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EXPERIENCE WITH A  JOULE-HEATED CERAMIC MELTER 

WHILE CONVERTING SIMULATED HIGH-LEVEL WASTE TO GLASS 

C. C.  Chapman 

SUMMARY 

Development o f  a  jou le -hea ted  ceramic m e l t e r ,  sponsored by t h e  Energy 

Research and Development Adm in i s t r a t i on ,  has been p rogress ing  f o r  n e a r l y  

3 years .  I n  January 1975, a  ce ramic - l i ned ,  d i r e c t  j ou le -hea ted  g l ass  m e l t e r  

was s t a r t e d  up and operated con t i nuous l y  f o r  n e a r l y  11 months. Dur ing  t h i s  

pe r i od ,  process t e s t i n g  was completed b o t h  w h i l e  f e e d i ~ g  s imu la ted  h i gh -  

l e v e l  waste c a l c i n e  and w h i l e  feed ing  s imu la ted  h i g h - l e v e l  l i q u i d  waste. 

Whi le  feed ing  waste c a l c i n e  and frit, t h e  u n i t  was demonstrated a t  a  

p roduc t i on  r a t e  i n  excess o f  45 kg o f  g lass /hour ,  which meets t h e  needs of 

a  r e fe rence  5 MTU/day reprocess ing  p l a n t .  When t h e  s imu la ted  l i q u i d  waste 

and fr it s l u r r y  were f e d  t o  t h e  system, a  2 5 - l i t e r / h r  process r a t e  was 

demonstrated. Th i s  c a p a c i t y  i s  e q u i v a l e n t  t o  t h e  needs of a  1.5 MTUIday 

reprocess ing  p l a n t .  Eva lua t i on  o f  t h e  me1 t e r  a f t e r  10.8 months o f  opera- 

t i o n  suggests t h a t  a  m e l t e r  l i f e  i n  excess o f  2 yea rs  i s  l i k e l y .  

The o p e r a t i o n  o f  t h e  eng ineer ing -sca le  ceramic m e l t e r  has been encourag- 

ing .  The h i g h  c a p a c i t y  o f  t h e  m e l t e r  w i t h  t h e  c a p a b i l i t y  f o r  d i r e c t  l i q u i d  

f eed ing  and a  l ong  o p e r a t i n g  l i f e  suggests t h a t  a  jou le -hea ted  ceramic 

m e l t e r  w i l l  p l a y  a  ma jo r  r o l e  i n  f u t u r e  waste s o l i d i f i c a t i o n  processes. 



INTRODUCTION 

There has been a  con t i nu ing  e f f o r t  t o  conver t  h i g h - l e v e l  r a d i o a c t i v e  

waste t o  a  du rab le  g l ass  s i nce  t h e  e a r l y  1950 's  i n  t h e  Un i t ed  S ta tes  and 

throughout  t he  wor ld .  Several  m e l t e r s  have been developed a t  B a t t e l l e ,  

P a c i f i c  Northwest Labo ra to r i es  (PNL)!' ) A p l a t i num me1 t e r  was t h e  p r imary  

m e l t i n g  technology t h a t  was eva lua ted  d u r i n g  t he  Waste S o l i d i f i c a t i o n  Engi-  

nee r i ng  Pro to type  program(2) conducted a t  PNL. A l e s s  expensive m e t a l l i c  

m e l t e r  was a l s o  eva lua ted  a t  t he  beg inn ing  o f  t he  Waste F i x a t i o n  Program. 

Th i s  m e l t e r  was made of a  n icke l -chrome a l l o y ,  b u t  i t s  ope ra t i ng  l i f e  was 

somewhat l i m i t e d .  The c u r r e n t  m e l t i n g  process i s  t h e  In-Can M e l t e r  which 

assures a  long  ope ra t i ng  l i f e ,  b u t  l i m i t s  t he  s e l e c t i o n  of waste g lasses 

because of i t s  somewhat low ope ra t i ng  ter r~perature (1050°C). A rev iew o f  

c u r r e n t  commercial g l ass  i n d u s t r y  me! t i n g  technology suggested t h a t  a  

jou le -hea ted  ceramic m e l t e r  o r  an a l l  e l e c t r i c  m e l t e r  cou ld  be adapted t o  

h i g h - l e v e l  waste (HLW) v i t r i f i c a t i o n .  T h i s  t ype  o f  me1 t e r  promised t o  

p rov ide  a  long  ope ra t i ng  l i f e  system w h i l e  m e l t i n g  h i gh  temperature glasses. 

Thus, a  development program was i n i t i a t e d .  



ENGINEERING-SCALE CERAMIC MELTER 

MELTER DESCRIPTION 

A f t e r  ga in i ng  ope ra t i ng  exper ience and understanding o f  system opera- 

t i o n  w i t h  smal l  l a b o r a t o r y  me l t e r s ,  an eng ineer ing-sca le  ceramic m e l t e r  was 

designed and cons t ruc ted .  A  schematic cutaway view of t h e  assembled m e l t e r  

i s  g iven  i n  F i g u r e  1  w h i l e  a  p l a n  and s e c t i o n  view o f  t h e  n l e l t e r  i s  g iven  

i n  F igu re  2. The dimensions o f  t h i s  u n i t  a re :  

M e l t i n g  c a v i t y  - 14 i n .  wide, 30 i n .  l ong  and 12 i n .  deep. The 

g lass  depth was mainta ined a t  6 i n .  by over f low d r a i n  p ipe .  

Over f low c a v i t y  - 6 i n .  wide, 7 i n .  long  and 12- in .  deep 

E lec t rodes  i n  t h e  m e l t i n g  c a v i t y  - 2  i n .  t h i c k ,  12 i n .  wide, 11-1/2 i n .  

h i gh  and were suspended f rom the  t op  o f  the  r e f r a c t o r i e s .  

The ove r f l ow  p i p e  had a  2 - i n .  o u t s i d e  d iameter  and 1 /2  i n .  i n s i d e  diam- 

e t e r .  The d r a i n  p i p e  was l o c a t e d  i n  t h e  ove r f l ow  c a v i t y  which was pos i -  

t i o n e d  ad jacen t  t o ,  and centered on, one s i dewa l l  o f  t h e  m e l t i n g  c a v i t y .  

The ove r f l ow  c a v i t y  and t he  m e l t i n g  c a v i t y  were powered by independent 

se ts  of e lec t rodes .  The over f low e l e c t r o d e  was a l s o  2 i n .  t h i c k  and was 

suspended f rom t h e  t o p  o f  t he  r e f r a c t o r i e s .  The bottom o f  t h i s  e l e c t r o d e  

was 2  i n .  above t h e  f l o o r .  Th is  a l lowed mo l ten  g l ass  t o  f l o w  f rom the  

me1 t i n g  c a v i t y  t o  t h e  ove r f l ow  c a v i t y  where i t  c o u l d  f l o w  o u t  t he  d r a i n  

p ipe .  

The g lass  con tac t  r e f r a c t o r y  was ~ o n o f r a x ~  E  which i s  a  3 - i n .  t h i c k  

fused cas t ,  chrome-spinel m a t e r i a l  composed p r i m a r i l y  o f  chrome ox ide  (%78%) .  

These g lass  con tac t  r e f r a c t o r i e s  were backed w i t h  z i r c o n  b r i c k s  a l s o  3  i n .  

t h i c k .  

Water-cooled s t a i n l e s s  s t e e l  p l a t e s  were p laced on t h e  o u t s i d e  and 

bottom o f  the  r e f r a c t o r i e s .  The r e f r a c t o r i e s  were cons t ra ined  by compression 

8 Regis tered trademark o f  t h e  Carborundum Company. 
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FIGURE 2. Plan and Sect ion Views o f  Engineering Scale Me l te r  





MELTER CONTROL 

Th i s  n i e l t e r  was designed t o  be c o n t r o l l e d  e i t h e r  by a  temperature feed-  

back c o n t r o l  l oop  o r  by a  manual ly ad jus ted ,  cons tan t  c u r r e n t  c o n t r o l .  From 

e a r l  i e r  1  abora to ry  me1 t e r s  , i t was v e r i f i e d  t h a t  v o l  tage c o n t r o l  was uns tab le  

and t he re fo re  n o t  s u i t a b l e .  Tests  w i t h  t h i s  m e l t e r  us i ng  g l ass  temperature 

c o n t r o l  were s a t i s f a c t o r y  b u t  were n o t  as s u i t a b l e  as cons tan t  c u r r e n t  con- 

t r o l .  Temperature c o n t r o l  was d i f f i c u l t  t o  tune due t o  t h e  thermal l a g  o f  

t he  g lass .  S e l e c t i n g  t h e  p roper  l o c a t i o n  f o r  t he  thermocouple as w e l l  as 
' 1 

ach iev ing  a  s u i t a b l e  thermocouple l i f e  were a l s o  problems encountered us ing  

temperature c o n t r o l  . 
Power c o n t r o l  i s  f r e q u e n t l y  used i n  t he  commercial g l ass  i n d u s t r y ,  

b u t  has n o t  been thorough ly  tested.  However, i t  appears f rom system a n a l y s i s  

and favorab le  exper imenta l  r e s u l t s  t h a t  c u r r e n t  c o n t r o l  i s  an app rop r i a te  

c o n t r o l  method f o r  a  nuc lear  waste me l t e r .  Th i s  c o n t r o l  technique was used 

almost e x c l u s i v e l y  d u r i n g  t he  10.8 months of cont inuous ope ra t i on  of t he  

eng ineer ing-sca le  me l t e r .  The me1 t e r  was i d l e d  (no g l ass  produced b u t  

ma in ta ined  a t  ope ra t i ng  temperature) f o r  weeks w i t h o u t  ope ra to r  a c t i o n  and 

f r e q u e n t l y  w i t h o u t  be ing monitored. 

SACRIFICIAL ELEMENT STARTUP TECHNIQUE 

A f t e r  t e s t i n g  severa l  l abo ra to r y - sca le  me l te rs ,  i t  was found t h a t  

s t a r t u p  and r e s t a r t  o f  a  m e l t e r  w i t h  a  f r ozen  tank r e q u i r e d  r e s o l u t i o n  

be fo re  i t  cou ld  be used i n  a  r a d i o a c t i v e  f a c i l i t y .  A f t e r  severa l  techniques 

were evaluated,  t h e  one which p rov ided  most f l e x i b i l i t y  was t h e  s a c r i f i c i a l  

element s t a r t u p  technique. 

To o b t a i n  an ope ra t i ng  s t a t u s  w i t h  a  jou le -hea ted  ceramic me l t e r ,  i t  

i s  necessary t o  hea t  t h e  g lass  charge between t h e  e lec t rodes  t o  a  tempera- 

t u r e  a t  which t h e  g lass  i s  conduct ive.  I n  commercial g l ass  tanks,  gas 

f i r i n g  i s  t h e  common s t a r t u p  technique which i s  n o t  w e l l  s u i t e d  f o r  s t a r t -  

i n g  up a  r a d i o a c t i v e  waste m e l t e r  f o r  two reasons. F i r s t ,  t h e  voluminous 

noncondensible off-gases migh t  n o t  be cor r~pa t ib le  w i t h  t h e  reprocess ing  



p l a n t .  Second, when r e s t a r t i n g  a  f r o z e n  t a n k  w i t h  submerged e l e c t r o d e s ,  

gas f i r i n g  m i g h t  n o t  be success fu l  due t o  t h e  opaque c h a r a c t e r i s t i c s  o f  

t h e  waste g lasses .  

To p r o v i d e  a  method f o r  i n i t i a l  s t a r t u p  and r e s t a r t  w i t h  a  f r o z e n  tank ,  

t h e  s a c r i f i  c i  a1 element techn ique  was developed. T h i s  approach f o r  s t a r t u p  

o f  a  j o u l e - h e a t e d  ceramic m e l t e r  i s  i l l u s t r a t e d  i n  F i g u r e  4. Because 

r e s t a r t  o f  a  f r o z e n  t a n k  w i t h  submerged e l e c t r o d e s  i s  t h e  most c h a l l e n g i n g  

s i t u a t i o n ,  t h e  s t a r t u p  procedure w i l l  be e x p l a i n e d  f o r  t h i s  c o n d i t i o n .  

STARTUP ELECTRODE 

SOL1 D GLASS 

F IGURE 4. Schematic o f  S t a r t u p  Technique 

A s e t  o f  s t a r t u p  e l e c t r o d e s  w i t h  a  r e s i s t a n c e  h e a t i n g  element between 

them i s  p laced  i n  a  f l a n g e  which f i t s  i n  t h e  cover  p l a t e  o f  t h e  m e l t e r .  

T h i s  assembly i s  lowered o n t o  t h e  mat ing  opening on t h e  m e l t e r  s h e l l  and 

i s  t h e n  secured. S ince  t h e  v e r t i c a l  s t a r t u p  e l e c t r o d e s  a r e  f r e e  t o  t r a n s -  

l a t e  i n  t h e  v e r t i c a l  d i r e c t i o n ,  t h e  e l e c t r o d e s  s e t t l e  t o  t h e  t o p  of t h e  

f r o z e n  g l a s s  when t h e  assembly i s  lowered o n t o  t h e  r o o f .  The s t a r t u p  



e lec t r odes  a r e  then a t tached  t o  an independent power supp ly  o r  i n  p a r a l l e l  

w i t h  t h e  main power e l ec t r odes .  A f t e r  g l ass  frit i s  dropped i n t o  t h e  c a v i t y  

and t h e  s t a r t u p  element i s  bu r i ed ,  t h e  m e l t e r  i s  ready f o r  a  programmed 

s t a r t u p .  

Using e i t h e r  a  temperature feedback o r  power c o n t r o l  system, energy 

i s  d i s s i p a t e d  i n  t h e  s a c r i f i c i a l  e lement and heats  t h e  su r round ing  g l ass .  

As t h e  power l e v e l  increases,  g l ass  begins t o  m e l t  ad j acen t  t o  t h e  h e a t i n g  

w i r e .  F u r t h e r  power i n p u t  r e s u l t s  i n  a  mo l ten  zone between t h e  s t a r t u p  

e l ec t r odes .  A t  t h i s  c o n d i t i o n  t h e  use of t h e  s a c r i f i c i a l  element i s  com- 

p l e t e .  The s a c r i f i c i a l  e lement used i n  a l l  cases has been a  common e l e c -  

t r i c a l  r e s i s t a n c e  w i r e .  However, o t h e r  m a t e r i a l s  l i k e  molybdenum d i s i l i c i d e  

o r  s i  1  i c o n  c a r b i d e  may be more app rop r i a t e .  The i r r ~po r t an t  c h a r a c t e r i s t i c  

of t h e  s a c r i f i c i a l  e lement i s  t h a t  i t  i s  r e a d i l y  d i s s o l v e d  by t h e  g l a s s  a t  

h i g h  temperatures.  

As power i n p u t  con t inues  t o  increase,  t h e  mol ten zone expands and t h e  

s t a r t u p  e l e c t r o d e s  s e t t l e  i n t o  t h e  f r ozen  tank.  U l t i m a t e l y ,  t h e  s t a r t u p  

e l e c t r o d e s  s e t t l e  down t o  t h e  e l e v a t i o n  o f  t h e  main e l ec t r odes  and t h e  

mo l ten  zone expands t o  t h e  main e l ec t r odes .  A t  t h i s  stage, t h e  main e l e c -  

t rodes  beg in  t o  pass c u r r e n t .  F i n a l l y ,  t h e  main e l ec t r odes  assume e n t i r e  

c o n t r o l  and t h e  s t a r t u p  e l ec t r odes  can be removed o r  a l lowed t o  d i s s o l v e  

i n  t.he mol t e n  g l ass .  

T h i s  techn ique  has been used f o r  i n i t i a l  s t a r t u p  i n  two d i f f e r e n t  

m e l t e r s  and used t o  r e s t a r t  one m e l t e r  w i t h  a  f r ozen  tank  on t h r e e  separate  

occasions. Heatup r a t e s  as low as G°C/hr t o  as h i g h  as 300°C have been 

demonstrated. For  a  h o t  c e l l  u n i t ,  t he  i n i t i a l  s t a r t u p  assembly would be 

an i n t e g r a l  p a r t  of t h e  m e l t e r  and no remote o p e r a t i o n  would be r e q u i r e d  

because b o t h  t h e  s t a r t u p  e l ec t r odes  and s a c r i f i c i a l  elements would be 

consumed d u r i n g  s t a r t u p .  

R e s t a r t  of a  jou le -hea ted  ceramic n i e l t e r  would r e q u i r e  t h e  remote 

ope ra t i ons  ou t1  i ned  above, however, i t  shou ld  be noted t h a t  shutdown o f  

t h e  m e l t e r  would o n l y  be necessary i n  case of an abnormal c o n d i t i o n  i n  t h e  



m e l t e r .  Should o t h e r  equipment r e q u i r e  shutdown f o r  maintenance, a  

jou le -hea ted  ceramic m e l t e r  would n o t  r e q u i r e  shutdown because i t  can 

opera te  f o r  extended pe r i ods  of t ime  a t  a  reduced g l ass  temperature w i t h o u t  

s i g n i f i c a n t  l o s s  o f  o p e r a t i n g  l i f e .  

PRODUCTION EXPERIENCE WHILE FEEDING CALCINE AND FRIT 

I n  p r e l i m i n a r y  t e s t s  t h e  s imu la ted  waste c a l c i n e  and fr i t  were i n t i -  

mate ly  mixed p r i o r  t o  be ing  f e d  t o  t h e  me1 t e r .  A f t e r  expe r i enc ing  under- 

powering i n  t h e  i n i t i a l  t e s t ,  smooth r a p i d  m e l t i n g  o f  t h e  ba tch  was 

demonstrated. Glass p roduc t i on  r a t e s  i n  excess of 45 kg /h r  were f r e q u e n t l y  

shown w i t h  no problems. Typ i ca l  ope ra t i ng  c o n d i t i o n s  d u r i n g  these t e s t s  

were power i n p u t  o f  35 kW a t  an rms vo l t age  o f  160 between t h e  m e l t i n g  

c a v i t y  e l  ec t rodes.  

A f t e r  a  second s o l i d s  feeder  was purchased and i n s t a l l e d ,  t h e  c a l c i n e  

and fr i t  were f e d  t o  t h e  m e l t i n g  c a v i t y  through separate  l i n e s .  Both mate- 

r i a l  streams accumulated i n  t h e  me1 t e r  a t  approx imate ly  t h e  same l o c a t i o n ,  

b u t  1  i t t l e  m i x i n g  was r e a l  i zed .  I n  s p i t e  o f  t h i s  c o n d i t i o n  t h e  ba tch  d i d  

m e l t  i n t o  a  homogeneous g l ass  i n  t h e  m e l t e r .  However, t h i s  method o f  feed-  

i n g  appeared t o  reduce t h e  c a p a c i t y  o f  t h e  u n i t  by about 10%. 

Whi le  m e l t i n g  a  c a l c i n e  w i t h  a  h i gh  con ten t  o f  sodium n i t r a t e ,  i nc reased  

capac i t y  was noted. The sodium n i t r a t e  decomposed beneath t h e  ba tch  cone, 

escaped t o  t h e  pe r i phe ry ,  and induced s i g n i f i c a n t  a g i t a t i o n  i n  t h e  mol ten 

g l ass .  T h i s  phenomena appeared t o  inc rease  t h e  m e l t i n g  r a t e  by about 15%. 

DIRECT LIOUID WASTE FEEDING 

The h i g h  c a p a c i t y  o f  t h i s  u n i t  suggested t h a t  feed ing  t h e  s imu la ted  

h i g h - l e v e l  l i q u i d  t o  t h e  m e l t e r  m igh t  be p r a c t i c a l .  The f i r s t  d i r e c t  l i q u i d  

feed ing  t e s t ,  t h e  s imu la ted  h i g h - l e v e l  l i q u i d  waste and t he  fr i t  were f e d  

through separate  1  ines .  However, a f t e r  about 1  hour o f  feed ing,  i t  became 

obvious t h a t  t h i s  was n o t  a  s u i t a b l e  approach. When t h e  l i q u i d  waste 

evaporated and ca l c i ned ,  no f r i t  was p resen t  t o  f l u x  i t  i n t o  t h e  poo l .  



Ins tead ,  t h e  c a l c i n e  sintered,and formed cakes and c r u s t s  near  t h e  w a l l s .  

To e l i m i n a t e  t h i s  problem, t h e  frit was added t o  t h e  a c i d  waste t o  form a 

s l u r r y .  When t h i s  combined l i q u i d  waste and frit s l u r r y  was f e d  t o  t h e  

m e l t i n g  c a v i t y ,  t h e  ca l c i ned  m a t e r i a l  r a p i d l y  reac ted  w i t h  t h e  f i n e l y  d i v i d e d  

frit and me l ted  i n t o  t h e  poo l .  

Using t h i s  feeding method, e a r l y  t e s t s  showed process r a t e s  o f  about  

15 w./hr. To boost  t h e  u n i t s  capac i t y ,  an a i r  bubb le r  p i p e  was submerged 

i n  t he  mol ten g lass .  Th i s  improved t he  c a p a c i t y  b u t  would p e r i o d i c a l l y  

cause mol ten g lass  t o  be s p l a t t e r e d  i n s i d e  t h e  m e l t i n g  c a v i t y .  A f t e r  t h e  

i n i t i a l  t e s t s  i t  was f e l t  t h a t  a t  l e a s t  a  p o r t i o n  o f  t h e  g l ass  su r f ace  

needed t o  be exposed t o  a l l o w  r a p i d  process ing of t h e  l i q u i d  waste. However, 

rev iew o f  these t e s t s  suggested t h a t  i n s u f f i c i e n t  power had been d e l i v e r e d  

t o  t he  mol ten g lass  which would obv ious l y  l i m i t  th roughput  c a p a c i t y .  

I n  t h e  most r e c e n t  t e s t s ,  t h e  e n t i r e  g lass  sur face  has been purpose ly  

f looded ( i  .e., covered w i t h  from 1 t o  2  i n .  of t he  s l u r r y )  t o  observe t h e  

system's  ope ra t i on .  I n  these t e s t s ,  a d d i t i o n a l  power was i n t r oduced  i n t o  

t h e  m e l t e r  and process r a t e s  averaged about 25 a l h r .  A l though a s i g n i f i c a n t  

improvement i n  c a p a c i t y  was r e a l i z e d ,  t h e  major  c o n t r a s t  o f  f l ooded  opera- 

t i o n  was t h e  much lower  ent ra inment  o f  m a t e r i a l  i n  t h e  o f f - gas  stream. I n  

one t e s t  l e s s  than  0.8 wt% of t he  ox ides p resen t  i n  t h e  s l u r r y  was en t ra i ned  

i n  t he  o f f - g a s  which was a s i g n i f i c a n t  improvement over  l i q u i d  f eed ing  w i t h  

no f l o o d i n g .  Should t h i s  be c h a r a c t e r i s t i c  of t h i s  process, s i m p l i f i c i a t i o n  

o f  t he  o f f - gas  f i l t r a t i o n  equipment may r e s u l t .  

From the  d i r e c t  l i q u i d  feed ing  t e s t s ,  conf idence has been gained t h a t  

t h i s  process i s  n o t  o n l y  promis ing,  b u t  a l s o  p r a c t i c a l .  I t  would s i g n i f i -  

c a n t l y  reduce t h e  complex i t y  o f  waste s o l i d i f i c a t i o n ,  improve process 

r e l i a b i l i t , ~ ,  and reduce o v e r a l l  p rocess ing  cos t s  w h i l e  prov id- ing t h e  capa- 

b i l i t y  o f  produc ing homogeneous, h i g h l y  durab le  waste glasses. For  these 

reasons, development o f  a  f u l l  -sca le ,  remote ly  operable,  d i r e c t  1  i qu id - f ed  

ceramic m e l t e r  w i l l  r e c e i v e  much emphasis -in t h e  f c l t r ~ r e  development program. 
2 

It appears t h a t  a  jou le -hea ted  ceramic m e l t e r  w i t h  12 square f e e t  ( f t  ) of 

su r face  area would be capable o f  process ing t h e  1 i q u i d  waste from a 5 MTU/day 



rep rocess ing  p l a n t .  A  conceptua l  des ign  w i t h  t h i s  amount o f  sur face a rea  

would have niaximum e x t e r n a l  d imensions o f  6-112 f t  long,  6  f t  wide and 5  f t  

h igh.  T h i s  s c a l e  up assumes a  1  i q u i d  waste c o n c e n t r a t i o n  o f  378 a/MTU ( m e t r i c  

t o n  uranium) reprocessed. If t h e  1  i q u i d  waste was more d i l u t e ,  t h e  s i z e  

would be inc reased  a c c o r d i n g l y  o r  a  p r e c o n c e n t r a t o r  c o u l d  be used such as a  

wiped f i l m  evapora to r .  

A  summary o f  t h e  t e s t  r e s u l t s  w i t h  t h e  e n g i n e e r i q g - s c a l e  me1 t e r  i s  

g i v e n  i n  Tab le  1. The u n i t  was s t a r t e d  up i n  mid-January o f  1975 and main- 

t a i n e d  a t ,  o r  above, a  mo l ten  g l a s s  temperature  o f  11 50°C f o r  10.8 con t inuous  

months. D u r i n g  t h e  n e a r l y  11 months o f  o p e r a t i o n ,  20 day- long exper iments  

were completed t o  t e s t  t h e  u n i t  w h i l e  f e e d i n g  day c a l c i n e  powder and l i q u i d  

waste. Over 3600 kg (8000 1  b )  o f  g l a s s  were produced by t h e  u n i t .  Whi le  

feed ing  powdered c a l c i n e  and fr i t ,  t h e  u n i t  demonstrated a  maximum c a p a c i t y  

o f  60 kg/hr .  The average c a p a c i t y  f o r  a l l  ba tch  powder t e s t s  was o v e r  

45 k g l h r .  Thus, t h i s  m e l t e r  has been demonstrated a t  o r  above t h e  r e q u i r e -  

ment of a  Reference 5  MTUlday rep rocess ing  p l a n t .  

Whi le  f e e d i n g  t h e  s i m u l a t e d  h i g h - l e v e l  l i q u i d  waste, t h e  m e l t e r  has been 

demonstrated a t  29 a / h r  which i s  e q u i v a l e n t  t o  t h e  needs o f  a  1.75 MTUlday 

rep rocess ing  p l a n t .  

TABLE 1. Performance o f  t h e  Engineer ing-Scale  Ceramic M e l t e r  ( a  

E q u i v a l e n t  P l a n t  
Capac i ty  Capac i ty  , MTU/day 

C a l c i n e  Feeding 

Maximum 60 kg/ h r  6 .0  ( b  

Average A l l  Tes ts  46 kg /h r  4.6 

L i q u i d  Waste Feeding 

Maximum 29 e /hr  1  .8(') 

Average A l l  Tests  20 e /h r  1.3 

Res ta r ted  1/15/76 

( a )  Time a t  o p e r a t i n g  temperature,  cont inuous - 10.8 months 
(1-14-75 t o  12-11-75) 

( b )  Assuming a  waste y i e i d i n g  65.5 kg oxides/MTU and f r i t  
t o  c a l c i n e  we igh t  r a t i o  o f  2.7 

( c )  H i g h - l e v e l  l i q u i d  waste concen t ra ted  t o  378 e/MTU and 
5% r e c y c l e  f r om e f f l u e n t  t rea tment .  



MELTER EVALUATION AFTER 10.8 MONTHS OF OPERATION 

The e n g i n e e r i n g - s c a l e  m e l t e r  was d r a i n e d  and s h u t  down i n  mid-December 

o f  1975 because t h e  b u i l d i n g  e l e c t r i c a l  power was s h u t  o f f  f o r  over  24 h r .  

T h i s  p r o v i d e d  an o p p o r t u n i t y  t o  e v a l u a t e  t h e  c o n d i t i o n  o f  t h e  m e l t e r .  

ELECTRODES 

The use o f  t h e  n icke l -chrome a l l o y  as t h e  e l e c t r o d e s  and t h e  d r a i n  

p i p e  was a n t i c i p a t e d  t o  be t h e  l i m i t i n g  f a c t o r  f o r  m e l t e r  l i f e  when t h e  

e n g i n e e r i n g - s c a l e  ceramic  m e l t e r  was designed. A l though  t h i s  a l l o y  had 

been used s u c c e s s f u l l y  i n  t h e  m e t a l l i c  m e l t e r ,  p r i o r  t o  t h e  ceramic  m e l t e r  

s t a r t u p ,  i t  was f e l t  t h a t  t h e  e l e c t r o d e s  would l a s t  o n l y  6 t o  9  months due 

t o  h i g h  temperatures i n  t h i s  t y p e  o f  m e l t e r .  

A f t e r  t h e  r n e l t e r  was s h u t  down, t h e  e l e c t r o d e s  were removed and t h e  

adher ing  g l a s s  and meta l  ox ides  were removed by sand b l a s t i n g ;  a  photograph 

of t h e  e l e c t r o d e s  i s  g i v e n  i n  F i g u r e  5. Dur ing  t h e  10.8 months o f  o p e r a t i o n ,  

t h e  m a t e r i a l  l o s t  by t h e  e l e c t r o d e s  was s i g n i f i c a n t l y  l e s s  t h a n  a n t i c i p a t e d ;  

d a t a  on e l e c t r o d e  w e i g h t  l o s s  a r e  g i v e n  i n  Tab le  2. I t  should  be noted t h a t  

t h e  w e i g h t  p e r c e n t  l o s t  was computed f o r  Tab le  2 by d i v i d i n g  t h e  t o t a l  

w e i g h t  l o s t  by o n l y  t h e  we igh t  of t h e  e l e c t r o d e  which was immersed i n  t h e  

mo l ten  g l a s s .  Thus, any m a t e r i a l  l o s s  due t o  o x i d a t i o n  o r  c o r r o s i o n  i n  t h e  

vapor space p o r t i o n  o f  t h e  e l e c t r o d e s  was i n c l u d e d  as w e i g h t  l o s t  due t o  

r e a c t i o n  w i t h  t h e  g l a s s .  Another f a c t  should  be no ted  about  m a t e r i a l  l o s t  

f rom t h e  me1 t i n g  c a v i t y  e l e c t r o d e s .  I t  can be observed i n  F i g u r e  5  t h a t  

t h e  co rners  o f  t h e  e l e c t r o d e s  have exper ienced s i g n i f i c a n t  l o s s .  The 

m a j o r i t y  of t h i s  m a t e r i a l  was l o s t  d u r i n g  me1 t e r  shutdown. The m e l t i n g  

c a v i t y  e l e c t r o d e s ,  which were suspended f rom t h e  t o p  o f  t h e  r e f r a c t o r i e s  

and were 1 /2 - in .  above t h e  m e l t e r  f l oo r ,exper ienced  l o s s  by a r c i n g  when 

t h e  g l a s s  l e v e l  f e l l  below t h e  e l e c t r o d e .  A l though  c u r r e n t  f l o w  shou ld  have 

stopped, t h i s  f l o w  con t inued  by a r c i n g  f r o m  t h e  e l e c t r o d e s  t o  t h e  g l a s s .  

Be fo re  t h i s  c o n d i t i o n  was not?d,  a  por t . ion o f  t h e  e l e c t r o d e s  had me1 ted .  

When t h e  e l e c t r o d e s  were removed f rom t h e  m e l t e r ,  g l o b s  o f  meta l  were found 





d i r e c t l y  beneath these corners. Th is  evidence appeared t o  subs tan t i a te  

t h a t  the  corners had me1 ted  off w h i l e  a r c i n g  t o  the  g lass.  Thus, the  t r u e  

amount o f  m a t e r i a l  l o s t  due t o  co r ros ion  by the  molten g lass  was s i g n i f i -  

c a n t l y  lower than g iven  i n  Table 2. 

The s u r p r i s i n g l y  low amount of co r ros ion  o f  the  me l t i ng  c a v i t y  e lec -  

t rodes can be r e a d i l y  expla ined by the  data presented i n  F igure  6. S h o r t l y  

a f t e r  m e l t e r  s t a r t u p ,  thermowells were lowered i n t o  the  mol ten pool t o  

determine the  g lass  temperature. To determine the  e lec t rode  temperatures, 

114-in. holes were d r i l l e d  i n  the  me l t i ng  c a v i t y  e lec t rodes  which enabled 

thermocouples t o  be lowered i n t o  the  e lec t rodes .  While i d l i n g ,  the  tempera- 

tu res  w i t h i n  t he  pool and the e lec t rodes  were recorded and a r e  g iven  i n  F ig -  

u re  6. As can be seen i n  F igure  6 the  peak g lass  temperature i s  n e a r l y  

200°C h igher  than the  peak e lec t rode temperature and t h a t  t he  peak tempera- 

t u r e  o f  the  e lec t rode  i s  on l y  1000°C. 

FIGLIRE 6. Temperatures i n  M e l t e r  While I d l i n g  



Except f o r  a  more u n i f o r m l y  h i g h  g l a s s  temperature ,  these da ta  a r e  

t y p i c a l  o f  temperatures observed i n  t h e  system d u r i n g  p r o d u c t i o n  m e l t i n g .  

Thus, t h e  low c o r r o s i o n  o f  t h i s  n i cke l -ch rome a l l o y  i s  e x p l a i n e d  by i t s  

low o p e r a t i n g  temperature .  The low temperature  i n  t h e  e l e c t r o d e  i s  due t o  

v e r t i c a l  c o o l i n g  t o  t h e  vapor head space and h o r i z o n t a l  c o o l i n g  t o  t h e  

wa te r -coo led  r e f r a c t o r y  end w a l l  . 

The s i g n i f i c a n t  amount o f  a t t a c k  t o  t h e  o v e r f l o w  c a v i t y  e l e c t r o d e ,  S, 

i s  a t t r i b u t e d  t o  two f a c t o r s .  F i r s t ,  t h e  e l e c t r o d e  operated a t  a  cons is -  

t e n t l y  h i g h e r  temperature  t h a n  t h e  o t h e r  e l e c t r o d e s  because i t  was exposed 

t o  t h e  h o t  g l a s s  on b o t h  faces  and was n o t  a d j a c e n t  t o  a  wa te r -coo led  

r e f r a c t o r y .  Secondly, s h o r t i n g  a long  t h e  r e f r a c t o r y  s i d e w a l l  caused h i g h  

c u r r e n t  d e n s i t i e s  a t  t h e  co rners  a d j a c e n t  t o  t h i s  e l e c t r o d e  which r e s u l t e d  

i n  much h i g h e r  temperatures i n  t h i s  area.  (See d i s c u s s i o n  o f  s h o r t i n g  

th rough  r e f r a c t o r y  i n  a  f o l l o w i n g  paragraph.)  

REFRACTORIES 

A f t e r  s h u t t i n g  down t h e  m e l t e r ,  r e s i d u a l  g l a s s  was ch ipped f rom t h e  

faces  o f  t h e  r e f r a c t o r y  t o  r e v e a l  t h e  e x t e n t  o f  r e f r a c t o r y  damage. The 

r e f r a c t o r y  b l o c k s  a l l  e x h i b i t e d  c r a c k i n g  w i t h  a  spac ing o f  2 t o  4 i n .  between 

c racks .  A l though  t h e  b l o c k s  had cracked, t h e r e  were no l o c a t i o n s  where p ieces  

o f  t h e  m a t e r i a l  had f a l l e n  i n t o  t h e  c a v i t y  and t h e  b l o c k s  s t i l l  r e t a i n e d  t h e i r  

i n t e g r i t y .  

The most severe damage t o  t h e  g l a s s  c o n t a c t  r e f r a c t o r y  occur red  where 

i t  had been a t t a c h e d  by m o l t e n  meta l .  The reason f o r  t h e  presence of t h e  

mo l ten  meta l  i s  e x p l a i n e d  below. 

USE OF A  BATCH REDUCING AGENT 

An - i r r~por tant  p a r t  o f  deve lop ing  a  waste s o l i d i f i c a t i o n  process i s  t o  

make a  d u r a b l e  waste p r o d u c t  a t  a  minimum c o s t .  One way of  r e d u c i n g  waste 

management c o s t s  i s  t o  m in im ize  waste g l a s s  volume. T h i s  approach i s  l i m i t e d  

by t h e  chemical  d u r a b i  1  i t y  and t h e  f o r m a t i o n  o f  nonv i  t r e o u s  phases ( p r i m a r i  l y  



a l k a l i  molybdates).  The a d d i t i o n  of a  few we igh t  percen t  of s i l i c o n  meta l  

t o  t h e  ba t ch  had been successful  i n  e l i m i n a t i n g  t h e  molybdate phases even 

a t  low fr i t  t o  c a l c i n e  r a t i o s  i n  l a b o r a t o r y  t e s t s .  

To eva lua te  t h e  u t i l i t y  o f  t h i s  approach, a  ba tch  composed o f  one p a r t  

c a l c i n e  and two p a r t s  fr i t was t ho rough l y  mixed w i t h  3 w t %  s i l i c o n  meta l  and 

fed t o  t h e  ceramic m e l t e r .  Dur ing  t h e  t e s t ,  i t  became apparent  t h a t  an 

excess o f  s i l i c o n  had been added t o  t h e  ba t ch  which reduced severa l  meta l  

ox ides  i n  bo th  t h e  frit and t h e  c a l c i n e .  Meta ls  w i t h  low b o i l i n g  tempera- 

t u r e s  ( z i n c ,  cadmium, t e l  l u r i u m )  v o l a t i l  i z e d  f rom t h e  mo l ten  g l a s s  and 

r a p i d l y  o x i d i z e d  a t  t h e  su r face .  However, t h e  more r e f r a c t o r y  me ta l s  ( p r i -  

m a r i l y  n i c k e l )  s e t t l e d  t o  t h e  f l o o r  o f  t h e  m e l t e r .  The presence o f  t h i s  

mol ten meta l  on t h e  f l o o r  seve re l y  d i s r u p t e d  t h e  ope ra t i ng  c h a r a c t e r i s t i c s  

o f  t h e  m e l t e r  because t h e  e l e c t r i c  c u r r e n t  shor ted  th rough  t h e  mo l ten  meta l .  

Th i s  caused temperatures a t  these l o c a t i o n s  t o  become ve ry  h i g h  (>1400°C). 

Sho r t i ng  th rough  t h e  meta l  con t inued  f o r  approx imate ly  2  weeks, b u t  t h i s  

g r a d u a l l y  subsided and m e l t i n g  t e s t s  were r e i n i t i a t e d .  

The mo l ten  meta l  appa ren t l y  r eac ted  w i t h  t h e  r e f r a c t o r i e s  because o n l y  

a  moderate amount o f  meta l  was found i n  t h e  f l o o r  when t h e  m e l t e r  was cleaned. 

The r e a c t i o n  of t h e  meta l  w i t h  t h e  r e f r a c t o r y  r e s u l t e d  i n  a  112 t o  1-112 i n .  

deep porous mass which was comple te ly  removed when t h e  m e l t e r  was cleaned. 

The l o c a t i o n  of t h e  r e a c t i o n  zone i s  o u t l i n e d  i n  F i g u r e  7 .  Note t h a t  a  

p o r t i o n  of t h e  s i d e w a l l  has been removed t o  accompl ish t h e  d e s i r e d  des ign  

m o d i f i c a t i o n  e x p l a i n &  i n  a  f o l l o w i n g  s e c t i o n .  

Sho r t i ng  th rough  .- R e f r a c t o r y  .- 

The o t h e r  damage t o  t h e  r e f r a c t o r y  occur red  ad jacen t  t o  t h e  over f low 

c a v i t y .  Under c e r t a i n  c o n d i t i o n s  a  p o r t i o n  o f  t h e  c u r r e n t  passed th rough  

t h e  r e f r a c t o r y  a long  t h e  o v e r f l o w  c a v i t y  s i dewa l l .  A t  t h e  i n t e r f a c e  between 

t he  r e f r a ' z t o r y  and t h e  o v e r f l o w  e l ec t r ode ,  h i g h  c u r r e n t  d e n s i t i e s  ( h i g h  tem- 

pera tu res  j appa ren t l y  ex i s t ed .  A1 though t h e  damage t o  t h e  r e f r a c t o r y  was 

moderate, i t  was a  l o c a t i o n  of h i g h  wear. T h i s  h i g h  wear area corresponded 

t o  t h e  p o r t i o n  of t h e  o v e r f l o w  c a v i t y  e l e c t r o d e  which exper ienced t h e  g r e a t -  

e s t  weight. l o s s  (see F i g u r e  5 ) .  
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FIGURE 8. R e s i s t i v i t y  of Re f rac to ry  and Waste Glass Used i n  Engineer ing-  
Scale  Ceramic M e l t e r  

t h e  r e f r a c t o r y  and t h e  m a j o r i t y  o f  t h e  g l ass  had frozen. Recovery f rom 

t h i s  c o n d i t i o n  was ach ieved by adding sodium hydrox ide  t o  t h e  m e l t i n g  

c a v i t y  which decreased t h e  r e s i s t i v i t y  of t h e  g lass.  

The s h o r t i n g  problem has t h e  e f f e c t  o f  reduc ing  t h e  e f f e c t i v e n e s s  of 

j o u l e  h e a t i n g  and s i g n i f i c a n t l y  reduc ing  t h e  c a p a c i t y  o f  t h e  u n i t .  I n  

s p i t e  o f  t h i s  adverse c h a r a c t e r i s t i c ,  t h e  u n i t  has performed accep tab ly .  

By u s i ~ g  a  r e f r a c t o r y  w i t h  much h i g h e r  e l e c t r i c a l  r e s i s t i v i t y  i n  f u t u r e  

designs, marked improvement i n  system o p e r a t i o n  i s  a n t i c i p a t e d .  



The c o n d i t i o n  o f  t h e  e n g i n e e r i n g - s c a l e  ceramic m e l t e r  a f t e r  10.8 months 

of  o p e r a t i o n  was c o n s i d e r a b l y  b e t t e r  than a n t i c i p a t e d .  A l though  t h e  m e l t e r  

d i d  n o t  produce g l a s s  c o n t i n u o u s l y  o v e r  t h e  t e s t  p e r i o d ,  t h e  m a t e r i a l s  were 

c o n t i n u o u s l y  exposed t o  t h e  m o l t e n  g l a s s  t y p i c a l  o f  con t inuous  o p e r a t i o n .  

T h i s  i s  a  necessary b u t  n o t  s u f f i c i e n t  t e s t  f o r  l o n g  m e l t e r  l i f e .  Nonethe- 

l e s s ,  i f  an o r d e r  o f  magni tude i n c r e a s e  i n  c o r r o s i o n  r a t e  would r e s u l t  f r o m  

con t inuous  g l a s s  m e l t i n g ,  t h e  a n t i c i p a t e d  l i f e  f o r  t h i s  m e l t e r  would s t i l l  

be more than t h e  des ign  o b j e c t i v e  o f  two years .  

The severe c o n d i t i o n s  which t h i s  m e l t e r  exper ienced demonstrates i t s  

ruggedness. I t  was exposed t o  ex t reme ly  severe thermal  shock d u r i n g  d i r e c t  

l i q u i d  feeding and was exposed t o  l a r g e  v a r i a t i o n s  i n  b u l k  g l a s s  tempera tu re  

F u r t h e r ,  on two separa te  occasions,  b u i l d i u g  power was i n t e r r u p t e d  f o r  more 

than  25 min and t h e  m e l t e r  recovered  on i t s  own. S h o r t i n g  th rough  t h e  s i d e -  

w a l l s  a l s o  exposed t h e  r e f r a c t o r y  t o  severe thermal  c y c l i n g .  I n  s p i t e  o f  

these adverse c o n d i t i o n s ,  t h e  u n i t  was judged t o  be i n  good enough c o n d i t i o n  

f o r  con t inued  use. 

Design M o d i f i c a t i o n s  

To reduce s h o r t i n g  a long  t h e  over f l ow c a v i t y  s i d e w a l l ,  t h e  over f l ow 

c a v i t y  e l e c t r o d e  was moved t o  t h e  f a r  s i d e w a l l  and a  b l o c k  w i t h  a  6 - i n .  

w ide  by 3 - i n .  h i g h  c u t o u t  r e p l a c e d  a  p o r t i o n  o f  t h e  s i d e w a l l  and t h e  e l e c -  

t r o d e .  R p l a n  v iew o f  t h e  m e l t e r  a f t e r  t h e  m o d i f i c a t i o n s  i s  g i v e n  i n  F i g -  

u r e  9. T h i s  can be compared t o  t h e  o r i g i n a l  des ign  g i v e n  i n  F i g u r e  2. I n  

t h e  m o d i f i e d  des ign,  t h e  o v e r f l o w  c a v i t y  i s  k e p t  h o t  by f i r i n g  between a  s e t  

o f  e l e c t r o d e s  ac ross  t h e  m e l t i n g  c a v i t y  th rough  t h e  3-  by 6 - i n .  c u t o u t  i n  

t h e  s i d e w a l l .  

Except f o r  t h e  new l a r g e r  o v e r f l o w  e l e c t r o d e s  and t h e  s i d e w a l l  w e i r  

b l o c k ,  t h e  m e l t e r  was n o t  r e p a i r e d .  I n  mid-January o f  1976 t h e  m e l t e r  was 

aga in  s t a r t e d  up and t h r e e  me1 t i n g  t e s t s  have been completed produc ing o v e r  

1000 l b  o f  s i m u l a t e d  waste g l a s s .  
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FIGURE 9. Schematic o f  Engineer ing-Scale Ceramic M e l t e r  
A f t e r  M o d i f i c a t i o n s  

Fu tu re  Plans 

Continued t e s t i n g  i s  planned o f  t h e  eng ineer ing-sca le  ceramic me l t e r .  

Major  emphasis w i l l  be concentrated on t e s t i n g  a technique f o r  boos t ing  t h e  

l i q u i d  throughput  capac i t y .  A conceptual  des ign f o r  a f u l l - s c a l e  l i q u i d  

f ed  m e l t e r  i s  complete.  Th i s  des ign w i l l  a l s o  use a n icke l -chrome a l l o y  

f o r  e l ec t rodes  b u t  w i  11 be designed s p e c i f  i c a l  l y  t o  process 1 i q u i d  waste. 

A c a l c i n e  f e d  me1 t e r  w i l l  a l s o  be designed which w i l l  be t e s t e d  under f u l l y  

r a d i o a c t i v e  c o n d i t i o n s .  
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