
ARMOUR RESEARCH FOUNDATION 
of 

ILLINOIS INSTITUTE OF TECHNOLOGY 
Technology Center 
Chicago 16, Illinois 

DISPERSION-STRENGTHENED VANADIUM ALLOYS 

Contract No. N600( 19)59567 
ARF-B6007-2 

(Bimonthly Repor t No. 2) 

F e b r u a r y 14, 1963 - Apri l 13, 1963 

Department of the Navy 
Bureau of Naval Weapons 

Washington 25, D. C. 
Attention: Code RRMA-222 

May 8, 1963 

ARMOUR RESEARCH F O U N D A T I O N OF ILL INOIS INSTITUTE OF TECHNOLOGY 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



DISPERSION-STRENGTHENED VANADIUM ALLOYS 

ABSTRACT 

Arc-mel t ing and powder nnetallurgy techniques a r e being Used to 

incorpora te fine, r e f rac to ry d i spersan t s in vanadium-columbium base alloys 

in o rder to improve their long- t ime e l eva t ed - t empera tu re s t rength p r o p e r t i e s . 

Solution annealing and aging studies of a r c - m e l t e d alloys containing hafnium 

or z i rconium in combination with carbon indicate that the hafnium carbide 

phase is the more s table . The hydride p r o c e s s was used to obtain powders 

of V-60w/o C b - l w / o Ti, to which fine oxide or carbide powders were added. 

After blending, cold-compacting, s inter ing at 2800° F, and annealing at 2000 

and 2400°F, specimens containing alunaina and thor ia exhibited a high degree 

of react iv i ty with the alloy base . Improved stabil i ty was noted in the alloys 

containing cer ia , lanthana, yt t r ia , hafnium carbide , and z i rconium carb ide . 
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DISPERSION-STRENGTHENED VANADIUM ALLOYS 

I. INTRODUCTION 

This i s the second bimonthly p r o g r e s s r epo r t under Contract 

N 600(19)59567, summar iz ing the work per formed on ARF Pro jec t B6007 

during the per iod F e b r u a r y 14, 1963 to Apri l 13, 1963. P rev ious and cu r ren t 

studies of vanadium-colunnbium alloys have demons t ra ted the i r excellent 

fabricabili ty, weldability, and their ve ry high s t rength to weight r a t ios at 

t e m p e r a t u r e s up to 2400°F. Oxidat ion-protect ive coatings for these alloys 

have exhibited a r emarkab l e defect- tolerat ing abili ty and long- t ime protec t ive 

capabil i t ies to at leas t 2400° F . One major drawback of these al loys, however, 

is thei r lack of long-t ime strength p rope r t i e s at 2000°F or higher . Improve ­

ment of these s t r e s s - r u p t u r e and c r eep p rope r t i e s i s the pr inc ipa l objective 

of this p rogram, and the exper imenta l work involves a study of d i spers ion 

strengthening mechan i sms to accompl ish this objective. 

The pr inc ipa l method for producing d i spe r sed phases will 

involve the addition of carbon or other compound-forming e lements to 

vanadium-columbium alloys complexed with highly reac t ive e lements such 

as hafnium or z i rconium. These alloys will be p r e p a r e d by nonconsumable-

elect rode a r c -me l t i ng techniques, and the s ize and dis t r ibut ion of the d i s ­

p e r s e d phases as influenced by t h e r m a l t r ea tmen t will be studied me ta l lo -

graphical ly as well as by mechanical p roper ty data. D i spe r sed phases will 

also be produced by powder meta l lurgy techniques. A r c - m e l t e d alloys will 

be hydrogenated, c rushed to pass 325 mesh, blended with var ious fine d i s ­

pe r san t s , vacuum t rea ted , compacted, and s in te red . The stabil i ty of the 

var ious oxides or carbides used as d i spe r san t s will be evaluated me ta l lo -

graphical ly and by ha rdnes s m e a s u r e m e n t s after annealing t r e a tmen t s at 

2000° F and higher . While the powder meta l lu rgy approach may not yield 
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highly ductile or weldable al loys, it should provide useful data in r e g a r d to 

the stabili ty of a wide range of d i spe r san t s which may possibly be incorpo­

ra ted in the alloy ma t r i x by a r c melt ing. 

II. EXPERIMENTAL RESULTS AND DISCUSSION 

A. Arc-Mel ted Alloys 

1. Ingot Fabr ica t ion 

A s e r i e s of ten alloys a r e cu r ren t ly being invest igated to 

de te rmine the effects of heat t r ea tmen t on the stabil i ty of the carbide phases . 

The following composit ions have been p r e p a r e d as 150-gram a r c - m e l t e d 

ingots: 

V - 6 0 C b - l Z r with 0. 05, 0.il, and 0. 2C 

V-60Cb-iHf with 0. 05, 0. 1, and 0. 2C 

V - 4 0 C b - 3 0 T a - l Z r with 0. 05 and 0. IC 

V-40Cb-30Ta- lHf with 0. 05 and 0. IC 

Fabr ica t ion of these alloys involved hot rol l ing in evacuated -

s ta in less s tee l cans at 2300° F, vacuum annealing at 2400° F , then ei ther hot 

working (2300° F) or w a r m roll ing (1200°F) to a th ickness of about 1/8 inch. 

Subsequent reduct ion of the m.ore ductile alloys to 0. 050 inch sheet was a c ­

complished by cold rol l ing. 

The r e su l t s of fabricat ion studies to date show that only the 

th ree alloys based on V - 6 0 C b - l Z r could be r ende red to 0. 050 inch sheet of 

good quality. Of the th ree V-60Cb base composit ions containing Iw/o hafnium, 

only the alloy at the 0. Iw/o carbon level could be reduced to 0. 050 inch sheet 

stock, and this m a t e r i a l contained edge c r a c k s . Alloys based on V-40Cb-

30Ta were m o r e difficult to work, and only one alloy ( V - 4 0 C b - 3 0 T a - l Z r -

0. IC) could be rol led to 0. 1 inch stock without excess ive c racking . Neither 

of the two V-Cb-Ta-Hf -C alloys could be hot worked without seve re cracking. 

While good sheet was not produced from some of the ingots, sufficient stock 

was available for hea t - t rea t ing , metal lographic , and ha rdnes s s tudies . 

* Compositions a r e r epor t ed in weight per cent . 
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2. Hardness and Metallographic Studies 

The results of Vickers (10 kg) hardness measurements of six 
of the as ' cas t alloys were presented in the previous bimonthly progress 
report. Recent data for the remaining alloys (V-40Cb-30Ta base) show 
hardness levels in the as-cast condition to be in the VPN 355 to 380 range. 
Six of the ten conapositions were fabricated to sheet which ranged in thick­
ness from 0. 050 to 0. 1 inch. Metallographic specimens were cut frorn these 
sheets and solution annealed at 2600, 2800, and 3000° F for 30 minutes and 
rapidly chilled by dropping the specirnens onto a water cooled copper plate 
in the bottom of the vacuuna furnace. After this treatment, the sanaples 
were annealed for varying lengths of time at 2000 and 2300° F to study the 
effects of heat treatment upon hardness and carbide particle naorphology. 
While data ff om these investigations are not complete, some trends have 
been observed. Table I presents data for the as-quenched hardness of six 
of the alloys. It may be observed that the three V-60Cb base alloys con­
taining zirconium and carbon exhibited a progressive increase in hardness 
as the solution annealing temperature was raised from 2600 to 3000° F. 
Hardness levels of the two V-60Cb-Hf-C alloys remained relatively un­
changed at the various annealing ter^iperatures, while the single V-Cb-Ta-
Zr-C alloy exhibited decreasing hardness as the solution annealing tempera­
ture was increased. The latter behavior could indicate reduced carbide 
solubility in the alloy base with agglonaeration of the carbides at higher 
temperatures, although this has not been confirmed by naetallographic ob­
servation. 

After solution annealing and "quenching" the specimens were 
aged at 2000 and 2300° F. Although these data are incomplete, it has been 
observed that annealing for 50 hours at 2000° F produced hardness decreases 
for most of the V-60Cb base alloys, regardless of solution annealing tenapera-
ture. An exception was the V-60Cb-lHf-0. IC alloy which exhibited a r ise in 
hardness, as did the V-Cb-Ta-Zr-C alloy. Results of aging at 2300°F are 
limited to 8"hour data, and little hardness or naicrostructural change has 
been observed on specimens solution annealed at 2800 and 3000° F. However, 
samples solution annealed at 2600° F and aged 8 hours at 2300° F exhibit a 
marked hardness r ise for all compositions based on V-60Cb, 
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TABLE I 

ROOM TEMPERATURE HARDNESS (VPN) 

OF VANADIUM-COLUMBIUM ALLOYS 

Solution Annealing Temperatmre 
Composition, w/o 

V - 6 0 C b - i Z r - 0 . 05C 

V - 6 0 C b - i Z r - 0 . IC 

V - 6 0 C b - i Z r - 0 . 2C 

V-60Cb- iHf-0 . IC 

V-60Cb- iHf-0 . 2C 

V - 4 0 C b - 3 0 T a - i Z r - 0 . i C 

2600°F 

344 

407 

408 

370 

451 

415 

2800" F 

353 

433 

462 

367 

437 

405 

3000"F 

381 

442 

475 

376 

450 

375 
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The ha rdness data cur ren t ly being obtained on these compo­

sit ions show values which indicate reduced roona- tempera tu re ductility, 

especia l ly in alloys containing 0. 1 or 0. 2w/o carbon. These composit ions 

a r e included in the studies for the purpose of obtaining data t r ends and a l so 

to provide g rea te r quantit ies of carb ides for meta l lographic observat ion. 

Alloys se lec ted for mechanica l p roper ty evaluation will be l imited to those 

which exhibit bet ter than naarginal fabricabil i ty. 

3. S t r e s s -Rup tu re and Creep Tes t s 

In o rde r to s c r e e n a wide range of conapositions for r e s i s t a n c e 

to c reep and for s t r e s s - r u p t u r e p rope r t i e s , it has been decided to r e s t r i c t 

init ial t e s t s to the re la t ively shor t t ime in te rva ls of 4 to 16 hou r s . It has 

previously been observed that exceptionally high pur i ty a tmospheres mus t 

be used for e l eva ted - t empera tu re tes t ing of these m a t e r i a l s , even for sho r t -

tinae tensi le t e s t s . Thus c reep or s t r e s s - r u p t u r e t e s t s should be conducted 

in oxygen- or n i t rogen-f ree a tmospheres to obtain meaningful data. Recent 

studies of oxidat ion-protect ive coatings for these alloys indicate that the 

si l icide coatings p ro tec t the base metal , even after cons iderab le p las t ic 

deformation, in 2000 and 2200°F a i r . It has the re fo re been decided to 

conduct the ini t ial screening t e s t s in a i r utilizing si l icide coated samples . 

This method avoids the use of a tmosphere capsules which r e q u i r e a con­

s iderable amount of se t -up t ime . Specimen contamination, in the event of 

a coating defect or fai lure, would be indicated by surface appearance and by 

a ha rdnes s survey of the base naetal after e l eva ted - t empera tu re air exposure . 

S t r e s s - r u p t u r e specinaens have been p r e p a r e d f rom five alloys 

to invest igate the feasibil i ty of util izing coated spec imens . The following 

composi t ions, including two alloys for which iner t -a tnaosphere s t r e s s -

rupture data a r e available for comparison, a r e cu r ren t ly being si l iconized 

by pack cementation: 

V-20Cb-5Ti 

V-60Cb- lT i 

V - 6 0 C b - l Z r - 0 . 0 5 C 

V - 6 0 C b - l Z r - 0 . iC 

V - 6 0 C b - i Z r - 0 . 2C 

ARMOUR RESEARCH F O U N D A T I O N OF ILL INOIS INSTITUTE OF TECHNOLOGY 

- 5 - ARF-B6007-2 



Init ial data will be obtained at 2000°F, with applied s t r e s s e s approximate ly 

25 to 30 per cent of the yield s t rength. 

B. Powder Metal lurgy Alloys 

1. Alloy P r e p a r a t i o n 

While the feasibil i ty of producing vanadium or columbium alloys 

by powder naetallurgy techniques has not been adequately demonst ra ted , the 

p r o c e s s has been uti l ized for other r eac t ive me ta l s and will be used under 

this prograna pr inaar i ly for studying the s tabi l i ty of d i spe r san t s in a vanadiuna-

colunabiuna alloy ma t r i x . These invest igat ions involve the p repa ra t i on of the 

vanadium-columbium alloys in the form of finely divided powders to which 

var ious oxide or carbide powders a r e added; after blending, the powder 

mix ture is compacted, s in tered, and annealed for varying lengths of t ime at 

t e m p e r a t u r e s in the 2000 to 2400° F r ange . The s tabi l i ty of the d i spe r sed 

phase i s evaluated meta l lographica l ly and by h a r d n e s s t e s t s which indicate 

solubility in the ma t r ix . 

Initial s tudies ut i l ized the alloy V - 6 0 C b - l T i which was hydrided 

at 1400°F, then c rushed to pa s s a 325 mesh sc reen . After vacuum dehydro-

genation, 7 per cent by volume of the following d i spe r san t s were blended with 

the alloy powders : 

Oxides Carbides 

Al^O^ HfC 

Ce02 ZrC 

^ ^ 2 ^ 3 

ThO^ 

^ 2 ^ 3 

The blended powders were compacted at 50 t s i , then s in te red 

under vacuum for 15 nainutes at 2800° F . Por t ions of each sanaple were then 

annealed in quar tz bulbs under argon for 50 hours at 2000°F and for 8 hours 

at 2400°F. A specimen of the alloy powder without a d i spe r san t was a lso used 

for the purpose of comparing meta l lographic and ha rdness data. 
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2, Annealing Studies 

The wide range of stabil i ty of the var ious d i spe r san t s was 

inamediately evident upon meta l lographic examination after the annealing 

t r ea tmen t s at both 2000° and 2400° F . Specimens of the V - 6 0 C b - l T i alloy 

containing alumina and thor ia were ex t remely porous , and oxides were not 

v is ible in the m i c r o s t r u c t u r e s . Alloys containing c e r i a and lanthana ex­

hibited coa r se oxide agglonaerates, but melt ing or spheroidizing of the oxides 

were not detected. This agglonaeration may have occu r r ed during blending 

of the powders p r io r to conapacting and s in ter ing. The specimens containing 

y t t r ia were cha rac t e r i zed by the p re sence of i r r e g u l a r oxide m a s s e s at the 

g ra in boundaries , but melt ing was not observed. Photonaicrographs of the 

powder meta l lurgy V - 6 0 C b - l T i alloy and of a s imi la r alloy base containing 

YpOo a r e p resen ted in F igu re s 1 and 2. The undispersed alloy was cold-

compres sed to a 70 per cent reduct ion in height after s inter ing, demons t r a ­

ting the room t empe ra tu r e ductili ty. The composit ion containing y t t r i a 

(Figure 2) was annealed for 8 hours at 2400*F. 

Two of the alloys contained carbide additions (HfC and ZrC) . 

Mic ros t ruc tu r e s of these m a t e r i a l s contained most ly fine, angular carb ide 

pa r t i c l es , although some rounding and agglomerat ion of the carb ides was 

noted in each alloy. Metal lographic specimens were not obtained after the 

s inter ing t rea tment , so as yet it is not known whether pa r t i c l e agglomerat ion 

or rounding occu r r ed during s inter ing or during the subsequent annealing 

t r e a t m e n t s . A l imited number of ha rdness m e a s u r e m e n t s were taken; some 

of the specimens contained poros i ty which produced e r roneous ha rdnes s 

va lues . These ini t ia l exper iments were conducted mainly to demons t ra te 

the feasibil i ty of utilizing powder meta l lurgy techniques to study the stabil i ty 

of d i spe r sed phases in vanadium-columbium al loys. Another s e r i e s of alloys 

containing re f rac to ry d i spe r san t s will be p r e p a r e d using finer oxide or carbide 

powders , improved mil l ing and blending techniques, and more detai led m e t a l ­

lographic and ha rdnes s s tudies . 
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Neg. No. 24704 X500 
Fig. 1 

V-60Cb-lTi alloy prepared by 
powder metallurgy. After sintering 
at 2800* F, this material was com­
pressed 70 per cent in height at 
room temperature. 

*̂ ». 

Neg. No. 24914 X500 
Fig. 2 

V-60Cb-lTi alloy containing 7v/o 
yttria. After sintering at 2800* F, 
the specimen was annealed for 8 
hours at 2400°F; the dark grain-
boundary phase is yttria. 

Etchant: 
1 part HNO, 
1 part HF 
3 parts glycerin 
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III. SUMMARY 

Refrac tory d i spe r sed phases in vanadium-colunabium alloys 

a r e being invest igated g.s a means of inaproving the long- t ime elevated-

tempejrature s t rength p rope r t i e s of the alloy base . Alloys were p r e p a r e d 

by a r c -me l t i ng and by powder meta l lurgy techniques. A r c - m e l t e d alloys 

included the V-60Cb and a V-40Cb-30Ta base with Iw/o hafnium or z i r ­

conium to which 0. 05 to 0. 2w/o carbon was added. Three V - 6 0 C b - l Z r base 

alloys were readi ly fabricated to 0. 050 inch sheet, while the V-60Cb-lHf 

base alloys were m o r e difficult to work. Only one of the conapositions con­

taining tantalum ( V - 4 0 C b - 3 0 T a - i Z r - 0 . IC) could be fabr icated to 0. 1 inch 

thick sheet . Solution annealing of these alloys at 2600 to 3000°F, followed 

by aging at 2000 to 2300° F , indicate g rea t e r stabil i ty for the m a t e r i a l s con­

taining hafnium, although cur ren t data a r e too c u r s o r y to show pronounced 

t r ends . Specimens of the m o r e fabricable alloys a r e being si l iconized in 

p repara t ion for s t r e s s - r u p t u r e t e s t s to be conducted in 2000°F a i r . 

Powder meta l lurgy alloys based on V - 6 0 C b - l T i were p r e p a r e d 

by the hydride p r o c e s s . Refrac tory d i spe r san t s , oxides and ca rb ides , were 

added at the 7v/o level, and the blended powders were cold-conapacted, 

s in te red at 2800° F , then annealed at 2000 and 2400° F . Specimens containing 

alumina and thor ia exhibited seve re reac t ions as evidenced by a l a rge volume 

of poros i ty after the annealing t r e a t m e n t s . D i spe r sed phases of ce r ia , 

lanthana, yt t r ia , hafnium carbide and z i rconium carbide appeared to be m o r e 

s table . 

rV. FUTURE WORK 

The exper imenta l work descr ibed in the preceding sect ions will 

be continued. S t r e s s - r u p t u r e or c r e e p tes t ing of s i l ic ide-coa ted sanaples 

will be initiated, and some short- t inae (4 to 16 hour) data should become 

available during the subsequent repor t ing in te rva l . Aging curves for the 

a r c - m e l t e d alloys containing hafnium or z i rconium in combination with 

carbon will be obtained. Another s e r i e s of powder meta l lu rgy alloys will 

be p r e p a r e d with r e f r ac to ry oxide or carbide d i s p e r s a n t s . Metal lographic 

and ha rdnes s studies will be made after s in ter ing and also after annealing 

for var ious t ime in te rva l s at 2000 and 2400° F . 

ARMOUR RESEARCH F O U N D A T I O N OF ILL INOIS INSTITUTE OF T E C H N O L O G Y 

- 9 - ARF-B6007-2 



V. LOGBOOKS AND CONTRIBUTING PERSONNEL 

Data for this r epo r t a r e r eco rded in Foundation Logbooks 

No. C-13170 and C - i 3 i 7 1 . 

The following personne l contr ibuted to the planning and exe = 

cution of this work: 

A, L.. Hess 

F . C. Holtz 

L. B. Richard 

Technician, Powder 
Metal lurgy Alloys 

P ro jec t Leader 

Technician, Arc-Mel ted 
Alloys 

Respectfully submitted, 

ARMOUR RESEARCH FOUNDATION OF 
ILLINOIS INSTITUTE OF TECHNOLOGY 

F C H / r h 

F . C. Holtz 
Senior Metal lurgis t 
Metals and Ceranaics R e s e a r c h 

Tech Rev - CRS 

ARMOUR RESEARCH F O U N D A T I O N OF ILL INOIS INSTITUTE OF TECHNOLOGY 

10 ARF-B6007-2 



DISTRIBUTION LIST 
Contract No. N600(i9)59567 

Commander 
Aeronaut ical Sys tems Division 
Wr igh t -Pa t t e r son Air F o r c e Base 
Ohio 
Attn: ASRCMP-1 

Nuclear Metals Incorporated 
Concord, Massachuse t t s 
Attn: Dr. A. Kaufmann 

Battel le Memor ia l Insti tute 
505 King Avenue 
Defense Metals Infornaation Center 
Columbus 1, *Ohio 

Univers i ty of California 
Lawrence Radiation Labora tory 
Pos t Office Box 808 
Liver more , California 
Attn: Mr. Clovis G. Craig 

Technical Information Div. 

Lockheed Aircraf t Corporat ion 
Lockheed Miss i le Systenas Division 
Hanover St ree t 
Pa lo Alto, California 
Attn: WDTLA 

Commander 
Watertown Arsena l 
Watertown 72, Massachuse t t s 
Attn: Mr . S. Arnold 

Comnaander 
Ordnance Corp. 
Frankford Arsena l 
P i tman Dunn Labora tory 
Philadelphia 37, Pennsylvania 
Attn: Mr . D. Kleppinger 

Chief of Naval R e s e a r c h (ONR:423) 
Depar tment of the Navy 
Washington 25, D. C. 

ARMOUR RESEARCH F O U N D A T I O N OF ILLI 

Director 
U .S . Naval R e s e a r c h Labora to ry 
Metal lurgy Division 
Washington 25, D. C. 
Attn: Mr . W. Pel l in i 

U .S . Atomic Energy Commiss ion 
Division of Reactor Development 
Engineering Development Branch 
Washington 25, D. C. 
Attn: Mr. J . M. Sinamons 

Chief, Metal lurgy 

Departnaent of the Navy 
Bureau of Ships 
Washington 25, D. C. 
Attn: Code 343 

Boeing Airplane Conapany 
Seatt le, Washington 
Attn: Mr . Cyrus Nori take 

Republic Aviation Corpora t ion 
Farmingda le , Long Island, N. Y. 
Attn: Dr. S. K a r m a n 

Chief, Mate r ia l s 
Developnaent Division 

U . S . Atomic Energy Conanaission 
Technical Information Serv ice 
P o s t Office Box 62 
Oak Ridge, Tennessee 

Commanding Officer 
Naval Air Mate r i a l Center 
Aeronaut ical Mate r i a l s Labora tory 
Phi ladelphia Naval Base 
Phi ladelphia 12, Pennsylvania 

National Aeronaut ics and Space 
Admins t r ation 

1520 H Street , N. W. 
Washington 25, D, C. (3 copies 

ILL INOIS INSTITUTE OF T E C H N O L O G Y 

- 11 - ARF-B6007-2 



National Academy of Sciences 
Mater ia l s Advisory Board 
2101 Constitution Avenue, N. W. 
Washington 25, D. C. 
Attn: Dr. Joseph Lane 

Oregon Metal lurgical Corporat ion 
Pos t Office Box 484 
Albany, Oregon 
Attn: Mr . Russe l l G. Hardy 

General Electr ic; Company 
Aircraf t Nuclear Propuls ion Dept. 
Cincinnati 15, Ohio 
Attn: Mr . J a m e s McGurty 

National Aeronaut ics and Space 
Admin s t r ation 

Lewis R e s e a r c h Center 
21000 Brookpark Road 
Cleveland 35, Ohio 
Attn: Mr . Char les A. B a r r e t t 

Aero je t -Genera l Nucleonics 
San Ramon, California 
Attn: Mr. Irwin Rhen 

E. I. du Pont de Nemours and 
Conapany, Inc. 

Wilmington 98, Delaware 
Attn: Mr . J . Symonds 

Pigments Depar tment 

Crucible Steel Company of 
Amer ica 

Mellon Square 
P i t t sburgh 22, Pennsylvania 
Attn: Mr. Walter L. Finlay 

Union Carbide Metals Company 
4625 Royal Avenue 
Pos t Office Box 580 
Niagara Fa l l s , New York 

Battel le Memor ia l Insti tute 
Columbus 1, Ohio 
Attn: Mr . H. R. Ogden 

ARMOUR RESEARCH F O U N D A T I O N OF ILLI 

- 12 

Genera l E lec t r i c Company 
Flight P ropu ls ion Labora to ry 
Cincinnati 15, Ohio 
Attn: Mr . R. G. F rank , Manager 

Space Metal lurgy P ro j ec t s 

Chromalloy Corporat ion 
169 Wes te rn Highway 
West Nyack, New York 
Attn: Mr . R ichard L. Wachtell 

Harvey Aluminuna 
R e s e a r c h and Developnaent Division 
19200 South Wes te rn Avenue 
Tor rance , California 

Haynes Stell i te Company 
Division of Union Carbide Corp. 
Kokonao, Indiana 
Attn: Mr . H. F . Kuhns 

U .S . Bureau of Mines 
Boulder City Metal lurgy R e s e a r c h 

Labora to ry 
Boulder City, Nevada 
Attn: Dr. D. H. Baker , J r . 

Armed Serv ices Technical Infor­
mat ion Agency 

Arlington Hall Station 
Arlington 12, Virginia (5 copies) 

Depar tment of the Navy 
Bureau of Naval Weapons 
Washington 25, D. C-
Attn: Mr . R ichard Schmidt 

Code RRMA-222 

Office of Naval R e s e a r c h 
86 Eas t Randolph S t ree t 
Chicago 1, Illinois 
Attn: Mr . R. Hedlund (3 copies 

+ repro) 

SYLCOR Division 
Sylvania E lec t r i c P roduc t s Inc. 
208-20 Willets Point Blvd. 
Bayside, Long Island, New York 
Attn: Mr . L. Sanaa 

Section Head 
Metal lurgy Depar tment 

N O I S INSTITUTE OF T E C H N O L O G Y 

ARF-B6007-2 



National Aeronautics and Space 
Adnainstr ation 

Langley R e s e a r c h Center 
Langley Station 
Hampton, Virginia 
Attn: Mr . Char les Manning 

McDonnel Aircraf t Corporat ion 
Lamber t -Sa in t Louis Municipal 

Airpor t 
Pos t Office Box 516 
St. Louis 66, Missour i 
Attn: Mr. Howard Siegel 

Dept. 272 

Bell Aerosys tems Company 
Division Bell Aerospace 

Corporat ion 
Buffalo 5, New York 
Attn: Mr , E. A. Dalega 

North Amer ican Aviation, Inc. 
Rocketdyne Division 
6633 Canoga Avenue 
Canoga Park , California 
Attn: Mr. R. J . Thompson, 

Director R e s e a r c h 

North Amer ica Aviation, Inc. 
Los Angeles Division 
Internat ional Airpor t 
Los Angeles 9, California 
Attn: Mr . H. H. Crotaley 

Manager, Applied Science 

Chance-Vought Corporat ion 
Astronaut ics Division 
Pos t Office Box 6267 
Dallas 22, Texas 
Attn: Mr . M. J . Rudick 

M g r . , Space Technology 

Aeronaut ical Sys tems Division 
Air F o r c e Systenas Command 
Wr igh t -Pa t t e r son Air F o r c e Base, Ohio 
Attn: Mr. J a m e s J. Matt ice 

Acting Chief, Coatings Section 
Nonmetall ic Mate r ia l s Labora to ry 
Di rec tora te of Mate r ia l s and 
P r o c e s s e s 

ARMOUR RESEARCH F O U N D A T I O N OF ILL INOIS INSTITUTE OF T E C H N O L O G Y 

U.S. Departnaent of the Inter ior 
Bureau of Mines 
Washington 25, D. C. 
Attn: Richard F . Stevens, J r 

Argonne National Labora to ry 
'9700 South Cass Avenue 
Argonne, Illinois 
Attn: Mr. Ross Mayfield 

P r a t t and Whitney Aircraf t 
Eas t Hartford 8, Connecticut 
Attn: E. Dalder 

Mate r ia l s Development 
Labora to ry 

J r . 

- 13 - ARF-B6007-2 


