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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. Neither the 
United States^ nor the Commission, nor any person acting on behalf of the Commission: 

A. Mokes any warranty or representation, expressed or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report, or that 
the use of any information, apparatus, method, or process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any liabilit ies with respect to the use of, or for damages resulting from 
the use of any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any 
employee or contractor of the Commission, or employee of such contractor, to the extent 
that such employee or contractor of the Commission, or employee of such contractor pre­
pares, disseminates, or provides access to, any information pursuant to his employment 
or contract with the Commission, or his employment with such contractor. 
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ABSTRACT 

Sample capsules containing buttons of m a t e r i a l s of in te res t for SNAP fuel 
elements were held at t e m p e r a t u r e s up to 1600 =F, in hydrogen, under a 20- ts i 
load for 200+ h o u r s . 

The hydrided Zr -U alloys formed significant diffusion zones at 1200 =F with 

Haste l loy-B, Inconel-X, Type 347 s ta inless s teel , gold, and copper; but did not 

alloy with molybdenum, beryl l ium, or nickel at this t e m p e r a t u r e . At 1600 °F 

diffusion was also found between the fuel and molybdenum and nickel The fuel 

did not reac t with the Type S-1435A Solaramic cladding coating at test t e m p e r a ­

tu res of 1200 and 1500=F. At 1300^F, beryl l ium formed a diffusion zone with 

both Haste l loy-B and Inconel-X, and also reacted with the Solaramic , while BeO 

did not reac t with any of these . 

NAA-SR-5413 
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I. INTRODUCTION 

T h i s c o m p a t i b i l i t y p r o g r a m was e s t a b l i s h e d to i n v e s t i g a t e the b e h a v i o r of 

m a t e r i a l s of p r e s e n t and fu ture i n t e r e s t a s SNAP fuel , r e f l e c t o r , a n d c l a d d i n g , 

when he ld in i n t i m a t e con t ac t at r e a c t o r o p e r a t i n g t e m p e r a t u r e s . The e x p e r i ­

m e n t s w e r e d e s i g n e d to give qua l i t a t i ve a n s w e r s only , with m o r e r e f ined s t u d i e s 

of diffusion and r e a c t i o n r a t e s to be d i r e c t e d by t h e s e r e s u l t s . The m a i n i n t e r ­

e s t w a s in the b a r r i e r m a t e r i a l s d e s i g n e d to con ta in the h y d r o g e n , b e c a u s e a 

b r e a k in t h i s b a r r i e r c a u s e d by a l loy ing o r r e a c t i o n would c a u s e s e r i o u s l o s s of 

h y d r o g e n f r o m the e l e m e n t . 

N A A - S R - 5 4 1 3 
8 
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II. EXPERIMENTAL METHOD AND APPARATUS 

The final furnace design is shown in Figure 1 in schemat ic . This includes 

several modifications from the original thinking on the appara tus , the most im­

portant of these being the necess i ty of l imiting tes t t e m p e r a t u r e s to 1600 °F, 

since at higher t e m p e r a t u r e s the p r e s s u r e rods bent. 

The sample sheath and end-caps were made of Inconel-X. The 1-in. -long 

sheath holds an adequate number of sample buttons if they a r e thin. (Only the 

f i rs t run was made with a 2-in. -long sheath.) The buttons were of the proper 

d iameter to expand to a p r e s s - f i t in the sheath, when the buttons reached tes t 

t e m p e r a t u r e . Assembly of the buttons in the sheath supported the top end-cap 

above the sheath, so that the p r e s s u r e was t r a n s f e r r e d through the sample but­

tons and not through the sheath. Test buttons of the var ious hydrides were m a ­

chined from specimens in the del ta-hydr ide range (1.4 to 1.6 wt % H-,). Test 

samples of the hydrogen b a r r i e r ma te r i a l were p repa red by coating buttons of 

Type 347 s ta in less steel with the s tandard SER application of two coats of Type 

S-1435A Solaramic to a total thickness of 2 to 3 mi l . 

The sannple capsule w^as tes ted in hydrogen to simulate e lement -a tmosphere 

in the r e a c t o r . To contain the hydrogen, the original design used a p r e s s u r e -

sleeve machined from Inconel-X bar stock with only assembly c learance for the 

p r e s s u r e rods and sample sheath. During the f i rs t run, one p r e s s u r e rod bent 

slightly, enough to j am the packing-nut and prevent its r emova l . The sleeve was 

cut open to recover the sample , and the design changed to increase the c lea rance . 

The sample container was changed to a length of schedule 80 s ta in less steel pipe 

with Conax sea l s , sized to allow significant c learance for the p r e s s u r e rods . A 

nipple welded to the pipe leads to vacuum and hydrogen l ines . 

The p r e s s u r e rods were Inconel-X or Hastel loy-X solution hea t - t rea ted for 

maximum strength. The original design, 3/8 in. in d iameter and 8 in. long, su r ­

vived t es t s at 1200 and 1500°F, but failed in bending in an 1800°F t e s t . The d iam­

e te r was increased to 3/4 in. with an accompanying inc rease in pipe d iamete r , 

but two of these a s sembl ie s failed in 1800°F tes t s when the p r e s s u r e rods bent. 

A third assembly completed a 1600''F run successfully, and this is taken as the 

upper l imit of the appara tus . 

NAA-SR-5413 
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Figure 1. Compatibility Test Apparatus 
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The l o w e r p r e s s u r e r o d had a l oca t i ng p in m a c h i n e d on the end, to m a t e 

wi th the l oca t i ng hole in the b o t t o m e n d - c a p , to f ac i l i t a t e a s s e m b l y , and to e n ­

s u r e v e r t i c a l a l i g n m e n t of the s a m p l e . A l a r g e r d i a m e t e r s a m p l e , say 1/2 in . , 

would give a s t u r d i e r s a m p l e c a p s u l e ; the 1 /4 - in . d i a m e t e r u s e d in t h e s e e x p e r i ­

m e n t s w a s f ixed by the a v a i l a b l e s a m p l e m a t e r i a l . 

P r e s s u r e for the final r u n was app l i ed by a 10 ,000- lb c a p a c i t y h y d r a u l i c 

p r e s s wi th p r e s s u r e a u t o m a t i c a l l y he ld c o n s t a n t by a p r e s s u r e swi tch and p u m p . 

F o r the f i r s t r u n s , a s t a n d a r d h a n d - p u m p e d h y d r a u l i c p r e s s was u s e d , but the 

pumping uni t soon deve loped a l e a k p a s t the r e l e a s e v a l v e , a l lowing the p r e s s u r e 

to fall s lowly to z e r o . It w a s t hen n e c e s s a r y to r e p r e s s u r i z e the c a p s u l e s e v e r a l 

t i m e s a day; and s e v e r a l r u n s w e r e m a d e in t h i s m a n n e r , without c o n s t a n t p r e s ­

s u r e t h r o u g h the l eng th of the r u n . A p r e s s u r e of 40 ,000 p s i n o m i n a l was u s e d 

to e n s u r e the i n t i m a t e c o n t a c t b e t w e e n bu t tons tha t would le t t e m p e r a t u r e - i n d u c e d 

diffusion p r o c e e d r a p i d l y . High p r e s s u r e a l s o p r o m o t e d m e c h a n i c a l bu t t on -

bonding with the s h e a t h , to give an i m p r o v e d m o u n t e d s p e c i m e n ; l oose bu t tons 

could not be e a s i l y m o u n t e d , and any i n t e r f a c e r e a c t i o n was t h e n l o s t in m o u n t ­

ing and p o l i s h i n g . 

The f u r n a c e was N i c h r o m e - V w i r e wound o v e r a c e r a m i c s l e e v e , in a f a s h ­

ion to give a l eve l h o t - z o n e 2 in . long at i t s m i d p o i n t . The m i n i m u m f u r n a c e 

l eng th to give t h i s p ro f i l e w a s found to be 10 in. If a c o m m e r c i a l l y bui l t f u r n a c e 

w e r e a v a i l a b l e wi th a s h o r t e r h e a t e d l eng th , it would be p o s s i b l e to r e d u c e the 

l eng th of the p r e s s u r e r o d s a c c o r d i n g l y . P o w e r w a s suppl ied t h r o u g h a P o w e r -

s ta t and on-off c o n t r o l l e r wi th the c o n t r o l t h e r m o c o u p l e p l a c e d at t he midpo in t of 

the w i n d i n g s . 

After a s s e m b l i n g a new f u r n a c e , the t e m p e r a t u r e p ro f i l e w a s d e t e r m i n e d , 

and the c o n t r o l t e m p e r a t u r e r e q u i r e d to p r o d u c e a g iven t e m p e r a t u r e in the hot 

zone w a s e s t a b l i s h e d . The l eng th and exac t l o c a t i o n of the hot zone w e r e f ixed. 

After coo l ing , the top p r e s s u r e r o d w a s l o w e r e d to the p r o p e r p o s i t i o n and the 

pack ing ( g r a p h i t i z e d a s b e s t o s ) r a m m e d into p l a c e . The e n d - c a p s and s a m p l e 

bu t tons w e r e c l e a n e d and s t a c k e d in the d e s i r e d o r d e r in the s h e a t h , which was 

t h e n c e n t e r e d on t h e b o t t o m p r e s s u r e rod and r a i s e d c a r e f u l l y into the f u r n a c e 

t i l l the top e n d - c a p touched the top p r e s s u r e r o d . The l o w e r Conax sea l could 

then be p a c k e d and t i g h t e n e d . The c o m p l e t e a s s e m b l y w a s t h e n s u p p o r t e d b e ­

t w e e n p l a t e n s of the p r e s s , e v a c u a t e d , and l e a k - c h e c k e d . When l e a k - t i g h t , a 

h y d r o g e n a t m o s p h e r e w a s e s t a b l i s h e d and an a u t o m a t i c r e g u l a t o r w a s se t to feed 
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hydrogen to maintain the des i red p r e s s u r e . Power was then turned on, with the 

control ler and Powers ta t set to give the tes t t e m p e r a t u r e . When this t e m p e r a ­

tu re was reached, the des i red total force was applied by the hydraulic p r e s s . 

With the manually operated p r e s s , this load was reapplied as often as neces sa ry 

during the day shift. 

On completion of the t i m e - a t - t e m p e r a t u r e requi red , the furnace was cooled, 

the sample removed and sectioned longitudinally, mounted, and polished for 

metal lographic examination. No at tempt was made to show grain s t ruc ture at 

the interfaces; the multitude of d i s s imi l a r meta l s p resen t in each sample made 

uniform polishing and etching imposs ib le . Some of the br i t t le in te rmeta l l i cs 

that formed at in ter faces , and much of the Solaramic , tended to polish out of the 

s ampl e. 

U l i t l W I I I i l « • • • , ! 
• i > i k i a i ' i 
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III. RESULTS 

Eight runs were completed in this qualitative s e r i e s . A summary of opera t ­

ing conditions is given in Table I following. 

Table II l i s t s the ma te r i a l s assembled in each capsule . Each of these but­

tons was also in contact with the Inconel-X sheath. 

A descr ip t ion of the interfaces of each capsule follows; photomicrographs of 

the naore significant interfaces a re included. 

Run Number 1 - 216 hr at 1200°F 

1. Solaramic (Type S-1435A) on Type 347 s ta in less steel vs hydrided z i r co ­

nium— 10 wt % uranium (Figure 2); no diffusion zone or react ion is found in ei ther 

s ta inless or hydride button. The Solaramic layer extruded somewhat from the 

interface to the sides of the button; this is typical of all Solaramic samples . An 

excellent mechanical bond exis ts between the Solaramic and both s ta inless and 

hydride buttons; any separat ion c rack in cooling came in the Solaramic l ayer . 

Most of the Solaramic was lost in the polishing. 

2. Solaramic vs hydrided zirconium— 7 wt % uranium and Solaramic vs 

zirconium hydride: Same as 1. above. 

3. Type 347 s ta in less s teel , surface oxidized, vs hydrided zirconium — 

7 wt % uranium (Figure 3): a diffusion zone formed on both sides of the original 

interface, leaving the oxide layer unchanged. This l ayer , p repa red by heating 

the button in a i r , is porous and only 2 /i thick. 

4. Has te l loy-B, surface-oxidized, vs hydrided zirconium— 10 wt % uranium 

(Figure 4): a diffusion layer formed. This oxide layer was discontinuous and 

did not offer a good b a r r i e r . 

5. Inconel-X vs hydrided zirconium — 10 wt % uranium (Figure 5): a diffu­

sion zone formed, bonded strongly to both buttons; the hydride button cracked 

para l le l to the bond on cooling. The same diffusion was found with the 7 wt % 

uranium alloy and with zirconium hydride . 
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TABLE I 

SUMMARY OF OPERATING CONDITIONS FOR COMPATIBILITY TESTS 

Run 

1 

2 

3 

4 

5 

6 

7 

8 

Sample 
Tempera tu re 

(°F) 

1200 

1200 

1500 

1600 

1600 

1300 

1300 

1300 

Sample P r e s s u r e 
Load 
(psi) 

40,000 
(constant) 

40,000 
(constant) 

40,000 
( intermit tent) 

40,000 
( intermit tent) 

40,000 
( intermit tent) 

40,000 
( intermit tent) 

40,000 
(intermittent) 

40,000 
(constant) 

Time at 
Tempera tu re 

(hr) 

216 

210 

190 

65 

360 

235 

494 

334 

Metal . Lab. 
Specimen 

Number 

964-1 
964-2 

1052 

1065-1 

1091 

1142 

1227 

TABLE II 

MATERIALS ASSEMBLED IN TEST CAPSULES 

Run Button Assembly 

2 

3 

4 

5 

6 

7 

8 

ZrH /So la ramic on Stainless /Oxidized S t a i n l e s s / U - Z r H /So la ramic 
o n S ^ i n l e s s / U - Z r H /Oxidized Hastelloy B / U - Z r H /So la ramic on 
S t a i n l e s s / Z r H ^ ^ 

x 
Molybdenum/ZrH / C o p p e r / Z r H / G o l d / Z r H /Nickel X X 

Nickel /Solaramic on S t a i n l e s s / U - Z r H /Molybdenum/U-ZrH / 
Hastelloy B x x 

Not completed 

Nicke l /U-ZrH /Molybdenum/U-ZrH / N i c k e l / U - Z r H /Molybdenum 
X X X 

U-ZrH /Bery l l i um/So la ramic on S ta in less /Bery l l ium/Has te l loy B 
Not completed 

Beryl l ium/Has te l loy B/Bery l l ium Oxide/Solaramic on Sta in less / 
Beryl l ium Oxide/Type 347 Stainless Steel 
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Run Number 2 - 210 hr at 1200°F 

1. Molybdenum vs hydrided zirconium— 10 wt % uranium: no diffusion or 

react ion took p lace . 

2. Gold vs hydrided zirconium — 10 wt % uranium (Figure 6): an ext remely 

wide diffusion zone formed — 115 yu. wide. The zone cracked somewhat a c r o s s 

its width on cooling, but remained bonded to both buttons. A s imi la r , slightly 

thicker diffusion zone, 130 / i , was found at a second gold-zi rconium hydride 

interface. 

3. Copper vs hydrided zirconium (Figure 7): a diffusion zone 35 ^ wide was 

formed. It c racked badly a c r o s s its width on cooling. 

4. Nickel vs zirconium hydride: no diffusion or react ion took p lace . 

Run Number 3 - 190 hr at 1500°F 

1. Molybdenum vs hydrided zirconium — 7 ŵ t % uranium: no diffusion or 

react ion was found. 

2. Haste l loy-B vs hydrided zirconium— 7 wt % uranium (Figure 8): a diffu­

sion zone 45 /i wide formed, then split along its length on cooling. The zone 

may have been composed of two l a y e r s , part ing at their in terface . 

3. Solaramic vs hydrided zirconium— 10 wt % uranium (Figure 9): no diffu­

sion or react ion was found. 

4. Solaramic vs nickel: no diffusion or reac t ion was found. 

5. Inconel-X vs hydrided zirconium— 10 wt % uranium (Figure 10): a 3-

layer diffusion zone 70 fx wide formed. 

Run Number 4 - 6 5 hr at 1600°F 

This run was stopped when a leak developed in the sys tem ear ly in the run. 

The sample was mounted in the hope of detecting incipient bonding, but the hy­

dride buttons were found to be badly oxidized. No diffusion occur red . F igure 11 

shows a typical 2- layer react ion zone on a hydride button. 

NAA-SR-5413 
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Run Number 5 - 360 hr at 1600°F 

1. Nickel vs hydrided zirconium — 7 wt % uran ium (Figure 12): an ext remely 

wide diffusion zone formed on the hydride side of the original in terface . Average 

width of the zone was 225 //. 

2. Inconel-X vs hydrided zirconium — 7 wt % uraniuna (Figure 13): A diffu­

sion zone 100 ^ wide formed on the hydride side of the original in ter face . The 

b reak in cooling came in the br i t t le hydr ide . 

3. Molybdenum vs hydrided zirconium — 7 "wt % uranium (Figure 14): a thin 

diffusion zone 20 // wide, not consistently formed, appears on half of the in te r ­

face . 

Run Number 6 - 235 hr at 1300°F 

1. Beryl l ium vs Solaramic (Figure 15): a thin reac t ion zone 10 fi wide 

formed between the Solaramic layer and the beryl l ium button, and remained 

firmly bonded to the Solaramic when the s ta in less pulled cleanly aw^ay on cooling. 

2. Beryl l ium vs Hastel loy-B (Figure 16): an ext remely wide diffusion zone 

formed, averaging 230 ^ in width. The zone cracked along its length on cooling. 

3. Beryl l ium vs Inconel-X (Figure 17): an ext remely wide diffusion zone 

formed he re , 280 / iwide . The zone cracked badly internal ly . 

4. Beryl l ium vs hydrided zirconium — 7 wt % uranium (Figure 18): no r e a c ­

tion or diffusion took p lace . 

5. Inconel-X vs hydrided zirconium— 7 wt % uranium (Figure 19): a diffu­

sion zone 12 ^ w îde was formed. 

Run Number 7 - 494 hr at 1300°F 

This run was an attempt to confirm the r e su l t s of the previous run and es tab ­

l ish whether the So la ramic-bery l l ium react ion proceeds l inear ly with t i m e . 

However, in assenabling the tes t the top p r e s s u r e rod was not made concen­

t r i c with the sample sheath, and the load was c a r r i e d on one side of the sheath. 

In Run Number 5, when the same thing happened, the tes t t empera tu re was so 

high that the sheath crushed, keeping the buttons in contact . In th is run at the 
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lower t empera tu re the sheath bent, springing the buttons apar t . A diffusion zone 

was found only at one interface, beryl l ium vs Has te l loy-B. Lack of react ion at 

other interfaces was at tr ibuted to the separat ion of the buttons. 

The top p r e s s u r e rod and end-cap were modified after this run to prevent 

eccentr ic loading. 

Run Number 8 - 334 hr at 1300°F 

This was the f i rs t run made with the applied p r e s s u r e held constant auto -

matical ly; and the effects of this constant p r e s s u r e , and improved contact, a re 

seen in the beryl l ium reac t ions . 

1. Beryl l ium vs Haste l loy-B (Figure 20): a very wide diffusion zone ,24mi l s 

thick at its widest , was formed. The zone remained f irmly bonded to the Has te l ­

loy and pulled away frona the bery l l ium. About four-fifths of the zone was on the 

Hastelloy side of the original in terface . 

2. Beryl l ium vs Inconel-X (Figure 21): another very wide diffusion zone, 

16 mi ls thick at its widest , w^asfound; it was br i t t le , and broke up severe ly . 

3. Beryl l ium oxide vs Solaramic (Figure 22): no diffusion or react ion took 

p lace . The BeO buttons cracked under the load, and Solaramic extruded into 

these c racks (Figure 23); but no react ion Avas found even with this intimate contact . 

4. Beryl l ium oxide vs Haste l loy-B (Figure 24), Inconel-X, and Type 347 

s ta in less : the re was no diffusion or reac t ion . 
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IV. CONCLUSIONS 

F r o m the tes t runs made, we have drawn the five following conclusions. 

The fuel alloy will form a diffusion zone with any of the proposed SNAP 2 

cladding m a t e r i a l s at SER operating t e m p e r a t u r e s , unless separated from the 

cladding by a layer of Solaramic or s imi la r nonreact ive ce ramic m a t e r i a l . The 

use of such a layer for the p r i m a r y purpose of hydrogen retention in the p resen t 

r eac to r design solves this fuel-cladding alloying p rob lem. 

The beryl l ium reflector plugs used in the p resen t SNAP 2 fuel-element de ­

signs will r eac t with the Solaramic hydrogen b a r r i e r if the two a r e in contact . 

With the excellent contact provided in these capsule t e s t s , the react ion dest royed 

0.4 mil of the coating in 23 5 h r . If the react ion continues at this r a t e , the stand­

ard 2.5 mil Solaramic coating used on the SER would be destroyed in 1500 h r . 

Beryl l ium oxide, because it does not r eac t with So la ramic , could be used as 

a ref lector in place of beryl l ium metal to solve the Solaramic destruct ion p r o b ­

lem, although use of the oxide might include a weight and react ivi ty penalty. 

Although beryl l ium oxide does not reac t with So la ramic , the react ion shown 

in F igure 15 between bery l l ium and Solaramic did not stop as soon as the metal 

and ce ramic were separa ted by a film of react ion product , that is undoubtedly 

BeO. Thus, ŵ e conclude that the re is a t r anspor t mechan ism operating to c a r r y 

beryl l ium through the porous react ion film to the Solaramic ; or to c a r r y oxygen 

from the Solaramic to the bery l l ium. The second mechan ism is believed l e s s 

l ikely, because Solaramic decomposit ion in the absence of beryl l ium was not 

noted in Run Number 6, or in other runs where zirconium could have served to 

get ter the oxygen. The f i rs t mechan i sm is postulated as the formation of be ry l ­

l ium hydride, which could have a rea l vapor p r e s s u r e at this t e m p e r a t u r e , fol­

lowed by t r anspo r t of the hydride vapor through the reac t ion film to the Solaramic 

where it reduces the ce r amic oxides. 

If this conclusion is co r r ec t , plain beryl l ium used in the fuel element would 

reduce Solaramic even if the ref lector were sized to leave an appreciable gap be ­

tween it and the So la ramic . 



Beryl l ium will form a diffusion zone with any of the proposed SNAP 2 clad­

ding m a t e r i a l s at SER operating t e m p e r a t u r e s . Beryl l ium oxide will not. If the 

bery l l ium-Solaramic react ion does continue to the complete destruct ion of the 

Solaramic as postulated above, a s imi lar beryl l ium-cladding react ion may then 

begin; but we do not now have evidence to confirm or deny this supposition. 
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V. RECOMMENDATIONS 

On the bas is of the evidence presen ted , the five following recommendat ions 

a r e hereby made . 

Continue bery l l ium-Solaramic compatibili ty t e s t s at constant t empera tu re 

to determine how^ this react ion proceeds with t ime . 

Repeat the original bery l l ium-Solaramic tes t at varying t e m p e r a t u r e s . 

React Solaramic with beryl l ium powder in hydrogen, and analyze the r e a c ­

tion product to de te rmine if the beryl l ium is reducing all or only a ce r ta in few 

of the var ious oxides that make up the Solaramic formula. 

Conduct stability studies of Solaramic in hydrogen at varying t e m p e r a t u r e s . 

Continue fue l -meta l -bery l l ium compatibili ty s tudies , with a view to finding 

a foil to separa te the Solaramic and beryl l ium. 
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TYPE 347 
STAINLESS 
STEEL 

250X 

Figure Z. Solaramic vs U-Zr Hydride - Zlb Hr at 1Z00°F 

500X 

Figure 3. Oxidized Stainless Steel vs U-Zr Hydride - Z lbHr at 1Z00°F 
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500X 

Figure 4. Oxidized Hastel loy-B vs U-Zr Hydride — 
216 Hr at 1200°F~ 

250X 

Figure 5. Inconel-X vs U-Zr Hydride — 216 Hr at 1200 °F 
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UNCLASSIFIED 

lOOX 

F i g u r e 6. Gold vs Z i r c o n i u m H y d r i d e - 210 Hr at 1200 °F 

lOOX 

F i g u r e 7. C o p p e r vs Z i r c o n i u m H y d r i d e — 210 Hr at 1 2 0 0 ° F 
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siipr 

250X 

Figure 8. Hastel loy-B vs U-Zr Hydride — 
190 Hr at 1500°F 

TYPE 347 
STAINLESS 
STEEL 

2 5 0 X 

Figure 9. Solaramic vs U-Zr Hydride - 190 Hr at 1500°F 
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UNCLASSIFIED 

5 OCX 

F i g u r e 10. I n c o n e l - X vs U - Z r H y d r i d e - 190 Hr at 1500°F 

F i g u r e 1 1 . Oxid ized U - Z r H y d r i d e - 65 Hr at 1 6 0 0 ° F 
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UNCLASSIFIED 

DIFFUSION ZONE 

U-Z r HYDRIDE 

2 5 0 X 

Figure 12. Nickel vs U-Zr Hydride — 
360 Hr at~T600°F 

;6NEL X ^ f l H H j 

^̂ 1 

DIFFUSION Z O N E " 

^ E j g ^ U - Z f HYDRIDE 

2 5 0 X 

Figure 13. Inconel-X vs U-Zr Hydride - 360 Hr at 1600°F 
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S$T 

t--i?-

YBDENUM 

DIFFUSION ZONE 

r rf { : _ ; . ^ ^%^^. -^mf £ . J u - Z r HYDRIDE r . * ^ 

250X 

Figure 14. Molybdenum vs U-Zr Hydride — 
360 Hr at 1&00°F 

1 • 
ii m 

W i ̂  
i|te m •• p 

1 
^ 

^ 

^ 

• • 
BERYLLIUM 

1^REACTION Z O N E j j j ^ ^ ^ ^ 
PHsOLARAMIC^^^^H 

TYPE 347 
STAINLESS 
STEEL 

• • 

in 

250X 

Figure 15. Solaramic vs Beryl l ium 
235 Hr at 1300"°F 
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BERYLLIUM 

HASTELLOY-B 

lOOX 

F i g u r e 16. B e r y l l i u m vs H a s t e l l o y - B - 235 Hr at 1300°F 

t • 

1 
* 

f 

* 

BERYLLIUM 

.• ' • , . ' . •_ . . 

I B ^ ^ * ^ * ^ 

1 ^ V ' , DIFFUSION ZONE j^ k 

• J 'f- • '.'1 

INCONEL-X 

* 

nsn 

' 

lOOX 

F i g u r e 17. B e r y l l i u m vs I n c o n e l - X - 235 Hr at 1300 °F 
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250X 

Figure 19. Inconel-X vs U-Zr Hydride - 235 Hr at 1300°F 
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UNCLASSIFIED 

DIFFUSION ZONE 

HASTELLOY-B 1 
lOOX 

F i g u r e 20 . B e r y l l i u m vs H a s t e l l o y - B - 334 Hr at 1300°F 

INCONEL -X 

iOOX 

F i g u r e 2 1 . B e r y l l i u m vs I n c o n e l - X - 334 Hr at 1300°F 
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SOLARAMIC 

TYPE 347 
STAINLESS 
STEEL 

250X 

Figure 22. Solaramic vs Beryl l ium Oxide - 334 Hr at 1300°F 

250X 

Figure 23. Solaramic vs Beryl l ium Oxide - 334 Hr at 1300°F 
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INCONEL-X 

lOOX 

Figure 24. Beryl l ium Oxide vs Haste l loy-B and Inconel-X - 334 Hr at 1300°F 
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