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RESEARCH DESIGNED TO EVALUATE Zr-2. 5Nb 
ANP Zr-2 . 5Nb-0, 5Cu ALLOYS FOR RELAYED 

FAILURE HYDRIDE SUSCEPTIBILITY 

ABSTRACT 

The purpose of this program is to determine the extent to which 
Zr-2 . 5Nb and Zr-2 . 5Nb-0. 5Cu exhibit delayed failure (static fatigue) under 
various cpnditions of hydrogen content, heat treatment, and ambient tempera-
ture. Specimens are hydrogenated to 200 ppni or 500 ppm by means of a 
modified Sieverts apparatus, heat treated or cold reduced, and then evaluated 
in dynamic tensile and delayed failure tests under a certain set of conditions. 
At the present tirne, data are insufficient to formi any conclusions regarding 
static fatigue behavior of these alloys. 
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RESEARCH. DESIGNED TO EVALUATE Zr°2 . 5Nb 

AND Zr°2 . 5Nb-0. 5Cu ALLOYS FOR DELAYED 

FAILURE HYDRIDE SUSCEPTIBILITY 

I. INTRODUCTION 

This is the f i r s t Quar te r ly Report , covering the per iod October 15, 

1962 to Janua ry 14, 1963, on Contract No. A T ( i l - l ) - 5 7 8 , Pro jec t Agreement 

No. 23. This invest igat ion is being conducted under the auspices of the 

USAEC/AECL Collaborat ive P r o g r a m . 

Las t year , under the p r o g r a m entitled "Delayed Fa i lu re Hydrogen 

Embr i t t l ement of Zirconium, " s tat ic fatigue evaluation of var ious zirconium 

alloys containing up to 500 ppm hydrogen indicated that one m a t e r i a l was 

highly suscept ib le to this embr i t t l ement phenomenon. These t e s t s , which 

were pe r fo rmed under re la t ive ly fixed conditions, showed that Z r - 1 . 25A1-

ISn- lMo was highly sens i t ive to delayed fai lure whereas unalloyed z i rconi ­

um and Z i rca loy-2 were not suscept ib le . The p.lloy Z r - 2 . 5Nb, while fairly 

notch-sens i t ive at o rd inary r a t e s of tens i le testing, was only modera te ly 

suscept ible to delayed fai lure when containing 500 ppm hydrogen. At 2000 

ppm hydrogen, however, l imited exper imental data indicated that this alloy 

was severe ly sensi t ive to delayed fai lure . This ma te r i a l and the modification 

of this alloy ( Z r - 2 . 5Nb-0. 5Cu) a r e p resen t ly intended for use as p r e s s u r e 

tubes in the Canadian heavy-water modera ted /coo led r eac to r . Thus, the 

p re sen t p r o g r a m is for evaluation of s tat ic fatigue susceptibi l i ty of these 

naater ia ls under var ious conditions of hydrogen content, heat t rea tment , and 

anabient t e m p e r a t u r e . 

H. EXPERIMENTAL 

The scope of work to be per formed during the cu r r en t year in­

cludes study of Z r - 2 . 5Nb and Z r - 2 . 5Nb-0. 5Cu with three different me ta l ­

lu rg ica l h i s to r i e s - - fu l ly annealed, annealed and cold worked, and beta-

quenched and t empered . F o r these conditions, delayed fai lure evaluation 
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will be pe r fo rmed at room t empera tu re , 250® C, and 300" C, and the spec i ­

mens will be vacuum annealed or contain 200 ppm and 500 ppm hydrogen. 

The applied s t r e s s will be 95 per cent of the yield strength (at t empera tu re ) 

as de te rmined by dynamic tens i le t e s t s . Thus, approximately 250 specimens 

a r e to be evaluated during the c u r r e n t yea r . 

It i s obvious that a ce r t a in combination of var iab les r ep re sen t 

m o r e favorable conditions for delayed fai lure than o thers . The p rog ram will 

be ini t iated by employing the mos t s eve re conditions; if static fatigue failure 

i s not observed, then future work can be evaluated in the light of these r e s u l t s . 

Hopefully, the number of spec imens for test ing might be diminished without 

affecting evaluation of delayed fai lure susceptibi l i ty. 

The experim.ental p r o g r a m also includes a cu r so ry study of 

s ta t ic fatigue suscept ibi l i ty of Z i rca loy-2 containing hydrides or iented perpen­

dicular to the s t r e s s ax is . This investigation re su l t s from the ve ry in teres t ing 

studies at Savannah River Labora to ry which showed that Zi rca loy-2 with 

or iented hydr ides i s ex t r emely b r i t t l e in tensi le t e s t s c a r r i e d out at o rd inary 

s t r a in r a t e s . 

The exper imenta l pro.cedures have not significantly changed from 

las t yea r . A modified Siever ts apparatus is s t i l l employed for hydriding to 

the des i r ed amounts; however , the t empera tu re used is now 500" C ra ther than 

800" C. This change was necess i ta ted by the requ i red heat t r ea tmen t s ; at 

500"C, approxinaately 24 hours is n e c e s s a r y for hydrogen to be absorbed 

and homogeneously d is t r ibuted in the specimen. 

The m a t e r i a l s a r e supplied by Atomic Energy of Canada Limited 

(Chalk River Laboratory) in the form of 1/2 inch diameter rod in the a s -

fabr icated condition. Three - inch sect ions a re cut frona the rods , pickled in 

a HF-HNOo solution, and then hydrogenated; heat t r ea tment is then performed 

in sealed, hel ium-f i l led capsu les . Tens i le and delayed-fai lure specimens, 

both notched and unnotched, a r e machined from these rods to the dimensions 

shown in F igu re s 1 and 2. F o r m a t e r i a l which is cold-worked, smal le r 

d iameter spec imens - -bu t with the same genera l d e s i g n - - a r e p repa red . The 

notch rad ius is further reduced by cutting a 0. 001 inch slot at the base; this 
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FIG. 1 - NOTCHED TENSILE AND DELAYED FAILURE SPECIMEN 
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FIG. 2 - UNNOTCHED TENSILE AND DELAYED FAILURE SPECIMEN 



i s accompl ished witl^ a 0. 001 inch diarnter, abras ive-coa ted tungsten wire 

moving within the notch while the specimen ro ta t e s . 

III. RESULTS AND DISCUSSION 

Since the m a t e r i a l s a r e to be studied in the hea t - t r ea ted or cold-

worked condition, hydrogepation in the Sieverts apparatus naust take place 

p r io r to these operat ions; if not, then the heat treatnnent effect would be lost 

or r ec rys t a l l i za t ion of cold reduced specimens would occur . A number of 

spec imens - -bo th b inary and t e r n a r y m a t e r i a l s ==have been prepared , and 

tens i le t e s t s have been c a r r i e d out. However, the r e su l t s thus far a r e too 

c u r s o r y to r epo r t . A ten-foot rod of the t e rna ry alloy has been received, 

and tens i le and delayed fai lure specirnens a r e being p repared . The init ial 

se t of conditions to be invest igated a r e annealed and beta quenched and 

t e m p e r e d at 535® C and 400"* C. Evaluation of ma te r i a l will take place at 

rooni t empe ra tu r e , and the spec imens will be notched and contain 500 ppm 

hydrogen. Such a set of p a r a m e t e r s r e p r e s e n t s conditions most favorable 

for delayed fai lure=-with perhaps the exception of cold-worked ma te r i a l . 

Studies w e r e pe r fo rmed on the cold swaging (to a 30 per cent 

reduct ion in a rea) of b inary and t e r n a r y alloys in the annealed condition with 

500 ppm hydrogen content. Thus far, fine surface c racks have resu l ted on 

every rod, and in some cases an in te rna l center c rack along the specimen 

axis was observed . However, by p repara t ion of a smooth surface finish 

p r io r to swaging, beveling of edges, and smal le r reductions in a r ea per 

pass it is felt that sa t is factory cold-worked m a t e r i a l can be obtained by 

swaging. If not» the possibi l i ty of tens i le s t raining is being considered. 

Four spec imens of Z i rca loy-2 were rece ived from Savannah 

River Labora tory ; two of these had randomly dis tr ibuted hydrides (about 150 

ppm) and the o thers had hydr ides or iented essent ia l ly perpendicular to the 

tens i le axis . The accompanying data indicated that the f rac ture s t r e s s of the 

fo rmer group of spec imens was 80, 000 psi whereas the la t ter group was 

50, 000 ps i . These spec imens were placed in s tat ic fatigue at room t e m p e r a ­

tu re , and in a l l c a ses f rac tu re occu r r ed at the gr ips which had been welded 
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to the Zircaloy sheet . F r o m the remaining mate r i a l , snnall size sheet 

spec imens were p repared , and loading for delayed failure study was as 

follows: 

random hydride distr ibution: 70, 000 psi 
60, 000 psi 

or iented hydride distribution; 40, 000 psi 
30, 000 psi 

F o r the above spec imens , the one loaded at 70, 000 psi f ractured immedi ­

ately and the one at 60, 000 ps i f rac tured in approximately 150 hours . F r o m 

our exper ience on Zi rca loy-2 containing 200 ppm hydrogen, the repor ted 

f rac tu re s t r e s s of 80, 000 psi i s perhaps lower than actual . One mus t also 

suspect that the r epor t ed value of 50, 000 psi for hydr ide-or iented specimens 

is not as accura te as des i red , for at these applied s t r e s s e s no f rac tures 

have been observed up to 300 h o u r s . Titus, a dynamic tensi le t es t on a ra ther 

sma l l spec imen of m a t e r i a l with or iented hydrides will be conducted which 

should be ve ry valuable in judging whether or not oriented hydrides lead to 

i nc r ea sed suscept ibi l i ty of Z i rca loy-2 to delayed fai lure. 

IV. FUTURE WORK 

This p r o g r a m is one of a r a the r s t ra ightforward evaluation of 

Z r - 2 . 5Nb and Zr 2. 5Nb~0. 5Cu for sensi t ivi ty to delayed fai lure . The scope 

of work has been outlined, and the work for the next quar te r will involve 

accumulat ion of t ens i le and s ta t ic fatigue data on available m a t e r i a l . Addi­

t ional study of or iented hydr ides in Z i rca loy-2 will continue as a ve ry l imited 

supplementary invest igat ion. 

V. CONCLUSIONS 

At this t ime, no conclusions as to the susceptibi l i ty of Z r - 2 , 5Nb 

or Zr = 2. 5Nb=0. 5Cu to stat ic fatigue failure can be advanced. In addition, 

no posi t ive s ta tement can be offered on the effect of or iented hydrides on 

sensi t ivi ty of Z i r ca loy -2 to this phenomenon. Work is proceeding toward 

these object ives . 
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The inform.ation contained in this r epo r t is r ecorded in ARF 

Logbooks Nos. C=13020 and C-13021. 

P e r s o n n e l contributing to this work a r e the following: 

L. J . Adamski - P ro jec t Techjiician 

F . C. Holtz - Group Leader 

D. Weinstein - P ro jec t Engineer 
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