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R. L. Stephenson 

Creep-rupture propert ies  f o r  C't-752 
(Tsb-l_O$ W-2.576 Zr) to LOO0 hr are presented for 
t e s t  temperatures o f  982°C (1800"F), 1093°C 
(2000°F) and 1204°C (2200°F) Substant ia l  
IrnFrovements i n  s t rength a t  982°C (1800°F) and 
1204°C (2200°F) can be achieved by p r e t e s t  
annealing 1 h r  a t  1593°C (2900°F). ?These 
imprnvements are shown t o  be stable f o r  a t  lea& 
1000 hr. 
yields i n f e r i o r  properties.  A tent;a.f;ive exp?l.ana- 
t i n n  f o r  these e f f e c t s  i s  offered i n  temris of 
p rec ip i t a t e  distribution, 

Pretest annealing a t  higher terrperatures 

A Large number of refractory-metal alloys are cur ren t ly  under 

consideration 9 or  high-tempemtlrre st-mctural applications.  In most 

cases, the only mechanical property data available on t'nese materials 
are tensile-test d.ata and veyy short-time creep data. 

t h e  (" LOO0 hr) creep propert ies  rrrust be considered f o r  many high- 

tmperuture appl.ications, an evaluation o f  several promising refraetory- 

mneta.1 a l loys w a s  undertaken. Ti11.s evaluation included the  determination 
or' creep propert ies  t o  1000 hr, -t;heir stability, and their response t o  

heat treatment, s o  khat a valid comparison of Yneir s u i t a b i l i t y  for 

hi&-tenperaturc s t r u c t u r a l  appl lcat ions could be made. This re-port 
describes such an evaluation of Cb-'752 (?&--lo$ W-2.5$ Zr). 

Since long- 
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The heat  of mater ia l  tested was produced by S t e l l i t e  Division of 

Union Carbide Corporation (heat No. 52227) from powder which was con- 
sol idated by electron-beam melting. The resu l t ing  material was consumable 

are-mel.ted t o  an 11-in. - d i m  ingot. 

The ingot was conditioned and extruded t o  a rectangular bil.l.et, then 

"hot-cold" ro l led  t o  a 1/4--in. sheet bar. 

to l/€?-in. sheet. 
annealed 1 h r  a t  1371°C (2500°F). 

penultimate gage and solut ion annealed for 1 h r  a t  1538°C (2800"F), 

a f t e r  which it was cold reduced t o  f i .nal  gage (0.030 ins), prickled, and 

annealed 1 h r  a t  1316°C (2400°F),  

The sheet bar was cold ro l led  

This sheet w a s  spot conditioned, pickled, and vacuum 

'Be material. w a s  then cold ro l led  t o  

The vendors analysis  of t h i s  inateri.al i s  l i s t e d  below: 

Element w t  $I 

W 9.9 

Zr 2.6 
C 0. 0034a 
0 0. O O w a  
N 0. 009ga 

a Determined on f inished sheet. 

The mater ia l  was given a fluorescent-penetrant inspection which 

showed it t o  be f r e e  of surface flaws greater  than 0,0005 in.  deep, a 

transmission-ultrasonic inspection which showed i t  t o  be free of l a m i -  

nations greater than 0.125 in .  i n  diameter, and a shear-wave u l t rasonic  

inspection which showed it t o  be f ree  of transverse discontinuikies i n  
excess or 3% of the materlal  thickness. 
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EXPERIMENTAL DE%I-IILS 

The apparatus used i n  t h i s  work i s  descr--ed in a previous report. '  

me tests were performed a t  pressures lower than 2 x 10-7 t c r r .  
Lest specimen was analyzed €or interstitials. 
t e n t  of most specimens was between 100 and 400 ppm. 

creep-rupture propert ies  could riot be correlated wi 611 t he  uxjgen contents. 
The metallographic specimens w e r e  p r e p r e d  by vibratory polishing i n  

Every 
The uffter-test oxygen con- 

In  -t;hi_s region the 

the  manner described by Long and Gray. 2 

RESUIiTS MD DISCUSSION 

The creep-mpture properLies of as-received Cb-752 a U o y  a t  (382°C 

Tines t o  1, 2, 5, arid lo$ elongation a r e  (1~300°F) are given i n  Fig. 1. 

plo t ted  as a f'unction of stress along with t;he t i m e  Lo rupture. 

Vne c reep rup tu re  propert ies  a t  1093°C (2000°F) and 1 2 N " C  (2200°F) a r e  

given i n  Figs. 2 and 3 respectively.  
rate as a function of stress for each of these temperatures, Isochronous 

s t r e s s - s t r a i n  curves fo r  the  a l l o y  a t  a l l  -three temperatures are shown 

i n  Figs. 5, 6 ,  arid 7 respectively.  1% can be seen from Figs. 2 and 3 

tha t  a t  long times and high temperatures the ci-zves exhibit a pronounced 

curva-ku-se. 
investigated,  Lhe lowest being an average of approximately 3'776 f o r  %be 

982" C (lG00"F) tests. 

Similar ly  

Figme 4 shows the secondary creep 

!??he d u c t i l i t i e s  seem t o  be a.dcquate a t  a l l  of the temperatures 

I n  order t o  determine tire e f f e c t  of annealing temperature on the 

creep-mpture properties,  dupl icate  specimens were annealed at various 

temperatures. After annealing, one specimen frail each -pair was lmded -Lo 

35,000 psi a t  982°C (1800°F) while t he  other  w a s  1-oaderl to 17,500 ps i  at 

l2M"C (2200°F)" The t i m e s  to selected percent clonga-tions and t o  rup- 
ture are p lo t t ed  as 9 function of p re t e s t  annealing terriperature f o r  the 

'R. L. Stephenson, Comparative Creep-Rupture Proper-LTes of JM.3 axid 

2E. L. Long and R, S .  Gray, Metals Progr. - 7 4 ( 4 ) J  l4N8 (Qctober 1958). 
B-6C Alloys, O ~ - T M - % C l ,  (November 1964). 

- 



982°C (1800°F) t e s t s  i n  Fig, 8.  

anneal-ing temperature on t'ne propert ies  a t  12W"C (2200°F). 

seen that  the creep-rmp.i;ure propert ies  can be ri.mj3roved. subs tan t ia l ly  by 
annealixg at moderately htgh -temperatrares while annea.l.inc a t  s till. higher 

'Lernperatures y ie lds  i n f e r i o r  properties.  I n  order t o  determine t'ne long- 
time s t a b i l i t y  of these improvements, a number o f  specrimens were annealed 
a t  1593°C (2900"F), the apparent optriinim teriiperaturce, and t e s t ed  a t  982" C 

(3.8OO"P) and l2M"C (2200°F). T'he r e s u l t s  of these experiments BFI shown 

i n  Figs. 10  and 11. 
T o r  the as-received mater ia l  a r e  included for coniparlison.] 
s t r e s s - s t r a i n  curves f o r  'Ghe p re t e s t  annealed mater ia l  a t  982°C (1800°F) 

and 1204°C (2200°F) a r e  shown i n  Figs, 1.2 and 13 respectively.  Annealed 

specimei1.s tested. a t  982" C (1800°F) average approximately 28% ductri.1.i.ly. 

Frigure 9 gives the  iafl.uence of p re t e s t  

It can. be 

(Curves showing the t i m e  -to I.% creep and t o  ruptu.re 
Isochronous 

A possfble explanation for the e f f e c t  of p re t e s t  annea.l.i.ng tempera- 

t u re  on tile mechanical properties and f o r  the severe cur-vatiue of the 

creep-rupture ciirves (Figs. 2 and 3) a.l; htgh ternpera-tures i s  suggested 

by the microstruc.Lures OT the  creep specimens. Fj.gure 14 shows the 

mlcrostructures of specimens t e s t ed  at, 982°C (1800°F). Fi,we 14a shows 

a representat ive view ol" t he  microstme-Lure a t  high magnification and a. 

v.i.ew of the f r ac tu re  a t  low nagnifics.tl.on of a specimen tes ted a veiy 
short, ' G ~ I I E ~  Figure 14b shows s imilar  v-.ews of a- specimen t e s t ed  f o r  a 

long time at the same temperature. Amlogous vlews o f  short-  and long- 

time specimens t e s t ed  a t  1093°C (2000°F) and 12N1-"C (2200°F) are shown 

i n  Figs. 15 and 14 respectively.  A l l  specimens give some indication, 

however inconclusive, of a prec ip i ta te .  Ai; longer times and higher 
temperatures a prec ip i ta te  i s  d i s t i n c t l y  'visj.ble i n  the  grain boundaries. 

'The appearance of t h i s  prec ip i ta te  i n  the grain boundarj-es i s  roughly 

concurreiit with the  onset of the  accelerated creep obsemed a t  longer 
times and 'nLgher temperatiises. Figure 17 shows photomicrographs of 

specimens tes.i;ed a t  982°C (1800°F) and 1.2W"C (2200°F) a f t e r  a p re t e s t  

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

specimens shown i n  the  preceding f i p e s J  which showed subs tan t ia l  f r a x -  

t u re  duc t i l i t y ,  these specimens a r e  seea t o  f a i l  with very l i t t l e  defor- 

mation o f  the  matrix materi.a?-. 

111 contrast  t o  t he  

I n  t he  case of the 1204°C (2200°F) t es t  



5 

the  fracture i s  clearly intergranular .  

pre t e s t  annealing tempera Lures places progressively more af this pre- 

c i p i t a t e  i n  solution, allowing it to r ep rec ip i t a t e  i n  a f i n e l y  dispersed 

state a t  the  test temperature and hence produce the higher s t rength 

propert ies .  A t  s t i l l  higher temperatures it i s  possible that -increased 
atom rnclsl lities allow more rapid coalescence of the remairiing precipi-  

t a t e  in t he  grain boundaries while ga in  growth reduces the grain- 

boundary area and thus decreases the amount of prec ip i t a t e  needed Lo 

cause signif i c a n t l y  reduced f r ac tu re  d u c t i l i t y .  

It i s  possible  that increasing 

P rec ip i t a t e s  which a r e  i d e n t i c a l  i n  appearance have been observed i n  

D 4 3  ( W l G $  WJ-% Zr-O.l$ C) (Ref ,  3) and i7S-85 (Xb--27$ T1a-lO$ 

a : I - ~ o . ~  
d i f f r ac t ion .  
thal; it i s  ZrOz.  

Zr) 

Attempts have been made t o  i d e n t i f y  this p rec ip i t a t e  by electron 
The results are inconcJ_usive but preliminary data  ind ica te  

The creep-nnpture properties have been determined t o  1000 inr for a 

heat  of Cb-752 a l l o y  at 982°C (1800°F), 1093°C (2000"F), and 12U"C 

(2200°F). 
have a pronounced e f f e c t  on -the creep-rupture propert ies  a t  +he test, 

temperatures investigated.  Strengths were progressiveljr increased by 

pretest anneals a t  increasing temperatures up t o  approximabely 1593°C 

(2900°F). 
arid d u c t i l i t y  a r e  observed. A tenkat ive explanation of t h i s  behavior 

i n  terms of the d i s t r ibu t ion  of p rec ip i t a t e s  in the  alloy i s  offered, 

"ITne improved propert ies  r e su l t i ng  from a I-br pretest anneal a t  1533°C 

(2900°F) a r e  shown $0 be s t ab le  for a t  l e a s t  1000 lir et 982°C (M'0O"E') 
and 2204°C (2200'E). 

It has been shown that the  p r e t e s t  annealing temperahwe can 

With higher p re t e s t  amea l ing  tempera-twres, ixifesior s t rength  

These improvements a r e  achieved at the expense of 

3R. L, Stephenson, t o  be publ-ished, 

4Rm L. Stephenson, Creep-Rupture Properties of FS-85 Alloy and Their 
Resronsc t o  Heat Treatment, ORNL-TM-1456 (July 1966). 

T . E. Wiharth , pr iva te  c orrlmurii e a t i  on. 



a s l ight  reduction 111 duc t i l i t y .  
of Some of' the  creep-rupture cu-mes a'i long -tri.mes i t  is conel-uded t h a t  

very short;-time data frequently do no t  provide an a.dequ-ate eval-ua-tion 
of an alloy. 

In view of the pronounced curvature 

The author wishes to acknowledge the  contribution to .t;'nis work by 

others. Those who m e r - i t  speci.fic mention are 3. R. Weir Tor invaluable 
suggestions and gxidance dux-ing the cou.:cse of t he  work, W. 0. Ilarms 

and H. Inouye for revl.ewing the manuscript, C. W. Houck f o r  the pyepsra- 

t i o n  of metallographic specimens, and the Metals and Ceramics Division 

Iieports Office for t he  preparation of t h i s  report. 
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Fig. 4. Secondary Creep Rate vs Stress f o r  Cb-'752 Alloy a t  982°C 
(1.800°F), 1033" C (2000"F), and 12%" C (2200°F). 
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TESTED AT 35,000 PSI 1 
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Figo 8 Ef.t'ect of Annealing Temperature on Creep-Ru-pture Properties 
of (3-752 Alloy a t  982°C (1800°E'). 

Chkl C I ' G  66 6il 

TEMPER4TURF ( O F )  
2400  2600  2800 3000 3 2 0 0  3&00 

I I 

t-' 

Fig, 9. Effect of Annealing Temperature on Creep-Rupture Properties 
of (33-752 Alloy at 1204°C (2200°F). 
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(a) 7.7 h r  

( 1 ) )  976.6 h r  

Fig. 14. Microstructures of Specimens Tested at 982°C (1800°F). 
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( a )  16,1 hr  

(b)  1750.7 h r  

P’ig. 1.5. Microstr.tictllre of Specimens Tested at 1093°C (2003°F). 



1 5  

h r  1656. 0 
Fig. 16. Micros t ruc tures  o f  Specirrrtns Tested at 1204°C (2200°F). 
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