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ABSTRACT 

S i n t e r e d  me ta l  f i l t e r s  have been used f o r  o f f - g a s  p a r t i c u l a t e  removal on 

a  p i l o t - s c a l e  f l u i d i z e d  bed c a l c i n e r  and s p r a y  c a l c i n e r .  The u n i t s  c a l c i n e d  

s i m u l a t e d  commercia l  HLW a t  r a t e s  e q u i v a l e n t  t o  1  t o  3 MTUlday f u e l  r e p r o -  

cessed. F-i 1  t e r s  were c leaned  b y  a  p e r i o d i c  p u l s e  o f  a i r  i n  a  r e v e r s e  d i r e c -  

ti on t h r o u g h  t h e  f i  1  t e r s  . F i  1  t e r  systems d e s i  gn and recommended o p e r a t i n g  

parameters  a r e  d e s c r i b e d .  
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1  .0  SUMMARY 

S i n t e r e d  meta l  f i l t e r s  were used t o  f i l t e r  t h e  p a r t i c u l a t e  e n t r a i n e d  i n  

t h e  o f f - g a s  f rom b o t h  a  sp ray  c a l c i n e r  and f l u i d i z e d  bed c a l c i n e r .  Blowback 

o f  a i r  d i r e c t e d  i n t o  v e n t u r i  tubes i n  t h e  end o f  each f i l t e r  was used t o  p e r i -  

o d i c a l  l y  knock t h e  accumul a t e d  cake o f  powder f rom t h e  f i  l t e r s .  S i  g n i  f i c a n t l y  

reduced blowback f requency- -hours  r a t h e r  t h a n  minutes--was found t o  be e f f e c -  

t i v e ,  and b e t t e r  a t  m a i n t a i n i n g  a  s u i t a b l e  p r e s s u r e  drop,  n o r m a l l y  5  t o  15 i n .  

o f  H20. S o p h i s t i c a t e d  blowback n o z z l e  and v e n t u r i  des igns were n o t  necessary  

a l t h o u g h  c e r t a i n  b a s i c  o p e r a t i n g  parameters  were r e q u i r e d ,  i n c l u d i n g  t h e  use . 

o f  v e n t u r i s ,  h i g h - p r e s s u r e  (>60 p s i g )  blowback a i r  and a  t i m i n g  system f o r  

p r o v i d i n g  s h o r t  pu lses  o f  a i r .  

The use o f  i n - b e d  combust ion h e a t i n g  i n  t h e  f l u i d i z e d  bed c a l  c i n e r  showed 

no e f f e c t  on f i l t e r  performance. 

F i l t e r  des igns were g e n e r a l l y  aimed a t  keep ing  t h e  f a c e  v e l o c i t y *  as low  

as p o s s i b l e  ( ~ 3  f t l m i n )  and a l l o w i n g  a  cake o f  powder t o  accumulate on t h e  

f i l t e r  u n t i l  p ressure  d rop  across t h e  f i l t e r  i n t e r f e r e d  w i t h  normal sys tem 

p ressure .  A t  t h i s  p o i n t  blowback w i t h  a i r  was used t o  c l e a n  t h e  f i  1  t e r  bank. 

The f i l t e r s  were v e r y  e f f i c i e n t .  P a r t i c u l a t e  l o s s e s  l e s s  than 0.025 wt% 

were n o t e d  w i t h  t h e  f l u i d i z e d  bed. DFs, based on t o t a l  s o l i d s  l o a d i n g  i n  t h e  

o f f - g a s ,  ranged f r o m  l o 3  t o  l o 5 .  No problems a r e  f o r e s e e n  i n  u s i n g  a  p r o p e r l y  

des igned f i l t e r  system f o r  a  r e m o t e l y  opera ted  h o t  c e l l .  

* Face V e l o c i t y :  v e l o c i t y  o f  o f f - g a s  p a s s i n g  th rough  t h e  f i l t e r s  based on 
a c t u a l  c o n d i t i o n s  . 

3  f t  /min gas f l o w  - ft,min 
2 f t  f i l t e r  area 



2.0 INTRODUCTIOIV 

Sintered metal f i l t e r s  have been used fo r  the primary f i l t r a t i o n  of the 

off-gas from spray and fluidized bed calciners.  This work has been aimed 

specif ical  ly a t  gaining experience with these f i l t e r s  which would be d i rec t ly  

applicable to  commercial design of calcination units .  Simulated high-level 

waste representative of t ha t  from a commercial fuel reprocessing plant has 

been cal ci ned. 

General operati on of a par t i  cul a te  f i  1 t e r i  ng  sys tem using porous s i  ntered 

metal, whether fo r  a f luidized bed or  spray calc iner  or other s imilar  process, 

i s  basically the same. A gas stream containing entrained sol ids  impinges on 

the f i l t e r ,  which becomes increasingly coated with the material.  The coating 

eventually becomes thick enough or  i s  so impervious tha t  the pressure drop 

across the cake and f i  1 t e r  beconies higher than desired operations permi t .  A 

blowback pulse of gas ( a i r  or steam) directed in to  venturi tubes located in 

the top of each f i  1 t e r  sends a reverse f 1 ow of gas through the f i  1 t e r s .  This 

pulse knocks the powder coating o f f ,  reducing the pressure drop. I t  has been 

postulated t ha t  the mechanism for  removing the coating i s  the shock wave 

created by the a i r  introduced from a nozzle above each f i l t e r .  Depending on 

the operating conditions, nature of the material being hand1 ed, e t c .  , blowback 

can continue on a cycle varying from a minute to  several hours. A typical 

blowback system i s  shown in Figure 1 .  

Many investigators have reported s imilar  operations. A summary report on 

blowback experience with small sized calcining units  i s  available.  Ba t te l l e  

has published data on the performance of s in tered metal f i l t e r s  used in spray 

calciner hot ce l l  t e s t ing  a t  Ba t te l l e .  ( 2  , 3 )  

During calcining of simulated nuclear wastes, the coating on the f i l t e r s  

i s  typical ly  about 1/16 t o  1/8 in .  thick when operating with to ta l  pressure 

drops across the f i l t e r s  of between 5 and 30 i n .  of water. Gas flows of 



HIGH-PRESSURE 

I ..j I (ONE OF SEVERAL) 

FIGURE 1 . T y p i c a l  F i  1 t e r  and Blowback System 

2 2 t o  5 a c f m / f t  of f i l t e r  a rea  a r e  t y p i c a l .  A i r  e i t h e r  hea ted  o r  unheated 

has been used f o r  b lowback.  E a r l i e r  work w i t h  s p r a y  c a l c i n e r s  has shown 

superheated steam t o  be as e f f e c t i v e  as a i r .  ( 4 )  The steam i s  s u b s e q u e n t l y  

condensed, hence r e d u c i n g  t h e  o f f - g a s  t o  be hand led  downstream; however, t h e  

amount of gas r e q u i r e d  f o r  blowback i s  g e n e r a l l y  i n s i g n i f i c a n t  when compared 

t o  t h e  t o t a l  volume processed.  P r e s s u r e  surges i n  t h e  equipment have been 

n o t e d  t o  be h i g h e r  d u r i n g  a i r  b lowback t h a n  w i t h  steam. ( 5 )  



3.0 EQUIPMENT DESCRIPTION AND BACKGROUIVD 

3.1 FILTER TYPES 

Most recent t e s t ing  with the f lu idized bed and spray ca lc iner  has been 

with off-the-she1 f commercial manufactured f i  1 t e r s  .* Various 1 engths from 

18 t o  36 in. and  diameters from 2 to  2-314 in.  have been used. Typically 

coarse-grade f i l t e r s  (Grade D )  were used. See Tables 1 and f o r  f i l t e r  

propert ies and capaci t ies .  Grade D f i l t e r s  are rated 98% e f f i c i e n t  a t  remov- 

ing 8-u sized par t i c les  a n d  100% e f f i c i e n t  on 20-u s i z e .  A reinforcing grid 

has been added fo r  s t rength .  Figure 2 i s  a photo of some f i l t e r s  tes ted .  

TABLE 1 .  Propert ies of Porous Sta inless  Steel 

Grade ~ e s ~ n a t i o n ' ~ '  
- - ~ - - 

D  E F G I i 
Coarse -~ Medi UIII F i n e  ~ E x t r a - F i n e  S u p e r f i n e  

P a r t i c l e  d i a m e t e r  o f  powder, ,,ln 150- 300 75-150 75- 150 35-75 20-60 

Mean po re  open ing ,  ;;ill 6 5  35 20 10  5  

M in i r~~u i r i  t e n s i l e  s t r e n g t h ,  I b / i n .  
2  

9000 15,000 15,000 15,000 15.000 

Min'411un1 t h i c k n e s s ,  i n .  1 /16  1 /32 1 /32 1 /32 1 /32  

App rox i~ r i a te  niodulus o f  e l a s t i c i t y  1.0 x 10  1 .5  x 10 2 .5  x 1 0  2 . 7  x 10  3.0 x  10 6 

E l o n g a t i o n  ( rn i n ) ,  5  5  5  4 2  

a .  Grades c o a r s e r  t h a n  D  and f i n e r  t h a n  l i  a r e  a v a l l a h l e  i n  s t d i n l e i s  s t e e l  and c e r t a i n  r e s i s t a n t  a1 l o y s ;  s h e e t s  
o u t s i d e  o f  t h i c k n e s s  l i i l i i t s  can a l s o  be produced.  

Ear l i e r  t e s t ing  of f i  1 t e r s  on spray calc inat ion equipment was done with 

porous alumina, 304L s t a in l e s s  s t e e l ,  316L s t a in l e s s  s t e e l  porous metal, and 

304L wi re wound f i  1 t e r s  . ( 7 )  Wire wound and 316L porous metal f i  1 t e r s  appeared 

t o  perform as well as 304L f i l t e r s .  The porous alumina (ceramic) f i l t e r s  had 

318 i n .  thick walls ,  were hard t o  clean by blowback, and were replaced by 

s in tered metal. 

* No attempts have been made to compare vendors o r  seek out a1 1 suppl iers .  
Likewise there i s  no reason to  believe t h a t  one b r a n d  d i f f e r s  s ign i f i can t ly  
from another. 



TABLE 2. Flow Capaci t y - - A i  r 

Pressu re  Drop, 
0 

Flow C a p a c i t y  o f  1  / 8 - i n .  T h i c k  ~i 1 t e r ( a )  
,, 

a. For  1 / 1 6 - i n .  t h i c k  f i l t e r s ,  m u l t i p l y  r e s u l t s  g i v e n  b y  two. 

3 .2  VENTURI DESIGN 

V e n t u r i  tubes a r e  used i n  t h e  t h r o a t s  o f  t h e  f i l t e r s  t o  e f f e c t i v e l y  

remove powder. T h e i r  use a l s o  e n t r a i n s  o f f - g a s ,  t h u s  c o n s e r v i n g  t h e  t o t a l  gas 

i n p u t  t o  t h e  system. See S e c t i o n  3.3. Schne ide r  observed i n  s p r a y  c a l c i n e r  

work t h a t  no d u s t  was removed w i t h o u t  v e n t u r i s  and t h a t  an o r i f i c e  i n  p l a c e  o f  

a v e n t u r i  was c o n s i d e r a b l y  l e s s  e f f e c t i v e .  (2) The s p e c i f i c  d e s i g n  o f  t h e  ven- 

t u r i  , however, does n o t  appear c r i  t i c a l  . Schnei  d e r  a l  so  observed t h a t  i ncreas -  

i n g  t h e  cone a n g l e  up t o  60" and 30" f o r  t h e  upst ream and downstream a n g l e s  

( v iewed  f r o m  t h e  n o z z l e )  had 1  i ttl e  e f f e c t .  

K a s e r l s  w o r k ( 8 )  on v e n t u r i  d e s i g n  f o r  a  s p r a y  c a l c i n e r  i n d i c a t e d  t h a t  a t  
2  h i g h e r  p e r m e a b i l i t i e s  ( 5  t o  10 c f m / i n .  - H20 f t  ) l a r g e r  t h r o a t e d  v e n t u r i s  





Severa l  v e n t u r i  des igns were t r i e d  w i t h  t h e  f l u i d i z e d  bed f i l t e r s  and 

a r e  shown i n  F i g u r e  3a-d. O f  those t e s t e d  l i t t l e  d i f f e r e n c e  c o u l d  be seen 

f rom v i s u a l  o b s e r v a t i o n  o f  b l  owback. D u r i n g  o p e r a t i o n ,  pen c h a r t  r e c o r d i n g s  

o f  t h e  impulse f rom blowback ( i n d i c a t i o n  o f  ove rp ressure* )  showed t h a t  ven- 

t u r i s  des igned w i t h  a  g r e a t e r  e n t r a n c e  a n g l e  t o  e x i t  ang le ,  i . e . ,  60" t o  30" 

and 30" t o  15" ( F i g u r e  3a, 3b) gave g r e a t e r  impulses than e i t h e r  50" t o  40" o r  

30" t o  45". T h i s  was n o t  obv ious b y  i n s p e c t i o n  o f  f i l t e r s  a f t e r  t h e  run ,  how- 

e v e r .  V e n t u r i  des ign  and blowback n o z z l e  f o r  t h e  s p r a y  c a l c i n e r  f i l t e r s  a r e  

as shown i n  F i g u r e  4. T h i s  des ign  works s a t i s f a c t o r i l y  a l s o .  A d d i t i o n a l  ven- 

t u r i  des igns can be found i n  Reference 1. 

En t ra inment  

The amount o f  e n t r a i n m e n t  f o r  v a r i o u s  v e n t u r i s  was measured by  Kaser and 

Moore. ( 7 )  They a l s o  i n c l u d e d  d a t a  on f i l t e r  permeabi li t y  and n o z z l e  t o  

v e n t u r i  t h r o a t  d i s t a n c e .  Tab le  3  and F i g u r e  5 show these  d a t a .  These ven- 

t u r i s  a r e  a l l  l a r g e r  t h a n  those  used i n  t h e  f l u i d i z e d  bed o r  r e c e n t  sp ray  c a l -  

c i n e r  t e s t s ,  and t h e  p e r m e a b i l i t y  range i s  h i g h e r .  A l s o  t h e  t h r o a t  t o  n o z z l e  

l e n g t h  ( 3  t o  6 i n . )  i s  l a r g e r .  I t  was e s t i m a t e d  f r o m  F i g u r e  5  t h a t  e n t r a i n -  

ment r a t i o s  f o r  v e n t u r i s  used i n  t h e  f l u i d i z e d  bed and s p r a y  c a l c i n e r  were 

about  0.5.  

3.3 BLOWBACK NOZZLE 

Blowback gas, whether  a i r  o r  steam, i s  d i r e c t e d  i n t o  t h e  v e n t u r i  t h rough  

some t y p e  o f  n o z z l e  t o  s e t  up an overp ressure  i n  t h e  f i l t e r .  Dus t  removal 

i nc reases  w i t h  ove rp ressure  induced b y  blowback gas. S t u d i e s  by 

~ c h n e i d e r " )  on fi 1  t e r i n g  sp ray  c a l c i n e r  o f f - g a s  th rough  2 - i n .  d iam x 2 4 - i n .  

l o n g  f i l t e r s  i n d i c a t e :  

1 .  Overpressure a t t a i n s  a  s teady  s t a t e  0.2 sec a f t e r  t h e  blowback v a l v e  i s  

opened. 

2 .  Overpressure i s  e v e n l y  d i s t r i b u t e d  o v e r  t h e  f i l t e r  f a c e  e x c e p t  near  t h e  

v e n t u r i  end, where i t  i s  l e s s .  

* Overpressure:  d i f f e r e n c e  i n  p r e s s u r e  between t h e  upstream and downstream 
f i 1  t e r  faces d u r i n g  b l  owback. 
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FIGURE 4 .  Venturi Design Used i n  Spray Calciner 
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TABLE 3. V e n t u r i  Dimensions f o r  En t ra inmen t  Tes ts  

V e n t u r i  Desi  g n a t i o n  A 

En t rance  cone ang le  , degrees 60 

S ide  l e n g t h  o f  e n t r a n c e  cone, i n .  2.65 

T h r o a t  d iamete r ,  i n .  0.75 

T h r o a t  l e n g t h ,  i n .  1  .O 

D i f f u s e r ,  i n .  3 0 

S ide  l e n g t h  o f  d i f f u s e r ,  i n .  5 .0  

Optimum d i s t a n c e  f r o m  blowback 
n o z z l e  t o  t h r o a t ,  i n . ( a )  3- 4 

a. L a r g e s t  e n t r a i n m e n t  r a t i o .  

C P R I M A R Y  A l  R RATE: 24.5 scfm 

2.0 VENTl lRl  NOZZLE D IAM:  0.166 in. 

SPRAY CALCINER 
FLU1 DlZED BED 

RANGE 

0.4 

PERMEABILITY, cfm /in. H20 - f t  2 

FIGURE 5. E f f e c t  o f  F i  1  t e r  Permeabi 1  i ty  o n  Blowback 
V e n t u r i  Performance 



3. Opt-imum spac ing between the  v e n t u r i  t h r o a t  and nozz le  a re  i n  t he  range o f  

2  t o  6  i n .  

4. I n c r e a s i n g  t h e  same f l o w r a t e  t o  son i c  v e l o c i t y  inc reases  overpressure.  

5. Overpressure inc reases  w i t h  blowback gas f l o w r a t e .  

6. I n c r e a s i n g  f i l t e r  p l u s  cake p e r m e a b i l i t y  reduces overpressure a t t a i n a b l e .  

Spray c a l c i n e r  work by Kaser and ~ o o r e " )  i n d i c a t e d  t h e  optimum r a t i o  of 

blowback nozz le  d iameter  t o  v e n t u r i  t h r o a t  d iameter  was 0.22 and suggested 

f u r t h e r  improvement by us i ng  convergent -d i  ve rgen t  nozz les t o  produce super-  

son i c  e x i t  v e l o c i t i e s .  The nozz le  has 1  i t t l e  e f f e c t  on overpressure i f  t h e  

f l o w r a t e  i s  cons tan t  and t h e  v e l o c i t y  son ic .  ( 8 )  

Blowback tubes on t h e  spray c a l c i n e r  moved f rom 2 i n .  above t o  1/2 i n .  

above t h e  suppor t  p l a t e  showed no d i f f e r e n c e  i n  dus t  removal. (10 )  

F l u i d i z e d  bed blowback tubes a re  l o c a t e d  %3/8 i n .  above t h e  v e n t u r i .  

Changes i n  h e i g h t  have n o t  been i n v e s t i g a t e d .  

Pulse Dura t ion  - 

The amount o f  a i r  pu lsed  i n t o  t he  f i  1  t e r s  i s  n o t  c l e a r l y  de f i ned .  Argonne 

Na t i ona l  Labora to ry  (ANL) da ta  w i t h  80 t o  100 p s i g  blowback a i r  through 

1/32 t o  1 /16- in .  nozz les  showed no d i f f e r e n c e  i n  blowback performance when 

t he  pu l se  d u r a t i o n  v a r i e d  f rom 0.2 t o  1 .4  sec. Spray c a l c i n e r  work a t  BNWL 

r e p o r t e d  by Spaeth i n d i c a t e d  t h a t  pu lse  l eng ths  l ess  than 0.5 sec a l lowed t he  

f i  1  t e r s  t o  p l  ug. ( 5 )  Work w i t h  t h e  f l u i d i z e d  bed has been done w i t h  pu l se  t ime 

o f  0.18 t o  0.75 sec w i t h  no n o t i c e a b l e  d i f f e r e n c e .  Recent spray c a l c i n e r  work 

has had s a t i s f a c t o r y  blowback w i t h  a  0.25 sec pu lse .  I t  appears t h a t  pu l se  

d u r a t i o n  l ess  than 1  sec i s  s u f f i c i e n t .  The volume o f  a i r  i n  a  pu lse  has n o t  

been measured a t  B a t t e l l e .  ANL r e p o r t e d  a  1-sec pu lse  th rough  a  1 / 8  i n .  

s o l e n o i d  and 1/16 i n .  nozz l e  passed 0.1 ft'. Sonic v e l o c i t y  i s  reached a t  

a  gas r a t e  o f  0.1 f t 9 s e c  th rough  a 1 /8  i n .  tube. Th is  has been t he  assumed 

r a t e  f o r  c a l c u l a t i o n s  i n  t h i s  r e p o r t .  A t  pu l se  l eng ths  l e s s  than 1  sec, a  

d i r e c t l y  p r o p o r t i o n a l  r e d u c t i o n  i n  a i r  volume has been assumed. 



To m i n i m i z e  p l u g g i n g  t h e  optimum r a t i o  o f  blowback gas r a t e  t o  f i l t e r i n g  

gas r a t e  was g i v e n  by a  f i l t e r  manu fac tu re r  as 0.5. ( 4 )  The volume o f  p u l s e  t o  

i n t e r n a l  f i l t e r  volume o f  0.5 t o  8 . 0  was recommended by ANL work.  ( 1  

The f l u i d i z e d  bed has 36 and 1 8 - i n .  l e n g t h  f i l t e r s  w i t h  i n t e r n a l  volumes 

o f  0.12 and 0.06 ft3, r e s p e c t i v e l y .  Assuming t h a t  a  0.25-sec p u l s e  wou ld  
3  3 r e l e a s e  0.025 f t  o f  gas p l u s  an a d d i t i o n a l  0.012 f t  o f  e n t r a i n e d  a i r ,  t h e  

r a t i o  o f  p u l s e  volume t o  f i l t e r  volume would  be 0.31 and 0.62 f o r  36 and 18- - in .  

f i  1  t e r s ,  on t h e  low end o f  t h e  ANL da ta .  The blowback gas r a t e  t o  f i  1  t e r i n g  

gas r a t e  r a t i o  f o r  a  s i n g l e  3 6 - i n .  f i l t e r  wou ld  be 2.96. T h i s  i s  h i g h e r  than  

t h e  recommended r a t e ;  however, t h i s  d a t a  i s  q u e s t i o n a b l e  because o f  t h e  uncer -  

t a i n t y  i n  t h e  blowback gas f l o w  t h r o u g h  t h e  f i l t e r .  Exper ience  a t  B a t t e l l e  

has n o t  shown p l u g g i n g  t o  be a  problem, and ANL work w i t h  r a t e  r a t i o s  o f  

1.3 t o  10  was a l l  c o n s i d e r e d  s a t i s f a c t o r y .  ( 1 )  

3.4 SIMULATED HLW CALCINE 

The s i n t e r e d  me ta l  f i l t e r s  have been used t o  f i l t e r  t h e  o f f - g a s  f rom t h e  

c a l c i n a t i o n  o f  a  range o f  commercial waste  t ypes .  These r e p r e s e n t a t i v e  wastes 

processed i n  e i t h e r  t h e  f l u i d i z e d  bed o r  s p r a y  c a l c i n e r  a r e  l i s t e d  i n  Tab le  4. 

Fo r  reasons as l i s t e d  i n  Tab le  5, some chemica l  s u b s t i t u t i o n s  a r e  made f o r  t h e  

p i  1  o t  p l  a n t  t e s t s  . 



TABLE 4. Cornposi t i o n s  of  R e p r e s e n t a t i v e  H i  gh-Level R a d i o a c t i v e  
Wastes a f t e r  Conversion t o  Cal c i n e  

I n e r t s  Na20 

Fe203 

Cr203 
N i  0 

'2'5 

2'3 

Gd203 
Subto ta l  

F i s s i o n  Rb20 
Produc ts  S r O  
(Same 
f o r  a l l  Y203 
w a s t e s )  zr02 

Moo3 

Tc 2'7 
Ru02 

Rh203 
PdO 

Ag20 
CdO 

Te02 

Cs20 

Ba 0 

La203 
Ce02 

Pr601 1 

Nd203 

Pm203 

Sm203 

Eu203 

Gd203 
S u b t o t a l  

A c t i n i d e s  U308 

NP02 

Pu02 

Am203 

Cmz03 
S u b t o t a l  

Tota l  

Ki lo  rams Oxide / N U  
PW-4b PW-4c P i -6  P W - 7  PW-7a 

a .  Seed p a r t i c l e s  used a s  s t a r t i n g  bed i n  f l u i d i z e d  bed c a l c i n e r .  



TABLE 5. Chemical S tand ins  Used t o  S i m u l a t e  
N o n r a d i o a c t i v e  H i  gh-Level  ~ a s t e ( a )  

Waste C o n s t i t u e n t  
t o  be Reason f o r  Subs ti t u t e  

Subs t i  t u t e d  S u b s t i t u t i o n  Used ( b )  

Rb Expense K 

Y and RE Expens ive  t o  s i m u l a t e  Commercial l y  a v a i l a b l e  
- f i s s i o n  p r o d u c t  r a r e  e a r t h  m i x t u r e s  
spect rum 

No n o n r a d i o a c t i  ve 
i s o t o p e s  

Expense 

Rh Expense C o  

P  d Expense 

C s  ( c )  Expense 

U, Np, Pu, Am and Cm No n o n r a d i o a c t i v e  Rare e a r t h s  
i s o t o p e s  

a. I n e x p e n s i v e  n o n r a d i o a c t i v e  i s o t o p e s  a r e  a v a i l a b l e  f o r  a l l  o f  t h e  
f i s s i o n  p r o d u c t s  n o t  shown. 

b .  S u b s t i t u t e s  shown a r e  t h o s e  wh ich  have been used i n  t h e  Waste 
F i x a t i o n  Program a t  PNL. 

c .  S u b s t i t u t e d  i n  e n g i n e e r i n g - s c a l e  t e s t s  o n l y .  



4.0 TESTING RESULTS 

4.1 FLUIDIZED BED 

Work a t  PNL has been p r i m a r i l y  o r i e n t e d  toward  u n c o n v e n t i o n a l  c a l c i n a t i o n  

techn iques  such as i n e r t  bed o p e r a t i o n ,  a t t r i  t i o n / e l  u t r i a t i o n ,  e t c .  T h i s  

development work has produced o p e r a t i n g  c o n d i t i o n s  i n  w h i c h  t h e  p r o d u c t  cha r -  

a c t e r i s t i c s  a r e  i n  ranges w i d e r  t h a n  n o r m a l l y  e x p e r i e n c e d  when a  f i x e d  o p e r -  

a t i  n g  concep t  i s  used o r  c o n v e n t i o n a l  c a l  c i  n a t i  on i s  done. T y p i c a l  c h a r a c t e r -  

i s t i c s  o f  c a l c i n e  a r e  shown i n  Tab1 e  6 .  

The amount o f  c h a r a c t e r i s t i c s  o f  f i n e s  t h a t  reach  t h e  s i n t e r e d  m e t a l  

f i l t e r s  i n  t h e  f l u i d i z e d  bed c a l c i n e r  can v a r y  o v e r  a  w i d e  range,  depend ing 

on how t h e  c a l c - i n e r  i s  ope ra ted .  U n l i k e  a  s p r a y  c a l c i n e r ,  wh ich  genera tes  

t y p i c a l l y  s i m i l a r  s i z e d  p a r t i c l e s ,  f l u i d i z e d  bed c a l c i n a t i o n  i s  a  c o a t i n g  

process  t h a t  gene ra tes  f i n e s  by  a b r a s i o n  o f  bed p a r t i c l e s ,  by e x t e r n a l  a t t r i -  

t i n g  f o r c e s  such as j e t  g r i n d e r s ,  and by  some s p r a y  d r y i n g .  The amount and 

n a t u r e  o f  t h e s e  f i n e s  can be v a r i e d ,  depend ing on t h e  needs o f  t h e  o p e r a t i o n .  

TABLE 6. C h a r a c t e r i s t i c s  o f  Cal c i n e  ( a )  

S i z e ,  mlii Bed 0.15 - 0.50 

F ines  0 .04  - 0.15 

Dens i ty , g/cc 

N i t r a t e ,  w t% 

H20, w t% 

a. C h a r a c t e r i s t i c s  o f  f l u i d i z e d  bed c a l c i n e  w i  11 
v a r y  g r e a t l y ,  depend ing on o p e r a t i n g  tempera-  
t u r e ,  t y p e  o f  feed,  o p e r a t i n g  c o n d i t i o n s ,  e t c .  

The i n i t i a l  c o n f i g u r a t i o n  o f  t h e  f l u i d i z e d  bed c a l c i n e r  p rocess  had t h e  

f i l t e r s  a d j a c e n t  t o  t h e  c a l c i n i n g  vesse l  ( F i g u r e  6 ) .  Over 250 h r  o f  o p e r a t i o n  

were comple ted w i t h  t h i s  arrangement.  A t  t h i s  p o i n t  m o d i f i c a t i o n s  t o  t h e  

sys tem were made t o  i n c r e a s e  t h e  f i l t e r i n g  a r e a  ( d i s c u s s e d  i n  S e c t i o n  3 ) .  





Seven 36- in .  x 2-3/4- in .  f i l t e r s  were housed i n  a  12- in .  diam Sch 10s t ype  

304L SST p i p e  used as t h e  f i l t e r  vesse l .  Ven tu r i  tubes as shown i n  F i gu re  3a 

were used w i t h  3 /8 - in .  diam x 0.12 w a l l  t u b i n g  as blowback nozz le .  Each 

nozz le  was 3/8 i n .  above t he  v e n t u r i  . 
Dur ing t y p i c a l  ope ra t i on  a l l  m a t e r i a l  e l u t r i a t e d  f rom t h e  bed and c a r r i e d  

t o  t he  f i l t e r i n g  vessel  was < I49  11. A  t y p i c a l  d i s t r i b u t i o n  i s  shown i n  Table  7. 

TABLE 7. S ize  D i s t r i b u t i o n  o f  M a t e r i a l  E l u t r i a t e d  
t o  F i l t e r s  i n  t h e  F l u i d i z e d  Bed 

S ize ,  p -- 

21 0  

149 

74 

3  7  

20 

10 

<10 

Wi th  i n t e n t i o n a l  a t t r i t i o n  (by means o f  j e t  g r i n d e r  o r  h i gh  a i r  f l o w  

through a  nozz le )  t h e  s i z e  d i s t r i b u t i o n  i s  changed as shown i n  Table 8. 

The s i g n i f i c a n t  i nc rease  i s  i n  t h e  -44 11 ( ~ 3 2 5  mesh) range. 

TABLE 8. S ize  D i s t r i b u t i o n  o f  F l u i d i z e d  Bed Ca lc ine  -- 
Fines w i t h  I n t e n t i o n a l  A t t r i t i o n  

S ize ,  p ( a )  W ~ S ,  

+ I 05  10.7 

a. S ieve opening i n  p f o r  e q u i v a l e n t  T y l e r  mesh. 



Dur ing  e a r l y  o p e r a t i o n  w i t h  a l l  new f i l t e r s  i t  was noted t h a t  some mate- 

r i a l  passed th rough  t h e  porous media. A f t e r  a  few hours o f  o p e r a t i o n  t h i s  was 

no l onge r  n o t i c e d .  The m a t e r i a l  which d i d  pass through was analyzed, and t h e  

s i z e  d i s t r i b u t i o n  i s  shown i n  Table 9. 

TABLE 9. P a r t i c l e s  Pass ing Through New 65-Micron F i  1 t e r  

Screen Size,  
Dm 

+210 

-210 + I49  

-149 +74 

-74 +37 

-37 +20 

-20 +10 

-1 0  + 5  

- 5  

I s o k i n e t i c  sampl ing us i ng  a  cascade impac to r  d u r i n g  t y p i c a l  runs was used 

t o  determine t he  p a r t i c u l a t e  concen t ra t i on  and s i z e  i n  t h e  o f f - g a s  pass ing  

through t h e  f i l t e r s .  Resu l t s  are shown i n  Tab1 e  10. The o f f - g a s  composi t ion 

and t y p i c a l  f i  1  t e r  o p e r a t i n g  c o n d i t i o n s  a re  shown i n  Table  11 . 

TABLE 10. F l u i d i z e d  Bed Cal c i n e r  Off-Gas Sampling ( a )  

Mass Aerodynami c  
Concent ra t ion,  Median D i  ameter, 

W t %  L o s t  DF mg/sc f (b )  Microns 

a. Average Condi ti ons 
Pressure Drop, i n .  H20 20 - 40 
T o t a l  acfm 8 0  - 90 
Temperature, " C  300 - 400 
Face v e l o c i t y ,  f t l r n i n  3.97 + 0.66 
Permeabil i t y ,  f t / m i n - - i n .  H20 0.14 + 0.03 
Pressure,  i n .  H20 - 2  t o  -10 

b.  Noncondensable o f f - g a s .  



TABLE 11. F l u i d i z e d  Bed C a l c i n e r  Of f -Gas Compos i t i on  ( a ,  b )  

Component Mole % 

-- 

a. Average C o n d i t i o n s  
P r e s s u r e  Drop, i n .  H20 
T o t a l  acfm 
Temperature,  " C  
Face v e l o c i t y ,  f t l m i n  
Permeabi 1  i t y  , f t / m i  n - - i  n .  H20 
P ressu re ,  i n .  H20 

b.  Noncondensable o f f - g a s .  
c .  U n i t  hea ted  b y  combust ion  o f  kerosene 

The permeabi l i t y  o f  t h e  f i  1  t e r s  f o r  t h e  %300 h r  o f  accumula ted o p e r a t i o n  

i s  shown i n  F i g u r e  7. The f i l t e r  p e r m e a b i l i t y  was l o w e r  i n i t i a l  l y  t h a n  

expec ted  and i s  q u i t e  a  b i t  l o w e r  t h a n  t h a t  o f  i d e n t i c a l  rep lacement  f i l t e r s .  

T h i s  has n o t  been f u l l y  e x p l a i n e d ;  however, some p o s t u l a t i o n s  have been made. 

Schne ide r  r e p o r t e d  i n  e a r l i e r  work  done a t  B a t t e l l e  t h a t  t h e  s p r a y i n g  o f  

raw w a t e r  o n t o  new f i l t e r s  f r e q u e n t l y  b l i n d s  them w i t h  a  c o a t i n g  t h a t  canno t  

be b lown o f f .  T h i s  was sometimes done d u r i n g  e a r l y  shakedown r u n s .  A l s o  

t h e  o f f - g a s  imp inged  a t  h i g h  v e l o c i t y  on one f i l t e r  as i t  e n t e r e d  t h e  v e s s e l .  

T h i s  f i l t e r  was n o t e d  t o  respond l e s s  t o  b lowback,  hence i n d i c a t i n g  some 

p l u g g i n g .  To a v o i d  b l i n d i n g  w i t h  w a t e r ,  t h e  f i l t e r s  i n  t h e  m o d i f i e d  vesse l  

were p r e c o a t e d  w i t h  S i 0 2  d u s t  p r i o r  t o  i n t r o d u c i n g  any l i q u i d s  i n t o  t h e  system. 

T h i s  was done by  f l u i d i z i n g  and a t t r i t i n g  a S i 0 2  bed w i t h o u t  i n t r o d u c i n g  feed. 



0.5 
NEW FILTER VESSEL INSTALLED 

i ! I I i 1 I i i 0 
30 60 90 120 150 180 210 240 270 300 

CUMULATIVE HOURS OF CALCINER OPERATION 

FIGURE 7. P e r m e a b i l i t y  Data f o r  F l u i d i z e d  Bed C a l c i n e r  

General o p e r a t i o n  w i t h  t h e  i n i t i a l  s e t  o f  f-il t e r s  was q u i t e  good. I t  

soon became e v i d e n t  t h a t  t h e  c a l c i n e r  c a p a c i t y  had i n c r e a s e d  s i g n i f i c a n t l y  

o v e r  i t s  des igned r a t e  of 15 l i t e r / h r  w i t h  t h e  new o p e r a t i n g  techn iques .  I n  

o p e r a t i o n  a t  i n c r e a s e d  c a p a c i t i e s ,  problems such as vacuum a v a i l  a b i  1  i ty w i t h  

e x i s t i n g  p l a n t  o f f - g a s  equipment was a  concern .  Many runs  were made w i t h  

p r e s s u r e  drops o f  30 t o  40 i n .  o f  w a t e r ,  and f r e q u e n t  b lowback ( 5  t o  1 0  m i n  

c y c l e )  was r e q u i r e d .  A1 though t h e  f i  1  t e r s  performed s a t i s f a c t o r i l y ,  i t  was 

t h o u g h t  t h a t  l o w e r  d i f f e r e n t i a l  p r e s s u r e  (AP)  and much l e s s  b lowback wou ld  be 

d e s i r a b l e  and a c h i e v a b l e .  The u s e f u l  l i f e  o f  t h e  f i l t e r s  has been r e p o r t e d  

by  many manu fac tu re rs  t o  be l eng thened  b y  r e d u c i n g  blowback f requency .  

A  new f i  1  t e r  chamber was des igned and i n s t a l  l e d  as d e s c r i b e d  below. 

4.2 IMPROVED FILTER VESSEL 

The i r r~proved fi 1  t e r  vesse l  i n s t a l  1  a t i o n  was t o  accompl i s h  s e v e r a l  goa l  s  : 

i n c r e a s e  f i  1  t e r  a r e a  t o  o b t a i n  h i q h e r  c a l c i n e r  f e e d  r a t e s  

r u n  w i  t h  1  ower p r e s s u r e  drop,  < l o  t o  20 i n .  H20, and i n f r e q u e n t  b l  owback 



see if precoa ted  f i l t e r s  would  behave d i f f e r e n t l y  than  t h o s e  i n i t i a l l y  

i n s t a l l e d  

use d i f f e r e n t  v e n t u r i  des igns and n o t e  any d i f f e r e n c e s  i n  blowback r e s u l t s  . use a  c y c l o n e  p r i o r  t o  t h e  f i l t e r s .  

The most e f f i c i e n t  way o f  i n s t a l l i n g  an e n l a r g e d  f i l t e r  s e c t i o n  was t o  

have t h e  hous ing  f a b r i c a t e d  and then i n s t a l l  i t  a t o p  t h e  hous ing  f rom which 

t h e  p r e v i o u s  f i l t e r s  had been removed. See F i g u r e  8. T h i s  l e f t  t h e  o r i g i n a l  

vessel  s e r v i n g  no purpose except  as a  d i sengag ing  space. I t  was dec ided  t o  

mod i f y  t h e  vesse l  t o  ach ieve  a  c y c l o n e  e f f e c t .  T h i s  was done by i n s t a l l i n g  a  

t a n g e n t i a l  gas i n l e t  and m o d i f y i n g  t h e  gas o u t l e t .  I t  was e v i d e n t  t h a t  oper -  

a t i n g  c o n d i t i o n s  would  va ry  so much t h a t  t h e  m o d i f i e d  des ign  would n o t  r e s u l t  

i n  optimum e f f i c i e n c y .  Use o f  a  c y c l o n e  w i t h  a  sp ray  c a l  c i n e r  upstream o f  

s i n t e r e d  meta l  f i  1  t e r s  had i n t e r f e r e d  w i t h  blowback e f f i c i e n c y .  ( 7 )  T h i s  

exper ience  l e d  t o  some concern; t h e  assumpt ion was t h a t  w i t h  t h e  cyc lone  i n  

p l a c e  o n l y  t h e  f i n e s t  p a r t i c l e s  reached t h e  f i l t e r s  and formed an e s p e c i a l l y  

adherent  f i l t e r  cake. However, i t  was f e l t  t h a t  t h i s  would n o t  happen w i t h  

t h e  f l u i d i z e d  bed s i n c e  t h e  p a r t i c l e s  a r e  much l a r g e r .  Cyclones have a l s o  

been used as t h e  nia jor  p a r t i c u l a t e  removal system on f l u i d i z e d  beds such as 

a t  t h e  waste c a l c i n a t i o n  f a c i l i t y  opera ted  b y  A l l i e d  Chemical a t  t h e  Idaho  

N a t i  onal E n g i n e e r i n g  Labora to ry ,  Idaho Fa1 1  s .  

E igh teen  s i n t e r e d  meta l  f i l t e r s  were used i n  t h e  new vesse l .  Ten were 

18 x  2 -3 /4 - in .  diam, and seven were 36 x 2 -3 /4 - in .  diam. They were ar ranged 

as shown i n  F i g u r e  9.  The blowback nozz les  were p i p e d  so t h a t  two 1 8 - i n .  

f i l t e r s  would opera te  s i m u l t a n e o u s l y  and one 3 6 - i n .  f i l t e r  blown a t  a  t i m e .  

Frequency, c y c l e  and d u r a t i o n  o f  blowback were c o n t r o l l e d  f rom a  s p e c i a l l y  

des igned t i m e r  pane l .  Severa l  v e n t u r i  des igns such as a r e  shown i n  F i g u r e  3 

were used. Blowback nozz les  were t h e  same as p r e v i o u s l y  used. 

Runs w i t h  t h e  new f i l t e r  vesse l  have f a r  exceeded e x p e c t a t i o n s .  A1 though 

more hours  a r e  needed t o  v e r i f y  o p e r a t i o n ,  t h e  f o l l o w i n g  da ta  has been 

accu~i iu l  a t e d  : 

The p r e c o a t  appeared e f f e c t i v e  i n  t h a t  t h e  p e r m e a b i l i t y  o f  t h e  f i  1  t e r  

i s  much h i g h e r  than  p r e v i o u s  p e r m e a b i l i  t i e s  ( see  F i g u r e  7 ) .  







Higher  c a l c i n e r  feed r a t e s  were achieved. 

Pressure drop has been low, and i t  appears t h a t  ve ry  i n f r equen t  blowback 

w i l l  be r equ i r ed .  

The v e n t u r i  dimensions t r i e d  have l i t t l e  i f  any n o t i c e a b l e  e f f e c t  on 

blowback. 

Q u a n t i f i e d  data on t h e  cyc lone  e f f i c i e n c y  have n o t  been taken. However, 

observa t ions  o f  t h e  s o l i d s  l oad ings  on t h e  f i l t e r s  when no blowback i s  

used i n d i c a t e  t h a t  t he  cyc lone  i s  removing most o f  t h e  p a r t i c l e s .  

4.3 SPRAY CALCINER 

Al though feed s o l u t i o n s  t o  t h e  spray and f l u i d i z e d  bed c a l c i n e r s  a re  

i d e n t i c a l  , the  na tu re  o f  t he  p a r t i c u l a t e s  formed i s  no t .  Typ i ca l  spray c a l -  

c i n e  p r o p e r t i e s  a r e  1  i s t e d  i n  Table  12. Opera t ing  ranges t h e  f i  1  t e r s  have 

been sub jec ted  t o  a r e  shown i n  Table 13. 

TABLE 12. P r o p e r t i e s  o f  Spray Ca lc ine  

P a r t i c l e  s i ze ,  pm 3-20 

Average bu l  k  d e n s i t y  , g/cc 1.1 

N i  t r a t e ,  w t %  1-18 

Mo is tu re ,  w t %  0.5 

Angle o f  repose, degree 4 2 

TABLE 13. Opera t ing  Ranges 

Pressure drop, i n .  H20 10 - 20 

T o t a l  acfm 30 - 90 

Temperature, " C  300 - 460 

Face v e l o c i  ty, f t / m i n  1.6 - 5.6, (3.6 + 1.44 avg) 

Pe rmeab i l i t y ,  f t / m i n - i n .  H20 0.28 + 0.05 

Pressure,  i n .  H20 -1 0  

Over 800 h r  o f  ope ra t i on  have been accumulated on t he  spray c a l  c i n e r .  

The spray c a l c i n e r  has 15 f i l t e r s  24 i n .  l o n g  x 2 i n .  diam. They a r e  blown 
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FIGURE 11. Spray C a l c i n e r  F i  1  t e r  D i f f e r e n t i a l  P r e s s u r e  

F i g u r e  12, a  pho tog raph  t a k e n  a t  t h e  c o n c l u s i o n  o f  t h e  500-hr  r u n ,  shows 

t h e  t y p i c a l  1 / 1 6 - i n .  l a y e r  o f  c a l c i n e  wh ich  c o a t s  t h e  f i l t e r .  

P a r t i c u l a t e s  p a s s i n g  t h r o u g h  t h e  o f f - g a s  f i l t e r s  were 0.05 t o  0.5% o f  

t h o s e  c o n t a i n e d  i n  t h e  c a l c i n e r  f eed .  As u s u a l ,  h i g h e r  d e c o n t a m i n a t i o n  was 

a c h i e v e d  a f t e r  a  s t e a d y - s t a t e ,  1 /16  i n .  c o a t i n g  o f  c a l c i n e  accumu la ted  on t h e  

f i  1  t e r s .  

F i g u r e  13  summarizes p e r m e a b i l i t y  d a t a  f r o m  abou t  800 h r  o f  s p r a y  c a l -  

c i n a t i o n  o p e r a t i o n .  E a r l y  runs  were a t  l o w  f e e d  r a t e s  because t h e  u n i t  was 

b e i n g  broken i n .  The new f i g u r e s  g r a d u a l l y  approach a  s t e a d y - s t a t e  p e r -  

m e a b i l i t y  n e a r  0.25 f t / m i n - i n .  H20. T h i s  v a l u e  was m a i n t a i n e d  o v e r  t h e  

500-hr  r u n  a t  1.0.27 f t / m i n - i n .  H20. 

I n  n e a r l y  a1 1  runs  a  t y p i c a l  c y c l e  was m a i n t a i n e d :  b lowback o f  0.25-sec 

p u l s e s  t o  t h r e e  f i l t e r s  a t  a  t i m e  e v e r y  2  min.  T h i s  k e p t  p r e s s u r e  drops n e a r  

1 0 - i n .  H 2 0  T h i s  f r e q u e n t  b lowback c y c l e  was i n h e r i t e d  f r o m  o p e r a t i n g  p r e v i -  

ous c a l c i n e r  u n i t s .  Those had l i m i t e d  o f f - g a s  vacuum a v a i l a b l e ,  n e c e s s i t a t i n g  





f r e q u e n t  b lowback t o  keep AP low and t o  a v o i d  vesse l  p r e s s u r i z a t i o n .  More 

r e c e n t  exper ience  w i t h  t h e  f l u i d i z e d  bed and sp ray  c a l c i n e r  has shown t h i s  

f r e q u e n t  b lowback t o  be unnecessary and p o t e n t i a l  l y  ha rmfu l  as l o n g - t e r m  f i  1  - 
t e r  p l u g g i n g  may r e s u l t .  Blowback a t  h o u r l y  o r  g r e a t e r  i n t e r v a l s  has been 

s u f f i c i e n t .  

P ressure  drop i s  a l l o w e d  t o  b u i l d  t o  h i g h e r  va lues ;  t h e n  t h e  f i l t e r s  a r e  

blown back t o  a low va lue.  The c y c l e  i s  spread t h e n  o v e r  a  w i d e r  range f o r  a  

l o n g e r  d u r a t i o n .  O f  course,  t h i s  r e q u i r e s  s u f f i c i e n t  o f f - g a s  h a n d l i n g  f a c - i l i -  

t i e s .  A  steam j e t  t o  b o o s t  l ow  vacuum systems has p roven  q u i t e  u s e f u l .  

Remote S o l e n o i d  Val ve Placement 

F u l l  s i z e  c a l c i n a t i o n  equipment f o r  commerci a1 o p e r a t i o n  would  r e q u i  r e  

up t o  a  hundred o r  more s i n t e r e d  meta l  f i l t e r s .  The blowback p i p i n g ,  s o l e -  

n o i d s ,  e t c . ,  become cumbersome f o r  remote maintenance. To a v o i d  h a v i n g  t h i s  

equipment i n  t h e  c e l l  , t e s t s  were t r i e d  w i t h  t h e  sp ray  c a l c - i n e r  f i  1  t e r  vesse l .  

The s o l e n o i d  va lves  were l o c a t e d  15 f t  f r o m  t h e  v e n t u r i  tubes;  n o r n i a l l y  t h e  

s o l e n o i d  i s  as c l o s e  as p r a c t i c a l  t o  t h e  vesse l .  A1 though t h e  impu lse  f o r  

s h o r t  p u l s e s  i s  weaker w i t h  t h e  s o l e n o i d s  p l a c e d  r e m o t e l y ,  i t  appears s u f f i -  

c i e n t  f o r  e f f e c t i v e  blowback.  F u r t h e r  t e s t s  a r e  p lanned.  



CONCLUSIONS AND RECOMMENDATIONS 

1 .  S i n t e r e d  me ta l  f i l t e r s  a r e  a  v e r y  e f f e c t i v e  means o f  p a r t i c u l a t e  o f f - g a s  

c leanup  i n  e i t h e r  a  s p r a y  c a l c i n e r  o r  f l u i d i z e d  bed. 

2. P r o p e r l y  des igned systems can o p e r a t e  w i t h  l ow  p ressu re 'd rop  and r e q u i r e  

v e r y  i n f r e q u e n t  b lowback.  

3. Blowback i s  an e f f e c t i v e  way o f  p e r i o d i c a l l y  c l e a n i n g  s i n t e r e d  me ta l  

f i l t e r s .  

4. Use o f  a  combust ion  h e a t i n g  system had no apparen t  e f f e c t  on f i l t e r  

performance.  

5. S o p h i s t i c a t e d  blowback d e s i g n  i s  n o t  r e q u i r e d  f o r  most o p e r a t i n g  c o n d i -  

t i o n s .  H igh -p ressu re  a i r  t h rough  t y p i c a l  v e n t u r i  n o z z l e s  i s  a l m o s t  

a lways s u f f i c i e n t .  

6. F i l t e r s  s h o u l d  be p r e c o a t e d  p r i o r  t o  i n t r o d u c i n g  vapors  t o  t h e  system, 

and t h e  f i l t e r s  s h o u l d  n e v e r  be o p e r a t e d  below t h e  vapor dew p o i n t .  F i l -  

t e r  temperatures  f o r  t e s t s  d e s c r i b e d  i n  t h i s  r e p o r t  were ~ 3 0 0  t o  500°C. 

7. I n c l u s i o n  o f  more f i l t e r i n g  a r e a  t h a n  c a l c u l a t e d  i s  encouraged; i .e. ,  l ow  

f a c e  v e l  o c i  t y  <3 f t / m i  n  i s  recommended. 

8. A v o i d  r e p e t i t i v e  blowback; use as i n f r e q u e n t  a  blowback c y c l e  as conve- 

n i e n t .  A l l o w i n g  a  cake t o  b u i l d  on t h e  f i l t e r s  improves t h e i r  e f f i c i e n c y .  

9. Snial l  p o r e  s i z e  f i l t e r s  a r e  recommended by  manu fac tu res ;  however, no 

problems were encountered u s i n g  65-p m a t e r i  a1 . 
10. R e i n f o r c i n g  g r i d s  a r e  encouraged f o r  f i l t e r s  i f  s t r u c t u r a l  i n t e g r i t y  i s  

i m p o r t a n t .  

11. Feed a d d i t i v e s  such as cabos i  1  , l ~ s e d  t o  a i d  f i  1  t e r  performance,  were 

t r i e d  on a  l i m i t e d  b a s i s .  R e s u l t s  were i n c o n c l u s i v e .  

12. The most s e r i o u s  problems i n  u s i n g  s i n t e r e d  me ta l  f i l t e r s  wou ld  be 

b r e a c h i n g  t h e  f i l t e r  media o r  c a k i n g  and p l u g g i n g  t h e  f i l t e r  media w i t h  

a  substance wh ich  c o u l d  n o t  be blown o f f .  



13. Filtration of off-gas from the melters in which calcine and glass addi- 

tives are me1 ted showed no i l l  effects  over the short-term runs. 

14.  Further testing to specifically trace volatile species such as rutheni I J ~  

and cesium i s  recommended. 
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