mixed disili-
cides (reservoir). There appears to be no significant changes in the reservoir
and diffusion layers other than some slight diffusion of tantalum into the reser-
voir layer (Points 3 and 4). As noted by Points 11, 12, and 13, no diffusion of
the coating elements into the substrate Ta-10W alloy was found.

2200 to 2400 F

In this temperature range, oxidation rates increase with incrcasing tempera-
ture as shown in Figure 10. At cach temperature, after one hour of oxidation,
the oxldation rates decrease with time, particularly at 2300 F probably due to
volatilization. Spectrographic analysis of the effluent gases, which were passed
through a scrubber containing 10% Na OH, showed that silicon was present in
fairly large amounts and Mo, W, and V in lesser amounts and Ti in a trace amount.
The electron microprobe analysis for the coated alley oxidized at 2300 F shown

O
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Point | Idennfication| $ | Taf W [Mo| T v! Distance
1 WMo VIS, | 436 | 0.al265ha5]64 | 91 | 240
2 390 | 013 5)185144 | 75! 185
3 59| 01569[ 94132 {55, 150
4 253 | 05555/ 9954 * 52 15
5 2.2 1 69452)126!38 ;| 29 50 |
6 |(Taws, %6 48.5‘151 3934 29 a0
7 251 | 6150 9303/ 1.8 t 24 30
8 1229 67.3L9,1 ©3]08 ;w1 20
9 1125 [ n8li09lw3j02 {01 10
: 10 83 , 818 ¢ 3}03l001 ! +01!Costng/Substrzte
o K S intetface
11| Aitoy 1005 srsflzuoa(om 01 "0
12 1005 asoltzmo.:;«oou 0! 20
13 «005] 88 1119034001} <01 %0 |
A [s0,  Jao2s] 0170116 |19 300
*Distances measuted from coating, all others from substrate
Figure 8. MICROPROBE ANALYSIS OF COATED REFRACTORY ALLOY AFTER 200 HOURS OF
AIR OXIDATION AT 2100 F. Mag. 200X. 19-066.740/AMC-71
" Figure 9. MICROPROBE ANALYSIS OF COATED
Reservoir REFRACTORY ALLOY AFTER 200 HOURS OF
Layer AIR OXIDATION AT 2100-F. Mag. 1000X,
19.066-941/AMC-71
Substrate g Identi-
' Oxde Point | fication Si Ta WiIlM| T Y
Lever B | TiO, | 45 | 0.3 | 8.7|0.1|35.40] 0.4
I C 20.25(¢0.1 { 8.0 ¢0.1] 1.2 {{0.1

D Si0, | 40-50) 0.1 | 0.9)¢0.1] 1.4 | 0.8

. © 2400 F

3 02300F e

¢ 2200F \

[})

Figure 10. OXIDATION CURVES OF A COATED
REFRACTORY ALLOY IN THE TEMPERATURE RANGE
OF 2200 F TO 2400 F.

19.066-1021/AMC-71
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in Figure 11 when compared to the analysis at 2100 F (Figure 8) does indeed sub-
stantiate a volatilization reaction. In general, the elements Si, Mo, Ti, and V
decrease in amount as the temperature is raised from 2100 to 2300 -degrees. The
amourit of tungsten on the other hand, in reases at 2300 F probably because tung-
sten diffusion from below the porous or ‘eservoir area occurs more rapidly than
does volatilization. The amount of oxid in the reservoir or porous area also
appears to be increasing at the higher t mperature which, to some extent, dimin-
ishes the reservoir layer or amount of d silicide available for self-healing.
There- is a significant change in the diffusion layer at 2300 F, namely, conver-
sion of (Ta, W) Si, to (Ta, W)5 Siz and (Ta, W), S5i. It is likely thav the lower
silicides will exhibit poorer oxidation resistance but would eventually exhibit
protective behavior sincc larger periods of ox1dat10n would be needed to reach
the protective stage the lower the silicon content.® Perkins’ and Berkowitz-
Mattuck and Dils® have reported such behavior for molybdenum silicides, namely,
oxidation resistances decrease as Mo Si,> Mog 813> Moz Si. Figure 12 whlch mag-
nifies the outer protective oxide layer shown in Figure i1 brings out a point of
interest regarding this layer. Points A and C both consist primarily of SiO,
with smail amdunts of Ta, W, Mo, Ti, and V in solution. However, Point A, which
is in the outermost area of the layer appears to have been in the molten state at
2300 F whereas Point C, further into the layer, does not. The elemental analysis
appears to indicate that the higher concentration of elements at Point A has
facilitated melting in that area.

2500 to 2700 F

Figure 13 shows that the parabolic rate law still holds in the range 2500
to 2700 F, and oxidation rates increase with increasing temperature. The marked
increase in oxidation rate at 2700 F after the first hour indicates that the
protective limit of the coating is being approached. However, complete protec-
tion was afforded the substrate alloy for the entire run. Some volatilization
has probably occurred but is considered to be minor since a net weight galn of
12 mg/em? at 2700 F is noted. This relatively small change in weight again
attests to the excellent protective properties of the coating system.

Photomicrographs with accompanying electron microprobe anasyses, represent-
ing 2700 F oxidation of the coated alloy, are shown in Figures 14 and 15. Fig-
ure 14 concentrates on the outermost glassy layer of the coating system which is
shown filling and sealing a crack that has formed. This glassy layer is increas-
ing in thickness at this temperature and consists mainly of Si0, with small
amounts of W and V and a larger amount of Ti in solution (Points B, £, and D)
which was also the case at temperatures as low as 2100 F, Again, Ti0, (Point A)
is present as a separate phase dispersed within this layer. The reservoir layer
(Points 1 and 2) still contains mixed disilicides (W, Mo) Si, with very little
f any porosity remaining, because the pores have become filled with oxides.
1itanium which is also present in the reservoir layer has diffused to the outer
protective layer (based on a comparison of the elements present in both the
reservoir and outer glassy layers at temperatures of 2300 and 2700 F). The
reservoir layer has further diminished in thickness at 2700 F. The diffusion
layer shown in Figure 15 has broadened as a result of the diffusion of silicon
toward the substrate where it has formed lower silicides with Ta, W, and V.

Also some vanadium has diffused from the reservoir layer toward the substrate
alloy. Figure 16 shows how the thickness of the diffusion layer and the combined
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reservoir (porous) and outer protective layers vary with temperature after 200
hours of oxidation. Both coating layers generally increase in thickness with
increasing temperatures, particularly above 2300 F.

DIFFUSION OF COATING AND SUBSTRATE ELEMENTS

Diffusion of coating and substrate elements was examined by electron micro-
probe analysis for the as-coated condition and after 200 hours of oxidation at
2100 and 2700 F, This was accomplished by tracing element concentrations across
the coating thickness and into the substrate for a short distance. It should be
noted that the electron microprobe data is not intended to be taken as a strict
point to point analysis because of the inhomogencity of the coating system. Re-
sults showing element concentration as a function of distance from the substrate
are plotted in Figures 17 through 22,
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Figure 17, the plot for silicon, shows that the silicon concentration de-
creases in both reservoir layer and diffusion layer and at the interface between
substrate and diffusion layer as the coa-ed alloy is oxidized at 2100 and 2700 F.
Some silicon has penetrated iqto the sub trate alloy at 2700 F.

The molybdenum plot, Tigure 18, sho s that molybdenur concentrations as high
as 45 wt % were present in the as-coated condition in the reserveir layer. J.er
oxidation, the molybdenum concentration >creased markedl; in the reservoir . e .
There was little effect in the diffusicn layer where *he olyhdenum concantrat ¢
was low, and none was present at the int rface of substrate und diffusion layv..

.

oxidation (see Figure 19). There was & slight increase of titanium in the dif
fusion layer and only very small amounts were present at the substrate-diffuricn
layer interface. At 2700 F, the titanivm clusters at the intcrface between th

diffusion and reservoir layers. Figure 20 shows that vanadium behaved similar:y
to titanium.

Titanium aiso decreases significantly in the reservoir leyer as a result f

In the as-coated condi- ion, tungsten is concentrated in the reservoir layer
close to the diffusion layer, alsc in the diffusion layer and, of course, it
constitutes 10% of the substrate alioy (see Figure Z¥). Oxidation causes the
tungsten to be more uniformly dispersed in the reservoir layer (55%), while the
amount of tungsten in the diffusion layer decreases. Therefore, tungsten is dif-
fusing from the diffusion layer into and throughout the reservoir iayer.

Figure 22 shows that tantalum, in the as-coated and under oxidizing condi-
tions clusters mainly at the substrate/diffusion layer interface, and in the
diffusion layer. At 2700 F, there is some diffusion of tantalum (0.9 wt %) up
to 225y from the substrate into the reservoir layer. Diffusior of tantalum from

the substrate into the diffusion layer contributes to the broadening of the
diffusion layer noted at 2700 F.

EFFECT OF HEATING RATE ON THE OXIDATION OF THE COATED ALLOY

Since we reported! that the complex disilicide coatings are susceptible to
pesting in the temperature range 1400 to 1600 F it seemed advisable to establish
the minimum heating rate at which the coating could safely traversc the pesting
range without deleterious effects. Accordingly, oxidation runs were pade at
heating rates of 1, 6, 10, and 25 C rise per minute from ambient to 2800 F. The
results were plotted in Figure 23. Failure of the coating occurred only at the
slowest heating rate of 1 C rise/minute. In the temperature range 800 to 1300 F
where the slope of the curves is greatest, low temperature oxides are formwing,
whereas high temperature oxides are forming between 1500 and 2100 F. Sinze the
exposure time is longer at a 1 C rise/minute heating rate at a given temperature,
the opportunity for the formation of th: lower temperature oxides is optimized,
but failure occurs due to pesting. Therefore, higher temperature oxides must be
present to alleviate pesting. Although high temperature oxides have formed to
some extent during this run, it appears that damage to the intercrystalline
structure of the coating during its exposure in the pesting range has progressed

beyond the point where self-healing by the high temperature oxides formed can
repair the damage.
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fHiigh temperature oxides are completely formed at 2100 F, suggesting that
this would be the most advantageous temperature to preoxidize the coating system
before subjecting it to pesting temperatures. A coated specimen which was pre-
oxidized at 2100 F for 5 hours and then subjected to pesting conditions afforded
exceilent protection for 200 hours. After 200 hours of oxidation, the coating
had a uniform glazed appearance which is preferred over the specimen preoxidation
trestment at 1900 F reported previously by the authors.

CONCLUSIONS

The modified complex silicide coating afforded the 90Ta-10W alloy complete
protection against static oxidation for at least 200 hours at temperatures be-
tween 1700 and 2700 F. The excellent oxidation resistance of the coat.. ¢ system
is due to the formation of a protective layer which consists mainly of Si0; with
some Ti, V, and W in solution and a second dispersed phase of TiO,. While tne ox-
ide layer at and above 2100 F is glassy, the reaction products become increasingly
crystalline with decreasing temperature between 1700 and 2000 F. After the glassy
layer is formed, silicon and titanium are preferentially oxidized. The oxidation
rate curves suggest that the parabolic growth law is applicable, indicating that
oxide growth is controlled by solid state diffusion through the scale. During
oxidation, the disilicide is partially consumed both by oxidation and an inward
diffusion of silicon. At 2300 F the (Ta, W) Si, in the diffusion layer thus be-
comes converted to (Ta, W)s Siz and (Ta, W), Si. The lower silicides in turn
would not 2rhibit as good oxidation resistance as the disilicides, and performance
could be reduced. Since the glassy protective layer was formed at 2100 F, it ap-
pears that the precitidation treatment to alleviate pesting would more advanta-
geously be carried out at 2100 F rather than the 1900 F previously reported.
Without 2 preoxidation treatment, pesting failures can occur at heating rates be-
low a 10 C rise per minute as the temperature is increased from ambient to 2800 F.

FUTURE WORK

We plan to carry out similar studies with SUZ1 and FS85 columbium alloys -
disilicide coating systems and to investigate the use of barrier layers and

element additives to the disilicides to reduce the thermodynam.c activities of
diffusing species.
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