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DEVELOPM ENT AND EVALUATION 

O F HIGH-TEM PERATURE TUNGSTEN ALLOYS

ABSTRACT

H igh-tungsten  alloys w ere  p re p a re d  by pow der m eta llu rgy  te ch n iq u es . 

R o o m -te m p e ra tu re  s treng th  p ro p e r t ie s  w ere d e te rm in e d  for W -N i-F e co m p o ­

sitio n s with q u a te rn a ry  additions of C r, Pd, and Ru; tungsten  levels  ran g ed  

fro m  60 to 94 wt%. Sm all (1-3  wt%) ru thenium  ad d itio n s w ere the m o s t 

effective in im p ro v in g  stren g th . T he oxidation r e s is ta n c e  of a num ber of 

tu n g sten -b ase  a llo y s  was m e asu red  a t 2000F. Q u a te rn a ry  W -N i-Fc b a se  
alloys contain ing  A l. Ru, T i, and Z r w ere the m o st oxidation  r e s is ta n t ,  

having values s im ila r  to unalloyed tungsten . O xidation  p ro tec tion  of a  90W- 

6N i-4Fe m a te r ia l  w as accom plished  by a fused coating  of AMS 4775* the  

com posite  was te s te d  for 482 h o u rs  in a ir  a t 2000F w ithout dam age to  the 

b ase  alloy.

A R H O U B  R E S E A R C H  t O U N O A T l O N  OE I L L I N O I S  I N S T I T U T E  O f  T E C H N O L O G Y
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DEVELOPMENT AND EVALUATION 
OF HIGH-TEMPERATURE TUNGSTEN ALLOYS

I. INTRODUCTION

This progress report covert the period October 1. 1959, to 
December 31, 1959. sum m arising work perform ed on ARF Project 2158, 
"Development andEvaluation of H igh-Tem perature Tungsten Alloys" (title 
unclassified).

Major efforts under th is  program  have been concerned with the 
development of high-tungsten alloys for use at tem pera tu res up to 2000F. 
Fabricability and elevated-tem perature atrength and stability are of prim ary  
importance; consideration has a lso  been given to oxidation protection.
Powder m etallurgy techniques have been used in the preparation of m aterials 
under investigation

A num ber of tungsten-base alloy system s have been studied during 
ea rlie r phases of this program . The most prom ising compositions from  the 
standpoint of workability and elevated-tsm peratu re stability are based on the 
W -Ni-Fe system . Small quaternary  additions of ruthenium  to the W -Ni-Fe 
base produced Large increases in strength without undue loss of ductility. 
These m ateria ls  were prepared by cold-pressing the blended metal powders, 
followed by liquid-phase sintering in a hydrogen atm osphert. Experim ental 
work during th is  reporting interval included a study of various m ateria l 
processing techniques, in order to determine the feasibility  of producing 
large sections of complex shape. Alloy development work wae continued, 
with some com positions containing less than 90 wt% tungsten. The oxidation 
resistance of a  number of alloys was investigated, and testing of protective 
coatings was conducted at 1600 and 2000F for tim es in excess of 500 hours.

i

A B H O U B  f t C S I A B C H  F O U N D A T I O N  OF I L L I N O I S  I H J H T U U  OF T C C M N O I O G V
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U. DISCUSSION OF RESULTS 

A. Alloy Development

Experimental effort* under the alloy development phase of this 
program were directed into two separate categories. The first consisted 
of determining the properties of a series of W-Ni-Fe-Ru alloys; the purpose 
of these studies was to optiuuse compositions in this promising system.
New alloys were also prepared in tn effort to develop improved oxidation 
resistance and to investigate the effects of various quaternary additions to 
the W-Ni-Fo base.

Previous work has shown that 90 wtH W-Ni-Fe-Ru alloys posstss 
considerably greater elevated-temperature strength than other ternary or 
quaternary tungsten-base compositions studied under this program. During 
the current reporting interval, several new W-Nl-Fe-Ru compositions were 
studied wherein the tungsten content ranged from 85 to 94 wt%; ruthenium 
levels were 1 to I wt% The room-temperature properties of these materials 
were not markedly affected by the tungsten contents, as shown in Table 1. 
Strength levels were similar for ths 85W-7. 5Ni-5Fe-2. 5Ru* and the 94W- 
3Ni-2Fe-iRu alloys. Both compositions had transverse-rupture strength 
values in excess of 300,000 psi; these results were similar to those reported 
for 90W-Ni • Fe-Ru alloys studied previously, Microstructures of the ma­
terials containing ruthenium wero characterised by an exceptionally fine

*

grain sia*. Some porosity was encountered in hydrogen-eintered compacts 
containing more than 2 wt% ruthenium. Vacuum eintsring produced sig­
nificant property improvements in these alloy# by reducing the porosity.
The effect of vacuum sintering on elevated-temperature properties of W-Ni- 
Fe-Ru alloys is under study. In addition, the thermal stability of these 
materials is being investigated by annealing treatments of at least 200 hours 
at temperatures in the range of 1400 to 1700F. Such annealing treatments 
have resulted in the appearance of an intermediate phase in the matrix of 
W-Ni-Fe alloys. The effects of ruthenium and other quaternary additions 
on this precipitated phase are being thoroughly investigated.

* Compositions are reported in weight per cent.

A t H o U •  M I U I C H  F O U N D A T I O N  O F  U U N O I l  I N I M T U T I  OF  V I C N N O L O O Y
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Alloy development efforts  have also included a study of the effects  
of addit ions of ch ro m iu m  and pal lad ium to the W-Ni i>  base .  P rev iously  
r e p o r te d  data for W -N i-F e -C r  .alloys w ere  foi com posit ions  containing at 
le a s t  90 wt% tungsten; these m a te r ia l s  v.*ro c h a ra c te r i z e d  by high s t reng th  

and low ductility at ro o m  tem p era tu re .  More recen t  investiga tions included 
al loys at lower tungsten levels; the h igher  m a tr ix  volumes a re  expected to 
p ro m o te  ductility and oxidation re s i s ta n c e .  On the bas is  of r o o m - te m p e ra tu re  

t e s t s ,  no significant p ro p e r ty  im provem ents  were noted in W -N i-Fe *Cr alio*’ 
at  reduced  tungsten levels;  data a r e  p re se n ted  in Table 1. The oxidation 
r e s i s t a n c e  of these  composit ions is d i s c u s se d  under a subsequent section of 
th is  repor t .

Studies of tungs ten-base  al loys containing pa l lad ium  have included 
the b inary  W-Pd; a t e r n a r y  W-Ni-Pd, and a qua ternary  W -N i-F e -P d  m a ­
t e r i a l .  Initial invest iga t ions  of the b in a ry  W-Pd alloy showed that, although 

s t reng th  levels were  not adequate, a d e s i r a b le  low solubility of pal ladium 
in tungsten  was indicated .  P re l im in a ry  t e s t  resu l t s  of a 90W-7Ni-3Pd alloy 
showed strength and ducti l i ty  values cons iderab ly  below th o se  of W -Ni-Fe 

m a te r i a l s .  M ic ro s t ru c tu re s  cons is ted  of rounded tu n g s ten - r ic h  grains  in a 
s ingle phase m atr ix ;  h a rd n es s  values  w e re  s im ila r  to those  of W-Ni-Fe 
a l lo y s . '  Q uaternary  9 0 W -N i-F e -P d  alloys containing 2 wt% palladium had 
sl ightly  lower room te m p e r a tu r e  s t reng th  and ductility than  the W -N i-F t  

base;  e le v a te d - te m p e ra tu r e  p ro p e r t ie s  have not been evaluated.

Alloy development efforts  will  be continued in an effort  to im prove  
c u r r e n t ly  available m a te r i a l s .  Vacuum s in te r ing  and o ther  techniques d i s ­

cu s sed  in subsequent sect ions  of this r ep o r t  will be u t i l ized  when n ecessa ry .

B. Oxidation R e s i s t a n c e

Previous  da ta  c o n v e n in g  the oxidation r e s i s tan c e  of tungsten-base
1

alloys developed under  th is  p ro g ram  have been reported  in weight ga in /cm  / h r .  

The te s t in g  p ro ced u re  during the c u r r e n t  report ing  in te rva l  has  been modified 

to the  extent that  r e s u l t s  a r e  ex p res sed  in di: placement of the  metal  surface  
p e r  un it  t im e.  T es t  sp ec im ens  a r e  f i r s t  heated in air  for 15- o r  30- minute 
in te rv a ls ;  the oxide f i lms a r e  then ca re fu l ly  removed f rom  each side of the 

sam ple  by ab ras ive  p a p e rs  until a c lean  m e ta l  surface is exposed.  Test

A R M O U R  PE S E A R C H  F O U N D A T I O N  OF I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y
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TA BLE I

ROOM TEM PERATURE PROPERTIES 

OF TUNGSTEN-BASE ALLOYS

C o m p o s i t io n  wt7o)

T r a n s v e r s e
Rupture
Strength(psi)

Deflection 
(in. )a

H a rd n ess
VPN(lOkg)

9 4W -3N i-2F e - lR u 303,000 0-185 363
86W -7Ni-4Fe-3Ru b 0. 125 400
8 5 W -7 .5 N i-5 F e -2 .5 R u 314,000 0 .250 394
90W-7Ni-3Pd 78,000 0 .0 2 309
90W-4. 8Ni-3 2 F e - 2 P d 270,000 0 .275 290
80W-lONi- lOCr 185,000 0. 045
8bW-7Ni-7Cr 290.000 0. 110 440
82W -8N i-2Fe-8C r 246,000 0 .075
84W -6N i-4Fe-6C r 214,000 0 .090

a. Span length 1. 25 in.
b. P o rous  sam ple .

A R M O U R  R E S E A R C H  F O U N D A T I O N  O T -  I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y
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re s u l t s  u s in g  th is  method a r e  read i ly  duplicated,  and a r e  of m o r e  p rac t ica l  
value than  the  weight-gain data .

T ab le  II p r e s e n t s  oxidation t e s t  data  for  a 'vide range  of tungsten- 

base  al loys a t  2000F; the r e s u l t s  for unalloyed tungsten  a r e  inc luded  for co m ­

parison.  The oxidation r e s i s t a n c e  of m ost  com posi t ions  is in fe r io r  to that of 

tungsten. The reason  for th is  is  net c lear ly  unders tood ,  as  the m a t r i x  phase 

in W -N i-Fe  a l loys r e p r e s e n te d  by the 18W-49Ni-33Fe sample  shown in 

Table II h a s  com para t ive ly  h igh oxidation r e s i s t a n c e .  One of s e v e r a l  p o s s i ­

b il i t ies  is  th a t  tungsten oxides in combination with oxides of nickel  and iron 

fo rm  low -m el t ing  eu tec t ics ,  resu l t in g  in a c c e l e r a t e d  oxidation. T ab le  II 

shows that  sm a l l  additions of Al, Ti, Ru and Zr  to the W -N i-Fe  b a s e  resu l t  

in im proved  oxidation r e s i s t a n c e ;  the alloy containing z irconium  was slightly 

supe r io r  to  unal loyed tungsten.  M ic ro s t ru c tu re s  of these  al loys w e re  g en e r ­

ally  f iner g ra in e d  than the t e r n a r y  W -Ni-Fe m a t e r i a l s .  However,  tungsten 

solubili ty in the m a t r ix  m ay be a m ajor  factor  in  de te rm in ing  the  r e s i s ta n c e  
to oxidation of the composite .  In the ca se  of W -N i-C r  alloys, a n icke l-  

c h ro m iu m -r ic h  m a t r ix  may be expected to offer  im proved  oxidation re s is tan ce .  

Data f ro m  T ab le  II show tha t  the  8bW-7Ni-7Cr composit ion is  only slightly 

super io r  to the  90W-6Ni-4Fe m a te r ia l .  The high h a rdness  va lues  found in 

the m a t r ix  p h a s e s  of W -N i-C r  al loys a r e  a s s o c ia t e d  with solution of an ap ­

preciab le  quant i ty  of tungsten, the reby  reducing the  effect iveness  of the 

n ick e l -ch ro m iu m -b a3 e  envelope. F u r th e r  oxidation t e s t s  will  be conducted 

to d e te rm in e  the  fac tors  which contribute  to the oxidation r e s i s t a n c e  of these 

tungs ten -base  alloys.

C. Oxidation P ro tec t ion

R e s u l t s  of oxidation t e s t s  un the tu n g s ten -b ase  alloys d e s c r ib e d  in 

the p reced ing  sect ion  dictate the  need for p ro tec t iv e  coatings for e leva ted-  

te m p e ra tu re  ope ra t ion  in a i r .  Exper im en ta l  w ork  during the c u r r e n t  r e p o r t ­

ing in te rva l  ind ica tes  thaKj^ fused n ick e l -ch ro m iu m  base  alloy coa ting  affords 
good p ro tec t ion  to the 90W -6Ni-4Fe m a te r ia l  for 500 hours  in s ta t ic  a i r  to at  

leas t  2000F. The  coating, AMS 4775, was appl ied  a s  a  suspension  of alloy 

powder in a col lodion-acetone solution. Although sp ray -coa t ing  techniques 

were found to give a m ore  un i fo rm  covering, the spec im ens  c u r r e n t ly  under 

te s t  were  coa ted  by brushing. A lte r  drying, the coa t ings  were  fused  in a dry

A R M O U R  R E S E A R C H  F O U N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y
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TABLE II

OXIDATION TEST DATA

FOR TUNGSTEN-BASE ALLOYS AT 2000F  FOR 15 MINUTES

C om position  (wt%)
T h ick n ess  Change 

(in. )a

90W -6N i-4Fe 0.017

90W -6N i-4Co 0.016

90W -7N i-3Pd 0.012

86W -7N i-7C r 0.011

85W -7. 5N i-5 F e-2 . 5Ru 0.008

90W -5. 85N1-3. 9 F e -0 . 25A1 0.0075

90W -4. 5N i-3 F e-2 . 5Ti 0. 006

99W -0. 5N i-0. 5Fe 0. 006

U nalloyed  W 0.005

90W -4. 5N i-3 F e-2 . 5Zr 0 .004

18W -49N i-33Feb 0.001

a. Both s id es  of sam p le  oxidized.
b. A rc -m e lte d  ingot re p re se n tin g  m a tr ix  p h a se  com position  in  

W -N i-F e  alloys.

A R M O U R  R E S E A R C H  F O U N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y
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hydrogen  a tm o sp h ere  for ab o u t 10 m im ites a t  2200F. O xidation te s t s  w ere 

conducted in  s ti l l  a ir  a t 1600 and 2000F, and th e  specim ens w e re  weighed 

freq u en tly . The AMS 4775 coating  gave excep tionally  good p ro te c tio n  a t 

1600F; a f te r  616 h o u rs , the  to ta l  w eight gain  w as only 0 .42  m g /c m ^ . F ig u re  

1 is  a  p h o to m icro g rap h  of th e  coating and b a se  m e ta l a f te r  the te s t .  The 

coating in  th is  a re a  is  about 0. 003 in. th ick , and  a  d iffusion zone of about 

0. 002 in. e x is ts  betw een th e  coating  and the 90W -6N i-4Fe b a se . M ost of the 

diffusion o c c u rre d  during th e  2200F fusing o p e ra tio n  ra th e r  th an  during  the . 

1600F ox ida tion  te s t .  The 90W -6N i-4Fe m a te r ia l  was co n s id e rab ly  a lte re d  

by the  leng thy  h ea t tre a tm e n t a t  1600F, a t th is  te m p e ra tu re , a p re c ip ita te  is  

fo rm ed  in  th e  m a trix , as i l lu s tr a te d  in F ig u re  2. The p a r tic le s  a r e  finely 

d isp e rse d , and  h a rd n ess  m e a su re m e n ts  in  th e  m a tr ix  a re a s  show no in c rease  

due to  the p re c ip ita te . P re v io u s  w ork h as  show n th is  p re c ip ita te  to  be fo rm ed  

upon an n ea lin g  W -N i-Fe m a te r ia ls  a t te m p e ra tu re s  in  the ran g e  of 1400 to 

1700F; the  fine  p a r tic le s  m ay  be a n ick e l- tu n g sten  in te rm ed ia te  p h a se , o r 

tungsten  w hich has p re c ip ita te d  due to changes in  so lubility . R oom - 
te m p e ra tu re  te s ts  of th is  m a te r ia l  show a  s lig h t in c re a se  in  te n s ile  streng th  

without lo s s  of ductility . H eating  to te m p e ra tu re s  in  the range  of 2000F will 

d isso lve  th e  p re c ip ita te .

O xidation  te s tin g  of the  AMS 4775 co a tin g s was a lso  conducted at

2000F. F igure . 3 shows the m ic ro s tru c tu re  of a  coated  specim en  a f te r  482

hours a t 2000F . The AMS 4775 lay e r is  about 0. 005 in. th ick , and  a  thin

diffusion zone m ay be o b se rv ed ; the 90W -6N i-4Fe b ase  m e ta l is  re la tiv e ly

unaffected . W eight gains w ere  som ew hat h ig h e r a t th is  te m p e ra tu re  than

w ere m e a s u re d  at 1600F. F ig u re  4 i l lu s tr a te s  the  weight gain a s  a  function

of tim e . It m ay  be noted th a t a m a jo r p o rtio n  of the  weight gain  o c c u rre d

during the  f i r s t  tw enty-five h o u rs  of the te s t; th e  oxidation r a te  d u rin g  the

la tte r  p o r tio n  of the te s t  was co m p ara tiv e ly  slow . The av e rag e  w eight gain
2

was 0. 02 m g /c m  /h r ,  and the  t e s t  was concluded  p r io r  to in d ica tio n s  of 

fa ilu re . C oated  specim ens a r e  now being te s te d  a t 2100F, and in it ia l  re su lts  

show w eight gain  values s im ila r  to  those p re s e n te d  in F ig u re  4.

D. P ro c e s s in g  T echniques

P ro p e r ty  data p re s e n te d  in the p rece d in g  sections w ere  obtained 

from  sp ec im en s  p re p a re d  by co ld  p re ss in g  follow ed by hydrogen s in te rin g .

A R M O U R  R E S E A R C H  F O U N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y
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Neg. No. 19373 X 250
Fig. 1

AMS 4775 coating on 90W-6Ni-4Fe 
alloy after 616 hr in air at 1600F.
The tungsten grains are disturbed for 
a depth of about 0.002 in. Etched 
and repolished.

Neg. No. 19372 X 250
Fig. 2

Fine precipitate in m atrix of a 90 W- 
6Ni-4Fe alloy after 616 hr at 1600F. 
Etchant: HNO  ̂ + HF + glycerine.

Neg. No. 19374 X 250
Fig. 3

AMS 4775 coating on 90W-6Ni-4Fe 
alloy after 482 hr in air at 2000F. 
Very little diffusion has occurred 
between the tungsten grains and the 
adjacent coating. Unetched.

ARF 2158-15
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O ther p ro c e s s in g  techniques w e re  u tilized  in tile fab ric a tio n  of tu n g s ten -b ase  

alloys under study .

V acuum  sin te rin g  w as found to give im p ro v ed  ro o m -te m p e ra tu re  

p ro p e r tie s  in W -N i-F e  b ase  a llo y s  containing q u a te rn a ry  additions of Ru, Ti 

and Z r. In the  c a s e  of ru th en iu m , the  p o ro sity  u s u a lly  a sso c ia ted  w ith h y d ro ­

gen s in te rin g  w as e lim ina ted , and  c lean  m ic ro s tru c tu re s  w ere p roduced . 

A ttem pts to  s in te r  W -N i-F e -(T i, Z r)  alloys in h y d ro g en  w ere u n su ccessfu l 

because of t r a c e s  of oxygen in th e  fu rn ace  a tm o sp h e re . V acu u m -sin te rin g  

im proved  the  m ic ro s tru c tu re s  of th e s e  m a te r ia ls  a lthough som e o x id es w ere 

p re se n t. In itia l r e s u l t s  on W -N i-F e -R u  alloys s in te re d  under an in e r t  a tm o s ­

p h ere  w ere in fe r io r  to those  fo r v a c u u m -s in te re d  m a te r ia l .  V acuum  sin te rin g  

w ill be u sed  to  p re p a re  W -N i-F e-(N b , Ta) alloys w hich  exhibited la rg e  qu an ti­

t ie s  of u n red u ced  oxides a f te r  hydrogen  sin te ring .

Slip c a s tin g  of W -N i-F e  pow ders in  p la s te r  m olds was in it ia l ly  

devoted to  a 95W -3N i-2Fe co m p o sitio n . M ore re c e n t e ffo rts  have in c lu d ed  

te rn a ry  m a te r ia ls  a t the 90, 97, and  98 wt7o tu n g s ten  le v e ls . S a tis fa c to ry  

ro o m -te m p e ra tu re  p ro p e r tie s  w e re  obtained  fro m  s l ip -c a s t ,  s in te re d  90W - 

6N i-4F e sp e c im e n s . T est r e s u l t s  fo r  a  98W -1 .2N i-0 . 8Fe alloy show ed a 

s lig h tly  low er s tre n g th  than fo r th e  co ld  p re sse d  and h y d ro g e n -s in te re d  

m a te r ia l . E ffo r ts  w ill be devoted to  estab lish ing  the  m in im um  m a tr ix  lev e l 

re q u ire d  fo r co m p le te  d en sifica tio n  of s lip -c a s t m a te r ia ls .  This p ro c e s s  has 

y ie lded  v e ry  s a tis fa c to ry  re s u lts  a t th e  95 wt% tu n g s ten  level, and sp ec im en s 

having a 1-inch  w all th ickness have b een  s in te red  to  fu ll density .

Induction  heating , u sing  a tm o sp h e res  of 90N^ - lOH^ o r  90A - lOH^, 
h a s  been under in v estig a tio n  for the  s in te rin g  of la rg e  W -N i-F e co m p ac ts . 

Som e d ifficu lties  h av e  been ex p e rien ced  in d e te rm in in g  optim um  h ea tin g  r a te s  

so  th a t sh rin k ag e  c a n  p ro ceed  u n ifo rm ly . Specim ens a r e  brought to  the 
s in te r in g  te m p e ra tu re  (2680 - 2800F) in  le ss  than one h o u r; th is  ra te  is  m uch 

m o re  rap id  than th a t  u sed  in hydrogen  s in te rin g  in a  m olybdenum -w ound tube 

fu rn ace , F u r th e r  e ffo rts  w ill be conducted  using  in d u c tio n  heating , as th is  

flex ib le  technique is  adaptable to the  fab rica tio n  of la rg e  p a r ts .
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III. SUMMARY

Tungsten-base a lloys have been prepared using powder m etallurgy  

techniques. Quaternary W -N i-F e-R u  com positions were studied at tungsten 
levels  ranging from  85 to 94 wt%. R oom -tem perature tran sverse-ru p tu re  

strength va lu es were above 300 ,000 psi, and ductility  was reduced by in ­
creasing ruthenium contents. Ternary W -Ni-Cr and quaternary W -N i-F e-C r  

alloys w ere prepared at tungsten levels as low as 80 wt%; these m ateria ls  

contained 6 to 10 wt% chrom ium  and exhibited low  ductility. Low strength  

and ductility w ere found in a 90W -7Ni-3Pd com position, although a 90W- 
4 .8 N i-3 . 2 F e-2 P d  m aterial had good strength and m oderate ductility.

The oxidation re s is ta n ce  of a number of tungsten-base a lloys was 

reported. Specim ens were heated  in air at 2000F, and the oxide film s were 

removed to determ ine the d isp lacem ent of the m eta l surface. H ighest ox i­
dation re s is ta n ce  was found in quaternary W -N i-F e alloys containing Al, Ti, 

Ru, and Zr; th ese  m aterials, and a 99W-0. 5 N i-0 .5 F e  alloy, had m etal 

lo sse s  s im ilar  to that of unalloyed tungsten. The 90W -6N i-4Fe m ateria l 
oxidized over three tim es m ore rapidly than pure tungsten; the reason  for 

this rapid rate is  not understood in view of the re la tiv e ly  good oxidation  

resistan ce of the m atrix phase.

F used  coatings of a n ick el-ch rom iu m -b ase alloy, AMS 4775', were
effective in protecting the 90W -6N i-4Fe m aterial from  oxidation for about

2
500 hours at 2000F. The weight gain averaged 0. 02 m g/cm  / hr, and a

major portion of the gain occurred  during the f ir s t  25 hours of testin g .
M icro B tru c tu ra l evidence show s th a t only a  v e ry  th in  layer oi the b a s e  m etal

was affected. T ests  of the AMS 4775 coating at 1600F showed a w eight gain
2

of about 0 .4  m g /cm  in 616 hours. P relim inary te s ts  at 2100F show weight 

gains sim ilar to those reported for the 2000F te s t  tem perature.

P ro cess in g  techniques under study included vacuum sin tering , 
slip  casting, and induction heating of tungsten-base a lloys. Vacuum  

sintering was found to improve m icrostructures of W -N i-Fe-(R u, T i, Zr) 
quaternary a llo y s . Slip casting of W -N i-Fe a lloys in p laster m olds included
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m a te r i a l s  at 98 wt% tungsten  level; good s in te red  densi ty  and m odera te  

r o o m - te m p e ra tu r e  s t r en g th  was obtained. Induction hea ting  of com pacted  

W -N i-F e  al loys,  us ing  a tm ospheres  of 90N^-10H^ or 90A-10H£, was con­

tinued. Complete dens if ica t ion  was not obtained in all c a s e s ;  i r re g u la r  

shr inkage may be due to  the ex t re m e ly  r a p id  heating rave.

IV. FUTURE WORK

sis on vacuum - or  in e r t - a tm o s p h e re  s in te r ing .  F u r th e r  cons idera t ion  will 

be given to the effects of a p rec ip i ta ted  in te rm ed ia te  phase  re su l t ing  f rom  

annealing in the range  of 1400 to 1700F in W -N i-Fe base  al loys.  Oxidation 

t e s t s  of these  tu n g s ten -b ase  alloys will be continued in o r d e r  to de te rm ine  

the fac to rs  which con t r ibu te  to oxidation re s i s ta n c e .  Although initial work 

on p ro tec t iv e  coatings shows p ro m ise ,  som e  im provem ent  m ay be made in 

the b a s e  alloy to p rev en t  ca tas t roph ic  oxidation in case  of a  coating failure.  

The AMS 4775 coating will be te s ted  at  21 OOF and poss ib ly  a t  a  higher 

t e m p e r a tu r e  to d e te rm in e  the upper l im it  of use  in a i r .  V ar io u s  m a te r ia l  

p ro c e s s in g  techniques will be invest iga ted  with the objective of producing 

la rg e r  and m ore  com plex  shapes.
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