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IMPROVED ZIRCONIUM ALLOYS

L SUMMARY OF PROGRESS TO PATE

To achieve im provem ent of co rro s io n  p ro p e r t ie s  of zirconium 
in superheated w a ter  and steam, the co rro s io n  behavior of approxim ately  100 
binary alloys was investigated during  the  f i r s t  year of work. A complete list 
of these com positions appeared in Q u a r te r ly  Report ARF 2198-11, and the 

re su lts  of c o r ro s io n  studies were  su m m a r iz e d  in Q u arte r ly  Report ARF 2198- 
18. F rom  the above investigations, fif teen te rn a ry  bases w ere  selected for 
fu r ther studies in superhea ted  w ater or s team ; approxim ate ly  75 te rna ry  
alloys have been a rc -m e lted  and fab r ica ted  into co rros ion  spec im ens. (A 

complete lis t of th e se  compositions a p p ea red  in Q uarte r ly  R ep o rt  ARF 2198- 

18 ) .

To date, all specim ens for exposure in 680* F  w ater have been 
placed in te s t ,  and data for a two-week co rro s io n  period a r e  availab le  for 
approxim ately  35 com positions. At p re sen t ,  p repara t ions  a r e  being made 
for co rros ion  investigations in 750* F  s team , and work is  continuing on 
determ ining the effect of zirconium  p u r i ty  and heat trea tm en t on co rros ion  

re s is tance .

II. PRINCIPAL INVESTIGATORS

III. STATEMENT OF PROBLEM

The p rog ram  objective is the development of z irconium -b ise 
alloys having c o r r o s i o i  re s is tan ce  a n d /o r  strength  m arked ly  super io r  to 
Z irca loy-2  in 6kO*F water and /o r  750* to  900*F  steam . The investigation 
is  also concerned  with pickup of c o r ro s io n  hydrogen of exper im en ta l  alloys, 
co rros ion  p ro p e r t ie s  of re ta ined  beta  s t ru c tu re s  in Z r-N b  b a se  alloys, and 
determ ination  of the  effect of z irconium  purity  on co rro s io n  re s is tan ce .
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IV. DESCRIPTION OF WORK -RESULTS

Corros ion data fo r  the  f ir s t  group of spec imen* exposed to 
680* F water  for 356 hours  a r e  p resen ted  in Table 1. Due to the rela tively  
short  exposure  time, ve ry  l i t t l e  can be said of the co r ro s io n  p roper t ie s  of 
these  exper imenta l  alloys F o r  this exposure t ime, al l  specimens exhibited 
the d e s i r a b le  tenacious,  black oxide coating. Of p a r t i c u l a r  in te res t  i s  the  
c o r ro s io n  behavior of Zr-5Sn-X composit ions, the re la tive ly  high solubili ty 
of tin in a lpha-s i rcon ium  o ffe rs  p ro m ise  for enhanced e leva ted - tem pe ra tu re  
strer.gth.  Hopefully, the c o r r o s io n  proper t ies  might oe equivalent to those 
of Z i rca loy-2

Work on invest igat ion of the co r ro s io n  c h a r a c te r i s t i c s  of 
r e t a in ed -b e ta  alloys has involved p re l im inary  s tudies  of the  t rans fo rm a t ion  
kinutics of Zr-3QNb, Z r -30N b- lM o ,  and Zr-30Nb-3Mo. Hot rolling th e se  

ingots a t  1550* F resulted  in s e v e i e  edge cracking and excessive a i r  c o n ­
tamination.  Never theless,  s m a l l  specimens were bcta-quenched f rom 
1000*C and iso thermal ly  t r a n s fo rm e d  at 680*’ and 750*F. The response  to 
heat t r e a tm e n t - - th a t  is. t r an s fo rm a t io n  of b e ta - -w as  ve ry  poor. Hardness  
v e r s  us t r an s fo rm a t io n  t ime  c u rv e s  did not show the re la t ive ly  sharp  h a rd n ess  
incr j a se  which signifies the beginning of beta t rans fo rm a t ion .  The Zr -N b-M o 
alloys have  been remelted,  and m o r e  suitable fab r ica t ion  techniques will be 
employed for minimising edge cracking and contamination.

At present,  c o r r o s io n  specimens a r e  being p repared  for 
invest iga tion  of the effect of z i rconium purity on c o r ro s io n  res is tance  In

the f i r s t  y e a r  of work, spec im ens  of a rc -m e l ted  sponge, a rc -m e l ted  c r y s t a l
♦

bar,  and e lec t ron-beam  m el ted  z irconium all  exhibited rapid co rros ion  in 
superhea ted  water and s team,  and a compar ison  of p ro p e r t i e s  could not be 
m a d t .  It i s  well known that the  p resence  of c e r t a in  alloying e lements ,  such 

as tin and chromium, counterac t  the  deleterious effect  of cer ta in  im p u r i t i e s - -  
noti bly the in te rs t i t ia l  g a s e s - - o n  co rros ion  r e s i s t a n c e .  Therefore,  a l loys  
hawng the compositions Z r -0 .  5Nb and Z i rca loy-2  w ere  prepared  using the  
th ree  d if ferent purity grades  of zirconium; by this method, a purity e f f e c t - - 
if one ex is t s - -ough t  to be m o re  « \ A i l  detected.
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At thown in Table  I, duplicate sp ec im en s  of a number of 
com positions  a re  being exposed to  superheated w ater .  The reasons  for 
dup lica tion  a re  to obtain v e ry  long time co rro s io n  d a ta  on selected alloys 

and to d e te rm ine  hydrogen pickup. While the im p o r tan ce  of studying pickup 
of c o r ro s io n  hydrogen and i t s  ram ifications cannot be overem phasized, the - 
m a jo r e ffo rt in this p ro g ram  ia d irec ted  tow ard  im p ro v ed  co rros ion  res ia~  
tance. Thus, investigation of hydrogen pickup will be c a r r ie d  out only on 
com positions  exhibiting good c o rro s io n  p ro p e r t ie s  in te rm s  of weight gain; 
of n ece ss i ty ,  therefore , th e se  de term inations will not be in itia ted  until r e a s o n ­
ably long tim e co rros ion  da ta  a r e  available. S im ila r ly , the above s ta tem en ts  
apply to  investigation of m echan ica l  p ropertie s ;  te n s i le  s trength  and other 
im portan t mechanical p a r a m e te r s  will be de te rm in ed  only for those  a lloys  
showing good co rros ion  r e s is ta n c e

V. FUTURE WORK

The initial tw e -w e e k te s t  duration for the  second group of 
680* F w a ter  specim ens is n e a r  completion; the  f i r s t  group has been re p laced  
in an au toclave; a fte r  weight ga in  determ ination, the second group will r e ­
en te r  te s t in g .  An additional four-w eek  exposure will be allowed before  
moval of specim ens. Specim ens for investigation of zirconium purity  effects  
on c o r ro s io n  res is tance  will be te s ted  in 680* F w a ter ,  and work will continue 
on p re p a ra t io n  of co rro s io n  spec im ens in 750* and 900* F  steam . With new 

ingots of Zr-Nb-fcio, s tudies  will proceed on the c o r ro s io n  behavior of 
re ta in e d -b e ta  s tru c tu re s .

VI. CONCLUSIONS

This p ro g ram  is concerned with the  development cf z irco n iu m - 
base a lloys having im proved c o r ro s io n  re s is ta n c e  a n d /o r  strength. A m a jo r  
im provem en t over Zircaloy is  d es ired ,  and the app roach  to this developm ent 
has involved co rros ion  sc reen in g  a wide range of b ina ry  alloys. T hese  data 
have pointed out prom ising  a lloy  bases  which have been  employed in p re p a r in g
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a la rg e  number of t e r n a r y  compositions. At p re sen t ,  the t e rn a ry  a lloys a re  
being evaluated for c o r ro s io n  re s is tance  in superheated  water and steam; 
hopefully, a number of th e se  compositions will in itially  sa tisfy  the  p rog ram  
objectives.

VII. REPORTS ISSUED

None

R espec tfu lly  submitted.

ARMOUR RESEARCH FOUNDATION OF 
ILLINOIS INSTITUTE OF TECHNOLOGY

D. W einste in  
A sso c ia te  M etallurg ist

Senior M eta llu rg ist

Review ed by: 

C. P.. Simcoe

rh
A R H O U *  » E S E A 8 C M F O U N D A T I O N  OF I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y



TABLE 1

INITIAL CORROSION BEHAVIOR OF TERNARY ALLOYS
IN 660*F WATER

Composition,  w /o
336 Hour «
Weight Gain, m g / d m

Zi rca lo y -2 18.99
Z r - t C r - l S b 17.40
Z r - l C r - I S b 14.84
Zr-tCr-0.5NT> 15.13
Z r - t C r - 0 .  5Nb 15.81
Z r - l C r - 0 .  5Sn 16.05
Z r - l C r - 0 .  25 Cu 20.04
Z r - | C r - 0 .  25Fe 13.47
Z r - l C r - 0 .  25Fa 12.80
Z r - t C r - 0 .  25Mo 24. 30
Z r - l C r - 0 .  25Te 16.36
Z r - IC r-O .  25Ge 15.40

Z r - lS b -0 .  5Nb 16.36
Z r - lS b -0 .  5Nb 15.83
Z r - lS b -0 .  SSn 16.04
Z r - lS b -0 .  25Cr 17.14
Z r - lS b -0 .  25Cr 17.33
Z r - lS b -0 .  25Cu 22.08
Z r - lS b -0 .  25Fe 18.97
Zr - lS b -0 .  25Fe 19.02
Z r - lS b -9 .  25Mo 19.33
Z r - tS b -0 .  25Mo 18.37
Z r - lS b -0 .  25Te 19.86
Z r - lS b -0 .  25Ge 15.37
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TABLE I (continued)

Composition* w/o
556 Hour .
Weight Cftin, ing/dm

Zr-SSn-O. 5Nb 18.24
Z r-5Sn-0 . r»Nb 19.01
Z r -5 S n - IC r 18.15
lr*5S n*  15b 18.98
Zr-5Sn* 2. 5Sb 28 .26
Z r-5S n-0 . 25Cr 17.20
Z r-5S n-0 . 25Cu 21.51
Z r-5S n-0 , 25Fe 25 .60
Z r-5Sn-0 . 25Ft 24 .57
Zr-5Sn*0. 25Mo 21.95
Z r-5Sn-0 . I S T t 19.05
Z r-5Sn-0 . Z5Ge 18. 85
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