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Through the  Waste Fixation Program, the  Pac i f ic  Northwest Laboratory i s  d i r ec t ing  research 
on the  s o l i d i f i c a t i o n  of high-level rad ioac t ive  waste. A major goal of this program i s  t o  
develop r e l i a b l e  waste g l a s s  compositions and processes f o r  t h e i r  manufacture. 
repor t  describes the  research arld development a c t i v i t i e s  of t he  pas t  quar te r :  

This progress 

A 36-inch diameter spray ca l c ine r  coupled t o  a 210 KWA e l e c t r i c a l  r e s i s t ance  in-can 
melter,  capable of accepting can i s t e r s  24 in .  i n  diameter by approximately 9 f t  long, 
was placed in operation. In i n i t i a l  t e s t s ,  a waste feed r a t e  of 210 l i t e r s /hour  and 
a melting r a t e  of 60 kg glass/hour were demonstrated. 
Leach r a t e s  of multiple samples from f i v e  nonradioactive simulated waste g lass  
can i s t e r s  (runs ICM-16, -18, -20, -21 ,  and -34) show good uniformity f o r  the  g lass  
in the  8 t o  16 i n .  diameter can i s t e r s .  
X-ray d i f f r a c t i o n  measurements on supercalcine containing 3 w t %  244Cm show t h a t  the 
rad ia t ion  i s  causing the  a p a t i t e  phase t o  become amorphous. F luor i te  and tetragonal 
phases a r e  unaffected a f t e r  t h ree  months. 
Self-decontamination of waste can i s t e r s  (WSEP can i s t e r s  SS-7 and P G - 2 )  i n  a mini-wet 
basin was demonstrated. In the  f i r s t  150 days, 86% of the  i n i t i a l  smearable contami- 
nation was removed. 
Simulated waste g l a s s  marbles, encapsulated in an A1-12Si matrix were examined micro- 
scopica l ly  a f t e r  10-day heat treatments a t  300 and 500°C. 
g lass  and metal matrix was observed. 

No reaction between the  

i i i  
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QUARTERLY PROGRESS REPORT 

RESEARCH AND DEVELOPMENT ACTIVITIES 

WASTE FIXATION PROGRAM 
APRIL THROUGH JUNE 1977 

INTRODUCTION 

The h i g h - l e v e l  Waste F i x a t i o n  Program (WFP) i s  d i r e c t e d  by t h e  P a c i f i c  Northwest Labora- 

t o r y  (PNL), ope ra ted  by B a t t e l l e  Memorial I n s t i t u t e  f o r  t h e  Department o f  Energy (DOE) .  
t h i s  program, PNL i s  conduc t ing  research  t o  c o n v e r t  h i g h - l e v e l  r a d i o a c t i v e  waste t o  s t a b l e  

n o n d i s p e r s i b l e  forms, such as s i l i c a t e  g lasses.  The WFP i s  designed t o  be a means through 

which use rs  o f  t h e  techno logy  and t h e  government can cooperate t o  e f f e c t i v e l y  handle n u c l e a r  

waste. O b j e c t i v e s  o f  t h e  comprehensive program i n c l u d e  t h e  development and c h a r a c t e r i z a t i o n  

o f  g l a s s  fo rmu la t i ons ;  equipment and process development; and design, c o n s t r u c t i o n ,  and demon- 

s t r a t i o n  o f  f u l l - s c a l e  process equipment. The f o l l o w i n g  s e c t i o n s  d e s c r i b e  research  and deve l -  

opment a c t i v i t i e s  i n  r a d i o a c t i v e  waste f i x a t i o n  f o r  t h e  p a s t  q u a r t e r l y  r e p o r t i n g  pe r iod .  

Under 
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SECTION 1 - WASTE FIXATION PROCESS DEVELOPMENT 

The purpose of t h i s  task i s  t o  develop processes and equipment fo r  converting l iquid 

high-level radioactive waste t o  a s table ,  r e l a t i v l e y  nondispersible form f o r  storage and, 

ul t imately ,  disposal.  
s t q  approach (calcinat ion and concentration) followed by melting t o  form a s i l i c a t e  glass .  

This  objectizw i s  generally being accomplished by development of a two- 

FULL-SCALE SPRAY CALCINER/IN-CAN MELTER (NON-RADIOACTIVE) - A.  A. G a r r e t t ,  H. T. B l a i r ,  L. S. 

Romero, M. T. K i l l i n g e r  and T. L. Congdon 

The object ive  of the  non-radioactiue Full-Sea l e  Sprag Ccrlciner/In-Can Me l t e r  System 
IFSSC/ICM) i s  t o  demonstrate: large-scale throughputs 1>200 l i t e r s /hour ) ;  long-term operation 
(30  days continuous); and key remote features  f o r  a fu l l - s ca le ,  coupled system. 

Design work began on t h e  FSSC/ICM system i n  mid-1975; des igns were f i n a l i z e d  and procure-  

ment began i n  e a r l y  1976. 

S ince A p r i l ,  a waste feed  r a t e  o f  210 l i t e r s / h o u r  and a m e l t i n g  r a t e  o f  60 kg g l a s s / h r  have 

been demonstrated. 

C o n s t r u c t i o n  s t a r t e d  i n  l a t e  1976 and o p e r a t i o n  began i n  A p r i l  1977. 

H igher  throughputs a r e  a n t i c i p a t e d  l a t e r  t h i s  yea r .  

The new system i s  shown i n  F igu res  1, 2, and 3. L i q u i d  waste i s  sprayed i n t o  an e x t e r n a l l y  

heated c a l c i n i n g  chamber where i t  i s  d r i e d  and mixed w i t h  g1.ass powder. 

a r e  removed from t h e  o f f  gas by s i n t e r e d  meta l  f i l t e r s .  

i n t o  a second fu rnace  where i t  m e l t s .  

c o n t a i n e r  f o r  t h e  v i t r i f i e d  waste. 

E n t r a i n e d  p a r t i c l e s  

The c a l c i n e / g l a s s  powder m i x t u r e  f l o w s  

The m e l t i n g  c r u c i b l e  a l s o  serves as a p o r t a b l e  s to rage  

The f u l l - s c a l e  spray c a l c i n e  and in -can  m e l t e r  p h y s i c a l  parameters a r e  l i s t e d  i n  Tables 

1 and 2. C u r r e n t l y ,  PNL uses a p r e s s u r i z e d  feed  system i n v o l v i n g  a feed  tank,  pump and 

a g i t a t o r .  A b r i e f  d e s c r i p t i o n  o f  t h e  feed  system i s  g i v e n  i n  Table 3. 

F u t u r e  p l a n s  i n c l u d e  3-, l o - ,  and 30-day con t inuous  runs  t o  determine t h e  maximum c a p a c i t y  

o f  t h e  system. 

m e l t e r .  

L a t e r  t h e  f u l l - s c a l e  spray c a l c i n e r  w i l l  be coupled t o  a f u l l - s c a l e  ceramic 

I N - C A N  MELTING - H. T. B l a i r  and W. J .  M i k o l s  

The purpose of  t h i s  study i s  t o  further  develop and t o  demonstrate on a fuZl scale the 

v i t r i f i c a t i o n  of calcined high-level nuclear waste, using the storage can as the meZting 

crucible.  

A can o f  s imu la ted ,  v i t r i f i e d ,  h i g h - l e v e l  n u c l e a r  waste c o n t a i n i n g  e i g h t  r a d i a l  hea t  

t r a n s f e r  f i n s  made f rom E - B r i t e  26-1 a l l o y  was s e c t i o n e d  f o r  e v a l u a t i o n .  The a l l o y  has a 

thermal  expansion c o e f f i c i e n t  ve ry  c l o s e  t o  t h a t  o f  g l a s s .  F r a c t u r i n g  o f  t h e  g l a s s  around t h e  

f i n s  was s i g n i f i c a n t l y  reduced when compared t o  t h a t  o c c u r r i n g  around f i n s  made w i t h  304L 

s t a i n l e s s  s t e e l .  Very l i t t l e  r e a c t i o n  between meta l  and m e l t  occurred.  The f i n  surfaces were 

smooth and t h e  co rne rs  were sharp. Because o f  these r e s u l t s ,  hea t  t r a n s f e r  f i n s  made from t h e  

E - B r i t e  26-1 a l l o y  were used i n  t h e  f i r s t  two f u l l - s c a l e  i n - c a n  m e l t e r  cans. 
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FIGURE 1. Spray Calciner/In-Can Melter Process 
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FIGURE 2 .  Full Scale Spray Calciner 
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FIGURE 3. Full Scale In-Can Melter 
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TABLE 1. F u l l - s c a l e  Spray C a l c i n e r  

Spray Chamber 

Length 10 f t ,  6 i n .  
Diameter 36 i n .  

Cone 

V e r t i c a l  Length 52 i n .  
Slope 60" 

F i  1 t e r  Chamber 

Number o f  F i l t e r s  85 

T o t a l  Sur face Area 168 f t2 
F i l t e r  S i ze  36 i n .  x 2.75 i n .  

51 1011 Pore S ize  
34 651.1 Pore S ize  

Spray Nozzle 

Type: I n t e r n a l  M i x i n g  
O r i f i c e :  1 / 4  i n . ,  Ceramic 

V i  b r a t o r  

Type: Pneumatic, S ide  Mounted 
Manu fac tu re r :  Cleveland V i b r a t o r  Company 

Furnace 

Type: E l e c t r i c a l  Resis tance 
Power: 320 KVA 
4 Zones Independent ly  C o n t r o l l e d  
Opera t i ng  Temperature: 800°C 
S ize :  5 f t, 10 i n .  

TABLE 2. F u l l - s c a l e  In-Can M e l t e r  

I C M  Furnace 

Type: E l e c t r i c a l  Resis tance 
Power: 210 KVA 
6 Zones Independent ly  C o n t r o l l e d  
Opera t i ng  Temperature: 1050°C 
Coo l i ng :  50 kW 
Size :  55 i n .  square x 9 ft, 6 i n .  l o n g  
Accepts 12 i n .  t o  24 i n .  d iameter  C a n i s t e r s  

Calc iner /Mel  t e r  Connection 

Continuous/Batch T r a n s i t i o n :  Two-way D i v e r t e r  
Duct S i z e :  4 i n .  
Minimum Slope:  60" 
F r i t  A d d i t i o n  Rate: P r o p o r t i o n a l  t o  C a l c i n e r  Feed Rate 

Can is te rs  

304L S t a i n l e s s  S t e e l  P ipe  
Schedule 40 and 80 
Fusion Welded 
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TABLE 3. Feed System 

Feed Tank 

Capac i t y :  200 Gal (750 a )  
Size :  40 i n .  Diameter x 42 i n .  

Feed Pump 

Recessed Impel 1 e r  
C a n t i l e v e r  Type 
Maximum Head 100 f t  

Agi t a t  i o n  

P r o p e l l e r  Type A g i t a t o r  w i t h  9 i n .  Prop 
Bypass Feed J e t  M i x e r  

Feed Con t ro l  

Flow Mete r  and Con t ro l  Valve 

F r i t  Feed 

Weight B e l t  Type Feeder 
A i r  Lock Valve 
F r i t  e n t e r s  Lower Cone 

Dur ing  t h e  p a s t  q u a r t e r ,  a non-contact  thermowel l  d e v i c e  was developed t o  m o n i t o r  I C M  
c a n i s t e r  s u r f a c e  temperatures d u r i n g  process o p e r a t i o n .  
m o n i t o r i n g  o f  r a d i a n t  hea t  f rom a c a n i s t e r ' s  s u r f a c e  t o  e v a l u a t e  i t s  temperature.  

d a t a  show t h a t  such a d e v i c e  p r o v i d e s  e x c e l l e n t  temperature da ta  ( w i t h i n  2°C) f o r  steady s t a t e  

w a l l  temperatures above 800°C. 

w i t h i n  5°C. 

The thermowel l  concept i n v o l v e s  t h e  
Exper imental  

T r a n s i e n t  c a n i s t e r  s u r f a c e  temperatures can be mon i to red  t o  

A high-sodium defense-waste s ludge compos i t i on  has been i d e n t i f i e d  f o r  p r e l i m i n a r y  i n -can  

m e l t i n g  s t u d i e s .  

M e l t i n g  exper iments i n  these c a n i s t e r s  w i l l  generate some o f  t h e  f i r s t  I C M  process da ta  f o r  

t h i s  c a n i s t e r  m a t e r i a l .  I n i t i a l  defense-waste I C M  s t u d i e s  w i l l  be aimed a t  e v a l u a t i n g  t h i s  

process f o r  h a n d l i n g  defense waste composi t ions.  

F a b r i c a t i o n  o f  t h e  f i r s t  two Incone l  c a n i s t e r s  f o r  t hese  s t u d i e s  i s  underway. 

FLUIDIZED-BED CALCINATION - J .  C. H a r t l ,  F. E. Haun and W .  J .  B j o r k l u n d  

Fluidized-ied ca ic i imt ion  studies p r o r i d e  data f o r  p o c e s s  and eqicipen; de-jelopr;e,zt -?GY 

the conversion o f  si, . ,ulated hlgh-level waste ;c a s o l i d i f i e d  f w n .  

thez  be feci d-lrectl;. 02- i i l C i i p E C t l 2  t o  a me?tic_c s;steT u z c ~  j,'<t;ni.?icct<3i:. 

The calcine product can 

Severa l  changes have been made i n  t h e  o p e r a t i o n  o f  t h e  F l u i d i z e d  Bed C a l c i n e r  (FBC). 

T h i s  o p e r a t i n g  techn ique  has t h r e e  

A 

cyc lone  has been added, a l l o w i n g  t h e  cont inuous removal o f  c a l c i n e  and bed m a t e r i a l  through an 

o f f - g a s  l i n e  p laced  immediate ly  above t h e  bed r e g i o n .  

ma jo r  advantages: 

0 A disengaging chamber i s  n o t  r e q u i r e d  on t h e  c a l c i n e r ,  c o n s i d e r a b l y  r e d u c i n g  equipment 

s i z e .  
The bed o v e r f l o w  v a l v e  has been removed, reduc ing  t h e  comp lex i t y  o f  t h e  equipment and 

e l i m i n a t i n g  t h e  p o t e n t i a l  f o r  s o l i d s  t o  p l u g  t h e  o v e r f l o w  l i n e  w h i l e  t h e  v a l v e  i s  c losed.  

0 The p r o d u c t  has a more u n i f o r m  compos i t i on .  

0 
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Another change i n  t h e  o p e r a t i n g  procedure has been t h e  a d d i t i o n  o f  g lass - fo rm ing  chemicals 

t o  t h e  feed.  W i th  t h e  g lass- forming compounds i n  t h e  feed s o l u t i o n ,  a fr it f e e d i n g  mechanism 

is n o t  r e q u i r e d ;  t h i s  reduces equipment comp lex i t y  and s i z e .  

a r e  more even ly  mixed and t h e i r  r e l a t i v e  c o n c e n t r a t i o n s  can be b e t t e r  c o n t r o l l e d  than  by u s i n g  

a s o l i d s  f e e d  f o r  frit a d d i t i o n .  

The c a l c i n e  and g lass - fo rmers  

A proposed o p e r a t i n g  change i s  t h e  use o f  a sand bed f i l t e r  as a rep lacement  f o r ,  o r  p r i o r  

t o ,  s i n t e r e d  meta l  f i l t e r s .  

which i s  added as t h e  i n e r t  bed m a t e r i a l .  F i l t e r  m a t e r i a l  would be c o n t i n u o u s l y  rep laced ,  

e l i m i n a t i n g  t h e  p o s s i b i l i t y  o f  f i l t e r  b i n d i n g .  

m a t i c a l l y  r e t u r n e d  t o  t h e  c a l c i n e r ,  e l i m i n a t i n g  t h e  need f o r  equipment t o  handle and t r a n s p o r t  

f i l t e r  f i n e s .  

A d d i t i o n a l  work i n  t h i s  area i n c l u d e s :  

O f f  gas f rom t h e  cyc lone  would be passed th rough  t h e  s i l i c a  sand, 

K a t e r i a l  t rapped  i n  t h e  f i l t e r  would be auto-  

A f l u i d i z e d  bed c a l c i n e r  i n c o r p o r a t i n g  these  changes i s  shown i n  F i g u r e  4. 

p r e p a r i n g  f o r  runs w i t h  defense- type waste, and 
0 conceptual  des ign  o f  a 500 R /h r  and a 1000 R /h r  FBC f o r  t h e  Savannah R i v e r  Labora to ry .  

S IL ICA 

\ I  I P- 1 1-9 FLUIDIZING A I R  I I  
FLUID BED f? 

FIGURE 4. Revised F l u i d i z e d  Bed C a l c i n e r  

CONTINUOUS MELTING TASK - C. C. Chapman 

The object ive  of t h i s  task i s  t o  develop the technology required t o  design, l icense,  

construct,  and operate two radioactive waste v i t r i f i c a t i o n  processes. 

1 )  a calciner-coupled ceramic melter, and 2) a d i r e c t  l iquid-fed ceramic melter.  

!%e two processes are: 

The d i r e c t  l i q u i d - f e d  m e l t e r  (DLF) has been a t  o p e r a t i n g  temperature s i n c e  s t a r t u p  i n  

e a r l y  February.  

85 R/hr .  The t i l t - p o u r - d r a i n  techn ique  has been s u c c e s s f u l l y  demonstrated i n  many t e s t s .  

S h o r t  t e s t s  have shown t h a t  t h e  u n i t  i s  capable o f  p rocess ing  a t  a r a t e  of 
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The eng ineer ing -sca le  ceramic m e l t e r  was disassembled and inspec ted  a f t e r  23 months o f  

o p e r a t i o n  a t  mo l ten  g lass  temperatures.  

c a l c i n e d ,  s imu la ted  n u c l e a r  wastes and l i q u i d  s imu la ted  n u c l e a r  waste. 

t h a t  t h e  r e f r a c t o r y  b r i c k  and t h e  meta l  e l e c t r o d e s  were i n  ve ry  good c o n d i t i o n .  

p robab ly  c o u l d  have been s a t i s f a c t o r i l y  operated f o r  an a d d i t i o n a l  yea r .  

The m e l t e r  has demonstrated t h e  success fu l  f e e d i n g  o f  

The i n s p e c t i o n  revea led  

The m e l t e r  

I n  a d d i t i o n ,  we have designed a p l a n t - s c a l e  ceramic rne l te r  which w i l l  be coupled t o  t h e  

f u l l - s c a l e  spray c a l c i n e r .  C o n s t r u c t i o n  o f  t h e  u n i t  w i l l  beg in  soon. 

10 



SECTION 2 - WASTE FORM CHARACTERIZATION 

. 

The purpose of waste form characterization i s  t o  measure the properties of candidate 

s o l i d i f i e d  products ( s o l i d i f i e d  waste and can i s t e r )  as functions of composition, processing 
parameters, and storage conditions.  The measurements are used t o  assure operabi l i ty  o f  the 
manufacturing processes and t o  provide data f o r  sa f e t y  a m  lyses  of high-leuel waste management. 

h r  goal i s  t o  characterize the physical and chemical propert ies  of the waste forms so thor- 
oughly tkaz when they are placed i n  retr ievable  storage and la t e r  i n  disposal,  we can be con- 
f i d e n t  t ha t  t h e i r  behavior i s  known and that  any changes or interact ions with t h e i r  environment 

are predictable.  

THERMAL EFFECTS ON STORED GLASS - J. H. Westsik, Jr.  

The purpose of t h i s  work i s  t o  determine changes i n  properties of high-level waste glass 

as functions of storage time and temperature. 

72-68 Glass 

Long-term l e a c h  r a t e s  f o r  72-68 [PW-4b-6(2.8)73-1] g l a s s  have been determined through 443 
2 F i g u r e  5 shows these l e a c h  r a t e s  i n  grams o f  glass/cm / d  as a f u n c t i o n  o f  days o f  l e a c h i n g .  

t h e  t o t a l  t i m e  leached. The t h r e e  curves a r e  based on cesium, s t r o n t i u m ,  and uranium concen- 

t r a t i o n  i n  t h e  l eachan t .  D e v i t r i f i e d  samples o f  72-68 g l a s s  have l e a c h  r a t e s  a f a c t o r  o f  t e n  

h i g h e r  than  t h e  v i t r e o u s  g l a s s  shown i n  F i g u r e  5. 

lo-* 
t I 

0 50 100 150 200 250 300 350 400 450 
D A Y S  

FIGURE 5. Long-Term Leach Rate o f  72-68 Glass 
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76-68 Glass 

We measured d e n s i t y  and t o t a l  open p o r o s i t y  f o r  76-68 [PW-8a-3(2:1)76-101] g lass .  F i g u r e  
6 shows these measurements as a f u n c t i o n  o f  s to rage  temperature.  P o r o s i t i e s  a r e  low and do n o t  

show t h e  l a r g e  v a r i a t i o n s  observed f o r  72-68 g l a s s .  ( '  ) D e v i t r i f i c a t i o n  o f  72-68 g l a s s  i n c l u d e d  

t h e  f o r m a t i o n  o f  Zn2Si04, which i n  t u r n ,  caused m i c r o c r a c k i n g  i n  t h e  g lass .  We d i d  n o t  f i n d  
t h e  z i n c  o r t h o s i l i c a t e  and r e s u l t i n g  m i c r o c r a c k i n g  i n  76-68 g lass ,  and as a r e s u l t  t h e  poro- 

s i t y  remains l o w .  

D e n s i t y  o f  76-68 g lass  shows no v a r i a t i o n  w i t h  thermal  t rea tmen t .  The average d e n s i t y  i s  

3.02 g l c c .  

3.1 I 

300 400 500 600 io0 800 900 

STORAGE TEMPERATURE, OC 
(TIME AT TEMPERATURE = 2 MONTHS) 

FIGURE 6. P h y s i c a l  P r o p e r t i e s  o f  76-68 Waste Glass 

ENVIRONMENTAL REACTIONS OF WASTE GLASS - J .  H. Westsik, J r .  

The object ive  of t h i s  project  i s  t o  determine the Zeach-ing behavior of waste gZass i n  

simuZated storage environments. 

Samples o f  g lasses,  c a n i s t e r  m a t e r i a l s ,  and g e o l o g i c  m a t e r i a l s  have been exposed t o  a s a l t  

s o l u t i o n  s i m i l a r  t o  t h a t  which m i g h t  come i n  c o n t a c t  w i t h  HLW g l a s s  i n  a s a l t  f o rma t ion .  

exposure l a s t e d  72 h r  a t  250°C and 1000 p s i .  

i n  a m o n o l i t h i c  r a t h e r  t h a n  a powdered c o n f i g u r a t i o n ;  thus,  a l l  s u r f a c e  areas were geometr ic  

c a l c u l a t i o n s  .. 

The 

Resu l t s  a r e  shown i n  Table 4. A l l  samples were 

SOURCE TERM CHARACTERIZATION TASK - D. J .  Brad ley ,  R .  P.  T u r c o t t e ,  C .  E .  B ige low and J .  C. Nelson 
( funded by t h e  O f f i c e  of Waste 

1so1 a t i  on) 

For  t h e  f i r s t  waste form s t u d i e s  i n  t h i s  t a s k ,  we chose a b o r o s i l i c a t e  h i g h - l e v e l  waste 

g l a s s  developed t o  i n c o r p o r a t e  PW-8a waste composi t ion.  

t h e  a c t i n i d e  doped g l a s s  i n  a g l o v e  box. 

A r e s i s t a n c e  heated fu rnace  produced 

For  t h e  h o t  c e l l  p r o d u c t i o n  o f  t h e  h i g h - l e v e l  waste 
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TABLE 4. Leach Data f o r  Var ious M a t e r i a l s  i n  S a l t  S o l u t i o n  

. 

Sample 

Soda-L ime-Si l ica 
Glass 
(NBS #710) 

Boros i  1 i c a t e  G1 ass 
(NBS #717) 

72-68 
[PW-4b-7(2.8)73-1] 

76-68 
[PW-8a-3 (2)76-1011 

G r a n i t e  

I n i t i a l  
Weight 

grams 

6.1959 

5.1363 

6.7115 

6.961 7 

3.0511 

Geome t r i  c 
Sur face  Area Percent  

Cm2 Weight Loss Grams/Cm2 Day 

10.29 1.56 3.1 

10.12 .31 5.2 

8.93 .29 7.2 

9.88 .07 1 . 6  

5.795 .36 6.4 

304 L S t a i n l e s s  
S t e e l  9.2820 10.57 . O l  4.1 

Incone l  - 601 19.0522 12.82 .01 4.2 

Carbon S tee l  17.5736 12.64 .02 7.4 

g lass ,  we used an i n d u c t i o n  furnace f o r  ease of o p e r a t i o n  and c o n t r o l .  

p a r a t i o n  procedure f o r  b o t h  r e s i s t a n c e  and i n d u c t i o n  m e l t i n g  was developed f rom numerous 

p r e l i m i n a r y  runs.  

A s tandard bead p r e -  

Table 5 l i s t s  t h e  exper iments o u t l i n e d  f o r  c h a r a c t e r i z a t i o n  and l e a c h i n g .  The I A E A  l e a c h  
procedure i s  complemented by a s t a t i c  l e a c h  method t o  determine t h e  e f f e c t  o f  t h e  b u i l d u p  o f  

c o r r o s i o n  p roduc ts  on l e a c h  r a t e .  

Using t h e  s tandard  PW-8a g l a s s  made w i t h  d e p l e t e d  uranium, we made a r e s i s t a n c e  m e l t e r  

bead run .  

a c t i n i d e  i so topes .  They a r e  be ing  analyzed by me ta l l og raphy  t o  determine i f  t h e  bead-making 

process has a l t e r e d  t h e  as - rece ived  s tandard  g l a s s .  
w i t h  Crn-244; a random sample f rom t h e  250 beads i s  c u r r e n t l y  be ing  analyzed by me ta l l og raphy .  

The beads w i l l  serve as a r c h i v e s  f o r  an NFS g l a s s  compos i t i on  p r i o r  t o  adding 

The f i r s t  ac t i n ide -doped  g l a s s  r u n  was made 

ENGINEERING-SCALE GLASS CHARACTERIZATION - J. H. Westsik, Jr. and Y. B. Katayama 

The purpose of this project is to characterize waste glasses produced on an engineering 
scale in the Waste Fixation Program. 

C u r r e n t l y ,  we a r e  c h a r a c t e r i z i n g  f i v e  e n g i n e e r i n g  c a n i s t e r s  of g l a s s  i n  t h i s  program. 

Some o f  t h e  p rocess ing  parameters f o r  i n -can  m e l t s  (ICM-16,-18,-20,-21, and -23)  a r e  shown i n  
Table 6. 

S o x h l e t  l e a c h  r a t e s  do n o t  show any v a r i a t i o n  w i t h  sample p o s i t i o n  i n  t h e  c a n i s t e r .  The 

e x c e p t i o n  i s  ICM-18, where t h e  t o p  area showed a 2.90% w e i g h t  loss compared w i t h  0.01 t o  0.37% 

f o r  t h e  g l a s s  samples taken elsewhere i n  t h e  c a n i s t e r .  

a 2 t o  3 1/2 i n .  l a y e r  o f  s l a g  on t o p  o f  t h e  o t h e r w i s e  homogeneous glass .  Genera l l y ,  t h e  l each  

r a t e s  appear more dependent on t h e  frit used r a t h e r  than  on any p a r t i c u l a r  p rocess ing  parameter. 

The h i g h  l e a c h  area was i d e n t i f i e d  as 
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TABLE 5. Source Term C h a r a c t e r i z a t i o n  

A. A c t i n i d e  Doped Glass (IAEA Leach Procedure) 

I so topes  Doped S o l u t i o n s  Rep1 i c a t e s  Experiment 

1 .  233" + 243Am 5 

2. 239pu t 237Np 5 

3. 2 4 4 ~ m  3 

4. "Tc 3 

5. 239Pu + 237Np Anoxic 3 

6. "Tc Anoxic 3 

B .  A c t i n i d e  Doped Glasses ( S t a t i c  Leach Procedure)  

1 .  2 3 9 P ~  t 237Np S a l t  

2. 239pu t 23?Np B i  ca rbona te  

C. F u l l  Sprectrum - F u l l  Leve l  R a d i o a c t i v e  Glass 

As-Formed 5 
Devi tri f i e d  5 

3 15 

3 15 

3 9 

3 9 

3 9 

3 9 

66 
__ 

3" 18 

18 3" 

36 
- 

3 15 

3 15 

30 
*Sampled a t  1 wk, 1 mo, 6 mo, 1 y r ,  5 y r .  

TABLE 6. D e s c r i p t i o n  o f  Can is te rs  i n  Eng ineer ing  Glass C h a r a c t e r i z a t i o n  Program 

C a n i s t e r  Glass Composit ion 

ICM-16 ?W-7a-2(1 :2)75-75+1.5% S i  

ICM-18 PW-8a-2( 1 :2)75-75+1.5% S i  
Cs+lO% RO 

ICM-20 
ICM-21 PW-7a-2(1 :2.4)75-75+0.5% S i c  

ICM-23 PW-7a-2(1:2)76-199+1.5% S i  

PW-7a-2( 1 : 2)75-75+1.5% S i  

Can S ize  F i n s  

12" SCH 40 304L 

8" SCH 40 NONE 

8" SCH 40 E - B r i t e  26-1' 

12" SCH 40 304L SS 

16" 304L SS 

B A I R C O  Vacuum Meta l s  

Glasses made w i t h  z i n c  b o r o s i l i c a t e  f r i t  75-75 have s i g n i f i c a n t l y  l ower  Soxh le t  l e a c h  r a t e s  

than  ICM-23 g l a s s  made w i t h  b o r o s i l i c a t e  frit. 

f o r  t h e  c a n i s t e r s .  

Table 7 l i s t s  t h e  l e a c h  r a t e  ranges observed 

The c r y s t a l l i n e  phases i n  ICM-16 and ICM-18 have been i d e n t i f i e d  by X-ray d i f f r a c t i o n .  

Tables 8 and 9 l i s t  t h e  i d e n t i f i e d  species.  

F 
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L 

. 

Compound 

(Ce,La )PO4 

Zn2M0308 

(Ce ,Zr ,  Fe) 

N i  -Te 

ZnCr204 

TABLE 7. Soxh le t  Leach Rates f o r  I C M  Glasses 

Leach Rate Range Weight 
Percent  Loss i n  72 Hours 

ICM-16 0.2 - 0.5 

ICM-18 0.1 - 0.4, 2.90 

ICM-20 Not Determined 

ICM-21 0.2 - 0 .4  

ICM-23 6.1 - 11.2 

TABLE 8. C r y s t a l l i n e  Phases i n  ICM-16 Glass 

L a t t i c e  
W t %  S t r u c t u r e  Constants  (A )  S i z e  (pM) 

16 M o n o c l i n i c  a=6.77 b=7.01 30 x 20 

3.5 Hexagonal a=5.74 c-9.94 5 x 5  

0.5 Cubic a-5.36 

c=6.43 8=103"10 

Trace 5 d iameter  

Trace 2 d iameter  

TABLE 9. C r y s t a l l i n e  Phases i n  ICM-18 Glass 

L a t t i c e  
Compound Wt% S t r u c t u r e  Constants ( A )  S i z e  (uM) 

Zn( Fe,Cr)204 7.6 Cubic a = 8.42 5 x 5  

(Ce,Zr,Fe)02 0 .2  Cubic 5 x 5  

U n i d e n t i f i e d  0.2 <5 

THERMAL AND MECHANICAL SHOCK - L. R. Bunnel l  

The purpose of t h i s  work i s  t o  examine various fac tors  relevant t o  the thermal and mechan- 

icaZ shock resis tance of waste-containing gZasses and t o  suggest methods for possible  improve- 
ments i n  these propert ies .  

One way t o  examine t h e  r e s u l t s  o f  i n - c a n i s t e r  m e l t  r u n s  i s  t o  saw and p o l i s h  a f u l l  c ross -  

By c l o s e  o b s e r v a t i o n  o f  t h e  specimen i t s e l f ,  i t  i s  p o s s i b l e  t o  l o c a t e  s e c t i o n  o f  t h e  c a n i s t e r .  

t h e  c racks  a g a i n s t  t h e  b l a c k  g lass ,  b u t  i t  i s  d i f f i c u l t  t o  a p p r e c i a t e  t h e  e x i s t i n g  networks 

f rom a photograph. 

a conven t iona l  dye p e n e t r a n t . ( a )  

t h e  excess dye i s  c leaned away and a f i n e  powder i s  a p p l i e d  t o  t h e  su r face ,  t h e  dye i s  absorbed 

by t h e  powder. 

To p r o v i d e  a b e t t e r ,  r e p r o d u c i b l e  method f o r  obse rv ing  t h e  cracks,  we used 

The c racks  absorb an o i l - b a s e  dye by c a p i l l a r y  a c t i o n ;  when 

The c racks  appear m a g n i f i e d  and a r e  seen a g a i n s t  a w h i t e  background. 

( a )  Spot-check dye, c leaner ,  and developer ,  Magnaflux Corpo ra t i on  
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F i g u r e  7 i l l u s t r a t e s  t h i s  method w i t h  ICM-20, a c a n i s t e r  c o n t a i n i n g  PW-7a-2 c a l c i n e  and 
75-75 fr it (1:2)  w i t h  1.5% S i  a d d i t i v e  and w i t h  f i n s  made o f  E - B r i t e  a l l o y .  

t h e  f i n s  a r e  r e a d i l y  v i s i b l e  by t h i s  techn ique  and a r e  caused by t h e  h i g h e r  expansion coe f -  
f i c i e n t  o f  t h e  f i n s ,  p l a c i n g  t h e  g l a s s  i n  compression below t h e  temperature where i t  can f l o w .  

The g l a s s  p robab ly  f a i l e d  i n  shear, j u d g i n g  by t h e  c r a c k  p a t t e r n s .  

i s  t o  q u a n t i f y  t h e  a d d i t i o n a l  s u r f a c e  area c r e a t e d  by  v a r i o u s  p rocess ing  changes. 

The c racks  around 

The o b j e c t i v e  o f  o u r  work 

I n  t h e  impact  t e s t i n g  done t o  date,  t h e  t e s t i n g  machine was l i m i t e d  t o  about  150 f t c l b .  

I t  i s  d e s i r a b l e  t o  do some t e s t i n g  a t  h i g h e r  ene rg ies ,  ~ 1 5 0 0  f t - l b ,  t o  t e s t  f o r  t r e n d s  i n  s u r -  

f a c e  a rea  and f i n e s  p roduc t i on .  

t h e  bottom, t h e n  dropped t h i s  mass on a c o n c r e t e  pad. 

v i o u s  da ta  was good; t e s t i n g  a t  1500 f t - l b  w i l l  be done s h o r t l y .  

Thus, we dev i sed  a w e i g h t  w i t h  a punch-and-die assembly on 

A t  150 f t - l b ,  t h e  agreement w i t h  p re -  

As r e p o r t e d  i n  t h e  p rev ious  q u a r t e r l y ,  we a r e  e v a l u a t i n g  t h e  s t r e n g t h  o f  s i m u l a t e d  waste- 
The s c a t t e r  ob ta ined  i n  i n i t i a l  t e s t i n g  c o n t a i n i n g  g lasses  w i t h  a d i a m e t r a l  compression t e s t .  

was j udged  h i g h  (a 'L, 20%). 

i t  c o n t a i n s  a l a r g e  i n t e r n a l  f l aw ,  t h e  ends were f i r s t  chamfered; no improvement was noted. 

Chamfering and f l a m e - p o l i s h i n g  i nc reased  t h e  average s t r e n g t h ,  b u t  a l s o  i nc reased  t h e  s c a t t e r .  
Apparen t l y  t h e  s c a t t e r  i s  i n t r i n s i c  and w i l l  n o t  be e l i m i n a t e d  w h i l e  s t i l l  o b t a i n i n g  r e a l i s t i c  

r e s u l t s .  
prepared i n  t h e  same manner ( c o r e - d r i l l e d ,  w i t h  diamond sawed ends). 

S ince  t h e  f a i l u r e  occu rs  f rom t h e  f l a t  faces o f  t h e  c y l i n d e r  un less  

F u t u r e  t e s t i n g  w i l l  c o n c e n t r a t e  on c l o s e  p r e - t e s t i n g  examinat ion and on specimens 

As p a r t  o f  a l a r g e  c h a r a c t e r i z a t i o n  e f f o r t ,  we a r e  making thermal  expansion d e t e r m i n a t i o n s  

on many specimens f r o m  r e c e n t  c a n i s t e r s .  The work i s  done i n  a push-rod d i l a t o m e t e r  i n  an a i r  

atmosphere, and samples a r e  heated a t  4"C/min. 

d i l a t o m e t r i c  s o f t e n i n g  p o i n t ,  and thermal  expansion c o e f f i c i e n t  f o r  f i v e  ICM-23 specimens 

taken  a t  t h e  p o s i t i o n s  noted. 

Table 10  shows t h e  g l a s s  t r a n s i t i o n  temperature, 

FIGURE 7. Crack Networks i n  ICM-20, as Revealed by Dye Pene t ran t  T e s t i n g  
16 



I& 1s- 
S e c t i o n  1 :  2-1/4 i n .  

from bot tom 525 625 

S e c t i o n  2: 8-1/2 i n .  530 535 

S e c t i o n  3: 14-3/4 i n .  533 575 

S e c t i o n  4: 21 i n .  530 580 

S e c t i o n  5: 26-3/4 i n .  525 593 

TABLE 10. Thermal Expansion Parameters f o r  ICM-23(a) 

a, x10-6/"c 
RT-400°C 

9.60 

9.06 

10.0 

9.86 

9.47 

( a )  T o t a l  C a n i s t e r  He igh t  34.5 i n .  

F i g u r e  8 i s  an example of t h e  thermal  expansion cu rve  , t h e  
expansions a r e  s i m i l a r .  

a r e  a l s o  s i m i l a r ,  b u t  t h e  d i l a t o m e t r i c  s o f t e n i n g  p o i n t  i s  h i g h e r  a t  t h e  v e r y  top, p robab ly  
The g l a s s  t r a n s i t i o n  temperatures and thermal  expansion c o e f f i c i e n t s  

i n d i c a t i n g  some smal l  compos i t i on  d i f f e r e n c e  i n  composi t ion.  

12.1 

11. I 

10. ( 

9. ( 

T 8.( 
s 
x 
0 

4 

z- 
2 
a n 
t! 
A 5.0 

E? 
E 

4 7.c 

6.C z 

2 
4.0 

3 . 0  

, As shown by t h e  f i g u r  

2*ol 1.0 

0 SECTION 1 

0 SECTION 2 

a SECTION 3 

V SECT1 ON 4 

0 SECTION 5 
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TEMPERATURE, OC 

FIGURE 8. Thermal Expansion Resu l t s  f o r  ICM-23 Specimens Taken f rom 
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PHASE BEHAVIOR - J. W. Wald and R. P. Turcotte 

This task i s  directed toward general understanding of  the glass-making and d e v i t r i f i c a t i o n  

processes. 
scopy, microprobe analysis ,  and X-ray d i f f r a c t i o n  methods. 

We have completed qualitative X-ray diffraction analysis of glass for samples held at a 
series of temperatures between 300°C and 900°C for one day, one week and two months. 
fluorite phase exhibited a nucleation growth-devitrification behavior. 
appear to be 750°C for time periods of more than one day. 
maximum at about 700°C and shows little change with anneal time. 

The e f f o r t  i s  aimed primarily toward examination o f  phase separation by micro- 

Only the 
Maximum concentrations 

The spinel phase exhibits a broad 

This quarter we also developed a system to assign an "order of merit" to various glasses 
when they are compared to known crystalline standards. 
vitreous glass were analyzed by X-Ray diffraction and crystalline concentration. 
grated intensity for 26 < 

Although qualitative, this provides a rapid test for glass quality, which i s  needed. 
compares the crystallinity of several glasses. 

Uniform dilutions of A1203 and 
The inte- 

60°C was then used to obtain a crystallinity value as A1203. 
Table 1 1  

TABLE 1 1 .  Measured Degree of Crystallinity in Waste Glasses 72-68, 
76-68, and 76-183, Given in Wt% 

G1 a s s  As-Prepared 700°C-1 Week 

72-68 15% 44% 
76-68 4% 18% 
76- 183 NA 38% 

A study using controlled programmed cooling from the melt temperature was conducted to 
cover the range of expected cooling conditions in full-sized canister melts. Using the 
measure of crystallinity described above, we can establish the relativ? ;?>-sitivity o f  a glass 
(with respect to devitrification) to cooling rate. For the reference glass 72-68, a standard 
cool of a6"C/hr gave about 40 wtb crystallinity, with 15 wt% crystallinity in the as-prepared 
condition. The same standard cool for NFS glass 76-68 produced about 10% crystallinity, with 
4 wt% crystallinity in the as-prepared condition. From an engineering-processing standpoint, 
this test indicates that glass 76-68 is about four times more tolerant to slow cools from 
process temperatures than glass 72-68. 

RADIATION EFFECTS - J. M .  Rusin, and J. W. Wald 

The purpose of t h i s  study i s  t o  determine the e f f e c t s  of  radiat ion on the s tabiZi ty  and 
physical properties of multibarrier waste forms. 

The high Flux Isotope Reactor (HFIR) experiment, which neutron-irradiates pollucite to 
study transmutation, is continuing on schedule. The samples will be loaded the first quarter 
of FY-79. Hot cell facilities at ORNL will be utilized, which include shielded X-ray dif- 
fractometer, scanning electron microscope ( S E M ) ,  microprobe, and metallography. 

A joint program is being outlined with Dr. R. Ewing, of the University of New Mexico, 
to study the effect of radiation on metamictization and its implication on the crystalline 
components of supercalcine. Dr. Ewing will also survey the geologic history o f  natural 
minerals common to supercalcine formulations. 
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The q u a l i t a t i v e  X-ray d i f f r a c t i o n  r e s u l t s  t o  d a t e  can be analyzed on t h e  3 w t %  cur ium- 

doped SPC-2 s u p e r c a l c i n e  made on March 2, 1977. Tab le  12 compares the  d i f f r a c t i o n  angles 

measured w i t h  no dopant  and a t  t i m e  = 0 ( w i t h  dopant); i t  appears t h a t  t h e  cu r ium may have 

gone i n t o  b o t h  t h e  a p a t i t e  phase and t h e  t e t r a g o n a l  phase. Both o f  these phases s h i f t e d  i n  

d i f f r a c t i o n  ang le  by o v e r  0.1'28, w h i l e  t h e  f l u o r i t e  phase seems t o  have remained cons tan t .  

A f t e r  t h r e e  months i t  s h i f t e d  approx ima te l y  0.1'28. Bo th  t h e  f l u o r i t e  phase and t h e  t e t r a g o n a l  

phase appear t o  remain a t  t h e i r  i n i t i a l  ( t  = 0 )  20 va lues f o r  up t o  t h r e e  months. 

TABLE 12. Measured Angles f o r  A p a t i t e ,  F l u o r i t e  and Te t ragona l  Phases 
Observed i n  3 w t %  Cm-Doped SPC-2 Superca lc ine  

A p a t i t e  (213) F l u o r i t e  (220) Te t ragona l  (111) 

No Dopent 48.650'213 48.050'2e 29.985'2e 

t = O  48.515 48.000 29.870 

5 da 48.515 47.970 29.870 

2 wk NA NA NA 

6 wk 48.460 48.005 29.895 

3 mo 48.470 47.980 29.880 

Since t h e  f l u o r i t e  phase i s  known t o  change l i t t l e  w i t h  r a d i a t i o n  damage a t  these s h o r t  

t imes,  and a l s o  s i n c e  i n i t i a l  measurements i n d i c a t e d  e s s e n t i a l l y  no change a f t e r  doping, t h e  

(220) f l u o r i t e  peak w i l l  serve as an i n t e r n a l  s tandard.  

i n t e n s i t i e s  ( i . e .  , a p a t i t e / f l u o r i t e ;  t e t r a g o n a l / f l u o r i t e ) ,  i n d i c a t i n g  a decrease i n  t h e  i n t e n -  

s i t y  o f  t h e  a p a t i t e  peak w h i l e  t h e  t e t r a g o n a l  peak remains b a s i c a l l y  cons tan t .  

F i g u r e  9 shows t h e  r a t i o  o f  i n t e g r a t e d  

A t  t h i s  p o i n t  i t  appears as though t h e  a p a t i t e  phase may become amorphous as a r e s u l t  o f  

r a d i a t i o n  damage, w h i l e  t h e  f l u o r i t e  and t e t r a g o n a l  phases remain u n a f f e c t e d .  S ince i n i t i a l  

o b s e r v a t i o n s  seemed t o  i n d i c a t e  t h a t  cu r ium may have gone i n t o  t h e  t e t r a g o n a l  phase as w e l l ,  

some e f f e c t  may be n o t e d  i n  t h i s  phase too ,  g i v e n  enough t ime.  
c o n f i r m  o r  deny t h i s  p o s s i b i l i t y .  

F u r t h e r  measurements shou ld  

VAPORIZATION STUDIES - J. J. Gray 

The purpose of  t h i s  study i s  t o  inves t iga te  the vaporization behavior of f ission-product- 
containing wastes during processing, shipment, and storage. Accident conditions invoZving high 
temperatures and breach of the  container during shipment and storage are of pclrticuZar i n t e r e s t .  

We a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  o f  r e d u c i n g  Cs v a p o r i z a t i o n  f rom waste 

g lasses  by adding A1203. 

v a p o r i z a t i o n  behav io r  has a l r e a d y  been repor ted," )  w i t h  A1203 a d d i t i o n s  i n  t h e  range o f  

0 t o  15 w t % .  

F igu res  10 and 11 show w e i g h t  l o s s  r e s u l t s  f o r  72-68 g lass ,  whose 

Weight loss i s  reduced by a f a c t o r  o f  j u s t  ove r  two w i t h  10 w t %  A1203, and by s l i g h t l y  

more than  t h a t  w i t h  15 w t % .  I f  i t  i s  assumed t h a t  t h e  compounds MA1Si04 o r  MA1Si206 (where 

M rep resen ts  an a l k a l i  e lement)  a r e  formed, then  abou t  10.7 w t %  A1203 i s  r e q u i r e d  t o  accommodate 

a l l  t h e  a l k a l i  elements i n  72-68 g l a s s .  
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FIGURE 9. R a t i o  o f  I n t e g r a t e d  I n t e n s i t y  o f  A p a t i t e  and Tetragonal  Phases 
t o  t h e  F l u o r i t e  Phase i n  3 w t %  Cm-Doped SPC-2 Superca lc ine  

Vapors c o l l e c t e d  f r o m  samples o f  72-68 c o n t a i n i n g  10 w t %  A1203 i n  t h e  range o f  1000 
P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  Cs v a p o r i z a t i o n  t o  1200°C were c h e m i c a l l y  analyzed. 

i s  reduced by  a f a c t o r  o f  about  t h r e e  by t h e  a d d i t i o n  o f  A1203. 

observed f o r  each o f  t h e  o t h e r  v o l a t i l e  elements: B, Na, K, Rb, Mo, Ru, and Te. 

A s m a l l e r  e f f e c t  was 

MINI-WET B A S I N  - Y .  B. Katayama 

The mini-wet basin aZZows the  duplication of a l l  parameters in water basin storage of 
canis ters  containing HLW product. 

I n  t h e  m in i -we t  b a s i n  o f  A-Cel l ,  324 B u i l d i n g ,  we have demonstrated c a n i s t e r  decontami- 

n a t i o n  d u r i n g  wa te r  bas in  s to rage .  The m in i -we t  b a s i n  i s  i l l u s t r a t e d  i n  F i g u r e  12. 

Using two c a n i s t e r s  f i l l e d  d u r i n g  t h e  Waste S o l i d i f i c a t i o n  Eng ineer ing  P r o t o t y p e  (WSEP) 

campaign, we have completed a t o t a l  o f  t h r e e  t e s t s .  

s to rage  h i s t o r y .  

by a decontaminat ion wa te r  spray r i n g .  

Table 13 shows t h e  WSEP da ta  and c a n i s t e r  

The c a n i s t e r s  were prepared f o r  t h e  t e s t s  by removing a l l  l oose  con tamina t ion  
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FIGURE 10. Weight Loss a t  1100°C i n  Dry A i r  o f  72-68 Glass Con ta in ing  
Var ious Amounts o f  A1203 

The smearable con tamina t ion  l e v e l  o f  t h e  c a n i s t e r  s u r f a c e  was determined b e f o r e  and 
2 2 a f t e r  each t e s t  by  smearing a 1000 cm s e c t i o n  o f  t h e  c a n i s t e r  w i t h  a 100 cm smear pad. A 

b lank  smear was used t o  determine t h e  background l e v e l  o f  A -Ce l l .  
o f  t h e  smear t e s t s  w i t h  t h e  background l e v e l s  sub t rac ted .  

Table 14 l i s t s  t h e  r e s u l t s  

F i g u r e  13 i s  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e  s e l f - d e c o n t a m i n a t i o n  observed d u r i n g  t h e  

t h r e e  t e s t s .  

d u r i n g  s to rage  i n  t h e  m i n i - w e t  bas in .  

Dur ing  t h e  l o n g e s t  t e s t ,  86% o f  t h e  i n i t i a l  smearable con tamina t ion  was removed 

The b a s i n  wa te r  was p e r i o d i c a l l y  sampled and analyzed r a d i o c h e m i c a l l y  f o r  1 3 7 C s .  F i g u r e  

14 shows t h e  t r e n d  o f  137Cs c o n c e n t r a t i o n ,  d/m/ml, i n  t h e  b a s i n  wa te r  d u r i n g  each o f  t h e  t h r e e  

t e s t s .  I n  Tes t  A, a 66-day run,  t h e  b a s i n  wa te r  l i n e  was s i n g l e - v a l v e d  t o  bypass t h e  

d e i o n i z e r .  The e f f e c t  o f  con tamina t ion  d i f f u s i o n  t o  t h e  i o n  exchange bed i s  shown as  a 

dec reas ing  wa te r  con tamina t ion  l e v e l .  

pass th rough  t h e  d e i o n i z e r .  

t h e  b a s i n  wa te r  r e c i r c u l a t i o n  system. 

I n  Tes t  B, a 31-day run,  t h e  b a s i n  wa te r  was va l ved  t o  

I n  Tes t  C, a 145-day run, t h e  d e i o n i z e r  was double-va lved o u t  o f  

The wa te r  r e c i r c u l a t i o n  was c o n t r o l l e d  a t  0.5 GPM. 
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F I G U R E  1 1 .  Weight Loss in Four Hours in Dry Air 

No r e l a t ionsh ip  between surface contamination and water contamination i s  apparent a t  t h i s  
time in  the  t e s t ing  program. 
dependent on the  bulk concentration gradient t o  the  basin water. 
r e su l t an t  laminar water fi lm on the  can i s t e r  wall probably precludes a valid co r re l a t ion  with 
the bulk ana lys i s  of the  basin water. 

The s e l f  decontamination appears t o  be time dependent, not 
The low flow r a t e  a n d  the  
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FIGURE 12. Mini-Wet Basin 

TABLE 13. WSEP Canister Fill and Storage Data 

Fill History 

Fill Date 
Vol. o f  Solids, Liters 
Bulk Density, kg/liter 
Fill Height, Inches 
Total MCi 
Total Heat Rate, kW 
Heat Rate Density, W/Liter 
Centerline Temp., "C 
Wall Temp., "C 
Radiation @ 8' in Sept. 1976, R/hr 
Canister Material 

Storage History 

Water 6-Cell , Years 
Air 6-Cell, Years 
Air A-Cell , Years 
Mini Wet Basin 

ss-7 

Dec. 1968 
62.0 
3.2 
75.0 
3.6 
12.7 
205.0 
928.0 
475.0 
51.0 
304L 

PG-2 

Dec. 1967 
35.0 
2.9 
43.0 
0.4 
1.7 
49.0 
355.0 
220.0 
27.0 
304L 

2-1/2 1 -3/4 

5-1/2 5-1/4 
1/2 1 /2 

--- _-- 
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TABLE 14. Radiochemical A n a l y s i s  R e s u l t s  o f  Smear f rom 1000 cm2 o f  
C a n i s t e r  Sur face 

C a n i s t e r  Rad io i so tope  I n i t i a l  
No. and Days Measured Smear, C i  

SS-7, 66 4 4 ~ e  2.30 

SS-7,31 

PG-2, 145 

06Ru 

34cs 2.17 

37cs 1.89 

l z5Sb  

54Eu 1.58 

T o t a l  4.37 

4 4 ~ e  

06Ru 

34cs 

37cs 

25Sb 

54Eu 

T o t a l  

4 4 ~ e  

06Ru 

34cs 

54Eu 

T o t a l  

1.65 x l o - '  
5.08 

(a 1 

( a )  

3.72 x 

1.47 x 

2.22 

7.52 

5.96 

7.60 

5.41 

1.25 

1.75 x 

1.67 x 

F i n a l  
Smear, C i  

1.65 

5.08 

(a 1 

( a )  

3:72 x 

1.46 x 

2.22 x 

1.13 x 

5.21 x 

(a  
2.17 x 
1.40 x 

1.05 x 

1.52 x 

1.23 x 

7.11 

2.53 

2.19 

o - ~  

0- 
o - ~  

0-8 

o - ~  
1 o-8 
1 o - ~  
1 o - ~  

(a)Below l i m i t s  o f  d e t e c t a b i l i t y  

I I I I I 
50 100 150 

DAYS IN MINI-WET B A S I N  

F I G U R E  13. Sel f -Decontaminat ion o f  HLW C a n i s t e r s  Dur ing  Water Bas in  Storage 

24 



TEST A 

66 DAY RUN 
DIFFUSION TO I O N  EXCHANGER 

E 

D CANISTER SS-7 

c- 

. Y 4: 

0 
VI 

P- 

4 
m 

500 1 I I I 
0 25 50 75 

TEST B 
CANISTER SS-7 
31 DAY RUN 
I ON EXCHANGER N FLOW PATH 

CAN1 STER PG-2 
145 DAY RUN 
I O N  EXCHANGER VALVED Om 

lo00 

1 M  I I I I I 
A W  

0 25 50  75 100 125 150 
DAYS I N  MINI-WET B A S I N  
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SECTION 3 - ALTERNATIVE WASTE FIXATION PROGRAM 

The goals of t h i s  task m e  t o  develop a l t e rna t i ve  waste f i x a t i o n  processes and evaluate 
t h e i r  waste form products t o  assure that  v iable  backup processes w i l l  be available i f  needed. 
The a l t e rna t i ve  processes and products are t o  be compared fo r  cos t  and sa fe t y  t o  s i l i c a t e  glass 
castings i n  large metal canis ters ,  which are considered the current reference process and pro- 
duct.  The a l t e rna t i ve  processes are being developed on the laboratory scale.  

ENGINEERING FEASIBILITY - R. 0. Lokken 
The purpose of t h i s  study i s  t o  evaluate and correlate process procedures necessary t o  

achieve the object ive  of the  nut t ibarrier  concept. 

A computer code has been developed which provides a fast and simple means of calculating 
mass and heat flow rates for the three multibarrier waste f o rm processes. 
rials are being considered: CVD-coated supercalcine, glass-coated supercalcine, and glass 
marbles. These three core materials are to be incorporated in one of six metal matrices: 

Three core mate- 

1 )  cast aluminum, 
2) cast aluminum-12 silicon, 
3 )  cast lead, 
4) cast lead-10 tin, 
5) 
6) gravity-sintered copper. 

gravity-sintered 410 stainless steel, and 

Composite thermal conductivity of the desired waste form is calculated with the Bruggeman 
Variable Dispersion derived for spherical inclusions in a surrounding continuous 
phase : 

K1 - K 
2 K1 - K2 

where, P2 is volume fraction of spherical inclusions 

K is thermal conductivity o f  composite (W/cm°C) 

K1 is thermal conductivity o f  matrix (W/cm°C) 

K2 is thermal conductivity o f  spheres (W/cm°C) 

The thermal conductivity of the sintered matrix materials is calculated with the porosity 
correction equation: (4 1 

K = KO[ - 2]  
1 + 10P 

where, K is thermal conductivity o f  porous material (W/cm°C) 

KO is thermal conductivity o f  dense material (W/cm°C) 

P is fractional porosity 
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The r e s u l t a n t  thermal  c o n d u c t i v i t y  va lues  a r e  used t o  c a l c u l a t e  maximum c a n i s t e r  d iamete r  based 

on maximum a l l o w a b l e  c e n t e r l i n e  temperatures and hea t  l o a d i n g  p e r  c a n i s t e r .  

temperatures a r e :  

Maximum a l l o w a b l e  

1 )  CVD-coated SPC: 800°C (Cu m a t r i x )  

2 )  Glass-coated SPC: 600°C (A l -12  S i  m a t r i x )  

3 )  Waste-glass marb les:  300°C (Pb-10 Sn m a t r i x )  

500°C (Al -12 S i  m a t r i x )  

1000°C ( S S  m a t r i x )  

A l l  temperatures a r e  s e l e c t e d  somewhat a r b i t r a r i l y  f o r  comparat ive purposes. 

and w a l l  temperatures a r e  a l s o  c a l c u l a t e d  f o r  a s p e c i f i c  c a n i s t e r  u s i n g  t h e  heat  t r a n s f e r  

r e l a t i o n s h i p s  o f  Hoskins and B e r r e t h .  (5) 
i n  F i g u r e  15. The equa t ions  f o r  c a l c u l a t i n g  t h e  c e n t e r l i n e  temperature, T3, and t h e  w a l l  

temperature,  T,, a r e  g i ven  by:  

The c e n t e r l i n e  

The c o o r d i n a t e  system used i n  t h e  d e r i v a t i o n  i s  shown 

( 1 )  T4 = T3 + 

( 2 )  T3 = k 

Rokhl + R3kh2 f h2R3hlR1 I n  5 
R1 

+ hlRoTl + h 2 R 3 T j  

s 
where, Q i s  h e a t  generation(W/m 

k i s  thermal  c o n d u c t i v i t y  (W/m"C) 

Ro = R, - W ,  W i s  w a l l  t h i c k n e s s  

R3 = R2 + W 

For  f r e e  convec t i on  i n  a i r  w i t h  a t u r b u l e n t  boundary l a y e r ,  

hl = 1.31 (T3 - T I )  1 I3 

h2 = 1.31 (T4 - T2) 1 / 3  

Equat ions 1 and 2 must be so l ved  i t e r a t i v e l y  f o r  T3 and T4 s i n c e  hl and h2 depend on T3 and T4. 
For  waste s t o r e d  i n  a s o l i d  c y l i n d e r ,  R1 can be assumed t o  approach zero.  

a r e  then  reduced t o :  

Equat ions 1 and 2 

(4 )  T3 = [$ ( + 2k h2R3 ) + h2R3T2 ] 
R3kh2 

Equat ions 3 and 4 g i v e  t h e  c e n t e r l i n e  and w a l l  temperatures o f  waste s t o r e d  i n  a so 

de r .  1 )  a l l  i n p u t  va lues The o u t p u t  o f  t h e  program i s  d i v i d e d  i n t o  f o u r  s e c t i o n s :  
i d  c y l i n -  

used f o r  a 
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particular process, 2 )  flow rates for each phase of the process, 3) annual material require- 
ments and annual material costs, and 4) storage size requirements. 

R1 = 

= 0 FOR SOLID CYLINDER 

R2 = OUTER RADIUS OF ANNULUS 

Tj  = TEMP AT R1 

INNER RADIUS OF ANNULUS 

= CL TEMP FOR SOLID CYLINDER 

T4 = WALL TEMP 

T2 = OUTSIDE TEMP AT 0) 

FIGURE 15. Coordinate System Used in Model for Calculating Canister Temperatures 

Figure 16 shows the relationship of canister centerline temperatures to canister diameters 
for duplex-coated supercalcine in various matrices. The supercalcine cores have 4 mm diameters 
with 20 um PyC and 60 pm A1203 coatings; sintered matrices are assumed 50% dense. Heat genera- 
tion rate o f  supercalcine cores is 396,800 W/m3, assuming sintered core density of 3.1 g/cc. 
The volume heat generation within the canister is determined by multiplying the volume fraction 
of supercalcine cores in the canister by their respective heat generation rate: 396,800 W/cm . 
Table 15 shows the comparative unit material costs of producing four waste forms. 

3 

609b VOLUMETRIC LOADING 

!D% VOLUMETRIC LOADING 

V 

W‘ of 
3 I- 

W 

0 

d 
3 looo’ 
a 

c 
W z 
2 of 

z W 
V 

- 
E 

500. 

SINTERED 410 S S  
1500 1 

SINTERED COPPER 

/ /A- 

0 I ,’,’ I I I I I I I 

0 25 30 35 40 45 50 55 60 

CANISTER DIAMETER, cm 

FIGURE 16. Canister Centerline Temperatures and Diameters for Duplex-Coated Supercalcine 
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TABLE 15. Comparison o f  U n i t  M a t e r i a l  Costs f o r  M u l t i b a r r i e r  
Waste Forms and Waste Glass Can is te rs  

M a t e r i a l  Costs ($ /kg Waste) 
CVD Coated Glass Coated ( b )  Waste Glass Waste Glass 

Superca lc ine  ( a )  Superca lc ine  Marb les Mono1 i t h  

A d d i t i v e s  5.64 7.08 4.14 4.14 

M a t r i x  2.45 

Can is te rs  ( c )  3.21 
5.78 

3.59 

T o t a l  11.30 16.45 

1.68 -- 
- 2.66 0.90 - - 
8.48 5.04 

. 

Ta)Supercalc ine c o r e  i s  4 mm d iameter ,  w i t h  PyC and A1203 c o a t i n g  t h i c k n e s s  o f  20 pm 

(b )Superca lc ine  c o r e  i s  6.35 mm d iamete r  w i t h  a f r i t  c o a t i n g  th i ckness  o f  1.27 mm. 

( ‘ )Canis ter  c o s t s  a r e  based on c a n i s t e r s  w i t h  a maximum a l l o w a b l e  d iameter  f o r  each 

and 60 vm, r e s p e c t i v e l y .  

s p e c i f i c  waste fo rm and a l e n g t h  o f  304.8 cm. 
c a n i s t e r  by u s i n g  $250/m2 o f  c a n i s t e r  s u r f a c e  area. 

Costs were determined f o r  each 

GLASS MARBLE DEVELOPMENT - 3. M. Rusin 

The purpose of  t h i s  study i s  t o  develop methods t o  produce uaste glass  marbles i n  remote 

f a c i l i t i e s  and t o  evaluate glass-metal matrix react ions.  

A n a l y s i s  o f  t h e  hea t  t r e a t e d  A1-12 S i  and Pb encapsulated waste g l a s s  marb les by o p t i c a l  

Reac t ion  zones were observed i n  
microscopy has been completed. 
sample a f t e r  hea t  t rea tmen ts  o f  t e n  days a t  300°C and 500°C. 

t h e  Pb encapsulated samples; a t  300°C t h e  r e a c t i o n  zone appears t o  be i n  t h e  Pb m a t r i x ,  i l l u s -  

t r a t e d  i n  F i g u r e  17. 

has been impregnated w i t h  t h e  mount r e s i n .  

occu rs  as a continuum between t h e  Pb m a t r i x  and t h e  g l a s s  marble, as shown i n  F i g u r e  17. 

t h e r  c h a r a c t e r i z a t i o n  w i l l  be made by  SEM. 

G lass -mat r i x  r e a c t i o n s  were n o t  observed f o r  t h e  A1-12 S i  

\ 

The da rk  band between t h e  m a t r i x  and t h e  marb le i s  sh r inkage  v o i d  t h a t  

A t  500°C t h e  Pb m a t r i x  i s  mo l ten  and t h e  r e a c t i o n  

Fur-  

%50X ~ 2 5 0 X  

( a )  300°C - 10 DAYS ( b )  500°C - 10  DAYS 

FIGURE 17. Heat T rea ted  Waste Glass Marbles Encapsulated i n  Lead 
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Plasma-sprayed A1 coatings have been successfu l ly  applied t o  3 mm and 6 mm commercial 
g lass  beads; coating thicknesses varied from 200 to  500 pm. 

porosity.  
i t s  i n t e g r i t y ,  and some porosity was eliminated by penetration of t he  A1-12 Si a l loys ,  shown 
i n  Figure 18. 
marble loading, the  successful appl ica t ion  of metal coating t o  g l a s s  marbles has a l so  been 
demonstrated. 

The coatings contained some 
Subsequent encapsulation i n  A1-12 S i  was successful because the coating retained 

Although the  purpose of t h i s  experiment was t o  produce samples o f  reduced 

%8X %200X 

FIGURE 18. Aluminum Plasma Coated 3 mm Commercial Glass Beads Encapsulated in A1-12 S i  

We have wr i t ten  a program t o  model the  temperature d i s t r ibu t ion  in the  waste c a n i s t e r  due 
t o  se l f -hea t ing  of spherical  bodies in a matrix. The f i r s t  run was made f o r  0.50 i n .  diameter 
waste marbles contained in a can i s t e r  without any matrix. A heat generation r a t e  of 100 watts 
per l i t e r  of  waste g l a s s  was assumed. The r e s u l t s  showed t h a t  t h e  marbles i n  t h e  cen ter  would 
begin to  flow w i t h i n  four hours without a metal matrix. 

SUPERCALCINE - G .  J .  McCarthy, The Pennsylvania S ta t e  University 

The nature of the  Penn S ta t e  part ic ipat ion i n  the Al ternat ive  Waste Forms Program and the 
Current object ives  of the  Super- supercalcine concept has been described i n  previous reports .  

caZcine Task include: 
development of formuZations fo r  the  high Na waste PW-7a, 3 )  determination of crystaZZine phase 

behavior of C s ,  Ru, Te,  Pd, Rh and the act inides  i n  supercalcine, and 4 )  consideration of the 

e f f e c t s  of radiation and transmutation on supercaZcine s t a b i l i t y .  

2 )  refinement of ex i s t ing  formulations fo r  PW-4b and PW-7 wastes, 2) 

Twenty-four high-sodium supercalcine formulations were evaluated in the  l a s t  th ree  months. 
Based on the  r e s u l t s ,  two formulations a r e  being given the  f u l l  range of charac te r iza t ion .  The 
PW-7a-based formulation of model 77-2 i s :  

31 



95 Mo 1 100 (Ca,Sr,Ba)Mo04 [ S s s ]  41 Ca 

586 Si  54 586 Sr Na ' Baj 586 A1 
64 A1 

128 S i  64 Cs + Rb 

4 Ag + Cd i n  A S S  -4 Ca 

586 NaA1Si04 [Ne] 

64 (Cs, Rb)A1 S i  206 

as mixed oxides: 
106 Z r  Fss,  T S s y  SPss, (Fe2031ss 
100 Fe 

5 N i  650 A1 
804 S i  

Required Add i t i ves  

Model 77-3 d i f f e r s  o n l y  i n  hav ing  t h e  120 e x t r a  RE, f o rm ing  a l s o  as REP04, w i t h  the  

r e q u i r e d  a d d i t i o n  o f  120 e x t r a  [PO4]  and t h e  r e l e a s e  o f  30 Ca and 90 S i  f rom t h e  l i s t  o f  
r e q u i r e d  a d d i t i v e s  by e l i m i n a t i o n  o f  t h e  a p a t i t e  [A,,] phase. 
an excess o f  about  1 .5  ove r  t h e  amount o f  (A1 f S i )  r e q u i r e d  f o r  a l k a l i  (Na, Cs, Rb) f i x a t i o n  

i s  necessary i n  each f o r m u l a t i o n  t o  p r e v e n t  s i g n i f i c a n t  a l k a l i  v o l a t i l i z a t i o n  d u r i n g  c r y s t a l -  

l i z a t i o n - c o n s o l i d a t i o n  p rocess ing  a t  temperatures o f  up t o  1100°C f o r  2 h r .  

t h e  compos i t i on  o f  77-2 and 77-3 i n  we igh t  pe rcen t  o f  waste and a d d i t i v e  ox ides.  

The s c o u t i n g  runs  i n d i c a t e d  t h a t  

Table 16 shows 

TABLE 16. Composi t ion o f  Superca lc ine  77-2 and 77-3 

Oxide 

RE203 
Zr02 

Moo3 

S r O  

BaO 

Cs20 

Rb20 

CdO 

Ag20 

Na20 

'2'5 

W t %  

19.6 

4.2 

4.5 

0.9 

1.3 

2.5 

0.3 

0.1 

0.1 

5 . 9  

~ 

(77-2) 5 .5  

(77-3) 8.3 

Oxide 

'3'8 

Fe203 

Cr203 
N i  0 

Ca 0 

A1 z03 

S i  O2 

Ca 0 

A1 2O3 
S i  O 2  

W t %  

11.0 

2.6 

0.3 

0.1 

- 

72-2 

1.2 

16.2 

23.7 

77-3 

0.7 

16.3 

21.2 

. 

The h o t  p r e s s i n g  method was i n c l u d e d  t o  g i v e  more dense and b e t t e r  c o n s o l i d a t e d  specimens. 

We expected t h a t  l e a c h i n g  would be more s e n s i t i v e  t o  t h e  f o r m u l a t i o n  and l e s s  t o  i t s  degree of 
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c o n s o l i d a t i o n .  

haps due t o  t rapped  gases a r i s i n g  f r o m  incomp le te  d e n i t r a t i o n .  

d e n i t r a t i o n  was added. 

Specimens u s i n g  a 600°C d e n i t r a t e d  ba tch  had some " b u b b l e - l i k e "  f e a t u r e s ,  pe r -  

For  t h i s  reason, a 900°C 

T h i s  p re t rea tmen t  e l i m i n a t e d  t h e  l a r g e  po re  f o r m a t i o n .  

Soxh le t  l e a c h  r a t e s  of t h e  s i x  p roduc ts  were t e s t e d  f o r  a t o t a l  of  14 days. The va lues 

were o f  t h e  same magnitude as Soxh le t  l e a c h i n g  o f  PW-7a g lasses  (wh ich  c o n t a i n  about  h a l f  t h e  

waste l o a d i n g ) .  

CORE AND GLASS FRIT COATING - J .  M .  Lukacs and C. B. Ruhter  

The purpose of t h i s  task i s  t o  evaluate the disk  p e l l e t i z e r  as a means o f  forming spherical 

p e l l e t s  from calcined waste material and coating sintered p e l l e t s  prior  t o  incorporating them 
i n  a metal matrix.  

Supercal c i n e  Pel 1 e t s  

T h i s  q u a r t e r  we prepared two new s u p e r c a l c i n e  batches i n  t h e  spray c a l c i n e r :  SPC-3 and 

SPC-4. The f i r s t  batch,  SPC-3, i s  a s i m p l i f i e d  composi t ion,  w h i l e  SPC-4 i s  t h e  most complete 

s i m u l a t i o n  used t o  da te .  We s t u d i e d  t h e  s i n t e r i n g  behav io r  o f  s u p e r c a l c i n e  i n  d e t a i l  t o  p r o -  

v i d e  optimum s i n t e r i n g  parameters f o r  p e l l e t i z e d  m a t e r i a l .  

samples which s imu la ted  p e l l e t i z e d  green p r o p e r t i e s  i s  i l l u s t r a t e d  i n  F i g u r e  19. Each compo- 

s i t i o n  has i t s  own d e n s i t y  vs  temperature r e l a t i o n s h i p ;  i n  some cases, such as i n  SPC-4, t h i s  

may be v e r y  s teep.  R e l a t i v e l y  smal l  temperature f l u c t u a t i o n s  d u r i n g  p rocess ing  then r e s u l t  i n  

s u b s t a n t i a l  d e n s i t y  v a r i a t i o n s  i n  t h e  f i n i s h e d  p roduc t .  

I n f o r m a t i o n  f rom v i b r a t o r y  compacted 

- 
U 

(5, 
Y 
1 g* 4.00 
v, 
,Z 3.50 
n 
a g 3.00 
3 
v, 5 2.25 
I 

2.00 

1.50 

S P C 2  

0 SPC 2 t 5% MONTMORILLONITE 

0 S P C 1  

1 100 1125 1150 1175 1200 1225 1250 
SINTERING TEMPERATURE (OC) 

NOTE: SAMPLES V I  BRATORY 
COMPACTED ( < 1 gicc) 

HEATING RATES: ZOO~CIHR 

SOAK TIME: 2 HR 

FIGURE 19. S i n t e r e d  D e n s i t y  Vs S i n t e r i n g  Temperature 

CHEMICAL VAPOR DEPOSITED COATINGS - M. F. Browning 

The purpose of t h i s  study i s  t o  demonstrate t h a t  simulated radioactive calcined Liaste par- 
t i c l e s  i n  a s i z e  range of 1 t o  1 0  nvn can be coated t o  protect  them under environmental condi- 

t i ons  expected during long-term storage. 
and/or PgC using chemical vapor deposit ion processes with jZuidized-bed and/or rnechanicalty- 
agitated p a r t i c l e  techniques. 

We have coated supercalcined par t i c l e s  with A 1 2 0 3  
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Our 

1 )  

2 )  

exper imenta l  e f f o r t  t h i s  q u a r t e r  has been d i r e c t e d  toward:  

a p p l i c a t i o n  o f  duplex c o a t i n g s  by a f l u i d i z e d - b e d  techn ique  t o  2 t o  3 mm d iameter  
superca lc ined  waste p a r t i c l e s ;  and 

i n v e s t i g a t i o n  o f  an a l t e r n a t i v e  coa t ing - techn ique  t o  t h e  f l u i d i z e d  bed c u r r e n t l y  

used t h a t  would be more adap tab le  t o  c o a t i n g  4 t o  5 mm p a r t i c l e s .  

A1 though t h e  f l u i d i z e d - b e d  techn ique  s a t i s f a c t o r i l y  a p p l i e d  duplex A1203/PyC c o a t i n g s  t o  

s m a l l e r  p a r t i c l e s ,  we have exper ienced l i m i t e d  success i n  a p p l y i n g  these c o a t i n g s  t o  ~3 mm 

SPC-2 p a r t i c l e s .  

t echn ique  t o  t h e  a p p l i c a t i o n  o f  PyC t o  t h e  l a t e s t  ba tch  o f  m a t e r i a l  rece ived  ( lSPC-Z), which 

c o n t a i n s  p a r t i c l e s  as l a r g e  as 5 mm i n  s i z e .  

bed techn ique  f o r  a p p l y i n g  t h e  d e s i r e d  A1203 c o a t i n g s  t o  these l a r g e  p a r t i c l e s  was n o t  as 

s a t  i s f  ac t o r y .  

We s u c c e s s f u l l y  coated -3 mm SPC-2 p a r t i c l e s  w i t h  PyC and extended t h i s  

U n f o r t u n a t e l y ,  t h e  u t i l i z a t i o n  o f  t h e  f l u i d i z e d -  

Con t inu ing  f rom l a s t  q u a r t e r ,  a ro ta t i ng -chamber  c o a t i n g  system rep laced  t h e  f l u i d i z e d -  

bed process used i n  a l l  t h e  p rev ious  work; 3 t o  5 m 1SPC-2 s imu la ted  waste p a r t i c l e s  were used 

a f t e r  t rea tmen t  a t  1125°C f o r  6 h r  i n  a i r .  Th i s  r o t a t i n g  c o a t e r  was used t o  ove rcoa t  PyC- 

coated p e l l e t s .  

a p p l i c a t i o n  o f  t h e  A1203 ove rcoa t .  
t h e  A1203-coating environment and t h e  i n a b i l i t y  t o  a p p l y  A1203 c o a t i n g s  as r a p i d l y  i n  a r o t a t i n g  

drum system as i n  a f l u i d i z e d  bed. 

i n g  t h e  r e a c t a n t  c o n c e n t r a t i o n  s i n c e  one o f  t h e  r e a c t a n t s  i s  hydrogen. 

degree o f  o x i d a t i o n  i s  reduced, t h e  c o a t i n g  r a t e  i s  a l s o  decreased d r a s t i c a l l y .  

The major  problem i n  t h i s  work was t h e  l o s s  o f  t h e  carbon c o a t i n g  d u r i n g  

T h i s  was p a r t i a l l y  expected due t o  t h e  o x i d i z i n g  n a t u r e  o f  

Con t ro l  ove r  t h e  degree o f  o x i d a t i o n  i s  p o s s i b l e  by a d j u s t -  

U n f o r t u n a t e l y ,  as t h e  

Severa l  a t tempts  t o  c i r cumven t  t h e  o x i d a t i o n  o f  t h e  PyC c o a t i n g  when a p p l y i n g  A1203 

c o a t i n g s  were made w i t h  e s s e n t i a l l y  no success. There fo re ,  t h e  use o f  S i02  i n  p lace  o f  A1203 
was i n v e s t i g a t e d  because o f  t h e  i nc reased  p o t e n t i a l  o f  s a t i s f a c t o r i l y  a p p l y i n g  i t  i n  a drum 

c o a t e r  ove r  a PyC c o a t i n g .  

because o f  i t s  l e a c h  r e s i s t a n c e .  However, s i n c e  t h e  o u t e r  c o a t i n g ' s  main f u n c t i o n  i s  now 

o x i d a t i o n  p r o t e c t i o n ,  S i02  should be a s u i t a b l e  replacement. 

Alumina was i n i t i a l l y  s e l e c t e d  as t h e  most d e s i r a b l e  o x i d e  c o a t i n g  

We developed a system f o r  o v e r c o a t i n g  w i t h  S i02  superca lc ined  p a r t i c l e s  (1SPC-2, 3- and 

5-mm) which had been h e a t - t r e a t e d  f o r  6 h r  a t  1125°C i n  a i r  and coated w i t h  ~ 4 0  vm o f  PyC i n  a 

f l u i d i z e d - b e d  system w i t h o u t  l o s s  o f  t h e  PyC l a y e r .  T h i s  was done i n  t h e  r o t a t i n g  drum system 

u s i n g  t h e  o r t h o s i l i c a t e  procedure. 

c o a t i n g s  a lpea red  t o  be dense and u n i f o r m  i n  t h i c k n e s s .  

o f  t h e  p a r t i c l e s  was observed t o  be cracked.  

Opera t i on  o f  t h e  system was r e l a t i v e l y  t r o u b l e - f r e e  and t h e  

However, t h e  S i02  c o a t i n g  o f  severa l  

METAL MATRIX - K. R. Sump 

The p i p o s e  of t h i s  s t u d y  is 50 deuelop a metcZ matr ix  .fop ixcraasi;z,- the t h e m a l  e m -  

d-uctivLtj and impact strength of consainei7.s for high-level aasti. 

T h i s  q u a r t e r  we used two new m a t e r i a l s  f o r  m a t r i x  e v a l u a t i o n :  1 )  aluminum-318 magnesium, 

vacuum-cast pure and w i t h  3 mm and 6 mm g l a s s  spheres, and 2 )  aluminum bronze, s u c c e s s f u l l y  

g r a v i t y - s i n t e r e d  a t  950°C f o r  8 h r  i n  a dynamic vacuum. A h i g h e r  s i n t e r i n g  temperature i s  
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r e q u i r e d  f o r  t h e  aluminum bronze than  f o r  t h e  pu re  copper. 

m a t r i c e s  were c a s t  f o r  c h a r a c t e r i z a t i o n  s t u d i e s .  The meta l  m a t r i x  f a b r i c a t i o n s  a r e  summarized 

i n  Table 17. 

A d d i t i o n a l  samples w i t h  v a r i o u s  

TABLE 17. Meta l  M a t r i x  F a b r i c a t i o n s  a t  PNL 

Waste Form Dispersed 
Meta l  M a t r i x  Method o f  F a b r i c a t i o n  i n  Me ta l  M a t r i x  

Lead 

Pb-5 Sn 

Pb-10 Sn 

Pb-6 Sb 

A1 umi num 

A1-12 S i  

A1-3,8 Mg 

Copper 

Manganese Bronze 

A1 umi num Bronze 

M isce l l aneous  

S t a i n l e s s  S t e e l  

Brasses 

316, 410, and/or  
304 

I r o n  and A l l o y  
S t e e l s  

Cast 

Cast 

Cast 

Cast 

Cast 

Cast 

Cast 
G r a v i t y  S i n t e r e d  

Cast 

G r a v i t y  S i n t e r e d  

G r a v i t y  S i n t e r e d  

G r a v i t y  S i n t e r e d  

G r a v i t y  S i n t e r e d  

None, g l a s s  marbles, s imu la ted  waste 

None, g l a s s  marbles, s imu la ted  waste 

None, g l a s s  marbles, s imu la ted  waste 

g l a s s  marb les 

g l a s s  marb les 

g l a s s  marb les,  uncoated 
supercal  c i n e  

None, g l a s s  marb les 

None, g l a s s  marb les 

None, g l a s s  marb les,  s imu la ted  waste 
g l a s s  marbl es , uncoated super- 

c a l c i n e ,  A1 c l a d  g l a s s  marb les 

None, g l a s s  marb les 
None, A1203 spheres uncoated super- 

None, A1203 g r i n d i n g  b a l l s  

None 

c a l c i n e  

None, uncoated c a l c i n e  

None, A1203 sphere, uncoated super- 
c a l c i n e ,  A1203 coa ted  s u p e r c a l c i n e  

PyC/A1203 coated s u p e r c a l c i n e  

None 

Pure s u p e r c a l c i n e  (SPC-2) samples were f a b r i c a t e d  w i t h  c a s t  o r  g r a v i t y - s i n t e r e d  m a t r i c e s  

o f  A1-12 S i ,  Pb-10 S i ,  316 SS and pu re  copper. Considerable d i s c o l o r a t i o n  o f  t h e  s t a i n l e s s  
s t e e l  m a t r i x  occu r red  d u r i n g  t h e  g r a v i t y - s i n t e r i n g  process.  The o t h e r  samples had a good 

appearance. 

CHARACTERIZATION - 3 .  M. Rusin 

The purpose of t h i s  study i s  t o  d e t e n i n e  the physical,  mechanical, and chemical properties 

of multibarrier waste forms f o r  optimization of t h i s  product type.  

Screening o f  impacted g r a v i t y - s i n t e r e d  m a t r i x  samples has been completed. Superca lc ine  

was separated f rom t h e  410 s t a i n l e s s  s t e e l  w i t h  an e lect romagnet .  

f o r  t h e  s u p e r c a l c i n e  and me ta l  m a t r i x  i s  p l o t t e d  on F i g u r e  20 f o r  seve ra l  impact  f o rces .  

p e r c e n t  f i n e r  t han  37 pm does n o t  exceed 2%. 

F i g u r e  21. 

P a r t i c l e  s i z e  d i s t r i b u t i o n  

The 

The e f f e c t  o f  s u p e r c a l c i n e  l o a d i n g  i s  shown i n  

Two samples, one a t  40% and t h e  o t h e r  a t  60% l o a d i n g ,  were impacted a t  158.4 f t - l b .  
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The r e d u c t i o n  i n  l o a d i n g  g r e a t l y  reduced t h e  f i n e  p a r t i c u l a t e  fo rma t ion .  

t i o n  f o r  s u p e r c a l c i n e  i s  compared t o  t h a t  f o r  an ICM-11 sample i n  F i g u r e  22. 

should be taken  i n t o  account t o  p r o v i d e  a meaningful comparison. 

t h e  s u p e r c a l c i n e  would c o n t a i n  2 . 4  t imes t h e  waste c o n t e n t  o f  a t y p i c a l  waste g lass .  

The f i n e s  d i s t r i b u -  

The waste l o a d i n g  
The f i n e  p a r t i c u l a t e  f rom 

SUPERCALCINE 

METAL MATRIX  

- - -  
- 

IMPACT 
FORCE, 

F F - L B S  

158.4 / 
,’ 

/ 

)* / 
/ 

/ 
/ 158.4 19.2 

/ I I 

37 41 88 125 250 

PARTICLE S IZE (pm) 
500 

F IGURE 20. P a r t i c l e  S ize  D i s t r i b u t i o n  f o r  Impacted A1203 Coated Superca lc ine  
i n  410 S t a i n l e s s  S tee l  M a t r i x  

0 4 W o  LOADING 

a 60% LOADING 

-- S UPERCALC I NE 

METAL MATRIX  

40 
- - m ~ ! 

CY F f I  
W 

E 

3 

LL 

31  44 88 125 250 500 
PARTICLE S IZE (urn) 

FIGURE 21.  E f f e c t  o f  Superca lc ine  Loading Upon P a r t i c l e  S i z e  D i s t r i b u t i o n  
a f t e r  Impact a t  158.4 f t - l b  
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80 i 0 ICM-11 

. 

A1203 COATED SUPERCALCINE 

I N  STAINLESS STEEL MATRIX 

/ 

IMPACT: 158 FT-LB 
SAMPLE SIZE: 0.50 INCH D I A  x 

0.50 INCH HIGH 10 

100 200 300 400 500 600 

PARTICLE SIZE, pm 

FIGURE 22. P a r t i c l e  S i ze  D i s t r i b u t i o n  o f  Impacted ICM-11 and 
Superca lc ine  Samples 

G r a v i t y - s i n t e r e d  Cu samples, 0.50 i n .  i t 1  d iameter  by 3.50 i n .  h igh ,  have been impacted t o  

The g r a v i t y - s i n t e r e d  Cu 

compare them t o  p r e v i o u s l y  impacted 410 s t a i n l e s s  s t e e l  A1-12 S i  and Pb m a t r i x  samples. 

23 compares t h e  c o m p i l a t i o n  f o r  a l l  f ou r  samples t o  t h e  impact  f o r c e .  

does n o t  o f f e r  as much impact  r e s i s t a n c e  as g r a v i t y - s i n t e r e d  410 s t a i n l e s s  s t e e l .  

F i g u r e  

n 

0 Pb (VACUW CAST) 

a 410 STAINLESS STEEL 
(GRAVITY SINTERED) 

0 Al-12Si (VACUUM CAST) 

V Cu(GRAVITY SINTERED) 

20 40 60 80 100 120 140 160 " 0  

IMPACT FORCE 

F I G U R E  23. Compaction o f  0.50 , i n .  Diameter M a t r i x  Samples by Impact 
37 



We produced samples o f  uncoated s u p e r c a l c i n e  (SPC-2) cores encapsulated i n  vacuum-cast Pb 

Po l i shed  s e c t i o n s  a r e  i l l u s t r a t e d  i n  
and A1-12 f o r  c h a r a c t e r i z a t i o n .  

between t h e  s u p e r c a l c i n e  and vacuum c a s t  Pb o r  A1-12 S i .  

F i g u r e  24. 

g r a v i t y - s i n t e r e d  Cu and 316 s t a i n l e s s  s t e e l .  

The r e s u l t s  f rom meta l l og raphy  show no ev idence o f  r e a c t i o n  

P resen t l y ,  we a r e  c h a r a c t e r i z i n g  samples o f  uncoated superca lc ine  encapsulated i n  

QJ2oox 

( a )  Pb-10 Sn 

G!oox 

( b )  A1-12 S i  

FIGURE 24. Uncoated Superca lc ine  (SPC-2) Encapsulated i n  Vacuum Cast 
Pb-10 Sn and A1-12 S i  
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