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CORROSION/EROSION TESTS ON CANDIDATE VOLOXIDIZER MATERILS 

W. D .  Holland 
Tennessee Technological Un ive r s i ty  

* 

R e s u l t s  of  co r ros ion /e ros ion  tests on type  316 s t a i n l e s s  s tee l  and 
T e s t s  were conducted a t  650°C i n  a r o t a t i n g  Incoloy 800H are repor t ed .  

drum con ta in ing  a s imulated s o l i d  v o l o x i d i z e r  charge.  

p e r i o d  o f  approximately s i x  months, t h e  co r ros ion /e ros ion  r a t e  f o r  both 

materials was found t o  be e s s e n t i a l l y  t h e  same. 
t h e  t h i c k n e s s  change was found t o  be approximately 1.5 m i l s .  In  a 
d u p l i c a t e  ser ies  o f  tes ts  a t  t h e  same cond i t ions ,  n e i t h e r  m a t e r i a l  
showed a s i g n i f i c a n t  t h i ckness  change. 

After a t e s t  

In  one series o f  tests,  

1. INTRODUCTION 

Voloxidation i s  a p rocess  being developed f o r  t h e  removal of vo l -  

a t i l e  f i s s i o n  products  from spen t  n u c l e a r  f u e l  p r i o r  t o  aqueous 
r ep rocess ing .  In  t h i s  p rocess ,  sheared f u e l  elements are heated t o  

about 60OoC i n  an o x i d i z i n g  atmosphere. 
t h e  f u e l  i s  converted t o  U3O8 wi th  a r e s u l t a n t  change i n  d e n s i t y  t h a t  

causes  cons ide rab le  breakup of t h e  s o l i d  f u e l .  

essence,  a r o t a r y  k i l n  con ta in ing  l i f t i n g  f l i g h t s  and h e a t i n g  and coo l ing  

zones. 

p l u s  t h e  crumbling caused by t h e  d e n s i t y  change, r e s u l t s  i n  much o f  t h e  

s o l i d  being removed from t h e  s t a i n l e s s  s t e e l  ( s s )  h u l l s .  The n e t  effect  
of  t h i s  i s  t h a t  v o l a t i l e  f i s s i o n  products ,  s p e c i f i c a l l y  t r i t i u m ,  and t o  
some e x t e n t  i o d i n e  and c e r t a i n  noble  gases ,  can more e a s i l y  escape from 
t h e  s o l i d  s u b s t r a t e .  

A t  t h e s e  cond i t ions ,  t h e  UO;! i n  

The v o l o x i d i z e r  is ,  i n  

The tumbling a c t i o n  experienced by t h e  sheared f u e l  elements,  

A ty-pical vo lox id ize r  might be 2- t o  3-ft-diam x 20- t o  40-f t - long.  

I t  would c o n s i s t  o f  two zones - a heated zone (comprising about h a l f  t h e  

t o t a l  length)  which i s  maintained a t  about 6OO0C, followed by a cool ing 

The r e s e a r c h  f o r  t h i s  r e p o r t  was conducted while t h e  author  was a 
member o f  t h e  Chemical Technology Divis ion.  
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zone operated i n  such a way t h a t  t h e  s o l i d s  e x i t  t h e  u n i t  a t  approxi- 

mately 150OC. 

r o t a t i o n a l  speed would be approximately 1 rpm. 
would be from 1 t o  3 t / d .  

S o l i d s  1.oading would be about 10% by volume, arid t h e  
S o l i d s  flow t o  t h e  u n i t  

IJnder t h e  above cond i t ions  o f  h igh  temperature operati.on i n  an 

ox id iz ing  atmosphere, arid with t h e  p o t e n t i a l  s u r f a c e  ab ras ion  caused by 

t h e  ceramic s o l i d s  and riietal h u l l s ,  t h e  s e l e c t i o n  o f  a su i . tab le  con- 

s t r u c t i o n  m a t e r i a l  f o r  the v o l o x i d i z e r  becomes extren1el.y important .  
L i t t l e  experimental  d a t a  are a v a i l a b l e  a t  t h e  proposed ope ra t ing  con- 
d i t i o n s ;  t h e r e f o r e ,  a cor ros ion /e ros ion  t e s t  program was i n i t i a t e d  t o  
eva lua te  p o s s i b l e  cons t ruc t ion  m a t e r i a l s  f o r  p ro to type  v o l o x i d i z e r s  t o  

be t e s t e d  i n  a planned experimental  f a c i l i t y  a t  Oak Ridge Nat ional  

Laboratory (ORNL). 

Thi.s r e p o r t  d e s c r i b e s  (1) t h e  i n i t i a l  work i n  a coruosionlerosion 

t e s t  program and ( 2 )  f u t u r e  p l ans  f o r  such a program. The f i r s t  e f f o r t s  

were d i r e c t e d  toward a rough screening i.n which two cand ida te  m a t e r i a l s  

were sub jec t ed  t o  s u r f a c e  e ros ion  a t  high temperature.  In t h e s e  tes ts ,  

two 1 1/2-ft-diam drums were made from t h e  two cand ida te  m a t e r i a l s ,  t ype  
316 SS and Incoloy 800H, both o f  nominal 1/4--iii. t h i ckness ,  The druiiis 
were equipped with e n d p l a t e s ,  l i f t i n g  f l i g h t s ,  and loading p o r t s  The 

drums were then  mounted h o r i z o n t a l l y  i n  fu rnaces ,  loaded with simulated 

s o l i d  m a t e r i a l s  c o n s i s t i n g  o f  ceramic powders and sheared rods 

r o t a t e d  a t  a temperature of 650'C f o r  s e v e r a l  months. Wall th i ckness  
measurements were made p e r i o d i c a l l y  a t  s p e c i f i c  l o c a t i o n s  on t h e  t es t  
s u r f a c e s .  The r e s u l t s  of t h i s  i n i t i a l  phase of t h e  co r ros ion /e ros ion  
t e s t  program, covering 156 days o f  ope ra t ion ,  a r e  r epor t ed  h e r e ,  

and 

2 .  APPARATUS AND PROCEDURES 

The t e s t  apparatus  wa5 designed and cons t ruc t ed  t o  s imula t e  t h e  
cond i t ions  of temperature and e ros ion  t h a t  would be p re sen t  i n  an 
operat ing v o l o x i d i z e r .  I t  cons i s t ed  o f  a t e s t  drum, a d r i v e  mechanism 
t o  provide r o t a t i o n  t o  t h e  drum, and a furnace t o  provide t h e  necessary 
temperature c o n t r o l .  Two i d e n t i c a l  u n i t s  were cons t ruc t ed  and operated 

simultaneously.  
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Each t e s t  drum was made from nominal 1 /4 - in . - th i ck  s tock  of t h e  

m a t e r i a l s  t o  be t e s t e d  - t y p e  316 SS (ASTM A240) and Incoloy 800W (ASTM 

B409). 

Thle test  su r faces  were made by r o l l i n g  and welding a 7-1/2-in.-wide 
p i e c e  of  the 1/4-in. s tock  i n t o  an 18-1 /2- in . -d im c y l i n d r i c a l  s h e l l  and 

then  a t t a c h i n g  t h e  s h e l l s  t o  each s i d e  of a S-in.-wide c e n t e r s h e l l  made 
of type 316 SS. 

t h a t  was used t o  load and unload a s imulated charge of s o l i d  m a t e r i a l  
i n t o  t h e  drum. 

Each drum conta ined  one test  s u r f a c e  of each of t h e  two m a t e r i a l s .  

The c e n t e r s h e l l  conta ined  a 3 -5 /8 - in . -d im covered p o r t  

A ske tch  of  a t y p i c a l  test  drum i s  shown i n  Fig. 1 .  

Each drum was a l s o  equipped wi th  c i r c u l a r  endp la t e s  of 21-in.-diam, 

1 /4 - in . - th i ck  SS. 

and b o l t e d  s e c t i o n s  of threaded  rod t h a t  extended from one endp la t e  t o  

t h e  o t h e r  around t h e  o u t s i d e  circumference of t h e  drum. Drive s h a f t s  of 
l - l / Z - i n . - d i m  SS were a t t ached  t o  t h e  c e n t e r s  of  each endpla te .  m e n  

assembled i n  t h e  furnace ,  each s h a f t  extended through t h e  furnace  wall 
and was supported on t h e  o u t s i d e  of the .furnace us ing  p i l l ow b locks .  

d r i v e  u n i t  c o n s i s t i n g  of an e l e c t r i c  motor, a gear  r educ t ion  u n i t ,  and a 
V-bel t  p u l l e y  arrangement was used t o  provide t h e  des i r ed  r o t a t i o n  f o r  

t h e  drum. 

The e n t i r e  un i t  was he ld  t o g e t h e r  u s ing  locking t a b s  

A 

The fu rnaces  used were commercially a v a i l a b l e ,  e l e c t r i c a l l y  hea ted  

u n i t s  capable  o f  provid ing  c o n t r o l l e d  temperatures  up t o  650°C. 

blowers were i n s t a l l e d  t o  provide  cool ing  around each d r i v e  s h a f t ,  bu t  
t h e  a d d i t i o n a l  coo l ing  was found t o  be unnecessary.  

A i r  

The t e s t  s u r f a c e s  under s tudy  were t h e  i n t e r i o r  s u r f a c e s  of t h e  

c y l i n d e r s  on each end of  a test  drum. 

equal s e c t i o n s  by i n s t a l l i n g  1-in.-wide l i f t e r  b l ades  made of 1 /4 - in ,  

s tock .  

of t h e  f l i g h t s  i n s t a l l e d  i n  a v o l o x i d i z e r  t o  provide motion t o  t h e  
s o l i d s .  

Each s u r f a c e  was d iv ided  i n t o  s i x  

The purpose of t h e s e  b lades  was t o  s imula t e  t h e  l i f t i n g  a c t i o n  

011 each of t h e  s i x  t e s t  s e c t i o n s ,  c e r t a i n  t e s t  p o i n t s  were marked 
Markings werc made on t h e  o u t s i d e  i n  a p a t t e r n  t o  be descr ibed  l a t e r .  

s u r f a c e  s o  t h a t  a probe used t o  determine t h c  th i ckness  of t h e  metal 

wall could be pos i t i oned  a t  a p a r t i c u l a r  test  po in t  a f t e r  each t e s t  
pe r iod .  

of t h e  Department of  Qua l i ty  Assu.rance and Inspec t ion ,  OWL, us ing  an 
u l t r a s o n i c  thickness-measuring device .  

Thickness me.asurements werc made p e r i o d i c a l l y  by s t a f f  members 
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3 .  RESUL'TS 

After i n i t i a l  assembly, t h e  t e s t  apparatus  was loaded with s o l i d  

materials and r o t a t e d  a t  65OoC f o r  v a r i o u s  t ime i n t e r v a l s .  

was stopped p e r i o d i c a l l y  and allowed t o  cool ,  and th i ckness  measurements 
were made a t  p re sc r ibed  t e s t  p o i n t s  l oca t ed  on t h e  t e s t  s u r f a c e s .  
s e c t i o n  d e s c r i b e s  t h e  t e s t  c o n d i t i o n s ,  t h e  times of exposure, and t h e  

t . es t  p o i n t  l o c a t i o n s  on t h e  t es t  su r face .  

wall t h i c k n e s s  v a l u e s  and d i s c u s s e s  t h e  s t a t i s t i c a l  procedures used t o  
analyze t h e  d a t a .  

The apparatus  

'I'his 

I t  a l s o  p r e s e n t s  t h e  measured 

3 . 1  Test Condit ions 
I_- 

The fol lowing i s  a schedule  o f  t h e  runs made and t h e  time i n t e r v a l s  
between t h i c k n e s s  measurements: 

DATE DESCRIPTION 

0 3 / 2 8 / 6 8  

05/01/78 

05/24/78 

08/07/78 

08/08/78 

08/22/78 

10/27/78 
12/12/78 

02/20/79 

05/07/79 
05/10/ 79 

I n i t i a l  t h i ckness  measurement 

Drums loaded with 10 kg 
ceramic-filled SS h u l l s  
each; ~ 9 %  loading by v o l -  
ume; 1 rpm a t  6 5 0 ' ~  

measurement; t e s t  resumed 
Test stopped f o r  t h i c k n e s s  

T e s t  stopped 

Thickness measurement made 

T e s t  resumed; drums loaded 
with 10 kg of  s t e e l  r e i n -  
f o r c i n g  rods;  ' ~ 3 %  loading 
by volume; 1 rpm a t  650°C 

Test stopped 
Thickness measurement made 
T e s t  resunied; drums loaded 

with 10 kg SS rods ;  %2% 
loading by volume; 1 rpm 
a t  GSO'C 

T e s t  stopped 
Thickness measurement made 

Reading 1 

23 days 

Reading 2 

75 days 

Reading 3 

35 days 

Reading 4 

76 days 

Reading 5 
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07/29/79 

10/08/79 

10/12/79 

80 days Test resumed; drums loaded 
with 10 kg SS rods p ius  
1 kg sand; +2% loading by 
volume 

Test stopped 
'l'hickness measurement made Reading 6 

There are f i v e  d i s t i n c t  tes t  pe r iods  between the s i x  series of 
th i ckness  measurements. I n  t h e  fixst two pe r iods ,  t h e  drums were loaded 

with 10 kg each of  ce ran i i c - f i l l ed  SS h u l l s .  

wall,. and a cons ide rab le  amount of  ceramic m a t e r i a l  came out  of t h e  
h u l l s  during t h e  t es t .  When it became apparent t h a t  only small changes, 

i f  any, were t a k i n g  p l a c e  i n  wall thickness  when us ing  t h e  ceramic- 

f i l l e d  h u l l s ,  more seve re  e ros ion  cond i t ions  were imposed on t h e  t e s t  
s u r f a c e s  I 

This m a t e r i a l  had a t h i n  

Sheared p i e c e s  of s t e e l  r e i n f o r c i n g  pods were then used i n  p l a c e  of 

These p i e c e s  were l a r g e r  and heavier  than t h e  

After 35 d o f  t e s t i n g ,  

t h e  c e r a m i c - f i l l e d  h u l l s .  

h u l l s  and were expected t o  produce more e ros ion .  
it was noted t h a t  t h e  rods themselves were experiencing seve re  e ros ion  

and corrosion. 
one-half  o f  t h e i r  i n i t i a l  va lues ,  and copious q u a n t i t i e s  of i r o n  oxide 

powder werc found i n  t h e  drums. 

p e r i o d s ,  and sheared 1/4- in .  SS rods  were used as a s o l i d  charge.  In  

t h e  last  o f  t h e s e  t e s t s ,  1 kg of sand was a l s o  adcled t o  each drum. 

The diameters  o f  t h e  rods were reduced by approximately 

The drums were cleaned f o r  the l a s t  two 

The r e s u l t s  of readi.ngs 1, 2 ,  and 3 are no t  r epor t ed  because of 

ques t ionab le  c a l i b r a t i o n  techniques used with t h e  th i ckness  measuring 

procedure e Fort  unat e l y , t h e  most severe co r ros ion /e ros  ion  condit  i ons 

were obtained and over h a l f  o f  t h e  exposure time elapsed between read- 
i n g s  4 and 6.  For r ead ings  4,  5, and 6, t h e  c a l i b r a t i o n  procedure 
cons i s t ed  of o b t a i n i n g  a th i ckness  ineasurement (using a micrometer) a t  

one s p e c i f i c  l o c a t i o n  on each of t h e  fou r  t e s t  s u r f a c e s  and a d j u s t i n g  
t h e  t e s t  iristrurnent t o  read t h e  measured t h i c k n e s s  a t  t h a t  p o i n t .  Thus , 
t h e  th i ckness  r ead ings  were obtained w i t h  a s p e c i f i c  c a l i b r a t i o n  f o r  
each m a t e r i a l  and each drum. This  procedure was n o t  used i n  t h e  f i rs t  
three sets of r ead ings .  The t o t a l .  time of  exposure between readi-ngs 4 

and 6 was 156 d. 
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The th i ckness  measurements are p resen ted  i n  Tables 1, 2 ,  3 ,  and 4 .  
A5 can be seen from t h e s e  t a b l e s ,  t ype  316 SS had a nominal thi.ckness of 
s l i g h t l y  over 0.25 i n . ,  whereas t h e  Incoloy 800H had a t h i ckness  of  

s l i g h t l y  over 0.26 i n .  

3 . 2  Samrjle Point  Nomenclature 

There were two i d e n t i c a l  drums, 1 and 2,  each con ta in ing  a type 316 SS 

and an Incoloy 800H test  s u r f a c e .  

s i x  equal blocks by t h e  six f l i g h t s  spaced around t h e  circumference of 
t h e  drum. 

number of t e s t  p o i n t s  t h e y  containcd.  
( t h r e e  rows of t h r e e  po in t s  cen te red  a t  t h e  c e n t e r  of t h e  b l a c k ) .  
p o i n t s  are numbered as fol lows:  f i rs t  row - 1, 2 ,  3 ;  second row - 
4,  5 ,  6; t h i r d  row - 7, 8, 9. Spacing between t h e  columns and rows was 
3 and 2.5 i n .  r e s p e c t i v e l y .  "B" b locks contained f i v e  p o i n t s  (a c e n t e r  

p o i n t  and f o u r  c o m e r  p o i n t s ) .  These p o i n t s  were numbered 11, 13, 15, 
17, 19, This system was used so t h a t  t h e  number of each p o i n t  i n  each 

HI block d i f fe red  from t h e  corresponding p o i n t  i n  t h e  A block by e x a c t l y  10. 

For example, t h e  c e n t e r  p o i n t  i n  an A block was 5, and i n  a B block it 
was 15. 
s i n i i l a r l y  l o c a t e d  p o i n t s  could e a s i l y  be made u s i n g  t h e  SAS 

program package t o  analyze t h e  d a t a .  
B block l o c a t e d  under it (when viewed through t h e  open furnace door) 
were considered t o  be a r e p l i c a t i o n .  
and 3 ,  wi th  r e p l i c a t i o n  number 1 be ing  t h e  one con ta in ing  t h e  loading 

p o r t .  

Fig. 2.  

Each t e s t  s u r f a c e  was d iv ided  i n t o  

The blocks were designated e i t h e r  A OT B depending on t h e  

"Aff blocks contained n i n e  p o i n t s  
'These 

T h i s  numbering system was used so  t h a t  comparisons between * 
s t a t i s t i c a l  

Tn a d d i t i o n ,  each A block and t h e  

The r e p l i c a t i o n s  were numbered 1, 2 ,  

A diagram showing t h e  l ayou t  of t h e  sampling p o i n t s  i s  shown i n  

3 . 3  Discussion 

In additi-on t o  wall t h i ckness  measurements on t h e  t e s t  s u r f a c e s ,  
'Tables 1 through 4 a l s o  p r e s e n t  t h e  measured t h i c k n e s s  d i f f e r e n c e  between 
r ead ings  4 and 6 for each of  the 42 p o i n t s  on each of t he  four  t e s t  

n 

_c_- SAS 76, a s ta t i s t ica l  a n a l y s i s  program supp l i ed  by SAS T n s t i t u t e ,  
Inc. ,  P.O. Box 10066, Raleigh, NC 27605. 
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Table 1. Experimental resu l t s  f o r  type 316 SS (drum 1) 

D i f f e r  enc.e 
Thickness readings I....I__ R4- R 6  Percent -. . -. . .. 

Location Replication No, 4 No, 5 No. 6 (X10E4) difference 

1 1 
1 2 
1 3 
2 1 
2 2 
2 3 
3 1 
3 2 
3 3 
4 1 
4 2 
4 3 
5 1 
5 2 
5 3 
6 1 
6 2 
6 3 
7 1 
7 2 
7 3 
8 1 
8 2 
8 3 
9 1 
9 2 
9 3 
11 1 
11 2 
11 3 
13 1 
13 2 
13 3 
1s 1 
15 2 
1s 3 
17 1 
17 2 
17 3 
19 1 
19 2 
19 3 

0.2524 
0.2526 
0.2532 
0.2526 
0.2541 
0.2531 
0.2531 
0.2536 
0.2533 
0.2526 
0.2532 
0.2.529 
0.2532 
0.2534 
0.2534 
0.2530 
0.2534 
0.2539 
0.2528 
0.2531 
0.2528 
0.2532 
0.2532 
0.2529 
0 2535 
0.2537 
0.2533 
0.2525 
0.2525 
0.25’26 
0.253s 
0.2536. 
0.2.530 
0.2529 
0.2530 
0.2530 
0.2535 
0.2528 
0.2532 
0.2541 
0.2534 
0.2534 

0.2517 
0.2529 
0.2530 
0.2522 
0.2536 
0.2536 
0.2527 
0.2538 
0.2532 
0.2525 
0.2530 
0.2531 
0.2527 
0.2538 
0.2535 
0.2532 
0.2537 
0.2528 
0.2525 
0.2534 
0.2530 
0 . 2 5 2 8  
0.2535 
0.2533 
0.2533 
0.2542 
0.2533 
0.2525 
0.2530 
0.2520 
0.2532 
0.2536 
0.2536 
0.2522 
0.2525 
0.2526 
0.2529 
0.2530 
0.2533 
0.2542 
0.2538 
0.2535 

0.2519 
0.2533 
0.2530 
0.2523 
0.2539 
0.2532 
0.2524 
0.2543 
0.2S33 
0.2527 
0.2532 
0,2529 
0.2534 
0.2533 
0.2531 
0.2532 
0.2528 
0.2530 
0.2527 
0.25’29 
0.2528 
0.2530 
0.2534 
0.2533 
0.2535 
0.2537 
0.2552 
0.2524 
0.2529 
0.2520 
0.2531 
0.2536 
0.2533 
0.2522 
0.2526 
0.2531 
0.2529 
0.2524 
0.2529 
0.2541 
0.2533 
0.2534 

5 
-7 
2 
3 
2 
-1 
7 

_. 7 
0 

-1 
0 
0 
-2 
1 
3 
-2 
6 
9 
1 
2 
0 
2 
-2 
-4 
0 
0 
1 
1 
-4 
6 
4 
-2 
-3 

7 
4 

-1 
6 
4 
3 
0 
1 
0 

0.20 
-0.28 
0.08 
0.12 
0.08 
-0.04 
0.28 
-0.28 
0.0 
-0.04 
0.0 
0.0 
-0.08 
0.04 
0.12 
-0.08 
0.24 
0.35 
0.04 
0.08 
0.0 
0.08 
-0.08 
-0.16 
0.0 
0.0 
0.04 
0.04 
-0.16 
0.24 
0.16 
-0.08 
-0.12 

0.28 
0.16 
-0.04 
0.24 
0.16 
0.12 
0.0 
0.04 
0.0 



9 

Table  2 .  Experimental  r e s u l t s  f o r  t y p e  316 SS (drum 2) 
- ~ 

Difference  
Thickness readings  R4-R6 Percent  

Location Repl ica t ion  No. 4 No. 5 No. 6 (X10E4) d i f f e r e n c e  
- 

1 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
8 
9 
9 
9 

11 
11 
11 
13 
13 
13 
15 
15 
15 
17 
17 
17 
19 
19 
19 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

0.2517 
0.2516 
0.2510 
0.2514 
0.2510 
0.2506 
0.2507 
0.2501 
0.2496 
0.2521 
0.2516 
0.2516 
0.2517 
0.2514 
0.2510 
0.2509 
0,2510 
0.2504 
0.2523 
0.2514 
0.2516 
0.2514 
0.2508 
0.2509 
0.2510 
0.2504 
0.2502 
0.2517 
0.2511 
0.2512 
0,2508 
0.2496 
0.2500 
0.2512 
0.2506 
0.2510 
0.2517 
0.2516 
0.2516 
0.2504 
0.2497 
0,2505 

0.2503 
0.2508 
0.2506 
0.2505 
0.2501 
0.2497 
0.2496 
0.2493 
0.2485 
0 2509 
0.2511 
0.2515 
0.2506 
0.2508 
0.2507 
0.2502 
0.2493 
0.2496 
0.2513 
0.2509 
0.2510 
0.2513 
0.2509 
0.2502 
0.2501 
0.2492 
0.2495 
0.2508 
0.2501 
0.2504 
0.2502 
0.2491 
0.2487 
0.2503 
0.2502 
0.2506 
0.2513 
0.2511 
0.2517 
0.2498 
0.2493 
0,2495 

0.2492 
0.2494 
0.2500 
0.2486 
0.2486 
0.2498 
0.2477 
0.2479 
0.2483 
0.2503 
0.2498 
0.2507 
0.2492 
0.2492 
0.2503 
0.2485 
0.2485 
0.2493 
0.2504 
0.2499 
0.2509 
0.2495 
0.2493 
0.2501 
0.2502 
0.2496 
0 2492 
0.2497 
0.2501 
0.2501 
0.2484 
0.2487 
0.2484 
0.2488 
0.2502 
0.2502 
0.2498 
0.2506 
0.2511 
0.2501 
0.2489 
0.2499 

25 
22 
10 
28 
24 

8 
30 
22 
13  
18 
18 
9 

25 
2 2  

7 
2 4  
25 
11 
19 
15 
7 

2 1  
15 

8 
8 
8 

10 
20 
10 
11 
24 

9 
16 
24 

4 
8 

I. 9 
10 

5 
3 
8 
6 

0.99 
0.87 
0.40 
1.11 
0.96 
0.32 
1.20 
0.88 
0.52 
0.71 
0.72 
0.36 
0.99 
0.88 
0.28 
0.96 
1.00 
0.44 
0.75 
0.60 
0.28 
0.83 
0.60 
0.32 
0.32 
0.32 
0.40 
0.79 
0.40 
0.44 
0.96 
0.36 
0.64 
0.96 
0.16 
0.32 
0.75 
0.40 
0.20 
0.12 
0.32 
0.24 
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Table  3 .  Experimental  resu l t s  f a r  Iticoloy 800H (drum 1) 

Difference 
7% i c kn es s r ead ings  R4- R6 Percent  

_ ^ . I ~  

Location Replication No. 4 No. 5 No. 6 (X10E4) d i f f e r e n c e  

1 1 
1 2 
1 3 
2 1 
2 2 
2 3 
3 1 
3 2 
3 3 
4 1 
4 2 
4 3 
5 1 
5 2 
5 3 
6 1 
6 2 
6 3 
7 1 
7 2 
7 3 
8 1 
8 2 
8 3 
9 1 
9 2 
9 3 

11 1 
11 2 
11 3 
13 1 
13  2 
13 3 
15 1 
15 2 
15 3 
1 7  1 
17 2 
17 3 
19  1 
19 2 
19 3 

0.2636 
0.2638 
0.2615 
0.2651 
0.2646 
0.2642 
0.2666 
0.2649 
0.2667 
0.2632 
0.2644 
0.2641 
0.2650 
0.2641 
0.2656 
0.2673 
0.2633 
0.2657 
0.2632 
0.2645 
0.2645 
0.2657 
0.2654 
0.2655 
0.2665 
0.2669 
0.2668 
0.2643 
0.2639 
0.2645 
0.2667 
0.2658 
0.2663 
0.2654 
0.2644 
0.2652 
0.2653 
0.2634 
0.2651 
0.2674 
0.2672 
0.2668 

0.2640 
0.2638 
0.2615 
0.2649 
0.2651 
0.2638 
0.2664 
0.2647 
0.2657 
0.2638 
0.2642 
0.2642 
0.2653 
0.2648 
0.2648 
0.2669 
0.2635 
0.2657 
0.2635 
0.2640 
0.2649 
0.2657 
0.2652 
0.2656 
0.2664 
0.2671 
0.2669 
0.2641 
0.2636 
0.2644 
0.2660 
0.2660 
0.2660 
0.2650 
0.2644 
0.2650 
0.2648 
0.2631 
0.2648 
0.2674 
0.2671 
0.2665 

0 0 2632 
0.2639 
0.2605 
0.2650 
0.2646 
0.2640 
0.2658 
0.2647 
0.2659 
0.2638 
0.2639 
0.2640 
0.2644 
0.2650 
0.2658 
0.2640 
0.2631 
0.2669 
0.2631 
0.2647 
0.2643 
0.2654 
0.2650 
0.2664 
0.2661 
0.2673 
0.2680 
0.2640 
0.2637 
0.2642 
0.2664 
0.2648 
0.2656 
0.2651 
0.2636 
0.2643 
0.2643 
0.2629 
0.2646 
0.2664 
0.2664 
0.2673 

4 
-1 
10 
1 
0 
2 
8 
2 
8 

-6 
5 
1 
6 

-9 
-2 
33 

2 
- 12 

1 
- 2  

2 
3 
4 

-9 
4 

-4 
-12 

3 
2 
3 
3 

10 
7 
3 
8 
9 

10 
5 
5 

10 
8 

-5 

0.15 
-0.04 
0.38 
0.04 
0.0 
0 ,08 
0.30 
0.08 
0.30 

-0.23 
0.19 
0.04 
0.23 

- 0 . 3 4  
-0.08 

1.23 
0.08 

-0.45 
0.04 

-0.08 
0.08 
0.11 
0.15 

-0.34 
0.15 

-0.15 
-0.45 
0.11 
0.08 
0.11 
0.11 
0.38 
0.26 
0.11 
0.30 
0.34 
0.38 
0.19 
0.19 
0 .37  
0.30 

-0.19 
-_c_ .___I. 
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Table  4. Experimental resu l t s  f o r  Incoloy 800H (drum 2) 
- 

Difference 
Thickness  r ead ings  R4- R6 Percent  

Location Rep l i ca t ion  No. 4 No. 5 No. 6 (X10E4) d i  f f e r  en ce 

1 1 
1 2 
1 3 
2 1 
2 2 
2 3 
3 1 
3 2 
3 3 
4 1 
4 2 
4 3 
5 1 
5 2 
5 3 
6 1 
6 2 
6 3 
7 1 
7 2 
7 3 
8 1 
8 2 
8 3 
9 1 
9 2 
9 3 

11 1 
11 2 
11 3 
13 1 
13 2 
13 3 
15 1 
15 2 
15  3 
17 1 
17 2 
17 3 
19 1 
19 2 
19 3 

0.2681 
0.2675 
0.2664 
0.2676 
0.2656 
0.2647 
0.2678 
0.2667 
0.2671 
0.2670 
0.2648 
0.2650 
0.2679 
0.2654 
0.2616 
0,2659 
0.2668 
0.2653 
0.2673 
0.2667 
0.2674 
0.2681 
0.2688 
0.2684 
0.2689 
0.2689 
0.2690 
0.2667 
0.2671 
0.2670 
0.2689 
0.2677 
0.2694 
0.2687 
0.2681 
0 2666 
0.2676 
0.2659 
0.2674 
0.2681 
0.2689 
0.2690 

0.2667 
0.2661 
0.2652 
0.2666 
0.2640 
0.2640 
0.2676 
0.2655 
0.2667 
0.2663 
0.2630 
0.2645 
0.2674 
0.2640 
0.2615 
0.2647 
0.2660 
0.2642 
0.2665 
0.2655 
0.2668 
0.2674 
0.2678 
0,2676 
0.2678 
0.2670 
0.2677 
0.2667 
0.2658 
0.2656 
0.2680 
0.2660 
0.2678 
0.2675 
0.2675 
0.2669 
0.2680 
0.2650 
0.2660 
0.2683 
0.2678 
0.2680 

0.2661 
0.2653 
0.2650 
0.2656 
0.2637 
0.2635 
0.2663 
0.2644 
0.2661 
0.2661 
0.2627 
0.2632 
0.2667 
0.2641 
0.2622 
0.2662 
0.2649 
0.2641 
0.2650 
0.2651 
0.2670 
0.2663 
0.2677 
0.2676 
0.2681 
0.2679 
0.2677 
0.2653 
0.2652 
0.2658 
0,2671 
0.2659 
0.2671 
0.2669 
0.2672 
0.2671 
0.2666 
0.2646 
0.2659 
0.2665 
0.2678 
0.2676 

20 
22 
14 
20 
19 
12 
15 
23 
10 
9 

21 
18 
12 
13 
-6  
- 3  
19 
12 
23 
16 

4 
18 
11 
8 
8 

10 
13 
14 
19 
12 
18 
18 
23 
18  
9 

-5 
10  
13 
15 
16  
11 
14 

0.75 
0.82 
0.53 
0.75 
0.72 
0.4.5 
0.56 
0.86 
0.37 
0.34 
0.79 
0.68 
0.45 
0.49 

-0.23 
-0.11 
0.71 
0.45 
0.86 
0.60 
0.15 
0.67 
0.41 
0.30 
0.30 
0.37 
0.48 
0.52 
0.71 
0.45 
0.67 
0.67 
0.85 
0.67 
0.34 

-0.19 
0.37 
0.49 
0.56 
0.60 
0.41 
0.52 
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Fig .  2. Thickness measurement sampling poin t  loca t ions .  
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su r faces .  
10 corresponds t o  a change of  0.001 i n .  
measured th i ckness  decrease,  and nega t ive  d i f f e rences  i n d i c a t e  a measured 

inc rease  i n  th i ckness  a t  a p a r t i c u l a r  po in t .  

The d i f f e r e n c e s  are sca l ed  by l o 4  so t h a t  a d i f f e r e n c e  of 
P o s i t i v e  d i f f e r e n c e s  i n d i c a t e  a 

The tes t  r e s u l t s  are obviously s c a t t e r e d ,  and i t  is  be l ieved  more 
appropr i a t e  t o  t r e a t  t h e  d a t a  f o r  each t e s t  s u r f a c e  as a group r a t h e r  
than  t o  p l a c e  much emphasis on measurements a t  a p a r t i c u l a r  po in t .  

Consequently, mean th i ckness  changes were ca l cu la t ed  f o r  each su r face ,  
and t h e  va r i ance  about t h e  mean was a l s o  determined. In add i t ion ,  a 

frequency c h a r t  was cons t ruc ted  showing t h e  d i s t r i b u t i o n  of t h e  42 t h i ck -  
ness  d i f f e r e n c e s  measured on each sur face .  

F i g .  3 .  

This  c h a r t  i s  presented  i n  

As m y  be seen i n  Tables 1 through 4, s e v e r a l  o f  t h e  d i f f e rences  

are nega t ive ,  which i n d i c a t e s  an apparent  t h i ckness  increase .  
e f f e c t  might be a t t r i b u t a b l e  t o  a lack  o f  p rec i s ion  of the  th ickness  
measuring instrument ,  which i s  be l ieved  t o  be about k0.0005 i n .  
S ine  l a y e r  o f  powdered s o l i d  adhered t o  t h e  t e s t  su r faces ,  a f a c t  t h a t  

tnay have caused some problems with t h e  measurements. 

'This 

Also,  a 

A s t r i k i n g  d i f f e r e n c e  i n  r e s u l t s  may be seen cons ider ing  t h e  average 
th i ckness  changes obta ined  f o r  drum 1 and drum 2.  

a r e  presented  i n  Table 5. 
These average values  

The measured th i ckness  changes on drum 2 a r e  much l a r g e r  than  t h e  

corresponding va lues  f o r  drum 1. 
both drums were t r e a t e d  i d e n t i c a l l y  dur ing  t h e  t e s t  prograin. 

This  f a c t  cannot be explained because 

In  a d d i t i o n  t o  cons ider ing  o v e r a l l  average th i ckness  changes, an 

at tempt  was made t o  d e t e c t  any e f f e c t s  of sample po in t  l oca t ion  on t h e  

wear rates. 
( i . e . ,  next  t o  w a l l ,  nex t  t o  l i f te r  blade,  c e n t e r  of t h e  t e s t  sur face ,  
e t c . ) ,  and changes i n  th i ckness  f o r  t h e s e  groups were examined and 

compared. 
ments found, which could be a t t r i b u t a b l e  t o  sample p o i n t  l oca t ion  on t h e  
t es t  surface. 

The test  p o i n t s  were grouped according t o  loca t ion  o r  type  

There was no d e t e c t a b l e  d i f f e r e n c e  i n  t h e  th i ckness  measure- 
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Table 5. Measured average th ickness  changes 

Mean Standard 
d i f f e r e n c e  dev ia t ion  Number of  

Drum Materia 1 ( i n .  ) ( in . )  d a t a  p o i n t s  

1 316 SS 1.05 10-4 3.56 10+ 42 

1 Incoloy 800H 2 .12  x 10-4  5.84 10-4 41a 

2 316 SS 14.98 x 7.58 i o +  42 

2 Incoloy 800H 13.48 1 0 - 4  6.88 x 42 

a Extremely h igh  reading a t  l oca t ion  6 r e p l i c a t i o n  1 was omit ted.  

4.  CONCLUSIONS 

I t  i s  be l ieved  t h a t  t h e  r e s u l t s  of t h e  pre l iminary  t e s t s  cannot be 

used t o  exclude e i t h e r  of  t h e  materials t e s t e d  f o r  cons idera t ion  a5 a 
material of cons t ruc t ion  f o r  a vo lox id ize r .  One s e t  of tes ts  (drum 1) 

showed e s s e n t i a l l y  no s i g n i f i c a n t  wear during t h e  t e s t  pe r iod  of  156 d. 

'The o t h e r  t e s t  (drum 2)  showed both materials decreas ing  i n  th ickness  by 
approximately 1 - 1 / 2  m i l s  dur ing  a similar test .  While no explanat jon i s  

a v a i l a b l e  f o r  t h e  d i f f e r e n c e s  between t h e  two t e s t  sets, i n  each case 
type 316 SS and Incoloy 8OOW behaved s i m i l a r l y .  

Fu r the r  t e s t i n g  o f  t h e s e  m a t e r i a l s  a t  more r ea l i s t j c  condi t ions  i s  
warranted be fo re  a dec i s ion  can be made regard ing  t h e  a p p l i c a b i l i t y  of  
t h e s e  m a t e r i a l s  f o r  vo lox id ize r  use .  Plans are underway t o  conduct such 

tests. 

In  t h e  new t e s t  series,  t h e  drums are t o  be redesigned so t h a t  one 
drum con ta ins  two type  316 SS t e s t  sur faces  and t h e  o t h e r  conta ins  two 

Incoloy 80011 t e s t  su r f aces .  

ovcn. 
t o  an environment more c l o s e l y  s imula t ing  t h a t  of an ope ra t iona l  
vo lox id ize r .  

Each drum w i l l  be loca ted  i n  a sepa ra t e  

The main purpose o f  t h e  new t e s t s  w i l l  be t o  expose t h e  su r faces  

The p resen t  t e s t  s e tup  is be l ieved  t o  have been d e f i c i e n t  because 
t h e  gas composition with in  t h e  test  drums was uncont ro l led .  In  a l l  

p r o b a b i l i t y ,  t h e  t e s t i n g  was conducted i n  an oxygen d e f i c i e n t  atmosphere. 
The new tes ts  a r e  designed t o  c o r r e c t  t h i s  condi t ion  by d a i l y  adjustments 
of  t h e  coiiiposition of t h e  gas i n  t he  tes t  drums. The gas flowing t o  the  
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drums w i l l  be blended t o  provide t h e  compositions of oxygen, water 
vapor,  and iodi.ne t h a t  a r e  expected t o  be p re sen t  during a c t u a l  voloxi-  
d i z e r  opera t ion .  The l a s t  component, iod ine ,  was no t  p re sen t  i n  these  

f i r s t  s e r i e s  o f  tes ts ,  and water vapor was present  only i n  the ambient 
a i r .  
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