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IMPROVED ZIRCONIUM ALLOYS 

I. INTRODUCTION 

The United States and the European Atomic Energy Community 

(EURATOM), on May 29 and June 18, 1958, signed an agreement which 

provides a bas i s for cooperat ion in p r o g r a m s for the advancement of the 

peaceful applications of atomic energy. This agreement , in par t , provides 

for the es tabl ishment of a Joint U. S. - E u r a t o m r e s e a r c h and development 

progrann which i? aim,ed at r e a c t o r s to be cons t ruc ted in Europe under the 

Joint P r o g r a m . 

The work descr ibed in this r epo r t r e p r e s e n t s the Joint U. S. -

Eura tom effort which is in keeping with the sp i r i t of cooperat ion in con t r ib ­

uting to the comm.on good by sharing of scientific and technic?il information 

and minimizing the duplication of effort by the l imited pool of technical 

talent available in Wes te rn Europe and the United Sta tes . 

II, SUMMARY OF PROGRESS TO DATE 

Corros ion studies were c a r r i e d out on a l a rge number of t e r n a r y 

allpys (p repared on the bas i s of co r ros ion data for b inary composit ions) in 

680"F water for 4800 hours and 750°F s t eam for 3000 hour s . On the bas i s 

of this evaluation and determinat ion of tens i le s trength, a number of m a t e r i a l s 

were considered highly promis ing and init ial ly satisfy the p r o g r a m objective. 

F p r 680°F water , acceptable composit ions a r e based on Z r - l S b , Z r - l C r , 

Z r -0 .5Nb , and Z r - 0 . 5Sn with smal l additions of Te, Ge, Cr, or F e . More ­

over, the hydrogen pickup c h a r a c t e r i s t i c s of these alloys a r e improved over 

Z i rca loy-2 . F o r 750"F s team, the m a t e r i a l s Z r - 3 C r - l F e , Z r - 3 C r - 0 . 25Te, 

and Z r - l V - l F e a r e super ior to Z i rca loy-2 on the bas i s of co r ros ion r e s i s t ance 

and strength; hydrogen-pickup p rope r t i e s a r e about the same as Z i rca loy-2 . 
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The data obtained for promis ing alloys in 680° F water were used 

for planning new t e r n a r y com.positions. These m a t e r i a l s a r e p resen t ly being 

evaluated for co r ros ion p rope r t i e s ; s ince alloying addition concentra t ions 

were var ied over r a the r specific l imi ts , ce r t a in composit ions should r e su l t 

in an optimum combiTiation of corros ion , s trength, and hydrogen-pickup 

p r o p e r t i e s . A s imi la r p rocedure was employed for p repa ra t ion of new 

t e r n a r y m a t e r i a l s for 750°F steam, co r ros ion r e s i s t a n c e . At presen t , these 

alloys a r e being fabricated to sheet and autoclave t e s t coupons. Although no 

sa t i s fac tory composit ions were produced for co r ro s ion r e s i s t ance to 900° F 

s team, a nurnber of alloys were marked ly bet ter than Z i rca loy-2 . This 

co r ros ion behavior suggested that further improvement was possible , and a 

compara t ive ly smal l additional group of t e r n a r y alloys for this a tn iosphere 

has been planned. 

III. PRINCIPAL INVESTIGATORS 

D. Weinstein - P ro j ec t Engineer 

F . C. Holtz - Group Leader 

IV. STATEMENT OF PROBLEM 

The p r o g r a m objective is the development of z i r con ium-base 

alloys having co r ros ion r e s i s t ance , s trength, and hydrogen-uptake c h a r a c ­

t e r i s t i c s super ior to Zi rca loy-2 in 680°F water and in 750° to 900°F s t eam. 

V. DESCRIPTION OF WORK--RESULTS 

The co r ro s ion behavior of new t e r n a r y al loys in 680° F water is 

p resen ted in Table I. Although the exposure t ime of 125 days is insufficient 

to allow for accura te evaluation of co r ros ion r e s i s t ance , it is poss ible to 

make a c u r s o r y compar i son with co r ros ion p rope r t i e s of the m a t e r i a l s 

studied las t year . 

The f i rs t group of composit ions shown in Table I was based on 

the alloy Zr-O. 5Sn-0. 25Te which, after 125 days ' exposure to 680°F water , 

had a weight gain of 30. 30 m g / d m . The modifications of alloying element 

concentrat ion did not, apparently, improve the p re t r ans i t ion co r ros ion ra te ; 

it would seem that the or iginal concentrat ions of t in and te l lu r ium (or the 

Zr-O. 5Sn-0. 3Te alloy) r e su l t in the bes t co r ros ion r e s i s t ance for this sys t em 
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when in the a s - r o l l e d condition. However, the t ime - to - t r ans i t i on and the 

pos t - t r ans i t ion co r ros ion ra t e - -which a r e m o r e impor tant than the ini t ia l 

co r ros ion r a t e - - h a v e not yet been determined, and final evaluation of c o r ­

ros ion p rope r t i e s nnust be based on these p a r a m e t e r s . Fo r the alloy sys t ems 

in Table I based on the composit ions Zr-O. 5Sn-0. 25Ge and Zr-O. 5Nb-0. 25Te, 

a s imi la r compar i son may be drawn. However, alloys in the sys t ems Z r -

Sb-Nb and Z r - C r - T e a r e marked ly be t te r than Z r - l S b - 0 . 5Nb and Z r - l C r -

0. 25Te, respect ive ly . The composit ions ?ir-Sb-Ge and Z r - S b - T e a r e not 

as good as the base m a t e r i a l s Z r - l S b - 0 . 25(Ge, Te) . One should note, 

howeve:^, that mos t of the alloys in Table I exhibit cp r ros ion p rope r t i e s 

equivalent or super ior to Zi rca loy-2 , but a final compar i son rnust take into 

account the hydrogen-pickup p rope r t i e s and tens i le s t rength as well as t i m e -

to - t rans i t ion and pos t - t r ans i t ion co r ros ion r a t e . 

The group of alloys for 750° F s t eam applicat ion (Quar te r ly 

Repor t ARF-2198-31), which were based on r e s u l t s of t e r n a r y alloy studies 

las t year , have been a r c - m e l t e d and a r e p resen t ly being fabr icated to sheet 

for co r ros ion evaluation. Based on data obtained for t e r n a r y composit ions 

in 900° F s team, the m a t e r i a l s planned for study in this a tmosphere during 

the cur ren t year 9.re p resen ted in Table 11. As yet these alloys have not 

been p repa red . Although no m a t e r i a l s previously studied were acceptable 

in 900°F s team, ce r t a in composit ions were marked ly super ior to o thers ; 

the alloys in Table II were based on the§e par t i cu la r composi t ions . 

VI. FUTURE WORK 

Exposure of m a t e r i a l s to 680°F water will be continued until the 

t ime-to- t ransi t ion and the pos t - t r ans i t ion co r ros ion r a t e a r e reasonably well 

defined. Alloys for 750° and 900°F s team will be p r e p a r e d for co r ros ion 

evaluation, and exposure to these a tmospheres in autoclaves will begin. A 

100-pound shipment of z i rconium sponge has been received, and ingots 

(10 pounds) of p romis ing alloys for 680° F wate? and 750° F s t eam se rv ice 

will be p r epa red by consumable a r c -me l t i ng . The composit ions to be p r e ­

pa red include the following: 

Z r - 0 . 5 N b - 0 . 25Te 

Zr-O, 5Sn-0. 25Ge 
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Z r - l C r = 0 . 25Te 

Z r - l S b - 0 , 25Te 

Z r - l V - l F e 

Z r - 3 C r - l F e 

Z r - 3 C r - 0 . 25Te 

Zr-O. 5Nb-0. 25Te 

F o r these al lpys, a detailed p roper ty evaluation will be c a r r i e d out which 

will involve study of fabricabil i ty and weldability, deternaination of tensi le 

and impact p rope r t i e s , and investigation of heat t r ea tmen t effects on c o r ­

ros ion resist?ince. Cur ren t studies in 680°F water may indicate modifica­

tion of the f i r s t four composit ions above. 

VIL CONCLUSIONS 

A number of t e r n a r y composit ions have been developed for 

s e rv ice in 680°F water which jneet the objectives of this p r o g r a m on the 

bas i s of corppsion r e s i s t ance , s trength, and hydrogen pickup. These a r e 

composit ions based on Z r - l S b , Z r - l C r , Zr-O. 5Nb, and Zr-O. 5Sn with 

minpr additions of Te, Ge, Cr, or F e . In 750°F s team, the m a t e r i a l s Zr-

3 C r - l F e , Z r - 3 C r - 0 . 25Te, and Z r - l V - l F e a r e ini t ial ly acceptable on the 

bas i s of co r ros ion r e s i s t ance and strength; however, hydrogen pickup is 

excess ive . The cu r ren t work is for the study of t e r n a r y alloys which a r e 

intended to show an optimvma combination of cor ros ion , s t rength, and 

hydjrogen-pickjUp p r o p e r t i e s . In addition, detai led evaluation of a l r eady 

promis ing composit ions will be c a r r i e d out. 
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VIII. REPORTS ISSUED 

D. Weinstein and F . C. Holtz, "Development of Improved Z i r ­

conium Alloys for Use in Superheated Water and Steam, " to be published in 

Proceedings , Symposium on Zirconium-Alloy Development, Valleci tos 

Atomic Laboratory , November 12, 1962. 

Respectfully submitted, 

ARMOUR RESEARCH FOUNDATION OF 
ILLINOIS INSTITUTE OF TECHNOLOGY 

F C H / r h 

Tech Rev - QRS 

M 6<A ibmmmmmimmmimz. 

D. Weinstein 
Associa te Meta l lurgis t 
Metals and C e r a m i c s Resea rph 

F . C. Holtzi 
Senior Meta l lurgis t 
Metals and Ceranaics R e s e a r c h 
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TABLE I 

CORROSION PROPERTIES OF NEW TERNARY ALLOYS 

Cpmposition, wt% 

Zi rca loy-2 

Z r - 0 . 4 S n - 0 . 4 T e 

Zr-O. 5Sn-0, 5Te 

Z r - 0 . 5 S n - 0 . 3Te 

Z r - 0 . 5 S n - 0 . 4 T e 

Z r - 0 . 6 S n - 0 . 3Te 

Zr -0 ,75Sn-0 , 25Te 

Z r - 0 . 7 5 S n - 0 . 4 T e 

Z r - 0 . 9 S n - 0 . 35Te 

Zr-O. 5Sn-0. 3Ge 

Z r - 0 . 5 S n - 0 . 4 G e 

Zr0 .75Sn-0 . 25Ge 

Zr -0 .75Sn-0 .4Oe 

Z r - 0 . 9 S n - 0 . 35Ge 

Zr -0 .75Sb-0 . 25Ge 

Zr -0 .75Sb-0 .4Ge 

Z r - l S b - 0 . 2Ge 

Z r - l S b - 0 . 4 G e 

Z r - 1 . 2Sb-0. 25Ge 

Z r - l . 2 S b - 0 . 4 G e 

Z r - l , 5 S b - 0 . 2Ge 

IN 680° F WATER 

14 days 

16.53 

14.34 

15.46 

12.94 

15.75 

13.95 

15.71 

14.56 

13.96 

14. 19 

14.02 

14.62 

15.07 

15.56 

17.32 

18.73 

19.93 

19.65 

19.78 

20.66 

20.41 

Weight 
42 days 

22.94 

18.56 

22.79 

18.60 

22.38 

20.93 

2J1.82 

21.45 

19.70 

20.49 

20. 25 

23.08 

21.86 

22. 24 

28.34 

28.50 

29.06 

30.29 

30.06 

32. 22 

31.06 

Gain, m g / d m 
84 days 

28.01 

26. 15 

30. 11 

24. 26 

31.50 

26.35 

27.05 

27,58 

25.45 

25. 22 

26.48 

30.01 

27. 13 

27.42 

37.00 

37.45 

37.37 

35.20 

37. 18 

50.40 

39.93 

125 days 

45 .93 

30.37 

35.00 

29. 11 

48.08 

32.55 

35.75 

34.48 

35. 30 

31.53 

35.05 

41.55 

33. 16 

38.54 

41 .73 

44.78 

53. 15 

48.30 

52. 21 
_ -

56.79 
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TABLE I (continued) 

Composition, wt% 
Z r - 0 . 3 N b - 0 . 5Te 

Z r - 0 . 4 N b - 0 . 25Te 

Z r - 0 . 4 N b - 0 , 4Te 

Z r - 0 . 5 N b - 0 . 3Te 

Z r - 0 , 5 N b - 0 . 4 T e 

Zr-O, 75Nb-0. 25Te 

Zr -0 .75Nb^0 .4Te 

Z r -0 .75Sb-0 . 2Te 

Zr -0 .75Sb-0 . 3Te 

Zr-O. 75Sb-0.4Te 

Z r - l S b - 0 . 2Te 

Z r - l S b - 0 . 4Te 

Z r - 1 . 2Sb-0. l5Te 

Zr -0 .75Sb-0 .4Nb 

Zr -0 .75Sb-0 . 5Nb 

Zr=lSb-0 .35Nb 

Z r - 0 . 7 5 C r - 0 . 4 T e 

Z r - 0 . 7 5 C r - 0 . 5 T e 

Zr-O. 85Cr -0 . 25Te 

14 days 
14.84 

14.08 

43. 19(c3 

16.91 

15.62 

18.63 

18.47 

16.97 

18.41 

18.53 

15.55 

18. 12 

24. 29 

14.97 

15.52 

16. 23 

13.35 

13. 27 

12.92 

Weight Gain, 
42 days 
22.69 

23. 18 

?ack) - -

25.77 

21.87 

31.05 

31.55 

23.91 

26. 21 

27. 39 

23. 32 

29.65 

35.56 

21. 27 

22. 18 

23.97 

19. 19 

19.91 

19.00 

m g / d m 
84 days 
32.30 

30.64 

- -

35.44 

30.46 

43.47 

43.86 

30.85 

35,41 

37.06 

30. 32 

39,53 

- -

27.57 

28.09 

30. 15 

23.37 

25.71 

24.32 

125 days 
40. 15 

37.26 
, . , 

43.49 

36.71 

54.34 

53.87 

47 .82 

53 .83 

43.50 

38.87 

47.77 
- -

32.30 

34.01 

50. 25 

26.71 

29.03 

27.36 
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TABLE 11 

ALLOYS PLANNED FOR STUDY 

IN 900° F STEAM 

Z r - 0 . 5 N b - 0 . IMo 

Zr-O. 5Nb-0.4Mo 

Z r - 0 . 4 N b - 0 . 25Mo 

Zr-O, 75Nb-0, 25Mo 

Z r - 0 . 5 N b - 0 . 25Te 

Z r - l V - 0 . 15Mo 

Z r - l V - 0 . 5 M o 

Z r - 0 , 7 5 V - 0 . 25Mo 

Z r - 1 . 5V-0. 25Mo 

Z r - 2 V - 0 . 25Mo 

Z r - l V - 0 . 25Te 

Z r - l V - 0 . 5 T e 

Z r - 3 C r - 0 . 25Nb 

Z r - 3 C r - 0 . 25Te 

Z r - 3 C r - 0 . 5 T e 

Z r - 3 C r - l F e 

Z r - 3 C r - 3 F e 

Z r - 3 C r - 0 . 2 5 S b 

Z r - 3 C r - 0 , 5 S b 

Z r - 3 C r - l S b 

Z r - 2 C r 

Z r - 4 C r 

Z r - 6 C r 
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TABLE II (continued) 

Zr- lMo-0. 25Te 
Zr- lMo-0. 25Sb 
Zr - lMo- lFe 

Zr-4Fe 
Zr-5Fe 
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