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ADVmCED WPMCTORP ALLOY CORROSION LOOP PROGWM 

I . INTRODUCTION 

This  r epo r t  covers  t h e  per iod from J u l y  15,  1970 t o  October 15, 1970 

of a four -par t  program, a s  descr ibed below. 

A .  T-111 Rankine System Corrosion Test  Loop 

The i n i t i a l  t a s k  of  t h i s  program was t o  f a b r i c a t e ,  ope ra t e  f o r  10,000 

hours ,  and eva lua t e  a T-111 Rankine System Corrosion Test  Loop. h l a t e r i a l s  

f o r  eva lua t ion  inc lude  t h e  containment a l l o y ,  T-111 (Ta-8W-2Hf) and t h e  

t u r b i n e  candida te  m a t e r i a l s  Mo-TZC and Cb-132M which were l oca t ed  i n  t h e  

t u r b i n e  s imu la to r  of t h e  two-phase potassium c i r c u i t  of t h e  system. The 

loop  design is s i m i l a r  t o  t h e  Cb-1Zr Rankine System Corrosion Test  Loop; 

a two-phase, fo rced  convect ion,  potassium co r ros ion  t e s t  loop which was 

t e s t e d  under Contract  NAS 3-2547. Lithium was heated by d i r e c t  re- 

s i s t a n c e  i n  a primary loop .  Heat r e j e c t i o n  f o r  condensation i n  t h e  

secondary potassium loop was accomplished by r a d i a t i o n  i n  a h igh  vacuum 

environment t o  t h e  water  cooled chamber. The compa t ib i l i t y  of t h e  

s e l e c t e d  m a t e r i a l s  were eva lua ted  a t  cond i t i ons  r e p r e s e n t a t i v e  of space 

e l e c t r i c  power system ope ra t i ng  cond i t i ons ,  namely: 

a .  Boi l ing  temperature ,  2050°F 

b .  Superheat temperature ,  2150°P 

c .  Condensing temperature ,  1400°F 

d .  Subcooling temperature ,  1000°P 

e .  Mass flow r a t e ,  40 lb /hr  

f .  Bo i l e r  e x i t  vapor v e l o c i t y ,  50 f t / s e c  
2 

g .  Average heat f l u x  i n  plug (0-18 inches ) ,  240,000 Btu/hr f t  

h .  Average heat f l u x  i n  b o i l e r  (0-250 inches ) ,  23,000 Etu/hr f t  
2 

T h i s  loop completed 10,000 hours of t e s t i n g  i n  March 1970 and is  under -  

g o i n g  e v a l u a t i o n .  

\ a j  Hoffman, E. E* and HoPowaeh, J*, C b - I Z r  Rankine SysGerri C o r r o s i o n  Test - 

NASA-CR-1509, 1970. 



B .  1900°F Li th ium Loop 

Also  inc luded  i n  t h e  program is t h e  f a b r i c a t i o n ,  7500-hour o p e r a t i o n ,  

and  e v a l u a t i o n  of a 1900°F, high flow v e l o c i t y  (1  gpm), pumped 1ithiut11 

loop designed t o  eva lua t e  t h e  compa t ib i l i t y  of T-111 c lad  uranium n i t r i d e  

fue l ed  specimens, ASTAR 811 type a l l o y s ,  T-111, Mo-TZM and W-Re-Mo Alloy 
* 

256, a t  cond i t i ons  s imu la t i ng  a  space power r e a c t o r  system. This  loop 

completed 2500 hours  and underwent a  scheduled shutdown. The loop has  been 

placed back on test  wi th  two new f u e l  p i n s  t o  be t e s t e d  f o r  5000 hours  

a d d i t i o n a l  t i m e  a t  t h e  same condi t ions .  

C. Advanced Tantalum Alloy Capsule Tes t  

The program a l s o  included capsu l e  t e s t i n g  t o  e v a l u a t e  advanced tantalum 

a l l o y s  of t h e  ASTAR 811 type  (Ta-8W-1Re-1Hf) i n  both potassium and l i t h ium.  

Refluxing potassium capsu le  tests a t  2 2 0 0 ' ~  and l i t h ium thermal  convect ion 

capsu le  tests a t  2 4 0 0 ~ ~  have completed 5000 hours  of t e s t i n g ,  and a  f i n a l  

r e p o r t  i s  being w r i t t e n .  

Lithium Thermal Convection Loop 

A new modi f ica t ion  has  been added t o  t h e  program t o  design,  f a b r i c a t e ,  

and ope ra t e  a  n a t u r a l  c i r c u l a t i o n  l i t h ium loop a t  2 5 0 0 - 2 7 0 0 ~ ~ .  The loop 

w i l l  be f a b r i c a t e d  from T-111 a l l o y  and w i l l  con t a in  chemistry,  metal lography,  

and c r e e p / t e n s i l e  specimens of T-111 and advanced tantalum a l l o y s  of t h e  

ASTAR type  . 



Planned ~ne t a l l og raph ic  examination of loop components and t u r b i n e  

s imu la to r s  from t h e  T-111 Rankine System Corrosion Tes t  Loop i s  complete.  

Although some i n d i c a t i o n  of pos s ib l e  minor a l k a l i  metal a t t a c k  was 

observed, no a r e a  of g ros s  co r ros ion  was observed.  In  gene ra l ,  micro- 

s t r u c t u r a l  changes were r e a d i l y  c o r r e l a t e d  wi th  changes i n  i n t e r s t i t i a l  

content  of t h e  T-111 a l l o y .  

Replacement of t h e  f u e l  element specimens and o t h e r  f i n a l  p repara-  

t i o n s  f o r  t h e  r e s t a r t  of t h e  1 9 0 0 ~ ~  Lithium Loop were completed. The loop 

was brought back t o  test cond i t i ons  on J u l y  31, 1970 and a s  of October 15, 

1970 the  loop had logged an a d d i t i o n a l  1825 hours  s i n c e  t h e  replacement of 

t h e  f u e l  specimens f o r  a t o t a l  accumulated test  t ime of 4338 hours .  

The Advanced Refractory Alloy Corrosion Loop program has been 

modified t o  inc lude  t h e  des ign ,  f a b r i c a t i o n ,  ins t rumenta t ion  and e v a l -  

ua t i on  of a  T-111 a l l o y  Lithium Thermal Convection Loop T e s t  t o  e v a l u a t e  

mass t r a n s f e r  of i n t e r s t i t i a l  e lements  i n  T-111 and ASTAR a l l o y s .  





T-111 Rankine System Corrosion Test  Loop 

Primary emphasis i n  t h i s  t a s k  dur ing  t h e  c u r r e n t  r e p o r t i n g  per iod  was 

on completing t h e  meta l lographic  examination of  s e l e c t e d  a r ea s  of t h e  loop. 

Microprobe a n a l y s i s  and microhardness measurements were performed on a r e a s  

which showed anomalies i n  mic ros t ruc tu re  o r  chemical a n a l y s i s .  

1. Bo i l e r  Plug Sec t ion  

Metal lographic  specimens were examined from t h e  twenty-one a r e a s  

shown i n  Figure 1. The mic ros t ruc tu re s  were compared wi th  p r e t e s t  micro- 

s t r u c t u r e s ,  such a s  t hose  shown i n  Figure 2, t o  d e l i n e a t e  any changes 

t h a t  occurred a s  a r e s u l t  of t h e  test exposure.  A l l  specimens were 

n i c k e l  p la ted  p r i o r  t o  mounting t o  maintain edge r e t e n t i o n .  T-111 

specimens were etched wi th  30 g r  NHqF-50 m l  HN03-20 m l  H20. In  a d d i t i o n  

t o  t h e  T-111 specimens from t h e  loop, samples were a l s o  examined from t h e  

nozz les  and b lades  of t h e  f i r s t ,  second, s i x t h  and t e n t h  s t a g e  t u r b i n e  

s imu la to r s  a l l  of which were made from Mo-TZC except t h e  s i x t h  s t a g e  

which was Cb-132M a l l o y .  A s  can be seen  i n  Figure 1,over  a t h i r d  of 

t h e  specimens examined w e r e  from t h e  plug s e c t i o n  of t h e  b o i l e r  s i n c e ,  

based on previous e ~ p e r i e n c e , ' ~ )  t h i s  is  one of t h e  more c r i t i c a l  a r e a s  

of a loop of t h i s  type  w i th  r e spec t  t o  changes i n  mic ros t ruc tu re .  

P a r t i c u l a r  a t t e n t i o n  was given t o  t h e  3/8-inch diameter  potassium 

containment tube  because of t h e  high hea t  f l u x  ac ros s  t h e  wal l  of t h i s  

tube  and t h e  f a c t  t h a t  v i s u a l  examination of t h e  l i t h ium exposed s i d e  

showed t h e  lower s i x  inches  t o  be coated w i th  HfN. A l o n g i t u d i n a l  

s e c t i o n  was cu t  from t h e  bottom of t h e  3/8-inch tube  where it was 

welded t o  t h e  f i t t i n g ;  a l s o  t r a n s v e r s e  s e c t i o n s  were taken  about s i x  

inches  above t h e  f i t t i n g  and from two a r e a s  near  t h e  t o p  of t h e  s w i r l e r  

wi re  i n s e r t .  The KfN coa t ing  was bes t  examined i n  t h e  as-pol ished 

cond i t i on ,  a s  shown i n  Figure 3 ,  s i n c e  t h e  e t chan t  used f o r  T-111 a t t acked  

'"~dvanced Refractory Alloy Corrosion Loop Prograiti Q u a r t e r l y  Progress 
Report N o .  21 f o r  per iod ending J u l y  15, 1970. ESASA-Ck-72782 
(GESP-546) 



@8 I n d i c a t e s  L o c a t i o n  of  
M e t a l l o g r a p h i c  Specimens 

Vapor 

S o c k e t  Weld 
L o n g i t u d i n a l  

L o n g i t u d i n a l  

Nine S t a g e  
T u r b i n e  

S i m u l a t o r  

F i g u r e  1. Locat ion of Specimens f o r  Metal lographic  Examination f r o m  the 
T - l l l  Rankine System Corrosion Tes t  Loop Following 10,000 Hours 
of Continuous Operat ion.  ( A l l  a re  Transverse Sec t ions  Unless 
Noted Otherwise,)  



H67031B Etched 

a. 318-inch OD tubing 

N67011A,B Etched 

b. %-inch OD t ub ing  

F igure  2 .  Pretest Mlcroskructure  o f  T-111 Tubing Used f o r  T--111 Rankine 
System Corrosion Tes t  Loop. 



H64011E As-Polished 

a. On weld metal at tube-fitting interface 

H64011K As-Polished 

b. On tube approximately 112-inch above f i t t i n g  

Figure  3 .  Hafnium N i t r i d e  Deposit  Near Bottom of 3/8-inch OD T-111 
Tube i n  Plug Sect ion  of Boiler, 



t h e  HfN r a t h e r  r a p i d l y ,  The major d i f f e r e n c e  between t h e  m i c r o s t r u c t u r e  

shown i n  F igure  3a ,  which is  t a k e n  from t h e  weld a r e a ,  and t h a t  shown i n  

F i g u r e  3b, which r e p r e s e n t  t h e  t u b e  OD s u r f a c e  about 1/2 i n c h  above t h e  

weld,  i s  t h e  t h i c k n e s s  of t h e  HfN c o a t i n g .  The HfN i n  t h e  weld r e g i o n ,  

which opera ted  a t  t h e  lowest  t empera tu re  i n  t h e  p lug ,  is s i g n i f i c a n t l y  

t h i c k e r  t h a n  t h e  c o a t i n g  on t h e  t u b e  and c o n t a i n s  c r a c k s  which were n o t  

observed i n  t h e  t h i n n e r  c o a t i n g  on t h e  t u b e .  I t  is s i g n i f i c a n t  t h a t  t h e  

c r a c k s  were i n  t h e  HfN c o a t i n g  and n o t  a t  t h e  HfN-T-111 i n t e r f a c e .  

Examination of t h e  I D  (potass ium) s u r f a c e  of t h i s  specimen i n d i c a t e d  

anomalous m i c r o s t r u c t u r a l  f e a t u r e s  a t  t h e  f i t t i n g  - weld meta l  and t u b e -  

weld metal  i n t e r f a c e s .  The m i c r o s t r u c t u r e  shown i n  F igure  4 ,  is fro111 

t h e  f i t t i n g - w e l d  metal  i n t e r f a c e ,  and is t y p i c a l  of t h e s e  anolnnlous 

m i c r o s t r u c t u r a l  f e a t u r e s .  I n  t h e  as -po l i shed  c o n d i t i o n  they  appear  a s  

a  l i g h t  and d a r k  i s l a n d  w i t h i n  t h e  normal ly  g r a y  c o l o r e d  T-111 m a t r i x ;  

however a f t e r  e t c h i n g ,  t h e  a f f e c t e d  a r e a  is  s e e n  t o  be much l a r g e r  

t h a n  i n d i c a t e d  i n  t h e  a s  p o l i s h e d  c o n d i t i o n ,  and g e n e r a l l y  c o n t a i n s  a 

r e l a t i v e l y  h e a v i l y  e t c h e d  (b lack)  c o r e .  Note a l s o  t h e  ev idence  of 

g r a i n  boundary a t t a c k  on t h e  p e r i p h e r y  which does  no t  show up i n  t h e  

as -po l i shed  c o n d i t i o n .  Whether t h i s  g r a i n  boundary s t r u c t u r e  r e s u l t s  

from potass ium a t t a c k  o r  r e a c t i o n  of m a t e r i a l  i n  t h e  g r a i n  boundar ies  

w i t h  t h e  e t c h a n t  is d i f f i c u l t  t o  a s c e r t a i n .  Microprobe a n a l y s i s  of 

t h i s  a r e a  f o r  Ta, Hf, W, K ,  Fe, and Cr showed t h e  a r e a  t o  be r i c h  i n  

Fe and C r  a s  i l l u s t r a t e d  by t h e  s c a n s  i n  F igure  5: no o t h e r  e lements  

were d e t e c t e d .  Although t h e  s o u r c e  of t h e  Fe and C r  cannot be r e a d i l y  

e x p l a i n e d ,  t h e i r  p resence  i n  t h e  p o t a s s i u ~ n  c i r c u i t  is  undoubtedly 

r e l a t e d  t o  t h e  p r e v i o u s  f i n d i n g s  of Fe, Cr ,  and N i  i n  t h e  r e s i d u e  from 

t h e  d i s t i l l a t i o n  of t h e  potass ium d r a i n e d  from t h e  l o o p .  (3 )  Presumably 

t h e  o r i g i n a l  s o u r c e  is i n a d v e r t e n t  con tamina t ion  by s t a i n l e s s  s t e e l ;  

however, t h e  e x a c t  s o u r c e  and t h e  r e a s o n  f o r  t h e  p a r t i c u l a r l y  h i g h  con- 

c e n t r a t i o n  i n  t h i s  one weld a r e a  a r e  c u r r e n t l y  unknown. I t  shou ld  be 

po in ted  o u t  t h a t  a l l  o t h e r  a r e a s  where microprobe e v a l u a t i o n  was p e r -  

formed were a l s o  checked f o r  Fe and C r ;  however, no i n d i c a t i o n s  were 

found .  Microhardness  t r a v e r s e s  i n  t h e  v i c i n i t y  of t h e s e  a r e a s  showed 

them t o  have a hardness  of 200-225 u n i t s  h i g h e r  t h a n  t h e  average matrix 
--- 

' 3 '~dvanced R e f r a c t o r y  A l l o y  Cor ros ion  Loop Program Q u a r t e r l y  P r o g r e s s  
Report No. 20 f o r  pe r iod  ending A p r i l  15 ,  1970. NASA-GR-72739  
(GESP-491) , 
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H640 1 1A As-Polished 

H 6 4 0 l l K  Etched 

F igure  4 .  Base Metal-Weld I n t e r f a c e  a t  Bottom of  t h e  318-inch OD T-Ill 
Potassium Containment Tube in t h e  P l u g  Sect ion s f  t he  Boiler  
Before and Af ter  Etching,  



a, Sample current image 
- 

b. Iron X-ray image c. Chromium X-ray image 

Figure 5. Microprobe Scans of the Base Metal-Weld Interface at the Bottom of the 318-inch OD T-Ill 
Potassium Containment Tube in the Plug Section of the Boiler. Same Area as Figure 4 .  



hardness  of about  225 DPH (100 grams l o a d ) ,  A t r a n s v e r s e  specimen from 

t h e  3 j8 - inch  t u b e  was cu t  from an a r e a  n e a r  t h e  edge of t h e  H f N  c o a t e d  

r e g i o n  which o c c u r r e d  s i x  i n c h e s  above t h e  l i t h i u m  e x i t .  T h i s  r e g i o n  

of t h e  tube  i s  b e l i e v e d  t o  correspond t o  t h e  a r e a  where t h e  ID of t h e  

t u b e  beg ins  t o  be exposed t o  vapor  approach ing  100% q u a l i t y .  T h i s  is 

somewhat suppor ted  by t h e  f a c t  t h a t  t h e  oxygen c o n c e n t r a t i o n  a t  t h e  I D  

below t h e  i n t e r f a c e  was 1 6  ppm, but  j u s t  above t h e  i n t e r f a c e  948 ppm 

was found .  ( 3 )  Some e v i d e n c e  of l o c a l i z e d  c o r r o s i o n  was e v i d e n t  i n  t h i s  

a r e a  a s  s e e n  i n  F i g u r e  6 .  The c o r r o s i o n  a r e a  was l o c a l i z e d ,  i . e . ,  it 

d i d  not  extend around t h e  t o t a l  I D  s u r f a c e  bu t  was e s s e n t i a l l y  c o n f i n e d  

t o  t h e  a r e a  shown i n  F i g u r e  6 .  T h i s  l o c a l i z e d  e f f e c t  is b e l i e v e d  t o  be 

a s s o c i a t e d  w i t h  t h e  s w i r l i n g  of t h e  f l o w  p a t h  and probably  c o r r e s p o n d s  

t o  t r a n s f o r m a t i o n  of h i g h  oxygen l i q u i d  t o  pure  potass ium vapor  i n  t h i s  

l o c a l  a r e a .  Microhardness  measurements showed no  d i f f e r e n c e  o r  g r a d i e n t s  

among v a r i o u s  l o c a t i o n s  i n  t h e  specimen.  

Two a d d i t i o n a l  specimens  were o b t a i n e d  from t h e  r e g i o n  n e a r  t h e  

t o p  of t h e  p lug  s e c t i o n .  The f i r s t  s e c t i o n  t o  be examined was c u t  

e s s e n t i a l l y  even w i t h  t h e  t o p  of  t h e  s w i r l e r  w i r e  i n s e r t  and c o n s i s t e d  

of a  c l e a n  equ iaxed  m i c r o s t r u c t u r e  a s  shown i n  F i g u r e  7 .  S i n c e  t h e  

chemical  a n a l y s i s  i n  t h i s  r e g i o n  of t h e  t u b e  had i n d i c a t e d  bo th  h i g h  

oxygen c o n c e n t r a t i o n  (1100 ppm) and very  s t e e p  oxygen g r a d i e n t  i t  was 

dec ided  t h a t  an  a d d i t i o n a l  specimen shou ld  be t a k e n  from a n  a r e a  c l o s e r  

t o  t h e  h i g h e r  oxygen specimen (N l /2 - inch  above t h e  end of t h e  swirler 

i n s e r t ) .  The m i c r o s t r u c t u r e  of  t h i s  specimen, shown i n  F i g u r e  8  v a r i e s  from 

t h a t  of t h e  lower  specimen,  F i g u r e  7,  and is probably  more t y p i c a l  of  

t h e  h i g h  oxygen a r e a .  The r e a s o n  f o r  t h e  h i g h  oxygen was d i s c u s s e d  i n  

t h e  p r e v i o u s  r e p o r t  . (2) I t  can  be s e e n  i n  F i g u r e  8 t h a t  t h e  r e a c t i o n  

zone a t  t h e  t u b e  I D  is n o t  uniform i n  t h i c k n e s s  which could  be a  r e s u l t  

of t h e  s w i r l i n g  a c t i o n  of t h e  potass ium b e i n g  e j e c t e d  from t h e  end of  

t h e  s w i r l e r  w i r e  i n s e r t .  The r e a c t i o n  zone c o n s i s t s  of t h r e e  d i f f e r e n t  

r e g i o n s  a s  shown i n  F i g u r e  9 .  The r e g i o n  c l o s e s t  t o  t h e  I D ,  shown i n  

F i g u r e  9a,  c o n s i s t s  p r i m a r i l y  of a very  f i n e  even ly  d iv ided  p r e c i p i t a t e  

i n  t h e  m a t r i x  and a  s l i g h t l y  c o a r s e r  g r a i n  boundary p r e c i p i t a t e ,  Near 

t h e  mid-wall ,  shown i n  F i g u r e  S e ,  t h e  m i c r o s t r u c t u r e  is  cfoi~~irrated by a. 

r e l a t i v e l y  l a r g e  g r a i n  boundary p r e c i p i t a t e  and somewhat f ewer  i n  number 

but  e q u a l l y  l a r g e  m a t r i x  p r e c i p i t a t e ,  Between t h e s e  t w o  r e g i o n s ,  shown 



H64021A E t c h e d  

a. T o t a l  w a l l  

H6402 1D 

b. Inner wall 

E t c h e d  

F igu re  6 ,  T-111 Potass ium Containment Tube t o  the P lug  S e c t i o n  Approximately 
Six-Inches Above L i t h i u m  E x i t  f rom Boiler, 



H64031A Etched 

Figure  7. T-111 Potassium Containment Tube i n  t he  Plug Sec t ion  of t h e  
Boi le r  Adjacent t o  t h e  Top of t h e  Swir le r  Wire I n s e r t .  



F i g u r e  8 ,  3/8-Inch OD P o t a s s i m  Containment Tube Approximately One-Half Inch 
Above Top of Swi r l e r  Wire I n s e r t ,  



J070TLl.N Etched 307011C Etched 

a. Near potassium side b. Approximately 0.015 inch from 
potassium side 

Figure 9. T-111 Potassium Containment Tube Approximately 112-in 
Swirler  Wire I n s e r t .  Same Area a s  Figure 8. 

c. Approximately 0.03Q inch from 
potassium side - near wid-wall 

.ch Above t h e  Top of the  



i n  Figure 9b t h e r e  is a t r a n s i t i o n  reg ion  c o n s i s t i n g  pr imar i ly  of a f i n e  

maerix p r e c i p i t a t e  and an a r e a  immediately ad jacent  t o  s t  of l a r g e  g r a i n  

boundary p r e c i p i t a t e s  but c l e a n  ma t r ix ,  Microprobe ana lyses  were per-  

formed on t h i s  specimen t o  determine t h e  i d e n t i t y  of t h e  p r e c i p i t a t e  

p a r t i c l e s .  Although t h e  i d e n t i t y  of t h e  f i n e  p a r t i c l e s  could not  be 

i d e n t i f i e d ,  because t h e  s i z e  i s  below t h e  r e s o l u t i o n  l i m i t  of t h e  

microprobe, t h e  l a r g e r  p a r t i c l e s  a r e  bel ieved t o  be hafnium oxide because 

(1) t h e  hafnium conten t  i n  t h e  r eg ion  of t h e  l a r g e r  p a r t i c l e s  was approxi-  

mately f o u r  times t h a t  of t h e  mat r ix  and (2) a l l  of t h e  l a r g e r  p a r t i c l e s  

f l uo re sced  i n  t h e  e l e c t r o n  beam. 

Specimens of t h e  s w i r l e r  w i r e  i n s e r t  a t  l o c a t i o n s  near  t h e  bottom, 

s ix- inches  from t h e  l i t h ium e x i t ,  and t h e  t o p  were a l s o  examined. Typical  

a r e a s  from t h e  t o p  and bottom of t h e  swirler wire  a r e  shown i n  Figure 10 .  

Microprobe ana lyses  were performed i n  an attempt t o  i d e n t i f y  t h e  dark 

phase.  Resul t s  from t h e  t o p  sample showed t h e  hafnium conten t  of some 

of t h e  p a r t i c l e s  t o  be t h r e e  t imes  t h a t  of t h e  mat r ix ;  however, r e s u l t s  

of ana lyses  of t h e  bottom specimen a r e  not complete a s  y e t .  The specimen 

from s i x  inches above t h e  l i t h ium exi t  r ep re sen t s  a  specimen ad jacent  t o  

t h e  specimen from t h e  3/8-inch tube  shown i n  Figure 6 .  A s  seen i n  Figure 11, 

a s i m i l a r  e f f e c t  was observed i n  t h e  s w i r l  wire a s  was seen  i n  t h e  tube  

s e c t i o n ,  i . e . ,  a l oca l i zed  a r e a  of apparent co r ros ion .  To determine i f  

t h i s  e f f e c t  was a s soc i a t ed  w i th  t h e  s w i r l i n g  a c t i o n  a s  proposed e a r l i e r ,  

t h e  specimen was reground t o  determine i f  t h e  co r ros ion  a r e a  appeared i n  

a  d i f f e r e n t  l o c a t i o n .  On re -e tch ing  i t  was found t h a t  indeed t h e  a r ea  

had r o t a t e d  s i g n i f i c a n t l y  from t h e  o r i g i n a l  l o c a t i o n  suppor t ing  t h e  

s w i r l i n g  e f f e c t .  Microhardness t r a v e r s e s  i n  s e v e r a l  a r e a s  of t h e s e  

specimens showed no s i g n i f i c a n t  dev i a t i on  from t h e  nominal ma t r ix  hardness .  

Specimens were a l s o  examined from t h e  1-inch tube  a t  t h e  t o p  and 

bottom of t h e  plug s e c t i o n .  No d i f f e r e n c e s  could be seen  from t h e  p r e t e s t  

m a t e r i a l  except perhaps a  very s l i g h t  amount of g r a i n  growth a s  shown i n  

Figure 12 (compare wi th  Figure 2 ) .  

2 ,  Boi l e r  
P 

Two a r e a s  were exalnined from t h e  co i l ed  po r t i on  of t l a e  tube  i n  t u b e  

b o i l e r :  (a)  t h e  r e p a i r  w e l d  reg ionf4 '  and ( b )  s e c t i o n s  from t h e  t o p  of t h e  

("~dvanced Refractory Alloy Corrosion Loop Program Quar te r ly  Progress  Report 
No. 14 f o r  period ending October 15,  1968, NASA-CR-72505 (GESP-189). 
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H64081A Etched H64081D Etched 

a. Near bottom - potassium inlet showing tack weld 
joining wire and centerbody 

Etched H64061B 

b i  Near t o p  of i n s e r t  

Etched 

Figure 10. T--1% l S w l r P e r  W i l e  from I?l.ug S e c t i o n  of B o i l e r ,  



Etched 

a. Overall 

H6407 1 B  Etched 

b.  Corrosion area 

F igure  11, T - I l l  S w i r l e r  Wire From P l u g  S e c t i o n  o f  t h e  Bot1er Approximately 
6 Inches Prom the  Lithium E x i t ,  



H64101A,B Etched 

Figure 12. Lithium Containment Tube (l-inch OD) from Top of Plug Section. 



b o i l e r  which w e r e  r e p r e s e n t a t i v e  of t h e  h o t t e s t  (2240O~) p a r t  of t h e  

b o i l e r ,  T h e  r e p a i r  w e l d s  =n b o t h  t h e  3/8 and I - i n c h  t u b i n g  appeared 

t o  he i n  e x c e l l e n t  c o n d i t i o n  a s  shown i n  F igure  l 3 ,  The a r e a s  shown 

r e p r e s e n t  t h e  weld metal -base  metal  interface, which p a s t  e x p e r i e n c e  has 

shown t o  be t h e  most c r i t i c a l  from t h e  s t a n d p o i n t  of a l k a l i  me ta l  com- 

p a t i b i l i t y , a l a d , a s  c l e a r l y  s e e n ,  no ev idence  of c o r r o s i o n  i s  e v i d e n t .  

The specimens from t h e  h o t t e s t  p o r t i o n  of t h e  b o i l e r  showed e v i d e n c e  

of s t r a i n  induced g r a i n  growth i n  b o t h  t h e  3/8 and 1- inch t u b e s .  These 

specimens were t a k e n  from a s e c t i o n  of t u b i n g  t h a t  had been bent  a lmos t  

90° d u r i n g  p r e t e s t  fo rming .  A s  s e e n  i n  F i g u r e s  1 4  and 1 5 , s t r a i n  induced 

g r a i n  growth occur red  comple te ly  a c r o s s  t h e  0 .1 - inch  w a l l  of t h e  1 - i n c h  

l i t h i u m  containment  t u b e  and o v e r  one-half  of t h e  0 .O6O-inch w a l l  of t h e  

3/8- inch potass ium containment  t u b e .  A s  would be expec ted ,  maximum g r a i n  

growth occur red  90' from t h e  n e u t r a l  a x i s  i n  b o t h  c a s e s .  I n  between t h e  

maximum and minimum s t r e s s  a x i s , t h e  m i c r o s t r u c t u r e  ( n o t  shown) c o n s i s t e d  

of mixed f i n e  and c o a r s e  g r a i n s .  

3 .  F i e l d  Repa i r  Welds 

In  a d d i t i o n  t o  t h e  b o i l e r  r e p a i r  welds d i s c u s s e d  above, which were 

made e s s e n t i a l l y  accord ing  t o  s t a n d a r d  weld p r a c t i c e ,  f o u r  f i e l d  welds  

were necessa ry  t o  r e i n s t a l l  t h e  b o i l e r  i n t o  t h e  t e s t  l o o p .  (4) These 

were made accord ing  t o  t h e  same e x i s t i n g  welding s p e c i f i c a t i o n s  f o r  

r e f r a c t o r y  a l l o y s ;  however, t h e y  were performed i n  a  p o r t a b l e  weld 

chamber a t t a c h e d  t o  t h e  48-inch d iamete r  vacuum chamber s p o o l  p iece  of 

t h e  t e s t  chamber. S i n c e  t h e r e  was a  p o s s i b i l i t y  of c e r t a i n  unknown 

v a r i a b l e s  which could  have i n f l u e n c e d  t h e  weld q u a l i t y ,  t h r e e  of t h e  

f o u r  f i e l d  welds were examined m e t a l l o g r a p h i c a l l y .  Two of t h e s e  were 

socke t  welds ,  i n  t h e  l i t h i u m  c i r c u i t .  The weld exposed t o  t h e  h o t t e s t  

Lithium (2250°F) a t  t h e  i n l e t  t o  t h e  b o i l e r  ( h e a t e r  e x i t )  i s  shown i n  

F igure  1 6 ,  and it is  r e a d i l y  s e e n  t h a t  no d e t r i m e n t a l  e f f e c t s  were 

d e t e c t e d  due t o  t h e  10,000 hours  exposure  t o  f lowing  l i t h i u m .  The 

seeond s o c k e t  weld was l o e a t e d  on t h e  l i t h i u m  r e t u r n  l i n e  (2090°P) a n d ,  

a l t h o u g h  n o  i n d i c a t i o n s  of t y p i c a l  a l k a l i  metal  a t t a c k  were observed,  

a v e r y  f i n e ,  somewhat banded, g e n e r a l  p r e c i p i t a t e  was p r e s e n t  as shown 

i n  Pigarre 17, Th is  same t y p e  of s t r u c t u r e  w a s  a l s o  s e e n  t o  a sor~~ewi-aat 

l e s s e r  degree  a t  t h e  bottom of t h e  plug section (phoxos not  shown) 



Etched H64041C 

a. 318-inch OD potassium containment tube 

Etched 

1-inch OD lithium 
containment tube 

H64121A Etched 

F i g u r e  1 3 *  R e p a i r  \.Jelds in Top Coil of the  3 / 8 -  and  1-inch T-3 4 1 Ttabtng 
f r o m  the B o i l e r ,  



H64131C,D Etched 

\ Neutral 

H64131A,B Etched 

F igu re  1 4 ,  1-inch OD Lithium Containment Tube from Top of Boiler Following 
10,088 Hours of Continuous Operat ion at Approximately 2 2 4 0 " ~  
IIlustratLng E f f e c t  o f  St ra in  from Pretes t  Forming Operat ion 
on Grain Growth, 



H64051B !% Etched 

Maximum 
Strain Axi ---  

Lithium Side T~eutral I Axis I 
H6405 1A Etched 

F i g u r e  15, 3/8-inch Potassium Containanent Tube from Top of Bo i l e r  I l l u s t r a t i n g  
E f f e c t  o f  S t r a i n  from P r e t e s t  Forming on Grain Growth During t h e  
$Q,OOQ Hour T e s t ,  Adjacent t o  Sample i n  F igure  14 ,  



Lithium 
Flow 

H64141D Etched 

Figure 16. Repair Socket Weld in 318-inch Lithium Inlet to the Boiler. 



H64151H Etched. 

b. Tube-weld interface 

a. Fitting 

H64151 I ,J  
Etched 

Figure  17, Repair  Socket Weld i n  318-inch Lithium Ex i t  L ine  from Bo i l e r .  
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H64151~ Etched 

Figure 18. 318-inch Tube a t  Repair Socket Weld i n  Lithium Ex i t  Line from 
Bo i l e r .  Same Area a s  F igure  17. 



H64161D Etched 

H64161E Etched 

F igure  19 ,  Heat A f f e c t e d  Zone o f  Field Weld Jo in ing  Top sf B o i l e r  
Bottom of F i r s t  S t a g e  Turbine S imula to r ,  



c l e a n e s t  m i c r o s t r u e t u r e  of any t h e  t u b i n g  examined a s  shown i n  F i g u r e  

20. Alsa a s  s e e n  i n  F i g u r e  20 t h e  g r a i n  s i z e  i s  approximately  t h r e e  

t imes  t h a t  of t h e  p r e t e s t  m a t e r i a l  shown i n  F i g u r e  2a.  Also,  n o t e  t h a t  

t h i s  i s  s t i l l  c o n s i d e r a b l y  less g r a i n  growth t h a n  t h e  s t r a i n  induced 

growth a t  t h e  t o p  of t h e  b o i l e r  (F igures14  and 15).  

The vapor  c r o s s o v e r  l i n e  was examined because bend t e s t s  showed 

t h i s  m a t e r i a l  t o  be t h e  most b r i t t l e  i n  t h e  loop.  A s  shown i n  F i g u r e  21, 

compressing o f  r i n g  segments from t h e  c r o s s o v e r  l i n e  caused f r a c t u r e  w i t h  

l i t t l e  o r  no deformat ion compared t o  s i m i l a r  tests on specimens of p r e -  

t e s t  m a t e r i a l  o r  from t h e  two l o c a t i o n s  w i t h i n  t h e  b o i l e r .  Although some 

c r a c k s  were observed i n  t h e  b o i l e r  specimens shown i n  F i g u r e  21 and a 

specimen from t h e  1 8 0 0 ~ ~  r e g i o n  of t h e  n i n e - s t a g e  t u r b i n e  s i m u l a t o r  

hous ing  ( n o t  shown), t h e  c r a c k s  o c c u r r e d  o n l y  a f t e r  c o n s i d e r a b l e  deforma- 

t i o n  and a t  a  slow p r o p a g a t i o n  r a t e .  On t h e  o t h e r  hand, t h e  c r o s s o v e r  

l i n e  cracked w i t h  l i t t l e  o r  no deformat ion  and t h e  c r a c k  propagated a c r o s s  

t h e  w a l l  i n s t a n t a n e o u s l y .  O p t i c a l  microscopy of a  specimen from t h e  

vapor c r o s s o v e r  l i n e  showed t h e  p r e s e n c e  of a  f i n e ,  g r a i n  boundary 

p r e c i p i t a t e  throughout  t h e  c r o s s  s e c t i o n  a s  shown i n  F i g u r e  22. Because 

o f  t h e  extreme b r i t t l e  n a t u r e  of t h i s  m a t e r i a l ,  Scanning E l e c t r o n  

Microscopy (SEM) was performed on specimens from t h e  f r a c t u r e d  r i n g  

specimens. For  comparison, t h e  SEM s t u d y  a l s o  inc luded  m a t e r i a l  from 

t h e  b o i l e r  and p r e t e s t  m a t e r i a l  n e i t h e r  of which a r e  b r i t t l e .  The r e s u l t s  

showed, i n  agreement w i t h  t h e  o p t i c a l  microscopy, t h a t  t h e  g r a i n  boundar ies  

of t h e  vapor c r o s s o v e r  t u b e  c o n t a i n  a  f i n e  (-0.5 micron) p r e c i p i t a t e  and 

t h e  samples b reak  e s s e n t i a l l y  100% i n t e r g r a n u l a r l y  a s  shown i n  F i g u r e  23c.  

On t h e  o t h e r  hand, t h e  b o i l e r  m a t e r i a l  and t h e  p r e t e s t  m a t e r i a l  broke 

i n  a  much more d u c t i l e  manner a s  shown i n  F i g u r e  23a and 23b, and, where 

v i s i b l e ,  t h e  g r a i n  boundar ies  a r e  void  of p r e c i p i t a t e  p a r t i c l e s .  F u r t h e r  

SEM s t u d i e s  have shown t h a t  t h e  p a r t i c l e s  c o n t a i n  1 .2  - 2.1 t imes  t h e  

hafnium c o n t e n t  t h a n  t h e  nominal m a t r i x  composi t ion;  whereas,  t h e y  con- 

t a i n  0 . 3  - 0.6 t i m e s  t h e  t a n t a l u m  c o n t e n t  of t h e  m a t r i x .  Tungsten,  ca rbon  

o r  oxygen which a r e  a l s o  p o s s i b l e  c o n s t i t u e n t s  of t h e  p a r t i c l e s  could 

n o t  be d e t e c t e d  because  of equipment limitations, 



5. Turbine Simulator Nozzles and Blades - 

Sections from the Mo-mC first, second and tenth stages and the 

Cb-132M sixth stage nozzle and blades were examined in the vapor 

impingement area. No change in general microstructure was observed 

in any of the specimens examined as shown in Figures 24-27. The only 

anomalous feature is a thin coating on the leading edge of the first 

and second stage blades and on the second stage nozzle as shown in 

Figures 24 and 25. Microprobe evaluation will be performed to determine 

the composition of the film. Typical pretest photomicrographs of each 

material are shown in Figure 28. 



H64181A 
a. Total Wall 

Etched 

H 6 4 1 8 1 B  Etched K 6 4 1 8 1 C  E t shed 

b ,  Inner  Wall c, Outer  Wall 

P l g u r e  20. Li th ium Line Connecting Beater Exi t  t o  the Boiler  I n l e t .  



F i g u r e  21. Specimens of 1-Inch OD x 0.1-Inch Wall T-111 P i p e  Following 10,000 Hours 
Exposure i n  t h e  T-111 Rankine System Cor ros ion  T e s t  Loop. Ring Specimens 
Deformed a t  Room Temperature.  (P70-6-4D, P70-6-4F) 



H64191B 

a. Inner Wall 

Etched 

H64-191% Etched 

F igure  22. 1-Inch OD Potassium Vapor Crossover Line Followfng 10,000 Hours 
of Continuous Operation a t  Approximately 1 8 8 0 ~ ~ .  



As-Fractured 

a .  P 

S-2659 

'retest 

As-Frac tured  

S-2651 As-Fractured 

b.  B o i l e r  - 2 2 4 0 ' ~  

s-zb4b As-Fractured 
As-Fractured 

c. Vapor Crossover Line  - 1 8 8 0 ' ~  

F i g u r e  23. Scanning E l e c t r o n  Micrographs of Var ious  Components of  T - I l l  
Rankine System Cor ros ion  T e s t  Loop. A l l  a r e  P r a c t ~ ~ r e s  f rom 
Compression Tests on Rlngs  from 1-inch OD Tubing .  (P7I-2-3H) 



Etched H66011B 

a. Blade 

Etched 

Etched 

b. Nozzle 

Figure  24. Mo-TZC Alloy F i r s t  STage Nozzle and Blade Turbine Simulator FolLos?ing 
10,000 Hours s f  Continuous Exposure t o  Flowing Potassium Vapor in the  
T-111 Rankine System Corrosion T e s t  Loop, 



Etched H 6 6 0 4 1 ~  

a. Blade 

Etched 

Etched 

b. Nozzle 

F igu re  25 .  Ms-TZG Al loy  Second S tage  Nozzle and Blade Turbine S i m u l a t o r  PoEZowing 
%O,OQQ Hours of Continuous Exposure t o  Flowing Potassium Vapor in the  
T-11% Rankine System Corrosion Tes t  Loop, 



Etched H65011A 

a. Blade 

Etched 

Etched 
b. Nozzle 

F i g u r e  26. Cb-132i.i Alloy Sixch Srage Nozzle and Blade Turbine S imula to r  PoIIowing 
%Q,000 Hours of Continuous Exposure t o  Po tass ium Vapor In the  T-I11 
Rankine Sys tem Corrosion T e s t  &sop, 



Etched H66061B 

a .  Blade 

Etched 

H66071A 

b. Nozzle 

Etched 

F i g u r e  27. Mo-TZC Alloy Tenth S tage  Nozzle and Blade Turbine S i m u l a t o r  Following 
10,060 Hours o f  Csntinusus Exposure to Potassium Vapor i n  t h e  T-111 
Rankine System Corrosion T e s t  Loop. 



Etched 
H 6 6 0 8 1 B  

a. Mo-TZC A l l o y  

Etched 

Etched H 6 5 0 3 1 A  

b ,  Cb-132M Al loy  

- .  arched 

F i g u r e  28. Pretest Microstructure o f  Platerials Used f o r  Turb ine  Sinnrrlator of t he  
T-111 Rankine System Corrosion Test Loop, 



B. 190Q0P Li thium Loop 

A t  t h e  complet ion of t h e  postweld annea l  on t h e  new f u e l  specimen 

t e s t  s e c t i o n ,  t h e  l o o p  was f i l l e d  w i t h  l i t h i u m  and sampled.  A n a l y s i s  

of t h e  l i t h i u m  i n d i c a t e d  183  and 200 ppm n i t r o g e n ,  and 132 ppm oxygen, 

The h igh  n i t r o g e n  c o n t e n t  cannot  be exp la ined  a t  t h i s  t ime ;  however, 

t h e  ASTAR 811CN specimens and p o s s i b l y  t h e  T-111 c l a d  UN f u e l  specimens 

cou ld  be s o u r c e s .  I t  shou ld  a l s o  be noted t h a t  t h e  n i t r o g e n  was h i g h  

(120 ppm) a t  t h e  complet ion of t h e  i n i t i a l  2500 hours  of t e s t i n g .  Based 

on t h e s e  f a c t s  and w i t h  t h e  concur rence  of t h e  NASA Program Manager i t  

was decided t o  proceed w i t h  t h e  test .  On J u l y  31, 1970 t h e  l o o p  was 

brought  back t o  test  c o n d i t i o n s .  I n  b r i n g i n g  t h e  l o o p  back t o  o p e r a t i n g  

c o n d i t i o n s ,  i t  was d i s c o v e r e d  t h a t  a n  argon pocket e x i s t e d  a t  t h e  t o p  

of t h e  h e a t  r e j e c t i o n  l i t h i u m  j a c k e t .  A review of t h e  s i t u a t i o n  i n d i c a t e d  

t h a t  t h e  p resence  of t h e  g a s  pocket would n o t  j e o p a r d i z e  t h e  t e s t ,  The 

l i t h i u m  j a c k e t  was inc luded  i n  t h e  d e s i g n  s i n c e  t h e  l o o p  o r i g i n a l l y  was 

t o  be opera ted  a t  2600°F. For 1900°F o p e r a t i o n  t h e  t empera tu re  d r o p  is 

65OF, even w i t h  t h e  g a s  pocket ,  a s  shown i n  F i g u r e  29.  T h i s  i s  s u f f i c i e n t l y  

c l o s e  t o  t h e  c a l c u l a t e d  d e s i g n  t empera tu re  d r o p  of 70°F; t h e r e f o r e ,  i t  

was dec ided  w i t h  t h e  concur rence  of t h e  NASA P r o j e c t  Manager t o  c o n t i n u e  

t h e  t e s t  f o r  t h e  remaining scheduled 5000 hours  wi thou t  a t t e m p t i n g  t o  

remove t h e  argon pocke t .  The test h a s  been o p e r a t i n g  very  s t a b l y ,  w i t h  

no i n d i c a t i o n s  of g a s  i n  t h e  l o o p  i t s e l f .  T y p i c a l  o p e r a t i n g  c o n d i t i o n s  

s i n c e  t h e  r e s t a r t  of t h e  test fol lo iving t h e  planned shutdown t o  r e p l a c e  

t h e  f u e l  element specimens a r e  shown i n  F igure  29.  These t e m p e r a t u r e s  

a g r e e  q u i t e  w e l l  w i t h  t h e  t e m p e r a t u r e s  d u r i n g  t h e  i n i t i a l  2500 hours  of 

t e s t i n g . ' "  The chamber p r e s s u r e  and p a r t i a l  p r e s s u r e  of t h e  v a r i o u s  

gaseous  s p e c i e s  i n  t h e  vacuum chamber s i n c e  t h e  r e s t a r t  a r e  shown i n  

F i g u r e  30 a long  w i t h  comparable d a t a  f o r  t h e  i n i t i a l  2500 hours  of 

t e s t i n g .  No s i g n i f i c a n t  d i f f e r e n c e s  can  be s e e n  f o r  t h e  two t e s t  p e r i o d s .  

I n  g e n e r a l  t h e  t e s t  i s  o p e r a t i n g  very  smoothly a s  of October 15 ,  1970 had 

logged an  a d d i t i o n a l  1825 hours  s i n c e  t h e  planned shutdown f o r  a  t o t a l  

accumulated t e s t  t ime  of 4338 h o u r s .  Only two hours  of t e s t  t ime  were 

l o s t  s i n c e  t h e  r e s t a r t  and t h e s e  were caused by e l e c t r i c a l  i n s t a b i l i t i e s  

i n  t h e  b u i l d i n g  power supp ly  on t h r e e  s e p a r a t e  o c c a s i o n s ,  

'"~dvanced R e f r a c t o r y  Al loy @orrosion Loop Prograin Repor t  No. 20 l o r  
per iod end ing  A p r i l  1 5 ,  1970, ESASA Cont rac t  NAS 3-6474, NASA-CR-72'739 
(GESP-491) . 



~ ~ ~ ~ O e e o b e r  15, lg79es t  Time  
Chmber P re s su re  &-- Torr 
Heater-A 

Sect i on 
F u e l  Specimen 

T e s t  S e c t i o n  
TEMPERATURES IN OF 

Heat R e j e c t i o n -  
C o r r o s i o n  T e s t  

S e c t i o n  

Overt  ernperature 

F igure  2 9 .  l90O0P Lithium Loop Opera t ing  Temperatures  - 4330 Hours 

4 2 



P l a n n e d  S h u t d o w n  to 
/ R e p l a c e  F u e l  E l e m e n t  S p e c i m e n s  

T o t a l  Test  H o u r s  

F i g u r e  30. T e s t  C h a m b e r  E n v i r o n m e n t  D u r i n g  T e s t i n g  of 1 9 0 0 ' ~  L i t h l u r n  Loop. 



12. Lithium Thermal Conveetion Loop - 
The Advanced Ref rac tory  Alloy Corrosion Loop program has been 

modified t o  inc lude  t h e  des ign ,  f a b r i c a t i o n ,  ins t rumenta t ion  and eva lu -  

a t i o n  of a T-111 a l l o y  thermal  convect ion loop t e s t .  The primary ob- 

j e c t i v e  of t h e  t e s t  program is  t o  eva lua t e  mass t r a n s f e r  of i n t e r s t i t i a l  

elements i n  T-111 and ASTAR a l l o y s  i n  a  l i q u i d  l i t h ium,  thermal ly  induced 

c i r c u l a t i o n ,  t e s t  loop.  The test loop  w i l l  be f a b r i c a t e d  from T-111 

a l l o y ,  and it w i l l  con t a in  t h e  fo l lowing  test  specimens: 

1. T e n s i l e  t e s t  specimens of T-111 and ASTAR 811C a l l o y s .  

2 .  Chemistry and metallography specimens of T-111 a l l o y  and 

of t h e  ASTAR type  a l l o y s .  

The test  loop  w i l l  be operated f o r  5000 hours i n  t h e  2500-2700 '~  

temperature  range i n  an u l t r a -h igh  vacuum chamber capable  of a  cold 
-10 

wal l  vacuum of 10  t o r r .  Temperature p r o f i l e s  i n  t h e  hot and co ld  

l e g  v e r t i c a l  t e s t  s e c t i o n s  w i l l  be used t o  c a l c u l a t e  t h e  l i t h i u m  flow 

r a t e .  

The loop  is i l l u s t r a t e d  i n  t h e  i some t r i c  drawing, Figure 3 1 ,  which 

shows the  r e l a t i v e  p o s i t i o n  and o r i e n t a t i o n  of t h e  p r i n c i p l e  loop 

components. The f u n c t i o n  of t h e  p r i n c i p l e  components of t h e  loop,  shown 

i n  Figure 32 , and t h e  test specimens a r e  descr ibed below: 

1. Tes t  Specimens 

T-111 a l l o y  and ASTAR 811C a l l o y  shee t  t e n s i l e  specimens f o r  i n -  

s e r t i o n  i n  t h e  hot  and cold l e g  v e r t i c a l  test s e c t i o n s  of t h e  t e s t  loop  

were machined t o  t h e  dimensions shown i n  Figure 33. 

This  s p e c i a l  des ign  t e s t  specimen al lows f o r  removal of m a t e r i a l  

f o r  chemical and meta l lographic  eva lua t ion  fo l lowing  exposure t o  f low- 

i n g  l i t h ium under t e s t  condi t ions ,  whi le  r e t a i n i n g  a  s tandard t e n s i l e  

specimen, f o r  de te rmina t ion  of p o s s i b l e  s t r e n g t h  changes due t o  mass 

t r a n s f e r  of i n t e r s t i t i a l  elements o r  s t r u c t u r a l  changes. The specimen 

design thus  permi ts  a d i r e c t  c o r r e l a t i o n  between mass t r a n s f e r  of i n t e r -  

s t i t i a l  e l e m e n t s ,  s t r u c t u r e ,  and p o s s i b l e  changes i n  s t r e n g t h  of t h e  

r e spec t ive  a l l o y s ,  

T-111 a l l o y  shee t  specimens f o r  i n s e r t i o n  i n  t h e  upper and lower 

curved s e c t i o n s  of t h e  test  loop were machined t o  t h e  dimensions shown 



Figure 31. Isometric Dra~qiwg of Lithium Thermal Convection Test Loop. 



Figure 32. Rela t ive  P o s i t i o n  of Major Loop Components f o r  Lithium Thermal Convection 
Loop P r i o r  t o  Fabr ica t ion .  (P70-10-7G) 
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Figure 33. Design of Spec ia l  Sheet Tens i le  Specimen f o r  I n s e r t i o n  i n  the  V e r t i c a l  
Tes t  Sec t ions  of t he  Lithium Thermal Convection Tes t  Loop. 



F i g u r e  34. T h i s  specimen w i l l .  be used f o r  chemical  and m e t a l l o g r a p h i c  

e v a l u a t i o n ,  and w i l l  be used t o  moni tor  changes i n  t h e  c o n c e n t r a t i o n  of 

i n t e r s t i t i a l s  and m e t a l l u r g i c a l  s t r u c t u r e  uf  specimens of t h e  T - I l l  

a l l o y  and ASTAR-type a l l o y s  i n  t h e  p o r t i o n s  of t h e  loop  which connec t  

t h e  h o t  and c o l d  l e g s .  

2 .  S p l i t  Tantalum R e s i s t a n c e  Heat ing Element 

Heat ing of t h e  ho t - l eg  v e r t i c a l  t e s t  s e c t i o n  of t h e  l o o p  w i l l  be 

accomplished w i t h  a  s p l i t  t a n t a l u m  r e s i s t a n c e  h e a t i n g  e l e m e n t .  The 

r e s i s t a n c e  h e a t e r  w i l l  be f a b r i c a t e d  e n t i r e l y  of una l loyed  t a n t a l u m  

and w i l l  be 2 .5 - inches  i n  d i a m e t e r  x  18.0- inches  l o n g .  The upper  and 

lower r i n g s  of t h e  h e a t e r  w i l l  be formed from two p i e c e s  of 0 .062- inch 

t h i c k  x 0 .5 - inch  wide t a n t a l u m  s t r i p  which w i l l  e n c l o s e  t h e  t a n t a l u m  

f o i l  of t h e  h e a t e r  body. The h e a t e r  body w i l l  be f a b r i c a t e d  from 0.005- 

i n c h  t h i c k  t a n t a l u m  f o i l  which has  been c o r r u g a t e d  w i t h  approx imate ly  

0.125-inch c o r r u g a t i o n s  e x t e n d i n g  a long  t h e  l e n g t h  of t h e  h e a t e r .  

Cor ruga t ing  t h e  t an ta lum f o i l  w i l l  i n c r e a s e  i t s  s t i f f n e s s  over  t h e  

r e l a t i v e l y  long  18.0-inch l e n g t h  a s  w e l l  a s  i n c r e a s i n g  i t s  e ~ ~ i i s s i v i t y .  

The e l e c t r o d e s  a r e  machined from 0.5-inch d iamete r  t an ta lum rod and 

a r e  b u t t  welded t o  t h e  upper  t a n t a l u m  r i n g s .  A 20 kw s a t u r a b l e  c o r e  

r e a c t o r  w i t h  a  h igh  c u r r e n t ,  s t e p  down t r a n s f o r m e r  w i l l  be used t o  

supply e l e c t r i c a l  power t o  t h e  t a n t a l u m  h e a t e r .  

To reduce  h e a t e r  l o s s e s  t h e  h e a t e r  w i l l  be e n c l o s e d  i n  a n  i n s u l a t i o n  

can f a b r i c a t e d  from 1 5  l a y e r s  of 0.003-inch t a n t a l u m  f o i l .  

3 .  Dowtherm F i l l e d  Water Cooled Heat S ink  

Heat s h a l l  be r e j e c t e d  i n  t h e  c o l d - l e g  v e r t i c a l  t e s t  s e c t i o n  by 

r a d i a t i o n  t o  a  Dowtherm-filled w a t e r  cooled h e a t  s i n k  sur rounding  t h e  

T-111 p i p i n g .  The components r e q u i r e d  t o  f a b r i c a t e  t h e  hea t  s i n k  a r e  

shown i n  F igure  35.  The main components c o n s i s t  of a 5 .0- inch s c h e d u l e  

40 x 24.0- inch long  Type 304 s t a i n l e s s  s t e e l  o u t e r  s h e l l ,  0.375-inch OD 

x 0.049-inch w a l l  Type 304 s t a i n l e s s  s t e e l  t u b e  w a t e r  c o o l i n g  c o i l ,  and 

a  3 .0 - inch  s c h e d u l e  40 x 24.0-inch long  Type 304 s t a i n l e s s  s t e e l  i n n e r  

s h e l l -  Fol lowing assembly of t h e  bea t  s i n k  it w i l l  be f i l l e d  w i t h  

Dowtherm '*A'' th rough  a 0,395-inch OD x 0.049-inch wall Type 304 

s ta in less  s teel  f i l l  tube  which w i l l  t h e n  be s e a l e d  by w e l d i n g ,  
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Figure 34. Design of Sheet Tes t  Specimen f o r  I n s e r t i o n  i n  t h e  Curved Tes t  
Sect ions of t h e  Lithium Thermal Convection Tes t  Loop. 



Figure  35. Components of  Dowtherm-Filled Water Cooled H e a t  Sink P r i o r  t o  Fab r i ca t i on .  
(P70-10-14C) 



Dovrther~n "A" w i t s  chosen as t h e  f l u i d  t o  f i l l  t h e  h e a h e x c h a n g e r  

c a v i t y  because of i ts  I s w  vapor p r e s s u r e  i n  t h e  t empera tu re  range of 

~ n t e r e s t ,  300° t o  460°F. Fol lowing welding of t h e  w a t e r  l i n e s  t o  t h e  

vacrrwn feedthrsuglr  t u b e s ,  t h e r m i s t o r s  w i l l  be p o s i t i o n e d  i n s i d e  t h e  

w a t e r  l i n e s  a t  t h e  i n l e t  and o u t l e t  p o s i t i o n s  of t h e  h e a t  exchanger  i n  

o r d e r  t o  permit  a c c u r a t e  measurement of t h e  t empera tu re  r i s e  of t h e  

w a t e r .  The t o t a l  h e a t  r a d i a t e d  w i l l  be determined by measuring t h e  

f l o w  r a t e  of c o o l i n g  w a t e r  and t h e  i n l e t  and o u t l e t  w a t e r  t e m p e r a t u r e s  

a t  t h e  h e a t  exchanger .  Water flow-measurements w i l l  be determined by 

weighing volurnes c o l l e c t e d  i n  a  ten-minute  p e r i o d .  

4 .  Hot and Cold Leg V e r t i c a l  T e s t  S e c t i o n s  

The ho t  and c o l d  l e g  v e r t i c a l  test s e c t i o n s  of t h e  l o o p  a r e  f a b r i -  

c a t e d  from 1 .0 - inch  OD x 0.100-inch w a l l  x 28.0-inches long  seamless  

T-111 a l l o y  t u b e .  Each l e g  w i l l  c o n t a i n  t e n  s h e e t  t e n s i l e  specimens 

machined t o  t h e  dimensions  of t h e  s p e c i a l  d e s i g n  t e n s i l e  specimen shown 

p r e v i o u s l y  i n  F i g u r e  33. T-111 and ASTAR 811C a l l o y  specimens w i l l  be  

a l t e r n a t e d  i n  each l e g .  The c o l d - l e g  v e r t i c a l  test  s e c t i o n  h a s  been 

g r i t - b l a s t e d  w i t h  alumina t o  i n c r e a s e  i t s  e m i s s i v i t y .  The specimens 

and t h e  h o t - l e g  v e r t i c a l  test s e c t i o n  a r e  shown b e f o r e  assembly i n  

F i g u r e  36.  The t e s t  specimens a r e  lock  wired t o g e t h e r  w i t h  una l loyed  

t an ta lum w i r e .  

5 .  Upper and Lower Curved Tes t  S e c t i o n  

The upper  and lower curved test s e c t i o n s  of t h e  loop ,  shown i n  

F i g u r e  37, were f a b r i c a t e d  from 1.0- inch OD x 0.100-inch w a l l  seamless  

T-111 a l l o y  t u b e ,  which were o b t a i n e d  from t h e  o u t e r  s h e l l  of t h e  t u b e -  

in - tube  b o i l e r  used i n  t h e  T-111 Rankine System Cor ros ion  Tes t  Loop. 

Although t h i s  t u b i p g  was exposed t o  l i t h i u m  f o r  10,000 h o u r s ,  

p o s t t e s t  e v a l u a t i o n  i n d i c a t e d  no e f f e c t s  of t h e  a l k a l i  metal  exposure  

which would p r o h i b i t  i ts r e u s e .  The s t r a i g h t  p i e c e  i n  t h e  middle of 

e a c h  curved t e s t  s e c t i o n  was f a b r i c a t e d  from p r e v i o u s l y  unexposed T - I l l  

a l l o y .  These t e s t  s e c t i o n s  w i l l  c o n t a i n  t h e  chemical  and m e t a l l o g r a p h i c  

t e s t  specimens of  T-111 a l l o y  and ASTAR t y p e  a l l o y s  shown p r e v i o u s l y  i n  



ical Test Section 

Figure 3 6 .  Hot Leg Ver t i ca l  Test  Section of Lithium Thermal Convection Loop with T-111 
Alloy and ASTAR 811C Alloy Sheet Tensile Specimens t o  be Inserted P r io r  
t o  Test.  (P70-10-7D) 



Figu re  37. Upper and Lower Curved T e s t  Sec t i ons  f o r  Lithium Thermal Convection Loop. 
(P70-10-7E) 



F i g u r e  34 ,  The Lower curved t e s t s e c t i o n  wi th  t y p i c a l  spee i~ r l ens  t o  be 

i n s e r t e d  are shown i n  Figure 3 8 -  The specimens a re  lock  wired t o g e t h e r  

wi th  unalloyed tantalum w i r e ,  

6 .  Expans ion  Tank 

The expansion tank  f o r  t h e  test loop has  been f a b r i c a t e d  from 

3.0-inch OD x 0.080-inch x 6.0-inch seamless T-111 a l l o y  tube ,  and 

is shown i n  Figure 39.  The gas  p r e s s u r i z a t i o n  l i n e  and t h e  loop  

connect ion l i n e  a r e  0.375-inch OD x 0.065-inch w a l l  seamless T-111 

a l l o y  t u b e s .  The end caps f o r  t h e  tank  were machined from 0.100-inch 

t h i c k  T-111 a l l o y  p l a t e .  

7 .  Lithium 

The loop w i l l  be f i l l e d  w i t h  l i t h ium which has been p u r i f i e d  by 

hot t r app ing  and vacuum d i s t i l l a t i o n .  A sample of t h e  l i t h i u m  w i l l  

be obtained dur ing  t h e  f i l l i n g  of t h e  loop and w i l l  be analyzed f o r  

oxygen, n i t rogen ,  carbon, hydrogen and m e t a l l i c  i m p u r i t i e s .  Tes t i ng  

w i l l  not be i n i t i a t e d  un l e s s  t h e  oxygen concen t r a t i on  of t h e  l i t h i u m  

i s  l e s s  t han  150 ppm and t h e  n i t rogen  concen t r a t i on  is  l e s s  t han  20 ppm. 

8 .  Test  Chamber 

The e n t i r e  loop w i l l  be contained i n  a  24-inch diameter  vacuum 
-10 

chamber capable  of a  cold w a l l  vacuum of 1 x 10  t o r r .  A 1000 l i t e r  

per  second g e t t e r  ion  pump w i l l  be used t o  maintain t h e  vacuum chamber 
-8 

pressure  i n  t h e  10  t o r r  range during t h e  t e s t .  The loop w i l l  be 

supported by a  pol ished s t a i n l e s s  s t e e l  s t r u c t u r e  us ing  s l o t t e d  b o l t s  

and washers t o  f a c i l i t a t e  ou tgass ing  of t h e  assembly and e l i m i n a t e  

v i r t u a l  l e a k s .  The support  s t r u c t u r e  w i l l  be welded t o  a  22-inch h igh  

c e n t e r  spool  s e c t i o n  t h a t  i s  used t o  f a c i l i t a t e  both t h e  manufacturing 

and i n s t a l l a t i o n  of t h e  loop .  



Figure  38. Lower Curved Tes t  Sec t ion  of Lithium Thermal Convection Loop wi th  Typical  Specimens 
t o  b e  I n s e r t e d  P r i o r  t o  T e s t .  (P70-10-7F) 



Figure 39. Expansion Tank f o r  Lithium Thermal Convection Loop. (P70-10-7~) 



Complete p o s t t e s t  e v a l u a t i o n  o f  t h e  T-111 Rankine  System C o r r o s i o n  

T e s t  Loop and i s s u e  a f i n a l  t o p i c a l  r e p o r t .  

C o n t i n u e  t e s t i n g  o f  1900°F L i t h i u m  Loop. 

Complete f a b r i c a t i o n  and i n s t r u m e n t a t i o n  o f  t h e  Lithiul l i  Thermal  

Convect  i o n  Loop. T e n t a t i v e  p l a n s  i n d i c a t e  t h e  p o s s i b i l i t y  of t e s t  

i n i t i a t i o n  d u r i n g  t h e  n e x t  q u a r t e r l y  r e p o r t i n g  p e r i o d .  
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