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W A S T E  S O L I D I F I C A T I O N  E N G I N E E R I N G  P R O T O T Y P E S  

D E S I G N  V E R I F I C A T I O N  T E S T I N G  O F  S P R A Y  

S O L I D I F I C A T I O N  E Q U I P M E N T  

J .  D.  M o o r e  

A B S T R A C T  

WSEP Spray  S o l i d i f i c a t i o n  equipment which w i l l  u l t i m a t e l y  

be u s e d  f o r  r e d u c i n g  l i q u i d  h i g h - l e v e l  r a d i o a c t i v e  was te  t o  

r o c k - l i k e  s o l i d s  was t e s t e d  i n  a  s e r i e s  o f  r u n s  w i t h  n o n r a d i o -  

a c t i v e  s i m u l a t e d  w a s t e s .  Operab le  f e e d  compos i t ions  f o r  two 

P u r e x - t y p e  w a s t e s  were deve loped .  Performance o f  each  s o l i d i f i e r  

component was a n a l y z e d .  Minor d e s i g n  changes were made and t h e  

equipment was commissioned f o r  r a d i o a c t i v e  s e r v i c e .  Spray 

s o l i d i f i e r  o p e r a t i n g  p r o c e d u r e s  and o p e r a t i n g  l i m i t s  were 

d e f i n e d .  
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W A S T E  S O L I D I F I C A T I O N  E N G I N E E R I N G  P R O T O T Y P E S  

D E S I G N  V E R I F I C A T I O N  T E S T I N G  O F  S P R A Y  

S O L I D I F I C A T I O N  E Q U I P M E N T  

J.  D .  M o o r e  

I N T R O D U C T I O N  

H i g h - l e v e l  r a d i o a c t i v e  w a s t e s  g e n e r a t e d  from n u c l e a r  f u e l s  

r e p r o c e s s i n g  a r e  c u r r e n t l y  s t o r e d  a s  l i q u i d  s o l u t i o n s  i n  under -  

ground t a n k s .  A s  t h e  n u c l e a r  i n d u s t r y  expands and t h e  volume 

of  w a s t e  i n c r e a s e s ,  l i q u i d  s t o r a g e  r e q u i r e m e n t s  w i l l  become 

more complex and t h e  p r o b a b i l i t y  o f  g round-wa te r  c o n t a m i n a t i o n  

from a  t a n k  r u p t u r e  w i l l  i n c r e a s e .  Waste c o n c e n t r a t e d  i n  an 

immobile s o l i d  o f f e r s  t h e  advan tages  of  a  l a r g e  s t o r a g e  volume 

r e d u c t i o n  and a  much lower  p r o b a b i l i t y  o f  env i ronmenta l  

c o n t a m i n a t i o n .  

The Waste S o l i d i f i c a t i o n  E n g i n e e r i n g  P r o t o t y p e s  (WSEP), 

c o n s i s t i n g  o f  p r o d u c t i o n - s c a l e  equipment  l o c a t e d  a t  t h e  P a c i f i c  

Northwest  Labora to ry  (PNL), i s  c a p a b l e  o f  t e s t i n g  t h r e e  

d i f f e r e n t  p r o c e s s e s  f o r  s o l i d i f y i n g  h i g h - l e v e l  r a d i o a c t i v e  

was te .  The Spray  S o l i d i f i c a t i o n  P r o c e s s  f o r  h i g h - l e v e l  w a s t e ,  

developed by B a t t e l l e - N o r t h w e s t  (BNW) a t  t h e  P a c i f i c  Northwest  

L a b o r a t o r y ,  c o n v e r t s  l i q u i d  w a s t e  t o  a  r o c k - l i k e  s o l i d  by means 

of s p r a y - d r y i n g  and h i g h - t e m p e r a t u r e  m e l t i n g .  The Phosphate  

G l a s s  P r o c e s s  i s  b e i n g  developed a t  Brookhaven N a t i o n a l  

Labora to ry  i n  p i l o t  p l a n t  s t u d i e s  u s i n g  n o n r a d i o a c t i v e  f e e d .  (1)  

Oak Ridge N a t i o n a l  L a b o r a t o r y  e n g i n e e r s  developed a  p r o c e s s  

f o r  c a l c i n a t i o n  of  was te  t o  a  d r y  cake  i n  t h e  s t o r a g e  p o t .  ( 2 )  

A l l  t h r e e  p r o c e s s e s  a r e  c u r r e n t l y  b e i n g  t e s t e d  i n  t h e  WSEP w i t h  

h i g h - l e v e l  r a d i o a c t i v e  w a s t e  f e e d .  Befo re  t h i s  was done ,  t h e  

p r o t o t y p e  equipment was t e s t e d  f o r  o p e r a b i l i t y  i n  a  s e r i e s  of  

r u n s  u s i n g  n o n r a d i o a c t i v e  f e e d s .  Design v e r i f i c a t i o n  t e s t s  

(DVT1s) on t h e  p r o t o t y p e  phospha te  g l a s s  s o l i d i f i c a t i o n  and t h e  

WSEP p o t  c a l c i n a t i o n  equipment  have a l s o  been  per formed by 

BNW . ( 3 , 4 )  



The o b j e c t i v e s  of t h e  s p r a y  s o l i d i f i c a t i o n  d e s i g n  v e r i f i -  

c a t i o n  t e s t s  were (1) t o  a n a l y z e  t h e  equipment  per formance  i n  

r u n s  w i t h  n o n r a d i o a c t i v e  s i m u l a t e d  w a s t e s  t o  d e t e r m i n e  i t s  

s u i t a b i l i t y  f o r  r a d i o a c t i v e  t e s t i n g ,  and t o  make d e s i g n  m o d i f i - c  

c a t i o n s  i f  n e c e s s a r y ;  ( 2 )  t o  e s t a b l i s h  t h e  b e s t  equipment  

o p e r a t i n g  p r o c e d u r e s  t o  be  used  i n  f u t u r e  r a d i o a c t i v e  r u n s ;  and 

( 3 )  t o  d e f i n e  t h e  o p e r a t i n g  l i m i t s  a t  which t h e  s p r a y  s o l i d i f i e r  

c o u l d  b e  r u n .  S i n c e  t h e  two WSEP s t a n d a r d  w a s t e  c o m p o s i t i o n s  

were e s t a b l i s h e d  j u s t  a s  t h e  D V T ' s  began ,  l a b o r a t o r y  s t u d i e s  

were s t a r t e d  t o  f i n d  chemica l  a d d i t i v e s  n e c e s s a r y  t o  c o n v e r t  

t h e  w a s t e s  t o  s o l i d  p r o d u c t s .  The f e e d s  deve loped  i n  t h e  

l a b o r a t o r y  were t o  b e  t e s t e d  i n  t h e  s p r a y  s o l i d i f i e r  D V T t s .  

The r e s u l t s  o f  t h e  D V T ' s  w i t h  t h e  WSEP s p r a y  s o l i d i f i c a t i o n  

equipment  and t h e  a s s o c i a t e d  l a b o r a t o r y  work,  a r e  r e p o r t e d  h e r e .  



SUMMARY A N D  C O N C L U S I O N S  

WSEP spray solidification equipment performance was 

demonstrated and operating procedures were developed in a 

series of 10 design verification tests (DVTIS). Most of the 

equipment operated satisfactorily, but feed was not atomized 

adequately by the spray nozzle, and the melter discharge valve 

heaters were not reliable. These equipment problems were 

solved later during the WSEP radioactive demonstration. 

Sulfate-free (PW-1) and sulfate-containing (PW-2) wastes 

with phosphate fluxing additives were satisfactorily processed 

in the spray solidifier. Addition of alkali metals and 

phosphoric acid to both waste types lowered the melting points 

into the temperature range (<950 O C  for PW-1 and <800 O C  for PW-2) 

desired for melter operation. Greater than 96 percent of the 

feed sulfate was retained in the PW-2 product when the melt 

temperature was maintained below 850 O C .  About 2/3 of the 

ruthenium was volatilized from the PW-2 feed to the off-gas 

condensate. 

The spray solidifier capacity is 28 liters/hr of aqueous 

feed, or equivalent to 1.5 tonnes of uraniumlday with PW-1 feed. 

With PW-2, the maximum solidification rate is limited to 21 

liters/hr of aqueous feed, or 0.83 tonnes of uranium/day. 

Proper feed atomization quality could not be obtained with 

external-mix spray nozzles. With this nozzle type, air atom- 

ization of feed was better than that obtained with superheated 
steam, but neither gas produced a spray free of coarse droplets. 

After completion of the DVT1s, tests with an internal-mix 

nozzle showed that scale did not form on the calciner walls 

with this nozzle type. 



Calcine de-entrainment factors greater than 500 were 

obtained with the sintered stainless steel calciner filters. 

The filters resisted corrosion and thermal and mechanical shock 

during the 300 hours of testing. 

PW-1 and Pw-2 phosphate calcines were fused in platinum 

and platinum-0.5% rhodium melter vessels at temperatures up to 

1200 OC. Metallic objects such as stainless steel must be kept 

out of the vessel during processing to prevent platinum corro- 

sion. Liquid level in the melter is best determined by visual 

observation and by internal temperature readings. Melt can be 

drained from melter vessels through freeze valves or externally- 

mounted weirs. A discharge valve heater more reliable than the 

resistance furnaces tested was needed. 

PW-2 melt can be collected in carbon steel storage pots by 

slow drip-wise and rapid batch filling with pot wall temperatures 

up to 700 "C .  PW-1 melt must be collected in stainless steel 

pots at pot wall temperatures less than 950 O C  if continuous 

drip filling is used. 

Both induction and resistance-heated furnaces provide 

satisfactory heating for calcination and melt collection. 

Air leakage into the solidifier vent must be kept below 

8 standard cubic feet per minute (scfm) to maintain a negative 

pressure on the calciner during filter blow-back. Major sources 

of leakage are in the melter sample chamber and the melter 

solids feeder. Minor changes in the vent system will provide 

adequate vacuum to offset the leakage into the spray solidifier. 

P R O C E S S  A N D  E O U I P M E N T  D E S C R I P T I O N  

G E N E R A L  D E S C R I P T I O N  O F  WSEP 

WSEP is designed to solidify the amount of waste generated 

from a plant processing approximately one tonne of uranium 

fuel per day. Figure 1 is a simplified flow diagram of WSEP. 
(5) Detailed design features were documented by Schneider and Kelly. 
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Raw aqueous w a s t e  s o l u t i o n s  a r e  s h i p p e d  i n  s e a l e d  c a s k s  

from t h e  Hanford p r o c e s s i n g  p l a n t  t o  t h e  WSEP r e c e i v i n g  s t a t i o n .  

Here t h e  w a s t e  i s  t r a n s f e r r e d  t o  a  d i g e s t e r  o r  e v a p o r a t o r  where 

t h e  s o l u t i o n  i s  b o i l e d  t o  c o n c e n t r a t e  t h e  w a s t e  t o  a  s u i t a b l e  

volume f o r  t h e  f e e d  b a t c h  and t o  d e s t r o y  any t r a c e  o f  o r g a n i c s .  

N o n r a d i o a c t i v e  chemica l s  a r e  t h e n  added t o  t h e  w a s t e  c o n c e n t r a t e  

t o  a d j u s t  t h e  s o l u t i o n  compos i t ion  t o  t h e  d e s i r e d  f e e d  s p e c i f i -  

c a t i o n s .  Feed c a n  be  pumped t o  any o f  t h e  t h r e e  s o l i d i f i e r s  

i n  WSEP from t h e  e v a p o r a t o r  o r  t h e  f e e d  t a n k .  S o l i d i f i e r  o f f -  

g a s  i s  condensed  and c o l l e c t e d  o r  r o u t 3 d  t o  t h e  e v a p o r a t o r  

where t h e  a c i d  c o n d e n s a t e  i s  c o n c e n t r a t e d .  A e r o s o l s  a r e  removed 

from t h e  e v a p o r a t o r  v a p o r s  and f u r t h e r  d e c o n t a m i n a t i o n  i s  

o b t a i n e d  by c o n d e n s a t i o n  and c o l l e c t i o n  i n  t h e  a c i d  f r a c t i o n a t o r .  

The f r a c t i o n a t o r  v a p o r s  a r e  condensed and c o l l e c t e d  a s  a d i s -  

p o s a b l e  l o w - l e v e l  r a d i o a c t i v e  w a t e r  s t r e a m .  Noncondens ib le  

g a s e s  a r e  f i l t e r e d  and sc rubbed  w i t h  c a u s t i c ,  t h e n  p a s s e d  

t h r o u g h  two a d d i t i o n a l  f i l t r a t i o n  s t a g e s  b e f o r e  d i s c h a r g e  t o  

t h e  a tmosphere .  Recovered n i t r i c  a c i d  i n  t h e  f r a c t i o n a t o r  c a n  

b e  r e t u r n e d  t o  t h e  p r o c e s s i n g  p l a n t  f o r  f u r t h e r  u s e .  C a l c i n e  

o r  m e l t  p r o d u c t  i s  c o l l e c t e d  i n  8 o r  1 2  i n .  d i a m e t e r  s t o r a g e  

p o t s  8 f t  i n  l e n g t h .  A f t e r  f i l l i n g ,  t h e  p o t s  a r e  welded  s h u t  

and s t o r e d  f o r  f u r t h e r  o b s e r v a t i o n s  o f  i n t e r n a l  t e m p e r a t u r e s  

and p o t  c o r r o s i o n  r e s i s t a n c e .  S i n c e  t h e  o f f - g a s  d e c o n t a m i n a t i o n  

and a c i d  r e c o v e r y  sys tems a r e  common t o  a l l  t h r e e  s o l i d i f i e r s ,  

o n l y  one s o l i d i f i e r  may b e  r u n  a t  one t ime .  

The equipment  i s  c o n s t r u c t e d  on "p lug- in"  r a c k s  t o  f a c i l -  

i t a t e  r e p l a c e m e n t  and ma in tenance  by remote  h a n d l i n g  i n  t h e  h o t  - 

c e l l .  The s o l i d i f i e r s  a r e  l o c a t e d  i n  f r o n t  of  two c e l l  windows, 

and a r e  a c c e s s i b l e  by means of  m a s t e r - s l a v e  m a n i p u l a t o r s  a n d / o r  

t h e  i n - c e l l  c r a n e s .  S e r v i c e  l i n e s  a r e  i n s e r t e d  i n  c l u s t e r s  

th rough  "p lugs"  i n  t h e  c e l l  w a l l .  



S P R A Y  S O L I D I F I C A T I O N  P R O C E S S  

H i s t o r y  

The development o f  a  s p r a y  d r y i n g  p r o c e s s  i n  which t h e  

f e e d  i s  d r i e d  by r a d i a n t  h e a t  from t h e  s p r a y  chamber w a l l s  

r a t h e r  t h a n  from a  h e a t e d  secondary  s t r e a m  o f  g a s ,  was c a r r i e d  

o u t  i n  1949 when s p r a y  decompos i t ion  o f  u r a n y l  n i t r a t e  was 

i n v e s t i g a t e d  by A l l e n  ( 6 )  a t  t h e  Oak Ridge N a t i o n a l  L a b o r a t o r y .  

A s i m i l a r  p r o c e s s  f o r  t r e a t m e n t  o f  i n d u s t r i a l  w a s t e s  and sew- 

age was developed by Gauvin and co-workers  ( 7 )  a t  t h e  Pulp  and 

Paper  Resea rch  I n s t i t u t e  o f  Canada. 

Y7 
Allemann and Johnson ( 8 )  o f  BNW began exper imen t s  t o  a d a p t  

t h e  p r o c e s s  f o r  c a l c i n a t i o n  o f  r a d i o a c t i v e  was te  i n  1959. 

F u r t h e r  development  was c a r r i e d  o u t  w i t h  p r o d u c t i o n - s c a l e  

equipment u s i n g  n o n r a d i o a c t i v e  f e e d  s o l u t i o n s .  A t  t h i s  t i m e ,  

a  c o n t i n u o u s  m e l t e r  was added t o  t h e  s p r a y  c a l c i n e r  t o  form 

g l a s s y  o r  r o c k - l i k e  p r o d u c t s .  Spray  s o l i d i f i c a t i o n  exper imen t s  

u s i n g  a c t u a l  r a d i o a c t i v e  w a s t e s  were per formed i n  l a b o r a t o r y  (a s c a l e  equipment by BNW i n  1964. _, 

P r o c e s s  D e s c r i p t i o n  

Spray s o l i d i f i c a t i o n  c o n v e r t s  l i q u i d  r a d i o a c t i v e  was te  

t o  a  s o l i d  by s p r a y  c a l c i n a t i o n  and f u s i o n  o f  t h e  c a l c i n e  t o  a  

r o c k - l i k e  p r o d u c t .  F i g u r e  2 i s  a s c h e m a t i c  d iagram of  t h e  

p r o c e s s .  Chemica l ly  a d j u s t e d  l i q u i d  w a s t e  i s  s p r a y e d  i n t o  t h e  

t o p  of t h e  h e a t e d  c a l c i n e r  chamber th rough  a  t w o - f l u i d  n o z z l e .  

Steam o r  a i r  i s  used  a s  an a tomiz ing  g a s .  The s p r a y  d r o p l e t s  

a r e  d r i e d  t o  a  f i n e  powder which i s  swept  down t h e  c a l c i n e r  

chamber and up t o  t h e  o f f - g a s  f i l t e r s .  Powder c o l l e c t s  on t h e  

f i l t e r s  and t h e  cake  i s  p e r i o d i c a l l y  blown o f f  by p u l s e s  o f  

h i g h  p r e s s u r e  s team d i r e c t e d  back th rough  t h e  f i l t e r s .  The 

f i l t e r e d  o f f - g a s e s  a r e  condensed and c o l l e c t e d  o r  c o n c e n t r a t e d .  

The powder i s  blown o f f  t h e  f i l t e r s  i n t o  a  m e l t e r  where s o l i d  
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FIGURE 2 .  Sp ray  S o l i d i f i c a t i o n  Equipment  i n  WSEP 



flux may be added to form a melt. The molten waste is dis- 

charged from the melter either in batches or by continuous 

drips. Melt is collected in a heated pot which is cooled after 

filling and sealed for storage. 

Equipment Description 

The WSEP spray solidifier consists of three basic com- 

ponents, the calciner, the melter, and the product storage pot. 

The calciner, shown in Figure 3, consists of a cylindrical 

drying chamber 6 1/2 ft long by 13 1/4 in. ID. In the first 

four DVTfs, the chamber walls were heated with a three-zone 

induction-heated furnace which was replaced with a 45 kW, 

three-zone resistance furnace for the final six runs. Calciner 

furnace temperatures, set at about 700  O C ,  were slightly below 

the sinter or melt points of the calcined feed. Feed was 

sprayed into the top of the calciner through an external-mix, 

commercial two-fluid nozzle (Spraying Systems Co., Set-up No.5). 

The nozzle was welded to a mounting flange which could be 

removed from the calciner. A bellows-actuated clean-out needle 

on top of the nozzle was used to clear plugs from the nozzle 

liquid passage. Powder deposits in the calciner were dislodged 

with an air cylinder-driven hammer mounted on the top flange 

of the calciner. The hammer was later replaced with an air- 

operated, free-floating piston vibrator requiring much less 

maintenance than the hammer. 

Below the drying chamber, an insulated conical chamber 

funnels the powder into the melter. Powder is removed from the 

calciner off-gases by 15 tubular porous stainless steel filters 

mounted in an oval-shaped chamber next to the calciner furnace. 

The filters are cleaned three at a time by sharp impulses of 

steam or air directed back through the venturi-shaped filter 

exhaust lines. Blow-back pulse frequency is controlled by an 

automatic timer actuating five solenoid valves in sequence to 



&- Atom. Nozzle 
Removeable Split 

3-1 12" 

Blowback 
Nozzles 

b 

, SHELL 
&at Transfer  Area 23 ft2 
Volume 

Drying C h a m b e r  27 1 g 
Fi l ter  Chamber 

Clean Side - 241 
Dust S i d e  528 
Tapered Bottom - 86g 
Total Volume -4338 

Material 310 SST 
W a l l  Thickness 0.375 inch 

ATOM. MDZZLE 

Type - Pneumatic. External Mix 
a l l  Welded 

Air Orifice 303 SST 
0.122 in. I.D. 

Llquid Orifice 304L SST 
0.100 in. I.D. 
0.150 in. O.D. 

FURNACE 

Type - Electrical Resistance. 
3 Zones 

Power 45 Kw 
Heating Elements - Nichrome V 
Max.  Temp. 1000 OC 
Norm. Temp. 600-800 OC 

FILTERS 

Total Number 15 
Material 316L SST 
Mean Pore  S i z e  65 Micron 
Total Surface 15 sq.ft. 
Normal P re s s .  D r o p  6 in. Water at 

50 CFM Flow 

FILTER BLOWBACK SYSTEM 

Gas Air o r  Stream 
Flow 9 SCFM at  60 psig 
P res su re  20-100 psig 
Nozzles 0.11 in. I.D. 
Venturis 

End D i a m .  2 in. 
Cone Angles - 30 degrees  

R e g  0 6 6 0 2 0 4 - 6  

F I G U R E  3 .  S p r a y  CaZciner  A s s e m b l y  



direct the blow-back gas to the filter banks. A pulse length 
of 1 1/2 sec duration with a gas pressure of about 25-50 psig 

is normally used. 

The calciner shell and filter chamber is constructed from 

3/8 in. 310 SS. Calciner outer wall and internal temperatures 

are measured with chromel-alumel thermocouple wires inside 

3/16 in. diameter sheaths of 310 SS. 

The melter (see Figure 4) is connected to the bottom cone 

of the calciner with a removable clamp. The clamp contains an 

external cooling air ring to decrease the accumulation of 

sintered powder in the temperature transition zone between 

calciner and melter. The first melter was made of a 

platinum-0.5% rhodium alloy, but this vessel corroded when some 

stainless steel fell into the melt. This melter was replaced 

by a 100% platinum vessel. 

The melter is suspended from a platinum flange into a 

single-zone furnace. Melt is usually maintained at about 5 

liters, a level slightly above the conical bottom section of 

the vessel. Melt is continually discharged from an external 

weir by regulation of the pressure differential between the 

melter and the storage pot beneath the melter. A bottom-outlet 
freeze valve is used to batch discharge melt and to empty the 

melter at the end of a run. Both the weir and the freeze 

valve tips are surrounded by platinum-lined 1 kW furnaces to 

provide heat to open the valves. 

Five 2 in. diameter nozzles are located in the top of the 

melter extending above the melter furnace. One nozzle is 

covered with a quartz window for viewing into the melter, 

another provides an entry for four platinum thermocouples, and 

a third can be used for inserting a melt level detector. The 

remaining two nozzles can be used for solids flux addition 

to the melter. 
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VOLUME 

4 l a x l m u m  1 9 . 4 :  
G p e r a t l n g  4.5.7 

CAPACITY 

Lle l t e r  5 0  ; / d a y  

CONSTRUCTIOii 

T y p e  Al l  Welded 
M a t e r i a l  99.5% Pt 

0 . 5 %  R h  

N O Z Z L E S  

6 - i n c h  1 
2  - inch - -  5 
0 . 5  .- inch 2  

F U R N A C E  POmER 

M e l t e r  20  Kw I lax .  
F r e e z e  Va lve  1 Kw M a x .  
W e i r  1 . 3  Kw M a x .  

O P E R A T I N G  

T e m p .  M a x .  -- 1250  "(' 
P r e s s .  Max.-24 i n .  H 2 0  V.1, 

Melter .  F u r n .  P o w e r -  4 . 5  Ku 

H E A T  T R A N S F E R  AREA 

M e l t e r  2 .7  f t 2  

Det .  I 

FIGURE 4. C o n t i n u o u s  MeZter  As semb ly ,  S p r a y  S o Z i d i f i c a t i o n  



The m e l t e r  f u r n a c e ,  a  t h r e e - p h a s e ,  s i n g l e  zone,  20 kW 
0 

p o t  f u r n a c e  w i t h  h e a t i n g  e l ement s  made a f  Kanthal  A-1 , can  be  

h e a t e d  t o  1300 O C ,  b u t  i s  n o t  h e a t e d  above 1250 O C  f o r  r o u t i n e  

s e r v i c e .  The f u r n a c e  i s  s u p p o r t e d  on f o u r  compress ion  t y p e  

p i p e  hangers  mounted on a  four -whee led  t r o l l e y .  During remote 

maintenance ,  t h e  f u r n a c e  c a n  be  r o l l e d  toward t h e  c e l l  window 

on t h e  s u p p o r t i n g  t r a c k .  The f u r n a c e  s h e l l  i s  p e n e t r a t e d  by a  

narrow v e r t i c a l  s l o t  s e a l e d  w i t h  a  q u a r t z  window t o  v i s u a l l y  

moni tor  t h e  m e l t e r  w a l l  t e m p e r a t u r e .  The i n s i d e  o f  t h e  f u r n a c e  

i s  s e a l e d  a t  t h e  t o p  by t h e  m e l t e r  f l a n g e  and a t  t h e  bot tom by 

t h e  s t o r a g e  p o t .  The f u r n a c e  and p o t  a r e  v e n t e d  th rough  a  

c o n t r o l  v a l v e  t o  t h e  c a l c i n e r  o f f - g a s  sys tem downstream from 

t h e  c a l c i n e r  f i l t e r s .  P r e s s u r e  r e l i e f  a round t h e  c o n t r o l  

v a l v e  i s  p rov ided  by a n  a d j u s t a b l e  b e l l o w s - s e a l e d  mechanica l  

v a l v e .  

Mel t  samples a r e  c o l l e c t e d  i n  s m a l l  r e p l a c e a b l e  s t a i n l e s s  

s t e e l  cups  i n s e r t e d  on a  rod  i n t o  t h e  w e i r  o r  f r e e z e  v a l v e  d i s -  

cha rge  s t r eam.  A q u a r t z  window on t h e  sample chamber p r o v i d e s  

v i s i b i l i t y  f o r  sampl ing  and o b s e r v i n g  t h e  m e l t  f low t o  t h e  p o t .  

The s t o r a g e  p o t  i s  connec ted  t o  a s t a t i o n a r y  f i l l  head 

( s e e  F i g u r e  5) a t t a c h e d  t o  t h e  bot tom of  t h e  sample chamber, 

and e x t e n d s  down i n t o  a  s i x - z o n e  f u r n a c e .  The p o t  i s  s u p p o r t e d  

on a  yoke on t o p  of t h e  f u r n a c e  by two b a i l s  welded on o p p o s i t e  

s i d e s  of t h e  p o t .  When t h e  p o t  i s  connected  t o  t h e  f i l l  head,  

t h e  moveable f u r n a c e  c o n t a i n i n g  t h e  p o t  i s  p o s i t i o n e d  under  t h e  

f i l l  head.  Two j a c k s  a r e  o p e r a t e d  t o  l i f t  t h e  yoke and s l i p  

t h e  p o t  around t h e  f i l l  head s e a l  j o i n t .  

Two s i z e s  o f  m e l t  s t o r a g e  p o t s ,  8 i n .  d i a m e t e r  (nominal ly  

8 i n .  s c h e d u l e  40 p i p e )  by 8 f t  l ong  ( s e e  F i g u r e  6 )  and 12.0 

i n .  OD by 8 f t  l o n g ,  a r e  used .  Both p o t s  have a  w a l l  t h i c k n e s s  

o f  0.312 i n . ,  and t h e  volume o f  t h e  1 2 .  i n .  p o t  i s  e x a c t l y  

'"' Kantha2  C o r p o r a t i o n  
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FIGURE 5. Melt  Con ta iner  and F i Z Z  Head J o i n t  
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twice that of the 8 in. pot. A 6 in. diameter pot may be used 

in a later WSEP test. Storage pots can be made from carbon 

steel, 304-L SS, or 310 SS. Carbon steel and 304-L pots were 

used in the spray solidification DVT1s. 

An internal thermocouple well in the melt pot provides for 

temperature measurements at the centerline of the bottom four 

heating zones. In the upper two zones, the thermowell bends in 

near the pot wall to avoid direct contact with melt flow from 

the melter. A fork in the* thermowell bend contains a thermo- 

couple used to measure product thermal conductivity. In 

addition, thermocouples are welded to the outside wall of the 

pot in each heating zone. All pot thermocouples are ungrounded 

chromel-alumel junctions covered with 1/8 in. diameter 310 SS 

sheaths. 

Six-zone induction and electrical resistance furnaces are 

used in the waste solidification processes. Both furnaces were 

used at different times in the spray solidification DVT1s for 

heating the product storage pots. The design of both furnaces 

is nearly identical. Figure 7 shows a vertical section 

through the induction furnace containing a pot calcination 

storage vessel. Four basic elements comprising the furnace 

assembly are (1) the rack structure, (2) the furnace proper 

with its heating and cooling systems, (3) the containment system, 

and (4) the pot fill head described previously and shown in 

Figure 5. 

The complete assembly is mounted on a rack frame constructed 

from 6 in. pipe. Upper and lower plugs support the rack in 

the wall and are conduits for furnace electrical and cooling 

services. A track in the rack frame supports and guides the 

furnace trolley. The furnace is supported on a four-wheel 

trolley which is manually moved perpendicular to the wall to 

place the furnace in the pot "load1' or "fill" position. 
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FIGURE 7 .  Induction Furnace Assembly 



Each furnace consists of six identical sections physically 

separated by baffles. Each section has separate heating and 

cooling controls. The induction heating power is supplied by 

a six-station, 1 kc, single-phase ac 175 kW motor-generator set. 

Induction furnace temperature control thermocouples are contained 

in a "bird-cage" frame constructed from 1/4 in. Hastelloy X @  

tubes positioned inside the furnace susceptor. Cooling air is 

supplied by two blowers rated at 275 scfm each. Air is blown 

into the annulus between the insulation lines and furnace 

susceptor and is discharged to the atmosphere. 

The Kanthal A-1 heating elements of the resistance furnace 

are connected in two separate three-phase circuits in each 

section. If any single-phase element fails, it is possible 

to reconnect the section to operate at one-half power, or 

reconnect the remaining two elements for single phase. Cooling 

air is supplied by the same blowers used for the induction 

furnace. Air blows on the furnace liner wall and flows upward 

and out through ten discharge ports in the top of the furnace. 

The furnace containment system is designed to minimize 

radioactive contamination of the cell. The system is comprised 

of a hood, the furnace susceptor (or liner for the resistance 

furnace), the hood sump, and the pot lift cover. The hood is 

a two-section stainless steel box over the top of the pot and 

the rack sump. The upper section contains the pot fill head 

and is stationary while the bottom section slides with the 

furnace when the pot is removed from "load" to "fill" positions. 

The pot lift cover is a rectangular plate fitted with hangers 

to support the pot while the pot is moved into and out of the 

furnace. The lift cover seals the top of the hood when the 

pot is in the furnace. 

@ Union Carbide Corpora t ion  



FEED C O M P O S I T I O N  DEVELOPMENT 

WASTE C O M P O S I T I O N S  

High level wastes are produced by processing spent power 

reactor fuels. The WSEP will initially solidify power reactor 

wastes produced from a Purex type process. The projected power 

reactor wastes contain a higher fission product concentration 

but are otherwise chemically similar to current wastes from 

plutonium production reactors. 

Table 1 shows the three waste compositions used in the 

spray solidification DVT's. Purex Waste-1 (PW-1) and Purex 

Waste-2 (PW-2) represent two waste compositions to be used in 

WSEP radioactive demonstrations. Design base 1WW is a high 

fission product content waste formulated for preliminary 

feed chemical characteristics testing before PW-1 and PW-2 

compositions were derived. PW-2 is a sulfate-bearing, high 

sodium waste, while PW-1 contains no sulfate and low sodium 

but about twice the iron content of PW-2. Fission product 

distribution was based on a typical power reactor operating 

at 20,000 MWd/tonne, 15 MW/tonne. Future tests will be made 

with 45,000 MWd/tonne wastes. 

FEED A D D I T I V E S  

To produce melts from the wastes at practical operating 

temperatures, fluxing agents must be added to either the 

liquid waste feed stock or to the calcined feed in the melter. 

Table 2 lists the fluxes used in each DVT. If flux is added 

to the liquid waste, the resulting calcine melting point must 

be above the temperature of the calciner internal walls to 

prevent calcine adhesion to the walls. In this case, the 

"stick-point" of the calcine is actually more important than 

the melting point. The stick-point is defined as the temper- 

ature at which the calcine will adhere to a smooth metal sur- 

face (i.e., the calciner wall), and is usually about 200 " C  

below the calcine melting point. 



T A B L E  1.  Composi t ion  o f  S i m u l a t e d  Waste S o l u t i o n s  

(g -moZes /Z i t e r ;  3 7 8  l i t e r s / t o n n e  U )  
. . 

1 W W  
Componen t  PW- 2  PW-1 D e s i g n  B a s e  

I n e r t  C h e m i c a l s  

F e  +3  0 . 4 4 5  0 . 9 3  0 . 0 8  

F i s s i o n  P r o d u c t s  

z ~ o * ~  0 . 0 6 5  0 . 0 6 5  0 . 0 6 5  

Te ( u s e d  5 0 i 2 )  0 . 0 0 6 4  0 . 0 0 6 4  0 . 0 0 6 4  

( i n c l u d e d  ( i n c l u d e d  

a b o v e )  a b o v e )  

~ 0 0 4 ~  0 . 0 6 5  0 . 0 6 5  0 . 0 6 5  

~ r + ~  + ~ a +  ( u s e d  c a C 2 )  0 . 0 3 5  0 . 0 3 5  0 . 0 3 5  
+ 

~ b *  + Cs ( u s e d  ~ a ' )  0 . 0 4 2  0 . 0 4 2  0 . 0 4 2  

( i n c l u d e d  ( i n c l u d e d  ( i n c l u d e d  

a b o v e )  a b o v e )  a b o v e )  

( Y  +  RE)+^ 0 . 1 2  0 . 1 2  0 . 1 2  

Ru ,Rh ,Pd  ( u s e d  ~ n " )  0 . 0 5 7  0 . 0 5 7  0 . 0 5 7  
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Flux can be added to calcined waste in the melter to pro- 

duce low-melting calcines which would normally limit the 

operating temperature, and hence the feeding capacity of the 

calciner, if the flux were added to the liquid feed solution. 

Low-melting calcines are desired to reduce volatilization of 

sulfate from the melt by operating the melter at low tempera- 

tures. In addition, storage pots need not be heated as high 

to prevent melt stalagmite formation if a low-melting product 

is filling the pot. If pot temperatures can be kept low enough 

to eliminate corrosion problems, cheap construction materials 

such as mild steel may be used for pot fabrication. Melting 

point reduction, however, is generally accompanied by an 

increased solubility of the product and lower overall waste 

volume reduction as more flux is added to lower the product 

melting point. 

With the above-mentioned considerations in mind, a 

laboratory program was outlined to prepare workable feed com- 

positions for spray solidification. This program was carried 

out during and in conjunction with the spray solidification 

DVT's. The following general guidelines were observed to 

direct the feed development program: 

1. Calcined feed stick-point should be >700 OC, since the 

calciner wall temperatures must be kept at 650-700 OC 

minimum if a calciner feed rate of - >15 liters/hr is to 
be maintained. 

2. Product melting point should be <lo00 " C  in order to 

operate the melter furnace at - <I200 OC and to be able 
to slump the melt in the storage pot without corroding 

the pot excessively. 

3. At least 90% of the sulfate in the waste should be 

retained in the product. 



4. Melt must be noncorrosive to platinum. 
5. Melt should not contain separate phases which melt above 

1000 O C  or are excessively water soluble. 

Previous spray solidification work with a simulated high 

burnup waste very similar to PW-1 indicated that operable melt- 

producing feeds could be made by adding phosphoric acid to 

the liquid waste. (11) Based on this experience, phosphoric 

acid was added to PW-1 solutions giving waste metallic cation 
+ 

equivalent to phosphorous atom (M /P) ratios between 2.0 and 
3.0. Each of the four solutions was dried and melted. Table 3 

+ 
shows that the calcine melting point increases with M /P. 

The lower melting calcine is most desirable from the stand- 

point of melter operation and filling storage pots. However, 

feeds with M+/P < 2 . 2  plugged the calciner filters with excess 

phosphoric acid in the spray solidifier work cited above. 

T A B L E  3 .  MeZting and S t i c k  P o i n t s  o f  PW-2 w i t h  Added 
P h o s p h o r i c  Ac id  

M+/P Stick-Point, OC Melting Point, OC 

2.00 8 2 5  9 7 5  

In run CSCM-4, PW-1 with M*/P of 1.86 was fed to the 

solidifier to determine the effects of high phosphate feed 

on solidifier operation. The filters did not plug, but the 

melter freeze valve would not open because the melting point 

of the product was too high (>950 "C). Run details are 

explained in a following section. 

Because the melting point of PW-1 with phosphoric acid 

as the only additive was excessive for ideal operation of 

the spray solidifier later tests were made with sodium and 



phosphate additives to lower the melting point of PW-1. In 

laboratory tests, 49 melts with M+/P varying from 0.239 to 

9.02 were prepared. Melts with M+/P <1.5 were glassy, those 
with M+/P between 1.5 and 2.3 were microcrystalline with glassy 

portions if quenched rapidly, and those with M+/P >2.3 were 

microcrystalline. Figure 8 is a composition-melting point 

diagram plotted from the results of these tests. The shaded 

area in the upper right hand corner of the diagram represents 

the composition range which can be considered for spray solid- 

ification of PW-1 with sodium and phosphate added to the 

calciner feed, and using stainless steel storage pots. The 

area is bounded at the right and the top by the 950 OC melting 

point isotherm, on the bottom by this isotherm and the phos- 
+ 

phorous concentration giving M /P = 2.0, and on the left by the 

700 OC stick-point isotherm (not shown). (I2) The left boundary 

also coincides with 40 mole % PW-1, which is a somewhat 

arbitrary goal for limiting the volume of solidified waste. 

In run CSCM-6, three PW-1 feeds with compositions close to this 

area were run. Feeds with M*/P of 2.1 and 2.2 drained out of 

the melter weir, but feed with M+/P of 2.4 was too viscous to 

drain at melter furnace temperatures up to 1200 OC. Stalagmites 

formed in the melt receiver held at 900 OC with all the melts, 

but slumped at 950 O C .  Sodium and lithium mixtures were added 

to PW-1 phosphate feeds to study their effect on melting point. 

It was found that, on a mole basis, lithium had virtually no 

different effect on melting point than did sodium. (13) 

A 1:l mixture of sodium and lithium additive was success- 

fully tested in run CSCM-8. Melt drained from the weir at 

a melter furnace temperature of 1100 OC and no stalagmites 

formed in the receiver held at 880 OC. On the basis of 

laboratory studies and the runs CSCM-6 and 8, the feed com- 

position used in run CSCM-8 was chosen for the first WSEP PW-1 

demonstrations. 





To accommodate p o s s i b l e  minor f l u c t u a t i o n s  i n  f e e d  com- 

p o s i t i o n  dur ing  f eed  make-up, t h e  composit ion should  have some 

f l e x i b i l i t y .  I t  was found t h a t  concen t r a t i on  v a r i a t i o n s  o f  

'10% i n  PW-1, sodium and l i t h i u m ,  o r  phosphate would no t  

i n c r e a s e  t h e  mel t ing  p o i n t  above 950 O C ,  and low s t i c k - p o i n t s  

( ~ 7 0 0  OC) would no t  be encountered u n t i l  v a r i a t i o n s  exceeded 

'15%. (14) 

Low me l t i ng  (<750 OC) p roduc t s ,  which could  be c o l l e c t e d  

i n  mild  s t e e l  r e c e i v e r s  u s ing  d r ip -wi se  c o l l e c t i o n ,  were 

produced by a d d i t i o n  of  h igh sodium and phosphate concen- 

t r a t i o n s  t o  PW-1. These me l t s  con ta ined  4.6-7.5 M - phosphate  

and 5.4-7.2 - M sodium i n  378 l i t e r s / t o n n e  of uranium as  PW-1. 

Corros ion r a t e s  f o r  mi ld  s t e e l  ( type  AISI C1018) ranged 

between 2 5  t o  45 mils /day a t  720 "C. I n  a d d i t i o n  t o  t h i s  

marg ina l ly  accep t ab l e  co r ros ion  r a t e ,  t h e s e  mel t s  have a  few 

d i sadvantages .  The f l u x  (sodium hexametaphosphate) would have 

t o  be added t o  t h e  me l t e r  a s  a  s o l i d  t o  p reven t  s t i c k y  d e p o s i t s  

on t h e  c a l c i n e  w a l l s .  These mel t s  a r e  5  t o  10 t imes more wate r  

s o l u b l e  t han  t h e  mel t s  u sab l e  wi th  s t a i n l e s s  s t e e l  p o t s ,  and 

they c o n t a i n  l e s s  t han  h a l f  a s  much waste  oxide  a s  do t h e  

mel t s  c o l l e c t a b l e  i n  s t a i n l e s s  s t e e l  a t  slow d r i p  r a t e s .  

(20 ve r sus  45 t o  50 w t . % )  

Fu r the r  l a b o r a t o r y  t e s t s  u s ing  boron and phosphate and 

l e a d  s i l i c a t e  and phosphate a s  f l u x i n g  agen ts  were made t o  

f i n d  low mel t ing  produc ts .  Some of t h e  borophosphate me l t s  

con ta ined  water  s o l u b l e  c r y s t a l l i n e  second phases ,  and a l l  of 

t h e  mel t s  foamed s e v e r e l y  i n  t h e  f i r s t  s t a g e s  of me l t i ng .  

Because t h e s e  c h a r a c t e r i s t i c s  made borophosphates appear 

u n a t t r a c t i v e  a s  f l u x e s ,  f u r t h e r  t e s t s  wi th  t h e s e  a d d i t i v e s  

were abandoned. 

I n  t e s t s  u s ing  l ead  s i l i c a t e  a s  t h e  f l u x ,  t r i b a s i c  

l e ad  s i l i c a t e  (Pb0-0.33 S i 0 2 )  was chosen a s  t h e  form f o r  adding 

l ead  t o  PW-1. When compared on a  molar b a s i s ,  l e a d  s i l i c a t e  



lowered the melting point more than sodium, but only at M*/P 

below 1.75. At M+/P > 2 ,  lead silicate was a less effective 

melting point depressant than sodium. Since no advantages in 

the use of lead silicate were demonstrated, investigations 

were terminated. (15) 

PW- 2 

The largest difference between PW-2 and PW-1 compositions 

is that PW-2 contains sulfate. It is desired to retain the 

sulfate in the product to prevent the formation of a sulfate 

side-stream which must be disposed of separately and which is 

corrosive to off-gas treatment equipment. Spray solidification 

development tests had shown that sulfate could be retained in 

PW-2-phosphate melts by the addition of alkali metals such as 

sodium and lithium. (I6) The alkali metals lower the melting 

point of the calcine which allows the melter furnace to be 

operated at low enough temperatures (800-850 O C )  to prevent 

volatilization of sulfate from the melt. 

A statistically designed laboratory study for workable 
' (17) PW-2 feed compositions was carried out with 46 melts. 

Additives tested consisted of different concentrations of 

sodium, lithium, phosphate, calcium, and aluminum. It was 

found that the amounts of alkali metals necessary for sulfate 

retention also lowered the calcine stick-point below the minimum 

desired calciner wall temperature of 700 " C .  To avoid this 

problem, part of the alkali metal is added directly to the 

melter through a solids feeder. The composition chosen was 

used as feed in DVT runs 7,9 and C. Additives to the liquid 

waste included 1.17 M - lithium, 0.6 M - calcium, 0.25 M - 
aluminum, and 1.61 M - phosphoric acid based on 378 liters/tonne 

as PW-2. 

Lithium and sodium were added to lower the melting point 

in order to retain the sulfate in the melt. Calcium was also 

added to retain the sulfate in the melt, while the addition 



of aluminum was to decrease the product solubility and increase 

the calcine stick-point. Sodium metaphosphate (NaP03) was 

added as a solid frit to the melter at an equivalent feed con- 

centration of 1.27 M. - Calcine melting point was 9 0 0  OC and 

stick-point was 7 5 0  OC. When the sodium metaphosphate was 

added, the mixture melted at 7 0 0  OC. More than 9 6 %  of the feed 

sulfate was retained in the melt in all three runs. 

Laboratory experiments with melt of the composition tested 

in runs 7,9, and C showed the effects of melt temperature and 

time on sulfate volatilization. Figure 9 summarizes the 

results of these experiments. In the DVT's, melt residence 

time in the melter was between 3  and 4 hr at an average temper- 

ature of 7 5 0  to 8 0 0  "C. Between 3 and 4% of the SO3 should 
evolve from the melt under these conditions, according to 

Figure 9. This amount agrees closely with the data obtained 

from the DVT's. 

Laboratory tests were made to determine the effect of 

additive concentration variations on calcine stick-point and 

melting point, melt sulfate retention, and melt homogeneity. 

Combinations of additives varying '15% from feed specifications 

were tested. In this range, variations in stick-point and melt- 

ing point were less than 50 OC from the original feed values. 
Melts were lumpy when first formed, but homogeneous after 

3 0  minutes at 9 5 0  OC. After adding NaP03, as would be done in 

melter operation, the melts became fluid and homogeneous at 

8 5 0  OC. Sulfate evolution was doubled by additive variations 

of 1 5 % .  Variations in additive within 5 %  did not affect sulfate 

evolution. (18) 

P R O D U C T  S O L U B I L I T Y  

Product (i.e., the solidified waste) leach tests are 

planned as part of the evaluation of the WSEP runs. In order 

to predict the solubility of future radioactive products, leach 
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F I G U R E  9 .  E f f e c t  o f  Time and M e l t  T e m p e r a t u r e  
on S u l f a t e  R e t e n t i o n  



rates were obtained on both PW-1 and PW-2 nonradioactive solid 

samples. The PW-1 composition was the same as used in DVT run 
CSCM-8, and the PW-2 composition was the same as tested in runs 

CSCM-7, 9, and C. The leach apparatus and procedure used was 

similar to that described by Paige. (19) 

In these tests, 500 ml of distilled water was continuously 

circulated over a button-shaped, annealed melt sample at a 

rate of 250 ml/min by means of an air-lift circulator. The 
leach water was maintained at 24 OC and was sampled and changed 

once a week. Water samples were analyzed for sodium, and 

leach rates were calculated on this basis. 

Leach rates obtained for the two samples are plotted in 

Figure 10. The results indicate that a leaching period of 

greater than 8 weeks is needed to obtain a constant leach rate. 

The sulfate-bearing PW-2 melt was about 10 times as soluble as 

PW-1. (20) 

No specific product solubility criteria have been set up 

for WSEP solid product, so the leach rates obtained in the 

tests described above will probably serve as a standard of 

comparison for future spray solidification product solubilities. 

M E L T  C O R R O S I O N  T E S T S  

Laboratory corrosion tests with PW-1 and PW-2 melts were 

carried out as part of the feed composition development. (21) 

The test objectives were to determine the best materials for 

storage pot construction and to define the temperature limits 

to which the pots may be heated. A secondary objective was to 

find, if possible, a material cheaper than platinum which 

could be used for continuous melter construction. 

The data summarized in Table 4 show that both 310 and 304-L 

SS are acceptable materials for PW-1 storage. Carbon steel, 

with PW-1, should not be ruled out, however, if batch filling 

of pots is considered. In this case, the pot furnace could be 
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T A B L E  4 .  PW-1 and PW-2 Mel t  Corros ion  T e s t s  

PW-1 blelts 

Exposure 
Melt Additives* M+/P - -  Test Material Temp., " C  

l.74M - Poi3? O.5M - Li, 0.5N - Na 2.6 310 SS 900 

1 ,  !! ,, 2.6 310 SS 950 

2.04hl - Poi3? 0.9M - Na 2.3 AISI 1020 1000 
(carbon steel) 

2.7 Hastelloy 6'' 1100 

2.7 Nickel 1100 

T I  2.7 Corronel 230@ 1100 

Pli- 2 blelts 

l.6lM - PO:, 1.17M - Li, 2.0 304-LSS 7 8 0 

1.27M - NaP03, 0.25M - Al, 0.6bl - Ca 

I v 1 )  11 I ,  I ,  2.0 3 0 4 - L S S  8 0 0 

, , , I p I ,  1 1  2.0 Corronel 230 900 

t t 1 1  1 1  t t  t t  2.0 Corronel 230 1000 

1 1  I I  11 1 1  I 7  2.0 Corronel 230 1100 

1 ,  1 1  I 1  ,! I 1  2.0 AISI 1020 700 
(carbon steel) 

t f  1 1  11 1 1  II 2.0 AISI 1020 900 

1 1  1 1  11 I 1  I t  2.0 AISI 1020 1000 

Corrosion 
Rate, mils/mo 

severe 

>3000 

> 3000 

severe pitting 

1 6  

6 7 

R 

~ a s t e l l o ~  G - U n i o n  C a r b i d e  C o r p o r a t i o n  
C o r r o n e l  230  - Henry W i g g i n s  and Co. 

@ R A  3 3 3  - R o l l e d  A l l o y s ,  I n c .  
* C o n c e n t r a t i o n s  b a s e d  on  3 7 8  Z i t e r s / t o n n e  U 



operated at much lower temperatures (possibly unheated) than 

that (900 OC for PW-1) required for pots filled by drip overflow 

from the melter. For PW-2 melt, all of the materials tested 

would be acceptable for storage pot constructions, but carbon 

steel is the most attractive because of its lower cost. Pot 

furnace temperatures required for PW-2 melt drip discharge 

filling are between 600 OC and 700 OC. 

None of the materials tested could be made into a con- 

tinuous melter for the PW-1 melts developed so far. The melter 

would have to be operated at - >I100 OC to provide a reasonable 
melting capacity. Corronel 230 and 50% Cr-50% Ni alloys could 

be used with PW-2 since the melter would be operated at a 

maximum temperature of 1000 OC and most of the time at 900 "C. 

None of the materials was adequate for operation with both 

melts. Further tests with other materials are in progress. 



DISCUSSION O F  D V T ' S  

The WSEP spray solidifier was tested in 10 nonradioactive 

DVT runs in the period between August 1965 and July 1966. Run 

data are summarized in Table 5. Three different feed types 

with a variety of phosphate melt forming additives were used. 

Simulated fission product distribution for 20,000 MWd/tonne 

fuel irradiated at 15 MW/tonne was included in feed for all but 

one of the runs. Feed was prepared by dissolving metal nitrates 

in dilute (<3M) - nitric acid. Precipitate-forming chemicals 

such as phosphoric and sulfuric acid were added last after the 

other chemicals had dissolved. 

It runs with PW-1, lithium and/or sodium along with phos- 

phoric acid were added to lower the calcine melting point 

sufficiently (<950 OC) so melt could be drained from the melter 

and fill the storage pots uniformly (see preceding section). 

PW-1 with equimolar sodium and lithium additives and phosphoric 

acid to give an M+/P of 2.6 produced a calcine with a melting 

point of 880 O C .  After this feed was successfully tested in 

run CSCM-8, this composition was chosen for the WSEP PW-1 

demonstration, with the spray solidifier. 

A PW-2 feed was successfully tested in DVT runs 7, 9, and 

C. Alkali metals were added to the liquid waste and solid 

sodium metaphosphate frit was added to the melter to lower the 

calcine melting point to 700 OC in order to hold the feed sulfate 

in the melt. Less than 4% of the sulfate was volatilized from 
the feed in these runs. This feed composition will be used for 

WSEP PW-2 demonstrations. In run CSCM-5, only phosphoric acid 

was added to PW-2 in order to observe the consequences of evolv- 

ing all the sulfate from the melter. Sufficient sulfate con- 

densed as sulfuric acid on the calciner filters and around the 

melter inlet to form thick, damp powder deposits at these points. 

Since these areas could not be heated above the condensation 

temperature of sulfuric acid (400 OC), it was obvious that most 





of t h e  s u l f a t e  had t o  be r e t a i n e d  i n  t h e  product  f o r  s u c c e s s f u l  

spray  s o l i d i f i e r  ope ra t i on .  

Ruthenium was added t o  PW-2 feed  i n  t h e  f i n a l  run.  About 

2/3 of t h e  ruthenium was v o l a t i l i z e d  t o  t h e  o f f - g a s  condensate .  

Fur ther  development i s  underway t o  p reven t  ruthenium contamina- 

t i o n  i n  t h e  p rocess  e f f l u e n t  s t reams .  

In  run CSCM-3, a  "design base" 1 W W  f eed  w i th  added phos- 

pho r i c  a c i d  was used f o r  t h e  f i r s t  DVT run wi th  t h e  m e l t e r .  

This waste i s  composed l a r g e l y  of f i s s i o n  produc ts  such a s  r a r e  

e a r t h s ,  zirconium, and molybdenum. A dense p r e c i p i t a t e  accumu- 

l a t e d  i n  t h e  bottom of t h e  m e l t e r  and could  n o t  be d ra ined  through 

the  me l t e r  v a l v e s .  The m a t e r i a l  was i d e n t i f i e d  a s  r a r e  e a r t h  

phosphates .  Fu r the r  t e s t i n g  wi th  t h i s  f eed  was d i s con t inued ,  

s i n c e  wastes  of t h i s  type were no t  t o  be run i n  t h e  WSEP u n t i l  

l a t e  i n  t h e  program. 

The c a l c i n e r  wa l l s  were heated t o  670-730 O C  i n  a l l  of t h e  

runs excep t  t h e  second. A t  t h e s e  t empera tures ,  d e s i r e d  f e e d  

r a t e s  of 1 5  t o  20  l i t e r s / h r  could e a s i l y  be mainta ined.  The 

c a l c i n e r  d ry ing  c a p a c i t y  was determined i n  t h i s  temperature  

range w i t h  wa te r ,  PW-1, and PW-2 f e e d s .  Drying c a p a c i t i e s  

were 42, 2 8 ,  and 2 1  l i t e r s / h r ,  r e s p e c t i v e l y .  An a r b i t r a r y  

d e f i n i t i o n  of drying c a p a c i t y  i s  t h e  l i q u i d  feed  r a t e  which 

g ives  a  minimum c a l c i n e r  i n t e r n a l  temperature  of 200 O C .  

When t h e  c a l c i n e r  w a l l  temperatures  were reduced t o  525-575 O C  

f o r  run CSC-2, t h e  d ry ing  c a p a c i t y  decreased  t o  1 0  l i t e r s / h r .  

The me l t e r  c a p a c i t y  a t  fu rnace  temperatures  of 1150-1200 O C  

exceeded 36 l i t e r s  of l i q u i d  f eed  t o  t h e  c a l c i n e r  p e r  hour wi th  

PW-1 f eed .  With fu rnace  temperatures  from 900-950 O C ,  t he  me l t e r  

capac i ty  was 17 l i t e r s / h r  f o r  PW-2. The o v e r a l l  c a p a c i t i e s  f o r  

t h e  spray  s o l i d i f i e r  were equ iva l en t  t o  p rocess ing  r a t e s  of 1 . 5  

and 0.83 tonne of uranium/day f o r  PW-1 and PW-2,respect ively .  



The c a l c i n e r  s p r a y  n o z z l e  per formance  was neve r  c o m p l e t e l y  

s a t i s f a c t o r y  i n  any of  t h e  r u n s .  Coarse s p r a y  d r o p l e t s  g e n e r a l l y  

e x i s t e d  i n  t h e  c e n t e r  c o r e  of  t h e  n o z z l e  s p r a y  p a t t e r n .  These 

d r o p l e t s  formed damp powder d e p o s i t s  on t h e  c a l c i n e r  w a l l s  and 

i n  t h e  c a l c i n e r  cone below t h e  n o z z l e .  O c c a s i o n a l l y ,  t h e s e  

d e p o s i t s  were heavy enough t o  p l u g  t h e  c a l c i n e r  o u t l e t  i n t o  t h e  

m e l t e r ,  u s u a l l y  making i t  n e c e s s a r y  t o  d i s c o n t i n u e  t h e  r u n  u n t i l  

t h e  d e p o s i t s  c o u l d  be manual ly  removed. 

The n o z z l e  used  f o r  t h e  D V T t s  was a  commerc ia l ly  produced 

t w o - f l u i d ,  e x t e r n a l - m i x  t y p e  i n  which s e p a r a t e  s t r e a m s  of  p r e s -  

s u r i z e d  a t o m i z i n g  g a s  and l i q u i d  f e e d  were mixed t o  form a  f i n e  

s p r a y  immedia te ly  a f t e r  e m i s s i o n  from t h e  n o z z l e .  T h i s  n o z z l e  

was chosen  a s  t h e  b e s t  of  a  group o f  commercial  e x t e r n a l - m i x  

n o z z l e s  t e s t e d  i n  t h e  deve lopmenta l  s p r a y  c a l c i n e r  a n d / o r  g i v e n  

q u a l i t a t i v e  v i s u a l  t e s t s  f o r  a t o m i z a t i o n .  

Atomizing a i r  produced a  f i n e r  q u a l i t y  ( s m a l l e r ,  more u n i -  

form d r o p l e t s )  s p r a y  t h a n  a t o m i z i n g  s t eam,  a l t h o u g h  n e i t h e r  g a s  

was a d e q u a t e .  Steam a t o m i z a t i o n  was improved by p r e - h e a t i n g  

t h e  s team t o  3 5 0  O C  and p a s s i n g  i t  th rough  a  mist e l i m i n a t o r  

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

Whenever f e e d  f l o w  t o  t h e  n o z z l e  was s t o p p e d ,  i t  was n e c e s -  
s a r y  t o  immedia te ly  f l u s h  t h e  n o z z l e  w i t h  w a t e r  t o  p r e v e n t  n o z z l e  

p luggage  w i t h  c a l c i n e d  f e e d .  P l u g s  c o u l d  u s u a l l y  be c l e a r e d  

w i t h  a  r emote ly  o p e r a t e d  n e e d l e  mounted on t o p  of  t h e  n o z z l e .  

I f  t h e  p l u g  was n o t  c l e a r e d  immedia te ly ,  however,  f u r t h e r  c a l -  

c i n a t i o n  u s u a l l y  made i t  i m p o s s i b l e  t o  c l e a n  w i t h o u t  removing 

t h e  n o z z l e  from t h e  t o p  of  t h e  c a l c i n e r  f o r  manual r o d d i n g .  

T e s t s  were made a f t e r  t h e  D V T 1 s  w i t h  i n t e r n a l - m i x  n o z z l e s  

(gas  and l i q u i d  s t r e a m s  mix j u s t  b e f o r e  l e a v i n g  t h e  n o z z l e  t o  

form t h e  s p r a y ) .  Performance of  t h i s  n o z z l e  t y p e  was good w i t h  

a i r  a t o m i z a t i o n ,  and t h i s  t y p e  was l a t e r  chosen  f o r  t h e  WSEP 

d e m o n s t r a t i o n s .  A s a f e t y  sys t em was a l s o  i n c o r p o r a t e d  i n t o  t h e  



f e e d  and a tomiz ing  g a s  l i n e s  t o  p r e v e n t  backup o f  r a d i o a c t i v e  

f e e d  i n t o  t h e  a tomiz ing  g a s  s u p p l y  l i n e  shou ld  t h e  n o z z l e  

become p lugged .  

A v e r t i c a l  f r e e - p i s t o n  a i r  v i b r a t o r  mounted on t o p  of  t h e  

c a l c i n e r  was a c t u a t e d  i n t e r m i t t e n t l y  t o  knock a d h e r e n t  powder 

from t h e  i n t e r n a l  w a l l s  i n t o  t h e  m e l t e r .  A s  long  a s  t h e  powder 

was d r y ,  t h e  v i b r a t o r  e f f e c t i v e l y  c l e a n e d  t h e  c a l c i n e r  b a r r e l  

w a l l s .  U s u a l l y  an e q u i l i b r i u m  powder t h i c k n e s s  of abou t  an 

i n c h  formed i n  t h e  c a l c i n e r  cone below t h e  f i l t e r s .  These 

d e p o s i t s ,  though h a r m l e s s ,  c o u l d  n o t  be removed w i t h  t h e  v i b r a -  

t o r .  The a n g l e  o f  r e p o s e  o f  t h e  d r y  powder was abou t  3 "  g r e a t e r  

t h a n  t h e  a n g l e  o f  t h e  cone .  

Wet powder d e p o s i t s  from p o o r l y  a tomized  f e e d  b u i l t  up t o  

g r e a t e r  t h a n  a n  i n c h  t h i c k  on t h e  i n n e r  w a l l s  of  t h e  c a l c i n e r .  

O c c a s i o n a l l y ,  t h e  d e p o s i t s  n e a r l y  b r i d g e d  a c r o s s  t h e  bot tom of  

t h e  b a r r e l  o r  p lugged o f f  t h e  i n l e t  t o  t h e  m e l t e r .  I n  t h e s e  

i n s t a n c e s ,  t h e  v i b r a t o r  was i n e f f e c t i v e  i n  removing t h e  powder.  

N e i t h e r  manual ly  o p e r a t e d  r o d s  n o r  a  m o t o r - d r i v e n  c h a i n  i n s e r t e d  

i n t o  t h e  c a l c i n e r  cone p r o v i d e d  a  r e l i a b l e  means of  p r e v e n t -  

i n g  d e p o s i t i o n  under  t h e s e  c o n d i t i o n s .  G e n e r a l l y  t h e  d e p o s i t s  

were removed manual ly  by s c r a p i n g  w i t h  r o d s  i n s e r t e d  th rough  

t h e  s p r a y  n o z z l e  p o r t  and t h e  d i a g o n a l  n o z z l e s  i n  t h e  s i d e s  o f  

t h e  c a l c i n e r  cone .  Thermal shock removal by s p r a y i n g  w a t e r  on 

t h e  h o t  i n t e r n a l  w a l l s  of  t h e  c a l c i n e r  d i d  n o t  c l e a n  t h e  w a l l s  

s u f f i c i e n t l y .  Fol lowing t h e  f i r s t  WSEP d e m o n s t r a t i o n  r u n ,  t h e  

c a l c i n e r  w a l l s  were s u c c e s s f u l l y  c l e a n e d  by ex tended  washing 

w i t h  d i l u t e  n i t r i c  a c i d  s p r a y e d  th rough  a  moveable n o z z l e  

i n s e r t e d  th rough  t h e  t o p  of  t h e  c a l c i n e r .  

Powder sometimes c o l l e c t e d  i n  t h e  c a l c i n e r  s e a l  p o t  and 

connec t ing  p i p e  when a d e q u a t e  vacuum was n o t  m a i n t a i n e d  i n  t h e  

c a l c i n e r  d u r i n g  f i l t e r  blowback. These d e p o s i t s  were e l i m i n a t e d  

by r educ ing  t h e  blowback p r e s s u r e ,  i n c r e a s i n g  t h e  w a t e r  s e a l  l e g  

from 25 t o  29  i n . ,  i n j e c t i n g  a  s t r e a m  o f  p r e - h e a t e d  ( 2 0 0  O C )  a i r  



t o  t h e  connect ing p i p e ,  adding a  b a f f l e  t o  t h e  p ipe  i n l e t ,  and 

adding a  smal l  d isengaging chamber between t h e  s e a l  po t  and i t s  

e f f l u e n t  p i p e .  

Powder de-entra inment  from t h e  c a l c i n e r  o f f - g a s  was e f f e c -  

t i v e l y  accomplished wi th  t h e  s i n t e r e d  s t a i n l e s s  s t e e l  f i l t e r s .  

P a r t i c u l a t e  de-entra inment  f a c t o r s  ranging from 56 t o  12,000 were 

achieved i n  t h e  runs .  The average va lue  was about 3000. Typical  

s t eady  s t a t e  f i l t e r  p r e s s u r e  drops  v a r i e d  from 5 t o  10 i n .  H20. 

When t h e  f i l t e r s  were wet ted w i t h  s u l f u r i c  a c i d  o r  by poor ly  

atomized feed  d r o p l e t s ,  however, t h e  p re s su re  drop inc rea sed  t o  

a s  high a s  2 5  i n .  H20. F i l t e r  p u l s e  blowback p r e s s u r e s  were 

l i m i t e d  t o  25-30 p s i g  t o  p reven t  p r e s s u r i z a t i o n  of t h e  c a l c i n e r .  

E i t h e r  a i r  o r  steam heated above 250 O C  served a s  an e f f e c t i v e  

blowback gas .  Attempts t o  remotely c l e a n  t he  f i l t e r s  i n  p l a c e  

were unsuccess fu l  dur ing  t h e  D V T ' s .  In  t h e  WSEP demons t ra t ions ,  

however, t h e  f i l t e r s  were s u c c e s s f u l l y  c leaned by extended p u l s e  

blowback wi th  unheated steam and n i t r i c  a c i d .  Extended p u l s e  

blowback wi th  1 0 0  p s i g  a i r ,  and water  spraying wi th  an i n t e r n a l l y -  

mounted s p r i n k l e r  p ipe  d i d  no t  remove app rec i ab l e  amounts of 

s c a l e .  The f i l t e r s  were removed from t h e  c a l c i n e r  and c leaned by 

soaking i n  co ld  n i t r i c  a c i d  fol lowing runs  5  and C .  

The m e l t e r  performance was g e n e r a l l y  s a t i s f a c t o r y .  Melt 

foaming was no t  encountered w i th  any of t h e  f eeds  t e s t e d .  S i n t e r e d  

powder format ions  around t h e  top of t h e  me l t e r  i n l e t  were e l i m i -  
na ted  by adding a  coo l ing  a i r  r i n g  on t h e  clamp jo in ing  t h e  me l t e r  

and t h e  c a l c i n e r .  The me l t e r  e x t e r n a l  weir  provided a  good vacuum 

s e a l  between me l t e r  and s t o r a g e  p o t ,  a l though mel t  would sometimes 

su rge  through t h e  weir  dur ing f i l t e r  blowback p r e s s u r i z a t i o n s .  A 

v e r t i c a l  r i b  welded i n s i d e  t h e  weir  t i p  s t r a i g h t e n e d  t h e  f low of 

m e l t ,  thereby preven t ing  s p a t t e r i n g  a g a i n s t  t he  wa l l  of t h e  r e c e i v e r  

p o t .  Melt d i scharged  smoothly through t h e  f r e e z e  va lve .  Once t he  

mel t  s t ream s t a r t e d ,  t h e  f low could  no t  be stopped by blowing 

coo l ing  a i r  on t h e  f r e e z e  va lve  l i n e r  o r  by r e g u l a t i n g  d i f f e r e n t i a l  

p r e s s u r e  between t h e  me l t e r  and r e c e i v e r .  The f r e e z e  va lve  and . 
weir  r e s i s t a n c e  h e a t e r s  worked o c c a s i o n a l l y ,  bu t  were unable  



t o  c o n s i s t e n t l y  p r o v i d e  t h e  h i g h  t e m p e r a t u r e s  (1000-1100 O C )  

n e c e s s a r y  f o r  m e l t  d i s c h a r g e .  The h e a t e r  e l emen t s  f a i l e d  

o f t e n  due t o  o v e r h e a t i n g .  I f  t h e  p r e s s u r e  d i f f e r e n t i a l  between 

m e l t e r  and r e c e i v e r  was n o t  n e a r l y  e q u a l i z e d  when t h e  m e l t e r  

l i q u i d  l e v e l  w a s  low, a i r  back- spa rged  th rough  t h e  w e i r  c a u s i n g  

m e l t  s p a t t e r i n g  which c o u l d  p l u g  t h e  m e l t e r  i n l e t  n o z z l e s  w i t h  

s o l i d i f i e d  m e l t .  

L iqu id  l e v e l  i n  t h e  m e l t e r  was b e s t  de te rmined  by v i s u a l  

o b s e r v a t i o n  th rough  t h e  window i n  t h e  t o p  of  t h e  v e s s e l  and by 

i n t e r n a l  m e l t e r  t e m p e r a t u r e  r e a d i n g s .  The view th rough  t h e  

window u s u a l l y  was p a r t i a l l y  o r  t o t a l l y  obscured  a f t e r  s e v e r a l  

hours  of  o p e r a t i o n  when s i n t e r e d  c a l c i n e  s t u c k  t o  t h e  g l a s s .  

The window c o u l d  be changed e a s i l y  be remote m a n i p u l a t i o n .  A 

microwave p u l s e  r e f l e c t o m e t e r  probe  was t e s t e d  f o r  m e l t  l e v e l  

d e t e c t i o n  i n  s e v e r a l  r u n s  and a t  f i r s t  worked s a t i s f a c t o r i l y .  

E v e n t u a l l y  t h e  ce ramic  i n s u l a t o r s  i n  t h e  p robe  were d i s s o l v e d  

by t h e  m e l t  however,  and e r r a t i c  r e a d i n g s  were o b t a i n e d  a f t e r -  

wards.  With d e s i g n  changes and f u r t h e r  development ,  t h i s  

i n s t r u m e n t  c o u l d  become a  r e l i a b l e  measur ing  d e v i c e .  

When t h e  PW-2 f e e d  was r u n  i n  t h e  s o l i d i f i e r ,  s o l i d  sodium 

metaphosphate  f l u x  was added t o  t h e  m e l t e r .  A temporary  i n s t a l -  

l a t i o n  w i t h  a  m o d i f i e d  v i b r a t i n g  t r o u g h  f e e d e r  which d i s c h a r g e d  

t h e  s o l i d s  i n  b a t c h e s  c o u l d  n o t  be s e a l e d  t o  p r e v e n t  e x c e s s i v e  

a i r  i n - l e a k a g e  i n t o  t h e  s o l i d i f i e r  o f f - g a s  sys tem.  I n  a d d i t i o n ,  

t h e  s o l i d s  r a t e  c o u l d  n o t  be  c o n t r o l l e d  a c c u r a t e l y  and t h e  o u t -  

l e t  p i p e  t o  t h e  m e l t e r  p lugged w i t h  s o l i d s .  During t h e  WSEP 

d e m o n s t r a t i o n ,  t e s t s  made w i t h  a  d o u b l e - v a l v e  a i r  l o c k  f e e d e r  

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

proved s u c c e s s f u l .  

The i n s i d e  o f  t h e  m e l t e r  was bad ly  c o r r o d e d  f o l l o w i n g  r u n  

CSCM-8. S e v e r a l  c r a c k s  and p i t t e d  a r e a s  were l o c a t e d  i n  t h e  

bot tom h a l f  of  t h e  v e s s e l .  A n a l y s i s  i n d i c a t e d  t h e y  were caused  

by phosphorous  a l l o y i n g  w i t h  t h e  p l a t i n u m  under  l o c a l l y  r e d u c i n g  



cond i t i ons .  These cond i t i ons  were p r e s e n t  when a  s t a i n l e s s  

s t e e l  cha in  f e l l  i n t o  t h e  me l t e r  and was d i s so lved  i n  run CSCM-3. 

The a l l o y i n g  a c t i o n  corroded and e m b r i t t l e d  t h e  pla t inum.  A l l  

of t h e  m e l t e r  excep t  t h e  top  l i d  was rep laced  wi th  a  new v e s s e l  

made of unal loyed pla t inum,  a l though  the  composit ion of t h e  o l d  

me l t e r  (p la t inum -0.5% rhodium) d i d  n o t  c o n t r i b u t e  t o  i t s  f a i l u r e .  
-- - 

Melt samples were t aken  remotely by removing t h e  sample 

chamber window and i n s e r t i n g  a  sample cup under t he  d i s cha rg ing  

mel t  s t ream.  Samples could be t aken  wi th  t h e  b u i l t - i n  sampling 

dev i ce ,  b u t  it was d i f f i c u l t  t o  i n s e r t  w i th  a  manipu la tor .  An 

a d j u s t a b l e  m i r r o r  f o r  viewing i n t o  t h e  c o l l e c t i o n  po t  was mounted 

i n  t h e  sample chamber. The m i r r o r  was soon c louded,  however, by 

mel t  which c o l l e c t e d  on t h e  m i r r o r  s u r f a c e .  Air-purging f a i l e d  

t o  keep t h e  mi r ro r  c l ean .  

The r e s u l t s  of t h e  DVT1s showed t h a t  PW-1 and PW-2 me l t s  

could  be c o l l e c t e d  i n  304-L SS and carbon s t e e l  p o t s ,  r e spec -  

t i v e l y ,  wi thout  f e a r  of exces s ive  po t  co r ros ion .  Maximum 

a l lowable  po t  w a l l  temperatures  f o r  s h o r t  t ime pe r iods  were 

950 O C  f o r  304-L S S  and 7 0 0 - 7 2 5  O C  f o r  carbon s t e e l .  A t  t h e s e  

t empera tures ,  t h e  p o t s  could be f i l l e d  evenly by i n t e r m i t t e n t  

d r i p  d i s cha rge  from t h e  me l t e r  we i r .  The "slump po in t s1 '  of 

t h e  b e s t  PW-1 and PW-2 mel t s  were $50-100 O C  below t h e s e  tempera- 

t u r e s .  Melt s t a l a g m i t e s  formed on t h e  po t  wa l l s  i n  e a r l y  runs  

w i th  high mel t ing  p o i n t  (>950 ' 6 )  f eeds .  Using lower mel t ing  p o i n t  

f eeds  i n  l a t e r  runs  and d i r e c t i n g  t h e  weir  f low t o  t h e  c e n t e r  of 

t h e  s t o r a g e  po t  c o r r e c t e d  t h i s  problem. The po t  s o l i d s  l e v e l  was 

determined approximately by observing t h e  i n d i v i d u a l  zone c e n t e r -  

l i n e  t empera tures .  

Both i nduc t ion  and r e s i s t a n c e  fu rnaces  were t e s t e d  on t h e  

c a l c i n e r  and mel t  r e c e i v e r .  Ne i ther  fu rnace  o f f e r e d  any p a r -  

t i c u l a r  advantage over t h e  o t h e r ,  and both performed s a t i s f a c t o -  

r i l y .  Res i s tance  fu rnaces  were des igned f o r  t h e  spray  s o l i d i f i e r  

i n  t h e  WSEP. The induc t ion  fu rnace  i s  designed and used f o r  t he  . 
po t  c a l c i n e r  and t h e  phosphate g l a s s  s o l i d i f i e r  i n  WSEP. 



The m e l t e r  r e s i s t a n c e  f u r n a c e  per formed w e l l  a t  t e m p e r a t u r e s  

up t o  1200 O C .  Furnace  h e a t  l o s s  a t  1200 O C  was 8 kW and t h e  

normal m e l t i n g  h e a t  l o a d  was a b o u t  2 kW. A l l  of t h e  f u r n a c e  

c o n t r o l s  were s a t i s f a c t o r y .  

A i r  i n - l e a k a g e  i n t o  t h e  s o l i d i f i e r  sys tem v a r i e d  from 1 t o  

11 scfm d u r i n g  t h e  r u n s .  B e s t  o p e r a t i n g  c o n d i t i o n s  were o b t a i n e d  

w i t h  < 5  scfm of  a i r  l e a k a g e .  Most of  t h e  a i r  e n t e r e d  t h r o u g h  

l e a k s  a round t h e  m e l t e r  sample chamber and th rough  t h e  m e l t e r  

s o l i d s  f e e d e r ,  when i t  was u s e d .  When i n - l e a k a g e  exceeded 

about  8 scfm, t h e  v e n t  sys t em c o u l d  n o t  m a i n t a i n  a  n e g a t i v e  

p r e s s u r e  on t h e  c a l c i n e r  d u r i n g  f i l t e r  blowback. 

Spray  s o l i d i f i e r  c o n d e n s a t e  was u s u a l l y  c o l l e c t e d  i n  t h e  

e v a p o r a t o r  (TK-113). I n  t h r e e  r u n s ,  t h e  e v a p o r a t o r  and n i t r i c  

a c i d  f r a c t i o n a t o r  (TK-115) were b o i l e d  t o  c o n c e n t r a t e  t h e  a c i d  

c o n d e n s a t e .  Evapora to r  a c i d  bot toms were m a i n t a i n e d  between 

5-8M, w h i l e  t h e  overheads  were c o n c e n t r a t e d  t o  8M n i t r i c  a c i d  - - 
i n  t h e  f r a c t i o n a t o r .  I n  a  s e p a r a t e  t e s t  w i t h  0.1M - n i t r i c  a c i d ,  

t h e  b o i l u p  c a p a c i t i e s  of t h e  e v a p o r a t o r  and f r a c t i o n a t o r  were 

de te rmined  a s  430 and  270 l i t e r s / h r ,  r e s p e c t i v e l y .  
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I APPENDIX - DETAILED RUN SUMMARIES 
1 
I 

I Ten s p r a y  s o l i d i f i c a t i o n  r u n s  were made w i t h  t h e  WSEP s p r a y  
I 

I s o l i d i f i e r  equipment .  For t h e  f i r s t  seven  r u n s ,  t h e  equipment 
I was l o c a t e d  i n  t h e  c o l d  semiworks canyon of  t h e  321 B u i l d i n g  a t  
I 

I t h e  P a c i f i c  Northwest  L a b o r a t o r y .  M a s t e r - s l a v e  m a n i p u l a t o r s  f o r  
I 

I s e r v i c i n g  t h e  equipment  r a c k s  were i n s e r t e d  th rough  t h e  w a l l s  
I 

I o f  a  c e n t r a l  c o n t r o l  room i n t o  t h e  canyon t o  s i m u l a t e  t h e  
I 

I equipment a r rangement  t o  be i n s t a l l e d  i n  t h e  h o t  c e l l .  Con tac t  
I 
I 

maintenance  was p o s s i b l e  by p e r s o n n e l  e n t r a n c e  t o  t h e  canyon. 

The equipment  was l a t e r  moved t o  i t s  permanent  l o c a t i o n  i n  

B-Ce l l  i n  324 B u i l d i n g  f o r  t h e  f i n a l  t h r e e  n o n r a d i o a c t i v e  r u n s .  

Fol lowing a r e  d e t a i l e d  summaries of  e a c h  s p r a y  s o l i d i f i e r  

DVT r u n .  

R U N  C S C - 1  

CSC-1 ( d e s i g n a t i n g  "cold"  s p r a y  c a l c i n e r ,  r u n  number one)  

was c a r r i e d  o u t  i n  a  1 2  h r  r u n  t o  check o u t  t h e  equipment 

o p e r a b i l i t y  and t e s t  o p e r a t i n g  p r o c e d u r e s .  The m e l t e r  had n o t  

a r r i v e d  from t h e  m a n u f a c t u r e r ,  s o  an a d a p t o r  made from 6 i n .  

s t a i n l e s s  s t e e l  p i p e  was used  t o  connec t  t h e  bottom c a l c i n e r  

o u t l e t  t o  t h e  r e c e i v e r  p o t .  Seventy  l i t e r s  (45 kg) of  c a l c i n e d  

f e e d  were c o l l e c t e d  i n  t h e  8 i n .  p r o d u c t  p o t .  

The c a l c i n e r  t h r e e - z o n e  r e s i s t a n c e  f u r n a c e  was n o t  y e t  

a v a i l a b l e ,  s o  a  t h r e e - z o n e  i n d u c t i o n  h e a t e r  was f a b r i c a t e d  

l o c a l l y  f o r  temporary  u s e .  F i g u r e  11 p i c t u r e s  t h e  s p r a y  c a l -  

c i n e r  equipment a s  i t  appea red  f o r  b o t h  r u n s  CSC-l and 2 .  To 

t h e  r i g h t  of  t h e  i n d u c t i o n - h e a t e d  c a l c i n e r  b a r r e l  a r e  t h e  c a l -  

c i n e r  s e a l  p o t ,  t h e  i n s u l a t e d  o f f - g a s  l i n e ,  and t h e  p l a s t i c -  

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

The s p r a y  s o l i d i f i e r  was connec ted  t o  t h e  a u x i l i a r y  t a n k s  

a s  shown s c h e m a t i c a l l y  i n  F i g u r e  1 2 .  N e i t h e r  t h e  e v a p o r a t o r  

(TK-113) n o r  t h e  f r a c t i o n a t o r  (TK-115) was h e a t e d  d u r i n g  t h e  

r u n .  Condensate  was c o l l e c t e d  i n  TK-117, which a l s o  s e r v e d  a s  
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a  v e n t  f o r  t h e  c a l c i n e r  s e a l  p o t .  Non-condens ib le  g a s e s  were 

r o u t e d  t h r o u g h  t h e  v e n t  sys t em t o  t h e  s c r u b b e r  (TK-118) where 

t h e y  were c o n t a c t e d  w i t h  1 M  c a u s t i c .  - 

S i m u l a t e d  303 l i t e r s / t o n n e  U PW-1 w i t h o u t  a d d i t i v e s  was 

d r i e d  i n  t h e  c a l c i n e r ,  o p e r a t e d  a t  710 O C .  Feed r a t e  a v e r a g e d  

21.6 l i t e r s / h r .  Atomizing s team f l o w  r a t e  t o  t h e  s p r a y  n o z z l e  

was 14  kg /h r  a t  a  p r e s s u r e  of  60 p s i g .  

The c a l c i n e r  f i l t e r  p r e s s u r e  d r o p  remained q u i t e  low 

( 2 . 7  i n .  o f  H20) t h r o u g h o u t  t h e  r u n .  The c a l c i n e r  was p r e s s u r i z e d  

t o  4  i n .  H20 d u r i n g  f i l t e r  blowback w i t h  a  s team p r e s s u r e  of  

40 p s i g .  The p r e s s u r i z a t i o n  d e c r e a s e d  t h e  w a t e r  l e v e l  i n  t h e  

c a l c i n e r  s e a l  p o t  from 1 3  t o  7 i n c h e s .  With t h e  lower  s e a l ,  

c a l c i n e  was blown i n t o  t h e  s e a l  p o t  d u r i n g  blowback. 

The h e a t e r  on t h e  c a l c i n e r  o f f - g a s  l i n e  was t u r n e d  o f f  

j u s t  b e f o r e  t h e  f e e d  was s t a r t e d  s i n c e  t h e  l i n e  t e m p e r a t u r e  had 

r e a c h e d  210 O C  w h i l e  s p r a y i n g  w a t e r  th rough  t h e  f e e d  n o z z l e .  

O f f - g a s e s  e n t e r i n g  t h e  p r i m a r y  condense r  (E-111) r e a c h e d  250 O C  

w h i l e  f e e d  was on d u r i n g  t h e  run .  The e v a p o r a t o r  t a n k  accumu- 

l a t e d  15  l i t e r s  of  l i q u i d  d u r i n g  t h e  r u n ,  i n d i c a t i n g  t h a t  some 

o f  t h e  o f f - g a s  was n o t  condensed i n  E-111. 

The s i x - z o n e  i n d u c t i o n - h e a t e d  p o t  f u r n a c e  was h e l d  a t  500 O C  

w h i l e  t h e  p o t  was f i l l e d  w i t h  powder. Powder l e v e l  was d e t e r -  

mined by blowing a i r  on t h e  p o t  w a l l  a t  a  r a t e  of 50 cfm. 

Po t  c e n t e r l i n e  t e m p e r a t u r e s  i n  zones f u l l  o f  powder would 

d e c r e a s e  o n l y  ~ 1 0  OC/hr, w h i l e  t e m p e r a t u r e s  i n  empty zones would 

d e c r e a s e  a t  a r a t e  o f  150 OC/hr. 

Fol lowing t h e  r u n ,  c a l c i n e  d e p o s i t s  on t h e  c a l c i n e r  b a r r e l  

w a l l  and i n  t h e  cone  s e c t i o n  under  t h e  b a r r e l  were found .  A 

1 / 8  i n .  t h i c k  c o a t i n g  of powder cove red  one s i d e  of  t h e  lower  

h a l f  of  t h e  b a r r e l  w a l l .  A t h i c k  d e p o s i t  was l o c a t e d  on one 

s i d e  o f  t h e  cone .  The d e p o s i t s  were removed manual ly  w i t h  a 

s c r a p e r  and a  w i r e  b r u s h ,  s i n c e  t h e  pneumat ic  hammer on t o p  o f  



t h e  c a l c i n e r  would n o t  l o o s e n  t h e  powder. Poor  a t o m i z a t i o n  of 

t h e  f e e d - f o r m i n g ,  c o a r s e  d r o p l e t s  caused  t h e  i n t e r n a l  d e p o s i t i o n .  

The s p r a y  n o z z l e  was removed from t h e  c a l c i n e r  and t e s t e d  w i t h  

a i r  and w a t e r  f o r  a  v i s u a l  check  of  a t o m i z a t i o n  q u a l i t y .  The 

s p r a y  p a t t e r n  looked s a t i s f a c t o r y  e x c e p t  f o r  a  s l i g h t  p u l s e  i n  

s p r a y  f low which o c c u r r e d  once e v e r y  30 seconds .  The v i s u a l  

check i s  o n l y  a  q u a l i t a t i v e  check  of a t o m i z a t i o n ,  b u t  i t  d o e s  

show g r o s s  d e f i c i e n c i e s .  

The s e a l  p o t  was removed and i n s p e c t e d  f o r  powder d e p o s i t s .  

The s e a l  p o t  i n l e t  from t h e  c a l c i n e r  c o n t a i n e d  a  3/16 i n .  t h i c k  

c o a t i n g  of  powder, and powder w a s  mixed w i t h  t h e  w a t e r  i n  t h e  

p o t .  

Powder c o l l e c t e d  i n  t h e  s t o r a g e  p o t  was d a r k  brown and 

had a  f i n e  t e x t u r e  e x o e p t  f o r  a  few lumps of  l e s s  t h a n  1 / 2  i n .  

d i a m e t e r .  Two hundred and s i x t y - f i v e  l i t e r s  of  303 l i t e r s /  

tonne  U f e e d  produced 70 l i t e r s  o f  c a l c i n e ,  g i v i n g  a  volume 

r e d u c t i o n  f a c t o r  o f  3 .8 .  

R U N  C S C - 2  

CSC-2 was r u n  t o  t e s t  a  PW-2 f e e d  c o n t a i n i n g  sodium, l i t h -  

ium, aluminum, and  p h o s p h o r i c  a c i d  m e l t - f o r m i n g  a d d i t i v e s ,  and 

t o  c o n t i n u e  development  of  equipment  o p e r a t i n g  t e c h n i q u e s .  

Spray  s o l i d i f i e r  equipment  a r rangement  was t h e  same a s  CSC-1. 

Again,  w i t h  no m e l t e r  a v a i l a b l e ,  powder was c o l l e c t e d  i n  an  8  i n .  

d i a m e t e r  s t o r a g e  p o t .  The a u x i l i a r y  t a n k s  and o f f - g a s  sys tem 

were o p e r a t e d  a s  shown i n  F i g u r e  1 3 ,  w i t h  t h e  c a l c i n e r  c o n d e n s a t e  

c o l l e c t e d  and c o n c e n t r a t e d  i n  t h e  e v a p o r a t o r  (TK-113), and 

t h e  e v a p o r a t o r  c o n d e n s a t e  c o n c e n t r a t e d  i n  t h e  a c i d  f r a c t i o n a t o r  

(TK-115). 

The f e e d  t e s t e d  was found t o  m e l t  a t  700 O C  and have a  

650 O C  s t i c k - p o i n t ,  s o  t h e  c a l c i n e r  f u r n a c e s  were h e a t e d  t o  

550 O C .  An i n i t i a l  f e e d  r a t e  o f  15 l i t e r s / h r  was r educed  t o  

1 0  l i t e r s / h r  t o  m a i n t a i n  a l l  c a l c i n e r  i n t e r n a l  t e m p e r a t u r e s  

above 200 O C  d u r i n g  t h e  13 h r  run .  S h o r t l y  a f t e r  t h e  r u n  





s t a r t e d ,  t h e  fu rnace  temperatures  i n  t h e  top  two zones of t h e  

c a l c i n e r  were reduced t o  525 O C  and t h e  bottom zone temperature  

was r a i s e d  t o  575 O C  t o  g ive  a  more uniform p r o f i l e  of i n t e r n a l  

t empera tures .  

About 2 h r  a f t e r  t h e  run  s t a r t e d ,  t h e  f eed  nozz le  plugged 

and had t o  be removed t o  be c leaned .  Plugging was a t t r i b u t e d  

t o  c a l c i n a t i o n  of f eed  i n  t h e  nozzle  l i q u i d  o r i f i c e  by t h e  

superheated steam (300 O C )  when t h e  f eed  r a t e  was reduced.  

The steam temperature  was reduced t o  200  O C  f o r  t h e  r e s t  of t h e  

run .  The nozzle  plugged twice  more dur ing  t h e  run bu t  was 

immediately unplugged by a c t u a t i o n  of t h e  nozz le  c leanout  

need le .  The atomizing steam p o r t s  i n  t h e  nozz le  plugged s h o r t l y  

a f t e r  t h e  nozzle  was r e - i n s t a l l e d  and t h e  nozz le  had t o  be 

removed aga in .  A whi te  powder, probably  s c a l e  from t h e  steam 

l i n e ,  was removed from t h e  nozz le  p o r t s .  

Wet powder was depos i t ed  on t he  i n t e r n a l  wa l l s  of  t h e  c a l -  

c i n e r  from t h e  beginning of t h e  run .  Sca l e  1 /4-3/4  i n .  t h i c k  

was scraped from t h e  wa l l s  whi le  t h e  spray  nozz le  was removed 

f o r  unplugging.  Near t h e  end of t h e  run ,  when t h e  s t o r a g e  po t  

powder l e v e l  had s topped i n c r e a s i n g ,  t h e  c a l c i n e r  was s h u t  down 

f o r  i n s p e c t i o n .  A l a r g e  accumulation of powder blocking t h e  

c a l c i n e r  o u t l e t  t o  t h e  s t o r a g e  po t  was sc raped  i n t o  t he  p o t .  

A f t e r  t he  run ,  v i s u a l  i n s p e c t i o n  i n  t h e  c a l c i n e r  r evea l ed  a  

coa t ing  of powder 1 /4  i n .  t h i c k  on t h e  b a r r e l  w a l l s  and a  

1 / 2  i n .  d e p o s i t  i n  t h e  cone s e c t i o n  under t he  b a r r e l .  The powder 

had been wet,  i n d i c a t i n g  poor spray  a tomiza t ion  q u a l i t y  and 

p o s s i b l y  excess ive  feed  r a t e .  Widely f l u c t u a t i n g  c a l c i n e r  

i n t e r n a l  temperature  read ings  dur ing t h e  run i n d i c a t e d  s c a l e  

format ion.  

Th i r t y -n ine  kg of f i n e  g ray  powder were produced from 138 

l i t e r s  of 863 l i t e r s / t o n n e  f eed .  About h a l f  of  t h i s  powder was 

removed from the  i n s i d e  of  t h e  c a l c i n e r  fo l lowing t h e  run.  

A f i l t e r  blowback p r e s s u r e  of 22 p s i g  kep t  t h e  f i l t e r  p r e s -  

s u r e  drop r e l a t i v e l y  low (3 i n .  H 2 0 ,  maximum) and prevented 



c a l c i n e r  p r e s s u r i z a t i o n  d u r i n g  t h e  blowback. The absence  o f  p r e s -  

s u r i z a t i o n  k e p t  powder from accumula t ing  i n  t h e  s e a l  p o t  a s  happened 

i n  CSC-1. A powder c o a t i n g  <1/16 i n .  t h i c k  was found on t h e  

f i l t e r s  f o l l o w i n g  t h e  r u n .  

The f e e d  n o z z l e  was removed and t e s t e d  w i t h  a i r  and w a t e r  

f o l l o w i n g  t h e  r u n .  The o u t s i d e  o f  t h e  n o z z l e  was covered  w i t h  

a  t h i n  c o a t i n g  o f  c a l c i n e ,  b u t  t h i s  d i d  n o t  a f f e c t  t h e  n o z z l e  p e r -  

formance.  The n o z z l e  f low p u l s e d  a t  5  t o  10 s e c / c y c l e  w i t h  f r e -  

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

P u l s i n g  ampl i tude  widened w i t h  i n c r e a s i n g  g a s  p r e s s u r e ,  b u t  

a t o m i z a t i o n  q u a l i t y  ( f i n e r  d r o p l e t s )  g e n e r a l l y  improved w i t h  

i n c r e a s i n g  g a s  p r e s s u r e  up t o  60 p s i g  ( p r e s s u r e  used  i n  t h e  r u n ) .  

I t  was concluded t h a t  poor  n o z z l e  performance was r e s p o n s i b l e  

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

The f e e d  pump consumed a n  e x c e s s i v e  amount o f  s e a l  w a t e r  

d u r i n g  t h e  r u n .  A f t e r  t h e  r u n ,  t h e  boron c a r b i d e  s e a l s  and t h e  

ca rbon  b e a r i n g s  were found t o  be b a d l y  worn. Both s e a l s  and 

b e a r i n g s  were r e p l a c e d  w i t h  new ones made o f  boron c a r b i d e .  

A n a l y s i s  of t h e  c a l c i n e r  condensa te  c o n c e n t r a t e d  i n  t h e  

e v a p o r a t o r  showed t h a t  g r e a t e r  t h a n  95% of t h e  f e e d  s u l f a t e  

was r e t a i n e d  i n  t h e  powder p r o d u c t .  

R U N  C S C M - 3  

Fol lowing CSC-2, t h e  m e l t e r  equipment was r e c e i v e d  and 

i n s t a l l e d  below t h e  c a l c i n e r .  The m e l t e r  f u r n a c e  was p r e p a r e d  

f o r  u s e  by h e a t i n g  i t  g r a d u a l l y  a c c o r d i n g  t o  a  s c h e d u l e  p r o -  

v i d e d  by t h e  m a n u f a c t u r e r .  The s c h e d u l e  used  t o  bake o u t  

m o i s t u r e  i n  t h e  f u r n a c e  i n s u l a t i o n  and c o a t  t h e  h e a t i n g  e l ement s  

w i t h  a  p r o t e c t i v e  o x i d e  f i l m  was a s  f o l l o w s :  240 O C  f o r  8  h r ,  

415 O C  f o r  6  h r ,  580 O C  f o r  4 .6  h r ,  720 O C  f o r  4  h r ,  870 O C  

f o r  4 h r ,  1010 O C  f o r  4  h r ,  and 1280 O C  f o r  2 . 3  h r .  

Run CSCM-3 ( c o l d  s p r a y  c a l c i n e r - m e l t e r )  was made t o  t e s t  

t h e  c a l c i n e r  and m e l t e r  equipment and f i l l  a  h e a t e d  m i l d  s t e e l  

s t o r a g e  p o t  w i t h  a  s i m u l a t e d  h i g h  f i s s i o n  p r o d u c t  Purex 1 W W  



melt .  A f t e r  3 3  h r  of i n t e r m i t t e n t  f eed ing ,  t h e  run ended when 

s l a g  i n  t h e  bottom of t h e  me l t e r  plugged both  t h e  weir  and t h e  

f r e e z e  v a l v e ,  and t h e  bottom of t h e  c a l c i n e r  b a r r e l  was found 

t o  be plugged wi th  wet c a l c i n e .  

The c a l c i n e r - m e l t e r  was connected t o  t h e  a u x i l i a r y  t anks  

a s  i n  CSC-2. In  t h i s  run ,  however, t h e  evapora tor  and f r a c t i o n -  

a t o r  were no t  b o i l i n g  a s  i n  CSC-2. Condensate was c o l l e c t e d  i n  

t h e  evapora tor .  

The average f eed  r a t e  f o r  t h e  run  (when f eed  was on) was 

16 .1  l i t e r s / h r  wi th  t h e  c a l c i n e r  fu rnaces  a t  7 0 0  O C .  Poor 

f eed  a tomiza t ion  caused t h e  format ion of wet c a l c i n e  d e p o s i t s  

i n  t h e  c a l c i n e r  cone,  even though a  new ex te rna l -mix  nozzle  was 

used.  Eventua l ly ,  c a l c i n e  b r idged  ac ros s  t h e  bottom 2 f e e t  of 

t h e  c a l c i n e r  b a r r e l .  The w a l l s  above t h e  plug were coated wi th  

<1/4  i n .  of powder, which i s  t h e  normal s t e a d y - s t a t e  t h i c k n e s s .  

Before t h e  run ,  a  motor-dr iven s t a i n l e s s  s t e e l  cha in  about 8  i n .  

long was i n s e r t e d  through a  p o r t  i n  t h e  s i d e  of t h e  c a l c i n e r  cone 

t o  remove d e p o s i t s  around t h e  c a l c i n e r  o u t l e t  t o  t h e  m e l t e r ,  

The cha in ,  dangl ing f r e e l y  i n t o  t he  c a l c i n e r  powder o u t l e t ,  

began r o t a t i n g  a t  about 50  rpm when t h e  motor was s t a r t e d  and 

knocked c a l c i n e  d e p o s i t s  i n t o  t h e  me l t e r .  The e f f e c t i v e n e s s  of 

t h e  cha in  could no t  be eva lua ted  s i n c e ,  a t  t h e  end of t h e  r u n ,  

i t  was miss ing.  No t r a c e  of t h e  cha in  was d i scovered  bu t  some- 

time dur ing t h e  run i t  disconnected from t h e  motor s h a f t  and 

f e l l  i n t o  t h e  m e l t e r  where i t  d i s so lved .  The presence of t h e  

metal  cha in  i n  t h e  mel t  s t a r t e d  t h e  co r ros ion  of t h e  pla t inum 

me l t e r  which e v e n t u a l l y  f a i l e d  i n  CSCM-8. 

A v e r t i c a l - o p e r a t i n g  f r e e - p i s t o n  a i r  v i b r a t o r  was i n s t a l l e d  

on t h e  t op  of t h e  c a l c i n e r  before  t h e  run t o  r e p l a c e  t h e  p i s t o n -  

d r iven  hammer. Ne i the r  t h e  a i r  v i b r a t o r  nor  t h e  hammer removed 

the  wet c a l c i n e  d e p o s i t s  bu t  t h e  v i b r a t o r  r equ i r ed  l e s s  space 

and opera ted  more r e l i a b l y  than  t h e  hammer. The hammer s h a f t  had 

o f t e n  broken i n  p rev ious  runs  wi th  t h e  developmental spray  c a l -  

c i n e r  . 



C a l c i n e r  f i l t e r  per formance  was e x c e l l e n t .  The f i l t e r  p r e s -  

s u r e  d rop  r eached  o n l y  5  i n .  H20. Blowback s team p r e s s u r e  was 

m a i n t a i n e d  a t  2 2  p s i g  e x c e p t  e a r l y  i n  t h e  r u n  when t h e  p r e s s u r e  

b u i l t  up t o  1 2 0  p s i g  because  t h e  p r e - h e a t e r  blowdown v a l v e  was 

c l o s e d .  An o f f - g a s  p a r t i c u l a t e  d e - e n t r a i n m e n t  f a c t o r  (DF) of  

1600 based  on sodium a n a l y s e s  o f  t h e  o f f - g a s  c o n d e n s a t e  was 

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

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

E a r l y  i n  t h e  r u n ,  i t  became a p p a r e n t  t n a t  t h e  f l u x  c o n t e n t  

o f  t h e  f e e d  was t o o  low s i n c e  t h e  c a l c i n e  m e l t e d  a t  1050 O C .  

F i v e  h o u r s  a f t e r  t h e  f e e d  was t u r n e d  on ,  m e l t  began t o  d r i p  

from t h e  m e l t e r  w e i r ,  b u t  i t  s t o p p e d  a lmos t  immedia te ly  when 

m e l t  i n  t h e  w e i r  t i p  f r o z e .  Hea t ing  t h e  w e i r  f u r n a c e  t o  1050 O C  

would n o t  open t h e  v a l v e .  For  most of t h e  r u n ,  m e l t  was d r a i n e d  

i n  b a t c h e s  of  1 . 5  l i t e r s  from t h e  f r e e z e  v a l v e .  Near t h e  end 

of  t h e  r u n ,  m e l t  cou ld  n o t  be  d i s c h a r g e d  from e i t h e r  v a l v e .  

The s p r a y  s o l i d i f i c a t i o n  equipment  was s h u t  down and t h e  m e l t e r  

was removed from t h e  f u r n a c e  t o  s h o r t e n  bo th  d i s c h a r g e  v a l v e s .  

The w e i r  was s h o r t e n e d  by 1 1 / 2  i n .  w h i l e  1 i n .  was c u t  f rom 

t h e  f r e e z e  v a l v e .  The m e l t e r  was r e - i n s t a l l e d ,  b u t  a f t e r  

p ro longed  h e a t i n g  a t  h i g h e r  t h a n  d e s i g n  t e m p e r a t u r e s  w i t h o u t  

m e l t  d i s c h a r g e ,  b o t h  w e i r  and f r e e z e  v a l v e  h e a t e r s  burned o u t .  

A f t e r  it was d i s c o n n e c t e d  from t h e  c a l c i n e r ,  t h e  m e l t e r  was 

r a i s e d  6  i n .  i n  t h e  f u r n a c e  t'o b r i n g  t h e  v a l v e s  i n t o  t h e  h e a t e d  

zone.  Melt  would n o t  d r a i n  by t h i s  means. By p r o b i n g  i n t o  

t h e  m e l t e r ,  i t  was found t h a t  t h e  m e l t  had formed two l a y e r s  

w i t h  a  v i s c o u s  l a y e r  on t h e  bot tom.  Nine kg of  sodium mono- 

b a s i c  phospha te  (NaH2P04'H20) were added t o  t h e  m e l t e r  o v e r  

a p e r i o d  o f  s e v e r a l  h o u r s  t o  d i s s o l v e  t h e  v i s c o u s  l a y e r ,  b u t  

w i t h  l i t t l e  s u c c e s s .  The m e l t e r  was e v e n t u a l l y  empt ied  by 

scoop ing  o u t  t h e  s l a g  w i t h  a  s t a i n l e s s  s t e e l  r o d .  The s l a g  

was i d e n t i f i e d  a s  r a r e  e a r t h  p h o s p h a t e .  

L i q u i d  l e v e l  i n  t h e  m e l t e r  was c o n t i n u o u s l y  moni to red  w i t h  

a  l i q u i d  l e v e l  p r o b e ,  c a l l e d  a  p u l s e  r e f l e c t o m e t e r ,  deve loped  



I 

by Dozer.  ( 2 2 )  The p robe  employs a  t e c h n i q u e  f o r  d e t e c t i n g  

impedance mismatches i n  r a d i o - f r e q u e n c y  t r a n s m i s s i o n  l i n e s .  I n  

t h i s  a p p l i c a t i o n ,  t h e  mismatch ( t h e  l i q u i d  l e v e l  r i s i n g  between 

two c o n c e n t r i c  p l a t i n u m  t u b e s  i n s e r t e d  i n  t h e  m e l t e r )  was 

l o c a t e d  by n o t i n g  t h e  p o s i t i o n  o f  a  d i s c o n t i n u i t y  i n  a  wave 

t r a c e  on an  o s c i l l o s c o p e  s c r e e n .  The wave was p ropaga ted  a l o n g  

t h e  i n n e r  p robe  by a  p u l s e  g e n e r a t o r  and t h e  d i s c o n t i n u i t y  was 

caused  when t h e  wave e n c o u n t e r e d  t h e  m e l t  l e v e l .  P a r t  of t h e  

wave was r e f l e c t e d  backward, t h e r e b y  d i s t o r t i n g  t h e  o r i g i n a l  

p u l s e  and showing a  d i s c o n t i n u i t y  on t h e  o s c i l l o s c o p e  t r a c e .  

The p robe  o p e r a t e d  r e l i a b l y  d u r i n g  t h e  r u n .  

The m i l d  s t e e l  m e l t  s t o r a g e  p o t  was h e a t e d  t o  400 O C  a t  

t h e  bot tom t o  p r e v e n t  c o r r o s i o n ,  and t o  700 O C  a t  t h e  t o p  t o  

slump t h e  m e l t  and f i l l  t h e  po t  e v e n l y .  These t e m p e r a t u r e s  

were t o o  low s i n c e  a  m e l t  s t a l a g m i t e  4  f t  l ong  b u i l t  up from t h e  

bot tom o f  t h e  p o t .  The o u t e r  w a l l  of  t h e  p o t  exposed t o  700 O C  

was o x i d i z e d ,  b u t  n o t  e x c e s s i v e l y .  F l a k e s  up t o  10 m i l s  t h i c k  

p e e l e d  o f f  t h e  o u t e r  w a l l  d u r i n g  t h e  50 h r  h e a t i n g  p e r i o d .  

Fol lowing t h e  r u n ,  s e v e r a l  e x t e r n a l - m i x  s p r a y  n o z z l e s  

were v i s u a l l y  compared f o r  a t o m i z a t i o n  q u a l i t y  w i t h  a i r  and 

w a t e r .  The p r o t o t y p e  s p r a y  n o z z l e  performed b e t t e r  t h a n  t h e  

o t h e r s  t e s t e d .  

Two 4 h r  c a l c i n e r  r u n s  (CSCM - 3 a  and 3b) were made t o  

compare t h e  per formance  o f  a i r  w i t h  s team a s  a t o m i z i n g  g a s .  The 

p r o t o t y p e  s p r a y  n o z z l e  was used  w i t h  a  nominal  f e e d  r a t e  of  15 

l i t e r s / h r .  Atomizing g a s  p r e s s u r e  was m a i n t a i n e d  a t  60 p s i g .  

A i r  a t o m i z a t i o n  l e f t  v i r t u a l l y  no powder d e p o s i t s  i n  t h e  c a l c i n e r ,  

w h i l e  a tomiz ing  s team c o a t e d  t h e  c a l c i n e r  b a r r e l  and d e p o s i t e d  

a  3 i n .  t h i c k  l a y e r  of  powder i n  t h e  cone under  t h e  b a r r e l .  I t  

was d e c i d e d  t o  u s e  a i r  a t o m i z a t i o n  f o r  f u t u r e  r u n s .  

I n s p e c t i o n  of t h e  f e e d  pump a f t e r  t h e  r u n  r e v e a l e d  t h a t  

t h e  boron c a r b i d e  b e a r i n g s  were b a d l y  ch ipped .  The c a u s e  o f  t h e  

damage was n o t  d i s c o v e r e d .  G r a p h i t e  b e a r i n g s  were i n s t a l l e d  

f o r  t e s t i n g  i n  t h e  pump. 



R U N  CSCM-4 

A i r  a t o m i z a t i o n  of PW-1 f e e d  was s u c c e s s f u l l y  t e s t e d  i n  

a  65 .5  h r  r u n .  S imula ted  PW-1 w a s t e  w i t h  added p h o s p h o r i c  

a c i d  t o  g i v e  M + / P  e q u a l  t o  1 . 8 6  was f e d  t o  t h e  s p r a y  s o l i d i f i e r  

a t  an  a v e r a g e  r a t e  of  16 l i t e r s / h r .  S o l i d i f i e r  o f f - g a s  was 

r o u t e d  a s  i n  CSCM-3, w i t h  c o n d e n s a t e  c o l l e c t i o n  i n  TK-113. 

N e i t h e r  TK-113 n o r  TK-115 was h e a t e d .  A i r - h e a t e d  t o  360 O C  

was used  a s  a t o m i z i n g  g a s  and proved t o  g i v e  b e t t e r  a t o m i z a t i o n  

q u a l i t y  t h a n  s team had i n  p r e v i o u s  r u n s .  A f t e r  t h e  r u n ,  t h e  

upper  3  f t  o f  t h e  c a l c i n e r  w a l l s  were e x c e s s i v e l y  c o a t e d  w i t h  a  

1 / 4  i n .  l a y e r  of  powder c o n t a i n i n g  many 1 / 2  i n .  d i a m e t e r  lumps. 

The bot tom h a l f  of  t h e  b a r r e l  and t h e  c a l c i n e r  cone had up t o  

1 / 8  i n .  t h i c k n e s s  of  powder.  A 2 i n .  t h i c k  r i n g  of  p a r t i a l l y  

m e l t e d  c a l c i n e  formed around t h e  m e l t e r  i n l e t  and o c c a s i o n a l l y  

h e l d  up powder i n  t h e  cone d u r i n g  t h e  r u n .  E x t e r n a l  c o o l i n g  

around t h i s  s e c t i o n  would p r o b a b l y  have e l i m i n a t e d  t h i s  

b u i l d u p  . 
C a l c i n e r  vacuum was m a i n t a i n e d  a t  on ly  6 - 8  i n .  H20 and ,  

d u r i n g  f i l t e r  blowback,  t h e  c a l c i n e r  p r e s s u r i z e d  up t o  2 i n .  

H 2 0  The a d d i t i o n a l  a i r  l o a d  from a i r  a t o m i z a t i o n  t a x e d  t h e  

c a p a c i t y  of  t h e  o f f - g a s  j e t  and made it i m p o s s i b l e  t o  m a i n t a i n  

a  n e g a t i v e  p r e s s u r e  i n  t h e  c a l c i n e r  d u r i n g  f i l t e r  blowback.  

These p r e s s u r i z a t i o n s  empt ied  t h e  s e a l  p o t  s e v e r a l  t i m e s  and 

blew c a l c i n e  i n t o  i t .  

The c a l c i n e r  f i l t e r  p r e s s u r e  d rop  remained low (5 i n .  H20) 

t h r o u g h o u t  t h e  r u n .  Examinat ion  of  t h e  f i l t e r s  f o l l o w i n g  t h e  

r u n ,  however ,  showed one f i l t e r  t o  be c o a t e d  w i t h  more t h a n  an  

i n c h  o f  damp powder. The o t h e r  14 f i l t e r s  were c o a t e d  w i t h  o n l y  

1 /16  t o  1 / 8  i n . t h i c k n e s s .  A few s m a l l  wet  c a l c i n e  s t a l a c t i t e s  hung 

down from t h e  bot tom of  t h e  f i l t e r  assembly .  A p p a r e n t l y ,  t h e  

f i l t e r s  c o o l e d  enough t o  promote c o n d e n s a t i o n  d u r i n g  t h e  r u n .  



The m e l t e r  fu rnace  was ope ra t ed  a t  1200 O C ,  wh i le  me l t  

t empera tu res  v a r i e d  between 875 and 1050 O C .  At tempts t o  thaw 

t h e  me l t  i n  t h e  f r e e z e  va lve  were u n s u c c e s s f u l ,  and t h e  f r e e z e  

v a l v e  fu rnace  burned o u t  when ope ra t ed  a t  t h e  exce s s ive  tempera-  

t u r e  of 1130 O C .  The me l t  p lug  a t  t h e  t i p  of t h e  f r e e z e  v a l v e  

d i d  n o t  s o f t e n ,  b u t  t h e  t empera tu re  a t  t h i s  l o c a t i o n  was an 

e s t i m a t e d  200 O C  c o o l e r  than  a t  t h e  thermocouple p o s i t i o n .  

Melt d i scharged  dropwise from t h e  we i r  a t  a  r a t e  of about  one 

l i t e r / h r .  

The mel t  f e l l  o f f - c e n t e r  and h i t  a g a i n s t  t h e  w a l l  o f  t h e  

304-L SS s t o r a g e  p o t  about  2 f t  from t h e  top  and e v e n t u a l l y  formed 

a  s o l i d  b r i d g e  from which a  s t a l a g m i t e  of  me l t  b u i l t  up.  

The p o t  f u rnace  t empera tu re  was i n c r e a s e d  from 800 t o  

975 O C ,  b u t  t h e  b r i d g e  would n o t  slump i n t o  t h e  bottom of t h e  

p o t .  S ince  on ly  a l t e r n a t e  p o t  zones ( 2 ,  4 ,  and 6 )  were d i r e c t l y  

hea t ed ,  t h e  p o t  w a l l  t empera tu re  where t h e  mel t  b r i dge  formed 

was only  725 t o  750 O C ,  o r  abou t  200 O C  below t h e  slump tempera-  

t u r e  of  t h e  me l t .  The p o t  was n o t  hea ted  h ighe r  i n  o rde r  t o  

p r even t  c o r r o s i o n .  Twice du r ing  t h e  r u n ,  t h e  p o t  was r o l l e d  

back from under t h e  m e l t e r  t o  b reak  down t h e  mel t  fo rmat ions  

manually.  Some of t h e  me l t  was chipped o u t ,  bu t  a  l a y e r  about  

4 i n .  t h i c k  was ext remely  ha rd  and could  n o t  be removed u n t i l  

a f t e r  t h e  run  when a  jackhammer was used .  While t h e  p o t  was 

moved from under t h e  m e l t e r ,  p roduc t  was caught  i n  600 m l  

s t a i n l e s s  s t e e l  beakers  he ld  under t h e  m e l t e r  w e i r .  About 8 0 %  

of t h e  193 kg of  mel t  produced was c o l l e c t e d  i n  t h e  beakers .  
2 

The mel t  was a  b lack  g l a s s  w i t h  a  d e n s i t y  of 3.15 g/cm . 
A p a r t i c u l a t e  de -en t ra inment  f a c t o r  of on ly  56 was achieved 

from f eed  t o  pr imary condensate .  Th i s  va lue  i s  a c c e p t a b l e  bu t  i s  

below t h e  DF1s d e s i r e d ,  and i s  below t h e  normal by a  f a c t o r  of 

about  50. The cause  of t h i s  low de-en t ra inment  i s  unknown. 



RUN C S C M - 5  

Run CSCM-5 was made t o  t e s t  t h e  s p r a y  s o l i d i f i e r  w i t h  

PW-2 f e e d  from which t h e  s u l f a t e  was t o  be v o l a t i l i z e d .  I n  

a d d i t i o n ,  t h e  a c t u a l  WSEP c a l c i n e r  r e s i s t a n c e  f u r n a c e  had been 

r e c e i v e d  and was u s e d .  An e x t e r n a l  c o o l i n g  r i n g  was i n s t a l l e d  

around t h e  m e l t e r  i n l e t  t o  p r e v e n t  an accumula t ion  of s i n t e r e d  

powder a t  t h i s  l o c a t i o n .  

S i m u l a t e d  PW-2 w i t h  added p h o s p h o r i c  a c i d  c o n c e n t r a t i o n  

t o  b r i n g  M*/P e q u a l  t o  1 . 8 1  was s p r a y e d  t o  t h e  c a l c i n e r  a t  an 

a v e r a g e  r a t e  of  1 8 . 6  l i t e r s / h r .  The f e e d  was a i r - a t o m i z e d  and 

t h e  c a l c i n e r  t h r e e - z o n e  r e s i s t a n c e  f u r n a c e  was h e a t e d  t o  730 O C .  

About 6  h r  a f t e r  t h e  r u n  s t a r t e d ,  t h e  f e e d  n o z z l e  p lugged 

momentar i ly  b u t  was c l e a r e d  w i t h  a  c l e a n - o u t  n e e d l e .  The 

n o z z l e  p lugged s e v e r a l  o t h e r  t i m e s  d u r i n g  t h e  r u n  and was 

unplugged e a c h  t ime  w i t h  t h e  c l e a n - o u t  n e e d l e .  Lowering t h e  

a t o m i z i n g  a i r  t e m p e r a t u r e  from 375 O C  t o  300 O C  and d e c r e a s -  

i n g  t h e  f e e d  t e m p e r a t u r e  from 67 O C  t o  45 O C  d i d  n o t  p r e v e n t  

t h e  p l u g s .  S i n c e  lower ing  t h e  n o z z l e  t e m p e r a t u r e  d i d  n o t  

p r e v e n t  p l u g g i n g ,  t h e  p l u g s  were l i k e l y  formed e x t e r n a l l y  on 

t h e  t i p  by e r r a t i c  s p r a y  p a t t e r n s  r a t h e r  t h a n  by c a l c i n a t i o n  

i n  t h e  t i p  of  t h e  n o z z l e  l i q u i d  o r i f i c e .  I n  f a c t ,  t h e  n o z z l e  

was c o a t e d  e x t e r n a l l y  w i t h  wet  c a l c i n e  a t  t h e  end of  t h e  r u n ,  

a l t h o u g h  b o t h  a i r  and l i q u i d  o r i f i c e s  were c l e a n .  

Condensate  c o l l e c t i o n  and o f f - g a s  s c r u b b i n g  was o p e r a t e d  a s  

i n  r u n s  2 t o  4 w i t h  TK-113 a s  t h e  condensa te  c a t c h  t a n k ,  and w i t h  

n e i t h e r  TK-113 n o r  TK-115 h e a t e d .  The e x t e r n a l  dome of t h e  

t i t a n i u m  condense r  (E-111) was c o o l e d  by r u n n i n g  c o l d  w a t e r  

o v e r  i t  a s  an added s a f e t y  measure t.o r educe  p o s s i b l e  c o r r o s i o n  

by t h e  s u l f a t e - b e a r i n g  o f f - g a s  e n t e r i n g  t h e  condense r  a t  175 t o  

190 O C .  The condense r  w a l l  t h i c k n e s s  was measured u l t r a s o n i c a l l y  



fol lowing t h e  run .  A gene ra l  5 m i l  i n c r e a s e  i n  wa l l  t h i cknes s  

s i n c e  run CSC-2 was noted i n d i c a t i n g  t h e  format ion of s c a l e .  

The c a l c i n e r  vacuum was mainta ined a t  a  nominal 1 0  i n .  

H 2 0  A vacuum of about 2 i n .  H20 was achieved dur ing  f i l t e r  

blowback gas h e a t e r  burned o u t  when t h e  c o n t r o l  temperature 

t r a n s m i t t e r  blew a  f u s e ,  a l lowing an uncon t ro l l ed  temperature  

r i s e  i n  t h e  h e a t e r .  The f i l t e r s  were blown back wi th  s a t u r a t e d  

steam f o r  2 h r  before  t he  h e a t e r  f a i l u r e  was d e t e c t e d .  Blow- 

back was resumed f o r  t h e  r e s t  of t h e  run wi th  unheated a i r .  

The f i l t e r  d i f f e r e n t i a l  p r e s s u r e  i nc rea sed  s t e a d i l y  from 5 

t o  1 0  i n .  H20 over an 18 h r  p e r i o d ,  then  i nc rea sed  sha rp ly  t o  

2 7 . 5  i n .  H20 i n  30 s e c .  I n t e r m i t t e n t  blowback wi th  40 p s i g  a i r  

i n  5  s e c  p u l s e s  reduced t h e  p re s su re  drop t o  5  i n .  H20 i n  about 

5 minutes .  I n  about 3 h r ,  t he  f i l t e r s  plugged aga in  and were 

blown down. This t ime,  though, t h e  run was d i scont inued  a f t e r  

21.5 h r  of f eed ing ,  s i n c e  t h e  c a l c i n e r  bottom o u t l e t  was plug-  

ged wi th  c a l c i n e .  The f i l t e r s  were almost  completely caked 

wi th  damp c a l c i n e  d e p o s i t s  up t o  an inch  t h i c k .  The damp 

d e p o s i t s  were i d e n t i f i e d  a s  condensed s u l f u r i c  a c i d  mixed wi th  

c a l c i n e .  The f i l t e r s  were removed from t h e  c a l c i n e r ,  and 

sprayed and soaked i n  co ld  water  f o r  s e v e r a l  hours fol lowing the  

run.  

During the  run ,  powder accumulated i n  t h e  c a l c i n e r  cone. 

I t  was necessary  t o  manually rod  t h e  powder i n t o  t h e  m e l t e r  t o  

p reven t  plugging of t h e  c a l c i n e r  o u t l e t .  Following t h e  run ,  

t h e  c a l c i n e r  b a r r e l  con ta ined  a  1 /8  i n .  coa t ing  of powder. The 

cone w a l l s  were covered w i th  damp c a l c i n e ,  and l a r g e  lumps of 

wet c a l c i n e  plugged t h e  c a l c i n e r  o u t l e t .  The cone d e p o s i t s ,  

l i k e  t h e  f i l t e r  d e p o s i t s ,  were caused by condensat ion of s u l -  

f u r i c  a c i d .  



The m e l t e r  fu rnace  was s t a r t e d  a t  1150 O C ,  bu t  when s i n t e r e d  

c a l c i n e  began forming on t h e  m e l t e r  w a l l s ,  t h e  temperature  

was i nc rea sed  t o  1 2 0 0  O C  t o  mel t  t h e  wal l  d e p o s i t s .  The mel t  

was q u i t e  f l u i d  and bubbled w i th  t h e  evolving s u l f a t e .  During 

f i l t e r  blowback, t h e  mel t  surged o u t  of t h e  weir  and t h e  s t ream 

l e f t  t h e  wei r  t i p  a t  an ang le  a l lowing mel t  t o  h i t  t h e  i n n e r  w a l l  

of  t h e  s t o r a g e  po t  a t  t h e  middle of t h e  top zone. The weir  t i p  

was beve l l ed  f a c i n g  inward. The mel t  g r adua l ly  formed s t a l a g -  

mi t e s  which grew up i n t o  t h e  m e l t e r  sample chamber. A l l  s i x  

zones of t h e  p o t  i nduc t ion  fu rnace  were heated t o  900 O C ,  s i n c e  

t h e  t h r e e  zones p rev ious ly  used on t h e  c a l c i n e r  fu rnace  were 

r ep l aced  by t h e  new r e s i s t a n c e  fu rnace .  The mel t  format ion on 

the  po t  w a l l  d i d  no t  slump down when t h e  po t  was heated t o  950 

O C .  Once, t h e  r e c e i v e r  was r o l l e d  back and a  s t a l a g m i t e  was 

l i f t e d  from t h e  p o t .  A t  ano ther  t ime,  a  s t a l a g m i t e  was knocked 

down by rodding through the  sample chamber window. When t h e  run 

was s topped,  t h e  p o t  con ta ined  about  1 2  l i t e r s  of  me l t .  The 

i n s i d e  wa l l  of t h e  p o t  i n  t h e  t o p  zone was corroded where mel t  

had h i t  throughout t h e  run.  Corros ion caused by exces s ive  me l t  

temperatures  i n  t h e  p o t ,  p e n e t r a t e d  1 /8  i n .  i n t o  t h e  w a l l  i n  

s p o t s .  This r a t e  g r e a t l y  exceeds t h a t  d e s i r e d  f o r  WSEP runs .  

I t  was necessary  t o  manually rod t h e  f r e e z e  va lve  t o  make 

i t  d i scharge  a t  t h e  end of t h e  run .  Although t h e  f r e e z e  va lve  

fu rnace  temperature  was 1090 O C .  t h e  va lve  t i p  temperature  was 

only  900 "C. 

The coo l ing  r i n g  a t  t h e  m e l t e r  i n l e t  prevented t h e  format ion 

of s i n t e r e d  c a l c i n e ,  b u t  wet powder c o l l e c t e d  on t h e  i n n e r  neck 

because of s u l f a t e  condensat ion.  Allowance f o r  thermal  expan- 

s i o n  of t h e  c a l c i n e r  was inadequate  s i n c e  the  me l t e r  top  was 

buckled about 1 /8  i n .  around t h e  me l t e r  neck. 



T h i s  r u n  v e r i f i e d  p r e v i o u s  c o n j e c t u r e  t h a t  s u l f a t e  must 

be r e t a i n e d  i n  t h e  p r o d u c t  n o t  o n l y  t o  p r e v e n t  c o r r o s i o n  b u t  

t o  p r e v e n t  i n t e r n a l  f o u l i n g  o f  t h e  c a l c i n e r .  

The c a l c i n e r  r e s i s t a n c e  f u r n a c e  r a n  smoothly ,  pe r fo rming  

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

RUN C S C M - 6  

PW-1 f e e d  w i t h  t h r e e  d i f f e r e n t  a d d i t i v e  c o n c e n t r a t i o n s  

was t e s t e d  i n  r u n  CSCM-6. The e f f e c t  on m e l t  v i s c o s i t y  by 

v a r y i n g  f e e d  M*/P was obse rved .  I n  a d d i t i o n ,  p o t  f i l l i n g  by 

con t inuous  d r i p  ove r f low and b a t c h  dumping th rough  t h e  modi- 

f i e d  m e l t e r  w e i r  was t e s t e d .  

Three f e e d  b a t c h e s  w i t h  added p h o s p h o r i c  a c i d  t o  g i v e  

M+/P ' s  of 2 . 1 ,  2 . 2 ,  and 2 . 4 ,  and added sodium c o n c e n t r a t i o n s  

o f  0.9M, - 0.83M, - and 0.9M, - r e s p e c t i v e l y ,  (378 l i t e r s / t o n n e  U 

b a s i s )  were s o l i d i f i e d  i n  a  66 1 / 4  h r  r u n .  I t  was found t h a t  

m e l t  v i s c o s i t y  i n c r e a s e d  w i t h  M + / P .  The f i r s t  f e e d  b a t c h  

(M+/P = 2.2)  was r u n  f o r  37  3 / 4  h r  and produced a  s l i g h t l y  

v i s c o u s  m e l t  a t  1100 ' C .  The second b a t c h  (M+/P ~ 2 . 4 )  was much 

more v i s c o u s  and a f t e r  9 .6  h r  i t  p lugged t h e  m e l t e r  w e i r .  

The w e i r  was unplugged by rodd ing  up i n t o  t h e  t i p .  Phosphor i c  

a c i d  added t o  t h e  second b a t c h  t o  a l t e r  t h e  M + / P  t o  2 . 1  p r o -  

duced a  f r e e - f l o w i n g  m e l t  f o r  t h e  b a l a n c e  of t h e  r u n .  An a v e r -  

age f e e d  r a t e  of  20.9 l i t e r s / h r  was a t t a i n e d  f o r  t h e  r u n .  The 

c a l c i n e r  d r y i n g  c a p a c i t y  was e s t a b l i s h e d  a t  2 8  l i t e r s / h r  o v e r  

a  s i x - h o u r  p e r i o d  w i t h  a  c a l c i n e r  f u r n a c e  t e m p e r a t u r e  of 700 " C .  

A t  t h i s  r a t e ,  t h e  s p r a y  s o l i d i f i e r  c o u l d  t r e a t  was te  g e n e r a t e d  

from a  1 .5  t o n n e s  o f  uranium/day f u e l s  r e p r o c e s s i n g  p l a n t .  

O c c a s i o n a l l y ,  s o l i d s  accumula ted  behind  t h e  f e e d  v a l v e  s tem 

caused  momentary f e e d  f low o s c i l l a t i o n s  when t h e  v a l v e  opened 

wide r  i n  a t t e m p t i n g  t o  m a i n t a i n  t h e  f low.  



Near t h e  end o f  t h e  r u n ,  t h e  c a l c i n e r  was p r e s s u r i z e d  from 

2 t o  4 i n .  H20 d u r i n g  f i l t e r  blowback w i t h  28 p s i g  s team.  The 

s e a l  p o t  was empt ied  by t h e  p r e s s u r i z a t i o n s  and c a l c i n e  n e a r l y  

s e a l e d  o f f  t h e  p o t  e n t r y  p i p e .  F i l t e r  p r e s s u r e  d r o p  remained 

r e l a t i v e l y  low a t  9  i n .  H Z O .  A f t e r  t h e  r u n ,  a l l  o f  t h e  f i l t e r s  

e x c e p t  one bank were c l e a n .  Dry powder had b r i d g e d  between t h e  

t h r e e  f i l t e r s  i n  t h e  bank. I t  appea red  t h a t  t h i s  bank had n o t  

been blown back .  The blowback s o l e n o i d  v a l v e  ma) have s t u c k  

s h u t .  

Before  t h e  r u n ,  t h e  b e v e l l e d  t i p  o f  t h e  m e l t e r  w e i r  was 

c u t  f a c i n g  away from t h e  r e c e i v e r  p o t  v e r t i c a l  c e n t e r l i n e .  I n  

p r e v i o u s  r u n s ,  w i t h  t h e  t i p  c u t  180" o p p o s i t e ,  m e l t  was thrown 

outwards  a g a i n s t  t h e  p o t  w a l l s  where s t a l a g m i t e s  were formed.  

The t i p  m o d i f i c a t i o n  d i r e c t e d  t h e  m e l t  f low towards  t h e  c e n t e r  

o f  t h e  p o t  s o  t h a t  no m e l t  d e p o s i t s  formed on t h e  p o t  w a l l .  

Melt  s p a t t e r e d  i n s i d e  t h e  w e i r  l i n e r ,  however,  and t h r e a t e n e d  

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

by manual rodd ing  and s c r a p i n g  t h r o u g h  t h e  sample chamber window. 

S p a t t e r i n g  was most p r e v a l e n t  d u r i n g  b a t c h  dumpings o r  when v i s -  

cous m e l t  was d i s c h a r g e d  d ropwise .  F i l t e r  blowback caused  m e l t  

s u r g e s  and s p a t t e r i n g  from t h e  w e i r .  During t h e  r u n ,  t h e  w e i r  

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

a  jagged h o l e  a b o u t  5  i n .  long  i n  t h e  l i n e r .  The f u r n a c e  blew 

f u s e s  p e r i o d i c a l l y  b u t  c o n t i n u e d  o p e r a t i n g  th roughou t  t h e  r u n .  

The f r e e z e  v a l v e  f u r n a c e  burned o u t  t h e  f i r s t  t ime  i t  was t u r n e d  

on.  

Mel t  was o c c a s i o n a l l y  batch-dumped t h r o u g h  t h e  w e i r  by 

d e c r e a s i n g  t h e  d i f f e r e n t i a l  p r e s s u r e  between m e l t e r  and r e c e i v e r .  

Batches  of 3 . 5  l i t e r s  were d i s c h a r g e d  a t  r a t e s  up t o  28 l i t e r s /  

h r .  With t h e  p o t  f u r n a c e  t e m p e r a t u r e  o f  900 O C ,  d r i p  d i s c h a r g e  

o f  m e l t  formed a  s m a l l  s t a l a g m i t e  i n  t h e  bot tom of  t h e  p o t .  

When t h e  t e m p e r a t u r e  was i n c r e a s e d  t o  950 " C ,  t h e  s t a l a g m i t e  

slumped and s p r e a d  o u t  t o  t h e  p o t  w a l l s .  T h e r e a f t e r ,  t h e  p o t  



t e m p e r a t u r e  was i n c r e a s e d  t o  950  O C  f o r  2 h r  i n  e a c h  1 2 - h r  

i n t e r v a l  t o  p r e v e n t  any s t a l a g m i t e  f o r m a t i o n .  

Melt  l e v e l  i n  t h e  p r o d u c t  r e c e i v e r  c o u l d  n o t  be d e t e c t e d  

by blowing a i r  on t h e  p o t  w a l l  and o b s e r v i n g  r e l a t i v e  tempera-  

t u r e  d r o p s  i n  w a l l  t e m p e r a t u r e s .  The t e m p e r a t u r e  d r o p s  were 

i n s e n s i t i v e  and i n c o n s i s t e n t .  T h i s  t e c h n i q u e  was s u c c e s s f u l  

i n  p r e v i o u s  r u n s  when t h e  p o t  c o n t a i n e d  i n t e r n a l  thermocouples .  

While t h e  r e c e i v e r  was c o o l e d  t o  600 O C  f o r  t h e  above t e s t ,  

a  m e l t  s t a l a g m i t e  abou t  3  1 / 2  f t  long  b u i l t  up t o  w i t h i n  8 i n .  

o f  t h e  t o p  o f  t h e  p o t .  S i n c e  t h i s  o c c u r r e d  n e a r  t h e  end o f  t h e  

r u n ,  t h e  p o t  t e m p e r a t u r e  was n o t  i n c r e a s e d  t o  950 O C  long  

enough t o  slump t h e  s t a l a g m i t e .  Below t h e  s t a l a g m i t e ,  t h e  

p o t  was f i l l e d  u n i f o r m l y  t o  a  l e v e l  o f  4 f t .  

The s o l i d i f i e r  o f f - g a s  was condensed and r o u t e d  t o  t h e  

e v a p o r a t o r  (TK-113). Condensate  was b o i l e d  t o  m a i n t a i n  a  

volume of  120-170 l i t e r s .  S t r i p  w a t e r  r o u t e d  from t h e  a c i d  

f r a c t i o n a t o r  (TK-115) overhead  condenser  t o  t h e  e v a p o r a t o r  

m a i n t a i n e d  t h e  e v a p o r a t o r  bot toms a c i d i t y  between 5  and 8M. - 

The f r a c t i o n a t o r  bot toms were c o n c e n t r a t e d  t o  a  f i n a l  a c i d i t y  

o f  8.2M. - 

The p u l s e  r e f l e c t o m e t e r  was used  t o  measure m e l t e r  l i q u i d  

l e v e l  t h roughou t  t h e  r u n .  A t  f i r s t ,  t h e  p robe  measured t h e  

l e v e l  q u i t e  a c c u r a t e l y ,  b u t  l a t e r  t h e  l e v e l  r e a d i n g s  were i n s e n -  

s i t i v e  t o  d e c r e a s e s  i n  m e l t  l e v e l  f o l l o w i n g  b a t c h  dumping. 

Mel t  p r o b a b l y  b r i d g e d  i n  t h e  annu lus  between t h e  o u t e r  and 

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

r e a d i n g .  

A f t e r  t h e  r u n ,  e l o n g a t e d  f i s t - s i z e d  lumps o f  d r y  c a l c i n e  

were found i n  t h e  c a l c i n e r  cone o u t l e t .  These lumps may have 

formed on t h e  i n t e r n a l  c a l c i n e r  thermocouples  d u r i n g  p e r i o d s  

o f  o s c i l l a t i n g  f e e d  r a t e s .  A l a y e r  of  f i n e  d r y  powder had 

b u i l t  up i n  t h e  cone under  t h e  f i l t e r s .  The a n g l e  of  r e p o s e  

of  t h e  powder,  i t  was conc luded ,  was abou t  3' more t h a n  t h e  



60' slope of the cone. This accumulation presents no problems 

as long as the powder is dry, since it reaches an equilibrium 

angle and thickness before falling into the melter. The other 

internal surfaces of the calciner were free from deposits >1/8 in 

t h i c k .  The cooling air on the melter neck prevented scaling 
at the melter inlet. 

A crack 1 1/2 in. long was found in the melter weir tip 

after the run. The crack may have been caused by rodding up into 

the weir to promote melt flow during the run. 

An exceptionally good particulate de-entrainment factor of 

6000 was attained from calciner feed to primary condensate. A 
DF of this magnitude indicated that the calciner filters were 

not cracked or corroded during removal, flushing, and reinstalla- 

tion before the run. 

RUN C S C M - 7  

Spray solidification DVT's in the 321 Building cold semi- 

works were concluded with CSCM-7. Following this run, the equip- 

ment was moved to its permanent location in B-Cell in the 324 

Building for further testing. 

Run CSCM-7 was made to test a PW-2 feed which would retain 

the sulfate in the melt product. In addition, the storage pot 

was to be filled by continuous drip from the melter weir modified 

by the addition of a flow-straightening rod on its tip. 

PW-2 feed modified by addition of 1.17M - lithium, 0.6M - cal- 

cium, 0.25M - aluminum, and 1.61M - phosphoric acid (378 liters/tonne 

U basis) was fed to the calciner in a 41 hr run. Granular sodium 
metaphosphate was added directly to the melter in an equivalent 

feed concentration of 1.27. This addition lowered the calcine 
melting point from 900 " C  to 700 OC. During the first half 

of the run, an average feed rate of only 10.3 literslhr was 

attained due to partial plugging of the air passage in the feed 

spray nozzle. When the nozzle was cleaned, the average feed 



rate was increased to 16.4 liters/hr for the second half of 

the run. When the nozzle was removed for cleaning, large 

deposits of calcine were rodded from the calciner cone and 

lower barrel into the melter. These deposits formed during 

the first half of the run as a result of poor feed atomization 

by the plugged nozzle. Feed flow control with the new feed 

valve was excellent compared to the cyclic rates achieved with 

the valve used in previous runs. The new valve contained a 

spline trim with 3/4 in. maximum travel as compared to the 

plug trim 1/2 in. travel of the valve used previously. 

The spray solidifier capacity of 17 liters/hr was determined 

with this particular combination of PW-2 and additives. The 

melter operating at a 950 O C  furnace temperature limited the 

feed rate. At this rate, waste generated from processing 0.83 

tonnes of uranium/day could be solidified. 

Off-gas condensate was collected in TK-113. Neither TK-113 

nor TK-115 was heated. 

Initially, sodiun metaphosphate powder was added to the 

melter with a temporarily installed auger feeder, but since 

the auger hopper could not be sealed, powder was swept into the 

melter by excessive air in-leakage. Shortly, the solids addi- 

tion nozzle on the calciner cone plugged when condensate mixed 

with the sodium metaphosphate. For the final two-thirds of the 

run, the solids were manually batch-dumped in one-liter volumes 

into the melter through a nozzle on the melter lid. 

A strip of platinum 5/8 in. long and 1/8 in. thick was welded 

to the inside of the weir tip to prevent melt spattering on the 

weir liner during discharge. Although the spattering was not 

eliminated, it was reduced to the extent that only a small 

ha.rmless melt stalactite had formed which was easily removed 

from the weir heater thermocouple. 



The f r e e z e  v a l v e  was used  t o  d r a i n  t h e  m e l t e r  a t  t h e  end of  

t h e  run  a f t e r  i t  was rodded t o  remove t h e  h i g h e r  m e l t i n g  p o i n t  

s o l i d s  from t h e  p r e v i o u s  r u n .  Once i t  s t a r t e d  d r a i n i n g ,  t h e  

f r e e z e  v a l v e  c o u l d  n o t  be s t o p p e d  by blowing c o l d  a i r  on t h e  l i n e r .  

When t h e  m e l t e r  was d r a i n e d ,  t h e  v a l v e  s e a l e d  i t s e l f .  

The c a l c i n e r  f i l t e r  p r e s s u r e  d rop  remained s a t i s f a c t o r y  a t  

between 3  and 7 i n .  of  w a t e r  even  though t h e  blowback h e a t e r  was 

o f f  f o r  1 2  h r  e a r l y  i n  t h e  r u n .  A f a u l t y  c o n t r o i  thermocouple  i n  

t h e  h e a t e r  c u t  o f f  t h e  power and t h e  f i l t e r s  were blown back w i t h  

s a t u r a t e d  s t eam.  A long  s t a l a c t i t e  of wet c a l c i n e  formed on one 

o f  t h e  f i l t e r s  d u r i n g  t h i s  t ime  and was removed when t h e  c a l c i n e r  

was c l e a n e d  o u t  midway th rough  t h e  r u n .  

The s t o r a g e  p o t  was f i l l e d  w i t h  m e l t  t o  w i t h i n  14  1 / 2  i n .  o f  

t h e  t o p  w i t h  a  h o l e  15 i n .  deep p e n e t r a t i n g  t h e  t o p  of  t h e  m e l t .  

Smal l  s p a t t e r s  of  m e l t  were accumula ted  on t h e  i n n e r  w a l l s  o f  t h e  

p o t .  Mel t  l e v e l  was v i s u a l l y  d e t e c t e d  d u r i n g  t h e  r u n  w i t h  m i r r o r s  

i n s e r t e d  i n  t h e  sample chamber window. Po t  i n t e r n a l  t e m p e r a t u r e  

r e s p o n s e  t o  c o l d  a i r  blown on t h e  p o t  w a l l  i n d i c a t e d  t h e  a p p r o x i -  

mate m e l t  l e v e l  a t  t h e  end o f  t h e  r u n .  Mel t  was a  l i g h t  g r e e n  
2 

s e m i - g l a s s y  s o l i d  w i t h  a  d e n s i t y  of  2 . 7  g/cm. F i v e  hundred and 

f o r t y  l i t e r s  of  492 l i t e r s / t o n n e  f e e d  produced 70 l i t e r s  o f  

m e l t  f o r  a  volume r e d u c t i o n  f a c t o r  of  7 . 7 .  

Fol lowing t h e  r u n ,  t h e  c a l c i n e r  i n t e r n a l  w a l l s  were c o a t e d  

w i t h  normal s t e a d y  s t a t e  p a t c h e s  of  powder up t o  1/16 i n .  t h i c k  

i n  t h e  b a r r e l  and up t o  1 / 2  i n .  i n  t h e  cone .  The e x c e s s i v e  cone 

d e p o s i t s  were p r o b a b l y  formed d u r i n g  e r r a t i c  s p r a y  n o z z l e  p e r -  

formance i n  t h e  f i r s t  h a l f  o f  t h e  r u n .  A l l  b u t  two of t h e  f i l t e r s  

had a  normal c o a t i n g  o f  1 /16  i n .  o f  powder . .  The two, l o c a t e d  

i n  s e p a r a t e  blowback banks ,  had c o a t i n g s  o f  1 / 4  i n .  t h i c k n e s s .  

When t h e  f i l t e r s  were removed f o r  t r a n s f e r  t o  324 B u i l d i n g ,  many 

s m a l l  h o l e s  1 /32-1 /16  i n .  d i a m e t e r  p e n e t r a t i n g  ha l fway t h r o u g h  

t h e  f i l t e r  w a l l s  were d i s c o v e r e d .  I t  was t h o u g h t  t h a t  t h e  h o l e s  

were formed by d i s s o l u t i o n  of  i m p u r i t y  i n c l u s i o n s  i n  t h e  s i n t e r e d  



metal and that the filters were still serviceable. For unknown 
reasons, the particulate DF of 12,000 was twice as high as 
achieved in any previous run. 

Although the seal pot purge air was heated to about 200 O C  
with a small rod heater to prevent condensation in the seal 
par inlet, dry powder partially filled the inlet about 2/3 
full. The powder plug probably formed during the first half 

of tB6 run when more presrure fJuctuatfons o ~ c u r r e d  than i n  

the last h a l f ,  Tha ees l  pot had been modified by lowering 
the internal baf f l e  to increase the e9feet ive  water  gal Prom 
25 to 2 D  in, A wide spat was added a t  the pat discharge for 
disengagement of water and gas. During the f i r s t  hal f  sf the 
run, the seal pot blew several times, but required no water 

addition during the final 20 hr of the run. 

RUN C S C M - 8  

CSCM-8 was the first spray solidification run with the 
equipment located in its permanent position in B-Cell in the 
324 Building [see Figure 14). The run objectives included 
testing the WSEP equipment under actual operating conditions 
for radioactive demonstrations. Also,a new PW-1 feed composi- 
tion and several equipment modifications were to be tested, 
and a storage pot was to be half-filled by batch-dumping 
through the melter freeze valve. 

In CSCM-8, simulated PW-1 with added lithium (o.sM), - 
sodium (0.5M), - and phosphoric acid (1.74M) - was heated to 70 OC 
and fed to the calciner at an average rate of 19.3 liters/ 
hr. The feed nozzle (Spraying Systems Co., Set-up No. 5) gas 
and liquid inlets were separated from their previous annular 
locations to minimize the possibility of atomizing steam con- 
densation within the nozzle. In addition, a mist eliminator 

composed of an internally baffled cylinder containing wire- 
mesh packing was installed in the atomizing gas line upstream 

from the atomizing gas preheater. Qualitative atomization 
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t e s t s  w i t h  t h i s  a p p a r a t u s  had i n d i c a t e d  t h a t  s team a tomized  

w a t e r  a s  w e l l  a s  a i r  i f  t h e  s team q u a l i t y  was improved by 

c o n d e n s a t e  d r o p l e t  removal .  Wide f e e d  f l o w  f l u c t u a t i o n s  

p r o b a b l y  caused  by a  p a r t i a l l y  plugged n o z z l e  were e x p e r i e n c e d  

f o r  t h e  f i r s t  8 h r  of  t h e  r u n .  The f e e d  n o z z l e  p lugged a t  t h e  

end o f  t h i s  t i m e ,  and was unplugged w i t h  t h e  c l e a n o u t  n e e d l e .  

A f t e r w a r d s ,  f e e d  f l o w  was r e l a t i v e l y  smooth f o r  t h e  r e s t  of  t h e  

r u n .  

A f t e r  t h e  r u n ,  i n s p e c t i o n  i n s i d e  t h e  c a l c i n e r  showed t h a t  

t h e  c a l c i n e r  b a r r e l  was c l e a n  w h i l e  t h e  cone s u r f a c e  below 

t h e  b a r r e l  was covered  w i t h  1 i n .  of c a l c i n e  which had been  

w e t .  T h i s  d e p o s i t  may have formed d u r i n g  t h e  p e r i o d  of  t h e  

e r r a t i c  f e e d  f low.  The m i s t  e l i m i n a t o r  improved t h e  s team 

a t o m i z a t i o n  per formance  o v e r  p r e v i o u s  r u n s  w i t h  s team.  

A f t e r  t h e  f i r s t  8 h r  o f  t h e  r u n ,  t h e  c a l c i n e r  vacuum was 

m a i n t a i n e d  a t  2 i n .  of w a t e r  d u r i n g  f i l t e r  blowback w i t h  20 

p s i g  s team.  The c a l c i n e r  p r e s s u r i z e d  s l i g h t l y  s e v e r a l  t i m e s  

i n  t h e  f i r s t  8 h r  and t h e  s e a l  p o t  was blown once .  A t  t h e  end 

o f  t h e  r u n ,  t h e  s e a l  p o t  i n l e t  from t h e  c a l c i n e r  was h a l f - f u l l  

o f  powder. A s e a l  p o t  backpurge of  10-15  s c f h  of h e a t e d  a i r  

d i d  n o t  p r e v e n t  t h e  powder accumula t ion  when c a l c i n e r  p r e s s u r -  

i z a t i o n s  o c c u r r e d .  

The c a l c i n e r  f i l t e r  p r e s s u r e  d rop  remained s a t i s f a c t o r y  

between 4 and 9 i n .  of w a t e r  d u r i n g  t h e  r u n .  A l l  t h e  f i l t e r s  

e x c e p t  two were cove red  w i t h  t h e  normal 1 /16  i n  c o a t i n g  o f  

powder a t  t h e  end o f  t h e  r u n .  Two f i l t e r s ,  one which p lugged 

i n  CSCM-7, were h e a v i l y  c o a t e d  w i t h  l o o s e  powder. Subsequent  

measurement of  t h e  d i a m e t e r  of  t h e i r  r e s p e c t i v e  blowback n o z z l e s  

showed no s i g n i f i c a n t  v a r i a t i o n  from t h e  o t h e r  n o z z l e s .  On 

t h i s  e v i d e n c e ,  i n s u f f i c i e n t  blowback f l o w  was r u l e d  o u t  a s  t h e  

c a u s e  of  p l u g g i n g .  



Condensate  was c o l l e c t e d  i n  TK-113, and n e i t h e r  TK-113 

n o r  TK-115 was h e a t e d .  Spray  n o z z l e  f l u s h  l i q u i d  was pumped 

from TK-113 a t  t h e  beg inn ing  and end o f  t h e  r u n .  Melt  was 

batch-dumped i n  3 - 4  l i t e r  s l u g s  from t h e  f r e e z e  v a l v e  a t  r a t e s  

o f  10-12  l i t e r s / h r .  I t  was n e c e s s a r y  t o  r a i s e  t h e  m e l t e r  

f u r n a c e  t e m p e r a t u r e  from 1100 t o  1150 O C  t o  p r o v i d e  e x t r a  

h e a t  t o  dump t h e  f r e e z e  v a l v e .  C a l c i n e  m e l t e d  w i t h o u t  foam- 

i n g  and t h e  m e l t  d r a i n e d  smoothly  w i t h o u t  s p a t t e r i n g  on t h e  

f r e e z e  v a l v e  l i n e r .  The m e l t e r  w e i r  t i p  had been m o d i f i e d  

by t h e  a d d i t i o n  o f  a  f l o w - s t r a i g h t e n i n g  vane t o  p r e v e n t  m e l t  

s p a t t e r i n g  and g u i d e  t h e  m e l t  s t r e a m  t o  t h e  c e n t e r  of  t h e  

s t o r a g e  p o t .  The vane c o n s i s t e d  of  a  50 m i l  t h i c k  p l a t i n u m  

p l a t e ,  2 i n .  long  and 3/16 i n .  w ide ,  welded l e n g t h w i s e  on edge 

i n s i d e  t h e  w e i r  o r i f i c e  and e x t e n d i n g  down f l u s h  w i t h  t h e  

b e v e l l e d  w e i r  t i p .  The w e i r  c o u l d  n o t  be t e s t e d ,  however,  

s i n c e  t h e  h e a t e r  f a i l e d  e a r l y  i n  t h e  r u n .  The l o s s  o f  t h e  

w e i r  f u r n a c e  was a t t r i b u t e d  t o  c o r r o s i o n  o f  b r a s s  c o n n e c t o r s  

e r r o n e o u s l y  used  i n  f a b r i c a t i o n  t o  j o i n  t h e  f u r n a c e  e l e m e n t s  

t o  t h e  e l e c t r i c a l  l e a d  w i r e s .  

The r e m o t e l y  o p e r a t e d ,  r e t r a c t a b l e  m i r r o r  i n  t h e  m e l t e r  

sample chamber was of  l i t t l e  u s e  f o r  v iewing i n t o  t h e  m e l t  

r e c e i v e r .  The m i r r o r  s u r f a c e  became c louded and would n o t  

r e f l e c t .  The a i r  sweep d i d  n o t  keep t h e  m i r r o r  s u r f a c e  c l e a n .  

Mel t  f i l l e d  t h e  h e a t e d  8  i n .  d i a m e t e r  s t o r a g e  p o t  t o  a  

l e v e l  o f  a b o u t  35 i n .  (29 l i t e r s  volume) w i t h o u t  s t a l a g m i t e  

f o r m a t i o n .  Pot  f u r n a c e  zones below and a t  t h e  m e l t  l e v e l  

were h e a t e d  t o  880 O C ,  w h i l e  zones above t h e  m e l t  l e v e l  were 

m a i n t a i n e d  a t  830 O C .  A new s i x - z o n e  r e s i s t a n c e  f u r n a c e  r e p l a c e d  

t h e  i n d u c t i o n  f u r n a c e  used  i n  p r e v i o u s  r u n s .  Both f u r n a c e s  

o p e r a t e d  s a t i s f a c t o r i l y  and were c o m p a r a t i v e l y  s i m i l a r .  Three  

e x t r a  thermowel ls  f o r  f u t u r e  p r o d u c t  t h e r m a l  c o n d u c t i v i t y  

t e s t s  were i n s e r t e d  th rough  t h e  bot tom of  t h e  p o t  b e f o r e  t h e  r u n .  



The p o t  was s e c t i o n e d  r a d i a l l y  a f t e r  t h e  r u n .  Many g a s  bubb les  

up t o  1 / 4  i n .  d i a m e t e r  were formed i n  t h e  m e l t .  P roduc t  was 
2 a  d a r k  g r a y  c r y s t a l l i n e  s o l i d  w i t h  a  d e n s i t y  o f  3 .05  g/cm . 

A d rop  o f  m e l t  was obse rved  hanging from t h e  bottom of  t h e  

m e l t e r  abou t  6  h r  b e f o r e  t h e  end of  t h e  r u n .  C l o s e r  examina t ion  

a f t e r  t h e  r u n  r e v e a l e d  t h e  p r e s e n c e  of  a  s t a r - s h a p e d  c r a c k  

abou t  1 i n .  long p e n e t r a t i n g  t h e  80 m i l - t h i c k  bot tom of  t h e  

m e l t e r  ( s e e  F i g u r e  1 5 ) .  A s m a l l e r  c r a c k  was l o c a t e d  abou t  

midway down on t h e  f r e e z e  v a l v e .  From X-rays of  t h e  e n t i r e  

m e l t e r ,  abou t  20 p i t t e d  a r e a s  r a n g i n g  i n  d e p t h  5-15 m i l s  and 

1 /16-1 /2  i n .  i n  d i a m e t e r  were found.  The p i t s  were l o c a t e d  on 

t h e  i n s i d e  w a l l  of  t h e  m e l t e r  cone ,  an a r e a  u s u a l l y  cove red  

w i t h  m e l t  d u r i n g  normal  o p e r a t i o n , a n d  i n  t h e  f r e e z e  v a l v e  t u b e  

n e a r  t h e  c r a c k .  Photomicrographs  of  c r o s s - s e c t i o n s  of  t h e  p i t s  

showed a  f i l i g r e e  s t r u c t u r e  t y p i c a l  of c o r r o s i o n .  

Although microprobe  t e s t s  f o r  a l l o y i n g  i n  t h e  m e t a l  s u r r o u n d -  

i n g  t h e  c r a c k s  were t o o  i n s e n s i t i v e  ( > 3  w t %  d e t e c t i o n  l i m i t  

f o r  phosphorous)  t o  s u b s t a n t i a t e  t h e  f o l l o w i n g  e v i d e n c e ,  l a t e r  

l a b o r a t o r y  t e s t s  t o  r ep roduce  t h e  m e l t e r  f a i l u r e  i n d i c a t e d  t h a t  

t h e  e m b r i t t l e m e n t  was caused  by phosphorous a l l o y i n g  w i t h  t h e  

p l a t i n u m  under  l o c a l l y  r e d u c i n g  c o n d i t i o n s ,  s u c h  a s  from i n a d v e r -  

t e n t  a d d i t i o n  of  s t a i n l e s s  s t e e l  t o  t h e  m e l t e r .  The f a i l u r e s  

were b r i t t l e  f r a c t u r e s  a t  g r a i n  b o u n d a r i e s .  (23) 

Before  i t s  f a i l u r e ,  t h e  m e l t e r  (composed of  9 9 . 5 %  p l a t i n u m  

-0.5%rhodium a l l o y )  had o p e r a t e d  between 900 and 1250 " C  f o r  

440 h r .  S i n c e  t h e  c a u s e  of  t h e  c o r r o s i o n  was n o t  known a t  t h e  

t i m e ,  a  new m e l t e r  was o r d e r e d  and t h e  r ep lacemen t  v e s s e l  was 

f a b r i c a t e d  from u n a l l o y e d  p l a t i n u m .  
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RUN C S C M - 9  

Run CSCM-9 was made t o  t e s t  s p r a y  s o l i d i f i c a t i o n  of  a  

c h e m i c a l l y  a d j u s t e d  PW-2 s o l u t i o n  w i t h  a d d i t i o n  of s o l i d  NaP03 

f l u x  t o  t h e  m e l t e r  from a  v i b r a t i n g  t r o u g h  f e e d e r .  A h e a t e d  

ca rbon  s t e e l  s t o r a g e  p o t  was t o  be f i l l e d  t o  d e t e r m i n e  i f  p o t s  

of  t h i s  m a t e r i a l  were s u f f i c i e n t l y  c o r r o s i o n  r e s i s t a n t  t o  be 

used  i n  t h e  WSEP. 

S imula ted  PW-2 p r e h e a t e d  t o  63  O C  was f e d  a t  a n  a v e r a g e  

r a t e  of  1 1 . 7  l i t e r s / h r  f o r  8 . 1  h r  t o  t h e  c a l c i n e r  h e a t e d  t o  

670 O C .  The l i q u i d  f e e d  c o n t a i n e d  a d d i t i v e s  of  ca l c ium,  l i t h i u m ,  

aluminum, and phospha te  g i v i n g  a  M + / P  e q u a l  t o  2.75.  The a d d i -  

t i o n  of 3-6 mesh NaP03 c h i p s  d i r e c t l y  t o  t h e  m e l t e r  changed 

t h e  c a l c i n e  m e l t i n g  p o i n t  from 900 t o  700 O C  and d e c r e a s e d  

t h e  M*/P t o  2 .0 .  The e v a l u a t i o n  of  s team a t o m i z a t i o n  w i t h  t h e  

i n l i n e  m i s t  e l i m i n a t o r  was a g a i n  c louded  by t h e  p a r t i a l  f a i l u r e  

of  t h e  s team h e a t e r .  The s team c o u l d  n o t  be h e a t e d  above 220 O C  

s i n c e  one of t h e  two h e a t i n g  e l emen t s  f a i l e d  due t o  an e l e c t r i c a l  

c u r r e n t  o v e r l o a d .  Normally,  a tomiz ing  s team was h e a t e d  t o  a t  

l e a s t  300 O C .  Consequen t ly ,  by t h e  end of  t h e  r u n ,  p o o r l y  

a tomized  f e e d  formed a  3 /4  i n .  t h i c k  s c a l e  d e p o s i t  i n  t h e  cone 

below t h e  f e e d  n o z z l e .  The c a l c i n e r  b a r r e l  was f r e e  of d e p o s i -  

t i o n .  

The s p r a y  n o z z l e  p lugged a f t e r  3  h r  of  f e e d i n g .  At tempts  

t o  unplug t h e  n o z z l e  w i t h  t h e  c l e a n - o u t  n e e d l e  were u n s u c c e s s -  

f u l  and t h e  n o z z l e  had t o  be removed from t h e  c a l c i n e r  f o r  

manual c l e a n i n g .  The f e e d  s i d e  o r i f i c e  was p lugged by c a l c i n e d  

f e e d .  When f e e d i n g  was resumed,  t h e  c l e a n - o u t  n e e d l e  was 

e x e r c i s e d  eve ry  30 min and no f u r t h e r  p l u g g i n g  o c c u r r e d .  

C a l c i n e r  f i l t e r  p r e s s u r e  d rop  was normal  a t  7 .8  i n .  H20 

a b o u t  ha l f -way  th rough  t h e  r u n .  A t  t h i s  t i m e ,  t h e  c a l c i n e r  

vacuum p r e s s u r e  t a p ,  which i s  common t o  one s i d e  of t h e  f i l t e r  



p r e s s u r e  d rop  i n s t r u m e n t a t i o n ,  p lugged and no f u r t h e r  a c c u r a t e  

r e a d i n g s  of  e i t h e r  vacuum o r  p r e s s u r e  d rop  were o b t a i n e d .  A t  

t h e  end of t h e  r u n ,  a l l  f i l t e r s  e x c e p t  two a r e  c o a t e d  w i t h  

1 / 1 6 - 1 / 8  i n .  of  powder. The two f i l t e r s  which p lugged i n  

CSCM-8 a g a i n  were cove red  w i t h  a  1 / 4  i n .  l a y e r  o f  powder. 

The c o a t i n g  on a l l  t h e  f i l t e r s  was reduced  t o  l e s s  t h a n  1 /16  i n .  

by blowing back i n  t h e  normal  two-min c y c l e  w i t h  60 p s i g  a i r  

f o r  a  30 min p e r i o d .  A 1 i n .  l a y e r  of  d r y  powder accumula ted  

i n  t h e  cone under  t h e  f i l t e r  chamber,  t h u s  conf i rming  o b s e r v a -  

t i o n s  from p r e v i o u s  r u n s  t h a t  t h e  a n g l e  of r e p o s e  of  t h e  powder 

exceeded t h e  cone a n g l e .  The c a l c i n e r  s e a l  p o t  e n t r a n c e  l i n e  
a 

was p a r t i a l l y  b locked  w i t h  an  i n c h  o f  powder. 

The WSEP f e e d  l i n e  w a t e r  f l u s h  sys tem was u s e d  f o r  t h e  

f i r s t  t ime  and o p e r a t e d  s a t i s f a c t o r i l y  b e f o r e  and a f t e r  t h e  

r u n .  The w a t e r  f l u s h  was used  t o  pu rge  f e e d  from t h e  l i n e  a t  

shutdown s o  c a l c i n a t i o n  of  f e e d  would n o t  p l u g  t h e  n o z z l e .  The 

40 l i t e r  f l u s h  t a n k  was f i l l e d  and p r e s s u r i z e d  t o  a b o u t  40  p s i g  

by P-116 which pumped f r a c t i o n a t o r  c o n d e n s a t e  from TK-116. 

The t a n k  would n o t  h o l d  p r e s s u r e ,  however, when t h e  t a n k  i n l e t ,  

o u t l e t ,  and v e n t  v a l v e s  were c l o s e d  and P-116 was t u r n e d  o f f .  

For t h e  r a d i o a c t i v e  WSEP r u n s ,  i t  i s  n e c e s s a r y  t o  keep t h e  

f l u s h  sys tem p r e s s u r i z e d  h i g h e r  t h a n  t h e  f e e d  sys tem t o  p r e v e n t  

p o s s i b l e  f e e d  c o n t a m i n a t i o n  of  t h e  d i s p o s a b l e  l o w - l e v e l  

e f f l u e n t  i n  TK- 116.  

The deve lopmenta l  p l a t i n u m  m e l t e r  was used  t o  t e m p o r a r i l y  

r e p l a c e  t h e  m e l t e r  which c o r r o d e d  i n  CSCM-8. The m e l t e r  f u r n a c e  

was o p e r a t e d  between 900 and 950  " C .  S o l i d  f l u x  was added 

t h r o u g h  a  2 i n .  d i a m e t e r  p o r t  i n  t h e  t o p  of  t h e  m e l t e r .  The 

v i b r a t i n g  t r o u g h  s o l i d s  f e e d e r  d i s c h a r g e d  NaP03 c h i p s  i n t e r m i t -  

t e n t l y  th rough  a  2 i n .  p i p e  connec ted  t o  t h e  m e l t e r  p o r t .  Chips - 
were s t o r e d  i n  a  2 f t 5 ,  c y l i n d r i c a l  hopper  l o c a t e d  above t h e  



t r o u g h  f e e d e r .  The comple te  s o l i d s  f e e d i n g  sys tem was " s e a l e d "  

and v e n t e d  th rough  t h e  m e l t e r .  The s e a l  was n o t  a d e q u a t e ,  

however,  and t h e  f e e d e r  was a  s o u r c e  of  a i r  i n - l e a k a g e  which 

made i t  d i f f i c u l t  t o  m a i n t a i n  adequa te  c a l c i n e r  vacuum. A 

double  b a l l  v a l v e  manual f e e d e r  was l a t e r  u sed  s u c c e s s f u l l y  i n  

t h e  WSEP d e m o n s t r a t i o n s .  

Due t o  improper  p r e s s u r e  b a l a n c e  between m e l t e r  and m e l t  

r e c e i v e r ,  a i r  s p a r g e d  up th rough  t h e  w e i r  c a u s i n g  s e v e r e  m e l t  

s p a t t e r i n g .  The s p a t t e r s  p a r t i a l l y  p lugged t h e  powder i n l e t  from 

t h e  c a l c i n e r  and t h e  s o l i d s  f e e d e r  e n t r a n c e  t o  t h e  m e l t e r .  The 

s o l i d s  f e e d e r  l i n e  was manual ly  rodded s e v e r a l  t i m e s  d u r i n g  t h e  

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

8 . 1  h r  o f  f e e d i n g .  Spa rg ing  p r e v e n t e d  t h e  u s e  of  t h e  w e i r  f o r  

m e l t  d i s c h a r g e ,  s o  m e l t  was b a t c h  dumped th rough  t h e  f r e e z e  v a l v e .  

The s p a r g i n g  problem would have been a lmos t  n o n e x i s t e n t  w i t h  

t h e  WSEP m e l t e r ,  s i n c e  t h e  deve lopmenta l  m e l t e r  w e i r  d i d  n o t  have 

t h e  b u i l t - i n  2 i n .  s e a l  e x i s t i n g  i n  t h e  p r o t o t y p e  m e l t e r .  By 

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

t h e  m e l t  l e v e l  was e s t a b l i s h e d ,  s p a r g i n g  c o u l d  have been a v e r t e d .  

G r e a t e r  t h a n  9 6 %  of  t h e  f e e d  s u l f a t e  was c o n s o l i d a t e d  i n  

t h e  p r o d u c t .  The v o l a t i l e  p o r t i o n ,  however,  was e v i d e n t  a s  

s u l f u r i c  a c i d  c o n d e n s a t i o n  i n  t h e  m e l t e r  sample chamber,  l e a v -  

i n g  a  hazy f i l m  on t h e  a i r - p u r g e d  v iewing m i r r o r s .  Viewing i n t o  

t h e  p o t  and up i n t o  t h e  m e l t e r  d i s c h a r g e  v a l v e s  w i t h  t h e  m i r r o r  

was e v e n t u a l l y  obscured  s o  t h e  purge  a i r  was t u r n e d  o f f .  

Melt  was c o l l e c t e d  w i t h o u t  s t a l a g m i t e  f o r m a t i o n  o r  s p a t t e r i n g  

by i n t e r m i t t e n t  dumping of  t h e  f r e e z e  v a l v e .  The p o t  was f i l l e d  

t o  a  volume of 8 l i t e r s  w i t h  a  g r a y - g r e e n  c r y s t a l l i n e  s o l i d .  
2 

Produc t  d e n s i t y  was 2 . 8  g/cm .The  bot tom p o t  zone was h e a t e d  t o  

7 0 0  O C  and t h e  t o p  f i v e  zones were m a i n t a i n e d  a t  650  O C  d u r i n g  

t h e  r u n .  An u l t r a s o n i c  w a l l  t h i c k n e s s  s c a n  was r u n  on t h e  



p o t  a f t e r  t h e  r u n .  The a v e r a g e  c o r r o s i o n  r a t e  on t h e  w a l l  

i n  t h e  700 O C  zone was 6  m i l s / d a y ,  a l t h o u g h  i n  one s m a l l  

a r e a  a  maximum r a t e  of  24 m i l s / d a y  was n o t e d .  I n  t h e  650 O C  

zones ,  t h e  a v e r a g e  w a l l  o x i d a t i o n  r a t e  was 2 m i l s / d a y .  T h i s  

r u n  showed t h a t  ca rbon  s t e e l  p o t s  can  be  used  f o r  s t o r a g e  o f  t h e  

PW-2 m e l t  t e s t e d .  

Spray  s o l i d i f i e r  c o n d e n s a t e  was c o l l e c t e d  i n  TK-113, a s  

i n  most o f  t h e  p r e v i o u s  r u n s .  N e i t h e r  TK-113 n o r  TK-115 was 

h e a t e d .  C o r r o s i o n  r a t e s  i n  t h e  s o l i d i f i e r  o f f - g a s  l i n e  and 

p r i m a r y  condense r  E - 1 1 1  were n e g l i g i b l e .  

RUN C 

O b j e c t i v e s  of  r u n  C i n c l u d e d  t e s t i n g  s team a t o m i z a t i o n  

o f  f e e d ,  d e t e r m i n a t i o n  o f  ru thenium r e t e n t i o n  i n  t h e  p r o d u c t ,  

and d e m o n s t r a t i o n  o f  t h e  u s e  o f  a  s u g a r  r e d u c i n g  s o l u t i o n  

f o r  r e t e n t i o n  of  ru thenium i n  t h e  condensa te  e v a p o r a t o r  

(TK-113). During t h e  l a s t  t h i r d  o f  t h e  r u n ,  t h e  f e e d  was t o  

be s p i k e d  w i t h  r a d i o a c t i v e  ru thenium t r a c e r .  The r u n  was 

s h o r t e n e d  t o  15 h r  by an e x c e s s i v e  c a l c i n e r  f i l t e r  p r e s s u r e  

d r o p ,  however,  s o  t h e  t r a c e r  was n o t  added t o  t h e  f e e d .  

S imula ted  PW-2 was f e d  t o  t h e  s p r a y  s o l i d i f i e r  f o r  15  

h r  a t  an a v e r a g e  f low r a t e  of  1 8 . 1  l i t e r s / h r .  A s  i n  CSCM-9, 

l i t h i u m ,  c a l c i u m ,  aluminum, and phospha te  were added t o  t h e  

l i q u i d  f e e d  t o  keep s u l f a t e  i n  t h e  m e l t  p r o d u c t .  S o l i d  NaP03 

f l u x  was added t o  t h e  m e l t e r  t o  lower t h e  c a l c i n e  m e l t i n g  

p o i n t  from 900 O C  t o  700 O C .  For t h e  f i r s t  t i m e ,  a f u l l  s p i k e  

of  c o l d  ru thenium was added t o  t h e  f e e d  i n s t e a d  o f  t h e  manganese 

i o n  s u b s t i t u t e  used  i n  p r e v i o u s  r u n s .  The l i q u i d  f e e d  w i t h o u t  

t h e  a d d i t i v e s  and s u l f a t e  and molybdate  was d i g e s t e d  f o r  16 

h r  b e f o r e  t h e  r u n  by r e f l u x i n g  t h e  s o l u t i o n  i n  t h e  a u x i l i a r y  

f e e d  makeup t a n k ,  TK-112. T h i s  s t e p  was added t o  t h e  f e e d  



makeup i n  an a t tempt  t o  e q u i l i b r a t e  t h e  ruthenium n i t r a t e  s p e c i e s  

s o  t h a t  ruthenium equ i l i b r ium s t a t u s  would no t  be a  v a r i a b l e  t o  

cons ide r  i f  ruthenium v o l a t i l i z a t i o n  was t o  be p r e d i c t e d  i n  f u t u r e  

runs .  During d i g e s t i o n ,  a i r  sparg ing  promoted n i t r i c  a c i d  vapor 

entra inment  through t h e  t ank  condenser (E-112). Some of t h e  vapor 

condensed i n  t h e  t ank  ven t  f i l t e r  (F-113),  soaking and p a r t i a l l y  

d i s s o l v i n g  t h e  f i l t e r .  No d e t e c t a b l e  amounts of  ruthenium evolved 

dur ing  t h e  d i g e s t i o n .  

The feed  pump (P-114) impe l l e r  d iameter  was decreased be fo re  

t he  run t o  reduce t h e  feed l i n e  p re s su re  t o  w e l l  below t h e  p r e s s u r e  

developed by t h e  feed  l i n e  f l u s h  pump (P-116). With t h e  feed  

va lve  c losed  and t h e  r e c y c l e  va lve  open, t h e  pump d e l i v e r e d  10 

p s i g  l i n e  p r e s s u r e  compared t o  60 p s i g  be fo re  t h e  impe l l e r  was 

c u t  down. P-116 developed 40 p s i g  p r e s s u r e  on t h e  feed  l i n e  

f l u s h  system. P-114 opera ted  smoothly dur ing  t h e  run.  

Ear ly  i n  t h e  run ,  t h e  atomizing steam flow began t o  dec rease  

and t h e  steam p r e s s u r e  i nc rea sed .  The nozzle  was removed and 

in spec t ed .  A s c a l e  d e p o s i t  was found i n  t h e  steam o r i f i c e  of t h e  

nozz le .  A f t e r  a  damaged steam l i n e  f i l t e r  was r ep l aced ,  t h e  

nozzle  d i d  n o t  p lug aga in .  Although t h e  l i q u i d  o r i f i c e  of t h e  

f eed  nozzle  d i d  no t  p lug ,  t h e  feed  temperature  was cooled from 

70 t o  50 O C  a t  5 h r  i n t o  the run.  

A l a y e r  of  powder and s c a l e  1 /8-1/2  i n .  t h i c k  was found on 

t h e  c a l c i n e r  w a l l s  fo l lowing t h e  run.  A coa t ing  of damp powder 
up t o  an inch t h i c k  accumulated i n  t h e  cone beneath  t h e  nozz le .  

The d e p o s i t s  were formed by poor f eed  a tomiza t ion .  Most of t h e  

d e p o s i t s  formed a f t e r  t h e  s c a l e  was c leaned ou t  of t h e  nozz le  

steam o r i f i c e .  From t h i s  evidence and t h e  exper ience  of p rev ious  

runs ,  i t  was concluded t h a t  steam a tomiza t ion  i s  i n f e r i o r  t o  

a i r  a tomiza t ion .  



The r u n  was s t o p p e d  when t h e  p r e s s u r e  d rop  a c r o s s  t h e  

c a l c i n e r  f i l t e r s  r o s e  r a p i d l y  t o  1 7  i n .  H Z O  I n t e r m i t t e n t  

blowback w i t h  g a s  p r e s s u r e s  up t o  5 0  p s i g  d i d  n o t  permanent ly  

s t o p  t h e  i n c r e a s e  i n  p r e s s u r e  d r o p .  The f i l t e r s  were c o a t e d  

w i t h  1 / 4  i n .  o f  powder. The f i l t e r  p l u g g i n g  was caused  by 

damp powder accumula t ion  from p o o r l y  a tomized  f e e d .  

The new WSEP p l a t i n u m  m e l t e r ,  h e a t e d  t o  9 0 0  O C ,  was used  

f o r  t h e  f i r s t  t i m e .  A l l  t h e  m a t e r i a l  below t h e  main s u p p o r t -  

i n g  f l a n g e  of  t h e  o r i g i n a l  WSEP m e l t e r  was r e p l a c e d  w i t h  p u r e  

p l a t i n u m  formed t o  t h e  same d e s i g n  a s  t h e  o l d  m e l t e r .  The 

p o r t i o n  above t h e  f l a n g e  was welded t o  t h e  new bot tom s e c t i o n .  

Mel t  was d i s c h a r g e d  w i t h o u t  s p a t t e r i n g  from t h e  w e i r ,  b u t  t h e  

f l o w  was u s u a l l y  an  i n t e r m i t t e n t  s t r e a m  r a t h e r  t h a n  d ropwise  

f low.  Flow r a t e  u s u a l l y  i n c r e a s e d  d u r i n g  f i l t e r  blowback 

p u l s e s .  A t  t h e  end of  t h e  r u n ,  t h e  m e l t e r  was d r a i n e d  t h r o u g h  

t h e  f r e e z e  v a l v e .  

The s o l i d s  f e e d e r  p lugged t w i c e  and had t o  be d i s c o n n e c t e d  

and c l e a n e d .  I n s u f f i c i e n t  c o o l i n g  a t  t h e  f e e d e r  c o n n e c t i o n  t o  

t h e  m e l t e r  n o z z l e  a l l o w  t h e  sodium metaphosphate  c h i p s  t o  m e l t  

forming a  b r i d g e  o v e r  t h e  f e e d e r  o u t l e t .  I n  a d d i t i o n ,  c h i p s  

c logged  t h e  c o n n e c t i o n  p i p e  below t h e  v i b r a t i n g  t r o u g h  f e e d e r .  

An a i r  v i b r a t o r  was a t t a c h e d  t o  t h e  c o n n e c t i o n  p i p e ,  b u t  i t  

d i d n ' t  p r e v e n t  f u r t h e r  p l u g g i n g .  A f t e r  t h e  f e e d e r  c logged  

t h e  second t i m e ,  t h e  c h i p s  were manual ly  dumped i n t o  t h e  m e l t e r  

a t  3 0  min i n t e r v a l s  u s i n g  one of  t h e  c e l l  m a n i p u l a t o r s .  

The p u l s e  r e f l e c t o m e t e r  d i d  n o t  o p e r a t e  c o r r e c t l y  and was 

removed from t h e  m e l t e r  e a r l y  i n  t h e  r u n .  The a lumina  s p a c e r s  

i n s u l a t i n g  t h e  c e n t e r  t u b e  from t h e  o u t e r  t u b e  were d i s s o l v e d  

by t h e  m e l t .  A s  a  r e s u l t ,  t h e  c e n t e r  t u b e  o f  t h e  p robe  was 

b e n t  o v e r  i n  c o n t a c t  w i t h  t h e  o u t e r  t u b e  t h u s  g i v i n g  a  f a l s e  

( h i g h )  l i q u i d  l e v e l  r e a d i n g  on t h e  o s c i l l o s c o p e .  



Melt samples were t aken  by removing t h e  sample chamber 

window and i n s e r t i n g  a  sample cup i n t o  t h e  mel t  s t ream e m i t t i n g  

from t h e  wei r .  This method was somewhat e a s i e r  t o  perform 

remotely than  by us ing  t h e  b u i l t - i n  sampler, s i n c e  t h e  sampler 

rod was more d i f f i c u l t  t o  i n s e r t  wi th  a  manipula tor .  The rod 

holding t h e  viewing mi r ro r  i n  t h e  sample chamber ben t  when i t  

was i n s e r t e d  remotely ,  and t h e  mi r ro r  could no t  be moved a f t e r -  

ward. The a i r  purge on t h e  m i r r o r  f a c e  seemed t o  promote d i r t  

format ion r a t h e r  t han  sweep o f f  t h e  m i r r o r .  

T h i r t y  l i t e r s  (85 kg)  of  black c r y s t a l l i n e  mel t  were c o l l e c t e d  

i n  t he  8  i n .  d iameter  3 0 4 - L  SS po t  heated t o  650 O C .  No s t a l a g m i t e s  

formed i n  t h e  p o t  a l though t h e r e  were smal l  d e p o s i t s  on t h e  upper 

and lower bends of  t h e  po t  thermowell.  The po t  was no t  measurably 

corroded,  v e r i f y i n g  t he  r e s u l t s  of a  co r ros ion  t e s t  made i n  t h e  c e l l  

hood before  t h e  run .  I n  t h i s  t e s t ,  t h e  co r ros ion  r a t e  on a  304-L 
SS coupon wi th  t h e  mel t  a t  750 O C  was n e g l i g i b l e  over a  24 h r  

pe r iod .  

Grea te r  t han  9 9 %  of t h e  feed  s u l f a t e  was found i n  t h e  mel t  

and c a l c i n e r  powder d e p o s i t s .  

S o l i d i f i e r  condensate was c o l l e c t e d  and con t inuous ly  concen- 

t r a t e d  i n  TK-113. The tank  volume was mainta ined a t  about 150 

l i t e r s  and t h e  bottoms and overhead a c i d i t i e s  were 3 and 0 .2M,  - 

r e s p e c t i v e l y .  About 2/3 of t h e  ruthenium loca t ed  was c o l l e c t e d  

i n  TK-113, whi le  t h e  o t h e r  t h i r d  was found i n  t h e  p roduc t .  I n  

a l l ,  7 1 %  of t h e  feed ruthenium was recovered by chemical a n a l y s i s .  

The r e s t  was not  found and may have p l a t e d  on t h e  s u r f a c e s  of 

t he  o f f - g a s  l i n e s .  Eva lua t ion  of t h e  m e r i t  of us ing  sugar  s o l u -  

t i o n  f o r  ruthenium r e t e n t i o n  i n  t h e  evapora tor  was inconc lus ive  

s i n c e  t h e  sugar  was run f o r  only  t h e  l a s t  4 3  min of t h e  run .  

The sugar  s o l u t i o n ,  0.085M, - was added t o  TK-113 a t  a  r a t e  of 

1.5 l i t e r s l h r .  N i t r i c  a c i d  was recovered i n  t h e  a c i d  f r a c t i o n a t o r  

(TK-115). F r a c t i o n a t o r  bottoms were mainta ined a t  6M. - 



P r i o r  t o  f e e d  s t a r t u p ,  t h e  s p r a y  s o l i d i f i e r  was r u n  w i t h  

w a t e r  and a tomiz ing  a i r  t o  s e e  whether  t h e  v e n t  c a p a c i t y  was 

l a r g e  enough t o  a l l o w  a i r  a t o m i z a t i o n  of f e e d .  E x t r a p o l a t i o n  

of t h e  d a t a  o b t a i n e d  i n d i c a t e d  t h a t  a i r  a t o m i z a t i o n  c o u l d  

be used  w i t h  a  f e e d  r a t e  of  15 l i t e r s / h r  i f  t h e  s p r a y  s o l i d i f i e r  

sys tem a i r  i n - l e a k a g e  d i d  n o t  exceed  5 scfm w i t h  a  c a l c i n e r  

f i l t e r  p r e s s u r e  drop  of 1 2  i n c h e s  of  w a t e r .  

Fol lowing t h e  r u n ,  u n s u c c e s s f u l  a t t e m p t s  were made 

t o  c l e a n  t h e  c a l c i n e r  and t h e  f i l t e r s  by ex tended  o p e r a t i o n  

of  t h e  v i b r a t o r  and t h e  f i l t e r  blowback, r e s p e c t i v e l y .  Blow- 

back a i r  p r e s s u r e  up t o  100 p s i g  f a i l e d  t o  remove an  a p p r e c i a b l e  . 
amount of  t h e  caked powder from t h e  f i l t e r s .  A f t e r  t h i s ,  two 

exper imen t s  were conducted  t o  t e s t  remote "wet" c l e a n i n g  o f  

t h e  d e p o s i t s  from t h e  f i l t e r s  and i n t e r n a l  w a l l s .  Water 

s p a r g e  th rough  an i n t e r n a l l y - m o u n t e d  p i p e  i n  t h e  f i l t e r  

chamber f a i l e d  t o  c l e a n  t h e  f i l t e r s  a d e q u a t e l y .  The f i l t e r s  

were s u b s e q u e n t l y  removed and c l e a n e d  by s o a k i n g  them i n  

c o l d  3M - n i t r i c  a c i d  f o r  16 h r  i n  t h e  c e l l  d e c o n t a m i n a t i o n  

t a n k .  At tempts  a t  t he rma l  s h o c k - c l e a n i n g  t h e  h o t  (675 " C )  

c a l c i n e r  w a l l s  w i t h  w a t e r  were n o t  s u c c e s s f u l .  The n o z z l e  

used  t o  s p r a y  t h e  w a l l s  c o u l d  n o t  p r o v i d e  s u f f i c i e n t  f l o w  

t o  shock t h e  powder from t h e  w a l l s .  A n o z z l e  w i t h  d o u b l e  

t h i s  c a p a c i t y  (16 l i t e r s / m i n )  had performed s u c c e s s f u l l y  

i n  p r e v i o u s  t e s t s  i n  t h e  deve lopmenta l  s p r a y  s o l i d i f i e r .  (24) 

A f t e r  t h e  f i r s t  WSEP s p r a y  s o l i d i f i e r  d e m o n s t r a t i o n  r u n ,  

c a l c i n e  d e p o s i t s  were removed remote ly  from t h e  i n t e r n a l  

c a l c i n e r  w a l l s  by washing t h e  w a l l s  f o r  abou t  2 4  h r  w i t h  a  

moveable t a n k - c l e a n i n g  n o z z l e .  The f i l t e r s  were washed c l e a n  

by blowing back w i t h  unhea ted  s team and n i t r i c  a c i d .  
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