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ABSTRACT 

S c r e e n i n g t e s t s h a v e been p e r f o r m e d to d e t e r m i n e t h e c o m ­

p a t i b i l i t y of m a n y of the m a t e r i a l s in c o n t a c t w i th e a c h o t h e r in 

the SNAP lOA/2 and S N A P 8 r e a c t o r c o r e s . In s o m e c a s e s of 

known i n c o m p a t i b i l i t y , r e a c t i o n b a r r i e r s w e r e s t u d i e d . The t e s t s 

invo lved p l ac ing s m a l l s a m p l e s of the m a t e r i a l s u n d e r c o n s i d e r ­

a t ion in i n t i m a t e c o n t a c t at t e m p e r a t u r e s f r o m 1200 to 1450 *F 

for p e r i o d s up to 1000 h r in e n v i r o n m e n t s s i m i l a r to t hose e n ­

c o u n t e r e d in the p a r t i c u l a r r e a c t o r . The m u t u a l c o m p a t i b i l i t y of 

the s a m p l e m a t e r i a l s •was d e t e r m i n e d by m e t a l l o g r a p h i c e x a m i n a t i o n . 

R e a c t i o n s -were o b s e r v e d bet-ween the fol lowing c o m p o n e n t s : fuel 

and the b a r e c ladding (without h y d r o g e n b a r r i e r ) ; fuel c ladding and 

the SNAP 2 b e r y l l i u m i n t e r n a l r a d i a l r e f l e c t o r ; and s e v e r a l fuel 

e l e m e n t t h e r m a l bond m a t e r i a l s and both the fuel and the e n a m e l 

h y d r o g e n b a r r i e r . R e a c t i o n b a r r i e r s for fuel c l add ing and the 

SNAP 2 b e r y l l i u m i n t e r n a l r a d i a l r e f l e c t o r w e r e e x a m i n e d , but 

none -were found to be e f f ec t ive . The m a j o r i t y of the s u g g e s t e d 

r e a c t o r c o r e m a t e r i a l s w e r e found c o m p a t i b l e in th i s s tudy . 

N A A - S R - 9 0 0 7 
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I. INTRODUCTION 

In the d e v e l o p m e n t of n u c l e a r r e a c t o r s for long t e r m u n a t t e n d e d o p e r a t i o n 

a t h igh t e m p e r a t u r e s , one i m p o r t a n t p r o p e r t y wh ich m u s t be c o n s i d e r e d i s the 

c o m p a t i b i l i t y of the v a r i o u s m a t e r i a l s wh ich a r e e s s e n t i a l to the o p e r a t i o n of 

the s y s t e m . T h r e e SNAP r e a c t o r s , u n d e r d e v e l o p m e n t at A t o m i c s I n t e r n a t i o n a l , 

w^ill o p e r a t e in s p a c e a t t e m p e r a t u r e s of 1000 to 1500 ° F for a l i f e t i m e of 1 y r . 

T o a s s u r e p e r f o r m a n c e r e l i a b i l i t y , a p r o g r a m of c o m p a t i b i l i t y t e s t i n g w a s u n d e r ­

t a k e n to guide the s e l e c t i o n of the v a r i o u s c o r e m a t e r i a l s for t h e s e r e a c t o r s . 

The t e r m " c o m p a t i b i l i t y , " a s i t i s u s e d in t h i s r e p o r t , i s def ined a s the 

s tudy of the b e h a v i o r of two or m o r e so l id c o m p o n e n t s which a r e in i n t i m a t e 

c o n t a c t du r ing r e a c t o r o p e r a t i o n . F o r the t e s t s d e s c r i b e d h e r e i n , so l id m a t e ­

r i a l s w e r e c o n s i d e r e d to be c o m p a t i b l e u n d e r spec i f i c cond i t ions if they could 

be p l a c e d in i n t i m a t e c o n t a c t for an ex tended p e r i o d of t i m e w^ithout the o c c u r ­

r e n c e of a r e a c t i o n which w a s o b s e r v a b l e by s t a n d a r d m e t a l l o g r a p h i c t e c h n i q u e s . 

In ana lyz ing the SNAP r e a c t o r s for p o s s i b l e c o m p a t i b i l i t y p r o b l e m s , the 

f i r s t c o n s i d e r a t i o n w a s the c o n t a c t of the m a t e r i a l s in q u e s t i o n . In a s o l i d - s o l i d 

s y s t e m the p r i m a r y p r e r e q u i s i t e for i n i t i a t i on and p r o p a g a t i o n of a p h y s i c a l or 

c h e m i c a l r e a c t i o n i s the i n t i m a t e c o n t a c t of the m a t e r i a l s . If th i s condi t ion i s 

m e t , the e n v i r o n m e n t m u s t t hen be c o n s i d e r e d . In add i t ion to h igh t e m p e r a t u r e s , 

a l l m a t e r i a l s in the SNAP r e a c t o r c o r e s a r e e x p o s e d to a n e u t r o n flux, s o m e 

c o m p o n e n t s a r e e x p o s e d to hot flowing N a K - 7 8 , o t h e r s a r e o p e r a t e d in the p r e s ­

ence of h y d r o g e n g a s , and s o m e m u s t o p e r a t e in the h a r d v a c u u m of s p a c e . With 

the excep t ion of the n e u t r o n flux, t h e s e p a r a m e t e r s w e r e c o n s i d e r e d in c o m p a t i ­

b i l i t y t e s t s w h e r e a p p l i c a b l e . 

In th i s r e p o r t , the t e s t s h a v e b e e n c a t e g o r i z e d in two g r o u p s . The t e s t s on 

fuel e l e m e n t m a t e r i a l s of the SNAP r e a c t o r s a r e c o n s i d e r e d s e p a r a t e l y f r o m 

t h o s e s t u d i e s involv ing o the r c o r e c o m p o n e n t s , such as i n t e r n a l r a d i a l r e f l e c ­

t o r s and the c o r e t ank . 

N A A - S R - 9 0 0 7 
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II. COMPATIBILITY OF SNAP FUEL ELEMENT MATERIALS 

The fuel e l e m e n t s of the SNAP 8 and lOA/2 r e a c t o r s c o n s i s t of a h y d r i d e d 

Z r - 1 0 U a l loy f u e l - m o d e r a t o r rod con ta ined i n s i d e a c h r o m i z e d H a s t e l l o y N 

e n v e l o p e . The i n t e r n a l s u r f a c e of the c ladding enve lope is coa t ed wi th a th in 

c e r a m i c h y d r o g e n b a r r i e r . Under n o r m a l r e a c t o r o p e r a t i n g c o n d i t i o n s , the fuel 

and the c e r a m i c a r e in c o n t a c t in a h y d r o g e n a t m o s p h e r e . Should the c e r a m i c 

b a r r i e r be r e m o v e d f rom the c l a d d i n g , the fuel could c o n t a c t the c h r o m i z e d 

H a s t e l l o y N c l a d d i n g . 

At v a r i o u s s t a g e s in the d e v e l o p m e n t of t h e s e r e a c t o r s , s p e c i a l n e u t r o n 

r e f l e c t o r m a t e r i a l s w e r e p l a c e d i n s i d e the fuel e l e m e n t s . In the SNAP lOA/2 

r e a c t o r , both b e r y l l i u m and b e r y l l i u m oxide b o d i e s w e r e c o n s i d e r e d . S ince b e r y l ­

l i um w a s found to be i n c o m p a t i b l e w i th the c e r a m i c , v a r i o u s b a r r i e r m a t e r i a l s 

w e r e i n v e s t i g a t e d . In the SNAP 8 r e a c t o r , l iquid m e t a l t h e r m a l bond m a t e r i a l s 

w^ere c o n s i d e r e d to i m p r o v e the h e a t flow f rom the fuel rod to the c l add ing . 

The following p a r a g r a p h s s u m m a r i z e the e x p e r i m e n t a l s t u d i e s on the SNAP 

fuel e l e m e n t m a t e r i a l s . In g e n e r a l , the goa l of e a c h e x p e r i m e n t w a s to e s t a b l i s h 

w h e t h e r o r not a c o m p a t i b i l i t y p r o b l e m e x i s t e d for the p a r t i c u l a r m a t e r i a l u n d e r 

c o n s i d e r a t i o n . 

A. F U E L AND CLADDING M A T E R I A L S 

T e s t s w e r e p e r f o r m e d on s e v e r a l d i f f e ren t fuel and c ladding m a t e r i a l s . 

Spec i f i ca l ly , the c e r a m i c h y d r o g e n b a r r i e r coa t i ngs inc luded a c o m m e r c i a l 

e n a m e l , S o l a r a m i c S14-35 S m ^ , and an e n a m e l coa t ing deve loped by A t o m i c s 

I n t e r n a t i o n a l , A I - 8 7 6 3 D . The fuels i nc luded s e v e r a l h y d r i d e c o m p o s i t i o n s of 

z i r c o n i u m - 1 0 wt % u r a n i u m a l loy , s o m e of wh ich c o n t a i n e d add i t i ons of c a r b o n 

(0.5 wt %) . C h r o m i z e d and b a r e H a s t e l l o y N w e r e the c ladding tube m a t e r i a l s 

u s e d in th i s s t udy . Tab le 1 s u m m a r i z e s the c o m p a t i b i l i t y t e s t s p e r f o r m e d on 

t h e s e m a t e r i a l s . 

1. T e s t s on E n a m e l Coa t ings and F u e l s 

a . S o l a r a m i c S14-35 Sm^ vs Unmodi f ied Z r wt % U H y d r i d e 

Two s a m p l e s of S o l a r a m i c coa t ed c h r o m i z e d H a s t e l l o y N w e r e p l a c e d 

in c o n t a c t w i th w a f e r s of z i r c o n i u m - 1 0 wt % u r a n i u m h y d r i d e hav ing a h y d r o g e n 

-''A p r o d u c t of S o l a r A i r c r a f t C o m p a n y , San Diego , C a l i f o r n i a 
t A c h r o m i u m diffusion coa t ing app l i ed a t e l e v a t e d t e m p e r a t u r e s by a p r o p r i e t a r y 

p r o c e s s t e r m e d " c h r o m i z i n g " m u s t b e u s e d on H a s t e l l o y N to obta in a good e n a m e l 
c o a t i n g . 

N A A - S R - 9 0 0 7 
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TA?BLE 1 

SUMMARY OF COMPATIBILITY TESTS ON FUEL AND 
CLADDING MATERIALS 

Compatibi l i ty Couple 

So la ramic (S14-35 Sm2) vs 
unmodified Z r - 1 0 w t " ^ 
U hydride ( H / Z r ~1 .6 ) 

AI-8763D vs carbon modified t 
. Z r - IOU hydride ( H / Z r ' -1.5)-

Chromized Hastel loy N vs. 
Z r - 1 0 wt % U hydride 
(H /Zr ' -1 .6) 

1 
Bare Hastel loy N vs carbon 

modified Z r -10 wt % 
U hydride ( H / Z r ~1 .5 ) 

Tes t Conditions 

T e m p e r a t u r e 
. ' (°F) 

1450 

^ 1450 

- 1 . . . -• • 

145Q -

1450«v. 

Atmosphere 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Time 
(hr) 

513 

320 

513 

320 

Observa t ions 

No react ion , 
compatible 

No reac t ion , 
compatible 

Reaction zone 0.3 mi l 
thick, incompatible 

Reaction zone 2.5 mi l 
thick, incompatible 

zirconium atomic rat io of about 1.6. The samples were placed in a s tainless 

s teel holding device designed to mainta in intimate contact for the duration of 
* » 

the tes t . ' • I . 
• • • • ' • • 

The mounted samples w ^ e sealed in a s ta in less s teel capsule along 
with some pieces of z i rconium hydride which provided a hydrogen a tmosphere . 

The internal surfaces of the s ta in less capsule were coated with Solaramic to 

prevent hydrogen loss during the tes t . The capsule was placed in a muffle fur­

nace and heated at 1450°F for '5 t3 ' l i r . After furnace cooling, the capsule was 

opened and the samples were prepared for microscopic examination. An exam-» 

ination of the Solaramic-fuel interface did not revea l any significant react ion. 

b . AI-8763D vs Carbon Modified Zr -10 wt % U Hydride ' ' ' 

The AI-8763D enamel hydTogen b a r r i e r was applied to unchromized 

Hastelloy N, and the enameled side of the sample placed against a piece of c a r - • 

bon modified z i rconium-10 wt'^'^ujcanium hydride with a hydrogen-zi rconium 

rat io of about 1.5. Carbon content of the alloy was 0.5 wt %. The holding device 

in this, tes t was made of molybdenurn, having a coefficient of t he rma l expansion 

rrftich "lower than s ta in less s tee l . This a s s u r e d that the sample interfaces would 

bjew mainj^ailied-under compress ion at the tes t t empera tu re . The samples , mounted 

in the holder, were sealed in an evacuated Vycor capsule along with some pieces 

I 
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' 1 ^ ^ 

of zirconium hydride, added to maintainv-jf- hydrogen a tmosphere over the s a m -

pies during the tes t . The capsule was heated'ii i a muffle furnace at 1450°F for 

320 h r . The samples were mounted, sectioned* and" polished for microscopic 

examination. As will be noted in Figure 1, the ' r^was no observable react ion 

between ei ther the enamel hydrogen b a r r i e r a]jd'1;he fuel m a t e r i a l or the enamel 

and the Hastelloy N. 
'i ' 

f 

HASTELLOY W (UNCHROMIZeO) ^ 
\ J-< 

UNETCHED 400 X 
2716-1-1 

Figure 1. AI-8763D on Hast&Hoy N (unchromized) 
vs Carbon Modified Zy-Yp wt % U Hydride 
(H/Zr ~1.5) Fuel After 320 hr at 1450°F 

in Hydrogen ,. 

\ ^ ' 

; 

f 

r 
•. 

^ J C * 

^* 
• ^ 

t' 
^ 

Discussion 

The resu l t s of these tes ts a r e cdl^sistent with those repor ted by 
.1 fi^ 

Balkwill in which Solaramic was observed to 'be compatible with z i rconium-10 

10 wt % uranium hydride at 1500°F in hydrogen fpr a period of 190 h r . The 

ifnherent stabili ty of these ce ramic enamels"'suggests that compatibili ty under 

s imi la r conditions can be expected to last for-.mvich longer periods of t ime . 

2. Tests on Fuels and Cladding Chromiz'ed Hastelloy N 
vs Zr -10 wt % U Hydride ^^ 

Chromized Hastelloy N was placed in contact with zirconium-10,v?t %, 

uranium hydride having an H / Z r rat io of ' ^1 .6 . Two samples were j n c l ^ t e d in 

a s ta in less s tee l holder and sealed in a s ta in less s teel capsule coated iHjfema^y 

4'^ 
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with Solaramic . The capsule void volume was packed w^ith pieces of zirconium 

hydride so that a hydrogen a tmosphere would be maintained over the sample dur ­

ing the tes t . The sealed capsule was heated in a muffle furnace for 513 hr at 

1450°F. I 

After test , the samples were prepared for microscopic examination. In­

spection of the interface between the chromized Hastelloy N and the fuel ma te r i a l 

with a microscope revealed that a react ion had taken place as a resul t of the tes t . 

The resul tant diffusion zone m e a s u r e d about 0.3 mi l in thickness (Figure 2). 

ETCH: 10% 400X 
OXALIC ACID 2187-1 

Figure 2. Chromized Hastelloy N vs Zr -10 wt % 
U Hydride (H/Zr ' -1.6) Fuel After 513 hr 

at 1450 °F in Hydrogen 

b. Bare Hastelloy N vs Carbon-Modified Zr -10 wt % U Hydride 

Since it was thought, in the ear ly s tages of development, that the 

enamel hydrogen b a r r i e r , AI-8763D, could be sat isfactor i ly used on ba re 

Hastelloy N, the compatibili ty of the modified fuel and ba re Hastelloy N was 

tes ted at SNAP 8 conditions. Samples of ba re Hastelloy N and zi rconium-10 wt % 

uranium hydride having an H / Z r ratio of about 1.5 were bound together in a moly­

bdenum holder and sealed in a Vycor capsule along with some pieces of zirconium 

hydride used to mainta in a hydrogen a tmosphere over the samples during the test . 

The sealed capsule was heated in a muffle furnace at 1450°F for 320 h r . 

NAA-SR-9007 
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At the conclusion of the test , the samples were removed from the 

capsule and prepared for microscopic examination. A study of the interface 

between the two m a t e r i a l s revealed that a react ion had taken place. The diffu­

sion zone m e a s u r e d 2.5 mils in th ickness . A photomicrograph of a typical in t e r -

facial region is given in Figure 3 . 

UNETCHED 400X 
2716-1-2 

Figure 3. Hastelloy N vs Carbon Modified 
Zr -10 wt % U Hydride After 320 hr 

at 1450 °F m Hydrogen 

c. Discussion 

These tes ts show quite conclusively that a compatibili ty problem exis ts 

in the SNAP fuel e lements if the ce ramic hydrogen b a r r i e r ceases to separa te 

the fuel and Hastelloy N cladding m a t e r i a l s . The type of react ion appears to be 

so l id-s ta te interdiffusion. 

In comparing the resu l t s of tes ts on the compatibili ty of the Hastelloy N 

cladding m a t e r i a l with the SNAP fuels, it can be said that chromized Hastelly N 

is m o r e compatible with the fuel at 1450 °F than is bare Hastelloy N. Carbon-

modified fuel (containing about 0.5 wt % carbon) would not be expected to be s ig ­

nificantly different in its compatibili ty behavior from that of noncarbon ma te r i a l , 

since the carbon exis ts in the form of an ex t remely stable carbide (ZrC) . 

NAA-SR-9007 
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B. REACTION BARRIERS FOR BERYLLIUM FUEL ELEMENT 
END REFLECTORS 

The fuel e l e m e n t of the SNAP 2 e x p e r i m e n t a l r e a c t o r (SER) con ta ined b e r y l -
2 

l i um r e f l e c t o r p lugs i n s i d e e a c h end of the fuel e n v e l o p e . Since the r e f l e c t o r 

plug w a s in c o n t a c t wi th the e n a m e l e d i n t e r i o r of the fuel e l e m e n t , Ba lkwi l l p e r ­

f o r m e d t e s t s to d e t e r m i n e the c o m p a t i b i l i t y of b e r y l l i u m and S o l a r a m i c in h y d r o ­

gen a t 1300 ° F . A r e a c t i o n zone about 0.4 m i l in t h i c k n e s s w a s o b s e r v e d b e t w e e n 

t h e s e two m a t e r i a l s a f t e r t e s t i ng for 235 h r . As a r e s u l t of th i s d i s c o v e r y , a 

s e a r c h w a s m a d e for p o s s i b l e r e a c t i o n b a r r i e r m a t e r i a l s . Due to t h e i r c h e m i c a l 

s t ab i l i t y in h y d r o g e n a t e l e v a t e d t e m p e r a t u r e s and e a s e of a p p l i c a t i o n to so l id 

bod i e s by p l a s m a a r c t e c h n i q u e s , the ox ides of a l u m i n u m , b e r y l l i u m , t h o r i u m , 

and z i r c o n i u m w e r e c o n s i d e r e d as p o s s i b l e b a r r i e r m a t e r i a l s . C h r o m i u m e l e c t r o -

d e p o s i t e d on the b e r y l l i u m w a s a l s o c o n s i d e r e d for u s e as a r e a c t i o n b a r r i e r . 

1. C o m p a t i b i l i t y T e s t s 

A s tudy of the c o m p a t i b i l i t y of b a r r i e r m a t e r i a l s app l i ed to b e r y l l i u m and 

S o l a r a m i c app l i ed to c h r o m i z e d H a s t e l l o y N w a s c a r r i e d out at 1300 ° F in h y d r o -
3 

gen . C y l i n d r i c a l p i e c e s of b e r y l l i u m , w e r e p l a s m a - a r c s p r a y e d wi th the r e f r a c ­
t o r y o x i d e s , g round to s i z e and fit i n s i d e s e c t i o n s of c h r o m i z e d H a s t e l l o y N 
SNAP 2 fuel e l e m e n t t u b e s , wh ich had b e e n coa t ed i n t e r n a l l y wi th S o l a r a m i c . 
S i m i l a r p i e c e s of b e r y l l i u m w e r e e l e c t r o - p l a t e d wi th c h r o m i u m by s t a n d a r d t e c h -

4 
n iques and fit into fuel e l e m e n t tube s e c t i o n s . B a r e b e r y l l i u m p i e c e s w e r e a l s o 

t e s t e d in a s i m i l a r a r r a n g e m e n t . 

The a s s e m b l e d s p e c i m e n s w e r e s e a l e d i n s i d e s t a i n l e s s s t e e l c a p s u l e s 

a long wi th s o m e p i e c e s of z i r c o n i u m h y d r i d e . As in p r e v i o u s t e s t s of th i s type , 

the i n t e r n a l s u r f a c e s of the c a p s u l e s w e r e c o a t e d wi th S o l a r a m i c to r e t a i n the 

h y d r o g e n a t m o s p h e r e o v e r the s a m p l e s du r ing the t e s t . The s e a l e d c a p s u l e s 

w e r e h e a t e d in a muffle fu rnace a t 1 3 0 0 ° F for 1000 h r ; w h e r e u p o n , t hey w e r e 

f u r n a c e coo led and opened . The s a m p l e s w e r e p r e p a r e d for m i c r o s c o p i c e x a m ­

ina t ion of the i n t e r f a c e s b e t w e e n the v a r i o u s m a t e r i a l s in c o n t a c t . 

Both m a c r o s c o p i c and m i c r o s c o p i c o b s e r v a t i o n s i n d i c a t e d tha t a l l the 

r e f r a c t o r y oxide coa t i ngs w e r e c o m p a t i b l e v/ith both the S o l a r a m i c and the b e r y l ­

l i u m , to wh ich they had been a p p l i e d . M a c r o s c o p i c e x a m i n a t i o n of the S o l a r a m i c 

s u r f a c e s t h a t had been in con t ac t wi th the c h r o m e - p l a t e d b e r y l l i u m r e v e a l e d 
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( F i g u r e 4) a w r i n k l i n g of the e n a m e l . M i c r o s c o p i c o b s e r v a t i o n s on the i n t e r -

f ac i a l r e g i o n s i n d i c a t e d tha t the S o l a r a m i c coa t ing w a s s t i l l con t inuous on the 

s u r f a c e of the c h r o m i z e d H a s t e l l o y N. A s u m m a r y of the r e s u l t s of t h e s e t e s t s 

is g iven in Tab le 2 . 

D e f o r m a t i o n of the S o l a r a m i c w a s a p p a r e n t l y c a u s e d by g r o w t h of the 

c h r o m e - p l a t e . This " g r o w t h " p r o b a b l y r e s u l t e d f rom the m i s m a t c h of t h e r m a l 

e x p a n s i o n b e t w e e n the c h r o m i u m and the o t h e r m a t e r i a l s in the c o m p a t i b i l i t y 

F i g u r e 4 . W r i n k l e d Sur face of S o l a r a m i c Af te r 
Con tac t ing C h r o m e - P l a t e d B e r y l l i u m 

for 1000 h r a t 1300 ° F in H y d r o g e n 

s p e c i m e n ; i . e . , on coo l ing f rom 1300 ° F , the s t r e s s - r e l a x e d r ing of c h r o m i u m 

s e p a r a t e d f r o m the b e r y l l i u m and pushed a g a i n s t t he S o l a r a m i c w h i c h flowed to 

fit the buck l ed s u r f a c e of the c h r o m i u m r i n g . The b a r e b e r y l l i u m p i e c e s w e r e 

no t o b s e r v e d to r e a c t w i th the S o l a r a m i c e n a m e l . A p h o t o m i c r o g r a p h of th i s 

m a t e r i a l couple a f t e r t e s t i s shown in F i g u r e 5. 

2 . D i s c u s s i o n 

T h e s e t e s t s show tha t s e p a r a t i o n of b e r y l l i u m and S o l a r a m i c can be e n ­

s u r e d a t 1300 ° F in h y d r o g e n by the u s e of a r e f r a c t o r oxide r e a c t i o n b a r r i e r . A 

c h r o m i u m l a y e r a l s o p r e v e n t s r e a c t i o n in th i s s i t u a t i o n , but can c a u s e d e f o r m a ­

t ion of the S o l a r a m i c b a r r i e r . The a p p a r e n t c o m p a t i b i l i t y of the b a r e b e r y l l i u m 

and the S o l a r a m i c which w a s s e e n in th i s s tudy m a y have b e e n a r e s u l t of l o s s of 
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TABLE 2 

SUMMARY OF COMPATIBILITY TESTS ON REACTION BARRIERS 
FOR BERYLLIUM FUEL ELEMENT END REFLECTORS 

Compa t ib i l i t y 
Couple 

B e r y l l i u m vs S o l a r a m i c 

BeO vs S o l a r a m i c 

Ai^O^ vs S o l a r a m i c 

ZrO~ vs S o l a r a m i c 

ThOp vs^ S o l a r a m i c 

C h r o m e - p l a t e d B e r y l l i u m 
vs S o l a r a m i c 

T e s t 

T e m p e r a t u r e 
(°F) 

1300 

1300 

1300 

1300 

1300 

1300 

Condi t ions 

A t m o s p h e r e 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

T i m e 
(hr) 

1000 

1000 

1000 

1000 

1000 

1000 

O b s e r v a t i o n s 

No r e a c t i o n , c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

S o l a r a m i c w r i n k l e d , 
no r e a c t i o n , e s s e n t i a l l y 
c o m p a t i b l e 

UNETCHED 250X 
2097-5 

Figure 5. Beryll ium vs Solaramic on Chromized 
Hastelloy N After 1000 hr at 1300°F 

in Hydrogen 
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c o n t a c t a t the i n t e r f a c e wi th t i m e a t t e m p e r a t u r e . Al though the i n i t i a l i n t e r f a c i a l 

p r e s s u r e w a s e s t i m a t e d to be 14,000 p s i a t 1 3 0 0 ° F t h i s p r e s s u r e d r o p p e d to a 

v e r y low v a l u e soon a f t e r the t e s t t e m p e r a t u r e w a s a t t a i n e d b e c a u s e the S o l a r a m i c 

w i l l flow u n d e r s t r e s s a t th is t e m p e r a t u r e . An e x a m i n a t i o n of the e n a m e l e d s u r ­

f aces a f t e r the t e s t showed tha t s u b s t a n t i a l a m o u n t s of S o l a r a m i c had b e e n 

s q u e e z e d f rom the r e g i o n s of c o n t a c t du r ing the t e s t . Sl ight fu rnace t e m p e r a t u r e 

f luc tua t ions du r ing the t e s t p r o b a b l y c a u s e d i n t e r m i t t e n t c o n t a c t of p o r t i o n s of 
2 

the s a m p l e i n t e r f a c e s . This c o n t r a s t s wi th the cond i t ion m a i n t a i n t e d by Ba lkwi l l 

w h e r e the c o n t a c t p r e s s u r e w a s r e i n t r o d u c e d to the s p e c i m e n i n t e r f a c e c o n t i n u ­

a l l y t h r o u g h o u t the t e s t . 

C. F U E L E L E M E N T T H E R M A L BOND M A T E R I A L S 

In con junc t ion wi th the SNAP 8 r e a c t o r d e v e l o p m e n t , t h e r e has been a s e a r c h 

for a " t h e r m a l bond ing" m a t e r i a l to r e p l a c e the h y d r o g e n annu lus b e t w e e n the 

fuel rod and the fuel e l e m e n t c l a d d i n g . Some m e t a l o r a l loy , l iquid a t SNAP 8 

o p e r a t i n g t e m p e r a t u r e s , a p p e a r e d to be the type of m a t e r i a l m o s t l ike ly to p r o -
5 

v ide the d e s i r e d i n c r e a s e in h e a t t r a n s f e r f r om the fuel to the c l a d d i n g . B e ­
s i d e s be ing l iquid a t t e m p e r a t u r e , the cand ida t e m a t e r i a l s m u s t : 

1) Not bo i l a t o p e r a t i n g cond i t ions 

2) Should have a neg l ig ib l e v o l u m e change du r ing m e l t i n g 

3) M u s t have a r e l a t i v e l y low t h e r m a l n e u t r o n c r o s s s e c t i o n 

4) M u s t have h igh t h e r m a l conduc t iv i ty c o m p a r e d wi th h y d r o g e n g a s . 

The t e s t s p e r f o r m e d on c a n d i d a t e t h e r m a l bond m a t e r i a l s a r e d i s c u s s e d in the 

fol lowing s e c t i o n s , and a r e s u m m a r i z e d in Tab le 3 , 

1. C o m p a t i b i l i t y S tudies on a L e a d - B i s m u t h T h e r m a l Bond M a t e r i a l 

The l e a d - b i s m u t h e u t e c t i c (55.5 wt % Bi) fits the above r e q u i r e m e n t s 

f a i r l y w e l l , s i n c e it is m o l t e n above 2 5 7 ° F , bo i l s a t 3 0 3 8 ° F , has a t h e r m a l 

conduc t iv i ty of 9 B t u / h r - f t - ° F , and h a s a n u c l e a r c r o s s s e c t i o n of 0.093 b a r n s . 

A s tudy of the c o m p a t i b i l i t y of l iquid P b - B i e u t e c t i c wi th z i r c o n i u m 7 wt % u r a ­

n i u m h y d r i d e hav ing an H / Z r r a t i o of 1.7 w a s p e r f o r m e d a t 1500° F u n d e r s t a t i c 

c o n d i t i o n s . 

The c o m p a t i b i l i t y t e s t involved hea t ing p i e c e s of the z i r c o n i u m - u r a n i u m -

h y d r i d e fuel m a t e r i a l in an e v a c u a t e d Vycor c a p s u l e f i l led wi th p r e h o m o g e n i z e d 
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TABLE 3 

SUMMARY OF COMPATIBILITY TESTS ON FUEL ELEMENT 
THERMAL BOND MATERIALS 

Compatibili ty Couple 

Pb-Bi Eutectic vs Z r - 7 wt % 
U Hydride (H/Zr —1.7) 

Pb-Bi Eutectic vs Z r - 7 wt % 
U Hydride (H/Zr ~1 .7 ) 

Pb-Bi Eutectic vs Z r - 7 wt % 
U Hydride (H/Zr - 1 . 7 ) 

Pb-Bi Eutectic vs Z r - 7 wt % 
Hydride (H/Zr —1.7) 

Pb vs Z r - 7 wt % U Hydride 
(H/Zr - 1 . 7 ) 

Bi vs Z r - 7 wt % U Hydride 
(H/Zr - 1 . 7 ) 

Pb vs Z r - 7 wt % U Hydride 
( H / Z r - 1 . 7 ) 

Sb-23 wt % Tl vs Z r - 7 wt % 
U Hydride (H/Zr—1.7) 

Sb-23 wt % Tl vs Solaramic 

1 

Sb-21 wt % Pb vs Z r - 7 wt % 
U Hydride (H/Zr - 1 . 7 ) 

Sb-21 wt % Pb vs Solaramic 

Sb-21 wt % Sn vs Z r - 7 wt % 
U Hydride (H/Zr — 1.7) 

Sb-21 wt % Sn vs Solaramic 

Test Conditions 

Tempera tu re 
(°F) 

1500 

1500 

1500 

1500 

1350 

1350 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

Time 
(hr) 

100 

250 

500 

1000 

110 

110 

336 

336 

336 

336 

336 

336 

336 

Observat ions 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 

No react ion, 
compatible 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 

Some enamel removed 
from Type 347 s ta in­
less s tee l subs t ra te 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 

Reaction zone, 
incompatible 
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l e a d - b i s m u t h e u t e c t i c . The t e s t t e m p e r a t u r e w a s 1500 F , and the t e s t d u r a t i o n s 

for s e p a r a t e s a m p l e s w e r e 100, 250 , 500, and 1000 h r . V i s u a l e x a m i n a t i o n of 

t r a n s v e r s e s e c t i o n s of e a c h of the s a m p l e s r e v e a l e d tha t a r e a c t i o n had t aken 

p l ace b e t w e e n the m o l t e n m e t a l and the fuel d u r i n g even the s h o r t e s t t e s t . Con­

t r o l e x p e r i m e n t s w e r e c a r r i e d out a t 1 3 5 0 ° F to d e t e r m i n e the c o m p a t i b i l i t y of 

the p u r e m a t e r i a l s , b i s m u t h and l ead , w i th t h i s fuel m a t e r i a l . The b i s m u t h w a s 

found to be i n c o m p a t i b l e w i t h the fuel in a t e s t l a s t i n g 110 h r , bu t the l e a d w a s 

found to be c o m p a t i b l e wi th the fuel in a t e s t of the s a m e d u r a t i o n . A n o t h e r t e s t 

of l e a d and th i s fuel m a t e r i a l w a s p e r f o r m e d a t 1 5 0 0 ° F for 336 h r , and h e r e the 

two w e r e found to be i n c o m p a t i b l e . Th i s l ack of c o m p a t i b i l i t y b e t w e e n the fuel 
7 

and l ead a t 1500 ° F w a s no t u n e x p e c t e d . P r e v i o u s s t u d i e s , w h e r e an a l loy of 

80% z i r c o n i u m , 15% y t t r i u m , and 5% u r a n i u m , h y d r i d e d to 1.64% weigh t ga in , 

w a s h e a t e d in l ead a t 1 5 0 0 ° F for 45 h r i n d i c a t e d the l ead and fuel a l loy to be 

in c om pa t ib l e . 

2 . C o m p a t i b i l i t y S tud ies on A n t i m o n y - B a s e Al loy 
T h e r m a l Bond M a t e r i a l s 

In a n o t h e r s tudy , a n t i m o n y - b a s e a l l oys w e r e c o n s i d e r e d for u s e as a fuel 

e l e m e n t t h e r m a l bond m a t e r i a l . B i n a r y e a n t i m o n y b a s e a l l oys con ta in ing 23 wt % 

t h a l l i u m ( m . p . 1040 ' 'F ) , 21 wt % l e a d ( m . p . 1095 "F) , and 21 wt % tin ( m . p . 

1005 "F) w e r e t e s t e d for c o m p a t i b i l i t y wi th S o l a r a m i c , wh ich w a s app l i ed to Type 

347 s t a i n l e s s s t e e l , and z i r c o n i u m - 7 wt % u r a n i u m h y d r i d e hav ing an H / Z r 1.7, 

a t 1500 ° F . In a s t a t i c t e s t l a s t i ng 336 h r , a l l of the m o l t e n a n t i m o n y - b a s e 

b i n a r y a l l oys w e r e found to be i n c o m p a t i b l e wi th the fuel m a t e r i a l , and a l though 

no diffusion type r e a c t i o n w a s no t ed to have o c c u r r e d b e t w e e n t h e s e a l loys and 

the S o l a r a m i c , s o m e r e m o v a l of the e n a m e l w a s o b s e r v e d to have r e s u l t e d f r o m 

the t e s t . 

The r e s u l t s of t h e s e t e s t s d e m o n s t r a t e tha t , if t h e r m a l bonding of the 

SNAP 8 fuel e l e m e n t is n e c e s s a r y , f u r t h e r s t u d i e s wi l l be r e q u i r e d to find a 

s u i t a b l e h e a t t r a n s f e r m a t e r i a l . 
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III. COMPATIBILITY OF OTHER SNAP CORE MATERIALS 

E x t e r i o r to the fuel e l e m e n t s of the SNAP r e a c t o r s , t h e r e a r e s e v e r a l c o r e 

c o m p o n e n t s m a d e of d i s s i m i l a r m a t e r i a l s wh ich a r e in i n t i m a t e c o n t a c t d u r i n g 

r e a c t o r o p e r a t i o n . The c o r e t ank i s in c o n t a c t wi th the i n t e r i o r and e x t e r i o r 

r a d i a l r e f l e c t o r s , the top and b o t t o m g r i d p l a t e s , and p r o b a b l y s o m e of the fuel 

e l e m e n t s . The i n t e r n a l r a d i a l r e f l e c t o r s a l s o c o m e in c o n t a c t wi th a few of the 

fuel e l e m e n t s and the g r i d p l a t e s . 

C o m p a t i b i l i t y s t u d i e s w e r e p e r f o r m e d on m a n y of the m a t e r i a l s p r o p o s e d 

for and u s e d in the a b o v e - m e n t i o n e d c o m p o n e n t s . A s u m m a r y of the t e s t s i s 

p r e s e n t e d in Tab le 4 . In s o m e c a s e s w h e r e i n c o m p a t i b i l i t y w a s found to ex i s t , 

r e a c t i o n b a r r i e r s w e r e c o n s i d e r e d and t e s t e d as a m e a n s of so lv ing the p r o b l e m . 

T h e s e t e s t s a r e s u m m a r i z e d in Tab le 5. As in the c o m p a t i b i l i t y s t u d i e s on the 

fuel e l e m e n t m a t e r i a l s , the t e s t s w e r e only in tended to i nd ica t e w h e t h e r o r not 

a c o m p a t i b i l i t y p r o b l e m e x i s t e d . 

A. C O M P A T I B I L I T Y STUDIES FOR CORE C O M P O N E N T S 
E X T E R I O R TO THE F U E L E L E M E N T S 

1. C o r e C o m p o n e n t M a t e r i a l s in C o n t a c t "With 
the C o r e Tank M a t e r i a l s 

S e v e r a l d i f f e ren t m a t e r i a l s have b e e n c o n s i d e r e d for u s e in the c o r e 

t a n k s of the S N A P r e a c t o r s . Of t h e s e , H a s t e l l o y C andType 316 s t a i n l e s s s t e e l 

h a v e b e e n t e s t e d to d e t e r m i n e t h e i r c o m p a t i b i l i t y wi th the m a t e r i a l s c o n s i d e r e d 

for s o m e of the o t h e r c o r e c o m p o n e n t s . The " o t h e r " c o r e c o m p o n e n t s inc luded 

the i n t e r n a l and e x t e r n a l r a d i a l r e f l e c t o r s , the top and bo t tom g r i d p l a t e s , and 

the fuel e l e m e n t c l a d d i n g . The t e s t s involv ing m a t e r i a l s u s e d for t h e s e v a r i o u s 

c o m p o n e n t s a r e d e s c r i b e d be low . 

a. I n t e r n a l and E x t e r n a l Rad i a l R e f l e c t o r M a t e r i a l s 

The r a d i a l r e f l e c t o r s for the SNAP r e a c t o r s have b e e n c o n s t r u c t e d 

f r o m both b e r y l l i u m and b e r y l l i u m o x i d e . The SNAP lOA/2 r e a c t o r p r e s e n t l y 
9 

u s e s u n c l a d b e r y l l i u m for bo th the i n t e r n a l and e x t e r n a l r e f l e c t o r s , whi le the 

SNAP 8 r e a c t o r u s e s u n c l a d b e r y l l i u m for the e x t e r n a l r e f l e c t o r and b e r y l l i u m 

oxide c l ad wi th e l e c t r o p l a t e d n i c k e l , a H a s t e l l o y a l loy o r a s t a i n l e s s s t e e l 

for the i n t e r n a l r e f l e c t o r s . SNAP 8 E x p e r i m e n t a l R e a c t o r (S8ER) i n t e r n a l 
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T A B L E 4 

SUMMARY O F C O M P A T I B I L I T Y TESTS ON CORE C O M P O N E N T 
M A T E R I A L S E X T E R I O R TO THE F U E L E L E M E N T S 

C o m p a t i b i l i t y Couple 

B e r y l l i u m vs c h r o m i z e d 
H a s t e l l o y C 

H a s t e l l o y N vs H a s t e l l o y C 

N i c k e l v s T y p e 316 s t a i n l e s s 
s t e e l 

B e r y l l i u m oxide v s n i c k e l 

B e r y l l i u m oxide y s T y p e 347 
s t a i n l e s s s t e e l 

H a s t e l l o y C v s T y p e 316 
s t a i n l e s s s t e e l 

H a s t e l l o y N vs b e r y l l i u m 

H a s t e l l o y N vs b e r y l l i u m 

H a s t e l l o y N y s b e r y l l i u m 

C h r o m i z e d H a s t e l l o y N 
vs b e r y l l i u m 

H a s t e l l o y N y s T y p e 347 
s t a i n l e s s s t e e l 

H a s t e l l o y N ys n i c k e l 

T e s t Cond i t ions 

T e m p e r a t u r e 
(°F) 

1300 

1300 

1300 

1300 

1300 

1300 

1200 

1300 

1300 

1300 

1300 

1300 

A t m o s p h e r e 

F lowing N a K - 7 8 

A r g o n - H e l i u m 

A r g o n - H e l ium 

A r g o n - H e l ium 

A r g o n - H e l ium 

A r g o n - H e l i u m 

N a K - 7 8 

N a K - 7 8 

A r g o n - H e l i u m 

A r g o n - H e l ium 

A r g o n - H e l i um 

A r g o n - H e l i um 

T i m e 
(hr) 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1003 

1003 

1000 

1000 

O b s e r v a t i o n 

No r e a c t i o n , c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

R e a c t i o n zone , i n c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

No r e a c t i o n , c o m p a t i b l e 

R e a c t i o n zone , 1 to 2 m i l th ick , 
i n c o m p a t i b l e 

R e a c t i o n zone , 1 to 2 m i l th ick , 
i n c o m p a t i b l e 

R e a c t i o n zone , 15 m i l th ick , 
i n c o m p a t i b l e 

R e a c t i o n z o n e , 10 m i l t h i ck , 
i n c o m p a t i b l e 

R e a c t i o n zone , 1 m i l th ick , 
i n c o m p a t i b l e 

R e a c t i o n zone , 1 m i l th ick , 
i n c o m p a t i b l e 

r a d i a l r e f l e c t o r s a r e c l ad wi th H a s t e l l o y N. T e s t s w e r e p e r f o r m e d to d e t e r ­

m i n e the c o m p a t i b i l i t y of the b e r y l l i u m r e f l e c t o r and c h r o m i z e d H a s t e l l o y C 

c o r e t ank m a t e r i a l a s fo l lows: 

1) H a s t e l l o y N i n t e r n a l r a d i a l r e f l e c t o r c l add ing and H a s t e l l o y C 

c o r e t ank m a t e r i a l 

2) N i c k e l r a d i a l r e f l e c t o r c l add ing a n d T y p e 316 s t a i n l e s s s t e e l 

c o r e t ank m a t e r i a l 

3) B e r y l l i u m oxide and n i c k e l r a d i a l r e f l e c t o r c l add ing m a t e r i a l 

4) B e r y l l i u m ox ide a n d T y p e 347 s t a i n l e s s s t e e l r a d i a l r e f l e c t o r 

c l add ing m a t e r i a l . 
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T A B L E 5 

R E S U L T S O F A 1000 HR C O M P A T I B I L I T Y T E S T IN 1300 ° F NaK 
INVOLVING REACTION BARRIER M A T E R I A L S FOR 

B E R Y L L I U M I N T E R N A L RADIAL R E F L E C T O R S 

C o m p a t i b i l i t y Couple 

C h r o m i u m - p l a t e d b e r y l l i u m 
vs H a s t e l l o y N 

C h r o m i u m - p l a t e d b e r y l l i u m 
vs H a s t e l l o y C 

C h r o m i u m - p l a t e d H a s t e l l o y 
vs b e r y l l i u m 

C h r o m i u m - p l a t e d H a s t e l l o y 
vs b e r y l l i u m 

T i t a n i u m vs b e r y l l i u m 

T i t a n i u m vs H a s t e l l o y N 

T i t a n i u m vs H a s t e l l o y C 

C h r o m i z e d H a s t e l l o y C 
vs b e r y l l i u m 

N 

C 

O b s e r v a t i o n s 

0.8 m i l diffusion z o n e . P l a t e 
s e p a r a t e d f rom b e r y l l i u m . 

0.5 m i l diffusion z o n e . P l a t e 
s e p a r a t e d f rom b e r y l l i u m 

5.2 m i l diffusion z o n e . 

6.3 m i l diffusion z o n e . 

0.3 m i l diffusion z o n e . 

0.6 m i l diffusion z o n e . 

2.2 m i l diffusion zone 

No r e a c t i o n 

(1) B e r y l l i u m vs^ C h r o m i z e d H a s t e l l o y C 

This c o m p a t i b i l i t y couple w a s t e s t e d in flowing N a K - 7 8 a t 1300 ° F 

to s i m u l a t e the n o r m a l o p e r a t i n g e n v i r o n m e n t e n c o u n t e r e d by the i n t e r n a l r a d i a l 

r e f l e c t o r and the i n s i d e of the c o r e tank of the SNAP lOA/2 r e a c t o r . P i e c e s of 

b e r y l l i u m and c h r o m i z e d H a s t e l l o y C w e r e bound t o g e t h e r wi th a s t a i n l e s s s t e e l 

m a c h i n e s c r e w . The s a m p l e hung, a long wi th s e v e r a l o t h e r c o m p a t i b i l i t y s a m ­

ples involving s e v e r a l d i f f e ren t m a t e r i a l s , in the hot leg of an Incone l NaK t h e r -
13 

m a l convec t ion loop . The hot leg of the loop w a s m a i n t a i n e d a t 1 3 0 0 ° F for the 

t e s t , and the NaK w a s con t i nuous ly cold t r a p p e d a t abou t 70 ° F . After the t e s t 

had o p e r a t e d for 1000 h r , the s a m p l e s w e r e r e m o v e d and w a s h e d wi th bu ty l 

a l c o h o l . M i c r o s c o p i c e x a m i n a t i o n of the i n t e r f a c e b e r y l l i u m and c h r o m i z e d 

H a s t e l l o y C did not r e v e a l ( F i g u r e 6) any e v i d e n c e of a r e a c t i o n . 
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HASTELLOY C 

UNETCHED 300X UNETCHED 300X 
1966.3A 1988-3 

a. Control Specimen b . Specimens Run for 1000 hr in 
1300°F NaK 

Figure 6. Chromized Hastelloy C — Beryll ium Interface 

(2) Hastelloy N vs Hastelloy C 

In this tes t , samples of the two m a t e r i a l s were placed in intimate 

contact and mounted in a s ta in less s teel holder . The samples were then sealed 

in a s ta inless s tee l capsule containing an argon-hel ium a tmosphere . The cap­

sule was heated at 1300°F for 1000 hr in a muffle furnace. After the tes t was 

concluded, the samples were examined using metal lographic techniques, and it 

was found that no observable reaction had taken place (Figure 7). These com­

ponent ma te r i a l s operate in NaK during the reac tor operation, but this tes t was 

performed in an iner t a tmosphere because it was des i red to know the compat i ­

bility of these ma te r i a l s only as a function of t empera tu re and int imate contact. 

(3) Nickel vs Type 316 Stainless Steel 

Since it was des i red to determine the compatibili ty of these two 

m a t e r i a l s , samples mounted in a s ta in less s teel holder were heated in an argon 

helium a tmosphere at 1300°F for 1000 h r . As is shown in Figure 8, a react ion 

between the samples had occur red . 

HASTELLOY C 

m 

NAA-SR-9007 
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UNETCHED 400X 
2701-3-1 

Figure 7. Hastelloy N vs Hastelloy C 
After 1000 hr at nOO^F 

250X 
2111.1B 

ETCH (5% HjSO^) 

Figure 8. Nickel vs Type 316 Stainless Steel 
After 1000 hr at 1300°F 
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(4) B e r y l l i u m Oxide vs_ Nicke l 

T h e s e two m a t e r i a l s w e r e p l aced in i n t i m a t e c o n t a c t in a s t a i n l e s s 

s t e e l h o l d e r and s e a l e d in a s t a i n l e s s s t e e l c a p s u l e con ta in ing an a r g o n - h e l i u m 

a t m o s p h e r e . The c a p s u l e w a s h e a t e d for 1000 h r a t 1 3 0 0 ° F in a muff le f u r n a c e . 

M i c r o s c o p i c e x a m i n a t i o n of the i n t e r f a c e b e t w e e n the b e r y l l i u m oxide and n i c k e l 

s a m p l e s r e v e a l e d ( F i g u r e 9) t ha t a r e a c t i o n had no t t aken p lace as a r e s u l t of the 

t e s t . 

NICKEL § | 1 

UNETCHED 250X 
2111.5A 

F i g u r e 9. B e r y l l i u m Oxide vs Nicke l 
After 1000 h r a t 1300 ° F 

(5) B e r y l l i u m Oxide vs Type 347 S t a i n l e s s S t ee l 

The t e s t on t h e s e two m a t e r i a l s w a s p e r f o r m e d i d e n t i c a l l y to the 

p r e v i o u s l y d e s c r i b e d t e s t , and the s a m p l e s w e r e found to be c o m p a t i b l e 

( F i g u r e 10). 

b . G r i d P l a t e M a t e r i a l s 

V a r i o u s g r i d p l a t e m a t e r i a l s have been s u g g e s t e d for u s e in the SNAP 

r e a c t o r s wi th H a s t e l l o y C and n i c k e l r e c e i v i n g the m o s t s e r i o u s c o n s i d e r a t i o n . 

C o m p a t i b i l i t y t e s t s w e r e p e r f o r m e d to d e t e r m i n e w h e t h e r t h e s e m a t e r i a l s would 

r e a c t wi th the Type 316 s t a i n l e s s s t e e l c o r e t ank m a t e r i a l . Af te r 1000 h r at 

1300 ° F in a s e a l e d c a p s u l e con ta in ing an a r g o n - h e l i u m a t m o s p h e r e , s a m p l e s of 
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UNETCHED 250X 
2111-6A 

F i g u r e 10. B e r y l l i u m Oxide vs Type 347 S t a i n ­
l e s s S t e e l Af ter 1000 h r a t 1 3 0 0 ° F 

n i c k e l v s T y p e 316 s t a i n l e s s s t e e l w e r e found to have r e a c t e d , as i n d i c a t e d p r e ­

v ious ly , whi le s i m i l a r s a m p l e s of H a s t e l l o y C v s T y p e 316 s t a i n l e s s s t e e l w e r e 

u n r e a c t e d ( F i g u r e s 8 and 11). 

c . F u e l E l e m e n t Cladd ing M a t e r i a l 

H a s t e l l o y N, the fuel e l e m e n t c ladd ing m a t e r i a l for both the SNAP 

r e a c t o r s , w a s t e s t e d in c o n t a c t w i t h the H a s t e l l o y C c o r e t ank m a t e r i a l for 

1000 h r a t 1300 ° F . The t e s t of H a s t e l l o y N ys H a s t e l l o y C h a s b e e n d e s c r i b e d 

p r e v i o u s l y in t h i s s e c t i o n . 

d. D i s c u s s i o n 

The r e s u l t s of the t e s t s i nd i ca t e t h e r e is a c o m p a t i b i l i t y p r o b l e m 

a s s o c i a t e d wi th c o n t a c t of the n i c k e l g r i d p la te and t h e T y p e 3 16 s t a i n l e s s s t e e l 

c o r e t ank of the SNAP r e a c t o r s . A r e a l i s t i c a s s e s s m e n t of the m a g n i t u d e of 

th is p r o b l e m would r e q u i r e f u r t h e r s tudy . 

2 . O t h e r C o r e C o m p o n e n t M a t e r i a l s in C o n t a c t 
With the I n t e r n a l R a d i a l R e f l e c t o r 

As p r e v i o u s l y s t a t e d , the i n t e r n a l r a d i a l r e f l e c t o r s of the SNAP r e a c t o r s 

c o m e in c o n t a c t w i th the g r i d p l a t e s and a few of the fuel e l e m e n t s . T e s t s w e r e 

p e r f o r m e d to d e t e r m i n e the c o m p a t i b i l i t y of s e v e r a l of the m a t e r i a l s c o n s i d e r e d 
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UNETCHED 400X 
2701-3-2 

Figure 11. Hastelloy C vs_ Type 316 Stainless 
Steel After 1000 hr at 1300°F 

for these two components . These ma te r i a l s will all operate in a hot NaK environ­

ment in the SNAP r e a c t o r s , but not all the tes ts were performed in this medium, 

since it was , in some cases , des i red to know only the effects of elevated t em­

pera ture and int imate contact. 

a. Fuel Element Cladding Mater ia l 

Compatibility tes t s were performed to de termine whether the fuel 

element cladding ma te r i a l , Hastelloy N, would r eac t with the SNAP lOA/2 b e r y l ­

lium internal radia l ref lector ma te r i a l , and the cladding m a t e r i a l s for the 

SNAP 8 beryl l ium oxide in ternal radia l ref lector , Type 347 s ta inless s tee l or 

nickel . Both chromized and ba re Hastelloy N were used in the t e s t s , and the 

t e s t s were performed both in flowing NaK and in an iner t a tmosphere . The tes ts 

a r e briefly descr ibed below. 

(1) Hastelloy N vs Beryl l ium 

Samples of Hastelloy N and beryl l ium were bound together with 

s ta inless s tee l wire and tested for 1000 hr at 1200 and 1300 °F in a NaK the rmal 
14 

convection loop. Metallographic examination of the interface after tes t r e ­
vealed that a react ion had taken place. The react ion zone was m e a s u r e d and 
found to be from 0.001 to 0.002 in. in th ickness . 
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F u r t h e r t e s t s w e r e p e r f o r m e d on th i s m a t e r i a l couple a t 1 3 0 0 ° F 

in an a r g o n - h e l i u m a t m o s p h e r e . In th i s t e s t , the s a m p l e s w e r e p l aced in i n t i ­

m a t e c o n t a c t in a m o l y b d e n u m h o l d e r and s e a l e d in a c a p s u l e con ta in ing about 

o n e - t h i r d a t m o s p h e r e of the i n e r t gas m i x t u r e . The t e s t w a s conc luded a f t e r 

1003 h r , and the s a m p l e s w e r e e x a m i n e d us ing m e t a l l o g r a p h i c t e c h n i q u e s . A 

v e r y l a r g e diffusion zone w a s o b s e r v e d to have r e s u l t e d f rom the t e s t , and i t s 

t h i c k n e s s w a s m e a s u r e d to be about 0 . 015 - in . A p h o t o i n i c r o g r a p h of the i n t e r ­

face , a f t e r t e s t i n g , i s shown in F i g u r e 12. As is shown, the diffusion zone is 

m u l t i p h a s e d and p r o b a b l y con ta in s s e v e r a l i n t e r m e t a l l i c compounds s u c h a s 

NiBe and N i ^ B e ^ i . 

HASTELLOY N 

BERYLLIUM 

E T C H (5% Oxa l r c A c i d P o l i s h ) lOOX 
2701-51 

F i g u r e 12. B e r y l l i u m vs H a s t e l l o y N 
After 1003 h r a t T 3 0 0 ° F 

C h r o m i z e d H a s t e l l o y N w a s t e s t e d in c o n t a c t w i th b e r y l l i u m us ing 

the s a m e p r o c e d u r e as t ha t for the t e s t j u s t m e n t i o n e d . The diffusion zone which 

r e s u l t e d f rom th i s t e s t w a s abou t 0 .010 - in . t h i ck ( F i g u r e 13). This s u g g e s t s 

t h a t the c h r o m i z e d l a y e r t ends to r e d u c e sonnewhat the ex ten t of r e a c t i o n b e t w e e n 

H a s t e l l o y N and b e r y l l i u m u n d e r t h e s e p a r t i c u l a r c o n d i t i o n s . 

A fa i r c o m p a r i s o n canno t be miade b e t w e e n the t e s t s in NaK and the 

a r g o n - h e l i u m a t m o s p h e r e b e c a u s e the two d i f fe ren t b inding d e v i c e s p r o v i d e d 

d i f fe ren t d e g r e e s of c o n t a c t . The m o l y b d e n u m h o l d e r app l ied a s ign i f i can t i n i t i a l 

p r e s s u r e to the s p e c i m e n i n t e r f a c e s a t t e m p e r a t u r e , due to d i f f e r e n t i a l t h e r m a l 

e x p a n s i o n , whi le the s t a i n l e s s s t e e l w i r e did no t . 
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ETCH (5% Oxalic Acid Polish) lOOX 
2701-52 

Figure 13. Beryl l ium vs Chromized Hastelloy N 
After 1003 hr at 1300°F 

(2) Hastelloy N vs Type 347 Stainless Steel 

Pieces of Hastelloy N andType 347 s ta in less s teel bound together 

in a s ta in less s teel holder were heated at 1300°F for 1000 hr in a sealed capsule 

containing an argon-hel ium a tmosphere . Metallographic examination of the 

interface between the two ma te r i a l s after testing revealed (Figure 14) the p r e s ­

ence of a diffusion zone about 0.001 in. thick. 

(3) Hastelloy N vs Nickel 

Two samples involving this m a t e r i a l couple were tested using the 

same tes t p rocedures descr ibed in the previous section, Metallographic exam­

ination show^ed that a diffusion-type react ion had taken place during the tes t . 

The photomicrograph of the interface showing the 0.001 in. thick diffusion zone, 

is shown in Figure 15. 

b . Grid Plate Mater ia l 

Tests were performed to determine the compatibility of Hastelloy N, 

an in ternal radia l ref lector cladding ma te r i a l , and Hastelloy C, a grid plate 

ma te r i a l , at 1300°F for 1000 hr , and no react ion was observed. The tes t was 

previously descr ibed in this section. 
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Figure 14. Hastelloy N vs Type 347 Stainless 
Steel After 1000 hr at 1300°F 
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Figure 15. Nickel vs Hastelloy N After 
1000 hr a r i 3 0 0 ° F 
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c. Discussion 

The incompatibil i ty observed between the Hastelloy N fuel e lement 

cladding m a t e r i a l and the ba re beryl l ium internal radia l ref lector may be indic­

ative of a ser ious compatibility problem in the SNAP 2 reac to r . If these com­

ponents a re maintained in intimate contact for long periods of t ime , perhaps 

hundreds or thousands of hours , the proper t ies of the component ma te r i a l s will 

probably undergo significant physical and meta l lurg ica l changes which might 

resu l t in a p rema tu re reac tor shutdown. Fur the r study and analysis will be r e ­

quired to obtain a rea l i s t ic picture of the problem. A s imi l a r , but less severe 

situation prevai ls in the Hastelloy N fuel cladding, Type 347 s ta in less s tee l o r 

nickel reflector cladding compatibility p rob lems . 

B. REACTION BARRIER MATERIALS FOR USE BETWEEN 
FUEL ELEMENT CLADDING, BERYLLIUM INTERNAL 
RADIAL REFLECTOR, AND CORE TANK 

Due to the previously mentioned react ion between the Hastelloy N fuel c lad­

ding m a t e r i a l and the beryl l ium internal radial reflector ma te r i a l , invest iga­

tions were made to obtain a react ion b a r r i e r m a t e r i a l that could be placed b e ­

tween these two component m a t e r i a l s and render them compatible . Hastelloy C 

core tank m a t e r i a l was also considered to be incompatible with beryl l ium, since 

it is also a nickel base alloy and b a r r i e r ma te r i a l s were considered for use 

13 
between the core tank and the in ternal radia l r e f l ec to r s . Studies were pe r ­
formed to de termine the effectiveness of an electroplated chromium layer and 
titanium meta l as react ion b a r r i e r s . Also, chromizing the surfaces of Has te l ­
loy C was investigated as a means of preventing react ion. The chromium e l e c ­
troplate was applied to the beryl l ium and both the Haste l loys . A single com­
patibility tes t was performed in 1300°F flowing NaK for 1000 hr to determine 
whether these ma te r i a l s could be considered for use as reaction b a r r i e r s inside 
the SNAP lOA/2 r e a c t o r s . 

One sample each, having the following in ter faces , were tes ted: 

1) Chromium electroplated on beryl l ium and ba re Hastelloy C 

*Hastelloy C is nominally 54-Ni, 17-Mo, 15-Cr, 5-Fe, and 4-W while Has te l ­
loy N is 70-Ni, 17-Mo, 7-Cr, and 5 -Fe . 

tTh i s s e r i e s of t es t s was performed before it was es tabl ished that chromium is 
not an effective react ion b a r r i e r between Hastelloy N and beryl l ium, as de ­
scr ibed in this sect ion. 
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2) C h r o m i u m e l e c t r o p l a t e d on b e r y l l i u m and b a r e H a s t e l l o y N 

3) T i t a n i u m m e t a l , b e r y l l i u m , and c h r o m i z e d H a s t e l l o y C 

4) B a r e H a s t e l l o y C, t i t a n i u m , b a r e H a s t e l l o y N 

5) C h r o m i u m e l e c t r o p l a t e d on H a s t e l l o y N and b a r e b e r y l l i u m c h r o m i u m 

e l e c t r o p l a t e d on H a s t e l l o y C. 

M e t a l l o g r a p h i c exanninat ion of t e s t e d and u n t e s t e d i n t e r f a c e s r e v e a l e d tha t 

a l l the coup le s w e r e i n c o m p a t i b l e excep t c h r o m i z e d H a s t e l l o y C and b e r y l l i u m 

c o u p l e . It is s u s p e c t e d tha t the a p p a r e n t co inpa t i b i l i t y of t h e s e m a t e r i a l s r e ­

s u l t e d f rom l o s s of i n t e r f a c i a l c o n t a c t d u r i n g the t e s t . A s u m m a r y of the o b s e r ­

v a t i o n s m a d e on the t e s t e d s a m p l e s is g iven in Tab le 6. 

T A B L E 6 

R E S U L T S O F C O M P A T I B I L I T Y TESTS 
ON R E A C T I O N BARRIER M A T E R I A L S 

I n t e r f a c e O b s e r v a t i o n 

C h r o m i u m - p l a t e d b e r y l l i u m 
vs H a s t e l l o y N 

C h r o m i u m - p l a t e d b e r y l l i u m 
vs H a s t e l l o y C 

C h r o m i u m - p l a t e d H a s t e l l o y 
vs b e r y l l i u m 

C h r o m i u m - p l a t e d H a s t e l l o y 
vs b e r y l l i u m 

T i t a n i u m vs b e r y l l i u m 

T i t a n i u m vs H a s t e l l o y N 

T i t a n i u m vs H a s t e l l o y C 

C h r o m i z e d H a s t e l l o y C 
vs b e r y l l i u m 

N 

C 

0 .8 -mi l diffusion z o n e . P l a t e 
s e p a r a t e d f rom b e r y l l i u m 

0 .5 -mi l diffusion z o n e . P l a t e 
s e p a r a t e d f rom b e r y l l i u m . 

5 .2 -mi l diffusion z o n e . 

6 .3 -mi l diffusion z o n e . 

0 .3 -mi l diffusion z o n e . 

0 .6 -mi l diffusion z o n e . 

2 . 2 - m i l diffusion z o n e . 

No r e a c t i o n . 
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IV. CONCLUSION 

Although the t e s t s d e s c r i b e d in th is r e p o r t a r e s o m e w h a t c u r s o r y in n a t u r e , 

t h e i r r e s u l t s can be u s e d to i nd i ca t e the m u t u a l c o m p a t i b i l i t y of the s e v e r a l c o n ­

t ac t ing c o m p o n e n t m a t e r i a l s , u s e d in the SNAP lOA/2 and SNAP 8 r e a c t o r s . 

M o r e e x a c t a s s e s s m e n t s of c o m p a t i b i l i t y can only be ob ta ined by f u r t h e r t e s t i n g . 

Since t r u e o p e r a t i o n a l e n v i r o n m e n t s a r e v e r y diff icult to s i m u l a t e , one of 

the m o s t frui tful s t u d i e s for c o n f i r m i n g l a b o r a t o r y t e s t s on the c o m p a t i b i l i t y of 

the c o r e m a t e r i a l s , is a d e t a i l e d e x a m i n a t i o n of the v a r i o u s c o m p o n e n t s of 

p r e v i o u s l y o p e r a t e d e x p e r i m e n t a l o r d e v e l o p m e n t a l SNAP r e a c t o r s . S tud ies of 
15 

th i s type have b e e n i n i t i a t e d on the SNAP 2 D e v e l o p m e n t a l R e a c t o r c o r e . 

Two of the fuel e l e m e n t s wh ich o p e r a t e d in th i s r e a c t o r , showed def in i te s i g n s 

of r e a c t i o n w h e r e they had b e e n in c o n t a c t w i th the b e r y l l i u m i n t e r n a l r e f l e c t o r s , 

c o n f i r m i n g one of the f indings of th i s r e p o r t . F u r t h e r w o r k of th i s type i s 

s t r o n g l y r e c o m m e n d e d . 
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