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CTiE3P-RUPnTxE PROPERTIES OF FS-85 ALLOY A?? 

THEIR RESPONSE TO I3M.T TRF1C1DaNT 

R. L. Stephenson 

Creep-rupture properties fox  FS-85 
(Wo-27$ Ta-lO$ W-2% Zr) to 1000 hr are pre- 
sented at 982°C (1800"F), 1093°C (20004F), 
12@4"C (2200°F), and U27"C (2600°F). Sub- 
stantial Lmprovernen-ts in strength at 982°C 
(1800°F) and 12cL$"C (22OO0F) can be achieved 
by pretest annealing 1 hr at 1593OC (2900°F). 
These improvements are shown to be stable f o r  
at least 1000 hr. 
temperatures yields inferior properties. A 
tentative explanation for these effects is 
offered in terns of precipitate distribution. 

Pretest annealing at higher 

A large number of refractory-metal alloys are ciirreiitly under con- 
In most cases, sideration for high-temperature structural applications. 

the only mechanical property data available on these materials are tenslile 
test data and very short-time creep data. Since long-time creep propel.- 

ties are important for many high-temperature applications, an evaluation 

of several promising refractory-metal alloys was undertaken. This evalua- 

t i o n  included t h e  determination of creep properties to 1000 hr, so tha t  a 

valid comparison of the suitability of the alloys for high-temperature 

structural applications could be made. 

evaluation of 33-85 alloy (1\3b-27% Ta-108 W-1% Zr). 

'Ibis report describes such an 

'fie material used in this study was obtained from Westinghouse 
Coxp. as Heat No. 850738-Tl. 'Ilhe vendors' analysis is as follows: 



2 

Element 

Ta 11 La luwn 

"ungsten 

Xi-rconj urn 

Carbon 

Oxygen 

Nitrogen 

Ni ob ium 

__I_._c 

..I... \?e i ght Percent, __. ..._. ^ 

?,7 D ' /3  

10,15 

0.83 

0.0080 

0. om1 

0.0029 

balaiice 

I n  -the preparation of thris rnate:ri81.; a va.ciiuj;ri ax-c-rnel-Led ingo t  wa.:; 

forged from i325"C (2415°F) to a 2 ' / / 8  i n ,  tl?ickiiess. The f w g i n g  was 

conditloned, rehested f;o 1300°C (2372°F) and forged t o  a 1. l / , 2 -Ln .  

tlij.ckiiess. The material wa.s then vacuu?n amesled 3. hr at 1500°C (2732"E'), 

A .  uansferred t o  a-n argoll fUi"l?iLi3e, hea-bed to 1250" C (2282°F) and forged 
- 

t o  an 0. ' 7 - i : ~  4;b.ick.ness. .1.1; was then roll-erl (with an appropriate cross  

rol . l tng to con'irol width) from 315°C (59Ub"F), reheated to 2U."C (400°F) 

3rd- r o l l e d  t o  f irial p g e .  The sheet was gi.ven a rccrys.lall.i.za tion 

3i7iIi231 of 1 h r  a-1; 1371°C (2500"P), tiner!. r o l l e r  leveled. 

'L'he apparatus u.sed i.n 'ihis work is described. in a previous report .  1 

The t e s t s  were peiTtomied at pressures lower t h m  2 x 1.0-' to r r .  
t e s t  spec-hen w a s  analyzed for i n t e r s t i t i s l s .  

content of most specrimeiis was between 101) and 300 ppm. 

speci.nieiis were prepared by vibratory polishing in tile mnarmer dzscr:i.bed by 

Long and Gray.2 

Every 

The a f t e r - t e s t  ox;igen 

me mctal-l..ographj c 

?Tine creep-rupture propei-ti.eS o f  as-received PS-85 a1.l.o~ at 980" C 

(1800"~') are given. i n  ~ i g .  1.. Times t o  1, 2, a113 5% e1ongati.on are 
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plotbed as a function of stress aloag with the time to rupture. 

Similarly, the creep-rupture properties at 109% O C (20013°F) , 1204. "C 

(220OoF), and 1427°C (2600°F) are given in Figs 2, 3, and 4 ,  respectively. 

(The time to lo'$ elongation is included in these three figures.) Figure 5 

shows the secondary creep rate as a function of stress for each of these 
four temperatures. Isochronous stress-strain curves for FS-$5 at a11 

four temperatures are shown in Figs. 6, 7, 8, and 9, respectively. It 

can be seen from Figs. 3 and 4 that at long times and high -temperatures 

the curves ex.hibit a pronounced curvature. The ductilities seem to be 

adequate at all. of the temperatures investigated, the lowest being an 

average of approximately l$ for the 982°C (1800°F) tests. 

In order to determine the ef fec t  of annealfng terriperature on the 

creep-rupture properties, duplicate specimens were annealed at various 

temperatures. After annealing, one specimen fi*om each pair was loaded 
to 35,OCO psi at 982°C (1800°F) while the other was loaded to 1.7,50(3 psi  

at 1204°C (2200'F). 

riipture are plotted as a function of pretest annealing temperature for 

the 982°C (1800°F) tests in Fig. 10. Figure 11 gives the influence of 

pretest annealing temperature on the properties at 12%"~ (2200°F). The 
influence of pretest annealing temnperature on the secondary creep rate 

at 982°C (1800°F) and 1204°C (2200°F) is shown in Fig. 12, Tt can be 

seen tha-t %he creep-rupture properties can be improved substantially by 
annealing at moderately high temperatures while anneali.ng at : ; t r i l l  higher 

temperatures yields inferior properties e In order to detem1in.e t%le long- 

time stability of these imnprovements, a number of specimens were annealed 

at 1593°C (2900"F), the apparent; optimum temperature, and tested a% 

982°C (1800°F) and 12Cl4"C (2200°F). 
shown in Figs. 13 and 14. 
rupture for the as-received material are included for comparison.) Iso- 

chronous stress-strain curves for the pretest annealed material at 982°C 
(1800°F) and l2Ci4"C (2200°F) are shown in Figs. 15 and 16, respectively. 

Annealed specimens tested st 982" C (1800°F) average approximately 11% 

The times to selected percent elongations and to 

The results of 'chese experiments are 

(Curves showing the tfme to 1% creep and to 

aucti i i t y  . 
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A possib1.e explanation POT Lhe effect of pxrbesl; annealing trmpera- 

ture on the  mechanical properties and f o r  the severe cmva-hi.re or the 

CrCXn ,,p-rupture curves (Figs. 3 and 4 )  a t  high tempemtu:res i s  suggested by 

t h e  microstn.iic"c;?ryes of the  creep specimens. Figure 17 shows the  microstx'u@-- 

Lures of specimens tested a t  982°C (1800°F). 
t a t i v e  view of' t'ne microstructure a t  high magnification and a vi.ew of the 

frnctu-re a t  low magni-fication of a specimen tested 9 veyy shor t  -tf.me. 

Figxre 1% shows sirni.1a.r views OP a specimen tested f o r  a long time ai; t'ne 

same temperatwe, Anal.ogous views of short- and I.ong-'Gi-me specimens 

t e s t e d  e t  1093°C (2000"F), 12C%~"C (220D°Fj, an? 3_Lt2?"C (2600°F) arc shown 

i n  Figs. 18, 19, and 2.0, respectfvely. A l l .  specimens gtve some ind.i.ca%io-n, 

howeves ii1conclusive, of a precipitate, 

peratures  a p r e c i p i t a t e  i s  di.s'iinc.tly vis ible  3.n t h e  grain 'mu-ndariks. 

~t 120~s"~ (2200"~ )  t%le appearaince OP Giis prec ip t t a t e  i n  t h e  %rain  bounci- 

eries i s  roughly concu:rrent wLth t h e  onset of cuxvatiire in t h e  CIIT'V~ of 
L d bime to reach 1.p creep vs stress. F ig l re  21 shows photomicrographs of 
specimens tested- a t  982"~ (1800"~)  znd u O $ O C  (2200~~) a y t c r  a p~etest; 

anneal of 1 h r  a t  approximately 1760°C (3200°F). 

specimens shown i n  the pmeeding figures, whS.ch showed substantial-  I rac-  

t 7 ~ e  d u c t i l i t y ,  these  specimens STC seen t o  fsil intergx*ailularly with 

very 1it.tl.e d e f o m i t l o n  of the  -matrix ixB,"ci5al. 

increasing pretes.i anneal?-ng temperatures places progressively more of 
this precipi.'cate in solut ion,  al-lowii~g i t  t o  r ep rec ip i t a t s  Tn a fLnz1.y 

dispersed s t a t r  a t  t h z  t e s t  tempera'irirre and hence groduce the  higher 

s t rengih  proper.ties. A-t s t i l l  higher? temperahires it is oossib1.e t h a t  

bcreased atom mobilitjies allow m o ~ ~  yapid eoaleseeaee of t k  remaln?ng 

p r e c i p i t a t e  i n  t'ne g:Cari.i? bsunrlarks while grain growfl;h reduces -the grain 

bou-ndax-y a.:~ea and t2ni.s ciecyeases .I;'ne mount of prec tp i ta te  needer!. t o  
cause s i g n i f l c m t l y  reduced f racture  d u c t i l t t y .  

Figure l'7a shows a represen- 

At longer times aiid higher tem- 

In c o n t m s t  to tile 

I-i i s  p0ssibl.c .i5fia-k 

P rec ip i ta tes  that are identical i.n apprxcance have been 03sel;~ed i n  
D-4.3 (ITb--lO$ W-l$ Zr-O.l$ C) and (3-752 (Nb--lD$ 7tJ--2,5~ XT) adso. 3 

3R. L. Stephenson, t o  he published, 
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Attempts have been made t o  i d e n t i f y  t h i s  p r e c i p i t a t e  by e lec t ron  

d i f f r ac t ion .  The r e s u l t s  are inconclusive but  prelim1 nary data  ind ica te  

t h a t  it is ZrO2.  

The creep-rupture proper t ies  have been determined to 1000 hr f o r  a 
hea t  o f  33-85 a l l o y  a t  982°C (1800"F), 1093°C (2O0O0F), 1 2 0 4 ° C  (2200'F), 

and 1427°C (2600'F). 

perature  can have a pronounced effect on the  creep-rupture proper t ies  a t  

t h e  t e s t t empe rat u r e  s inve s t i gated . 
increased by p r e t e s t  anneals a t  increasing temperatures U:Q to approximately 

1593°C (2900'F) . Wfth higher p r e t e s t  annealing temperatures, i n f e r t o r  

s t rength  and d u c t i l i t y  a r e  observed. A -t;cn%ative explanation of t h i s  

behavior i n  terms of t h e  d i s t r i b u t i o n  02 p r e c i p i t a t e s  i n  the alloy i s  
offered, The improved proper t ies  r e s u l t i n g  from a 1-hr  p r e t e s t  anneal. 

a t  1593°C (2900'F) a r e  shown -Lo be s t ab le  f o r  at l e a s t  IO00 hr a t  9&?"C 

(1$00'F) and 12%"C (2200°F). These Improvements a r e  achieved at the 

expense of a s i p p i f i c a n t  bu t  not prohib i t ive  reduction i n  d u c t i l i t y .  

view of the  pronounced curvature of scme of the  creep-rupture curves at; 

long times, it is concluded that very short-time data frequently do not 

provide an adeqi.zate evaluat ion of an a l loy .  

It has been shovm t h a t  the p re t e s t  annealing tem- 

9 t reiigths we re p r  ogre s s i.ve ly 

I n  

The author wishes t o  acknovledge t&e contr ibut ions made bo %his  work 

by others. Those who m e r i t  s p e c i f i c  mention a r e  S. 3. Weir f o r  guidance 

and suggestions during t h e  course of t h i s  work, E. R. Boyd and C. W. Houck 

for t h e  preparat ion o f  metallographic specimens, C. K. Thomas f o r  pcrfor- 
mance of the experiinental details and t h e  Metals and Ceramics Division 

Reports Office f o r  t he  preparat ion of t h i s  repor?;. 

4 ~ .  E. Wilmarth, private communication. 

c 
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Fig. i. Creep-Rupture Properti-es oP 53-85 Alloy at, 982°C (J.800"F). 
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Pig. 2. Creep-liijpture Propert ies  o f  FS-85 A13 oy at 982'C (1800°F). 
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Fig. 9. Isoehronous Stress-Strain Curves for FS-8.5 at 1427OC: 
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Creep Rate of FS-85. 
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l O O x  
(a) 7.1 hr 
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lOOx 

(b) 1033.9 hr 
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Fig, 19. Tho-LomTcrographs of Specimens Tested a% 1.20?toG (2200'F). 
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Fig. 20. Photomicrographs of Specimens Tested at l427"C (2600°F). 
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F5.g. 21. Photomicrographs OP Specimens Tested After Prekest  
Annealing at J-760" C (.3Z0OoF>. 
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