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ABSTRACT 

C a v i t a t i o n  damage d a t a  a r e  p r e s e n t e d  s towing :he r a t e  of 

volume change a s  a f u n c t i o n  of t e s t  d u r a t i o n  f o r  316 s t a i n l e s s  

s t e e l  i n  l i q u i d  po tass ium a t  400°F, arid f o r  TZC a l l o y  i n  the 

s t r e s s - r e l i e v e d  c o n d i t i o n  i n  600 F potass ium.  Tne e f f e c t  of 
0 potass ium tempera ture  from 400 - 1200°F on t h e  s t e a d y - s t a t e  

zone r a t e  of  damage of 316 s t a i n l e s s  s t e e l  i s  a l s o  g i v e n .  These 

t e s t s  have been r u n  i n  p u r e  l i q u i d  potass ium w i t h ,  measured oxide 

contaminat ion  of 18 PPM or l e s s .  

exper iments  i n  l i q u i d  sodium show t h a t  peak r a t e s  of damage f c r  

316 s t a i n l e s s  s t e e l  occur  a t  600°F f o r  po tass ium and 400°F f o r  

sodium, acd t h a t  t h e  s t e a d y - s t a t e  volume loss of 316 s t a i n l e s s  

s t e e l  a t  400°F i n  sodium i s  tw ice  t h a t  for 400 

0 

The d a t a  compared t o  s i m i l a r  

0 p o t a s s i m .  
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CAVITATION DAMAGE I N  L I Q U I D  METALS’ 

Te chnica  1 P r o g r e s s  Report  
For  t h e  Pe r iod  

1 August - 31 October  1966 

(POTASSIUM STUDIES) 

I ,  INTRODUCTION 

Th i s  i s  t h e  second p r o g r e s s  r e p o r t  of a n  i n v e s t i g a t i o n  on 

t h e  c a v i t a t i o n  damage r e s i s t a n c e  of r e f r a c t o r y  a l l o y s  i n  h igh-  

t empera tu re  l i q u i d  potass ium.  The i n v e s t i g a t i o n  i s  be ing  c a r r i e d  

o u t  i n  a modif ied cont ro l led-envi ronment  t e s t  chamber, which i s  

a d e q u a t e l y  d e s c r i b e d  i n  t h e  p rev ious  p r o g r e s s  r e p o r t  (Reference 1) .  

Using t h i s  f a c i l i t y ,  t h e  e f f e c t  of t e s t i n g  t ime on t h e  c a v i t a t i o n  

damage r a t e s  of  316 s t a i n l e s s  s t e e l  and TZC were o b t a i n e d .  Fur -  

t h e r ,  t h e  e f f e c t  of tempera ture  of l i q u i d  potass ium on t h e  c a v i -  

t a t i o n  damage of 316 s t a i n l e s s  s t e e l  i s  a l s o  p r e s e n t e d  i n  t h i s  

r e p o r t .  

11. EXPERIMENTAL RESULTS AND DISCUSSION 

For t h e  i n i t i a l  t e s t i n g ,  316 s t a i n l e s s  s t e e l  was chosen a s  

t h e  c o n t r o l  m a t e r i a l .  The r a t e  of c a v i t a t i o n  damage wi th  r e s p e c t  

t o  t e s t i n g  t ime was c a r r i e d  ou t  a t  a po tass ium tempera ture  of 

400°F w i t h  r e t o r t  p r e s s u r e  a t  14 .7  p s i a .  

mens were r u n  t o  s u b s t a n t i a t e  t h e  r e s u l t s ,  Specimen No. 1 was 

n o t  u s a b l e  a f t e r  only a s h o r t  t e s t i n g  t ime due to f a i l u r e  of t h e  

ampl i tude  mon i to r ing  system. The re fo re ,  d a t a  s o  ob ta ined  could 

n o t  be accep ted  r e l i a b l y .  Specimens Nos. 2 and 3 (316 s t a i n l e s s  

s t e e l )  

A t o t a l  of  f o u r  s p e c i -  

were t e s t e d  wi th  a new s t r a i n  gauge ampl i tude  moni tor ing  
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system, which was c a l i b r a t e d  a s  d e s c r i b e d  p r e v i o u s l y  wi tn  a f i l a r  

microscope.  Ac tua l  specimen d isp lacement  i s  approx ima te ly  1.4:* 10  -3 
i n c h  double  ampl i tude ,  which was s e l e c t e d  a s  t h e  s t a n d a r d  fo=. The 

e n t i r e  t e s t  s e r i e s .  Specimen No. 4 was run  to obta i r ,  a d d i t l o n a l  

d a t a  p o i n t s  d u r i n g  t h e  f i r s t  two hours  of t e s t i n g  on t h e  vo lune  

l o s s  curve  where t h e  g r e a t e s t  change i n  damage r a t e  o c c u r s .  

s t a t e  c o n d i t i o n s  were achieved  w i t h  316 s t a i n l e s s  s t e e l  i n  400°F 
potass ium a f t e r  7 t o  8 hours  t e s t i n g  t ime a s  shown i n  F i g u r e  1. The 

s u r f a c e  c o n f i g u r a t i o n  of 316 s t a i n l e s s  s t e e l  i n  s t e a d y - s t a t e  con- 

d i t i o n  i s  a d u l l ,  s i l v e r  g r e y  m a t t e  f i n i s h  a s  shown in F i g u r e  2. 

S teady-  

For t h e  n e x t  s e r i e s  of t e s t s ,  316 s t a i n l e s s  s t e e l  specimens,  

Nos. 2 and 3 i n  s t e a d y - s t a t e  c o n d i t i o n ,  were r u n  a t  s t a n d a r d  amp- 

l i t u d e  and a t  va ry ing  potassium t e m p e r a t u r e s .  R e s u l t s  o f  t h e  

r a t e  of volume l o s s  a s  a f u n c t i o n  o f  l i q u i d  t empera tu re  a r e  p l o t -  

t e d  i n  F i g u r e  3. I t  should  be no ted  t h a t  t h e  peak damage r a t e  oc-  

c u r r e d  a t  600 '~ .  
s t e e l  f o r  c o n t r o l  d a t a ,  TZC a l l o y  i n  t h e  r e c r y s t a l l i z e d  c o n d i t i o n  

was t e s t e d  a t  600 F i n  l i q u i d  potass ium f o r  y a t e  of  volume l o s s  

w i t h  t e s t i n g  t ime ,  The t e s t  t e m p e r a t u r e  o f  6 O O 0 F  f o r  t h e  TZC ?x- 
p e r i v e n t  was s e l e c t e d  on t h e  b a s i s  t h a t  peak r a t e s  of damage were 

oPserved a t  t h i s  t empera tu re  for 316 s t a i n l e s s  s t e e l .  By u s i n g  

t h e  t e r n p e r a t w e  which y i e l d s  t h e  g r e a t e s t  volume l o s s  w i t h  a 

g i v e n  t e s t  d u r a t i o n ,  e r r o r s  a r e  reduced and t e s t  d u r a s i o n  50 

a c h i e v e  syeady s t a t e  i s  sho r t ened .  With a pot,assiLm t z m p e r a f v ?  

of ~ O O ' F ,  TZC specimens Nos. 6 and 7 i n  t h e  r e c r y s L a i l i z e d  con- 

d i t i o n  were t e s t e d  for a total of 8 hours  a t  sLandard ampiit-ilde 

Af te r  completion of t h e  t e s t s  on 316 s L a i n l e s s  
* 

0 

+ 
Heat  t r e a t m e n t :  1 h r  a t  3400°F - V C .  
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w i t h  r e t o r t  p r e s s u r e  a t  a tmospher ic .  The s t e a d y - s t a 5 e  c o n d i t i o n  

was achieved  i n  6 t o  7 hours ,  a s  shown i n  F i g u r e  4 .  Metal  was r e -  

moved from t h e  TZC specimens i n  sma l l  f ragments ,  producir,g a r e -  

f l e c t i v e  and i r r e g u l a r  c r y s t a l l i n e  c o n f i g u r a t i o n ,  much l i k e  chipped 

flirt,  d;le t o  i t s  b r i t t l e n e s s .  Th i s  f ragmentary  e r o s i o n  i s  n o t  

e v i d e n t  i n  t h e  more d u c t i l e  m a t e r i a l s  such a s  316 s t a i n l e s s  s t e e l  

which e rodes  more un i fo rmly  on t h e  c a v i t a t i n g  s u r f a c e .  

A comparison of  t h e  r a t e  of volume l o s s  d a t a  v s .  t e s t  du ra -  

t i o n  f o r  po tass ium and f o r  sodium (Reference  2), o b t a i n e d  under 

a lmost  s i m i l a r  c o n d i t i o n s  o f  ampl i tude  and t empera tu re ,  i n d i c a t e s  

t h a t  t h e  r a t e  o f  damage of  316 s t a i n l e s s  s t e e l  i n  l i q u i d  sodium 

i s  l a r g e r  by a f a c t o r  o f  two. (See F i g u r e  5 ) .  I t  i s  a l s o  i n t e y -  

e s t i n g  to n o t e  t h a t  t h e  peak damage r a t e  o f  316 s t a i n l e s s  s t e e l  

f o r  sodium was found t o  occur  at 400 F, (Reference  2), whi le  f o r  

po tass ium i t  occur red  a t  600 F.  

0 

0 

Other  In fo rma t ion  

The potass ium i n  t h e  t e s t  r e t o r t  i s  f i l l e d  a t  t h e  beginning  

of  t h e  week and al lowed t o  remain i n  t h e  r e t o r t  for ar, e r i t i r e  

week, A t  t h e  end o f  t h e  week, a sample of  t h e  potass ium i s  t aken  

and h e l d  f o r  f u s u r e  oxygen a n a l y s i s  and t h e  potass ium charge i s  

ther, dumped. A new charge  of  p o t a s s i m  i s  added t o  %he r e x o r t  a t  

t h e  start of  a new week. 
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Two random samples of  pozassiurn, used as d e s c r i b e d  above, 

were s e n t  t o  Atomic Power Development Assoc ia%es ,  I r l c ,  for 

a n a l y s i s ,  and t h e  r e s u l t s  a r e  r e p o r t e d  ir ,Table 1. As can be 

seen,  o x i d e  i m p u r i t y  i s  be ing  r ra in ta ined  wel l  withiri  the 50 ppm 

l i n i t  imposed for t h e s e  experiments .  

One equipment m o d i f i c a t i o n  was n e c e s s a r y  d u r i n g  t h e  e x p e r i -  

ment. The v o i c e - c o i l  ampl i tude  pick-up d e v i c e  d e s c r i b e d  i n  t h e  

p rev ious  p r o g r e s s  r e p o r t  (Reference  1) d i d  n o t  perform p r o p e r l y  

due t o  l o c s e n i n g  and breakage of t h e  resonat ip-g  r o d  a t  t,he poir-t, 

cf a c t a c h n e n t  to t h e  t r a n s d u c e r  s t a c k .  A s imp le  s s r a i n  gage 

cemented T o  t h e  s t a c k  has  provided an adequa te  rr;.onit,or>ing s i g n a l  

for d e t e r m i r i n g  ampl i tude  o f  v i b r a t i o n  o f  t h e  specilr.en. A r?ew 

caiibraT,ion curve  was made and t h e  ampl i tudes  r e p o r t e d  i n  t h e s e  

experiments  were measured by t h e  s t r a i n  gage system. 

111. WORK TO BE COMPLETED D U R I N G  THE NEXT REPOR.TING PERIOD 

I t  i s  planned to complete Phase 1 o f  the prcgyarr t3y ~ b -  

t a i n i n g  r a t e  of volume l o s s  wi th  t empera th re  for t h e  remairdng 

m e t a l s "  

TZC - r e c r y s t a l l i z e d  and s+,ress-??lie-Ted 

1-112 a l l o y  

Cb-132M - r e c r y s t a l l i z e d  a.v-d s t r e s s - r e l i e v e d ,  

T 
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Box 
H2° 
( P P 4  

TABLE: 1 

Oxide Impur i ty  Levels  i n  Potass ium 

Po tas -  

Date 
Taken 

I 
Sample T ime  

No. Taken 

5 4:45 p.m 

6 4:50 p.m 

'' Unamalgamated r e s i d u e  

s i u n  
Temp. 

F 0 

9-6-66 

10-7 -66 

Oxygen 
I m p u r i t y  

(PPm )* 

Time Potas  
siurn was 
Held i n  
R e t o r t  

c a l c u l a t e d  as  oxygen from K 0 .  2 
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31 6 STAINLESS STEEL 

TZ C 

FIGURE 2 - APPEARANCE OF 316 STAINLESS STEEL AND TZC IN STEADY STATE 
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Admini st r a t  i o n  

A t t n :  L i b r a r y  1 

N a t i o n a l  Aeronaut ics  and Space 

S c i e n t i f i c  and Techn ica l  

Box 5700 
Bethesda,  Maryland 20014 

Admin i s t r a t ion  

In fo rma t ion  F a c i l i t y  

At tn :  NASA R e p r e s e n t a t i v e  2 

J e t  P ropu l s ion  Labora tory  
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
A t  t n  : L-ibrary i 

Argonrie Na‘cional LabcraLory 
P.  0 .  Box 299 
Lemont, I l l i n o i s  63439 
At tn :  Libraray 1 
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L i b r a r y  1 
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A i r  Force  Systems Command 
Aeronau t i ca l  Systems D i v i s i o n  
Wr igh t -Pa t t e r son  AFB, Ohio 45438 
At tn :  K .  A .  Davis (MANL)  

Defense Documentat i o n  Center  
Cameron S t a t i o n  
5010 Duke S t r e e t  
Alexandr ia ,  V i r g i n i a  22314 

Aeroje t  -General Corpora t ion  
SNAP-8 D i v i s i o n  
Azusa, C a l i f o r n i a  91703 
At tn :  D r .  Robert Gordon 

General  Elec t l - ic  Company 
M i s s i l e  and Space D i v i s i o n  
Space Power and P ropu l s ion  

C i n c i n n a t i ,  Ohio 45215 
At tn :  D r .  J .  W .  Semmel 

D r .  O l i v e r  Engle 

S e c t i o n  

U n i v e r s i t y  of Michigan 
Nuclear  Engineer ing  Department 
Ann Arbor, Michigan 48103 
At tn :  D r .  F .  G .  Hammitt 
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C a l i f o r n i a  I r i s t i t u t e  of Technology 
Department of Applied Mechanics 
Pasadena, C a l i f o r n i a  91103 
At tn :  Dr. M .  S .  P l e s s e t  1 

Westinghouse E l e c t r i c  Corpora t ion  
Astronuc l e a r  Laboratory 
Box 10864 
P i t t s b u r g h ,  Pennsylvania  1523 6 
At tn :  R .  T .  Begley 1 

Atomics Tnt e rria t i orLa 1 
Liquid Metals  In fo rma t ion  

Center  
P. 0 .  Box 309 
Canoga Park,  C a l i f o r n i a  91304 
At tn :  R. W .  Dickinson 1 

Defense Meta ls  In fo rma t ion  

B a t  t e  l l e  Memorial I~ns t i t  u t  e 
505 King Avenue 

Center  

Columbus, Ohio 43201 1 

All is-Chalmers  Manufactur ing 

York, Pennsylvania  
C omp a ny 

At tn :  W .  J .  Rheirigans 1 

TRW I n c .  
Electromechanl  c a l  D i v i s l o n  
2.3555 Eucl id  Avenue 
Cleveland,  Ohio 44117 
At tn :  J. N .  McCarthy 1 

P h i l c o  Corpora t ion  
Aeronut ronic  D i v i s i o n  
Ford Road 
Newport BeachL9 C a l i f o r n i a  92660 
A t t n :  H .  D .  L i r ld t r ia rd t  1 

United A i r c r a f t  Corpora t ior  
P r a t t  and Wl?,it,qey A i r c r a f t  

400 Main S t r e e t  
East H a r t f o r d ,  Conr-ecticut 06108 

Di v i  s i o n  

At t r . :  D r .  W .  J ,  Lueckel  1 
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Nat iona l  Aeronaut ics  and Space 

J e t  P r o p u l s i o n  Labora tory  
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
At tn :  D r .  Lance Hayes 

Admin i s t r a t ion  

1 

North American Avia t ion ,  I n c .  
Roc ke tdyne D i v i s i o n  
6633 Canoga Avenue 
Canoga Park, C a l i f o r n i a  91303 
At tn :  Robert  S p i e s  1 

Westinghouse E l e c t r i c  Corpora t ion  
As t ronuc lea r  Labora tory  
P .  0 ,  Box 10864 
P i t t s b u r g h ,  Pennsylvania  15236 
At tn :  W .  D. Pouchot 1 


