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CI NG DEVEllrPMENT FOR COLUMBIUM AND TANTALUM Metallographic, oxidation, tensile, and creepr a
studies of the various coating-substrate systems 3 *
compriaed the final phase. Mechanical-property wo f

a Oxidation protection of colunbium and tanta- evaluations indicated little difference between th," " S
alloys by Cr-Ti-Si coatin s was the subject of vacuum-pack and slurry-coated columbium alloys. W W U

our-phase program at TRW.() Phase I was a 6

y of basic factors absc:slat-! -. th the f.!on Sylcor is continuing studies of fused-slurryi
ma tion and oxidation protection of vacuum pack silicide coatings for protecting D-43 alloy sheet.$,$ m
* _Ti and Cr-Ti-Si coatings on unalloyed columbium, On the basis of I-hour cyclic oxidation tests (be- p 0

3, and B-66 alloys. As-coated specimens repre- tween 800 and 2500 F) in air, coating compositions 0 02

r6-qting various stages in diffusion formation were were optimized from' 25 compositions chosen from the Its
lyzed. Coatings were studied after various Cr-Ti-Fe-V-Si system. Optimum compositions found W :3

0 dation exposures at pressures of 0.01 torr to were Si-2OCr-2OFe-OVSi2 and Si-2OCr-2OFe, which 14
I atm and temperatures up to 2700 E. An evaluation respectively survived about 30 and 50 cycles at a <4

the specimens showed that, during the chromium- 99 percent reliability. Several compositions were 0
Msanium coating cycle, the diffusion zone a.d characterized using x-ray diffraction and electron WJ
f ' rlay formed at equivalent rates. The latter was microprobe analysis and by testing for wt.ttability,o

aves phase of the form (Cb,Ti)Cr2 -jh a face- faying surface penetration, and coating repair. ThP C
centered cubic MgCu2 type structure, containing feasibility of using fused silicides as a one-step W 0 t
some beta titanium, especially In the case of the coating braze was demonstrated. Use of Si-20Cr-5T i '

D-43 alloy. The diffusion zone contained chromium resulted in shear strength of about 5000 psi at ,
and titaium in solid solution. Siliconizing the temperatures up to 2500 F and about 2003 osi at
coating resulted in the formation of a graded 3000 F. Preliminary evaluations were made of the.' - 0
disilicide of the form (Cb,Cr,Ti...)S12 . Beneath utility of fused silicide coatings for protecting * '4

this layer were subsilicide bands of the form mechanical fasteners, gas-turbine components, an '.

(Cb,Cr,Ti ...) Si2 and (Cb,Cr,Ti N. Si * Some T-222 alloy sheet. 0
silicon was aIso present in the dif~us~on zone. o

During oxidation, chromium and titanium migratad Iridium-base alloy- have been explored by
rapidly to the coating surface. During initial Solar for use on tantalum alloys at temperatures a
exposure, the major surface oxide was Cr2 03 . above 3500 F.(4) In coating-alloy development, " 0 a

Chromium subsequently vaporized to leave an oxide Ir-3ORh had the lowest surface recession rate, I to
rich in titanium and silicon, and ul-timately 4 mils/hour in plasma arc tests at 3850 F. Addi- V0 'Et
columbiu. At reduced pressure, silicon vaporized tion of 15 Os, 5ThO2-STa2O5, 104H02, lOSiO 2 ,
as SiO. The study showed that three factors con- 10A1203, 1OTh02 , lOMgO* to iridium by arc melting
tributed to eventual coating failures (1) loss of or by powder metallurgy resulted in no improvement... =
chromium, (2) enrichment of the protective oxide In other work, iridium coatings were electrodeposited *
with columbium, and (3) depletion of chromium and on 125-mil-diameter tungsten rod, and an Ir-3ORh
titanium from the diffusion zone. coating was prepared by alternate deposition of

iridium from fused salt and rhodium from an aqueous
Thi Phase II portion of the program resulted bath. Pin holes that developed in both the iridium

in a laboratory-scale development of a spray- and Ir-3ORh coatings caused premature failure
diffusion process capable of producing Cr-Ti-Si during self-resistance heating in air above 3500 F.
coatings comparable both in microstructure and in In other studies, cursory attempts to use gold as
protective properties to vacuum-pack coatings. The a fugitive solvent or HfO2 for emittance enhancement
proceas consists of two cycles and uses the spray were not successful.
deposition of a halide-activated metal slurry on the
substrate. Each cycle was followed by diffusion Protective coatings for tantalum alloys in
anneals under 150 torr argon pressure, hydrocarbon and halogen combustion environments I1

the subject of an IIT Research Institute poraN.5)
In Phase III of the program, two concepts Emphasis was placed on hafnium-tantalum and composites

were explored for protection of tantalum, D-43, based on HfO2 . Hf-2OTa clad Ta-OW nozzles and
8-66, and Ta-lOW alloys at 2700 to 3500 F. These throat inserts for rocket engines were prepared by
were (1) alloy odirication of existing Cr-Ti-Si hot-spinning preclad plate. Results with the-ja.e
coating and (2) the barrier layer approach. Alloy- of tantalum or colurbium diffusion barrierp aj.ared
Ing the Cr-TI-Si coating with molybdenum and tung- inconclusive. Investigation of spinning vartlqared

sten wae generally unsuccessful. The potential of demonstrated that the system wa promisrI 4'4
the beagles layer coating system was well demon- near 4000 P. Some of the hardware was c
strated as tungoten/tungsten-silicon gave protective to an in situ glmposite of Ta-HfO 2 by co
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lives of 2 to 3 hours at 3400 to 3500 F. *Oxid. compositions given in volume parc *1a 0 7
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oxidation of the hafniu-tantalum alloy. The in- 2OATING DEVELOPMENi FOR TUNGSTN

fluence of temperature and effective oxygen pressure
on the size and distribution of microconstituents Iridium-base coatings for tungsten have been
was found. sucteo Dy the lIT Research Institute.(5) In con-

sideration of phase relations, rhenium was chot.jn
Texas Instruments is investigating the chemi- as the most suitable barrier to raise the minimua

cal vapor deposition process for coating refractory melting point in the system. Interdiffusion studies
metals and has demonstrated the feasibility of coat- indicated that in the absence of surface diffusion
ing B-66 alloy with Cr-TI-Si of controlled corposi- effects, about 3 mils rhenium effectively limited
tion.(6) One process utilized a two-stage deposi- interdiffusion for 1 hour at 4000 F. Satisfactory
tion in which the metal alloy chromium-titanium iridium coatings were deposited from a slurry using
coating was followed by silicon deposition. A copper as a fugitive vehicle.
se.ond method involved simultaneous deposition of
all three elements in 10 minutes. The effects of A model was developed for the determination
process variables were evaluated. On the basis of temperature-dependent stresses in tungsten
of air oxidation tests at 2300 and 2500 F, the per- nozzles that were plasma sprayed with HfO2-tungsten.
formance of the coatings appeared comparable to the Tensile properties, elastic moduli, and thermal ax-
Cr-Ti-Si types produced by other methods, Scale- pension were determined for the sprayed materials.
up to larger and more complex shapes were recom- Residual stress measurements on as-fabricated multi-'
mended. layer nozzles were in reasonable agreement with

predicted values.
Electrophoretic coatings fgr Ta-lOW alloy

hare -an investigated by Vitro.f7) Coatings of OATING DEVELOPMENT FOR HNMI1UM ALLQY
ZrB2 , ZrB2 -lOMoSi 2 , and TA13 were unsatisfactory d
because of interdiffusions and substrate embrittle- Silic do, ' 10) aluminide,(ll) and nickel-
ment on sintering at 3100 F. Satisfactory ad- chromium12) coatings for chromium alloys for use
herence and minimum contamination were obtained up to 2400 F in air are being studied under NASA
with TaSi 2 , MoSi 2 , and WSi2 when the average sponsorship. In each of these programs, a
particle size was less than 10p. Then, a dense Cr-SW-O.IY alloy ii used as the substrate.
gradated binary oxide overlayer was applied. A
typical oxidation life of 15 minutes at 3500 F in Solar(lO) investigated silicides as well as
air was obtained with WSi2 /Ai 2O3 -4MgO, WSi 2/Th0 2 , coatings based on V-(TI,Mo)Si. The latter intended
WSi2/ZrO2-21k 0., and WSi2/MgO coatings. Failure to serve as an interstitial sink to control nitrogen
was due to edgi and corner defects, or to inter- ingress into the substrate. Vanadium was best
action with the setter material. applied by low-pressure pack cementation, titanium

was deposited from nonelectrolytic fused-salt bath,
In a companion study, Vitro(

8
) investigated molybdenum by chemical vapor depositions, and

other coatings for protecting T-222 alloy. On the silicon from an argon high-pressure pack.
basis of cyclic oxidation tests from room tempera-
ture to 1500 or 2400 F, Hf-27Ta, TaA13 , ZrB2, and Cyclic oxidation tests on vanadium-silicon,
RaS2 coatings were eliminated. Also, tungsten and vanadium-molybdenum-silicon, vanadium-titanium-
rhenium barrier layers were eliminated because of silicon, and vanedium-titanium-molybdenum-silicon
silicide formation during sintering. Effort was coatings showed the presence of vanadium and/or
concentrated on single-phase and binary silicides. molybdenum beneath the silicide layer caused cats-
When post-siliconized and preoxidized, the coat- strophic failure at 2400 F not encountered in the
ings WSi 2 , MoSi2 , MoSi2 -3VSi2 , and MoSi 2 -3TiSi 2  uncoated alloy. In contrast, simple silicide coat-
behaved erratically and were susceptible to pest ings produced a chromium-rich disilicide which was
failure at 1500 F. The concentration of second protective for 500 hours at 2100 F and permitted no
phases, VSi2 , CrSi2, and TiSi2, was increased to oxygen or nitrogen ingression to the substra:e.
10 to 30 percent. MoSi2-30VSi2 gave the best per- It appeared that silicon acted as both a barrier
formance. Two specimens survived 600 hours (in- layer and interstitial sink. Spelling reduced pro-
cluding 30 cycles to rom temperature) at 1500 F tection to about 100 hours at 2400 F.
and at 2500 F without failure, while others failed
at 12 to 100 hours. WSi2-30VSi2 behaved well at Chromalloy(l1) found that chromium-aluminum
2400 F, but failed at 1500 F. solid solution or duplcx Cr5A18 -aluminum coatings

applied by pack cementation offered static-oxidation
Protection offered by a series of coatings on protection for over 600 hours in air at 2100 F.

Cb-lZr alloy was evaluated in 4 cubic feet per heur The duplex coating was resistant for over 300 hours
(STP) argon (containing 1 to 3 ppm oxygen and <10 at 2400 F. However, as a result of a 100-hour ex-
ppm H20 for 24 h9urs, then I to 3 ppm) at 2000 F posure at either temperature, the bend transition
for 500 hours.(9) The coatings consisted of Sylcor of both system %*a raised from 700 to over 1600 F.
Sn-Al, Chromizing Corp. Durak KA, Pfaudler single- Modification of t.-- tluminide with a spinel former
and double-cycle silicides, Vitro Cr-Mo-SI, and such as iron gave promising oxidation resistance at
MoSI with a 5-ml-thick molybdenum barrier layer. 2100 F.
Evaluation was based on attallography, hardness,
bend tests, and electror,-microprobe analysis. The Battelle is investigating the use of thin
rest protective coating appeared to be MoSi 2 /o. foils, applied by gas-pressur* bonding, foT the
Tin-aluminu offered adequate oxidation resistance protection of the Cr-5W-O.IY substre.2 2  

The
despite spelling. The other coatings were less coatings primarily consisted of Ni-2OCr an Ni-Or-
satisfactory since Cr-Mo-Si allowed chromium diffu- 20W, but ware modified with 3 to 5 percent aluminum
sion into the substrate, and the Pfaudler and in some cases. Intermediate platinum and/or tung-
chromizing coatings permitted soae substrate oxida- sten layers ware utilized to minimize her~ ul
tion. nterdiffusion. Cyclic oxidation resistance of



3
these clads was over 200 hours at 2100 F in air, ducing the concentration of substrate constituents
but at 2300 F, 200-hour oxidation protection was in the coating. During oxidation, heavily alloyed
marginal. At 2400 F, rapid oxidation occurred, coatings formed areas of MsSi3 throughout the
Cladding caused the bend transition of the coating- coating. Alpha cristobalite was the primary silica
substrate system to rise from 700 to 1200 F. In phase formed in all systems studied. Oxides tended
most cases, the oxidation exposure further raised to form as mixtures rather than discrete layers.
the transition to 1400 to 1600 F. Reasons for this No relation was founo between oxidatio, diffusicn
degradation in system ductiiity are now being rate, disilicide coating phases, and protection.
sought. Other factors, such as expansion coefficients,

thermal shock resistance, oxide mechanical proper-
The use of platinm, palladium, and rhenium ties, and self-healing mechanisms, may be con-

as nitrogen diffusion barriers for the Cr-SW-O.1Y trolling. In some cases anomalous intermediate-
substrate is being studied at NASA-Lewis.(13) On temperature oxidation behavior was noted and cor-
the basis of metallography, electrodeposits of related with the presence of the substrate oxide.
palladium or platinum offered some protection from Exposure to reduced pressure (partial vacuum or
nitrogen a

t 
2000 F. However, outward diffusion of impure argon) sometimes changed the oxides formed

chromium appeared high. Rhenium increased the and their stoichiometry. In the case of tungsten-
sensitivity of the substrate to nitrification. and molybdenum-alloy substrates where SiO2 was the

primary oxide, oxide volatility was the primary
COATING DEVELOPMENT FOR ELECTRICAL INSULATORS mechanism of degradation and depletion of silicon.

Westinghouse ,.as started a program on the Emittance. In a North American Aviation pro-
synthesis and study of coatings for electrically oram. the role of emittance in refractory-metal-
insulating zafractory conductors at elevated tem- coating performance was reviewed and analyzed.(16)
peratures.(14) Aluminum nitride has been deposited The purpose was to orient a comprehensive study to
on molybdenum, tungsten, and graphite from the provide emittance data for thermal calculations
AlCI 3 .M1 3 vapor phase. The coating protected needed in the design of aerospace systems. A
molybdenum from oxidation to at least 1300 F. Di- number of preliminary emittance experiments were
electric tests indicate that AIN on molybdenui. a performed on TRW Cr-Ti-Si coated Cb-752, Chromalloy
a d-c coriuctivity on the order of 10-i3 per ohm-cm W-3 coated TZM molybdenum, and Sylcor tUn-aluminum
at 77 F and increased to 10 - 6 at 1470 F. The a-c coated Ta-lOW in air at 2000 F. There was a marked
p-nperties depended on the method of preparation. increase in the total normal emittance to about
The apparent dielectric constant increased markedly 0.8, which for the silicide coatings was associated
with increasing temperature indicating a high level with oxide formation. The total normal emittance
of internal polarizatioa which is probably due to measured at 2000 F was equal to that calculated by
limited mobility of charge carriers, integration of the spectral curve inferred from

room temperature reflectance data. This similarity
Pyrolytic Si3 N4 from SiF2-2NH3, SICIN4+H3, indicated that the shape of the spectral curve at

or SiH4+Nlb offered some oxidation protection for 2000 F was not a strong function of temperature.
molybdr, 2m at 1830 F.

Ductility. The factors affecting the tensile
PROPERTY STUDIES OF MyATED REFRACTORY METALS ductility minimum behavior of sil icide-coated Cb-lOW

and Cb-752 sheet in air, in the intermediate tem-
Microstructure. Identification of refractory- perature range 9 f 1300 to 2000 F, has been tudied

metal coating and substrate constituents has been at Battelle. 17j In the case of the TRW Cr-Ti-Si
done before and after oxidation in the u.O torr coated alloys, contamination and embrittlement by
to I atm pressure range by Sylcor.(15) Electron air at the base of coating cracks was found to be
microprobe analyses were supplemented by x-ray the major factor responsible for loss of ductility,
diffraction and metallography on the following e.g., at a strain rate of 0.1 per minute, reductions
systems: in area dropped from about 70 percent for the un-

coated alloys in vacuum to as low as I to 3 percent
Silicide Temperature, for the coated alloys in air. Apparent mechanical

Substrate Alloy Coating F interaction between coating and substrate played a
smaller role, but became more significant with

Cb, D-43, B-66 Si, Ti-SI, 2000, 2500 decreasing substrate thickness from 100 to 30 mils.
Cr-Si The Syloor AV-A1-Mo-1i li~uaI-pi.ase coating .ve

Cr-Ti-Si somewhat improved ductility above 1380 F by filling
Ag-AI-Mo-5 cracks in the silicide phase. The presence of

zirconium, dynamic strengthening of the substrate,
St. W-Si, 2500, 2800 and thickening of the subsilicide layer to 1 mil

Si-B by annealing had relatively little effect on
ductility.

Ta, T-222 Si, Ti-W-Si 2500, 2800
SPAC'EIRAT APPLICAT IONS

W Si, Si-A12 03 , 2800, 3300
W-Si Pratt & Whitney is investigating the following

coated_€olumbtum-alloy systems for ue iii gas tur-

In general, it was found that addition of modifiers bsneys ( 1 g)

resulted in increased protection primarily by re-

f ... ... ..... ' .... .. ... . I ... .. .. .i ... " ..... "



Temperature Substrate
Application it - Syste voins Alloy

Vane 1800 to 2500 1 TRW Cr-TI-SI (vacuum pack) C-129Y
2 TRIW Cr-Ti-SI ( vacuum pack) D-43
3 Sylcor CZ-Ti-SI (triplex pack) D-43
4 Sylcor Cz-TI-Si (slurry) D-43

Blade Airfoil 1800 to 2500 5 TRIV Cx-Ti-_ . (ve.cuum pack) Cb-132M
6 TRW Cr-Ti-Si (2-stage slurry) Cb-132M

Blade Root 1300 to 1600 7 Sylcor Sn-Al Cb-132M
8 Sylcor Ag-Al-Mo-SI Cb-132M
9 Zinc Cb-132M

Based on oxidation-erosion and thermal fatigue Vitro and Standard Pressed Steel collaborated
at 2200 to 2400 F, ballistic impact at 70 to 2200 F, in a development of coated structural fasteners.(21)
and previous data, Systems 2 and 5 were selected for Systems primarily utilized were Ta-IOW and T-222
advanced evaluation. On the basis of prestrain/ alloys coated with electrophoretic Si-WS12 , and
oxideation and =:= ;alling tests, System 8 was also Cb-752 and C-129Y alloys coated with electrophoretic
chosen. Complete evaluation of System 2, including Cr-Ti-Si. The latter had properties comparable to
stress rupture, indicated It as a candidate for the vacuum-pack coating. Tolerance control per-
engine testing. A partial evaluation of System 8 mitted complete interchangeability of parts with
indicated adequate performance. tolerances sufficient for precision aircraft fasten-

ers. Threaded pieces could be removed and reused
Various silicide-coated refractory-metal alloys after air exposures up to 2200 F. Tightening

have been exposed to environmental loading condi- torques were limited to about 50 inch-pounds with-
tions such ; an Apollo rocket engine would experi- out injury to the coating. Deformahle fasteners
ence as a resul t of transient ignition pressure could not be produced because of low coating
spikes.(19) The substrate/coating systems used ductility. Oxidation life of the coated columbium
were folybdenum/Chromizing Durak B, Ta-1OW/Sylcor alloy fasteners was about 60 to 120 hours in static
R512, C-103/Chromizing Durak KA, C-103/W4tSylcor air and 2 to 4 hours in 200 ft/sec air at 2200 F.
Ag-Al-Mo-Si, and C-129Y/Durak KA. Tensile, bend, Coated C-129Y alloy was unaffected by exposures in
torch-fatigue, and room-temperature hydrodynamic air at pressures of 0.01 to 1 torr at 2200 and
chamber tests were conducted. Some tensile proper- 2400 F for 5 hours, while Cb-752 alloy was degraded
ties at strain rates of 0.0001 to 0.001 and 100 to at both temperatures. The tantalum alloys showed
500 per seond were determined for the uncoated and considerable degradation of coating at pressures of
coated alloys with and without previous thermal 0.01 and 1 torr as low as 2200 F. Reduced pressures
cycling in vacuum or hydrogen. At the test tempera- appeared to remove beneficial effects of preoxida-
ture of -100 F, room temperature, and 2500 F, the tion and result in a 2400 F static oxidation life
higher strain rate caused a 50 to 100 percent in- of 2.8 hours. Dynamic oxidation life was about 2
crease in ultimate strength with little change in h:-rs at 2400 F.
elongation. Elongation was measured on cylindrical
specimens with a 1/8-inch diameter, 1-inch long gage REFEREES
length. The data presented suggest that the coat-
ings did not significantly affect the substrate (1) Gadd, J. n., "Advancement of Protective Coat-
properties. The cclubium-alloy system with Durak Ing Systems for Columbium and Tantalum Alloys",
KA demonstrated the best properties, e-e_ ,nder Report AFML-TR-65-203, TRW Equipment LeAora-
higstzr!.-sats conditions. The other systems tories, Cleveland, 0., Contract AF 33(615)-1525
were less attractivel coated molybdenum was re- (April, 1965) DMIC No. 66226.
crystallized and brittle at -100 F and room tempera-
t... :cat-d 1o-'(W -0 1*y her L.*arior bend ductil- (2) Pricman, S., and Same, L., "Development of
Ity after fatigue-torch testing in addition to its Fused Slurry Silicide Coatings for the Elevated-
high density, and the silver-aluminum alloy in the Temperature Oxidation Protection of Columbium
Ag-Al-Mo-Si coating ran off in chamber tests or and Tantalum Alloys*, Annual Summary Report
vapori.ed in vacuum at 2500 F. STR66-5501.14, Sylcor Division, Sylvania

Electric Products, Inc., Hicksville, N. Y.,
McDonnell has subjected uncoated Cb-752, T-1ll, Contract AF 33(615)-3272 (December, 1966)

and tungsten, in the form of 50-to-60-ml thick DMIC No. 67319.
• - 1 .t v ry temilation of an ASSET boost.
slide, re-entry vehicle, flight environment.W2 0 J (3) Priceman, S., and Sam, L., "Practical Prv-
The metals were degraded by substrate contamination tective Coatings for Refractory Metal Reentry
and the formation of gross oxide scales at 2 to 47 Vehicle Components", Sylvania Electric Prod-
torr air pressures for 35 minutes above 1200 F with ucts, Inc., Hicksville, N. Y., Paper No.
a maximum temperature of 2850 F. Tungsten was 660660 presented at the Aeronautic and Space
affected the least. Protection of Cb-752 alloy Engineering and Manufacturing Meeting of SAE,
with chz ilum-titanitm was incomplete. Minor Los Angeles, Calif., October 3-7, 1966, DMIC
defects, simulated by 1-mll-deep slots in Cr-TI-Si No. 66664.
coated Cb-752 alloy, did not affect the coating or
the substrate. Major defects, simulated by 4-Wi.
slote extending into the substrate, resulted in
localized contamination on the order of that foundi In uncoated Cb-752 alloy.,



(4) Dickson, D. T., Wimber, R. T., and Stetson, (i) Brecco, D. J., Lublin, P., and Sam, L.,
A. R., "Very High Temperature Coatings for "Identification of Microstructural Constituents
Tantalum Alloys", Report AFL-TR-66-317, and Chemical Concentration Profiles in Coated
Solar Division of International Harvester Refractory Metal Systems", Final Report
Company, San Diego, Calif., Contrac. AF 33(615) AFML-TR-66-126, General Telephone and Electron-
-2852 (October, 1966) CHIC No. 66438. ics Laboratories, Inc., Bayside, N. Y., and

Sylcor Division of Sylvania Electric Products,
(5) Rausch, J. J., et al., "Protective Coatings Hicksville N. Y., Contract AF 33(615)-1685

for Refractory Metals in Rocket Engines", Final (May, 1966) DMIC No. 65058.
Report NASA CR-71317, IIT Research Institute,
Chicago, Ill., Contract HAS 7-113 (January, (16) Bartsch, K. 0., Heubner, A., et al., "The
1966) DIC No. 67076. Role of Emittance in Refractory Metal Coat-

(6) Wakefield, G. F., "Refractory Metal Coatings ing Performance - Part I, Review and
Analysis", Report AFML-TR-66-55, Port I,

By Chemical Vapor Deposition", Report AIML- North American Aviation, Inc., Los Angeles,
TR-66-397, Texas Instruments, Inc., Dallas, Calif., Contract Al 33(615)-3039 (August,
Tax., Contract AF 33(615)-3046 (December, 1966) rMIC No. 66377.
1966) DMIC No. 67093.

(17) Allen, B. C., Bartlett, E. S., and Wiicox,
(7) Campbell, P. F., Gabler, K. A., and Ortnor, B. A., "Elevated Temperature Ductility

M. H., "Development of Oxidation Resistant Minima and Creep Strengthening of Coated
Coatings for Use Above 3500 F", Report NASA and Uncoated Columbium Alloys" . Final
CR-65285, Vitro Laboratories, West Orange, Report AFML-TR-66-89 Part II, Battelle
N. J., Contract HAS 9-3413 (September, 1965) Memorial Institute, Columbus, Ohio, Contract
CMIC No. 67306. AF 33(615)-1727, (February, 1967) DMIC No.

67834.
(b) Ortner, M. H., and Klach, S. J., "Development

of Protective Coatings for Tantalum T-222 (18) Hauser, H. A., and Holloway, J. F. Jr.,
Alloy", Final Report NASA CR-54578, Vitro "Evaluation and Improvement of Coatings for
Laboratories, West Orange, N. J., Contract Columbium Alloy Gas Turbine Engine Coin-
HAS 3-7613 (December, i966) DMIC No. 67025. ponents". Report AFL-TR-66-186, Part 1,

Pratt & Whitney Aircraft Division of
(9) Phillips, W. M,, "Evaluation of Oxidation- United Aircraft Corporazion, East Hartford,Resistant Coatings for Inert-Atmosphere Conn., Contract AF 33(615)-2117 (July, 1966)

Applications", Report 32-1014, California EMIC No. 66363.
Institute of Technology, Jet Propulsion
Laboratory, Pasadena, Calif., Contract NAS (19) Miyagishima, T., "Investigation of High Strain
7-100 (January 15, 1967) CHIC No. 67342. Rate Behavior of Refractory Alloys and Coat-

ings", Final Report NASA CR-65319, Marquardt
(10) Srentnall, W. D., Shoemaker, H. E., a nd Corporation, Van Nuys, Calif., Contract HASStetson,-A. R., "Protective Coatings for 9-4905 (February, 1966) CHIC No. 66303.

Chromium Alloys", Report NASA CR-54535, Solar
Division of International Harvester Company, (20) Fitzpatrick, T. H., "Influence of Boost

San Diego, Calif., Contract NAS 3-7266 (August, Glide Re-entry Vehicle Environment on Coated
1966) DIC No. 66190. and Bare Refractory Metals", Report AFML-

TR-66-237, McDonnell Aircraft Corporation,
(11) Preliminary information reported by Chromalloy St. Louis, Mo., Contract AF 33(616)-8106

Division, Chromalloy American Corporation, (August, 1966) DAIC No. 67353.
West Nyak, N. Y., under a NASA contract.

(21) Roach, T. A., and Gowen, E. F. Jr., (Standard
(12) '1-Climinary inf~rl,'stlon reported I-/ Bettoele Pressed Steel Company) and Ortner, M. H., and

Memorial Institute, Columbus, 0., under a Klach, S. J. (Vitro Laboratories), "Structural
NASA contract. Fasteners for Extrme Elevated Temperatures."

Report AFFIL-TR-66-107, Standard Pressed Steel(13) Preliminary information reported by NASA- Company, Jenkintown, Pa., and Vitro Labora-
Lewis Research Center, Cleveland, 0. tories, Silver Springs, Md., Contract Al

(14) Berg, D., et al., "Development of High 33(657)-11684t (September, 1966) MIC No.

Temperature Insulation Materials - Part ,6764.

Pyrolytic Deposition of Aluminum and Silicon
Nitrides", Report AFML-TR-66-320, Part I,
Westinghouse Research Laboratories, Pitts-
burgh, Pa., Contract AF 33616)-2782 (July,
1966) DOIC No. 66365.
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