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IMPROVED ZIRCONIUM ALLOYS 

I. INTRODUCTION 

The United States and the European Atonnic Energy Community 

(EURATOM),v on May 29 and June 18, 1958, signed an agreement which p r o ­

vides a bas is for cooperat ion in p r o g r a m s for the advancement of the p e a c e ­

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

the es tabl ishment of a Joint U . S . -Eu ra tom r e s e a r c h and development p r o ­

g r a m which is a imed at r e a c t o r s to be const ructed in Europe under the 

Joint P r o g r a m . 

The work descr ibed in this r e po 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 i ­

buting to the common good by shar ing scientific and technical information 

and minimizing the duplication of effort by the l imi ted pool of technical 

talent available in Western Europe and the United Sta tes . 

II. SUMMARY OF PROGRESS TO DATE 

On the bas is of 4800 h o u r s ' exposure to 680°F water , a 

number of t e r n a r y composit ions were shown to have co r ros ion r e s i s t ance 

super ior to Z i rca loy-2 . In addition, the s t rength and hydrogen pickup 

p rope r t i e s of these alloys were general ly improved over Z i rca loy-2 . These 

promis ing alloys were based on the b inary m a t e r i a l s Z r - l S b , Z r - l C r , Z r -

0. 5Nb, and Zr = 0. 5Sn to which smal l percentages of Te, Ge, Cr, or Fe 

were added. Since our development approach has been one of choosing the 

most p romis ing alloys and making modifications of these for further en­

hancement of p rope r t i e s , additional t e r n a r y m a t e r i a l s were p r e p a r e d for 

evaluation during the cu r ren t year of work. At presen t , 680° F water c o r ­

ros ion data for an exposure t ime of 5000 hours a r e available for these 

modified t e r n a r y al loys. 

Development of m a t e r i a l s for potential s e rv ice in 750 and 

900° F s team have proceeded in a manner s imi la r to that for 680° F water 
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application. On the bas is of co r ros ion r e s i s t ance and strength, the alloys 

Z r - 3 C r - l F e , Z r - 3 C r - 0 . 25Te, and Z r - l V - l F e were cons idered highly 

promis ing and initially acceptable . However, hydrogen pickup p rope r t i e s , 

which were about the same as Zi rca loy-2 , were judged as unacceptable. 

In an at tempt to improve this lat ter cha rac t e r i s t i c as well as to further 

enhance co r ros ion r e s i s t ance and strength, an additional s e r i e s of t e r n a r y 

alloys was p repared ; these m a t e r i a l s a r e p resen t ly being evaluated for 

cor ros ion r e s i s t ance to 750° F s team. The composit ions studied in 900° F 

s team did not exhibit sa t isfactory co r ros ion r e s i s t a n c e . Never the less , 

ce r ta in alloying additions were beneficial, and another group of alloys has 

been p r e p a r e d for study in this a tmosphere . 

To study further the p roper t i e s of alloys for 680° F water 

and 750®"F s team application, 10-pound ingots of these m a t e r i a l s were 

p r e p a r e d by consumable a r c -me l t i ng . Of par t icu la r i n t e r e s t will be the 

effect of heat t r ea tmen t on co r ros ion r e s i s t ance as w^ell as a study of 

mechanical p roper t i e s and fabricabil i ty. In general , these ingots will be 

used for a detailed p rope r ty evaluation of p romis ing t e r n a r y al loys. 

III. PRINCIPAL INVESTIGATORS 

D. Weinstein - P ro jec t Engineer 

F . C. Holtz - Group Leader 

IV. STATEMENT OF PROBLEM 

The p r o g r a m objectives a r e development of z i r con ium-base 

alloys having co r ros ion r e s i s t ance , strength, and hydrogen pickup p r o p e r ­

t ies super ior to Zi rca loy-2 in 680° F water ; another, m o r e difficult, ob­

ject ive is the development of z i rconium alloys, for cladding and other in-

core applications, which a r e co r ros ion r e s i s t a n t to 750 and 900°F s t eam 

and p o s s e s s the r equ i r ed s t rength and hydrogen-uptake p rope r t i e s in this 

environment. 
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V. DESCRIPTION OF WORK--RESULTS 

Based on co r ros ion data of las t year , modified t e r n a r y 

alloys have been exposed to 680° F water (2700 psi) for a per iod of 213 

days (5016 hours) . Weight gain data have been obtained at var ious t imes , 

and these r e su l t s a r e given in Table I. In addition, log weight gain v e r s u s 

log t ime curves of the best alloy from each group of composit ions a r e p r e ­

sented in F igure 1 and F igure 2, and a l inear coordinate plot of weight gain 

v e r s u s exposure t ime for two of these alloys is shown in F igure 3. Curves 

for co r ros ion of Z i rca loy-2 a r e given for compar ison. 

Examination of the co r ros ion behavior of var ious groups of 

composit ions (Table I) shows that, in general , t he re is l i t t le significant 

change in p re t r ans i t ion co r ros ion r e s i s t ance , with minor var ia t ions in 

alloying concentrat ion. For example, in the Z r - S n - T e group, rnost alloys 

exhibit a weight gain of 50 to 55 m g / d m after 213 days ' exposure . In this 

group, the alloy Z r - 0 . 5Sn-0. 3Te shows the lowest v/eight gain; however, 

it is not significantly lower than mos t of the other va lues . The marked ly 

higher value for the alloy with only 0. 1 wt% m o r e t e l lu r ium appears un­

rea l i s t i c in view of the sinailari ty of values between alloys having much 

wider composit ional var ia t ion . The co r ros ion curve of Z r - 0 . 5Sn-0. 3Te 

is shown in F igure 1; comparing i ts behavior to that of Z i rca loy-2 , t he re 

is l i t t le r e a l advantage, from a co r ros ion standpoint, in using this m a t e r i a l . 

Although the init ial co r ros ion r a t e is lower than Zi rca loy-2 and t rans i t ion 

occurs somewhat la ter , the pos t - t r ans i t ion co r ros ion ra te( the most i m ­

portant considerat ion in evaluation of co r ros ion p roper t i e s ) is essent ia l ly 

equivalent to Z i rca loy-2 . This alloy and the other Z r - S n - T e m a t e r i a l s 

were based on the p rope r t i e s obtained for Z r - 0 . 5Sn-0. 25Te during las t 

year ; one may conclude that the re is no significant difference in co r ro s ion 

p rope r t i e s . 

The best co r ros ion behavior was exhibited by alloys within 

the Z r - C r - T e and Z r - N b - T e groups (Table I); in pa r t i cu la r , the m a t e r i a l s 

Z r - 0 . 75Cr-0 . 4Te and Zr-O. 5Nb = 0. 4Te showed outstanding co r ros ion p rop ­

e r t i e s , as shown in F igure 1. Up to the total exposure t ime , t he re i s no 

evidence of t rans i t ion to l inear , acce le ra t ed cor ros ion . To show the 
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TABLE I 

CORROSION PROPERTIES OF TERNARY ALLOYS IN 680°F WATER 

Weight Gain, m g / d m 

Composition, wt% 14 days 42 days 84 days 125 days 167 days 213 days 

Z i rca loy-2 16.53 22.94 28.01 45 .93 61.12 75 .33 

Z r - 0 . 4 S n - 0 . 4 T e 14.34 18.56 26.15 30.37 48.93 54.84 

Z r - 0 . 5Sn-0. 5Te 15.46 22.79 30.11 35.00 46.39 52.90 

Zr = 0. 5Sn-0. 3Te 12.94 18.60 24.26 29.11 46.10 50.14 

Z r - 0 . 5Sn-0 .4Te 15.75 22.38 31.50 48.08 62.17 68.80 

Z r - 0 . 6Sn-0. 3Te 13.95 20.93 26.35 32.55 48.05 53.48 

Z r -0 .75Sn-0 . 25Te 15.71 21.82 27.05 35.75 52.36 55.85 

Z r - 0 . 7 5 S n - 0 . 4 T e 14.56 21.45 27.58 34.48 50.57 55.17 

Z r - 0 . 9 S n - 0 . 35Te 13.96 19.70 25.45 35.30 55.01 63.21 

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 

22.94 

18.56 

22.79 

18.60 

22.38 

20.93 

21.82 

21.45 

19.70 

20.49 
20.25 

23.08 

21.86 

22.24 

28. 34 

28. 50 

29.06 

30. 29 

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 

Z r - 0 . 5Sn-0. 3Ge 14.19 20.49 25.22 31.53 45.71 56.75 

Z r - 0 . 5 S n - 0 . 4 G e 14.02 20.25 26.48 35.05 55.31 61.54 

Z r - 0 . 75Sn-0. 25Ge 14.62 23.08 30.01 41.55 72.32 84 .63 

Z r -0 .75Sn-0 .4Ge 15.07 21.86 27.13 33.16 53.51 61.05 

Z r - 0 . 9 S n - 0 . 35Ge 15.56 22.24 27.42 38.54 62.26 68.93 

Z r - 0 . 75Sb-0. 25Ge 17.32 28.34 37.00 41.73 54.33 59-05 

Zr -0 .75Sb-0 .4Ge 18.73 28.50 37.45 44.78 56.18 70.02 

Z r - l S b - 0 . 2Ge 19-93 29.06 37.37 53.15 61.45 61.45 

Z r - l S b - 0 . 4 G e 19.65 30.29 35.20 48.30 66.31 74.50 

http://Zr-0.4Sn-0.4Te
http://Zr-0.75Sn-0.4Te
http://Zr-0.5Sn-0.4Ge
http://Zr-0.75Sn-0.4Ge
http://Zr-0.75Sb-0.4Ge


TABLE I (continued) 

Composition, wt% 
Z r - 1 . 2Sb-0. 25Ge 

Z r - 1 . 2Sb-0.4Ge 

Z r - l . 5 S b - 0 . 2 G e 

Z r - 0 . 3Nb-0 .5Te 

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

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

Z r - 0 . 5Nb-0. 3Te 

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

Z r - 0 . 7 5 N b - 0 . 25Te 

Z r - 0 . 75Nb-0.4Te 

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

Z r -0 .75Sb-0 . 3Te 

Z r -0 .75Sb-0 -4Te 

Z r - l S b - 0 . 2 T e 

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

Z r - 1 . 2Sb-0. 15Te 

Z r -0 .75Sb-0 .4Nb 

Zr -0 .75Sb-0 . 5Nb 

Z r - l S b - 0 . 35Nb 

14 days 
19.78 

20.66 

20.41 

14.84 

14.08 

43. 19(crack) 

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 

42 days 
30.06 

32. 22 

31.06 

22.69 

23.18 

- -

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 

Weight 
84 days 
37. 18 

50.40 

39.93 

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 

Gain, m g / d m 
125 days 
52. 21 

- -

56.79 

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 

167 days 
52. 21 

- -

56.79 

48.88 

43.06 

- -

49.94 

42.96 

62. 10 

66. 18 

64.79 

70. 12 

54.78 

55.20 

63,42 

- -

55. 15 

56. 18 

65.71 

213 days 
51.42 

- -

56.79 

49.75 

47. 20 

- -

55.58 

46.08 

71.41 

81.57 

77.90 

89. 24 

69. 28 

66.09 

79.07 

- -

63.03 

66.53 

85.81 

http://Zr-l.5Sb-0.2Ge
http://Zr-0.4Nb-0.4Te
http://Zr-0.5Nb-0.4Te
http://Zr-0.75Sb-0.4Nb


T A B L E I (cont inued) 

Coi 

Zr-

Zr 

Zr-

mp 

- 0 . 

= 0. 

- 0 . 

o s i t i on . 

75Cr-

75Cr 

85Cr-

- 0 . 

- 0 . 

- 0 . 

wt% 

4 T e 

5Te 

25Te 

14 

13. 

13. 

12. 

days 

35 

27 

92 

42 
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19. 

19. 

days 
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parabol ic or pseudo-parabol ic nature of the r a t e of corros ion , a l inear 

coordinate plot of data for these alloys is shown in F igure 3. Such co r ­

ros ion behavior r e p r e s e n t s a significant inaprovement over Z i rca loy-2 

which, in these t e s t s , underwent t rans i t ion to l inear co r ros ion at about 

85 days of exposure . One should note, however, that Z r - i C r - 0 . 25Te and 

Z r - 0 . 5Nb-0. 25Te, m a t e r i a l s that were evaluated las t year , also did not 

exhibit "breaRaAway" cor ros ion . In fact, compar i son of Aveight gains shows 

that no significant change in co r ros ion p rope r t i e s was obtained with smal l 

var ia t ion of alloying element concentrat ion. Although mechanica l p r o p e r ­

t ies and hydrogen pickup have not yet been determined, r e su l t s obtained 

las t year indicate that Z r - 0 . 7 5 C r - 0 . 4 T e and Z r - 0 . 5Nb-0 .4Te will be 

super ior to Zi rca loy-2 in these p a r a m e t e r s . The previous ly r epo r t ed 

s t rength p rope r t i e s , at least , a r e p r i m a r i l y due to the potent effect of 

t e l lu r ium as a hardener of z i rconium. The improvement in co r ros ion -

hydrogen uptake is probably due to the absence of nickel, which is an addi­

tion to Zi rca loy-2 , and to the fact that te l lur ium, chromium, and niobium, 

pa r t i cu la r ly the la t ter , as b inary alloying e lements .in z i rconium do not 

r e su l t in high hydrogen pickup. 

The remaining groups of alloys (Table I) al l exhibit b r e a k ­

away co r ros ion at t imes roughly equivalent to Z i rca loy-2 . The best alloy 

of each group, in t e r m s of weight gain, i s shown in F igu re s 1 and 2. 

Generally, the pos t - t r ans i t ion co r ros ion r a t e is not marked ly different 

from Zirca loy-2 , and aside from strength and hydrogen pickup p rope r t i e s , 

t he re is no par t icu la r advantage in using these m a t e r i a l s r a the r than 

Zi rca loy-2 . One should note also that l i t t le significant change in cor ros ion 

p roper t i e s was noted from the original t e r n a r y composit ions studied las t 

year . 

Although the neutron absorpt ion c r o s s section of exper i inenta l 

alloys has not been determined, and a compar i son with Z i rca loy-2 is t h e r e ­

fore not possible , another approach has been used by H. H. Klepfer, VAL, 

for determining acceptabil i ty of alloys on the bas i s of neutron economy. 

In his p r o g r a m entitled "Design of Specific Zirconium Alloys" (EURATOM), 

Klepfer calculates the maximum to lerable alloy concentrat ion of var ious 
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elements in the cladding such that the additional U enr ichment of na tura l 

uranium in the Dresden Reactor (boiling water) co re shall not exceed 0. 02 to 

0. 05 per cent. His alloy design then must not exceed these specif icat ions. 

F r o m Klepfer ' s data, the Z r - 0 . 75Cr-0 . 4Te and the Z r - 0 . 5Nb-0. 4Te alloys, 

as well as most of the other promis ing exper imenta l composit ions in this 

progranri, fall within the above neutron economy or fuel enr ichment r e q u i r e ­

ments . 

Study of co r ros ion behavior in 750° F s team (1500 psi) of 

exper imenta l t e r n a r y composit ions has been initiated; however, the ava i l ­

able data a r e for exposure t imes too short to make valid conclusions. 

Again, these naaterials (Table II) were p r epa red on the bas is of the mos t 

promis ing alloys studied last year . Many of these composit ions did not 

exhibit t r ans i t i on -co r ros ion behavior up to 125 days; however, the major 

problein was the pickup of r a the r la rge amounts of cor ros ion-hydrogen . 

Hopefully, this p roper ty will be improved somewhat in the alloys p resen t ly 

being studied. 

Compositions for evaluation in 900° F s team ( re f reshed 

system) have been a r c - m e l t e d and a r e p resen t ly being fabricated into c o r ­

ros ion spec imens . The alloys prepared,which follow from the r e s u l t s of 

las t y e a r ' s study, a r e p resen ted in Table III. Cor ros ion as well as hydro­

gen pickup is r a the r severe in this a tmosphere . 

The alloy studies thus far pe r formed have employed m a t e r i ­

als in the as - fabr ica ted condition. While ce r t a in p rope r t i e s have been 

sat isfactory, it is well known that heat t r ea tmen t could further improve 

alloy c h a r a c t e r i s t i c s . Additional data on s trength and hydrogen pickup as 

well as impact data and hydrogen embr i t t lement information on promis ing 

alloys a r e neces sa ry . As a resul t , re la t ive ly l a rge ingots (10 pounds) of 

ce r t a in acceptable alloys for 680° F water and 750° F s team application have 

been p r epa red by consumable a r c -me l t i ng . The m a t e r i a l s thus far produced 

a r e Z r - 0 . 5Nb-0. 25Te, Z r - l C r - 0 . 25Te, Z r - l V - l F e , Z r - 3 C r - l F e , and 

Z r - 3 C r - 0 . 25Te; the f i r s t two alloys a r e for water application, and the las t 

t h ree a r e for s team. These ingots have been surface conditioned and will 

be fabricated by p ress - fo rg ing to 1-inch thick plate at approximate ly 1700° F 
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TABLE II 

ALLOYS STUDIED IN 750°F STEAM 

Z r - 0 . 7 5 F e - 0 . 5Cr Z r - 4 C r - 0 . 6 T e 

Z r - l F e - 0 . 5 C r Z r - 4 C r - l T e 

Z r - l F e - l C r Z r - 5 C r - 0 . 8Te 

Z r - 1 . 5Fe -0 . 25Cr 
Z r - 0 . 7 5 V - 0 . 75Fe 

Z r - l V - 0 . 5Fe 

Z r - l V - 0 - 75Fe 

Z r - 1 . 25V-0.75Fe 

Z r - 2 C r - 0 . 75Fe Z r - i . 25V-1. 25Fe 

Z r - 1 . 5 F e - l C r 

Z r - 1 . 5 F e - l . 5Cr 

Z r - 2 F e - l . 5Cr 

Z r - 2 . 5 C r - 0 . 7 5 F e Z r - 1 . 5 V - l F e 

Z r - 3 C r - 0 . 5 F e Z r - l . 5 V - l . 5 F e 

Z r - 3 C r - 1 . 5 F e Z r - 1 . 75V-1. 75Fe 

Z r - 3 . 5 C r - 0 . 5 F e Z r - 2 V - l F e 

Z r - 3 . 5 C r - l F e Z r - 2 V - 2 F e 

Z r - 3 . 5 C r - l . 5 F e 

Z r - 4 C r - l F e Z r - 0 . 8Fe -0 . 3Te 

Z r - 0 . 7Fe -0 . 5Te 

Z r - 0 . 5Nb-0. 35Te Z r - 1 . 2Fe-0 . 7Te 

Z r - 0 . 4 N b - 0 . 35Te 

Z r - 0 . 7 N b - 0 . 5Te 

Z r - 0 . 9Nb-0. 5Te 

Z r - 0 . 7 5 S b - l F e 

Z r - l S b - 0 . 75Fe 

Z r - l S b - 1 . 5 F e 

Z r - 2 . 5 C r - 0 . 2 5 T e Z r - l S b - 2 F e 

Z r - 2 . 5 C r - 0 . 5 T e Z r - l , 5 S b - l F e 

Z r - 3 C r - 0 . 4 T e Z r - 1 . 5Sb-1 . 5Fe 

Z r - 3 C r - 0 . 7Te 

Z r - 3 C r - l T e 

Z r - 3 C r - 1 . 5 T e 

Z r - 3 . 5Cr -0 . 5Te 

Z r - 0 . 5Nb-0. 5Cr 

Z r - 0 . 7 5 N b - 0 . 5Cr 

Z r - 0 . 75Nb-0. 5Cr 
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http://Zr-2.5Cr-0.75Fe
http://Zr-l.5V-l.5Fe
http://Zr-3.5Cr-0.5Fe
http://Zr-3.5Cr-l.5Fe
http://Zr-2.5Cr-0.25Te
http://Zr-2.5Cr-0.5Te


TABLE III 

ALLOYS STUDIED IN 900°F STEAM 

Z r - 0 . 5Nb-0. IMo Z r - 3 C r - 0 . 25Te 

Z r - 0 . 5Nb-0.4Mo Z r - 3 C r - 0 . 5Te 

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

Zr -0 .75Nb-0 . 25Mo 

Z r - 0 . 5Nb-0. 25Te 

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

Zr -2V-0 . 25Mo 

Z r - l V - 0 . 25Te 

Z r - l V - 0 . 5Te 

Z r - 3 C r - l F e 

Z r - 3 C r - 3 F e 

Z r - 3 C r - 0 . 25Sb 

Z r - l V - 0 . 15Mo Z r - 3 C r - 0 . 5Sb 

Z r - l V - 0 . 5 M o Z r - 3 C r - l S b 

Z r - 0 . 75V-0. 25Mo 
Z r - l M o - 0 . 25Te 

Z r - l M o - 0 . 25Sb 

Z r - l M o - l F e 

Z r - 4 F e 

Z r - 5 F e 

Z r - 3 C r - 0 . 25Nb Z r - 2 C r 

Z r - 4 C r 

Z r - 6 C r 
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followed by hot-rol l ing to sheet about 1550° F . F r o m this ma te r i a l , n u m e r ­

ous tensi le , impact, and cor ros ion specimens will be p r epa red and evaluated 

using var ious heat t r ea tment techniques. 

VI. FUTURE WORK 

Alloys present ly being evaluated in 680° F water will be 

exposed for 250 days (6000 hours) . At that t ime, final weight gain m e a s u r e ­

ments will be obtained, and the amount of absorbed hydrogen will be de te r ­

mined (specimen destroyed). However, the Z r - C r - T e and Z r - N b - T e alloys 

which have not yet exhibited breakaway will be exposed until the t rans i t ion 

point and pos t - t r ans i t ion co r ros ion r a t e a r e defined. These p a r a m e t e r s 

must be known if these m a t e r i a l s a r e to be employed in r eac to r se rv ice . 

For composit ions showing acceptable co r ros ion and hydrogen pickup p r o p e r ­

t ies , tensi le data at elevated t e m p e r a t u r e s will be obtained. At this point, 

it is n e c e s s a r y to decide on the value of these alloys compared to the p r o p e r ­

t ies obtained for composit ions now^ available in la rge ingots . F r o m the data 

available at this t ime, it would s eem that the p resen t alloys a r e essent ia l ly 

equivalent to those now being evaluated, at leas t in t e rms ' of co r ros ion 

r e s i s t a n c e . There is a good possibi l i ty that enhanced s t rength -will be 

shown by the modified t e r n a r y alloys, due p r i m a r i l y to the inc reased t e l ­

lur ium contents, and additional consumable a r c - m e l t e d ingots can be p r e ­

pa red and evaluated during the cu r r en t year . 

Studies of alloys in 750° and 900° F s team will be c a r r i e d out 

during the next quar ter , and major emphasis in alloy development will be 

shifted to these a tmosphe res . Three consumably mel ted ingots of m a t e r i a l s 

for 750° F s team serv ice will be fabricated and studied in detai l . As co r ­

ros ion data become available on the modified t e r n a r y s e r i e s , additional 

p romis ing alloys may be indicated for further study or modification. In 

900° F s team, the co r ros ion p rope r t i e s of the p re sen t s e r i e s of alloys mus t 

be determined. For the longer range, the exper imenta l effort should be 

ent i re ly shifted to studies in s t eam 750° F and higher; by the end of the 

cu r r en t year , evaluation of alloys for 680° F water will be completed. Also 

at that t ime, a number of highly promis ing alloys should be available for 

potential s team application, and further work should be l imited to detailed 

study of these m a t e r i a l s . 
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VII. CONCLUSIONS 

A number of t e r n a r y alloys have been developed for se rv ice 

in 680° F water which mee t the objectives of this p r o g r a m on the bas i s of 

co r ros ion r e s i s t ance , s trength, and hydrogen pickup. In pa r t i cu la r , these 

m a t e r i a l s a r e based on Z r - C r and Zr -Nb with smal l additions of Te. Initial 

studies on t e r n a r y alloys in 750° F s t eam indicate that some m a t e r i a l s a r e 

acceptable on the bas i s of co r ros ion r e s i s t ance and strength; these a r e Z r -

3 C r - l F e , Z r - 3 C r - 0 . 25Te, and Z r - l V - l F e . However, hydrogen pickup 

during co r ros ion is excess ively high. Additional m a t e r i a l s a r e being evalu­

ated for the purpose of enhancing p rope r t i e s . For 900° F s team, no m a t e r i a l 

has yet been judged acceptable for potential se rv ice in this medium; addit ional 

work is being c a r r i e d out on this development. 
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D. Weinstein and F . C Holtz, "Development of Improved 
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vember 1962. 
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