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CREEP - R u m  PROPERTIES OF UNALLOYED TANTALUM, 
Ta-lOa W A m  T-1-11 ALLOYS 

R .  L.  Stephenson 

ABSTRACT 

The long-time, high-temperature creep proper-Lies of 
unalloyed tantalum, Ta-l.O$ W, and T-11.1. (Tad$ W-2% H f )  were 
s tudied a t  1204, 1427, and 1649°C (2200, 2600, and 3000°F). 
The Ta-lO$ W arid T - l l l  were much s t ronger  than unalloyed 
tantalum. The p rope r t i e s  of Ta-IO$ W arid T-111. were almost 
equal  for. %he thermomechanicsl h i s t o r i e s  s tud ied .  The 
d u - c t i l i t i e s  of all t h r e e  materials were exce l l en t .  

INTROTWCTION 

In recent  y e a r s ,  increasing considerat ion has been giver1 t o  tantalurri- 

base a l l o y s  f o r  high-temperature str'uctu.ra1 app l i ca t ions .  On t h e  b a s i s  

of short-t ime da-La, the  add i t ion  of 10% W appears t o  improve substantial . ly 

t h e  s t r eng th  of tantalum.' Tlnj.s a l l o y  a l so  appears t o  have a low ducti1.e- 

t o - b r i t t l e  t r a n s i t i o n  temperature, improved oxidation r e s i s t ance ,  good 

workabi l i ty ,  and good weldabi l i ty  . * 
More r ecen t ly ,  hafnium has been added t o  the bi.nary a1.l.oy. This has 

resu1.ted i n  the  T - l l l  alloy (Ta-8$ W-2$ H f )  which also appearrs t o  ha.ve 

des i r ab le  d u c t i l i t y ,  weldabilit,y, and workabi l i ty .  2-4  

p o t e n t i a l  s t r eng th  o f f e red  by Ta-10% W and T-111 it was considered d e s i r -  

ab le  t,o undertake a systematic study of t h e i r  I-ong-time (1000 hr )  high- 

temperature creep p rope r t i e s .  The creep proper-Lies of pure tantal.um were 

also determined, p r imar i ly  f o r  comparative purposes. 

I n  v i e w  of t h e  

'M. L. T o r t i ,  "90 Ta-10 W Offers High Temperature S-trength Plus  

*G. G.  Lessmarin a,nd D. R.  Stoner,  'welding Refractory Metal fix Space 

D u c t i l i t y ,  Spa~e/~4eroriaut ics  35, 87-93 (September 1961) . 

Power System Appl.ica;tions, 'I paper presented at the  9th National S M I ; E  
Symposium on Jo in ing  of Materials f o r  Aerospace Systems Nov. 15-17, 1.965, 
Dayton, Ohio. 

3R. G. Donnelly and G. M. Slaughter, "Weldability Evaluation of 

4R.  L. W o n  and R. T. Begley, P i l o t  Production and Evaluations of 

Advanced Refractory Alloys,'' Welding J. ( N . Y . )  45, 250-s-257-s (June 1966). 

Tantalum _411oy Sheet, 

_I 

WANL-PR-M-004 (June 1'363). 
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MATERIALS 

All materials used i n  this study were produced by National Research 

Corporation. Their compositions are shown i n  'I'ables 1, 2,  and 3. All 

materials  were tes'wd i n  t h e  cold worked condition. 

Table 1. Vendor's Analjrsis of Unalloyed 
Tantalum, Heat 2202 

E I.em n t  Weight Percent 

Twig s t  en  
Molybdenum 
Titanium 

Aluminum 
Niobi urn 
S i l i c o n  
Nickel 
Chromium 
I r o n  
Nitrogen 

Carbon 
Tantalum 

Copper 

Oxygen 

0.004 
0.001 
0.0005 
0.0001 
0.0025 
0.0032 
0.0016 
0.0005 

< 0.0005 
0.0010 
0.0020 
0.0046 
0.0025 
B a l  an i: e 

Ta'ble 2. Vendor's Analysis of 
Ta-lO$ W, Heat 1862 

~ ..... ~ .-.- -1.11.- 

Element. Weight Percent 

Tungsten 
Molybdenum 
Nickel 
Chromium 
Iron 
Ni eke 1 
Oxygen 
Carbon 
Tantalum 

9.1 
< 0.0010 
< 0.0005 
< 0.0005 
0.0010 
0.0023 
0.0036 
0.0035 
Balance 
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Table 3. Analyses of' T-111 Alloy, Heat 2650 

Element 
Vendor's Analysis ORNL h a l y s i s  

(wt %) (w-t 9 
Tungsten 
Hafnium 
Carbon 

Hydrogen 
Nitrogen 
Tantalum 

Oxygen 

7 . 4  
2.1 
0.0049 
0.0057 

0.0023 
B d a n  ce 

7 .  5 
1.9 
0.0070 
0 .00S3 
0 * 0004. 
0.0029 
&lance 

The apparatus used i s  described i n  a previous r epor t . 5  Yke t e s t s  
# 

were perfomed at pyessures lower than 2 x lom7 t n r r .  

was analyzed f o r  i n t e r s t i t i a l  i.mpuriti.es. The carbon contents of most 

specimens were less than 100 ppm af ter  t e s t i n g .  The after-tes-t; oxygen 

content of most specimens w a s  between 100 and 300 gpm. 

possible  t o  d e t e c t  any systen1ati.c dependence of t he  mechanical. p rope r t i e s  

on t h e  posttest; i n t e r s t i t i a l  l e v e l s  wlit'nin the  ranges men-Lioned. Sheet 

specimen:; 0.60 i n .  t h i c k  with a gage s e c t i o r  3 x 0.2 i n .  were used. 

Every t e s t  specimen 

It was not  

The rce-Lallogrqhic specimens were prepared by v ib ra to ry  pol ishing i n  

a manner described by Long and Gray.6 

RESULTS .KND DISCUSSION 

The creep-rupture prope r t i e s  of unalloyed 'c:intalu.ni at 1204 "C (2200 '3') 
are given i n  Fi.g. 1.. 

funct ion of s t ress  along with t h e  t i m e  t o  rupture .  Similar ly ,  t h e  creep- 

rupture  p rope r t i e s  at 1 4 2 7 " ~  (2600°F) and 1.649"~ ( x I o O T )  are given i n  

T i m e s  t o  I ,  2,  5, and 10% creep are p l o t t e d  as a 

5R. L. Stephenson, Comparative Creep-Riipture P rope r t i e s  of D-43 and 
R-66 Alloys, ORNL-'TM-944 ( N w e m b e r  1964). 

6E. L. Long, Jr., and 3 .  J. Gray, Metals ~ - -  Progr. -- 7&(4) , 145-148 
I 

(October 19%). 
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DRNL -DWG 657-8592 

2 %  CREEP 
+ 1 %  CRffP 

( ) RUPTURF DUCilLlTY IN 70 , 

io0 io00 i0,ooo 
TIME (hr 

Fig.. 1. Creep-Rupture Propert ies  of Unalloyed Tantalum a t  1204 "C 
(2200°F). 

F igs .  2 and 3, respect ively.  Figure 4 gives the  secondary creep r a t e  a s  

a fumetioil of s t r e s s  f o r  these three  temperatures. 

The cmep-rupture pyoper-ties of Ta-lO$ F7 a l loy  a t  1204°C (2200°F) are 

showri i n  F ig .  5. 

of stress along with the trim t o  rupture.  SirniI.srly, the creep-rupture 

T i m e s  to 1, 2, 5 ,  and 10% creep a re  shown as a funct ion 

400 
TIME (hrl 

ORNL-CWG 67-8593 

40,000 

Fig. 2. Creep-Rupture Propert ies  of Unalloyed Tantalum at; 1427 "C 
(2600°F). 
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F i g .  3 .  
(3000 V) . 

lo4 

8 

6 

0.05 0.1 40 

4 

4 x 102 

1 
100 

CREIL-D’NG 67-859.1 

4000 5000 

TIME (lid 

Creep-Rupture Propert ies  of Unalloyed Tantalum at  1649°C 

10-6 IO+  IO-^ { o - ~  10-2 
SECONDARY CREEP R A T F  ( i n  / i n  hr) 

Fig .  4 .  Secondary Creep Rate vs S t r e s s  f o r  Unalloyed Tantalum. 
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~~ A RUPTURE 
40% CREEP 

* 5 %  CREFP 
2 %  CREEP 

~~ + 1 %  CREEP 

- 
1 

+' i 

04 4 10 100 4000 10,000 
2x103 

)TIME ( h r )  

F ig .  5.  Creep-Rupture Proper t ies  of Ta--lO$ W Alloy a t  1.204"C 
(2200771'). 

propr r t i e s  a t  lA27"C (2600'F) and 1549°C (3000°F) a r e  given i n  F igs .  6 

and 7, respec t ive ly .  

s t r e s s  foi- theze th ree  temperatures i n  F ig .  8. 

'The secondary creep rate i s  given as a func t ion  of 

Figure 9 gives  tlic creep-rupture p rope r t i e s  of T-lll at  1204°C 

(2200??'). SirnTlar  curves a r e  given f o r  T-111 a t  1/+27"C (2600°F) and 

A 5% CREEP -+- 

a 2 %  CREEP I 
1- 4 %  CREEP 

2 0 RUPTURE DUCT11 

40 100 4000 40,000 
TIME (hr)  

Fig .  6. Creep-Ruptu-re Proper t ies  of 'Ta-lO% W Alloy a t  1427°C 
(2600°F). 
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1000 10,GOO 

Fig. 7 .  Creep-Rupture Properties of Ta-l.O% W Alloy at 1649°C 
(3000 O F )  . 

ORNL-DWG 67-8599 

- io4 
.- 
m 
.* a 8  

0 

W 
(L 
k- 
v) 

c n 6  

4 

2 

lo3 
10-6 I 0-5 10-4 10-3 10-' 

SECONDARY CREEP RATE (in./in. h r )  

F ig .  8 .  Secondary Creep Rate vs Stress for Ta-lO% W Alloy. 
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2 ~ 4 0 ~  1 
0.A 1 

ORNL 

10 100 
TIME (hrl 

10,000 

F i g -  9. Creep-Rupture Propert-ies of T-1.1-1 Alloy a t  1204°C (22009). 

J.649"C (3000°F) i n  F igs .  10 and 11, respect ively.  

secondary creep rate as a fimction 3f s t r e s s  a t  these temperatures. 

F i g x e  12 gives the  

The rupture elongation i n  pei-cent i s  given in parentheses beside 

each poi-nt on the  s t ress - rupture  curves.  

d u c L i l i t i c s  a re  exce l len t .  

I n  a l l  three mater ia ls  the 

2 

2 x io3 
0.1 40 io0 1000 i0,ooo 

TIME (hr)  

Fig .  10. Creep-Rupture Properi ies  of T-1-11 Alloy a t  1427°C (2600°F). 
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ORNL-DWG 67-8802 

11. Creep-Rupture Properties of T-111 Alloy at 164-9°C (3000°F) . 

4 k  

SECONDARY CREEP RATE hn/in hr )  

Fig. 12. Secondary Creep Rate vs Stress for T-111 Alloy. 
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Figure 13 shows a photomicrograph of an unalloyed tantalum specimen 

It i s  c l e a r  t h a t  the  with a rupture  l i f e  of 27.5 h r  a t  1204°C (2200°F) . 
mate r i a l  has r e c r y s t a l l i z e d  and a t t a i n e d  a s u b s t a n t i a l  g ra in  s i z e  under 

these  condi t ions.  Specimens t e s t e d  f o r  longer times a t  correspondingly 

lower s t r e s s e s  f requent ly  develop a pronounced subs t ruc ture  r a t h e r  than 

a l a r g e r  g ra in  s i ze .  Figure 14 shows a microstructure  t y p i c a l  of these  

specimens . 
A t  1427°C (2600”F) ,  only a shor t  time i s  required f o r  the  develop- 

ment of qu i t e  l a r g e  gra ins  i n  unalloyed tantalum. 

by the  photomicrograph of a specimen with a rupture  l i f e  of 7.0 h r  a t  t h i s  

temperature, shown i n  Fig.  15. Figure 16 shows the  microstructure  of a 

specimen t e s t e d  a t  a s t r e s s  which produced f a i l u r e  i n  466.0 h r  a t  1427°C 

(2600°F).  

i n  Fig.  14, except t h a t  t hese  s m a l l  a r eas  give the  appearance of being 

This i s  i l l u s t r a t e d  

The microstructure  i s  s i m i l a r  i n  appearance t o  the  subgrains 

Fig.  13. Photomicrograph of Unalloyed Tantalum Specimen Which Fa i l ed  
After  27.5 h r  a t  6000 p s i  and 1204°C (2200°F). Etchant: NH,+-H$3-W. loox. 
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W I-g. 14. Photomicrograph o Una,,Jye Tantalum Specimen Which Fa i led  
After 693.6 h r  a t  2750 p s i  and 1204°C (2200°F). 1OOX. Reduced 6%. 

7 -4 v C I I C ~  

Fig .  15. Photomicrograph of Unalloyed Tantalum Specimen Which Fa i l ed  
After 7.0 h r  a t  3500 p s i  and 1427°C (2600”E). 1OOX. 
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. ,  , --'.I-='.- 

Fig.  16. Photomicrograph of Unalloyed Tantalum Specimen Which Fa i l ed  
After  466.0 h r  a t  1500 p s i  and 1427°C (26009). 1OOX. 

separated by high angle boundaries. 

are developed, as shown i n  Fig.  17. It i s  noteworthy t h a t  i n  no case 

are voids observed. 

A t  1649°C (3000"F), very l a rge  gra ins  

The microstructure  of a Ta-10% W specimen which f a i l e d  a f t e r  737.3 hr 

at l204"C (2200°F) i s  shown i n  F ig .  18. Specimens tested at  1427°C 

(26009) and 1649°C (30009) are shown i n  F igs .  19 and 20, respec t ive ly .  

A s l i g h t  tendency toward the  formation of grain-boundary voids can be 

seen i n  Fig.  19, while very l a rge  grain-boundary voids are prominent i n  

F ig .  20. 

The microstructures  of T-111 specimens tested at  1204, 1427, and 

1649°C (2200, 2600, and 3000°F) are shown i n  F igs .  21, 22, and 23, 

respect ively.  The same increas ing  tendency f o r  grain-boundary separat ion 

with increas ing  temperature i s  evident .  

Upon comparison of creep-rupture da t a  presented here ,  it i s  apparent 

t h a t  t he  addi t ion  of 10% W has a pronounced e f f e c t  on the  s t rength .  

f u r t h e r  addi t ion  of 2% E, however, has had l i t t l e  e f f e c t  for t h e  material 

h i s t o r i e s  examined here. Since p r e c i p i t a t e s  t oo  l a rge  t o  contr ibute  t o  

d ispers ion  s t rengthening are  observed (Fig. 23), it i s  poss ib le  t h a t  a hea t  

treatment which p laces  these  i n  so lu t ion  and r e p r e c i p i t a t e s  them i n  a more 

f i n e l y  dispersed state may produce an improvement of T-111 over Ta-lO% W. 

The 
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Fig.  17.  Photomicrograph of Unalloyed Tantalum Specimen Which Fa i l ed  
After 374.9 h r  a t  650 p s i  and 1649OC (3000°F).  1OOX. 

Fig .  18. Photomicrograph of Ta-10% W Specimen Which Fa i l ed  After 
737.3 hr a t  17,000 p s i  and 1204°C (2200°F).  Etchant: 25 HF-25 "03- 
5 glycer in .  100~. 
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Fig. 19. Photomicrograph of Ta-10% w Specimen Which Failed After 
441.8 h r  at  9000 psi  and 1427°C (2600OF). 1OOX. 

Y-79 I47 

Fig. 20. Photomicrograph of Ta-10% W Specimen Which Fai led After 
270.6 hr at  4500 p s i  and 1 6 4 9 ° C  (3000°F). 1OOX. 
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Fig. 21. Photomicrograph of T-111 Alloy Specimen Which Failed After 
975.1 hr at 17,500 psi and 1204°C (2200°F). Etchant: H ~ C - H F - ~ ~ - H ~ ~ - H ~ S ~ ~ .  
loox. 

I 

3 

z 
I 

Fig. 22. Photomicrograph of T-111 Alloy Specimen Which Failed After 
575.4 hr at 7500 psi and 1427°C (2600V). 1OOx. 
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Fig .  23. Photomicrograph of T-111 Alloy Specimen Which Fa i led  After  
493.2 h r  a t  3500 p s i  and 1649°C (3000°F). 1OOX. 

The microstructures  of t he  unalloyed tantalum appear very clean; those of 

t h e  Ta-lO% a l l o y  show only a s l i g h t  i nd ica t ion  of a p r e c i p i t a t e  while 

p r e c i p i t a t e s  a re  d i s t i n c t l y  v i s i b l e  i n  the  T-111 a l l o y  microstructures .  

Grain growth i s  much f a s t e r  i n  tantalum than i n  Ta-10% W o r  T-111. 

growth appears t o  be s l i g h t l y  g rea t e r  i n  Ta-10% W than i n  T-111 a t  

1427 and 1649°C (2600 and 3000°F). 

H f C  and E 0 2  and may be responsible  f o r  t h e  add i t iona l  grain-growth 

inh ib i t i on .  

Grain 

The p r e c i p i t a t e s  i n  T-111 are probably 

SUMMARY AND CONCLUSIONS 

The creep-rupture proper t ies  of cold worked tantalum, Ta-10% W, 

and T-111 (Ta-Bk W-2% Ef) at  1204, 1427, and 1649°C (2200, 2600, and 

3000°F) are presented. 

so lu t ion  strengthening i s  derived from the  addi t ion  of tungsten t o  

tantalum. 

It i s  apparent from these  data t h a t  subs t an t i a l  

No f u r t h e r  strengthening w a s  observed upon t h e  addi t ion  of 
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hafnium t o  t h i s  binary a l l o y  f o r  t h e  material conditions inves t iga t ed .  

However, some additio-na,l g ra in - s i ze  s t ab i l i za , t i on  w a s  noted i n  t h e  T-111, 

po:;sibly due t o  hafnfum-base precipi.La-Les i n  the microstructure.  

Good rupture  d u c t i l i t i e s  were observed i n  a l l  cases. 
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