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CERAMIC MELTER FOR NUCLEAR WASTE VITRIFICATION 
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E. I. du Pont d e  Nemours & Company 
Aiken, South C a r o l i n a  29808 ' 

Savannah River  P l a n t  Waste 

: The savannah River  P l a n t  h a s  been producing plutonium and 

o t h e r  r ad io i so t ' opes  f o r  the  p a s t  26 y e a r s .  About 68 m i l l i o n  

g a l l o n s  of h igh- leve l  r a d i o a c t i v e  waste  were genera ted  d u r i n g  t h a t  

t ime and about 1 .5 m i l l i o n  g a l l o n s  a r e  now genera ted  each y e a r .  

The volume of s t o r e d  h igh- leve l  waste  h a s  been reduced by evaporat -  

i o n  t o  23 m i l l i o n  g a l l o n s ,  and t h i s  inven to ry  i s  s t o r e d  i n  33 

underground t anks .  We have a  goa l  of immobilizing t h i s  h i g h - l e v e l  

was te  i n  such a  way t h a t  i t  may be s t o r e d  wi thou t  s u r v e i l l a n c e  and 

be s a f e  from d i s p e r s i o n  i n  t h e  environment f o r  up t o  1000 y e a r s ,  

t h e  t ime needed f o r  decay t o  a c t i v i t y  l e v e l s  of n a t u r a l  r a d i o a c t i v e  

o r e s .  



Savannah River liquid waste was initially acidic and 

contained dissolved salts. When the waste was neutralized, 

insoluble oxides .precipitated and settled out as a sludge in a 

storage tank. The supernate was decanted and pumped to an 

evaporator. The concentrated waste was returned to a storage tank 

where, on cooling, soluble salts crystallized out. The remaining 

supernate was then recycled to the evaporators until the storage 

tanks contained only the insoluble sludge and a wet salt cake. 

Waste Immobilization at the Savannah River'Plant 

We have chosen to develop vitrification in borosilicate. glass 

as a possible means of immobilizing our waste. The intent. of the 

process is to get all the high-level activity waste into one 
--. 

stream, and then capture the activity in borosilicate glass. 

In order to decontaminate the supernate or salt cake portion 

of our waste, it is dissolved in water and its radioactive cesium 

and soluble strontium are removed by ion exchange. (The remaining 

decontaminated salt can be disposed of as low-level waste.) The 

13'cs and 9 0 ~ r  are eluted and then p r e p a r ~ r l  f n r  f ~ e r i i n g  

into thc glacc melter. 



The s ludge  taken from t h e  waste  t anks  i s  washed wi th  NaOH and 

w a t e r ,  t o  remove aluminum compounds and a l l  wa te r - so lub le  s a l t s .  

T h i s  wash s o l u t i o n  i s  combined wi th  t h e  s u p e r n a t e  and decontami- 

n a t e d .  The washed s ludge  i s  mixed w i t h  the  e l u t e d  Sr  and C s ,  

d r i e d ,  and mixed wi th  molten b o r o s i l i c a t e  g l a s s .  

I n  t h e  r e f e r e n c e  p r o c e s s ,  t h e  s ludge  is d r i e d  by spray-  

c a l c i n i n g .  The s ludge i s  sprayed a s  a s l u r r y  i n t o  a  v e r t i c a l  

c y l i n d e r  hea ted  t o  over  600°C. The sp ray  d r o p l e t s  dry  on passage 

through t h e  c a l c i n e r  b a r r e l ,  and t h e  r e s i d u a l  n i t r a t e s  and hydrox- 

i d e s  p r e s e n t  i n  the  s ludge  may be conver ted  t o  o x i d e s .  I n  

a d d i t i o n ,  any v o l a t i l e  components a r e  evaporated i f  t h e i r  b o i l i n g  

p o i n t s  a r e  below 600°C. The r e s u l t i n g  mix tu re  of non-condensable 

g a s e s ,  v o l a t i l e  but condensable  g a s e s ,  and d r i e d  p a r t i c u l a t e s  is  

swept on to  p a r t i c u l a t e  f i l t e r s .  The f i l t e r s  a r e  10 p, s i n t e r e d  

I n c o n e l a  600.  

The f i l t e r s  a r e  mainta ined a t  3 5 0 " ~  t o  avoid condensing 

l i q u i d s  on t h e  f i l t e r  s u r f a c e s .  The fi.1 t e r  cake which b u i l d s  up 

i s  i n t e r m i t t e n t l y  blown o f f  wi th  compressed a i r .  When t h e  cake 

f a l l s  i n t o  t h e  molten g l a s s  a t  115O0C, those  components b o i l i n g  

below 1150°C s t a r t  t o  evapora te .  

S t u d i e s  With Authen t i c  Waste 

A l l  of the  p rocesses  desc r ibed  so  f a r  have been demonstrated 

w i t h  s imula ted  waste .  Except f o r  spray c a l c i n i n g ,  these  p r o c e s s e s  

have a l s o  been demonstrated wi th  a u t h e n t i c  waste .  I n  g e n e r a l ,  t h e  



authentic waste processed the same as simulated waste. Tests with 

sludge removed from Waste Tank 15 yielded the first direct inform- 

ation on the composition of off-gas when authenti,~ Savannah River 

Plant waste is vitrified. 

Composition of Tank 15 Waste 

Waste storage Tank 15 at the Savannah River Plant has been 

used for sludge accumulation since 1963. When liquid process 

waste is neutralized and cooled, oxide sludge precipitates and 

settles from the liquid. The liquid is decanted and evaporated in 

another vessel. This process was repeated until Tank 15 contained 

about 5 million pounds of sludge. It .has a hi,gh aluminum, concen- 

tration as' a result of the processes which generated the waste. 

Sludges with both high and low aluminum contents, prepared by 

carrying out or deleting the caustic wash step, were vitrified. 

Analysis of the Sludge 

The sludge taken from Tank 15 consisted of about 78 weight % 

liquid and soluble salts, and 22% insoluble solids. Compounds of 

sodium, alumi.num, iron, silicon, N03, N02, OH- and so4-2 

were the dominant species. Mercury was abundant. 

The elements present which can evaporate at calciner-melter 

temperatures are of primary concern to us. These are Ru, I, Cs, 

Hg, C1, F, and Tc. In addition, Sb, Se, Te, and As are fission 

products normally found in waste which can evaporate at operating 

temperatures. 
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St ron t ium and cesium c o n t r i b u t e  t h e  bulk of, t h e  r a d i o a c t i v i t y  

i n  t h e  was te ,  bu t  Ru and o t h e r  r a d i o a c t i v e  e lements  must be immobi- 

i l i z e d  a s  w e l l .  . 

Sludge Drying 

Washed s ludge  was fed as  a  s l u r r y  t o  a  5.7 l i t e r  f l u i d  bed 

d r y e r .  Preheated a i r  a t  a  flow r a t e  of about 280 l i t e r s / m i n u t e  

f l u i d i z e d  t h e  bed m a t e r i a l .  Twelve 208V c a r t r i d g e  h e a t e r s  mounted 

on t h e  o u t s i d e  w a l l  of t h e  d r i e r  hea ted  the  bed t o  about 350°C. 

Hot a i r  d i scharged  from the  f l u i d i z e d  bed c a r r i e d  dry  s ludge 

powder and -steam from t h e  feed s l u r r y .  A s i n g l e .  8 cm. d iamete r  

cyclone s e p a r a t e d  the  d ry  powder. A hea ted  s i n t e r e d  meta l  f i l t e r  

removed the  f i n e s .  The a i r  and steam mix tu re  was then d i scharged  

t o  t h e  c e l l  environment.  The d r y e r  was fed  a t  about 3  l i t e r s l h r .  

and produced about 100 g l h r .  of d ry  s ludge  powder. 

Th i s  equipment was not used t o  develop p r o c e s s . d a t a  on s ludge  

d r y i n g  s i n c e  a  spray c a l c i n e r  i s  planned f o r  the  f u l l - s c a l e ,  p l a n t .  

A smal l - sca le  spray c a l c i n e r  s p e c i f i c a l l y  des igned t o  couple  w i t h  

t h e  m e l t e r  and g e n e r a t e  a more r e p r e s e n t a t i v e  off -gas  w i l l  ht= 

i n s t o l l c d  by Junc  1980. 

V o l a t i l e s  From t h e  . M e l t  

V i t r i f i c a t i o n  of Tank 15 w a s i e  provided the  f i r s t  o p p o r t u n i t y  

f o r  an a n a l y s i s  of a u t h e n t i c  o f f -gas  from a cont inuous ,  m e l t e r .  

V o l c t . i l e s  i n  t h e  s ludge  which were s o l u b l e  i n  w a t e r  or  c a u s t i c  



were removed in the washing steps; those which boiled below about 

350°C evaporated in the fluid-bed drier. Other volatiles present 

in the sludge were.evolved up to 1150°C at.the melter. Thirteen 

off-gas runs were made with Tank 15 sludge. 

The off-gas collection system consisted of a semivolatiles 

trap to condense high boiling components, a packed bed gas- 

scrubber with recirculating water, a condenser, a 90°C silica gel 

absorber for gaseous ruthenium compounds, a 250°C silver zeolite 

absorber for 12, and a HEPA filter to catch fine particles at 

the exhaust. The operating flowrate was one standard liter per 

minute. Sampling points, which were 1M NaOH bubblers, were 

located both upstream and downstream of major system components 

for efficiency tests. 

The Semivolatiles Trap Revealed the Vapor Composition Near the 
Melt . 

Materials which vaporize from the melt but boil.at high 

temperatures can condense in places that affect the coupled 

calciner-melter's performance in the DWPF. The description of the 

behavior of semivolatiles was a major objective of the actual 

waste vitrification experiments. 

The semivolatiles trap was a stainless steel 9/16 in. ID tube 

containing a ctaclc of concentric 1/2 in. OD tube segments (rings). 

Off-gas from the melter passed through the ctaclced rings and the 



i n s i d e  w a l l s  of t h e  r i n g s  provided a  s u r f a c e  f o r  d e p o s i t i o n  of 

condensing v o l a t i l e s  o r  r e a c t i o n  p r o d u c t s .  A f t e r  an exper iment ,  

t h e  r i n g s  were s e q u e n t i a l l y  leached w i t h  aqueous s o l u t i o n s  

( i n c l u d i n g  H20, H2SO4, and HNO~-HF) t o  q u a n t i f y  d e p o s i t i o n  on each 

r i n g .  For the  f i r s t  s i x  off -gas  r u n s ,  t h e  ent ' rance-ring was about 

s i x  inches  above t h e  melt s u r f a c e .  The tube was packed wi th  16 

one-inch long r i n g s .  Beginning wi th  t h e  seventh  off -gas  run ,  the  

s e m i v o l a t i l e s  t r a p  was m o d i f i e d -  t o  p l a c e  i t s  e n t r a n c e  w i t h i n  one 

inch  from t h e  melt  and t o  c o n t a i n  17 r i n g s .  Thermocouples were 

i n s t a l l e d  a t  each end of t h e  r ing-s tack .  Each r i n g  between -was 

ass igned  a  temperature  based on an assumed l i n e a r  g r a d i e n t  of 

8 0 0 " ~  t o  130°C. 

The v i t r i f i c a t i o n  runs were of v a r i o u s  d u r a t i o n s .  The re -  

s u l t s  which I w i l l  show a r e  based on t h e  cumulat ive  c o l l e c t i o n  of 

t h e  elements on each r i n g .  For example, t h e  1 3 7 ~ s  c o l l e c t e d  

on r i n g  number 7 f o r  s e v e r a l  runs  has  been combined. The r e s u l t  

i s  t h e  same a s  a  graph of the  pe rcen t  of t h e  t o t a l  Cs which was 

c o l l e c t e d  on r i n g  number 7, and s o  on f o r  each r i n g .  

There a r e  a number of e lements  i n  de fense  was te  which form 

compounds b o i l i n g  between 1150°C and 3 5 0 " ~ .  Because of t h e i r  

abundance or t h e i r  s p e c i a l  p r o p e r t i e s ,  we focused on t h e s e  

e lements .  



E 1 emen t 

Ruthenium 

Chlor ine  

P r o p e r t i e s  of I n t e r e s t  

I s o t o p e  106 i s  r a d i o a c t i v e .  RuO4 i s  
v o l a t i l e  and u n s t a b l e .  

Ch lo r ides  a r e  c o r r o s i v e  t o  many a l l o y s .  
Mixtures  of a l k a l i  h a l i d e s  may form e u t e c t i c s  
which b l i n d  p a r t i c u l a t e  f i l t e r s .  . 

F l u o r i n e  Same as  c h l o r i n e .  

Cesium I s o t o p e  137 i s  r a d i o a c t i v e .  Oxides of cesium 
b o i l  i n  the  o p e r a t i n g  range of the  c a l c i n e r -  
m e l t e r .  

A 1 1  a r e  so  s o l u b l e  i n  b o r o s i l i c a t e  g l a s s  t h a t  i t  i s  a  s u i t a b l e  

waste  form f o r  them. 

The o b j e c t i v e  of t h e s e  exper iments  was t o  confirm.multicompo- 

nent  thermodynamic a n a l y s i s  of  the  vapor above the  m e l t .  This  

s t u d y  had p r e d i c t e d  cesium would evapora te  and condense i n  t h e  

m e l t e r ,  and t h a t  ha logens  would v o l a t i l i z e  a s  H C 1  and.HF i f  t h e  

sodium c o n c e n t r a t  i o n  were low. I n  a d d i t  i o n ,  ruthenium should  be 

p r e s e n t .  a s  RuO4 vapor .  



Cesium-137 W i l l  Ref lux i n  t h e  C a l c i n e r  M e l t e r  

About 70% of  the  13'cs t h a t  vapor ized  from t h e  melt  su r -  

f a c e  d e p o s i t e d  on the  r i n g s  a t  t empera tu res  g r e a t e r  than 350°c,  

the  off -gas  e x i t  temperature  i n  t h e  was te  v i t r i f i c a t i o n  p rocess .  

This  confirmed t h e  thermodynamics s tudy  which p r e d i c t e d  t h a t  

v o l a t i l e  Cs compounds would v a p o r i z e  from t h e  melt but  p l a t e  out  

on t h e  w a l l s  of t h e  c a l c i n e r  m e l t e r .  Cesium-137 w i l l  g r a d u a l l y  

b leed  o f f  i n  t h e  g l a s s  a s  i t s  a c t i v i t y  i n c r e a s e s  i n  t h e  vapor.  

C h l o r i n e  Deposi ted  at Low Temperatures 

Chlor ides  condensed p r i m a r i l y  on t h e  r i n g s  f a r t h e s t  from t h e  

mel t  when c a u s t i c  washed s ludge was v i t r i f i e d .  Th i s  was cons i s -  

t e n t  w i t h  thermodynamic p r e d i c t i o n s  t h a t  H C 1  would be evolved a t  
---. 

t h e s e  t empera tu res .  The p re l iminary  wash s t e p s  removed the  

s o l u b l e  c h l o r i d e  and the  remaining c h l o r i d e  evaporated a s  HC1 .  

We found t h a t  i f  we d e l e t e d  t h e  c a u s t i c  wash s t e p ,  thus  leav- 

i n g  t h e  aluminum i n  t h e  s l u r r y ,  t h e  ch lo rhdes  which evolved were 

h i g h e r  b o i l i n g  a s  shown on t h i s  s l i d e  i n  a dashed l i n e .  

F l u o r i n e  Deposi ted  a t  Low Temperatures 

Th i s  s l i d e  shows t h e  r e s u l t s  f o r  f l u o r i n e .  The f l u o r i n e  com- 

pounds condensed a t  temperatures  below 400°C, i n d i c a t i n g  t h a t  much 

of  t h e  f l u o r i n e  w i l l  pass  through t h e  p a r t i c u l a t e  f i l t e r s  and e n t e r  

t h e  off-gas t rea tment  system. Th i s  r e s u l t  was a l s o  p r e d i c t e d  by 

t h e  theremodynaniic s tudy .  



Ruthenium Depos i t ion  d i d  not .Depend on Temperature 

Except f o r  the  f a c t  t h a t  a l l  t h e  Ru d e p o s i t e d  above 130°C, no 

d i s c e r n i b l e  pat t .e rn  emerged from the  ruthenium a n a l y s i s .  It seems 

t o  c o l l e c t  a t  random s p o t s  i n  d i f f e r e n t  r u n s ,  though sometimes a  

d i s t i n c t  maximum was observed.  The e l u s i v e  performance of ru then-  

ium w i l l  come a s  no s u r p r i s e  Co those  who have worked wi th  i t .  We 

t h i n k  i n  t h i s  case  . i t  simply decomposed t o  the  s o l i d  d i o x i d e  homo- 

geneously  and s t u c k  wherever i t  encountered a  h o s p i t a b l e  s u r f a c e ,  

e i t h e r  l i q u i d  o r  s o l i d .  S e p a r a t e  s t u d i e s  had p r e d i c t e d  such 

behav io r .  When RuO4 was passed through a  hea ted  chamber, we 

determined t h a t  i t  decomposed t o  Ru02 accord ing  t o  t h i s  s l i d e .  

Another i n t e r e s t i n g  f i n d i n g  was t h a t  t h e  Ru02 produced was s o  

f i n e l y  d i v i d e d  t h a t  much of i t  passed through two s u c c e s s i v e  

c a u s t i c  wash b o t t l e s  and e x i t e d  a s  the  s o l i d  e n t r a i n e d  i n  a i r .  

This  o b s e r v a t i o n  is  c o n s i s t e n t  w i t h  t h e  known p a r t i c l e  s i z e s  of 

<0.05 p a s  found by Rimshaw, f o r  Ru02 r e s u l t i n g  from homogeneous 

thermal  decomposit ion of Ruo4. 

Conclus ions  

We have confirmed wi th  a c t u a l  n u c l e a r  waste  t h e  thermodynamic 

p r e d i c t i o n s  of the  f a t e  of some of t h e  s e m i v o l a t i l e s  i n  off -gas .  

I n  a d d i t i o n ,  we have determined t h a t  ruthenium behaves e r r a t i c a l l y  

and p u s t u l a t e d  t h a t  i c  migra tes  a s  a  f i n e l y  d i v i d e d  s o l i d ,  r a t h e r  

than  a s  a  v o l a t i l e  oxide .  Provis iur~s  f o r  hand l ing  t h e s e  wasce 

o f f -gases  w i l l  be i n c o r p o r a t e d  i n  the  d e s i g n  of f a c i l i t i e s  f o r  

v i t r i f y i n g  SRP was te .  



S L I D E  1 

CHARACTERIZATION OF OFF-GASES, 

FROM A SMALL-SCALE, JOULE-HEATED CERAMIC 

MELTER FOR NUCLEAR WASTE VITRIFICATION 



S L I D E  2 

VOLUME OF WASTE AT SAVANNAH RIVER 

' 68 MILLION GALLONS GENERATED FROM 
OPERATION OF SEPARATIONS PLANTS 

VOLUl4E REDIlCED TO 23 MILLION GALLONS 



CHARACTERISTICS OF LIQUID 

WASTES AT SAVANNAH RIVER 

I RON 
MANGANESE 
ALUMINUM 

REMAINDER AS LIQUID AND SALT CAKE (13'cs) 

SOD IUM NITRATE 
SODIUM ALUMINATE 
SODIUM HYnROXIDE 



S L I D E  4 

D I S P O S I T I O N  OF WASTE INVENTORY 

23 MILLION GALLONS OF 
SLUDGE, SALT, AND 
LIQUID I N  WASTE TANKS 

t J 

i 

1 MILLION GALLONS 16 M I L L I O N  GALLONS SALT 
GLASS WITH 

0.0001% OF RADIOACTIVITY 
1 s .d 



S L I D E  5 

SRP DEFENSE WASTE PROCESSING REFERENCE FLOWSHEET 

Remom/ of 
S/udge from Sa/t Remova/ from 

Waste Tbnks 

Supernote C/urificatfibn 

I 

I I 

I 

Burial of 



SLIDE 6 

FILTER 
DL0 H'BAGK--i-- %-ATOMIZING AIR 

'ER CHAMBER SPRAY CHAMBER 

DISENCACI NG 
CHAMBER 

ELECTRODES 

GLASS 
MELTER -- .-- .. 

COOLING COILS 
RESISTANCE 

- 16 - 

INDUCTION 
FURNACE 

CAL CINER 
-1 - .  -- -- -.. .._A. - 

ERS 



S L I D E  7 

GENERAL COMPOSITION OF THE 25 LITER TANK 15 SLUDGE SAMPLE 

Component 

Water 

Solub'le S a l t s  

Insoluble  So l id s  

Total  
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Metal 

MAJOR METALS I N  TANK 15 SLUDGE 

Grams/Liter of Sludge 
Water Acid I n s o l u b l e .  

Soluble  Soluble  Residue Tota l  

.. .- 

*None de tec ted  
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Anion 

No; 
NO? 
OH- 
c1- 
F- 
soc2 
~ 2 0 ; ; ~  

ANIONS IN TANK 15 SLUDGE 

g/liter of Tank 15 Sludge 
Water Soluble Acid Soluble 
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Water Soluble: 

Acid Soluble: 

TRACE ELEF4ENTS I N  TANK 15 SLUDGE 

Concentration Range, g/Liter of Sludge 
0.1-0.5 cO.1 

I, Mo, K, B Ag, Ru, "TC 

Nd, Ba, Cu, K, Si, Y, CO, V, 1 4 7 ~ / ~ m  
Mg, 3 B ~ / ~ ~  Pr, C e ,  La, Ag, Ru 

Insoluble Residue: my Mg B 

Insoluble residue apparently a mixture of refractory oxides and aluminum 
silicates. 
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RADIONUCLIDES IN TANK 15 SLUDGE 

mCi/Liter of Sludge mg/Liter of Sludge 

a. 417 mdi Water Soluble 
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0 Sampling Point 

HEPA 
F i  1 ter 

Ru Trap Iz Trap 

Schematic of Hot cell Off-Gas System 
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SCHEMATIC OF LAB-SCALE MELTER 
Dried Sludge 

Hood Trap 
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SEMIVOLATILES IN THE OFF-GAS 

ELEMENT PROPERTIES OF INTEREST 

RUTHENIW4 ISOTOPE 106 IS RADIOACTIVE. 
Ru04 IS VOLATILE AND UNSTABLE. 

CHLORINE CHLORIDES ARE CORROSIVE TO 
MANY ALLOYS. MIXTURES OF 
ALKALI HALIDES MAY FORM EUTECTICS 
WHICH BLIND PARTICULATES FILTERS. 

FLUORINE SAME AS CHLORINE. 

CESIUM ISOTOPE 137, IS RADIOACTIVE. 
OXIDES OF CESIUM BOIL IN 
THE OPERATING RANGE OF THE 
CALC INER-MELTER . 
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Temperature, O C  
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DEPOSITION OF CHLORINE IN THE SEMIVOLATILE TRAP 
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DEPOSITION OF FLUORINE IN THE SEMIVOLATILE TRAP 

Ring Temperature, O C  
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1EPOSlTlON OF Ru IS NOT TEMPERATURE DEPENDENT 

' 570 490 410 330 250 170 90 
Temperature, OC 
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RuO, DECOMPOSITION - 

Temperature, OC 




