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SUMMARY . 

The objective of th i s  report i s  t o  present experience gained a t  Bat tel le-  

Northwest w i t h  corrosion in nuclear waste processing. The main emphasis i s  on 

corrosion as i t  related to the waste storage canis ter .  Most of the canis ter  

corrosion work has been conducted in support of the In-Can Melter (ICM) (1 
" :3 v i t r i f i ca t ion  system. Thus, fo r  t h i s  work we will assume .the canis te r  goes 

i through the ICM process and i s  then stored i n  a water basin. 

Three important corrosion ef fec ts  a c t  on the canis ter :  

Attack from the melt and melt vapors during processing 

Canister oxidation by a i r  during processing 

Stress, corrosion cracking during interim storage. 

The most severe corrosion .effect  we have seen i s  oxidation of s ta in less  
3 

s tee l  surfaces. in..-contact. with gases containing oxygen during processing. 1;jie 

processing temperature i s  near 1100" and the furnace atmosphere, used unt i l  

now, has been a i r  w i t h  unrestricted flow t o  the furnace. The oxidat ion.rate  
' 2 a t  llOO°C i; 15.8 $/cm fo r  304L SST. Techniques fo r  eliminating t h i s  corrosion 

currently being investigated include the use of d i f fe rent  materials,  such as 

.p Inconel 601 and the use of an iner t  cover gas. 

Corrosion due to the waste melt i s  not as  rapid as the a i r  oxidation. This 

e f f ec t  has been studied quite extensively in connection with the development of 

a metall ic '  crucible me1 t e r  a.t Battelle.  Data a re  avai lable  on the .corrosi'on - 
P ra tes  of several waste compositions in contact w i t h  various materials.  Long- 
.. 3 term compatibility t e s t s  between the melt and the metal have been r u n .  We have 
'. , . 

- . .. @ ~rademark of Huntington A1 loys. 
. . 



found the corrosion ra tes  due t o  the melt or i t s  .vapor do not pose a serious 

problem to the waste canis ter .  However, these ra tes  a r e  high enough to pre- 

clude the practical use of a metall ic melter. 

Interim water storage of the canis te r  may be a problem i f  proper correct ive . 

measurements a re  not taken. The canis te r  may be susecepfible t o  s t r e s s  corrosion 

cracking (SCC) because i t  will be sensit ized to  some extent and i t  will be nearly 
' 8  stressed to  yield.  The most favorable solution t o  SCC involves minimizing canis te r  
< sensi t izat ion and s t r e s s  plus providing good water qual i ty  control.  I t  has been 

recommended to keep the chlorine ion concentration below 1 ppm and the pH above 

10. A t  these conditions no fa i lures  of 304L are  predicted due to  SCC. ( 2 )  

We have concluded tha t  corrosion of a canis te r  used during the In-Can Melter 

process and interim storage can be controlled. Future work will concentrate on 

minimizing the corrosion resulting from these three mechanisms. The techniques 

selected w i  11 be,. a comp.romise between 'the corrosion ef fec ts .  and the other pt:ocess . . 

parameters. 



. . INTRODUCTION . . 

. . . .  . . .  

Studies on the corrosion of nuclear waste storage canis te rs  have been con- . . 

ducted in support of Battel le-Northwest's ' ~ u c l e a r  Waste Fixation Program. This 

program i s  directed toward developing processes t o  convert high-1 eve1 1 iquid 

b ,  
wastes (HLLW)to borosi 1 ica te  g l a s s  fo r  f i n ' a l d i  ipoial . - :   hi: adyantages of t h i s  

glass  waste form a re  well presented by Ross and Mendel. ( 3 )  The corr-osion work 
I 

on wasti canis ters  has been conducted largely i n  connection with the in-can 

melting progress. In Figure 1 ,  the in-can me1 t e r  i s  shown connected to the . . 

spray calciner.  This progress has been selected f o r  use a t  a U . S .  commercial. 

fuel reprocessing plant. The heated wall spray ~ a l c i n e r ' ~ )  converts HLLW t o  

1 ~ calcine which i s  then fed d i rec t ly  into the in-can me1 t e r  along with a glass- 

forming f r i t .  The in-can melting process uses .the storage cani'ster as the melting 

crucible to  vi tr,i.fy the. mixture of calcined nuclear waste and glass-formi ng f r i  t .  

When the canis ter  has been f i l l e d  with the waste glass  i t  will be removed from 

the furnace and a cap will be welded on. After inspection the canis ter  will be 

placed in the interim storage water basin. In addition to  act ing as the melti'ng 

crucible,  the canister a l so  provides protection fo r  t h e g l a s s  product, ac t s  a s  a 

bar r ie r  to dispersion, and provides a means f o r  hand1 ing the glass  block. 

The investigation of the corrosion ef fec ts  of waste processing on various 

metals was s tar ted or iginal ly  to  se l ec t  a material f o r  the metall ic melter. This 

melter was used as a large crucible t o  melt the calcined waste and f r i t  together. 

.z; % The melt was then drained in to  a storage canis te r .  The best material available 
. . 

was Inconel 690@ b u t  i t s  corrosion r a t e  wai s t i l l  judged to be too high for  

- .- ._ 
I 

i W~rademark  of Huntington Alloys. . . 
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' the melter t o  be of.  practical use. The experience and r e su l t s  from th i s  work 

have been very helpful in the corrosion s tudies  for  the ICM canisters .  

In  t h i s  paper, we will d i scussour  experience and laboratory r e su l t s  con- 
' 

cerning the corrosion of waste canis ters .  The paper will be divided into three 

sections,  which will discuss the- three separate corrosion ef fec ts  of the melt 

and i t s  vapor, the furnace a i r ,  and the water basin. In each section we discuss 

the corrosion mode, laboratory t e s t  procedures and r e su l t s ,  techniques fo r  reducing 

the corrosion, and anticipated future work. 



CONCLUSIONS . 

We have found tha t  the corrosion e f fec t s  of the me1 t ,  the furrnace a i r ,  

and the water basin on a canis ter  used in the In-Can Melter process a re  

jnsignificant or can be control led. Methods to  prevent these corrosion ef fec ts  

x / a r e  known and will be evaluated as to  theier e'ffectiveness. Future work wit?:> c ~ c / c  

be directed toward meeting these goals. 

Select the canis te r  material tha t  best meets the corrosion and other 

process requirements. 

Develop and evaluate methods f o r  the control of oxidation of canis ter  

surfaces exposed to  an'oxygen containing atmosphere, 

Develop and evaluate methods 'for the p&vention of s t ress .cor ros ion  

cracking. 



THE THREE MODES OF CORROSION 

The t e s t s  t h a t  we have run  i n  e v a l u a t i n g  t h e  c o r r o s i o n  r a t e s  o f ,  m a t e r i a l s  

have been based o n  what cond i t i on<  t h e  c a n i s t e r  w i  11 experience d u r i n g  i t s  

ope ra t i ng  1  i f e .  The empty c a n i s t e r  w i l l  be p laced i n  t h e  I C M  furnace and heated 

t o  1075OC. The upper p o r t i o n  o f  the  c a n i s t e r  w i l l  be o u t s i d e  t h e  furnace and 

w i l l  average about 250°C du r ing  a  run. The c a n i s t e r  i s  he ld  a t  temperature f o r  

up t o  48 hours w h i l e  i t  i s  being f i l l e d .  When f i l l e d ,  t h e  c a n i s t e r  w i l l  be 

removed and cooled a t  an undetermined r a t e .  The r a t e  i s  unknown because we a r e  , 

s t i l l  eva lua t i ng  d i f f e r e n t  c o o l i n g  r a t e s  and t h e i r  e f f e c t s  on t h e ' c a n i s t e r s  and 

t h e  g lass.  I t  w i l l  be capped, inspected,  and then sent  t o  t h e  i n t e r i m  s torage 

water  basin, where i t  may be h e l d  f o r  a  maximum o f  10 years .  ,The water i n  t h e  

b a s i n  w i l l  b e  a t  55OC and w i l l  have good qua1 i ty  c o n t r o l .  

OXIDATION OF EXTERNAL SURFACES 

Corros ion due t o  o x i d a t i o n  o f  t h e  sur faces  i n  c o n t a c t  w i t h  an oxygen con- 
. . 

t a i n i n g  atmosphere i s  p o t e n t i a l l y  o f  g r e a t e s t  concern. Rates up t o  1.7 mm/day 

have occurred on e x t e r i o r  sur faces o f  304L SST c a n i s t e r s  heated t o  1075°C i n  a i r .  

( ~ a t e s  have been found us ing  engineer ing sca le  c a n i s t e r s . )  The importance o f  

o x i d a t i o n  i s  n o t  o n l y  l o s s  o f  m a t e r i a l  b u t  a l s o  a  s i g n i f i c a n t  waste stream o f  

s p a l l e d  o f f  ma te r i a l  i s  being produced. The sca le  remain ing on the  c a n i s t e r  a l s o  

makes decontaminat ion more d i f f i c u l t  and may pt&ide c rack  i n i t i a t i o n  s i t e s  

when s to red  i n  water. '  Some.oxidat ion o f - t h e  c a n i s t e r  i s  needed though, t o  g i v e  a  

s l i g h t l y  blackened sur face which has a h i g h  e m i s s i v i t y  f o r , g o o d  heat  t r a n s f e r  5n 

a ir .  

We a r e  now i n v e s t i g a t i n g  two methods o f  reducing o x i d a t i o n .  The f i r s t  i s  t o  

rep lace 304L SST, which has been used because i t  i s  inexpensive and i s  used 



e x t e n s i v e l y  i n  nuc lear  equipment, w i t h  a  h igher  a l l o w  meta l .  Inconel  601 and 

I n c o l  1oy 80ZQare two a1 t e r n a t i v e  m a t e r i a l s  now being i n v e s t i g a t e d .  F igu re  

2 shows t h e  performance of these two a l l o y s  i n  comparison t o  304 and some o t h e r  

a l l o y s .  Using e i t h e r  601 o r  802 a l l ows  t h e  use o f  s i g n i f i c a n t l y  h igher  ope ra t i ng  

temperatures which have process advantages, w h i l e  s t i l l  hav ing l i t t l e  o x i d a t i o n .  

The second method i s  t o  p r o t e c t  t h e  sur face o f  304L. Two methods f o r  doing t h i s  

a r e  f l o o d i n g  the  furnace w i t h  an i n e r t  gas such as argon o r  c o a t i n g  the  c a n i s t e r  

w i t h  a  non-ox id iz ing  m a t e r i a l .  We have demonstrated a  plasma sprayed c o a t i n g  of  

- z i r c o n i a  on t h e  sur face o f  t h e  c a n i s t e r  t o  be e f f e c t i v e  i n  P reven t i ng  o x i d a t i o n .  ( 5  

FIGURE 2. 

Thema in  co r ros ion  mechanism p r e d i c t e d  fo r  water :basin s to rage of a  waste 

c a n i s t e r  i s  s t r e s s  corros ion,  c rack ing  (SCC) . We have been performi.ng . labora tory  

work and s tudy ing  the. 1  i t e r a t u r e  t o  eva lua te  t h i s  mechanism. The c a n i s t e r  i s  . 

suscep t i b le  t o  SCC because i t  w i  11 be s e n s i t i z e d  and' t h e  sur face w i l l  be i n  

.... . - -  
m ~ r a d e m a r k  o f  Hunt ington A1 1  oys . 



tension. Sensit ization and s t r e s s  inducement in the canis te r  wall i s  inherent 

i n  the ICM process. 

Tensile s t ress  i n  the cani ste.r i s  caused, by the' glass restraining the canis te r  

from contracting d u r i n g  cooling i n  the range of 500°C to  50°C. This i s  because, 
, 

i n  t h i s  range, the mean l inear  coeff ic ient  of expansion fo r  304L i s  18 x 10 -6 O C -  
1  

and for  glass i s  9 x 10 -6 OC-' .  Residual s t r e s s  measurements made on a canis te r  

indicate  30 kpsi hoop s t r e s s  and 36 kpsi axial s t r e s s .  Calculations confirm these 

r e su l t s .  We are  planning to  evaluate several techniques t o  re l ieve  s t r e s s  in the 

canis ter  wall : 1 ) quenching the canis te r  t o  *contract the metal while the g l a s s  ; 

is  s t i l l  yielding, 2 )  cooling the can to  a low enough temperature to  cause s u f f i -  

c i en t  yielding tha t  i t  would be unstressed when warmed back to.norma1 storage 

temperatures, 3) placing a crushable 1 iner  between the glass and can wall, and 

4)  annealing the borosil i ca te  glass a t  the proper temperature t o  produce .densi - 
f ica t ion .  Prelininary resu l t s  from quenching a canis te r  and then heating i t  to  

densify the glass show s t r e s s  levels decreased by a fac tor  of two. The quenching 

operation does fracture the glass;  with 96% of . ' the glass  greater  than 4 mesh 

and only 0.01% smaller than 80 mesh. 

We have evaluated the tendency of various canis ter  materials t o  sens i t ize  

duri'ng processing as we1 1 as the 1 i  kel i  hood of these materials cracking when 

stored in a water basin. We have made t e s t s  in the lab to  substantiate sensi-  

t iza t ion  values found in l i t e ra tu re  and t o  find information on new al loys.  We 

have a lso  evaluated sensi t izat ion of canis te rs  from hot and cold engineering 

scale  runs. 

/ 

The laboratory evaluation was done on three types of , s t a in l e s s  s tee l  and 

two nickel base alloys.  The specinlens were fabricated from 304L, 304, 321, 

Incolloy 800, and Inconel 600 and were exposed a t  238, 427, 538, and 705°C. 

Exposure times ranged from one to  >10,000 h r . .  The' degree of sensi t izat ion 
. . 



I produced by the heat treatment was determined by .exposures to  boi 1 ing 65 w t %  

HN03 or ,  for  Inconel 600, to  boiling H2S04 - Fe2(S04)3 solution. Also, U-bend 

specimens were fabricated from the exposed coupons and then exposed to  a i r -  

saturated water a t  80°C containing 100 ppm chloride to  determine the propensity 

f o r  s t r e s s  corrosion cracking. 

Table 1 gives the sensi t izat ion data,  as determined by Huey t e s t s .  One 

o r  more of the heat treatments resulted in extreme sensi t izat ion of 304, Incol- 

loy 800, and Inconel 600. Sensit ization of 321 was re la t ive ly  mild, whereas 

sensi'tization of 304L was somewhat more severe. ~ a i ' l u r e  occurred i n  2 weeks w i t h  

the 304 and 304L U-bend specimens tha t  were subjected to  a heat treatment a t  

1000°F for  10 and fo r  100 hr. No other f a i lu res  occurred a f t e r  9 weeks of exposure. 

even though other specimens showed a much higher degree of sensi t izat ion.  ~ d r i n g  

the l a s t  four exposure weeks, the pH of the tes:t solution was changed f r &  7 t o  4 

by adding potassium acid phthalate. The Inconel 600 specimens were not expected 

t o  crack because t h e i r  nickel content i s  above 45% which i s  the point above which 

there i s  an apparent,immunity to SCC. Along w i t h  measuring the tendencies t o  

sens i t ize ,  we have 1 ooked a t  methods to  prevent SCC. 

We a re  in the process of evaluating three methods of preventing SCC in 

addition to  that  of reducing canis ter  s t r e s s  levels .  These methods are:  

Use a material that  will e i ther  not sens i t ize  or  i s  not susceptible to  SCC. 

Provide good'water qual i ty  control in the storage basin. 

Use surface treatment before or a f t e r  processing. 

Our  past work has been concerned with using s ta in less  s t ee l s  with low carbon 

content l ike  304L or w i t h  elements added to  s t a b i l i z e  the carbon such as  347. 
1 :  

New work i s  j u s t  s ta r t ing  on evaluating materials with h i g h  nickel content (>452)  
.-----_ 

such as  Inconel 601. These materials are  generally considered immune to SCC. 
l 

and have other benefits over s ta in less  s t e e l s ,  1 i ke oxidation' resistance and 

greater  high temperature strqngth. 



TABLE . Huey Tests of Candidate Canister  Alloys After  Heat 

Trearn'Y"': Corrosion Rates in .Boi l ing 655 N i t r i c  
Acid a 

Heat Treatment 304 L 304 321 Inc 800 Inc 600 
- "  

( b )  

1 )  As mill annealed 0.5 0.7 . 1.8 0.2 28 

2) 1 hr a t  705°C 12.7 1 0 0 ' ~ )  2.6 100 ., 62 

3)  10 hr a t  7 0 5 " ~  12.9 1 0 0 ' ~ )  2.8 12.1 2 0 0 0 ( ~ )  

4)  100 h r  a t  705°C 17.2 4.3 1.7 4 0 0 0 ( ~ )  

( a )  .Average of ( f i v e )  48-hr exposures 
. . 

(b) 24-hr exposure. t o  boi 1 ing 50% H2S04 containing 40 ,g/i F e ~ ( s 0 ~ ) ~  
(c)  3-hr exposure 
(d) Specimen consumed before te ,s t  was completed 

.. . - . . . . . . .- - 
The.contro1 of t he  water qua l i ty  i n  t he  basin-appears t o  provide a very 

good means of preventing SCC, even i n  p a r t i a l l y  sens i t i zed  mater ia ls .  From 

published l i t e r a t u r e  and laboratory t e s t s  we have concluded t h a t  t he  probabi l i ty  

o f  304L cracking during 10 y r  of water s torage can be nearly eliminated by con- 

t r o l l i n g  two water condi t ions:  1 ) maintain the  chlor ide  content  of the  water 

below 1 ppm through the  .use of ion exchangers, and 2) maintain a pH of 10 by 

addi t ion of ammonia. [Sta inless  s tee l  exposed t o  t h i s  'environment appears t o  

. . form a protect ive  f i lm which enables i t  t o  r e s i s t  SCC f o r  . a  prolonged period of 

time under adverse (500 ppm C1, pH 6-8) condit ions .] 



We a r e  eva lua t i ng  several  methods o f  su r face . t rea tmen t  t o  p revent  SCC. 

L i t e r a t u r e  suggests t h a t  shot-peening the  c a n i s t e r  a f t e r  processing w i l l  h e l p  

by p l a c i n g  the  sur face i n  compression.(7) We p l a n  t o  eva lua te  t h i s  i n  l a b  and 

eng ineer ing  sca le  t e s t s .  I f  an o x i d i z a b l e  m a t e r i a l  i s  used i n  processing, s c a l e  

removal w i l l  be d e s i r a b l e  from t h e  s tandpo in t  o f  e l i m i n a t i n g  c rev i ces  i n  t h e  

sca le  which serve as concent ra t ion  p o i n t s  f o r  c h l o r i d e .  We have s t a r t e d  s tudy ing  

e l e c t r o n  p o l i s h i n g  techniques as a  way o f  removing sca le  as w e l l  as decontaminat ing 

t h e  sur face.  This  process should a l so  smooth ou t  sharp c rev i ces  and p o i n t s  i n  t h e ' .  

base..rnetal. F i r s t  i n d i c a t i o n s  are  t h a t  i t  i s  poss ib le  t o  remove t h e  sca le  w i t h  

t h i s  process. Treatments be fore  processing, such as coat ings ,  have been 1  ooked a t .  

For  example, m i l d  s t e e l  was evaluated i n  an acce lera ted  t e s t .  The t e s t  was pe r -  

formed by p lac ing  a  specimen i n  a i r  sparged, 80°C water which conta ined 100 ppm 

c h l o r i d e .  The Aionized l a y e r  was penet ra ted  by p i t t i n g  i n  one week. 

We have had experience of one c a n i s t e r  f a i l i n g  v i a  a  c r a c k i n g  mechanism. 
\ 

The c a n i s t e r  was made o f  310SS and,conta ined r a d i o a c t i v e  waste f rom t h e  WSEP 

Proc'jram. (6) The c a n i s t e r  was s to red  one yea r  i n  water, f o l l owed  by 3  1/2 y r  o f  

a i r  s torage a t  400°C, and then 10 months i n  water  a t  50°C, which was when t h e  

f a i l u r e  occurred. The water showed h igh  amounts o f  d i sso l ved  oxygen and 13 ppm 

c h l o r i d e .  A  Huey t e s t  was r u n  on samples f rom t h i s  c a n i s t e r  a long w i t h  samples 

f rom a  304L c a n i s t e r  which had been s to red  i n  a i r  f o r  2  years a t  400°C. The 

r e s u l t s ,  g iven i n   able 2, show t h a t  bo th  samples were e v e n t l y  sens i t i zed .  

The samples had weight  losses rep resen t i ng  a  un i fo rm p e n e t r a t i o n  r a t e  o f  40 m i l /  

month. Micrographs i n d i c a t e  gross i n t e r g r a n u l a r  c rack ing  near t h e  f r a c t u r e  area. 

I n t e r g r a n u l  a r  c rack ing  i s  i n d i c a t i v e  o f  s t r e s s  ass i s ted  c rack ing ,  n o t  s t r e s s  

c o r r o s i o n  c rack ing .  Areas f r e e  o f  macrocracks were a l s o  f r e e  o f  microcracks.. . . 
F igu re  3 has a p i c t u r e  o f  t he  i n s i d e  and ou ts ide  edge o f  a  p iece  i n  t h e  area 

o f  t h e  crack.  



TABLE . Huey Test Data 

(a) . . Corrosion Rate, mils/month 
Period 

Material 1 - - 2 - 3 - 4 5 - Avg 

'304~'~) 57 155 170. 1 6 8 -  154 141 

31 0") 45 180 207 222 209 173 

(a) The maximum rate for acceptable material is usually 
2 mi l/month (average). 

(b) 304 specimen from WSEP SS-8 canister. One year i n  
water, two years in air at 400°C. 

. . (c) 310 specimen from WSEP SS-9 canister. One year in 
water, 3.5 years in air at 400°C, 10 months in 
.water at' 50°C. 



Internal '  Surface Edge 75X .. External Surface Edge 75X 

In ternal  Surface Edge 225X External Surface Edge 225X 

3 
F IGURE 24. Photomicrographs of Canis ter  Wall Section 

f r m  !dSE? Canister  36--San?l e Area f l 
(Oxal i c  Acid E l ec t ro ly t i c  Etch) 
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The c r a c k i n g  o f  t h i s  c a n i s t e r  was n o t  unexpected; t h e  c a n i s t e r  was s t o r e d  

under v e r y a d v e r s e  c o n d i t i o n s  and was s e v e d y  s e n s i t i z e d .  .. Can i s te r s  o f  304L, 

taken  d i r e c t l y  f rom t h e  ICM furnace,  have much l owe r  Huey Tes t  c o r r o s i o n  r a t e s .  

The maximum c o r r o s i o n  r a t e  f o r  samples t aken  f r om t h e  w a l l s  o f  t hese  c a n i s t e r s  

was 1.15 mi l /month  and samples f r om t h e  neck were 9.1 mil"/month. The means, 

under  t h e  o p e r a t i o n  c o n d i t i o n s  seen a t  t h i s  t i m e  f o r  t h e  I C M  m e l t e r ,  s e n s i t i z a t i o n  

o f  a n y  impor tance e x i s t s  o n l y  i n  t h e  neck. T h i s  w i l l  n o t  always be t r u e  i n  e v e r y  

case and n o t  i f  t h e  process s teps change. 

CORROSIOM EFFECTS OF THE GLASS MELT 

The e f f e c t s  o f  v i t r i f i e d  n u c l e a r w a s t e s  and o f  t h e  vapor  f r om, the  m e l t  

..have been r e l a t i v e l y  unknown. I n  o r d e r  t o  make m a t e r i a l  s e l e c t i o n s  f o r  p i eces  

o f  process equipment we had t o  pe r f o rm  e x t e n s i v e  l a b o r a t o r y  t e s t s .  We have found 

t h a t  t h e  apparent  co r ros iveness  o f  t h e  m e l t  i s  'not  as severe as we had f i r s t  

suspec.ted. Cor ros ion  r 'a tes  l e s s  t han  10  m i l / h r  have been measured f o r  seve ra l  

waste composi t ions,  i n  c o n t a c t  w i t h ' a  v a r i e t y  o f  meta ls ,  a t  temperatures above 

110o0c. 

Our work on t h i s  m a t t e r  has been somewhat e v o l u t i o n a r y  i n  na tu re .  As 

t h e  work 'proceeded, new waste and frit compos i t ions  were developed as w e l l  as  

new processes. The new compos i t ions  o f t e n  b rought  i n  new c o r r o s i v e  elements 

whose e f f e c t s  had t o  be evaluated.  The new processes brought' changes i n  

o p e r a t i o n  c o n d i t i o n s  such as temperature,  t i m e  i n  c o n t a c t  w i t h  t h e  me l t ,  and 

s t r e n g t h  needs. 

The f i r s t  process looked  a t  was t h e  m e t a l l i c  m e l t e r .  T h i s  m e l t e r  r e c e i v e d  

c a l c i n e  and frit, me l t ed  them toge ther ,  and then  dumped t h e  ba t ch  i n t o  a  can i .s te r .  

.. - 
The me1 t e r  r e q u i r e d  good c o r r o s i o n  r e s i s t a n c e  a t  temperatures above l l O O ° C  f o r  



l ong  per iods  o f  t ime. I n  con t ras t ,  t h e  in -can me1 t i n g  process requ i red  good 

h i g h  temperature co r ros ion  res i s tance  f o r  o n l y  severa l  days. The I C M  process a l s o  

requ i red  m a t e r i a l s  w i t h  h igh  'temperature s t rength ,  r e s i s t a n c e  t o  ' cor ros ion  i n  

water, and low cost .  The, work on these processes was n o t  exc lus ive ,  which means 

data  on m a t e r i a l s  evaluated f o r  t h e  m e t a l l i c  m e l t e r  can be a p p l i e d  t o  t h e  I C M  

process. 

Three bas ic  m e l t  composit ions were used i n  t h e  m a j o r i t y  o f  t h e  work. The 

composit ions a re  based on t h e  p red i c ted  composi t ion o f  t h e  a c t u a l  waste, w i t h  

i u b s t ' i t u t i o n s  made f o r  expensive compounds. The fo rming frit used f o r  . , 

t h e  t h r e e  wastes was c a l l e d  73-1. I t s  composi t ion i s  g i ven  i n  Table 3. The 

frit was mixed w i t h  t h e  d i f f e r e n t  wastes i n  r a t i o s  o f  2:1 t o  3:1. Table 5 g i ves  

t h e  composi t ion o f  P'rl-4b.'waste and 73-1 frit, and t h e  r e s u l t i n g  g lass.  The o t h e r  

two wastes were e s s e n t i a l l y  t h e  same except f o r  changes i n  several  c o n s t i t u e n t s .  

PW-6 and PW-7a have h ighe r  concent ra t ions  o f  Na20, Fe203 and U308, which r e f l e c t  , 
4 

t h e  f a c t  t h a t  these composit ions a r e  combinat ions o f  h i g h  and i n te rmed ia te  l e v e l  

wastes. I n  t h i s  r e p o r t ,  we w i l l  use t h e  waste number t o  i n d i c a t e  a m e l t  composi- 

t i o n  o f  t h r e e  p a r t s  73-1 and one p a r t  waste. 



Table J(. Composition of Simulated PW-4b Waste, 73-1 Frit, and Re- 
. sulting Glass Used for  the, WFP. 

Constituents 

$0 for  Rb20 

SrO 
' (a) 
'2 '3 
Z r O  
Moo3 for  Tc207 

Fe 0 for-Ru02 
2 3 

Co30q for  Rh20j 

N i O  fo r  PdO 
, Ag20 

CdO 

Te02 
cs2o 
BaO 

- L ~ ~ o  (a)  f o  

I ceo2fa) for 
Pr 0 (a 

ti l1a)  Nd 0 
3(a)  .Sm 0 
3(a)  

Gd203 

Weight Percent of Total Oxides 
PW-4b Waste 73-1 F r i t  72-68 Glass 

Si02 

B2 '3 
ZnO 
CaO 

. C 

MgO : 

(')~rom natural  rare ear th mixture 



I .  The work w i t h  t h e  m e t a l l i c  c e l t e r  demonstrated the  r e s i s t a n c e  o f  a  

1' v a r i e t y  of a1 l o y s  'under extreme me1 t cond i t i ons .  Specimens o f  15 comrnercial 

a l l o y s  were p laced i n  PW-6 me1 t a t  1150°C f o r  42.5 hr .  The composit ions- of 

t h e  a l l o y s  and t h e  t e s t  r e s u l t s  a re  g i ven  i n  Tables '-k and L, r e s p e c t i v e l y .  - 
A  second t e s t  (rz.sul  t s  i n  Table 6 ) 'was  r u n  on t h e  seven bes t  per fo rming - 
m a t e r i a l s  t o  d l r i ~ ~ n s t r a t e  t h e  e f f e c t  of tempera'ture on. t h e  c o r r o s i o n  r a t e .  

lncone l  600 and 601 which have been chosen as poss ib le  c a n i s t e r  m a t e r i a l s ,  

have good co r ros ion  res i s tance .  

A lso  a t  t h i s  t ime,  we eva lua ted t h r e e  elements t h a t  were suspected t o  

poss ib l y  acce le ra te  co!-rosion. These tnree'elements were .ruthenium, l e a d  

and z inc.  Ruthenium i s  a  f i s s i o n  product  t h a t  occurs i n  a l l  wastes, and d ?--l 
.be# z i n c  prov ide  d e s i r a b l e  phys i ca l  p r ~ p e r t i ~ e s  t o  the  glass.., I n  t h e  cases of  

[ T o l l y  7 "-4'4) . . 

t he  Ru and Zn c o n t a i n i n g  mel tsb the  c o r r o s i o n  r a t e  vias n o t  seve re l y  a f fec ted .  , ,  ' 1 
and the re  was no p r e f e r e n t i a l  'at tack. The m e l t  c o n t a i n i n g  l e a d  was found t o  

be very  c o r r o s i v e  (see Tab le  ) .  Cor ros ion  by the  me1 t on Incone l  601 and - 
20-45-5 was c a t a s t r o p h i c  and a t  t h e  mel t -vapor  i n t e r f a c e  was severe f o r  a l l  t he  

cases. 

klhen emphasi-3~ was s h i f t e d  froin the  m e t a l l i c  m e l t e r  t o  the  In-Can M e l t e r  

process, new c r i t e r i a  came i n t o  t h e  m a t e r i a l  se lect ion process. Ic'e s t a r t e d  t e s t s  

on m a t e r i a l s t h a t  k:ere hoped t o  be c o r r o s i o n  res i s tance  a long  w i t h  be ing  inexpen- 

s ive.  Samples VJere run  f o r  100 h r  i n  t h e  PI./-4bmelt. Table / b  shows t h e  - 
mater ia l s ,  the  m e l t  temperature, and t h e  r e s u l t s  f rom t h e  t e s t .  The specimen 

o f  401 SS f a i l e d  c a t a s t r o p h i c a l l y  i n  b o t h  t h e  m e l t  and t h e  m e l t  vapor. 

Two o the r  m a t e r i a l s  were eva lua ted as a  c a n i s t e r  m a t e r i a l ,  A  specimen 

o f  m i l d  s t e e l  was flamed sprayed w i th .  30% A1203 - 70% N i A l  and was then 

exposed f o r  24 h r  a t  1050°C t o  Pbl-7a me1 t. The m a t e r i a l  exper ienced 

severe co r ros ion  (%2 m i l l / h r )  a t  the  mel t -vapor  i n t e r f a c e  and i n  t he  vapor 

phase. A specinen of  a l o n i z e d  m i l d  s t e e l  was exposed f o r  24 h r  a t  l l O O ° C  t o  

PW-7a mel t .  The p a r t  o f  t h e  specimen exposed t o  the  m e l t  was seve re l y  corroded,  

l o s i n g  the  a lon ized l a y e r  and 28% o f  t h e  metal .  An uricoated p iece  o f  m i l d  

s t e e l  was exposed a t  t he  same t ime  and i t  was attacl(cd c a t a s t r o p h i c a l l y  i n  
, . 

t he  vapor phase. The p e n e t r a t i o n  r a t e  was found t o  be about  100 m i lS /h r .  



."I Tat t le  F. : ; c t i n a l  Cc:isosition of Candid:: tc I.:eltcr Alloys 

~i 1 ?v  

Corrozel 230 

316 SS 

329 SS " . 

309 SS 

E - S r i t e  25-1 

Oucns-Ccz:.ing Alloy 

20-45-5 X2loy 

1nccr.sl C S l  

Ir.c:.-.rl 617 

Incc.-.cl 650 

Incs:.el X 

FM 333 

h'2stcilay X 

16-11-2 Alloy 

S~??CZ:~.~-? 

HeiqhtPerccnt 
Cr .&  & 2 - Others 

35 65 -- -- 
36 12 3 bal 

2 5 5 2 bal 

22 13 -- bal 

25 -- - - bdl 

26 bal -- 3 6 W  

20 45 5 bal 

23 60 -- 14 1 A1 

22 54 9 -- 1 Al, 12.5 Cr 

30 60 - - * 10 

15 bal ' -- 8 2 Ti, 1 kl, 1 Nb 

25 45 3 bal 3 w, 3 co . , . 
22 bal 9 18 1 W, 2 Co 
18 18 -- bal 2 Si . . 
25 35 -- bal 14 Co, 5 w 

Udir;et 710 18 Cal 3 .-- 15 Co, 1.5 W, 
... 5 Ti, 2.5 A1 

GJX, 5. - " .  
.-- . Corrosiveness of Kaste Nelt. .to CandiSa te  

Xelter Alloys at 1150' oc 
.----.---. . - _ --- ---.--.- ' Y .  ____  

Xolt Con?osition: 100 g calci'ne, 64 (7 sic)Z, - 
4 2  g Y3333, 100 g Al(S03)3, ' _.. 
4 0 g C a C 0 3  

. . i 425 hour ex?osures in alumina i 
I crucibles 

-..----.-f . -.-_ -- 
Corrosion %ten mi!s/mo -- 

A1 loy Licuid Interface .-.- -- 
\ 
Corronel 230 2.1 2.3 

316 SS , dissolved dissolved 

329 SS 6.7 - - 
309 SS 7.4 10.6 , 

E-Brite 26-1 6.7 - - 
C*ens Corning Alloy 4.9 6.1 

20-45-5 Alloy 2.7 - 2.9 
-1nconcl 601 6.5 '5.6 I 
Inconel 617 6.3 5.3 . . 

1 
Inconel X 5.5 . 6.7 
PA 333 9.9 13.0 1 
Hastelloy X . 5.4 . .6.0 
18-18-2 Alloy , 20.6 62.4 

I 1 
Su3er  t h e m  19.8 - - 
U d i z e t  710 . 27.4 32.3 

. . 
1 

i 
1 



- 
TABLE r .  Corrosive~ess of Kaste !.:e?t as a 

' ,  
.. . . .  -. .... function of Temser a ture . --.- ..--.-,+,,y 

. . . - 
-. . _ 

i Xelt Con?osition: 100 g .?\:-6 calc.ine, 64 g Si02, 4 2  7 H 30 3 3' 
a 

100 g A ~ . ( N O ~ ) ~ = ~ H ~ O ,  40 g CBCO, 165 hour expa- J 
L 

- 
- - - - . . . . . . . . . . . . . . .  . . . . . .  sure _.  _ _ _ . . . . . . . .  in alumina crucibles 

. . . . . . . . . . . .  
.__----.-.- . . -- _. _. - . -  

. . 

Alloy 

- - V A I ~ = . ~ ~ ; ~  nc Le C L  
1150 "C, nils/no 1200 OC, rr:ils,/rta 

Piel t - Interface Yelt - Interftce 

Corronel 230 2.1 

Inconel 617 

Inconel 601 

Inconel 69.0 3 .5  
i : '  

TABLE ? Corrosiveness of Zinc-Bearing Vaste I;ielt 

I 
Melt- Composition: 6.85 g PW-4b calcine, 6.70 g H BO , 6.80 g 

3 3 
Si02, 2.77 g !iaNO 3, 2.17 g KN03, 15.72 g 

L 

Zn(N03)2*6 H20. 0.66, g CaC03, 2.34 g 
Mg(N03)2*6H20. 0.75g Sn(N03)2, 0.63 g , 

Ba (NOj) 2. 

~ x ~ o s l r e  in alumina crucibles for 283 hours 
at 1150 OF. 

Corrosion Rate. 
mils/month 

Alloy 
' --- 

.- Plel t Interface 

Inconel 690 



M e l t  C o m p o s i t i o n :  1 0 0  g PK-6 c a l c i n e ,  6 1  g S i 0 2 ,  4 2  g H3B0 
3  ' 

1 0 0  g ~l ( ~ d  ) *PH20, 40 g CaCO and  o n e  3 3 3  
~t . p.?rce8nt R u t h e z i u n  ad6eZ a s  Ru ( O H )  j .  

E x ~ o s u r e  i n  a l u n i n a  c r u c i b l e s  f o r  1 6 5  h r  
- a t  1150 O C .  

C o r r o s i o n  R a t e ,  n i l s / n o  

I n t e r f a c e  ( a  1 

a. P a r e n t h e t i c a l  numbers  a r e  v a l u e s  d e t e r i a i n e d  i n  s i m i l a r  
t es ts  i n  t h e  a S s e n c e  o f  r u t h e n i u m .  \ 

1 TASLE . C o r r o s i v e n e s s  . o f  L e a d - 3 e a r i n g  Was te  M e l t  

M e l t  Compos i t io r . :  1 0 0  g  PX-$5 c a l c i n e ,  266 g PSSiOj,  58 g  KN03, 

E x p o s u r e  i n  a l u m i n a  c r u c i b l e s  a t  1 1 5 0  OC 
fo r  1 5 0  h o u r s .  

C o r r o s i o n  R a t e ,  
m i l s / m o  

A l l o y  M e l t  I n t e r f a c e  

I n c o n e l  690 1 2  26 (a )  

20-45-5 83 d i s s o l v e d  

C o r r o n e l  ,230 7 .0  24 (a )  

I n c o n e l  6 0 1  d i s s o l v e d  d i s s o l v e d  

a. S e v e r e  ' a t t a c k  a t  m e l t - v a ~ o r  i n t e r f a c e  a r e a .  



10 
TAKLE 6. Corrosion Rates Pe r t i nen t  t o  In-Can Ek l t i ng  

Conditions: Corrasion s p e c i z s ~ s  exposed t o  l i q u i d  and 
vapor phsse of c e l t  pre7ared from P'A-?b 

. .yd ca lc ine  (1 p a r t )  and i r i t  73-1 (2.9 p z r t s )  , 

[, c:,* f o r  100 hr a t  indicated t e m p r a t u r e .  

I42 t e r i  a1 - 
304L. . 

31 0 

304 L 

31 0 

41 0 

inc  600 

Inc 601 

Inc 690 

18-18-2 

Incoloy 804 

Mu1 t imet  

Me1 t 
Temp. "C 

9 50 

9 50 

1000 

1000 

1 025 

1050 

1050 

1050 

1050 

1050 

1050 - 

Corrosion Ra te ,  mil s/nonih 
Mzl t V a  oor 

3.2 

1.7 

15 p i t t i n g  (a 

1.8 

dissolved 

. . 4.5 

1.0 p i t t i n g  . 

. 8.8 

5,. 1 

d i  sintecjrated 

4.6 

3.8 

2.5 

2.0 

3.1 

d i s in t eg ra t ed  
. .  . 

a .  About 5 mils  deep 



. . As more em?hasis.\.jas placed on the ICf4 process, the need became grea ter  

t o  se l ec t  sone mater ia .1~ fo r  extensive evaluation as canis te r  materials.  The . 

f i r s t   ater rial selected was 304L SS. This material was selected because i t  has 

wide u s e i n  the nuclear  industry along \qith f a i r  corrosion resistance and low 

susceptabi l i ty  t o  SCC. The majority of a l l  work pertaining to  ICM canis te r  

has been done with 304L.' I:'e have now s t a r t ed  to  evaluate other alloys such 

as Inconel 601 a n d  Incol loy 802 i n  more detailed laboratory work and on an 

engineering scale. '  The composition and properties of these materials a re  

presented in Table L. 

We have determined the corrosion ra te  of 304L as a function of temperature. 

The t e s t  used the PV-46 melt a t  the temperature and time sho.wn in Table 12 - 

14 
Table  % 

Corroslon Rates of 30SL F ~ r t i n e n t  t o  In-23t Meltinq I 
I 

Corrosion Rate, m i  1 s / m ~  
k l  t T m p .  , O C  Exposure H ~ u r s  Me1 t 

9 50 100 3.2 4 . 5  
1000 100 15 (2 .4 ) .  
1050. 150 . . : 118 3 5 
1100 ' .  66 .' 90 64 
1150 2 4  Consumed 

. 

760 



Corrosion ? a t e  n f  3pfiL Sta in le s s  'tee1 i n  
Sizrul atcr '  ' I l ~ c l ~ a r  !!3s tc Class ;'el t 



One should ns te  the  very rapid increase  in  corrosion r a t e  

as the ternpera tu re  exceeds 1  050cC. 

In addit ion t o  sho r t  term t e s t s  t o  eva lua te  corrosion during processing 

we have a l s o  looked a t  the long term e f f e c t s .  Ke have a  g lass  compat ibi l i ty  

t e s t  going using PX-7a melt in 304L SS, Incol loy 800, and Inconel 600. 

There a r e  35 capsules,  each containing a  corros ion coupon. The czpsules 

a r e  being held a t  250, 550 and 700°C f o r  exposure perioas ranging from 

one month f o r  c a ~ s u l e s  a t  700°C t o  2 years  f o r  those a t  250°C. Table gives - 
the  program planr;?d f o r  t h i s  t e s t .  Resul ts  a r e  ava i l ab l e  only on specinlens 

exposed a t  7300°F f o r  1  month. Table g i v e s  t he  corrosion r a t e s  as  determined 

by weight loss  of the coupons. I t  appears.  from the  r e s u l t s  there  i s  no problem 

w i t h  long term glass  corrosion of the  can i s te r '  un i t .  Another t e s t  was r u n  

exposing 304L t o  PK-4 ca l c ine  containing water .  The samples wzre held a t  

60, 90 and 300°C f o r  9 months. Attack was neg l i g ib l e  f o r  a l l .  cases r u n  i 
(%0.05 m i l l l y r ) .  1 : 

i 
Another phase of a t t ack  we looked - a t  was from contamination i n  the me1 t ! 

and from new chemical addi t ions  used t o  iniprove the  qua l i t y  o f  the  g l a s s .  Corrosion 

t e s t s  were made with 304L t o  determine the  e f f e c t  of chlor ide  and f l uo r ide  add i t i ons  

t o  t h e  Pl4-7 me1 t. idith chlor ide  and f l u o r i d e  add i t ions  a t  the  1% level  ( a s  NaCl 

and N ~ F ) ,  and w i t h  a  me1 t temperature of 1000°C,. corrosion r a t e s  were 2.1 and 

17.4 mils/month, respect ively .  A control  specimen corroded a t  a  r a t e  of 2 .4  

mils/month. In tergranular  a t t a ck  was evident  only on the  specimen exposed t o  t he  

f luoride-bearing me1 t. A substance (probably fvloOC13 and/or ZrCl 4)  was vo l a t i  1  ized 

from the  chloride-bearing me1 t; the  terminal ch lo r ide  content  was probably very 

.low. 

The addit ion of s i l i c o n  metal t o  the  melt  t o  prevent molybdenum from forming 

a so lub le  second phase material  'caused concern on what wou'ld be released by t he  

reducing act ion.  I t  was discovered RLI and Zn metal was released as a  vapor s o  

we ran t e s t s  t o  deternine i f  embrittlement of the  c a n i s t e r  wall would occur. 

Tes t s  nere r u n  using 1.52 s i l i c o n  nietal in PW-7a melt a t  1050°C. No l o s s  of . . 
d u c t i l i t y  was noted with only a s l i g h t  inc rease  in  the  general corrosion r a t e .  

I 

i 
I 



CAPSULE' TYPE COMPATJBILITY TESTS 

Waste . c/o:: - .. C a ~ s u l  e Capsule slb-$tf Exposure \ No. of  
Fo rn ( 2 )  Temp O E ,  M a t e r i a l  Condi t i  on ~ o n i ~ o s i t i o n  

t 
T i  nie Capsules . . 

. .- . . .  . . F..S; . . -. 1 m6--..- ,, 

/" 
3 . .__ 

1. 
I 
1 ' . . ,  F.5.i: / F . S >  + A d d  ' 3,/1110 

/ /' 
/8 

F :'j. ,'"F/, 'j., :+-.Add-.--I..,.- 2 
1 . .  x Y r ...----. 1 2  4 $ - . --. . . .. . . - -  ......-...-..____. ...--..._. . . _.. ... . _ _  -._ -7--. 

 lass 1330 700. 304L, I n c .  800, I n c .  600 A.F. 2' i- '9 F,S.', 74, -i Add . .  . 1 nio 
.Q ' :Glass . '  -1.000 5% . * j  6 , 3 0 4 ~  

\ 
' . A.F., S..R. F,:,.S. , FI'S. + Add . 3 nio 

I 
4 

' Glass 1-060 5 x 1  I n c .  ,800, I n c .  600 A.F. F,..,s . , F.,:s'. + ~d d 
I I 

3 n10 . 4 '  
Glass ' -460.250 . 3041 A.F., S.R.  F.S., F.!S.. + Add 1, 2, X yr  

. . 
\ 1 1 2  

. Glass 46'0)s0 ' Inc .  800, I n c .  600 A.F. F.S., F./S. + Add 1, 2, X yr 12 

hates: ( 1 )  A.F. = as f a b r i c a t e d ;  S.R. = s t r e s s  r e l i e v e d  
2- = c/o.:: 2 i- C / G : ~  r 

( 2 )  -~-lp+skeet; k. + Add = f l - e W t  p lus  2 x 1120, ~6~ and halogen p l u s  10 w t  % sodiu~t ,  
as NaFeO*. 



TF.RLF. 7 .  w e .  Conpati-bil i t y  'Tes ' ts  , 

Corrosion p a t e s  a t  13009F a f t e r  One Exposure Flonth 
. I (-- / O  C 5 
~2 s t-e I *&---e '. - 1 - -- 

( a )  
c o r r o s i o n  Rate,  

l i a t e r i a l  --- F o \:I ------ Coinposi t i  on -.- mi 1 s j y e a r  
-- - . . .. 

304L A 

3 0 : ~  B 

. Inc 830 1 .O  

Inc 800 B 0.3 

Inc 600 I: A 0.2 

*- 7 - 
L[/ - ,Pk&-= a .  A = & . E = -  > I .. _ 

. . - p l u s  100-fo ld  i n c r e a s e  - i n  sodium c o n t e n t .  




