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SUMMARY 

Of f- gas and e f f l u e n t  c h a r a c t e r i z a t i o n  s t u d i e s  have been e s t a b l i s h e d  as 

p a r t  o f  a  PNL L iqu id- Fed Ceramic M e l t e r  development program suppo r t i ng  t h e  

Savannah R i v e r  Labora to ry  Defense Waste Process ing F a c i l i t y  (SRL-DWPF). The 

o b j e c t i v e s  o f  these s t u d i e s  were t o  c h a r a c t e r i z e  t h e  gaseous and a i r b o r n e  

emiss ion p r o p e r t i e s  o f  l i q u i d - f e d  jou le- hea ted  m e l t e r s  as a  f u n c t i o n  o f  m e l t e r  

ope ra t i ona l  parameters and feed composi t ion.  

A1 1  areas o f  o f f - gas  i n t e r e s t  and concern i n c l  u d i  ng e f f l u e n t  c h a r a c t e r i  za- 

t i o n ,  emiss ion c o n t r o l ,  f l o w  r a t e  behav io r  and c o r r o s i o n  e f f e c t s  have been 

s tud ied  us i ng  a1 k a l  i ne and f o rm ic- ac id  based feed composi t ions.  I n  a d d i t i o n ,  

t h e  behav io ra l  p a t t e r n s  o f  gaseous emissions, t h e  c h a r a c t e r i s t i c s  o f  me l t e r-  

generated aeroso ls  and t h e  na tu re  and magnitude o f  m e l t e r  e f f l u e n t  losses  have 

been e s t a b l i s h e d  under a  v a r i e t y  o f  f eed ing  c o n d i t i o n s  w i t h  and w i t hou t  t h e  use 

o f  auxi  1  i a r y  plenum heaters .  

The r e s u l t s  o f  these s t u d i e s  have shown t h a t  p a r t i c u l a t e  eniissions a re  

r espons ib l e  f o r  most r a d i o l o g i c a l  l y  impo r tan t  me1 t e r  e f f l u e n t  1  osses. Me1 t e r -  

generated gases have been found t o  be p o t e n t i a l l y  flammable as w e l l  as co r-  

ros i ve .  Hydrogen and carbon monoxide p resen t  t h e  g r e a t e s t  f l  ammabi 1  i t y  hazard 

o f  t h e  combust ib les  produced. M e l t e r  emissions o f  a c i d i c  v o l a t i l e  compounds o f  

s u l f u r  and t h e  halogens have been respons ib l e  f o r  ex tens i ve  c o r r o s i o n  observed 

i n  m e l t e r  plenums and i n  assoc ia ted  o f f - gas  l i n e s  and process ing equipment. 

The use o f  a u x i l i a r y  plenum hea t i ng  has had l i t t l e  e f f e c t  upon m e l t e r  o f f - g a s  

c h a r a c t e r i s t i c s  o t h e r  than  reduc ing  t h e  concen t ra t i ons  o f  combust ib les.  
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INTRODUCTION 

L i q u i d - f e d ,  j o u l e- h e a t e d  ce ramic  m e l t e r s  a r e  t o  f o r m  t h e  b a s i s  o f  t h e  

p lanned Defense Waste P rocess i  ny F a c i  1  i t y  (DWPF) t o  be c o n s t r u c t e d  a t  t h e  

Savannah R i v e r  P l a n t  (SRP). The purpose o f  t h e  DWPF i s  t o  i s o l a t e  and immo- 

b i  1  i ze defense- re1 a t e d  n u c l e a r  waste  i n  a  b o r o s i  1  i c a t e  g l  ass. P a c i f i c  Nor th-  

west  L a b o r a t o r y  (PNL) i s  a s s i s t i n g  t h e  Savannah Ri  v e r  L a b o r a t o r y  (SRL) i n  

e s t a b l  i s h i  ng t h e  d e s i g n  c r i t e r i a  f o r  t h e  DWPF by t r a n s f e r r i n g  e x i s t i n g  me1 t e r  

t e c h n o l o y y  and by p r o v i  d i  ny a1 1  necessary  1 i q u i  d - f e d  cerami c  me1 t e r  research  

and development. 

O f f - g a s  c h a r a c t e r i z a t i o n  s t u d i e s  have been e s t a b l i s h e d  as p a r t  o f  t h e  SRL- 

DWPF m e l t e r  development proyram b e i n g  conducted a t  PNL. The o b j e c t i v e  o f  t h e s e  

s t u d i e s  i s  t o  de te rm ine  t h e  o f f - g a s  p r o p e r t i e s  o f  l i y u i d - f e d ,  j o u l e- h e a t e d  

m e l t e r s  as a  f u n c t i o n  o f  m e l t e r  o p e r a t i o n a l  parameters  and f e e d  compos i t i on .  

The scope of t h e s e  s t u d i e s  cove rs  a l l  aspec ts  o f  o f f - g a s  concern  i n c l u d -  

i n g :  1) e f f l u e n t  c h a r a c t e r i z a t i o n ,  2 )  emi s s i o n  abatement, 3 )  f l o w  r a t e  

behav io r ,  and 4) c o r r o s i o n  e f f e c t s .  T h i s  paper w i l l  d i s c u s s  t h e  r e s u l t s  

o b t a i n e d  f r o m  s t u d i e s  o f  each o f  t h e s e  areas o f  i n t e r e s t  a f t e r  a  b r i e f  des-  

c r i p t i o n  o f  t h e  l i q u i d - f e d  m e l t e r  p rocess.  

LIQUID-FED MELTER PROCESSING SYSTEM 

The f o l l o w i n g  i s  a  b r i e f  d e s c r i p t i o n  o f  t h e  l i q u i d - f e d  m e l t e r  p r o c e s s i n g  

system wh ich  was deve loped a t  PNL i n  s u p p o r t  o f  t h e  SRP-DWPF. A much more 

d e t a i l e d  account  of  t h e  l i q u i d - f e d  m e l t i n g  process can be o b t a i n e d  f r o m  a  

r e p o r t  by B u e l t  and Chapman (1978).  

MELTER 

Severa l  p rocesses f o r  s o l  i d i  f y i n g  and irnmobi 1  i z i n g  h i g h - l e v e l  1  i q u i d  waste 

(HLLW) i n  a  s t a b l e  b o r o s i l i c a t e  g l a s s  c o n t i n u e s  t o  be e v a l u a t e d  a t  PNL (Bonner 

1979). The process b e i  ng  s t u d i e d  h e r e  u t i  1  i zes a  j o u l e - h e a t e d  ceramic-1 i ned 

m e l t e r ,  wh ich  i s  d i r e c t l y  f e d  a  u n i f o r m  s l u r r y  composed o f  g l a s s  fo rmers  and 

s i m u l a t e d  l i q u i d  r a d i o a c t i v e  waste. Upon e n t r y  i n t o  t h e  m e l t e r ,  t h e  waste  



components o f  t h e  s l u r r y  a r e  o x i d i z e d  and me1 t e d  w i t h  t h e  g l a s s  fo rmers  p r e s e n t  

i n  t h e  f e e d  t o  f o r m  a  m o l t e n  b o r o s i  1  i c a t e  g lass .  

The power r e q u i r e d  t o  m a i n t a i n  t h i s  c o n t i n u o u s  g l a s s  p r o d u c t i o n  p rocess  i s  

s u p p l i e d  by r e s i s t i v e  a l t e r n a t e  c u r r e n t  ( a c )  h e a t i n g  o f  t h e  m e l t e r  g l a s s  

p o o l .  I n  a d d i t i o n  t o  t h e  p r i m a r y  sou rce  o f  power, aux i  1  i a r y  r a d i a n t  h e a t e r s  

l o c a t e d  i n  t h e  m e l t e r  plenum above t h e  g l a s s  m e l t  s u r f a c e  have been employed t o  

i n c r e a s e  o r  " b o o s t "  f e e d i n g  and g l a s s  p r o d u c t i o n  r a t e s .  Plasma and propane 

combust ion  t o r c h e s  have a l s o  been used t o  supp ly  a d d i t i o n a l  h e a t i n g  t o  t h e  

m e l t e r  plenum. F i g u r e  1 i l l u s t r a t e s  t h e  l i q u i d - f e d  m e l t i n g  p rocess .  

Two d i f f e r e n t  j o u l e- h e a t e d  ce ramic  m e l t e r s  used i n  t h e s e  deve lopmen ta l  

s t u d i e s  a r e  r e f e r r e d  t o  as t h e  l i q u i d - f e d  ceramic  r n e l t e r  (LFCM), wh ich  has a  

me1 t i n g  s u r f a c e  a r e a  of 1.05 m2, and t h e  p i  l o t - s c a l e  ce ramic  me1 t e r  (PSCM), 

w h i c h  possesses a  0.73 m2 s u r f a c e  area.  The maximum g l a s s  p r o d u c t i o n  r a t e s  

a s s o c i a t e d  w i t h  t h e s e  m e l t e r s  a r e  40 kg/h-rn2 f o r  unboosted o p e r a t i o n ,  and 60 

kglh-m2 when a u x i  1  i a r y  plenum h e a t e r s  a r e  employed. T a b l e  1 summarizes a1 1  

i m p o r t a n t  o p e r a t i o n a l  parameters  a s s o c i a t e d  w i t h  t e s t s  o f  t h e  LFCM and PSCM. 

These m e l t e r  t e s t s ,  wh ich  a r e  a r ranged  c h r o n o l o y i c a l l y  i n  T a b l e  1, f o r m  t h e  

bases of t h e  o f f - g a s  s t u d i e s  wh ich  a r e  d i s c u s s e d  below. 

MELTER OFF-GAS SYSTEM 

B o t h  t h e  PSCM and LFCM share  a  common 0.1-m (4- in . )  s t a i n l e s s  s t e e l  o f f -  

gas system c o n s i s t i n g  o f  an e j e c t o r  v e n t u r i  sc rubber ,  a d o w n d r a f t  condenser,  a  

packed s c r u b b i n g  tower ,  and a  f i n a l  a b s o l u t e  f i l t e r ,  p h y s i c a l l y  a r ranged  i n  t h e  

o r d e r  l i s t e d .  I n  a d d i t i o n  t o  t h e s e  common o f f - gas  e lements ,  b o t h  m e l t e r s  a r e  

equ ipped  w i t h  a  c l o s e- c o u p l e d  HEPA f i  l t e r  r e c e p t a c l e  and a  t o t a l  (condens i  b l e  

and noncondensi  b l e )  o f f - g a s  f l owmete r .  S i n c e  t h e  purpose o f  t h e  DWPF o f f - g a s  

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

mance of t h e  g e n e r i c  o f f - g a s  p r o c e s s i n g  equipment p r e s e n t  i n  t h e  common m e l t e r  

o f f - gas  sys tem was o f  l i t t l e  programmat ic  i n t e r e s t  and c o n s e q u e n t l y  w i l l  n o t  be 

d i  scussed here .  However, t h e  o p e r a t i  ng c h a r a c t e r i s t i c s  o f  a  c l  ose-coup1 ed 

sc rubber ,  u t i l i z e d  d u r i n g  t h e  l a s t  two p i l o t - s c a l e  m e l t e r  t e s t s ,  w i l l  be d i s -  

cussed s i n c e  such a  d e v i c e  w i l l  be r e q u i r e d  i n  s u p p o r t  o f  f u l l - s c a l e  p r o d u c t i o n  

me1 t e r s .  
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FIGURE 1. L i  quid-Fed, Joule-Heated Ceramic Me1 t e r  System 

FEED COMPOSITION 

The l i q u i d  s l u r r y  feed  used i n  t h e  SRL-DWPF m e l t e r  development program was 

a  un i f o rm  m i x t u r e  o f  s imu la ted  defense waste s ludge and g l ass  formers ( f r i t ) .  

The composi t ion o f  t h i s  s l u r r y  as e q u i v a l e n t  ox ides  i s  d e t a i l e d  i n  Table  2. 

The e f f e c t i v e  waste l o a d i n g  o f  t h e  s l u r r y  i s  29 w t %  o f  t h e  t o t a l  ox ides  p resen t  

i n  t h e  feed. I n  a d d i t i o n  t o  t h e  major  elements l i s t e d  i n  Table  2, SRL simu- 

l a t e d  waste a l s o  con ta ined  s t a b l e  e lementa l  s u b s t i t u t e s  f o r  a l l  v o l a t i l e  and 



TABLE 1. Opera t iona l  Parameters f o r  L iqu ia -Fed  Me1 t e r  Tes ts  

PSCM-I LFCM-4 PSCM-2 LFCM-6 PSCM-3 LFCM-7 PSCM-4 PSCM-5 PSCM-6 PSCM-7 PSCM-8 Parameters - - - - - - - - - - - 
Feed type Basic Basic Basic Basic Acidic Acidic Acidic Acidic Acidic Acidic Acidic 

Feed rate ,  4 5 90 110 100 62 12 1 83 100 122 68 103 
v h -m2 

Glass prod. 22 4 1 50 45 28 57 39 50 60 4 3 49 

rate ,  
kg/h-m2 

Plenum 400 600 40+800 600 300 500 400 520 8 50 300 700 

temp., O C  

Boosting None Elect. Propane Elect. None Elect. None Elect. Elect. None Elect. 

type Lid Combus- Lid Lid Lid Lid Lid 
Heat t ion  Plasma Heat Heat Heat Heat 

Torch 

Boost i ng -- IX) 35 40 -- 15 36 55 - -- 4 5 

power, kW 

O f f  -gas 37 5 37 5 37 5 400 250 300 27 5 37 5 400 270 360 

temp., "C 

O f f  -gas 0 8 23 24 0 Vari- 0 23 23 0 30 

cool Ing, able 

V h  

Experiment 120 120 120 120 125 111  107 99 138 115 232 
duration, h 

semi vo l  a t i  1  e  i sotopes of r a d i  01 o g i  c a l  concern t h a t  a re  p resen t  i n  t y p i c a l  

defense waste. The t r a c e  element composi t ion o f  t h e  SRL feed s l u r r y  i s  p re-  

sented i n  Table  3. 

A l though  t h e  waste composi t ion o f  t h e  l i q u i d  feed  remained e s s e n t i a l l y  

cons tan t  th roughou t  t h e  p e r i o d  of t e s t i n g  covered i n  t h i s  r e p o r t  (see Tab le  2 ) ,  

t h e  rheology o f  t h e  feed  was d r a n i a t i c a l l y  a f f e c t e d  by t h e  a d d i t i o n  o f  f o r m i c  

a c i d  t o  t h e  DWPF waste stream. I n i t i a l  exper iments  were conducted w i t h  an 

a l k a l i n e  (pH 11 t o  12) s l u r r y  hav ing  t h e  phys i ca l  c h a r a c t e r i s t i c s  o f  a  Bingham 

p l a s t i c  f l u i d .  A c i d i f i c a t i o n  ( t o  pH 5 t o  6 )  of t h e  l i q u i d  waste stream w i t h  

f o r m i c  a c i d  r e s u l t e d  i n  s l u r r i e s  which behaved more 1 i ke an i d e a l  Newtonian 

f l u i d .  The presence of formic  a c i d  i n  m e l t e r  feed s l u r r i e s  no t  o n l y  changed 



TABLE 2. S i m u l a t e d  Waste S l u r r y  and G lass  Compos i t ions  

Waste S l u r r y  Composition Typ ica l  S l u r r y  and Glass Oxide  omp position(^) 
A1 k a l  i ne Waste Ac id i c  Waste Equiva lent  Oxide Concentrat ion, g/L F i n a l  Glass 

Conc.. Conc.. Waste F r i t - .  . . Composition. 
Compound g/L Compound g/L Oxide Sludge 1 3 1 ( ~ )  To ta l  ~ t . 5  - 

F r i t - 1 3 1  

Z e o l i t e  

Anth. Coal 

Fe(OHI3 

A1 (OW3 
Mn02 

Ni (OH)2 

CaC03 

Si02 

NaOH 

NaN03 

F r i  t- 131 

Zeol i t e  

HCH02 

Fe(OH)3 

A1 (OH13 

Mn(CH0212 
Ni (CH02)2 

Ca(CH02)2 

Si02 

NaCH02 

NaNO 

341.3 

9.9 

18.0 

81.2 Fe20g 60.7 60.7 12.7 

34.2 A1203 22.3 1.9 24.2 5.1 

28.2 MnO 13.8 13.8 2.9 

8.3 NiO 4.1 4.1 0.8 

16.7 CaO 7.2 1.1 8.3 1.7 

15.6 Si02 15.6 197.6 4.7 219.9 45.6 

4.6 60.4 0.2 65.2 13.6 

Na2S04 

B2°3 
L i 2 0  

M9O 

Ti02 

La203 
Z r02 

TOTAL 

(a)  Feed s l u r r y  glass content = 0.48 kg/L. 
(b) Fr i t - 131  Composition (-200 mesh). 

Oxide W t %  

Si02 57.9 

B2°3 14.7 
Na20 17.7 

L i 2 0  5.7 

M9O 2 .o 
Ti02 1 .O 

La203 0.5 
Zr02 0.5 

TOTAL 100.0 

( c )  Z e o l i t e  Composition: Linde I o n s i v  IE-95. 

Component W t% 

CaA12Si4012 6H20 80 

Na4Cal ,5A13Si80248H20 - 20 

TOTAL 100 

Assumed Oxide Forms W t %  

C a0 10.6 

2'3 19 -2 
Si02 47.7 

Na20 2.5 

"20 20 .o 
TOTAL 100.0 



TABLE 3. Concen t ra t ion  o f  Trace A d d i t i v e s  i n  M e l t e r  Feed 

A d d i t i v e s  

Cs20 

S  r O  

Sb203 
S  e02 

CdO 

Te02 

R u02 

Concent r a t i  on, g/L 
Oxides E l  emental 

t h e  f l u i d i c  p r o p e r t i e s  o f  t h e  feed; i t  a l s o  d r a m a t i c a l l y  i n f l u e n c e d  t h e  o f f - g a s  

emiss ion p r o p e r t i e s  o f  t h e  l i q u i d - f e d  me l t e r .  

EFFLUENT CHARACTERIZATION 

One o f  t h e  ma jo r  t asks  i n v o l v e d  i n  t h e  DWPF o f f - gas  s t u d i e s  was t h a t  o f  

de te rm in i ng  m e l t e r  emiss ion c h a r a c t e r i s t i c s .  The na tu re  and e x t e n t  o f  m e l t e r -  

generated e f f l u e n t s  had t o  be e s t a b l i s h e d  be fo re  o f f - gas  system c r i t e r i a  cou ld  

be f i n a l i z e d  f o r  t h e  DWPF me l te rs .  Consequently, an o f f - g a s  sampl ing system 

was developed t o  p r o v i d e  t h i s  bas i c  o f f - g a s  des ign data.  

OFF-GAS SAMPLING NETWORK 

The sampl ing network,  which was developed i n  suppor t  o f  m e l t e r  emiss ion 

c h a r a c t e r i z a t i o n  s t ud ies ,  i s  s chema t i ca l l y  i l l u s t r a t e d  i n  F i g u r e  2. The 

NOTE: I n  t h e  l i s t  o f  network components on page 8, e f f l u e n t s  which cou ld  n o t  
be used d i r e c t l y  appear i n  parentheses ad jacen t  t o  chemical ana logs 
which were used t o  s imu la te  t h e i r  behav ior .  
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components making up t h i s  network were designed t o  determine t h e  compos i t i on  o f  

m e l t e r  exhaust w i t h  regard  t o  t h e  e f f l u e n t s  l i s t e d  below. 

Gases: SO2 Semi vo l  a t i  1  es: Halogens a P a r t i c u l a t e s  

Mn (Tc)  

R u  

Cd (Hg) 

S r  

Others  

The gaseous compos i t i on  o f  me1 t e r  o f f - g a s  emiss ions was e s t a b l  i shed  u s i n g  

a  gas chromatograph (GC) and r e a l - t i m e  gas analyzers .  The gas stream sampled 

was e x t r a c t e d  p r i o r  t o  any o f f - gas  process ing.  Th is  hot,  water- laden gas 

s t ream was f i r s t  passed th rough  a  tube  and s h e l l  condenser, which reduced t h e  

water  l o a d i n g  o f  t h e  gas, w h i l e  m i n i m i z i n g  t h e  gaseous i n t e r a c t i o n s  w i t h  

condensed-phase water.  The quenched gas stream was then  passed th rough  a  

f i l t e r  and a  permeat ion d r ye r ,  and f i n a l l y  d i s t r i b u t e d  t o  t h e  i n d i v i d u a l  gas 

ana lyzers  us i ng  a  s t a i  n l ess  s t e e l  be1 1  ows pump. 

The GC used i n  these  s t u d i e s  i s  programmed t o  sample and analyze t h e  com- 

p o s i t i o n  o f  t h e  con t i nuous l y  f l o w i n g  gas stream every  30 min. The gaseous com- 

ponents r o u t i n e l y  q u a n t i f i e d  by t h i s  i ns t r umen t  i n c l u d e  02, N2, C O Y  and C02. 

I n  a d d i t i o n ,  t h e  GC p rov ides  s e m i - q u a n t i t a t i v e  i n f o r m a t i o n  w i t h  regard  t o  gase- 

ous concen t ra t i ons  o f  H2 and SO2. 

Real -ti me measurements o f  me1 t e r  noncondensi b l  e  gas concent r a t  i ons were 

i n i t i a t e d  d u r i n g  t h e  l a t t e r  p a r t  o f  t h i s  s tudy w i t h  f i v e  cont inuous gas moni- 

t o r s .  These ins t ruments  have p rov i ded  con t inuous  o f f - gas  da ta  on t h e  concen- 

t r a t i o n s  o f  H2, 02, C O Y  C O Z Y  and SO2 f o r  a l l  m e l t e r  t e s t s  f o l l o w i n g  PSCM-4. 

The pathways and magnitudes o f  me l te r- genera ted  s e m i v o l a t i l e  emiss ions 

were assessed us i ng  a  d i f f e r e n t i a l  sampl ing system composed o f  a  f i l t e r ,  a  



h e a t - t r a c e d  samp l ing  1  i ne, a  condenser,  and a  s e r i e s  arrangement o f  t h r e e  gas 

s c r u b b i n g  u n i t s  ( F i g u r e  2 ) .  The d i s t r i b u t i o n  o f  sen i ivo l  a t i l e s  ac ross  t h e  f i v e  

d i s c r e t e  sample f r a c t i o n s  genera ted  by t h e  system were de te rm ined  u s i n g  emis- 

s i  on s p e c t r o m e t r y  ( ICP) , a tomic  a b s o r p t i o n  (AA), i o n  chromatography ( I C )  , and 

X- ray f l u o r e s c e n c e  (XRF) . A1 1  semi v o l  a t i  1 e  s t u d i e s  have been e x c l  u s i  v e l y  con- 

cerned w i t h  c h a r a c t e r i z i n g  t h e  c o m p o s i t i o n  o f  t h e  unquenched m e l t e r  exhaust .  

The c o n c e n t r a t i o n ,  s i z e  and c o m p o s i t i o n  o f  m e l t e r - g e n e r a t e d  a e r o s o l s  were 

a1 so c h a r a c t e r i z e d .  T o t a l  o f f - g a s  p a r t i  c u l  a t e  1  oad i  ng was e s t a b l  i shed y r a v i  - 
m e t r i c a l l y  by HEPA f i  1  t r a t i o n  o f  t h e  e n t i  r e  m e l t e r  o f f - g a s  s t ream ( F i g u r e  2 ) .  

P a r t i c l e  s i z e  i n f o r m a t i o n  was o b t a i n e d  f r o m  a  c y c l o n i c  samp l ing  system con- 

s i s t i n g  o f  a  s e r i e s  arrangement o f  t h r e e  c y c l o n e s  and a  f i n a l  a b s o l u t e  f i l t e r .  

The c u t  p o i n t s  o f  t h e  c y c l o n e s  employed were 1 6  pm, 6  p, and 1 pn a t  18  a c t u a l  

L l m i n .  The f i n a l  a b s o l u t e  f i l t e r  was des igned  t o  c o l l e c t  submicron f i n e s  wh ich  

a r e  a b l e  t o  pass t h r o u g h  a l l  t h r e e  p r e c e d i n g  cyc lones .  The e lemen ta l  composi-  

t i o n  of  t h e  p a r t i c u l a t e  m a t t e r  c o l l e c t e d  b y  t h e s e  samp l ing  d e v i c e s  was es tab-  

l i s h e d  u s i n g  ICP, AA, and I C .  

EXHAUST COMPOSITION 

The noncondensi b l  e  (20°C) yases genera ted  by  1  i q u i  d - f e d  me1 t e r s  a r e  

dependent upon s l  u r r y  f e e d  c o m p o s i t i o n  as we1 1  as me1 t e r  o p e r a t i  ng c o n d i t i o n s .  

The a l k a l i n e  waste  f e e d  used d u r i n g  t h e  i n i t i a l  s t a y e s  o f  t h i s  s t u d y  possessed 

v e r y  l ow  c o n c e n t r a t i o n s  o f  o r g a n i c  m a t t e r .  Consequent ly ,  t h e  g ross  o f f - g a s  

c o m p o s i t i o n  was e s s e n t i a l l y  C02-enr iched i n l e a k a g e .  The emiss ion  r a t e s  o f  t h e  

c o m b u s t i b l e  gas CO d u r i n g  a l l  o f  t h e  a l k a l i n e  f e e d  t e s t s  were always l e s s  t h a n  

1/10 t h e  r a t e  a s s o c i a t e d  w i t h  CU2. T a b l e  4 summarizes t h e  average gross  

c o m p o s i t i o n a l  d a t a  assoc i  a t e d  w i t h  a1 k a l  i ne- feed me1 t e r  exhausts .  

The d r a m a t i c  d i f f e r e n c e  between t h e  PSCM-2 d a t a  and t h e  o t h e r  exper imen ts  

l i s t e d  i n  T a b l e  4 i s  due t o  t h e  method o f  b o o s t i n g  used i n  t h a t  t e s t .  D u r i n g  

PSCM-2, a  propane t o r c h  s u p p l i e d  supp lementa l  h e a t  t o  t h e  m e l t e r  plenum t o  

i n c r e a s e  t h e  f e e d i n g  r a t e s .  Consequent ly ,  t h e  m a j o r  sou rce  o f  o f f - g a s  conibus- 

t i o n  p r o d u c t s  was t h e  b o o s t i n g  t o r c h  and n o t  t h e  m e l t e r .  F i g u r e  3 i l l u s t r a t e s  

t h e  t i m e - c o r r e l a t e d  b e h a v i o r  o f  t h e  m e l t e r  exhaust  d u r i n y  PSCM-2. The re1 a- 

t i o n s h i p s  i l l u s t r a t e d  a r e  c o n s i s t e n t  w i t h  t h e  propane combust ion  process.  



TABLE 4. M e l t e r  Noncondensible Off-Gas Composi t ion ( b a s i c  waste) 

Me l ter  Molar $ 
In leakage, CO, CO 0, N, 

& 

Experiment scfm Hlgh Avg Low High Avg Low High A V ~  Low Hlgh 

PSCM- 1 5-10 6.4 3.4 1.8 0.01 - -- 20 14.0 7.1 89 81 73 

LFCM-4 32 1.1 0.58 0.40 0.03 0.02 0.001 21 20.5 20.0 78 78 78 

PSCM-2 45 8.6 4.6 0.203.0 0.500.001 21 14.0 8.0 82 80 79 

LFCM-6 29 0.87 0.54 0.13 0.07 0.02 0.001 20 20.0 18.0 80 79 78 

The compos i t i on  o f  mel ter- generated,  noncondensible gases was d r a m a t i c a l l y  

a f f e c t e d  when f o r m i c  a c i d  was added t o  t h e  s imu la ted  m e l t e r  feed. T h i s  compo- 

s i t i o n a l  a l t e r a t i o n  inc reased  t h e  o rgan ic  l o a d i n g  i n  t h e  m e l t e r  feed  by approx- 

i m a t e l y  an o rde r  o f  magnitude. Consequently, m e l t e r  exhaust gases were o f  par-  

t i c u l a r  i n t e r e s t  d u r i n g  these a c i d i f i e d  feed  t e s t s  due t o  t h e  p o s s i b i l i t y  o f  

gene ra t i ng  enough Hz and CO (wa te r  gas) t o  p resen t  a  f l a m m a b i l i t y  hazard a f t e r  

o f f - gas  quenching. 

F i g u r e  4  ill u s t r a t e s  t h e  t ime- re1  a ted  behav io r  o f  gross me1 t e r  exhaust 

gases d u r i n g  a  120-h m e l t e r  t e s t  which employed 100 h  o f  r a d i a n t  l i d  hea t  

b o o s t i n g  f o l l o w e d  by 20 h  o f  unboosted opera t ion .  The presence o f  plenum 

hea te r s  d u r i n g  l i q u i d  f eed ing  c l e a r l y  reduced m e l t e r  emiss ions o f  t h e  combus- 

t i b l e  gases Hz and CO. Wi th  t h e  t e r m i n a t i o n  o f  l i d  hea t ing ,  t h e  m e l t e r  plenum 

cooled, reduc ing  t h e  o x i d a t i o n  r a t e s  o f  these gases s u f f i c i e n t l y  t o  a l l o w  s i g -  

n i f i c a n t  q u a n t i t i e s  o f  each gas t o  escape t h e  plenum th rough  t h e  o f f - g a s  sys- 

tem. Th i s  r e s u l t  i s  q u i t e  reproduc ib le ;  however, v i r t u a l  e l i m i n a t i o n  o f  com- 

b u s t i b l e  gas emiss ions d u r i n g  boost ing, '  as i s  i l l u s t r a t e d  i n  F i g u r e  4, may no t  

a1 ways be ach ievable .  

S i m i l a r l y ,  t h e  concen t ra t i ons  o f  combust ib les  l e a v i n g  an unboosted m e l t e r  

may be s i g n i f i c a n t l y  h i g h e r  than i n d i c a t e d  i n  F i g u r e  4  s i nce  these  concent ra-  

t i o n s  a re  s l u r r y  composi t ion- ,  temperature- , feed- , and i n 1  eakage-rate- 

dependent v a r i a b l e s .  Indeed, d i l u t i o n  a i r  was r e q u i r e d  d u r i n g  t h e  unboosted 

PSCM-7 t e s t  t o  reduce Hz i n  t h e  quenched o f f - gas  stream t o  below 70% o f  i t s  

lower  in f lammabi  1  i t y  1  i m i t  (-4%). A summary o f  t h e  gaseous concen t ra t i ons  o f  

o rgan i c  deco~nposi t i  on and r e a c t i o n  p roduc ts  generated d u r i  ng a1 1  formate feed 

t e s t i n g  i s  presented i n  Table  5, a long w i t h  average m e l t e r  in leakage  ra tes .  



F I G U R E  3 .  Composit ion o f  Combustion Boosted Me l t e r  Exhaust 
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FIGURE 4. ~ e l t e r  Exhaust Gas Composit ion o f  a  100-h Boosted, 20-h Unboosted Test 



TABLE 5. Me1 te r- Genera ted  O f f  -Gas Components ( a c i d  was te )  

Me I t e r  Molar  $ 

In leakage, CO, CO H, 
Experiment scfm High A V ~ -  Low High Avg Low High A ; ~  Low 

P S C M - ~ ( ~ )  20 2.9 1.3 0.26 1.3 0.40 0.04 1.11 NA 0.17 

( a )  Sample stream d i l u t e d  -2.5 times. 
(b)  Off-gas d i l u t i o n  was used. 

The o f f - g a s  d a t a  p r e s e n t e d  i n  F i g u r e  4 i l l u s t r a t e s  t h a t  m e l t e r  e m i s s i o n s  

a r e  n o t  genera ted  smooth ly  o r  c o n t i n u o u s l y  even under  t h e  most c o n t r o l l e d  oper-  

a t i o n a l  c o n d i t i o n s .  T h i s  b e h a v i o r  i s  due t o  t h e  e r r a t i c ,  nonun i fo rm way i n  

w h i c h  m e l t e r  f e e d  i s  d r i e d ,  o x i d i z e d ,  and m e l t e d  d u r i n g  t h e  l i q u i d  f e e d i n g  

process.  Large v a r i a t i o n s  i n  gas g e n e r a t i o n  r a t e s  u s u a l l y  o c c u r  when dammed-up 

l i q u i d  f e e d  l y i n g  a t o p  an i n s u l a t i n g  l a y e r  o f  d r y  f e e d  ( t h e  c o l d  cap)  a b r u p t l y  

f l o w s  o u t  upon a  h o t  g l a s s  s u r f a c e .  The l i q u i d  q u i c k l y  f l a s h e s  o f f  t h i s  h o t  

sur face,  p r o d u c i n g  a  f l o w  p u l s e  composed o f  steam and v o l a t i l e  o r g a n i c  r e a c t i o n  

p roduc ts .  

F i g u r e  5 i l l u s t r a t e s  t h e  b e h a v i o r  o f  some o f  t h e  more i m p o r t a n t  m e l t e r -  

genera ted  gases accompanying f 1 ow surges.  The f requency  and magni tude o f  t h e s e  

surges a r e  p o s i t i v e  i n d i c a t o r s  of m e l t e r  system i n s t a b i l i t i e s ,  wh ich  a r e  most 

o f t e n  a s s o c i a t e d  w i t h  e r r a t i c  o r  e x c e s s i v e  f e e d i n g .  

The c o r r e l a t i o n  between t h e  emi s s i  on r a t e s  of  noncondensi  b l  e  gases and 

steam f l o w  surges suggests  t h a t  t h e  e v o l u t i o n  of c o m b u s t i b l e  gases f r o m  t h e  

c o l d  cap i s  q u i t e  prompt. F i g u r e  6 p o r t r a y s  t h e  t ime- dependent  c o m p o s i t i o n a l  

b e h a v i o r  of t h e  m e l t e r  exhaus t  s t ream upon f e e d  i n t e r r u p t i o n  o r  t e r m i n a t i o n .  

W i t h  t h e  e x c e p t i o n  of SO2, none o f  t h e  me1 t e r - g e n e r a t e d  gases i n c r e a s e d  i n  

c o n c e n t r a t i o n  when f e e d i n g  was t e r m i n a t e d .  T h i s  f a c t  i m p l i e s  t h a t  v o l a t i l e  



F I G U R E  5. Compos i t i ona l  B e h a v i o r  o f  Noncondens ib le  M e l t e r  Exhaust  Gases 
Acconipanyiny a  Flow Surge. (Maximum e x t e n t  of t h e  su rge  e v e n t :  
f low-3X;  H 2  ~ 3 . 5 % ;  C O  >>0.5%; CO2-15%; 02-17%.) 
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FIGURE 6. M e l t e r  Off-Gas Compos i t i ona l  B e h a v i o r  A s s o c i a t e d  w; 
T e r m i n a t i o n .  (The t = 30 min  c o m p o s i t i o n a l  s p i k e  - 
t o  t h e  i n j e c t i o n  o f  a  s m a l l  q u a n t i t y  o f  l i q u i d  f e e (  

i t h  Feed 
i s  due 
1 ) 



decomposi t ion and r e a c t i o n  products  generated from t h e  me1 t e r  feed a re  formed 

soon a f t e r  i n t r o d u c t i o n  o f  t h e  feed i n t o  t h e  me l t e r .  Consequently, s i g n i f i c a n t  

accumulat ions o f  chemica l l y  r eac t i ve ,  o rgan ic  feed components w i t h i n  t h e  m e l t e r  

c o l d  cap apparen t l y  do no t  occur under s teady- s ta te  feed ing  cond i t i ons .  

On t h e  o t h e r  hand, t h e  inc rease  i n  t e rm ina l  SO2 exhaust concen t ra t i on  

( i l l u s t r a t e d  i n  F i g u r e  6 )  suggests t h a t  s u l f u r ,  as Na2S04, may be accumulat ing 

w i t h i n  t h e  m e l t e r  as a  mol ten s a l t .  Th i s  was indeed t h e  case, as pos t- run  

i n s p e c t i o n  o f  t h e  i d l i n g  m e l t e r  g lass  sur face  l a t e r  proved. Th is  obse rva t i on  

s t i m u l a t e d  specu la t i on  t h a t  accumulat ions of Na2S04 cou ld  be respons ib le  f o r  

changes i n  t h e  m e l t i n g  capac i t y  o f  l i q u i d - f e d  me l t e r s  t h a t  occur d u r i n g  t h e  

i n i t i a l  24 hours o f  l i q u i d  feed ing  ( t h e  s t a r t u p  phase). 

M e l t e r  emiss ion c h a r a c t e r i s t i c s  o f  SO2 f u r t h e r  suppor t  t h i s  no t i on ,  as i s  

shown i n  F i g u r e  7. Du r i ng  t h e  i n i t i a l  s t a r t u p  phase, when t h e  m e l t e r ' s  a b i l i t y  

t o  handle feed i s  l i m i t e d ,  feed- rate- normal ized SO2 emiss ion r a t e s  a re  unchar- 

a c t e r i s t i c a l l y  low, i n d i c a t i n g  t h a t  Na2S04 i s  probably  accumulat ing. As pro-  

cess ing  con t inues  a t  a  f i x e d  feed ing  ra te ,  SO2 emission r a t e s  g r a d u a l l y  

i nc rease  a long  w i t h  t h e  m e l t i n g  capac i t y  o f  t h e  l i q u i d - f e d  me l t e r .  It i s  known 

(Conroy, Manning and Bauer 1966) t h a t  t h e  presence o f  a  mol ten Na2S04 phase 

w i t h i n  a  ceramic m e l t e r  w i l l  i nc rease  t h e  heat  t r a n s f e r  r a t e  between t h e  mo l ten  

g lass  and t h e  feed, thereby  boos t ing  me1 t i n g  capac i ty .  A l l  o f  t h e  above men- 

t i o n e d  l i q u i d - f e d  m e l t e r  c h a r a c t e r i s t i c s  a re  c o n s i s t e n t  w i t h  t h i s  f a c t .  

Al though F igu re  7 suggests t h a t  SO2 e v o l u t i o n  i s  an impor tan t  mechanism 

respons ib l e  f o r  s u l f u r  m e l t e r  feed losses,  t h i s  i s  t r u e  on ly  f o r  boosted exper- 

iments where plenum temperatures a re  g rea te r  than 700°C. Emission r a t e s  o f  SO2 

d u r i n g  unboosted runs a re  a t  l e a s t  an o rder  o f  magnitude lower  than  when boost-  

i n g  techniques a re  employed. However, t o t a l  m e l t e r  losses o f  s u l f u r  a re  inde-  

pendent o f  boos t i ng  , i n d i  c a t  i ng t h e  presence o f  o t h e r  vo l  a t i  1  e  chemical chan- 

n e l s  of escape (so3) .  F i l t e r e d  gas-scrubbing techniques have f u r t h e r  v e r i f i e d  

t h a t  s i g n i f i c a n t  concen t ra t ions  o f  a c i d i c  v o l a t i l e  gases o f  s u l f u r ,  as w e l l  as 

t h e  ha1 ogens, a1 ways e x i  s t  i n  unquenched me1 t e r  exhaust s t  reams independent o f  

me1 t e r  ope ra t i ng  cond i t i ons .  Th i s  sub jec t  w i  11 be developed f u r t h e r  i n  d iscus-  

s ions  t h a t  f o l l o w .  
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FIGURE 7. M e l t e r  SO2 Emiss ion  C h a r a c t e r i s t i c s  Accompanying a  240-h T e s t  

NATURE OF MELTER FEED COMPONENT LOSSES 

I n  o r d e r  t o  c h a r a c t e r i z e  t h e  pathways and magni tudes o f  m e l t e r  f e e d  corn- 

ponent  l o s s e s ,  a  d i f f e r e n t i a l  samp l ing  system composed o f  an a e r o s o l  f i l t e r ,  

condenser,  and a  s e r i e s  arrangement o f  t h r e e  gas- sc rubb ing  u n i t s  was employed. 

The manner i n  wh ich  any g i v e n  e lement  i s  d i s t r i b u t e d  ac ross  t h e  f i v e  d i s c r e t e  

sampl ing  f r a c t i o n s  o f  t h i s  d e v i c e  i s  i n d i c a t i v e  o f  t h e  p h y s i c a l  s t a t e ( s )  

assumed by t h e  e f f l u e n t .  T y p i c a l  d a t a  genera ted  w i t h  t h i s  d i f f e r e n t i a l  sam- 

p l i n g  system d u r i n g  a  fo rma te- feed  m e l t e r  t e s t  a r e  summarized i n  T a b l e  6. The 

v a l u e s  l l s t e d  i n  t h i s  t a b l e  a r e  m e l t e r  d e c o n t a m i n a t i o n  f a c t o r s  (DFs), wh ich  a r e  

r a t i o s  o f  t h e  r a t e  a t  wh ich  f e e d  components e n t e r  t h e  m e l t e r  t o  t h e  r a t e  a t  

wh ich  t h e y  a r e  evo lved .  P a r t i c u l a t e  DFs a r e  p a r t i a l  DFs r e l a t i n g  t o  o n l y  a  

s i  n g l  e  1  oss mechani sm: ae roso l  emiss ion.  The d a t a  p r e s e n t e d  i n  t h i s  a b r i d g e d  

t a b l e  c l e a r l y  show t h a t  r n e l t e r  gas-phase l o s s e s  t o  t h e  o f f - g a s  system a r e  o n l y  

s i g n i f i c a n t  f o r  C1, S, and B, wh ich  r e a d i l y  f o r m  v o l a t i l e  a c i d  gases p r e v i o u s l y  

r e f e r r e d  t o .  

T h i s  i s  n o t  t o  say t h a t  m e l t e r - i n d u c e d  v o l a t i  1 i z a t i o n  has no i n f l u e n c e  

upon m e l t e r  l o s s e s  of  o t h e r  feed component e lements .  On t h e  c o n t r a r y ,  t h e  l o w  



TABLE 6. PSCM-6 P a r t i c u l a t e  and T o t a l  Feed Component DFs 

Element 

A1 

B 

Cd 

C 1 

C s  

F  e  

La 

M n  

Na 

S  

S  r 

T  e  

Z r 

Averaoe DF u 

P a r t i c u l a t e  T o t a l  

27,000 22,000 

DFs a s s o c i a t e d  w i t h  t h e  s e m i v o l a t i l e  e lemen ts  Cd, Cs, and Te, as w e l l  as Se and 

Sb, c l e a r l y  u n d e r s c o r e  t h e  impor tance  o f  t h i s  v o l a t i l i z a t i o n  process.  What i s  

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

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

l o s s  mechanism a s s o c i a t e d  w i t h  l i q u i d - f e d  m e l t e r  o p e r a t i o n .  

CHARACTERISTICS OF MELTEK AEROSOLS 

S i n c e  most m e l t e r  o f f - g a s  system l o s s e s  a r e  a s s o c i a t e d  w i t h  a e r o s o l  emi s-  

s i  on, e s t a b l  i s h i  ng t h e  c h a r a c t e r i s t i c s  o f  t h e s e  a e r o s o l  s  was o f  p a r t i  c u l  a r  

i n t e r e s t .  The s i z e  d i s t r i b u t i o n  o f  me1 t e r - g e n e r a t e d  a e r o s o l  s  was e s t a b l  i shed 

u s i n g  a  c y c l o n i c  p a r t i  c l  e - s i  ze a n a l y s i  s  system, w h i c h  was d e s c r i b e d  e a r l  i e r .  

T a b l e  7  d e t a i l s  t h e  manner i n  wh ich  m e l t e r  p a r t i c u l a t e  m a t t e r  was d i s t r i b u t e d  

a c r o s s  t h e  c y c l o n i c  sample f r a c t i o n s  f o r  d i f f e r e n t  me1 t e r  exper imen ts .  A1 1  

me1 t e r  t e s t s ,  w i t h  t h e  e x c e p t i o n  of PSCM-4, e x h i b i t e d  a e r o s o l  - s i z e  d i  s t r i  bu- 

t i o n s  wh ich  were b imodal .  T h i s  suggests  t h a t  t h e  o v e r a l l  a e r o s o l  d i  s t r i  h u t i o n  

may be compr ised o f  two independent  components, each h a v i n g  i t s  own c h a r a c t e r -  

i s t i  c  s i z e  d i s t r i b u t i o n .  Gross c o m p o s i t i o n a l  d i  s s i m i  1  a r i  t i e s  between t h e  



TABLE 7. S i z e  D i s t r i b u t i o n  o f  Me1 t e r  A e r o s o l s  

Average w t% Versus Cut P o i n t  
Exper iment  16 pin 6 1 pm < l  pn 

d i s c r e t e  c y c l o n i c  s i z e  f r a c t i o n s  il l u s t r a t e d  i n  T a b l e  8 s t r o n g l y  r e i n f o r c e  

t h i s  argument. Moreover, s i n c e  t h e  submicron s i z e  f r a c t i o n  d e t a i l e d  i n  t h i s  

t a b l e  (LFCM-7) c o n t a i n s  o n l y  12% o f  t h e  t o t a l  sample mass, b u t  possesses 

e s s e n t i a l l y  a l l  t h e  s e m i v o l a t i l e  m a t t e r  o f  t h e  sample, t h e  mechanism respon-  

s i  b l  e  f o r  t h e  sma l l  - d iamete r  component o f  t h e  o v e r a l l  d i s t r i b u t i o n  i s  p r o b a b l y  

a  volatilization/condensation process  t h a t  o c c u r s  w i t h i n  t h e  m e l t e r  plenum. 

The compos i t i ons  of t h e  l a r g e  c y c l o n i c  s i z e  f r a c t i o n s  a r e  ve ry  s i m i l a r  t o  t h o s e  

of t h e  s l u r r y  f e e d  as shown i n  T a b l e  9. Consequent ly ,  t h e  l a r g e  component o f  

t h e  b imodal  d i s t r i b u t i o n  must be a s s o c i a t e d  w i t h  a  g ross  e n t r a i  nment mechanism. 

S ince  t h e  m a j o r  m e l t e r  l o s s  mechanism a s s o c i a t e d  w i t h  t h e  r a d i o l o g i c a l l y  

i m p o r t a n t  semi v o l  a t i  1  es i s  a s s o c i a t e d  w i t h  subrni c r o n  a e r o s o l  erni s s i  on, t h e  

e lemen ta l  makeup o f  t h i s  s i z e  f r a c t i o n  i s  o f  p a r t i c u l a r  i n t e r e s t .  T a b l e  10 

p r e s e n t s  r e p r e s e n t a t i  ve submicron p a r t i c u l a t e  c o m p o s i t i o n a l  d a t a  co1 l e c t e d  

d u r i n g  t h e  PSCM-4 exper iment .  I f  a  m a t e r i a l  ba lance  f o r  t h i s  submicron m a t t e r  

i s  e s t a b l i s h e d  by assumi ng an o x i d e  f o r m '  f o r  a1 1  e lements  excep t  f o r  a  s t o i  - 
c h i o r n e t r i c  q u a n t i t y  o f  Na, wh ich  i s  a s s o c i a t e d  w i t h  t h e  C1 i n  t h e  sample, 99% 

o f  t h e  m a t t e r  p r e s e n t  can be accounted f o r .  It s h o u l d  be n o t e d  t h a t  w h i l e  t h e  

submicron sample f r a c t i o n  i s  q u i t e  r i c h  i n  semi v o l  a t i  l e s ,  i t  i s  e s s e n t i a l l y  

s a l t  (83 wt% NaC1 ). 

MELTER EMISSION PERFORMANCE 

M e l t e r  performance w i t h  r e g a r d  t o  e f f l u e n t  e m i s s i o n  i s  commonly expressed 

i n  te rms  of  a u n i t l e s s  d e c o n t a m i n a t i o n  f a c t o r ,  o r  DF. By d e f i n i t i o n ,  a  m e l t e r  



TABLE 8. Elemental O i  s t r i  b u t i o n  Across t h e  Cyc lon ic  Sampling System 

Element 

A 1 

B 

B a 

Ca 

Cd 

Ce 

C r  

C s 

C u 

Fe 

La 

L i  

M9 

Mn 

M 0 

Na 

N d 

Sb 

Se 

S i 

S r 

Te 

T i  

Z r  

D i s t r i b u t i o n ,  % 
1 6 p m  6 p ~ n  1 p  < 1 p m  

feed  component DF i s  t h e  r a t i o  o f  t h e  r a t e  a t  which t h a t  p a r t i c u l a r  feed  com- 
- .  

ponent en te r s  t h e  m e l t e r  t o  t h e  r a t e  a t  which i t  e x i s t s .  Consequently, m e l t e r  

DFs a re  r e l a t e d  t o  t h e  l i q u i d - f e d  m e l t e r  process e f f i c i e n c i e s  f o r  c o n v e r t i n g  

feed  components i n t o  a b o r o s i l i c a t e  g lass.  Table 11 presen ts  exper imenta l  feed  

component DFs f o r  a l l  p e r t i n e n t  DWPF m e l t e r  t e s t s  conducted a t  PNL. The 

e n t r i e s  i n  t h i s  t a b l e  a re  grouped accord ing  t o  feed type,  and each group i s  



TABLE 9. Composi t ion o f  16 pm Cyc lon i c  Sample F r a c t i o n  

Elemental  Wei gh t  Percent  
Oxides 16 pm Feed 

MgO 1.1 1.4 

MnO 3.2 2.9 

Na20 13.0 13.6 

S i  O2 38.0 45.6 

T i  O2 0.7 0.7 

Z r 0  2  0.3 0.4 

ordered w i t h  respec t  t o  t h e  exper imenta l  m e l t e r  employed. Th i s  o r d e r i n g  i s  

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

The i n i t i a l  m e l t e r  t e s t s  conducted w i t h  a l k a l i n e  feed  were, w i t h  one 

except ion,  a1 1  boosted exper iments (see Table  1 ) .  Consequently, a  major  goal 

o f  a l l  o f  these  t e s t s  was t o  e s t a b l i s h  maximum m e l t e r  f eed ing  r a t e s  under a  

v a r i e t y  o f  plenum h e a t i n g  c o n d i t i o n s .  To compl i ca te  mat te rs ,  a  s l u r r y  feed  

system be ing  developed d u r i n g  t h i s  same p e r i o d  was o f t e n  respons ib l e  f o r  

i n c o n s i s t e n t  feed  d e l i v e r y  t o  t h e  me l t e r .  As a  r e s u l t ,  s t a b l e  s t eady- s ta te  

o p e r a t i n g  c o n d i t i o n s  d u r i n g  these  e a r l y  m e l t e r  scoping t e s t s  were r a r e l y ,  i f  

ever ,  achieved. The spread i n  n i e l t e r  emiss ion performance da ta  d u r i n g  t h i s  

i n i t i a l  t e s t i n g  phase i s  i n  l a r g e  p a r t  a  r e f l e c t i o n  o f  t h e  u n e q u i l i b r a t e d  con- 

d i t i o n s  t h a t  e x i s t e d  when t h i s  da ta  was c o l l e c t e d .  The average DFs l i s t e d  f o r  

t h e  a1 k a l  i ne feed  components should, however, p r o v i d e  a  f a i  r l y  r e p r e s e n t a t i  ve 

d e s c r i p t i o n  o f  t h e  ceramic m e l t e r  e f f l u e n t  emiss ion behav io r  t h a t  occur red  

d u r i n g  t h i s  i n i t i a l  development per iod .  

Wi th  t h e  excep t ion  o f  t h e  LFCM-7 t e s t  (me l t e r  capac i t y  scoping s tudy) ,  a1 1  

a c i d  feed  m e l t e r  exper iments sought t o  e s t a b l i s h  o p e r a t i o n a l  s t a b i l i t y  under a  



TABLE 10. Submi c ron  P a r t i c u l a t e  Composi t i  on 

Elemental 
w t %  

0.04 

Assumed 
Form 

2'3 

82O3 
C a0 

Compound, 
w t %  

0.08 

0.24 

Feed 
Composit ion, % 

4.95 

9.86 

E l  ement 

A 1 

CdO 

Cs20 

C uo 

Fe203 

K20 
L i  20 

MgO 
Mn0 

NaCl 
Na20 

N i  0  N i  

Pb 

S i 

T e 

Z n 

TOTAL 

PbO 

Si02 

Te0 

ZnO 

v a r i e t y  o f  run cond i t i ons .  Table 12 p resen ts  p a r t i a l  m e l t e r  DFs assoc ia ted  

w i t h  o f f - g a s  aerosol  emiss ion f o r  t h e  PSCM-5 and PSCM-6 experiments.  The da ta  

were c o l l e c t e d  over  severa l  days o f  s t ab le ,  s teady- s ta te  m e l t e r  ope ra t i on  u s i n g  

t h r e e  independent sampl ing devices. The i n t e r n a l  agreement between r e s u l t s  

ob ta ined  i n  each t e s t  i s  i n d i c a t i v e  o f  t h e  s t a b i l i t y  assoc ia ted  w i t h  each o f  

these  experiments. Consequently, e f f  1  uent  r e s u l t s  o f  i n d i v i d u a l  a c i d  feed  

exper iments should be more r e p r e s e n t a t i v e  o f  average m e l t e r  behav io r  than  were 

those  assoc ia ted  w i t h  t h e  a l k a l i n e  feed. 



TABLE 11. Me l te r  E f f l u e n t  Emiss ion C h a r a c t e r i s t i c s  

A l ka l i ne Feed Me i t e r  DFs Acid Feed Mel ter  D F S ( ~ )  

El ement PSCM- 1 LFCM-4 PSCM-2 LFCM-6 Average LFCM-7 PSCM-3 PSCM-4 PSCM-5 PSCM-6(a) PSCM-7 PSCM-8' b, Avg . 
Al 

B 
Ca 
Cd 

CI 

Cs 
Fe 

La 

L 1 

MS 
Mn 

Na 

Nd 

N I 
Ru 

S 

Sb 

Se 

S I 
Sr 

Te 

T i  

Zr 

TOTAL 

(a)  Fr l t- 165 used f o r  PSCM-6 through PSCM-8. Fr l t -131 used f o r  a l  l o ther  tests.  

(b )  High Al, low Fe feed employed. 



TABLE 12. Steady-State Aerosol  Emission C h a r a c t e r i s t i c s  

PSCM-5 Boosted Test PSCM-6 Boosted/Unboosted Test  
P a r t i c u l a t e  P a r t i c u l a t e  

Sampl:) 
Feed Rate, Loadi ng, ( b )  Samplg) Feed Rate, Loading, ( b )  

Type L/h mg/L Type L/h mg/L - DF 

C 

S 

S 

C 

H EPA 

S 

C 

H EPA 

ALL 

S 

HEPA 

C 

S 

C 

S 

H EPA 

S 

C 

ALL 

( a )  C = cyc lone;  S = d i f f e r e n t i a l  samples; HEPA = abso lu te  f i l t r a t i o n .  
( b )  STP. 
( c )  Unboosted opera t ion .  

A comparison of m e l t e r  DFs achieved w i t h  a l k a l i n e  and a c i d i c  waste s l u r -  

r i e s  revea l s  t h a t ,  w i t h  o n l y  a  s i n g l e  except ion,  h i g h e r  e f f e c t i v e  emiss ion 

r a t e s  ( l owe r  DFs) were observed f o r  t h e  r a d i o l o g i c a l  l y  impor tan t  semi v o l a t i  l e s  

when a c i d i f i e d  m e l t e r  waste was employed. The reduc ing  power o f  t h e  f o r m i c  

a c i d  feed  component apparen t l y  promotes v o l a t i l i z a t i o n  i n  t h e  plenum and 

thereby  produces g rea te r  e f f e c t i v e  o f f - g a s  losses  o f  these  elements. 

Ruthenium i s  an excep t ion  t o  t h e  above statement.  Ever s i nce  m e l t e r  

exper iments w i t h  a  formate feed  f o r m u l a t i o n  began, no s i g n i f i c a n t  a i r b o r n e  

ru thenium has been de tec ted  i n  me1 t e r  exhaust streams, except f o r  t h e  very  

a t y p i c a l  LFCM-7 t e s t .  Feed and g lass  sample analyses, on t h e  o t h e r  hand, 

i n d i c a t e  s i g n i f i c a n t  ru thenium m e l t e r  losses  (DF = 2 ) ,  and y e t  no s p e c i f i c  s i n k  

has been c o n c l u s i v e l y  i d e n t i f i e d  t o  account f o r  these  losses.  I n  a1 1  proba-  

b i l i t y ,  ru thenium i s  be ing  reduced by t h e  f o rm ic  a c i d  t o  i t s  elemental  s t a t e ,  

whereupon i t  i s  l o s t  t o  t h e  m e l t e r  f l o o r  as s lag.  A su r f ace  p l a t e o u t  mechanism 

i s  a  poss ib le ,  b u t  l e s s  l i k e l y ,  exp lana t i on  f o r  these losses;  however, no 



evidence o f  o f f - g a s - l i n e  p l a t i n g  has ever  been found. A thorough examinat ion 

o f  t h e  m e l t e r  and i t s  plenum revea led  s l a g  gene ra t i on  t o  be respons ib l e  f o r  t h e  

observed r u t h e n i  um 1  osses . 
The e f f e c t  o f  feed boos t i ng  upon m e l t e r  emissions has been s t u d i e d  under 

c o n t r o l l e d  cond i t i ons .  I f  t h e  p rev ious  m e l t e r  s t a b i l i t y  comments a re  

neglected,  Tab1 e  11 s t r o n g l y  suggests t h a t  me1 t e r  DFs a re  dramat i  c a l  l y  reduced 

when boos t i ng  i s  employed. However, t e s t s  designed t o  i l l u s t r a t e  t h i s  e f f e c t  

have f a i l e d  t o  show any s i g n i f i c a n t  r e l a t i o n s h i p s  between feed ing  r a t e s  and 

m e l t e r  emissions. Table  12 p resen ts  gross aeroso l  DF va lues assoc ia ted  w i t h  

t h e  boosted PSCM-5 and PSCM-6 t e s t s .  C l e a r l y ,  these  da ta  show no c o r r e l a t i o n  

between f eed ing  r a t e s  and DFs. Moreover, t h e  boosted PSCM-6 exper iment d i d  n o t  

u t i l i z e  e l e c t r i c  r a d i a n t  l i d  hea te rs  f o r  t h e  e n t i r e  m e l t e r  t e s t ,  y e t  no s i g -  

n i  f i c a n t  d i f f e r e n c e s  i n  me1 t e r  emissions were observed throughout  t h e  e x p e r i -  

ment. Consequently, t h i s  da ta  suggests t h a t  e l e c t r i c  r a d i a n t  plenum hea te rs  

can be employed t o  boost l i q u i d  f eed ing  r a t e s  o f  ceramic m e l t e r s  w i t h o u t  

s i g n i f i c a n t l y  d e t e r i o r a t i n g  me1 t e r  performance. 

The implementat ion o f  feed- boost ing techniques,  however, i s  no t  w i t h o u t  

ope ra t i ona l  d i f f i c u l t i e s .  The h i gh  exhaust stream temperatures (>600°C) 

r e s u l t i n g  f rom t h e  a u x i l i a r y  plenum hea te rs  can cause t h e  f o rma t i on  o f  fused 

o f f - gas  l i n e  depos i t s  and acce le ra ted  m a t e r i a l  c o r r o s i o n  ra tes .  A coo l  i n g  

spray (see F i g u r e  2) has s u c c e s s f u l l y  c o n t r o l l e d  e x i t i n g  me1 t e r  exhaust gas 

temperatures t o  400°C o r  less .  However, t h e  spray nozz le  i t s e l f  ac t s  t o  c o l -  

l e c t  en t r a i ned  feed. These feed depos i t s  u l t i m a t e l y  grow t o  form a  l o c a l  

o b s t r u c t i o n  t o  m e l t e r  o f f - gas  f low.  A l though these  depos i t s  a re  s o f t  and 

e a s i l y  removed, t h e  c u r r e n t  coo l  i n g  spray c o n f i g u r a t i o n  c l e a r l y  compromi ses 

m e l t e r  o f f - gas  system design. 

MELTER IDLING TEST 

Because o f  t h e  h i g h  (-1000°C) plenum temperatures assoc ia ted  w i t h  i d 1  i ng 

j o u l  e-heated ceramic me1 t e r s ,  v o l  a t i  1  i z a t i o n  1  osses o f  r a d i o l o g i c a l  l y  impor tan t  

g lass  components d u r i n g  these pe r i ods  cou ld  overwhelming ly  i n f l u e n c e  t h e  over-  

a l l  m e l t e r  source term. The composi t ion o f  t y p i c a l  m e l t e r  i d l i n g  emissions, 



which appears i n  Table 13, v e r i f i e s  t h e  importance o f  t h i s  l o s s  mechanism f o r  

t h e  s e m i v o l a t i l e s .  I n  o rde r  t o  determine t h e  o v e r a l l  importance o f  t h i s  m e l t e r  

l o s s  mechani sm, emission r a t e s  o f  semi v o l a t i  l e  elements were i n v e s t i g a t e d  as a 

f u n c t i o n  o f  plenum temperature and, consequent ly,  o f  t h e  g lass  su r f ace  v i  scos- 

i t y .  Temperature c o n t r o l  was ma in ta ined  th rough use o f  plenum water  sprays, 

which coo led  b u t  d i d  no t  d i s t u r b  t h e  su r f ace  o f  t h e  m e l t e r  g l ass  pool .  

TABLE 13. M e l t e r  I d l i n g  Depos i ts  

Oxi des 

2'3 

'2'3 
C a0 

C do 

r2°3 
Cs20 

Fe203 

K20 
L i  20 

M go 

Mn02 

Na20 

N i  0  

I? u02 

Sb203 
S i02  

S rO 

Te02 

T i  O 

Z no 

Weight Percent 
Gray Deposi ts  White Deposi ts  Glass 

* Used i n  sample p repa ra t i on .  

2  6 



Th i s  s tudy was i n i t i a t e d  immediate ly  a f t e r  a  120-h l i q u i d - f e d  m e l t e r  t e s t  

(PSCM-5). Wi th  a  42 L/h water  sp ray ing  r a t e  and t h e  m e l t e r  under automat ic  

r e s i s t a n c e  c o n t r o l ,  t h e  m e l t e r  g lass  sur face  was coo led  t o  t h e  p o i n t  t h a t  i t 

formed a  cont inuous, nonconvect ive l a y e r  above t h e  bu l k  m e l t e r  g lass  pool  ( w i t h  

plenum a t  280°C). A t  a  27 L/h spray ra te ,  t h e  sur face  v i s c o s i t y  decreased s i g -  

n i f i c a n t l y .  Convect ive m ix i ng  opened vents  i n  t h e  g lass  sur face  t h a t  m ig ra ted  

a t  random across t h e  m e l t e r  g lass  pool .  However, plenum temperatures were n o t  

h i gh  enough t o  me l t  feed depos i t s  formed upon t h e  m e l t e r  w a l l s  and l i d  d u r i n g  

t h e  preceding PSCM-5 experiment. F i n a l l y ,  t h e  c o o l i n g  spray was t e rm ina ted  and 

t h e  m e l t e r  was a l lowed t o  i d l e  a t  a  f i x e d  c u r r e n t  r a te ,  which s l ow l y  brought  

t h e  m e l t e r  plenum up t o  850°C. Samples were c o l l e c t e d  f rom t h e  plenum d u r i n g  

a l l  phases o f  t h i s  study. 

The r e s u l t s  ob ta ined  f rom these  plenum samples a re  y raph i ca l  l y  summarized 

i n  F igu re  8, which cha rac te r i zes  t h e  emiss ion r a t e s  o f  t h e  s e m i v o l a t i l e  e l e -  

ments under var ious  i d 1  i ng c o n d i t i o n s  ( temperature)  employed d u r i n g  t h i s  t e s t .  

These da ta  i n d i c a t e  t h a t  emission r a t e s  o f  a l l  s e m i v o l a t i l e  elements decreased 

as a  f u n c t i o n  o f  t i m e  a f t e r  t h e  complet ion o f  PSCM-5 a t  a  42 L/h wate r- spray ing  

ra te .  Reducing t h e  c o o l i n g  spray r a t e  t o  27 L/h inc reased  bo th  plenum tempera- 

t u r e  and s e m i v o l a t i l e  emission ra tes ;  however, an e q u i l i b r a t e d  plenum tempera- 

t u r e  was n o t  achieved d u r i n g  t h e  b r i e f  24-h p e r i o d  o f  reduced spray ing.  

Termina t ion  o f  t h e  wate r- coo l ing  spray inc reased  t h e  plenum temperature 

s t e a d i l y  t o  t h e  p o i n t  where plenum sur face  depos i t s  formed d u r i n g  PSCM-5 began 

t o  me l t  and "burn"  away. The dramat ic  peaking o f  emission r a t e s  o f  t h e  semi- 

v o l a t i l e  elements occur red  d u r i n g  t h i s  per iod .  The f a c t  t h a t  a l l  semi vo l  a t i  l e s  

do n o t  form maxima a t  t h e  same p o i n t  i n  t i m e  i s  niost probably  due t o  tempera- 

tu re ,  which was s t e a d i l y  i n c r e a s i n g  throughout  t h e  i n t e r v a l  over  which these  

maxi ma occurred. 

The plenum temperature d u r i n g  t h e  l a s t  two sampl ing per iods  was -850°C, 

and a l l  plenum sur faces appeared c lean.  The emiss ion r a t e s  d u r i n g  these p e r i -  

ods are, w i t h  t h e  excep t ion  of Se and Te, s i g n i f i c a n t l y  g rea te r  than t h e  

minimum emission r a t e s  e x h i b i t e d  by these  elements d u r i n g  f u l l  42 L/h spray 

coo l ing .  However, these e leva ted  i d 1  i n g  emission r a t e s  a re  s t i  11 s i g n i f i c a n t l y  

below those  r a t e s  observed du r i ng  moderate l i q u i d  f eed ing  cond i t i ons .  
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S p e c i f i c a l l y ,  t h e  Cs emission r a t e  expected f rom t h e  PSCM f o r  a  l i q u i d  f eed ing  

r a t e  o f  50 L/h  (1.1 kg/ni in) would be about 10 mglmin. Th i s  i s  more than  t w i c e  

t h e  va lue  observed d u r i n g  t h e  ho t  m e l t e r  i d l i n g  cond i t i ons .  Consequently, i t  

appears t h a t  t h e  p l  enum coo l  i ng approach, a1 though capable o f  reduc i  ny emi s s i  on 

r a t e s  o f  most s e m i v o l a t i l e s  (by a  f a c t o r  o f  10 f o r  CS) ,  i s  o f  l i t t l e  p r a c t i c a l  

va lue  i n  reduc ing  t h e  o v e r a l l  r a d i o l o g i c a l  burden o f  t h e  m e l t e r  o f f - gas  system. 

I t  should  be noted t h a t  t h e  e f f e c t  o f  d i r e c t l y  f eed ing  water  on to  t h e  sur-  

face  o f  an i d l i n g  m e l t e r  has a l s o  been i n v e s t i g a t e d  as an a l t e r n a t i v e  method 

f o r  reduc ing  i d l i n g  emissions. Th i s  approach was, however, a  l e s s  s a t i s f a c t o r y  

means o f  c o o l i n g  t h e  plenum and m e l t e r  g l ass  su r f ace  than  was t h e  plenum spray 

approach. The water  f eed ing  techn ique  produced a  h i g h  degree o f  ent ra inment  

and aeroso l  ca r r yove r  i n t o  t h e  o f f - gas  system. Moreover, a t  t h e  water  f eed ing  

r a t e s  used (45 L /h )  , convec t i ve  m i  x i  ng was a c t u a l l y  exacerbated, a1 though t o t a l  

m e l t e r  su r f ace  f l o o d i n g  was never at tempted. On t h e  o t h e r  hand, t h e  wa te r  

plenum spray i n i t i a t e d  no observed en t  r a i m e n t ,  and min imized o r  e l i m i n a t e d  

convec t i ve  su r f ace  mix ing.  

MELTER SLAG FORMATION 

A f t e r  f o rm i c  a c i d  was added t o  t h e  SRL re fe rence  feed composi t ion,  

unaccountable 1  osses o f  semi v o l  a t i  l e  sp ikes  were observed. The most p robab le  

exp lana t i on  f o r  these feed  component losses  was m e l t e r  p roduc t i on  o f  i n s o l u b l e  

meta l  1  i c  s lag.  Examinat ion o f  t h e  me1 t e r  f l o o r ,  a f t e r  d ra i n i ng ,  conf i rmed t h a t  

metal  1  i c  s l ag  f o rma t i on  had indeed occur red  and was respons ib l e  f o r  s i g n i f i c a n t  

losses  o f  Ru, Se, and Te. The major  m e t a l l i c  component o f  t h e  harves ted  

nodules was, however, N i ,  which because o f  i t s  w t %  i n  t h e  feed  i s  capable o f  

produc ing s i g n i f i c a n t  s l a g  accumulat ions on t h e  m e l t e r  f l o o r .  Th i s  i n  t u r n  

cou ld  s e r i o u s l y  a f f e c t  t h e  s e r v i c e  l i f e  o f  a  p roduc t i on  m e l t e r  i f  s l a g  genera- 

t i o n  o r  i t s  accumulat ion i s  no t  c o n t r o l  led.  

MOLTEN SALT ACCUMULATION 

Due t o  t h e  p o t e n t i a l  steam exp los i on  hazards assoc ia ted  w i t h  t h e  presence 

o f  mol ten s a l t s  w i t h i n  l i q u i d - f e d  me l te rs ,  t h e  compos i t i on  and accumulat ion 



r a t e s  o f  imm isc i b l e  m e l t e r  s a l t  l a y e r s  have been i n v e s t i g a t e d .  Time-dependent 

composi t i  onal behav io r  was assessed f o l  1  owing PSCM-7. S a l t  samples e x t r a c t e d  

p rompt l y  a f t e r  t h e  PSCM-7 t e s t  were coniposed o f  a l k a l i  meta l  compounds o f  

s u l f a t e  (75 wt%) and c h l o r i d e  (25 wt%).  Samples e x t r a c t e d  two days a f t e r  

t e r m i n a t i o n  o f  PSCM-7 were essen t i  a1 l y  a1 1  a1 k a l  i su l  f a t es .  The presence o f  

halogen s a l t s  i n  a  mo l ten  s u l f a t e  phase d u r i n g  m e l t e r  o p e r a t i o n  i s  somewhat 

d i s q u i e t i n g  s i nce  halogen s a l t s  have been shown t o  s e n s i t i z e  t h e  water-mol ten 

Na2S04 i n t e r a c t i o n s .  As a  r e s u l t ,  s a f e t y  cons ide ra t i ons  may n e c e s s i t a t e  mo l ten  

s a l t  phase c o n t r o l .  

A mol ten s u l f a t e  s a l t  phase accumulates i n  a  m e l t e r  when t h e  s u l f a t e  com- 

p o s i t i o n  o f  t h e  feed exceeds t h e  c a p a c i t y  o f  t h e  g l ass  t o  i n c o r p o r a t e  it. The 

r a t e  a t  which i t  accumulates w i l l  no t  o n l y  depend upon g l ass  and feed  charac-  

t e r i s t i c s ,  b u t  w i l l  a l s o  depend upon m e l t e r  o f f - gas  l o s s  r a t e s  o f  s u l f u r .  

Table  14 summarizes t h e  behav io r  o f  s u l f u r  f o r  a l l  fo rmate feed t e s t s  f o r  which 

adequate da ta  e x i s t s .  A1 though t h e  s u l  f u r  d i s t r i b u t i o n a l  r e s u l t s  a re  q u i t e  

v a r i a b l e ,  a  few genera l  conc lus ions  can be drawn: I f  t h e  s u l f u r  con ten t  o f  t h e  

feed  i s  kep t  below -0.025 wt%, accumulat ions o f  Na2S04 p robab ly  w i  11 n o t  

occur.  On t h e  o t h e r  hand, i f  t h e  g l ass  c a p a c i t y  i s  exceeded by t h e  s u l f u r  i n  

t h e  feed, t h e  excess w i l l  be d i s t r i b u t e d  e q u a l l y  between a  mo l ten  s a l t  phase 

and t h e  o f f - gas  system. 

TABLE 14. R e l a t i v e  M e l t e r  P roduc t i on  and Loss Rates o f  S u l f u r  

W t %  S u l f u r  
Me1 t e r  Tes t  Feed G l  ass 

PSCM-3 0.05 0.09 

PSCM-4 0.081 0.044 

PSCM-5 0.056 0.067 

PSCM-6 0.049 0.025 

PSCM-7 0.070 0.035 

PSCM-8 0.082 <0.02 

F r a c t  i onal  Product  i on/ 
Loss Rates o f  S u l f u r  

Glass O f f  Gas Mo l ten  S a l t  

>1 >0.13 - - 
0.54 >O .06 <O .40 

>1 0.22 -- 
0.51 0.18 0.31 

0.50 0.34 0.16 

<O .24 0.10 >O .66 



CLOSE-COUPLED SCRUBBER PERFORMANCE 

A c lose- coupled v e n t u r i  e j e c t o r  scrubber w i t h  c y c l o n i c  disengagement was 

added t o  t h e  PSCM m e l t e r  o f f - gas  system p r i o r  t o  t h e  PSCM-7 t e s t .  S ince m e l t e r  

exhaust f o u l i n g  o f  t h e  o f f- gas  system i s  most probable between t h e  m e l t e r  and 

t h e  quencher, c l ose  coup l i ng  o f  a  quench scrubber i s  an o f f - gas  system neces- 

s i t y .  Consequently, t h e  performance c h a r a c t e r i s t i c s  o f  t he  c lose- coupled ven- 

t u r i  e j e c t o r  were c a r e f u l l y  eva lua ted  d u r i n g  PSCM-7 and PSCM-8, and the  r e s u l t s  

ob ta ined  a re  summarized i n  Table 15. The var iances i n  scrubber performance 

between these two t e s t s  can be ascr ibed  t o  d i f f e r e n c e s  i n  o f f- gas  p a r t i c l e  s i z e  

d i s t r i b u t i o n s  and steam load ings  produced by gross feed composi t ional  d i f f e r -  

ences. PSCM-8 generated l a r g e r  aeroso ls  on t h e  average and possessed much 

h ighe r  o f f- gas  water load ings  (80% versus 60%) than  d i d  PSCM-7 (see Appendix 

f o r  more d e t a i l s ) .  The combined e f f e c t  o f  these two f a c t o r s  can e a s i l y  account 

f o r  t h e  observed d i f f e r e n c e s  i n  scrubber performance. 

The o v e r a l l  system performance o f  t he  m e l t e r  and scrubber combinat ion was 

found t o  be q u i t e  i n v a r i a n t  throughout  t h e  d u r a t i o n  o f  each o f  t h e  two t e s t s .  

System upsets such as over feed ing  d u r i n g  PSCM-8 o r  t h e  use o f  a  me l t e r  a i r  

sparge i n  PSCM-7 d i d  no t  a f f e c t  t h e  o v e r a l l  system DF, a l though t h e  m e l t e r  and 

scrubber e f f i c i e n c i e s  were d i a m e t r i c a l l y  a f f ec ted .  Th i s  behavior  i s  c o n s i s t e n t  

w i t h  d is turbances t h a t  would serve t o  inc rease  gross entrainment losses. 

MELTER OFF-GAS FLOW RATES 

The o f f - gas  f l o w  r a t e s  o f  t h e  two l i q u i d - f e d  me l t e r s  have been examined 

over t h e  pas t  year  as p a r t  o f  t h e  SRL-DWPF m e l t e r  development program. Dur ing  

t h i s  p e r i o d  o f  study, two separate feed f o rmu la t i ons  have been used, and a  

v a r i e t y  o f  me1 t e r  ope ra t i ona l  runni  ng c o n d i t i o n s  have been employed. The 

r e s u l t s  o f  these s tud ies  have shown t h a t  bo th  feed composi t ion and m e l t e r  

feed ing  r a t e s  have a preponderant i n f l u e n c e  upon t h e  s t a b i l i t y  o f  me1 t e r  o f f -  

gas f l o w  ra te .  



TABLE 15. Close-Coupled Scrubber P a r t i c u l a t e  DFs 

Element 

A 1 

B 

B a 

Ca 

Cd 

C 1 

Cr  

C s 

C u 

F 

F e 

La 

L i 

M g 

Mn 

N a 

N d 

N i 

Pb 

S 

Sb 

Se 

S i 

S r 

T e 

T i  

Zn 

Z r 

TOTAL 

Scrubber DFs 
PSCM-7 PSCM-8 



The e f f e c t  o f  feed  composi t ion upon m e l t e r  f l o w  r a t e  behavior  i s  r e l a t e d  

t o  t h e  phys i ca l  a b i l i t y  o f  t h e  feed  components t o  form a  s t r u c t u r a l l y  sound 

i n s u l a t i n y  l a y e r  ( c o l d  cap) between t h e  incoming l i q u i d  feed and t h e  ho t  g lass  

sur face.  As p o r t i o n s  o f  t h e  i n s u l a t i n g  c o l d  cap become ca lc ined ,  s t r u c t u r a l  

c o l l a p s e  occurs, b r i n g i n g  dammed-up l i q u i d  feed  i n t o  con tac t  w i t h  t h e  ext remely  

ho t  g lass  sur face.  Th i s  r e s u l t s  i n  t h e  f l a s h i n g  o f f  o f  t h e  water  component 

(and v o l a t i l e  r e a c t i o n  p roduc ts )  o f  t h e  feed, p roduc ing  a  f l o w  pu l se  o r  an o f f -  

gas surge. The magnitude and e x t e n t  o f  these  surges a re  n a t u r a l l y  dependent 

upon t h e  amount o f  l i q u i d  feed  present  on t h e  c o l d  cap t h a t  i s  d e l i v e r e d  t o  t h e  

h o t  g lass  surface. Consequently, an e r r a t i c  f l o w  r a t e  f rom t h e  m e l t e r  exhaust 

i s  o f t en  i n d i c a t i v e  of an unstab le ,  ove r fed  ope ra t i ona l  cond i t i on .  Exhaust 

f l ow r a t e  p a t t e r n s  assoc ia ted  w i t h  s t a b l e  and uns tab le  me l t e r  ope ra t i on  a r e  

i l l u s t r a t e d  i n  F igu re  9. 

The two m e l t e r  feed  f o rmu la t i ons  used i n  these  s t u d i e s  e x h i b i t e d  s i g n i f i -  

c a n t l y  d i f f e r e n t  m e l t e r  o f f - gas  p r o p e r t i e s .  The a l k a l i n e  waste f o r m u l a t i o n  

produced a  no isy ,  e r r a t i c  m e l t e r  f l o w  r a t e  w i t h  surges as h i gh  as seven t imes  

t h a t  of t h e  average f low.  The a c i d  feed, on t h e  o t h e r  hand, possessed a  very  

compl i ant,  nonbr i  d y i  ng c o l d  cap, which reduced t h e  frequency and magnitude o f  

off-gas su rg ing  events. Average m e l t e r  f l o w  c h a r a c t e r i s t i c s  assoc ia ted  w i t h  

each of these feed f o rmu la t i ons  a re  summarized i n  Table 16. These da ta  c l e a r l y  

show t h e  s t a b i l i z i n g  i n f l uence  of t h e  f o rm ic  a c i d  feed component upon m e l t e r  

f l o w  r a t e  behavior.  

Due t o  t h e  conserva t i ve ,  s t a b l e  manner i n  which most PSCM runs were con- 

ducted, PSCM f low r a t e  data assoc ia ted  w i t h  a c i d i f i e d  feed a re  probably  more 

rep resen ta t i ve  of average me l t e r  behavior  than  a re  t h e  values assoc ia ted  w i t h  

t h e  LFCM. The LFCM data, on t h e  o t h e r  hand, can be used i n  assessing t h e  

e f f ec t s  of heavy me1 t e r  f eed ing  c o n d i t i o n s  upon m e l t e r  o f f - gas  f l o w  r a t e .  

CORROSION 

Extens ive metal  c o r r o s i o n  has been observed i n  1  i qu i  d- fed me1 t e r  plenums 

and i n  assoc ia ted  m e l t e r  of f- gas l i n e s  and process ing equipment. The na tu re  o f  

t h e  co r ros ion  observed suygests a c i d i c  chemical a t t a c k  by vo l  a t i  l e  ha1 ogens and 
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TABLE 16. L iqu id- Fed M e l t e r  Flow Rates 

Exper i  ment 

LFCM-4 

LFCM-6 

PSCM-3 

LFCM-7 

PSCM-4 

PSCM- 5  

PSCM-6 

Feed 

A1 k a l  i ne 

A1 k a l  i ne 

Ac id  

Ac id  

Ac id  

Aci  d  

Ac id  

Average, 
Flow, scfm 

Maxi mum 
Surge, scfm 

620 

470 

Average Surge 
Durat ion,  min 

s u l f u r  compounds. I n  o rde r  t o  i d e n t i f y  s u i t a b l y  c o r r o s i  ve- res i  s t a n t  mate r i  a1 s  

f o r  t h e  m e l t e r  o f f- gas  t rea tment  system, c o r r o s i o n  coupons rep resen t i ng  d i f f e r -  

en t  groups o f  a l l o y s  were exposed t o  t h e  plenum environment of l i q u i d - f e d  

me l t e r s  d u r i n g  process ing (300 t o  500°C) and i d 1  i n g  (850°C) cond i t i ons .  The 

e x t e n t  o f  c o r r o s i o n  as a  f u n c t i o n  o f  ope ra t i ng  c o n d i t i o n s  was e s t a b l i s h e d  

g r a v i m e t r i c a l  l y  through coupon weight  l oss .  The r e s u l t s  o f  these  s tud ies ,  

which a re  summarized i n  Table 17, i n d i c a t e  t h a t  t h e  c o r r o s i o n  r a t e s  o c c u r r i n g  

d u r i n g  ac tua l  l i q u i d  f eed ing  a r e  much g rea te r  than  those o c c u r r i n g  d u r i n g  h o t  

i d l  i ng, a1 though temperature c y c l i n g  between f eed ing  and i d l  i ng acce le ra tes  

o v e r a l l  co r ros ion  ra tes .  I n  a d d i t i o n ,  t i t a n i u m ,  t an ta l um and a l l  a l l o y s  hav ing  

h i g h  i r o n  concent ra t ions  were u n s u i t a b l e  f o r  l i q u i d - f e d  m e l t e r  se rv ice .  The 

most promis ing a l l o y s  a re  those  possessing a  con ten t  low i n  i r o n  and h igh  i n  

n i c k e l  o r  coba l t ,  and a  chromium con ten t  g rea te r  than  20%. Inconel-625 and t h e  

Haynes a1 l o y s  were t h e  most c o r r o s i  ve- res i  s t a n t  mate r i  a1 s  employed d u r i n g  t h i s  

study. 

CONCLUSIONS 

The o f f - gas  s tud ies  discussed i n  t h i s  r e p o r t  have sought t o  e s t a b l i s h  t h e  

e f f l u e n t  c h a r a c t e r i s t i c s  o f  1  i q u i  d- fed j o u l  e-heated ceramic me l te rs .  The 

r e s u l t s  of these s tud ies  have shown p a r t i c u l a t e  emission t o  be respons ib l e  f o r  

most m e l t e r  e f f l u e n t  losses. Moreover, a  l a r g e  f r a c t i o n  of t h e  t o t a l  p a r t i c u -  

l a t e  mass evolved f rom an ope ra t i ng  me l t e r  i s  conveyed t o  t h e  o f f- gas  system by 



TABLE 17. Corrosion Sampl e Resul t s  

Wei uht  Cor. 
Exposure, h change Hate O b s e r v a t i g n ~  Approximate Composition, wt% 

M a t e r i a l  I d l i n g  U p e r a t i n y  y/cn12 cm/yr Spa1 1 i n g  0epos i t sLd l  ~ o l o r \ ~ I  C r  Co f e  Ni MO w - - - - - -  
Inconelo-690 1134 214 -0.025 0.020 L i g h t  L i  y h t  B l  k-Si 1 ve r  30 - - 9.5 60 -- -- 

198 214 -0.014 0.074 L i y h t  None Black 
1256 214 -0.036 0.023 L i g h t  L i g h t  M u l t i  
320 330 -0.011 0.015 L i g h t  L i g h t  B lack 

Inconela-625 1134 214 t0.015 None Heavy Brown 21.5 -- 2.5 61 9 -- 
198 214 t o  .007 None Heavy B r n - S i l v e r  

1256 330 t0.013 None Heavy Brn-Black 
320 330 t0.012 None Heavy B r n - S i l v e r  

Inconel@-617 122 116 -0.004 0.008 Med-Pits Medi urn G r - S i l v e r  22 12.5 1.5 52 9 -- 
122 116 -0.013 0.024 Med-Pits Med i um Gr-Si l v e r  

Inconel@-600 122 116 -0.008 0.015 Medium L i g h t  M u l t i  15.5 -- 8 76 -- -- 
122 116 -0.002 0.004 Medium L i ~ h t  M u l t i  

- - 

Haynes@-188 1134 214 t0.059 Very L i y h t  B1-Black 22 40 3 10 -- 
W 

15 
01 198 214 t0.004 L i  y h t  L i  y h t  B l -B lack 

Haynesu-25 1134 214 t0.005 L i g h t  L i g h t  B1-Black 21 54 3 10 -- 15 
198 214 t0.003 0.008 L i y h t  L i g h t  01-Bl ack 
60 110 t0.001 None None B l  ack 

HAw-330 1134 2 14 -0.025 0.020 Medium None M u l t i  18 -- 4 7 35 -- -- 
198 214 -0.03b 0.185 Medium None lir Spots ' 

HAPP-44b 1134 214 -0.18 0.145 Heavy None M u l t i  2 5 -- 75 -- -- -- 
198 214 -0.17 0.472 Heavy None M u l t i  

T i tan ium 122 116 -0.063 0.210 Heavy None S i  1 ver-Brn -- - - - - -- -- -- 
Tantalum 122 116 -3.3 >3 Disappeared 

( a )  Feed m a t e r i a l  s i n t e r e d  on coupon surface. 
( b )  B1 - Blue; B l k  - Black; Brn - Brown; Gr - Green. 

@ Inconel  i s  a r e g i s t e r e d  trademark o f  Huntington A l loys ,  Huntinyton, West V i r y i n i a .  
@ Haynes i s  a r e g i s t e r e d  trademark o f  the  Cabot Corporat ion,  Kokomo, Indiana. 
@ RA i s  a r e g i s t e r e d  trademark o f  Ro l led  A l loys ,  D e t r o i t ,  Michigan. 



submicron aeroso ls  which a re  almost e x c l u s i v e l y  r espons ib l e  f o r  semivol a t i l  e  

t r a n s p o r t .  M e l t e r  ope ra t i ona l  c o n d i t i o n s  have had l i t t l e  e f f e c t  upon these 

r e s u l t s  as l ong  as quas i -s teady-s ta te  c o n d i t i o n s  a re  mainta ined.  Even ho t  

me1 t e r  i d 1  i ng c o n d i t i o n s  do no t  s i g n i f i c a n t l y  a f f e c t  t h e  o v e r a l l  me1 t e r  source 

term. 

Me1 te r -genera ted  gases have been found t o  be p o t e n t i a l l y  f lammable as we1 1  

as c o r r o s i  ve. Hydrogen gene ra t i  on p resen ts  t h e  g r e a t e s t  f l  ammabi 1  i t y  hazard o f  

t h e  combust ib les  generated by l i q u i d - f e d  me1 t e r s .  Of f -gas d i  l u t i o n  was 

r e q u i r e d  d u r i n g  a  me1 t e r  t e s t  t o  m a i n t a i n  t h e  H2 c o n c e n t r a t i o n  below 70% o f  i t s  

lower  f l a m m a b i l i t y  l i m i t  i n  t h e  quenched m e l t e r  exhaust. The combust ib le  gas 

CO has never achieved a  quenched o f f - gas  c o n c e n t r a t i o n  g r e a t e r  than  1/10 o f  i t s  

flammabi 1  i t y  1  i m i t .  A u x i l i a r y  plenum hea t i ng  s i  y n i f i c a n t l y  reduces m e l t e r  

emiss ion r a t e s  o f  both these  combust ib le  gases. 

S i g n i f i c a n t  concen t ra t i ons  o f  a c i d i c  v o l a t i l e  conipounds o f  s u l f u r  and t h e  

halogens e x i s t  i n  unquenched m e l t e r  o f f - gas  streams independent o f  m e l t e r  

opera t ion .  These gases have been respons ib l e  f o r  ex tens i ve  c o r r o s i o n  observed 

i n  m e l t e r  plenums and i n  assoc ia ted  o f f - gas  1  i nes  and p rocess ing  equipment. 

A l l o y s  possessing low i r o n ,  h i gh  n i c k e l  o r  coba l t ,  and h i gh  chromium con ten t  

a re  t h e  most s u i t a b l e  f o r  l i q u i d - f e d  m e l t e r  se r v i ce .  
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APPENDIX 

OFF-GAS DATA COMPILATION 

FOR LIQUID FEEDING OF CERAMIC MELTERS 

INTRODUCTION 

Of f -gas and e f f l u e n t  c h a r a c t e r i z a t i o n  s tud ies  have been estab ished as p a r t  

o f  t h e  SRL-DWPF m e l t e r  development program being conducted a t  PNL. The objec-  

t i v e  o f  these s tud ies  i s  t o  e s t a b l i s h  t h e  o f f - gas  p r o p e r t i e s  o f  l i q u i d - f e d  

j o u l  e-heated me1 t e r s  as a  f u n c t i o n  o f  me1 t e r  ope ra t i ona l  parameters. The scope 

o f  these s tud ies  i s  q u i t e  broad and covers a l l  aspects o f  o f f -gas  concern 

i n c l  u d i  ng 

a e f f l u e n t  c h a r a c t e r i z a t i o n  

a f low r a t e  behav io r  

co r ros ion  e f f e c t s  

e emi s s i  on abatement. 

The purpose o f  t h i s  appendix i s  t o  present  a l l  o f f -gas  da ta  compi led s i nce  

l i q u i d - f e d  m e l t e r  t e s t s  began i n  support  o f  DWPF. Dur ing  t h i s  per iod,  13 major  

m e l t e r  exper iments have been conducted. These a re  l i s t e d  below accord ing t o  

abb rev ia t i on  and date:  

Date 

September 1980 
November 1980 
December 1980 
January 1981 
March 1981 
June 1981 
J u l y  1981 
August 1981 
December 1981 
January 1981 
March 1982 
May 1982 
June 1982 

( a )  LFCM and PSCM r e f e r  t o  t h e  L i q u i d  Fed 
Ceramic Me1 t e r  and P i  1  o t - ~ c T 1  e   eram mi c  - - - 
Me1 t e r ,  r e s p e c t i  ve ly .  - 



The d e t a i l s  c o n c e r n i n g  t h e s e  e x p e r i m e n t s  a r e  f u l l y  d e s c r i b e d  and docu- 

mented i n  m e l t e r  t e s t  summary documents ( B j o r k l u n d  1982; E t h r i d g e  1983).  As an 

a i d  i n  r e a d i n g  t h i s  r e p o r t ,  a1 1  p e r t i n e n t  m e l t e r  o p e r a t i o n a l  pa ramete rs  a s s o c i  - 
a t e d  w i t h  each exper imen t  t o  be d i s c u s s e d  a r e  l i s t e d  i n  T a b l e  A.1. 

Bo th  m e l t e r s  b e i n y  s t u d i e d  i n  t h i s  r e p o r t  share  a  common 0.1-m ( 4 - i n . )  

s t a i n l e s s  s t e e l  o f f - g a s  system c o n s i s t i n g  o f  an e j e c t o r  v e n t u r i  , a  downdra f t  

condenser,  and a  packed s c r u b b i n y  tower .  The arrangement o f  t h e s e  components 

i s  i l l u s t r a t e d  i n  F i g u r e  A.1. I n  a d d i t i o n  t o  t h e s e  common o f f - g a s  e lements ,  

b o t h  m e l t e r s  a r e  equ ipped  w i t h  a  c l o s e - c o u p l e d  HEPA f i l t e r  r e c e p t a c l e  and a  

t o t a l  (condens i  b l  e  and noncondensi  b l  e )  o f f  -gas f 1  owmeter. However, s i n c e  t h e  

PSCM o f f - g a s  HEPA f i l t r a t i o n  capab i  1  i t y  was added d u r i n g  l i d  m o d i f i c a t i o n s  o f  

t h i s  m e l t e r ,  t o t a l  o f f - g a s  f i l t r a t i o n  d a t a  were n o t  a v a i l a b l e  f o r  t h e  PSCM-3 

exper imen t  . 
An a d d i t i o n a l  v e n t u r i  e j e c t o r  was added t o  t h e  PSCM o f f - g a s  system d u r i n g  

May 1982. The wet sc rubber  was c l o s e  c o u p l e d  t o  t h e  PSCM m e l t e r  by a  2-m 

l e n g t h  o f  15-cm (6 - in . )  p ipe .  The per formance o f  t h i s  s c r u b b e r  was e v a l u a t e d  

d u r i n g  t h e  l a s t  two  t e s t s  (PSCM-7 and -8) cove red  i n  t h i s  appendix.  

EFFLUENT CH,ARACTERIZATION 

LFCM-2 - SEPTEMBER 1980 

B r i e f l y ,  LFCM-2 was a  120-h t e s t  t o  demons t ra te  a  s t e a d y - s t a t e  g l a s s  p r o -  

d u c t i o n  o f  40 kg/h-m* u s i n g  l i d  b o o s t i n g  ( see  T a b l e  A.l f o r  more d e t a i l s ) .  

D u r i n g  t h i s  run,  a  5.9-kg ( 1 3 - l b )  p l u g  formed i n  a  h o r i z o n t a l  s e c t i o n  o f  o f f -  

y a s - l i n e  -3 m  (10  f t )  f r o m  t h e  m e l t e r  l i d .  The o f f - g a s  t e m p e r a t u r e  a t  t h i s  

l o c a t i o n  ranged between 400 and 600°C t h r o u y h o u t  t h e  d u r a t i o n  o f  p l u g  fo rma-  

t i o n .  F i g u r e  A.2 s c h e m a t i c a l l y  i l l u s t r a t e s  t h e  components o f  t h e  LFCM o f f - g a s  

l i n e  t h a t  were l a t e r  d isassembled f o r  i n s p e c t i o n .  F i g u r e s  A.3 t h r o u g h  A.5 a r e  

photographs of  t h e  p i p i n g  s e c t i o n s  c a l l e d  o u t  i n  F i g u r e  A.2. The c o m p o s i t i o n  

o f  t h e  p l u g  m a t e r i a l  s  i s  cornpared w i t h  t h a t  o f  t h e  f e e d  i n  T a b l e  A.2, where an 

o x i d e  c o m p o s i t i o n  has been assumed excep t  f o r  t h e  an ions .  W i th  t h e  e x c e p t i o n  

of t h e  an ions ,  t h e  t h r e e  most h i y h l y  e n r i c h e d  e lements  i n  t h e  p l u g  r e l a t i v e  t o  



TABLE A.1. L iqu id-Fed M e l t e r  Opera t iona l  Parameters 

Operational Equipment 

Parameters LFCM-2 LFCM-3 LFCM-4 PSCM-1 PSCM-2 LFCM-4 PSCM-3 LFCM-7 PSCM-4 PSCM-5 PSCM-6 PSCM-7 PSCM-8 ----- 
Feed Rate, 80 50 90 4 5 110 100 62 1 30 120 135 165 9 5 140 
kg/h-m2 

Glass Pro- 37 2 1 4 1 22 50 4 5 28 57 39 4 6 65 4 1 49 
duct  ion, 
Rate, 

kg/h-m2 

Boost ing Elect. None Elect. None Propane Elect. None Elect. None Elect. Elect. None Elect. 

type L id  L id  Combus- L id  and L i d  L id  L i d  L i d  
Heat Heat t i o n  P i  asma Heat Heat Heat Heat 

Torch 

Boost ing  -25 -- 30 -- 35 40 36 55 -- 15 -- -- 4 5 
Power, kw 

O f f  -Gas 300-600 325 375 37 5 37 5 350 2 10 250 27 5 37 5 400 280 360 

Temp., *C 

O f f  -Gas None None 2 None 6 5 None Var iab le  None 6 6 None 8 
Cool ing, 

gph 

Exper iment 120 24 120 120 120 120 135 120 107 99 

Durat ion, 
hours 
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FIGURE A.1. Off-Gas Treatment System 



MELTER LID I 
I 

I I 

FIGURE A.2. LFCM-2 Off-Gas L ine  
Schematic 

FIGURE A.3. LFCM-2 #1 



FIGURE A.4. LFCM-2 #2 

FIGURE A.5. LFCM-2 #3 



TABLE A.2. LFCM-2 Plug Composi t ion 

W t %  Feed 
Elemental  Average w t %  9/18/82 W t %  R a t i o  

Oxi des i n  P lug  2030 h P l  ug/Feed 

2'3 1.67 2.96 0.56 

B2°3 4.62 3.78 1.22 

T i 0 2  0.07 0.03 2.33 

ZnO 0.08 0.04 2  .O 

t h e  feed  a re  Ru, Te and Cs. S i g n i f i c a n t  q u a n t i t i e s  o f  s t a i n l e s s  s t e e l  c o r r o -  

s i o n  products ,  i n c l u d i n g  Ni and C r ,  were a1 so p resen t  as p a r t  o f  t h e  p l u g  

ma te r i  a1 . 
T o t a l  decontaminat ion f a c t o r s  (DFs) assoc ia ted  w i t h  m e l t e r  feed  components 

- - were c a l c u l a t e d  f rom a n a l y t i c a l  r e s u l t s  ob ta i ned  f rom t h e  condens ib le  o f f - g a s  

sampl i n y  t r a i n  and t h e  composi t ion and we igh t  o f  a1 1  process-1 i n e  depos i t s .  

These r e s u l t s  appear i n  Table  A.3. The DFs ob ta i ned  f o r  s u l f a t e s ,  n i t r a t e s ,  

and f l u o r i d e s  a re  upper 1 i m i t s  s i nce  t o t a l  a n a l y s i s  f o r  these  anions was no t  

poss ib le .  

,- 



TABLE A.3. LFCM-2 Decon tamina t ion  F a c t o r s  

Element 

A1 

M i  nimum 

3750 

180 

540 

120 

9 

3 0 

Maxi mum 

7700 

530 

950 

560 

32 

7 0 

Average DFs 

4900 

260 

740 

340 

17 

40 

> I 7 5  

420 

920 

480 

1580 

>350 

340 

430 

7 

<19 

48 0 

210 

940 

380 

6 0 

1100 

350 

T o t a l  Avg. Ox ide DF 564 

( a )  Due t o  l i m i t a t i o n s  o f  a n a l y z i n g  equipment,  
t h e  DFs r e p o r t e d  a r e  minimum v a l u e s  based 
on t h e  ICP d e t e c t i o n  l i m i t .  

( b )  Unknown f e e d  c o m p o s i t i o n .  Value g i  ven 
i n  mg o f  e f f l u e n t l k y  o f  g l a s s  produced.  



f- The c l a s s i c a l  s c a t t e r i n g  aerosol  spectrometer was used t o  c h a r a c t e r i z e  t h e  

o f f- gas  l o a d i n g  and s i z e  d i s t r i b u t i o n  o f  en t ra i ned  p a r t i c u l a t e  ma t te r  d u r i n g  

t h e  LFCM-2 experiment. The r e s u l t s  ob ta ined  from t h i s  ins t rument  du r i ng  a  

15-min sampl ing i n t e r v a l  a re  i l l u s t r a t e d  i n  F i g u r e  A.6. Assuming p a r t i c u l a t e  

s p h e r i c i t y  and an average bu lk  d e n s i t y  o f  4 g/cm3, t h e  average o f f - gas  l oad ing  

d u r i n g  t h i s  measurement p e r i o d  was 7 x  g /sc f .  
- .  

No noncondensible o f f- gas  da ta  was generated d u r i n g  t h e  run. 

LFCM-3 - NOVEMBER 1980 

Th i s  24-h m e l t e r  experiment was conducted t o  t e s t  t h e  LFCM ope ra t i ona l  

c h a r a c t e r i s t i c s  w i t hou t  l i d  heat ing.  E f f l u e n t  sampl ing was l i m i t e d  t o  t h e  use 

o f  t h e  o f f- gas  scrub t r a i n  p r e v i o u s l y  descr ibed, and t o  t h e  use o f  gas c y l i n -  

ders f o r  o b t a i n i n g  grab samples o f  noncondensible gases. The a n a l y t i c a l  

r e s u l t s  ob ta ined  from these samples a re  summarized i n  Table A.4. Th is  t a b l e  

F I G U R E  A.6. LFCM-2 Mass-Si ze P a r t i c l e  Di  s t  r i  b u t i  on 
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TABLE A.4. LFCM-3 Decontaminat ion Fac to r s  

Element 

A1 

B 

C a  

C d  

C 1  

C s  

F e  

L  i 

M g 

M n  

N a  

N i 

R u 

S 

S i 

S r 

T e 

Average DF 

2400 

DF R a t i o  
LFCM-3/LFCM-7 

TOTAL OXIDE 480 0.86 

p resen ts  t h e  DFs assoc ia ted  w i t h  LFCM-3 feed components and compares these  

va lues  t o  those  ob ta ined  from t h e  LFCM-2 t e s t .  DFs were h i ghe r  d u r i n g  LFCM-3 

than  d u r i n g  LFCM-2 f o r  most feed components, a l though  t h e  t o t a l  ox i de  DFs o f  

t hese  two exper iments a re  more o r  l e s s  comparable. 

PSCM-1 - DECEMBER 1980 

The 120-h PSCM-1 exper iment represented t h e  f i r s t  t e s t  o f  t h e  p i l o t - s c a l e  . - 

ceramic m e l t e r  s i nce  it was conver ted  t o  l i q u i d  feed ing.  No boos t i ng  tech-  

n iques  were employed d u r i n g  t h i s  December t e s t .  A1 1 p e r t i n e n t  o p e r a t i o n a l  

parameters assoc ia ted  w i t h  t h i s  run  a re  summarized i n  Table  A.1. 



I n  p repa ra t i on  f o r  t h i s  exper iment,  a l l  app rop r i a te  o f f - g a s- l i n e  compo- 

nents were preweighed so t h a t  t h e  ex ten t  o f  o f f- gas  d e p o s i t i o n  w i t h i n  t he  pro-  

cess l i n e s  cou ld  be assessed a f t e r  complet ion o f  t h e  run. However, very  l i t t l e  

d e p o s i t i o n  was found, as i s  i l l u s t r a t e d  i n  F igu res  A.7 through A.21. F i g -  

u r e  A.7 i s  an o f f - g a s- l i n e  schematic i d e n t i f y i n g  t h e  o f f - gas  components which 

were disassembled f o r  i n s p e c t i o n  a t  t h e  end o f  t h e  PSCM-1 t e s t .  F igures  A.8 
. . through A.21 a re  photographs o f  these components. The t o t a l  d e p o s i t i o n  mass 

which was scraped from these components amounted t o  68 g. The analyses of  

these  depos i t s  were conducted by SRL. Table A.5 summarizes these a n a l y t i c a l  

r e s u l t s  and compares them w i t h  t h e  p rev ious  LFCM-2 depos i t s  whenever poss ib l e .  

0 LOCATION OF PHOTOGRAPHS 

MELTER LID 

FIGURE A.7. PSCM-1 Off-Gas-Line Schematic 



FIGURE A.8. PSCM-1 # 1  FIGURE A.9. PSCM-1 #2 

FIGURE A.lO. PSCM-1 #3  FIGURE A.11. PSCM-1 #4 



F I G U R E  A.12. PSCM-1 # 5  F I G U R E  A.13. PSCM-1 #6 

FI G U R E  A.14. PSCM-1 #8 F I G U R E  A.15. PSCM-1 #9 



FIGURE A.16. PSCM-1 # 1 0  FIGURE A.17. PSCM-1 # 1 1  

FIGURE A.18. PSCM-1 #12 FIGURE A.19. PSCM-1 # 1 3  

A. 1 4  



FIGURE A.20. PSCM-1 #14 FIGURE A.21. PSCM-1 #15 

I d l i n g  depos i ts  were a l s o  c o l l e c t e d  f rom these  same process l i n e  compo- 

nents  two months a f t e r  complet ion o f  PSCM-1. These depos i t s  were h i g h l y  

enr i ched  w i t h  t h e  s e m i v o l a t i l e  elements Cs, Ru, and Te, and t h e  an ion so4=. 

These r e s u l t s  a re  i nc l uded  i n  Table A.5 f o r  comparison. 

The feed component DFs achieved w i t h  PSCM-1 a re  summarized i n  Table A.6. 

Again, these values a re  compared t o  those ob ta ined  from t h e  two p rev ious  m e l t e r  

runs LFCM-2 and LFCM-3. C lea r l y ,  much 1  ess vo l  a t i  1  i z a t i  on and ent ra inment  

occurred d u r i n g  PSCM-1 than i n  t h e  two p rev ious  exper iments discussed i n  t h i s  

repor t .  

Grab samples taken from PSCM-1 plenum were analyzed us ing  a  gas mass spec- 

t rometer .  These r e s u l t s  a re  summarized i n  Table A.7. Ae ra t i on  o f  t h e  feed 

s l u r r y  w i t h  C02 and t h e  o x i d a t i o n  o f  t h e  coal  component o f  t h e  feed are 

respons ib le  f o r  t h e  unusua l l y  h i gh  concen t ra t i ons  o f  C02 i n  t he  m e l t e r  plenum. 

Oxygen, on t h e  average, appears t o  be s l i g h t l y  dep le ted  w i t h  regard t o  room 

a i r ,  which i s  c o n s i s t e n t  w i t h  moderate in leakage r a t e s  and feed component o x i -  

da t ion .  A l though Sample B appears t o  be enr i ched  i n  oxygen ( r e l a t i v e  t o  n i t r o -  

gen), no observable f r o t h i n g  o r  r e b o i l  occurred d u r i n g  t h a t  o r  any o the r  sam- 

p l i n g  per iod.  



TABLE A.5. PSCM-1 Process L i n e  Depos i t s  

Elemental  Weight Percent  
Oxides PSCM- 1 Id1  i ng LFCM-2 Feed 

2O3 

B2°3 
C a0 

CdO 

c1- 

r2°3 
C s20 

Fe203 
L i  O2 

M go 

Mn02 

Na20 

NiO 

RuO2 

Sb203 
S i02  

- 
SO4- 

S  r O  

Te02 

T i 0  

ZnO 

LFCM-4 - JANUARY 1981 

LFCM-4 was a  120-h exper iment us i ng  l i d  hea te rs  t o  boost  f eed ing  r a t e s  and 

an o f f - gas  c o o l i n g  nozz le  t o  ma in ta i n  t h e  m e l t e r  exhaust temperature a t  
- - 

375OC. One o b j e c t i v e  o f  t h i s  run  was t o  eva lua te  t h e  e f f e c t  o f  o f f - g a s  tem- 

pe ra tu re  upon p rocess- l i ne  d e p o s i t i o n  r a tes .  The depos i t s  t h a t  formed w i t h i n  

t h e  components making up t h e  m e l t e r  exhaust l i n e  a re  shown i n  F i gu res  A.23 

th rough  A.27. The l o c a t i o n  o f  these components r e l a t i v e  t o  t h e  m e l t e r  a r e  

i d e n t i f i e d  i n  F i g u r e  A.22. A l though t h e  d e p o s i t i o n  r a t e  d u r i n g  t h i s  run  was 



TABLE A.6. PSCM-1 Decontaminat ion F a c t o r s  

E 1 ement 

A1 

B 

Ca 

Cd 

C 1 

C s 

F e 

L i 

M g 
M n 

Na 

N i 

R u 

S 

S i 

S r 

Te 

PSCM-1 
Average DF 

11000 

DF R a t i o s  
PSCM-l/LFCM-2 PSCM-l/LFCM-3 

7.33 4.58 

0.81 1.74 

2.49 1.00 

0.56 2.26 

0.13 0.34 

1.28 7.28 

9.05 5.51 

2.06 2.88 

18.80 5 .OO 

3.56 1.84 

2.44 2.96 

3.49 3.49 

4.57 0.53 

0.05 0.20 

15.96 5.77 

19.47 4.93 

2.79 0.63 

TOTAL 1140 

TABLE A.7. PSCM-1 Noncondensible Off-Gas R e s u l t s  

M o l a r  Composi t ion,  % ( d r y )  
C 0 Sample C02 Ar  0, N3 H 3  



0 LOCATION OF PHOTOGRAPHS 

FIGURE A.22. LFCM-4 Off-Gas-Line Schematic 

FIGURE A.23. LFCM-4 #4 FIGURE A.24. LFCM-4 #3 



F I G U R E  A.25. LFCM- 4 #2 F I G U R E  A.26. LFCM- 4 #1 

F I G U R E  A.27. LFCM-4  #O 



n 
g r e a t e r  than  i n  t h e  p rev ious  PSCM-2 experiment,  t h e  t o t a l  q u a n t i t y  o f  m a t e r i a l  

depos i ted  was o n l y  560 g  (-1 l b ) ,  which i s  a vas t  improvement over  t h e  5.9-kg 

(13 - l b )  d e p o s i t  formed d u r i n g  LFCM-2. The composi t ion o f  t h e  m a t e r i a l  c o l -  

l e c t e d  f rom these  p ipe  components i s  summarized i n  Table A.8, and i s  compared 

w i t h  p r e v i o u s l y  ob ta ined  p rocess- l i ne  d e p o s i t i o n  data. It i s  c l e a r  f rom t h i s  

t a b l e  t h a t  a l l  mel ter- generated p i pe  depos i t s  i n v e s t i g a t e d  t o  da te  possess 

comparable composit ions. 

T o t a l  feed component DFs ob ta ined  f o r  t h e  LFCM-4 t e s t  a re  summarized i n  

Table A.9. These values a re  a l s o  compared w i t h  DF r e s u l t s  ob ta ined  from a1 1  

p rev ious  exper iments descr ibed  i n  t h i s  r epo r t .  A1 though o v e r a l l  v o l a t i l  i z a t i o n  

TABLE A.8. LFCM-4 P ipe  Depos i t i on  Composit ion 

Elemental  
Oxides 

A1 203 

B2°3 
C a0 

CdO 

Cr203 
Cs20 

Fez03 
L iO 

MgO 

Mn02 

Na20 

NiO 

Ru02 

Sb203 
SiO 

S r O  

Te02 

T i 0  

Z r02 

Weight Percent 
LFCM-4 PSCM- 1 LFCM-2 Feed 



TABLE A.9. LFCM-4 Decontaminat ion Fac to rs  

Element 

A 1  

B  

C a  

Cd 

C 1  

C s  

Fe 

L  i 

Mg 

Mn 

N a  

N i 

R u  

S 

Sb 

S i 

S r 

Te 

TOTAL 

LFCM-4 
Average 

D F  

DF R a t i o  
LFCM-4 
LFCM-3 

and ent ra inment  i s  h i ghe r  f o r  LFCM-4 than f o r  a l l  t h e  p rev ious  runs, t he  emis- 

s ions  o f  severa l  s e m i v o l a t i l e s  are lower  i n  LFCM-4 than  they  were i n  t h e  two 

prev ious LFCM t e s t s .  

P a r t i c u l a t e  e n t r a i  nment occu r r i ng  d u r i n g  LFCM-4 was cha rac te r i zed  by HEPA 

f i l t r a t i o n .  The p a r t i c u l a t e  DFs l i s t e d  i n  Table A.10 were c a l c u l a t e d  us ing  

bo th  HEPA and of f- gas- 1 i n e  d e p o s i t i o n  data.  The elemental  ( ox i de )  composi t ion 

of HEPA-trapped p a r t i c u l a t e s  i s  a l s o  l i s t e d  i n  t h i s  t a b l e  a long w i t h  t h e  feed 

makeup composit ion. C l e a r l y ,  t h e  composi t ion o f  t he  HEPA-trapped m a t e r i a l  

cannot be exp la ined  by a  s imple feed ent ra inment  model. 



TABLE A. lO.  

Elemental  
Oxides 

2'3 

B2°3 
C a0 

CdO 

r2°3 
Cs20 

Fe203 
L iO 

MgO 

Mn02 

N a20 

NiO 

Ru203 

Sb203 
Se02 

S i02  

S rO 

Te02 

T i02  

ZnO 

Z r02 

TOTAL 

LFCM-4 P a r t i c u l a t e  Data 

Weight Percen t  
HEPA Feed 

A summary o f  t h e  gas chromatographic a n a l y s i s  o f  t h e  LFCM-4 plenum gas 

compos i t i on  appears i n  Tab le  A . l l .  Due t o  t h e  h i g h  m e l t e r  i n l eakage  ra tes ,  t h e  

oxygen-ni t r o y e n  r a t i o s  o f  t h e  plenum gas samples were i n d i s t i n g u i s h a b l e  f rom 

room a i r  d u r i n g  t h e  m e l t e r  run. As i n  PSCM-1, a e r a t i o n  o f  t h e  feed s l u r r y  w i t h  - - 

C02, and t h e  o x i d a t i o n  o f  coa l  present  i n  t h e  feed, a re  r espons ib l e  f o r  t h e  

h i g h  concen t ra t i ons  o f  C02 i n  t h e  me1 t e r  plenum. 

Gas-scrubbing techniques were u t i l i z e d  f o r  i n v e s t i g a t i n g  t h e  n a t u r e  o f  

i d l i n g  emiss ions assoc ia ted  w i t h  LFCM-4. Sampling was begun 7 days a f t e r  t h e  
n 



TABLE A . l l .  LFCM-4 Noncondensi b l  e  Off-Gas Composit ion 

Date 

01/20/81 

Percent 

CO:, 0 7 ( ~ )  N3 
1.1 21 .O 78 .O 

CO, ppm 

< l o  

< 10 

< 10 

(10 

320 

250 

> l o o  
570 

310 

( a )  Inc ludes  -1% Ar. 

complet ion o f  LFCM-4, and again a f t e r  14 days. These da ta  appear i n  Table A.12 

a long w i t h  t h e  f i n a l  composi t ion o f  t h e  LFCM-4 glass. The da ta  i n  t h i s  t a b l e  
r i n d i c a t e  t h a t  t h e  s e m i v o l a t i l e  elements and compounds present  i n  t h e  mol ten 

g lass  m a t r i x  a re  escaping a t  r a t e s  which a re  p r o p o r t i o n a l  t o  t h e i r  concen- 

t r a t i o n s  and v o l a t i l i t i e s .  

PSCM-2 - MARCH 1981 

One o f  t h e  main o b j e c t i v e s  o f  PSCM-2 was t o  i n v e s t i g a t e  t h e  e f f e c t  o f  

combustion (propane) boos t i ng  upon me1 t e r  feed ing  ra tes .  The e f f e c t  o f  u s i n g  

an o f f- gas  coo l ing- spray  nozz le  upon m e l t e r  emissions was a l s o  assessed. Fur-  

t h e r  d e t a i l s  concern ing PSCM-2 ope ra t i ona l  parameters and c o n s t r a i n t s  a re  sum- 

marized i n  Table A.1. 

The na tu re  o f  t h e  o f f - g a s - l i n e  depos i t s  which were assessed a f t e r  t h e  run  

- . are summarized i n  F igures  A.28 through A.42. F i gu re  A.28 i d e n t i f i e s  t he  com- 

ponents o f  t h e  process exhaust l i n e  where m a t e r i a l  depos i t s  occurred. F i g-  

ures A.29 through A.42 a re  photographs o f  these o f f - g a s - l i n e  components. The 

l a r g e s t  depos i t i on  formed i n  t h e  t h r o a t  of t h e  m e l t e r  l i d  exhaust po r t .  Th is  

depos i t  i s  thought  t o  have r e s u l t e d  from the  ope ra t i on  and p o s i t i o n i n g  o f  t h e  



TABLE A.12. LFCM-4 I d1  i ng Emissions 

E l  ement 

A1 

B 

C a  

Cd 

C 1  

C r 

C s  

Fe 

K 

L  i 

M g  

Mn 

Weight Percen t  
1 Week 2 Weeks Glass 

* Ca l cu la ted  from a1 1  d e t e c t a b l e  elements. 

o f f - gas  c o o l i n g  nozz le  j u s t  downstream frorn t h e  p l u g  f o rma t i on  s i t e .  T o t a l  

d e p o s i t i o n s  i n  t h e  o f f - g a s- l i n e ,  i n c l u d i n g  as much o f  t h e  l i d  p l u g  as cou ld  be 

c o l l e c t e d ,  amounted t o  -2 kg, which represen ts  0.1% o f  t h e  t o t a l  ox ides  f e d  t o  

t h e  m e l t e r  d u r i n g  t h i s  exper iment.  

The compos i t i on  o f  t h e  depos i t s  c o l l e c t e d  f rom PSCM-2 o f f - g a s - l i n e  com- 

ponents i s  summarized i n  Table  A.13. Table  A.14 compares t h e  weighted, average 
n 
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FIGURE A.28. PSCM-2 Off-Gas-Line Schemati c  

composi t ion o f  these  PSCM-2 depos i t s  w i t h  t h e  o f f - g a s - l i n e  depos i t s  formed i n  

p rev ious  me1 t e r  exper iments.  Composi t ion o f  a1 1 o f f- gas- 1  i ne depos i t s  a re  

s i m i l a r ,  bu t  no t  s t r i c t l y  r e p r e s e n t a t i v e  o f  t h e  feed. 

Exper imenta l  feed component DFs determined d u r i n g  PSCM-2 a re  l i s t e d  i n  

Table  A.15, where they a re  compared t o  a l l  p rev ious  m e l t e r  runs d iscussed i n  

t h i s  r epo r t .  It i s  c l e a r  f rom t h i s  t a b l e  t h a t  combustion boos t ing ,  i n  con- 

j u n c t i o n  w i t h  increased feed ing  ra tes ,  has d r a m a t i c a l l y  inc reased  e f f l u e n t  



FIGURE A.29. PSCM-2 #1 FIGURE A.30. PSCM- 2 #2 

FIGURE A.31. PSCM-2 #3 FIGURE A.32. PSCM-2 #4 



FIGURE A.33. PSCM- 2 #5 

FIGURE A.35. PSCM- 2 #7 

FIGURE A.34. PSCM- 2 #6 

FIGURE A.36. PSCM- 2 #8 



FIGURE A.37. PSCM-2 #9 FIGURE A.38. PSCM-2 #10 

FIGURE A.39. PSCM-2 #11 

FIGURE A.40. PSCM-2 #12 



FIGURE A.41. PSCM-2 #13  

FIGURE A.42. PSCM-2 # 1 4  



Elemen ta l  
Ox ides  

2'3 

B2°3 
C a0 

C d0  

c1 -  

TABLE A.13. PSCM-2 P i p e  D e p o s i t s  

Wei g h t  P e r c e n t  
F l e x  I n s i d e  C o r r o s i o n  90' 

' I Y "  Hose L i d  T e s t  E l  bow 

1.8 1.5 1.5 1.6 1.2 

4.0 3.7 1.6 5 .O 3.1 



TABLE A.14. Composi t iona l  Comparison o f  Off-Gas- Line Deposi ts  

Elemental  
Oxides 

2'3 

B2°3 
C a0 

CdO 

r2°3 
Cs20 

Fe203 
L i  0  

MgO 

Mn02 

Na20 

N i  0  

Ru02 

Sb203 
SiO 

S  r O  

Te02 

T i  0  

Zr02 

Wei ght  Percent 
PSCM-2 LFCM-4 PSCM-1 LFCM-2 

1.6 2  .O - - 1.7 

emiss ion ra tes .  O f  t h e  p rev ious  m e l t e r  runs, o n l y  LFCM-4, which i t s e l f  u t i -  

l i z e d  e l e c t r i c  1  i d  boos t i ng  t o  maximize f eed ing  ra tes ,  e x h i b i t e d  a lower  

o v e r a l l  DF. 

S ince one o f  t h e  p r imary  o b j e c t i v e s  o f  t h e  PSCM-2 t e s t  was t o  i n v e s t i g a t e  

t h e  e f f e c t s  o f  propane combustion boos t i ng  upon m e l t e r  f eed ing  ra tes ,  t h e  gas 

composi t ion o f  t h e  m e l t e r  plenum was o f  p a r t i c u l a r  eng ineer ing  i n t e r e s t .  Gas 

chromatographic a n a l y s i s  o f  t h e  plenum gases was conducted throughout  t h e  

PSCM-2 exper iment.  The r e s u l t s  o f  these analyses a re  i l l u s t r a t e d  i n  F i  y-  

u r e  A.43. The r e l a t i o n s h i p  between t h e  concen t ra t i ons  o f  N2, 02, and C02 a r e  

c o n s i s t e n t  w i t h  t h e  s t o i c h i o m e t r y  o f  t o t a l  combustion o f  C3H8. That i s ,  t h e  



TABLE A.15. PSCM-2 Decontaminat ion Fac to r s  

Element 

A1 

B 

C a  

C d  

C 1  

C s  

Fe 

L i 

Mg 

Mn 

Na 

Ru 

S  

Sb 

S  i 

S  r 

Te 

T i  

PSCM-2 
Average 

DF 

990 

DF R a t i o  
PSCM-2 PSCM-2 PSCM-2 PSCM-2 
LFCM-2 LFCM-3 PSCM- 1 LFCM-4 

0.20 0.41 0.090 1.9 

TOTAL 430 0.76 0.89 0.38 1.5 

r e l a t i v e  cnange i n  t h e  percen t  composi t ion o f  02, C02, and N2, as a  f u n c t i o n  o f  

o x i d a t i o n  r a te ,  w i l l  vary  as -1:2/3:1/3, r e s p e c t i v e l y ,  i f  complete combust ion 

i s  assumed. 

LFCM-6 - JUNE 1981 

LFCM-6 was a  120-h exper i  rnent des i  gned t o  c h a r a c t e r i z e  maxi mum feed i  ng 

r a t e s  ach ievab le  u t i l i z i n g  bo th  e l e c t r i c  l i d  hea te rs  and plasma t o r c h  b o o s t i n g  

techniques.  To min im ize  o f f - gas  l i n e  depos i t i on ,  a  spray nozz le  was used t o  

i n t r o d u c e  mechan ica l l y  atomized water  coun te r cu r ren t  t o  t h e  exhaust f l o w  a t  t h e  
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F I G U R E  A.43. PSCM-2 Plenum Off -Gas Composition 



ent rance  o f  t h e  m e l t e r  o f f - gas  exhaust l i n e .  The l o c a t i o n s  o f  t h e  o f f - gas  l i n e  - 
components a re  i l l u s t r a t e d  i n  F i g u r e  A.44. The depos i t s  t h a t  d i d  form i n  t h e  

me1 t e r  o f f - g a s  l i n e  components a re  i l l u s t r a t e d  i n  F i gu res  A.45 t h rough  A.50. 

It should  be noted t h a t  t h e  c lose- coupled v e r t i c a l  components had been c leaned 

24 h p r i o r  t o  t h e  end o f  t h e  run  i n  o rde r  t o  eva lua te  f r i t  b l a s t i n g  as an o f f -  

gas c l e a n i n g  technique.  Never the less,  t h e  depos i t s  t h a t  were removed by t h i s  

techn ique  were l i g h t  and h a i r l i k e .  The composi t ions o f  t h e  depos i t s  t h a t  

formed i n  t h e  va r i ous  o f f - g a s  l i n e  components d e t a i l e d  i n  F i g u r e  A.44 a re  l i s -  

t e d  i n  Table  A.16. A comparison o f  t h e  weighted average composi t ion o f  LFCM-6 

l i n e  depos i t s  w i t h  o f f - gas  l i n e  depos i t s  formed i n  p rev ious  m e l t e r  exper iments  

i s  d e t a i l e d  i n  Table  A.17. Again, t h e  s i m i l a r i t i e s  o f  these  depos i t s  a re  more 

s t r i k i n g  than  t h e i r  minor  d i f f e r e n c e s .  The s e m i v o l a t i l e s  Cs, Ru, Sb and Te, 

which a re  minor  feed  components bu t  major  r a d i o l o g i c a l  hazards, a re  en r i ched  i n  

these depos i t s .  

T o t a l  feed  component DFs f o r  t h e  LFCM-6 t e s t  a re  summarized i n  

Table  A.18. E f f o r t s  t o  e s t a b l i s h  a  g r e a t e r  t r a c e  element homogeneity i n  t h e  

OFF-GAS 
\ 
SAMPLING 
NOZZLE 

FLEX 
HOSE 

COOLING 
SPRAY 

I 

6" PIPE 1 p 
I / 1 

MELTER LID I I ! 

FIGURE A.44. LFCM-6 Off-Gas L i n e  C o n f i g u r a t i o n  



FIGURE A.45. LFCM-6 Me1 t e r  L i d  FIGURE A.46. LFCM-6 #4 

FIGURE A.47. LFCM-6 # 3  

A.35 

FIGURE A.48. LFCM-6 #2 



FIGURE A.49. LFCM-6 #1 FIGURE A.50. LFCM-6 #O 

feed makeup tanks appear t o  have produced much Inore cons i s ten t  r e s u l t s  between 

sampl ing runs than  have been achieved i n  p rev ious  experiments. A lso  presented 

i n  t h i s  t a b l e  i s  t h e  t o t a l  p a r t i c u l a t e  DF as determined by abso lu te  HEPA f i l -  

t r a t i o n .  The agreement between these two se ts  o f  independent da ta  i s  q u i t e  

s a t i s f y i n g .  Table A.19 compares t h e  average LFCM-6 feed component DFs w i t h  

those  ob ta ined  from prev ious  me1 t e r  runs. C lea r l y ,  t h e  LFCM-6 t e s t  e x h i b i t e d  

t h e  h i ghes t  e f f e c t i v e  e f f l u e n t  emission ra tes  o f  a l l  l i q u i d - f e d  m e l t e r  runs 

conducted t o  date. E r r a t i c ,  non- steady- state running c o n d i t i o n s  assoc ia ted  

w i t h  t h i s  t e s t  are, no doubt, r espons ib l e  f o r  t h i s  r e s u l t .  

The use o f  plasma to rches  w i t h i n  an ope ra t i ng  m e l t e r  p resen ts  a  poten- 

t i a l  l y  exp los i ve  hazard due t o  hydrogen gene ra t i  on r e s u l t i n g  from p l  asma- 

i n i t i a t e d  decomposit ion o f  H20. Tests o f  t he  plasma to rches  be fo re  LFCM-6 

us ing  b u i l d i n g  steam revealed t h a t  s i g n i f i c a n t  q u a n t i t i e s  o f  hydrogen (-4.5% 

d r y  bas i s )  cou ld  be generated by t h i s  t o r c h  when low i n 1  eakage r a t e s  ex i s ted .  

Consequently, mon i t o r i ng  t h e  noncondensible composi t ion o f  t h e  m e l t e r  exhaust 

was o f  p a r t i c u l a r  i n t e r e s t  du r i ng  t h i s  experiment. The r e s u l t s  o f  these 



TABLE A.16. LFCM-6 Off-Gas-Line Depos i t s  

Elemental  
Oxides 

2'3 

B2°3 
C a0 

CdO 

r2°3 
Cs20 

Fe203 

La203 
LiO 

M go 

MnO2 

Na20 

N i O  

Ru02 

Sb2O3 

S i  O2 

S rO 

Te02 

T i 0  

Sample Number 
#1 #2 # 3  #4 Average Feed 

analyses a re  presented i n  Table  A.20. Because o f  t h e  l a r g e  m e l t e r  in leakage  

ra tes ,  hydrogen was n o t  d e t e c t a b l e  (Hz ~ 0 . 1 % )  d u r i n g  t h e  LFCM-6 t e s t .  Indeed, 

t h e  in leakayes  were h i gh  enough t h a t  t h e  plasma t o r c h  suppor t  gas ( A r )  had o n l y  

a  minimal e f f e c t  upon t h e  noncondensi b l e  o f f - g a s  composi t ion.  Argon and oxygen 

concen t ra t i ons  a re  combined i n  t h i s  t a b l e  s i n c e  they  a re  no t  r e s o l v a b l e  under 

t h e  runn ing  c o n d i t i o n s  of t h e  GC used i n  these  analyses. 



TABLE A.17. M e l t e r  P ipe  Depos i t i on  Composi t ion 

Elemental  
Oxides 

2'3 

'2O3 
C a0 

CdO 

Cs20 

r2°3 

e2 '3 
L i 0 

MgO 

Mn02 

Na20 

NiO 

Ru02 

Sb203 
S i 0 

S r O  

Te02 

T i 0  

Z r02  

Weight Percent  
LFCM-6 PSCM-2 LFCM-4 PSCM-1 LFCM-2 

PSCM-3 - JULY 1981 

The PSCM-3 exper iment was t h e  f i r s t  l a rge- sca le  t e s t  o f  a l i q u i d - f e d  cer-  

amic m e l t e r  w i t h  a formate-based feed composi t ion.  S ince t h e  p r imary  o b j e c t i v e  

o f  t h i s  exper iment was t o  assess t h e  response o f  l i q u i d - f e d  m e l t e r s  and 

suppo r t i ng  equipment w i t h  t h i s  new feed f o rmu la t i on ,  no feed- boos t ing  t ech-  

n i  ques were empl oyed d u r i n g  t h i s  t e s t .  Consequently, t h i  s exper iment was very  
. - 

much l i k e  t h a t  o f  t h e  PSCM-1 t e s t ,  except  f o r  t h e  feed composi t ion.  A compar- 

i son o f  a1 1 p e r t i n e n t  ope ra t i ng  parameters associ  a ted  w i t h  these  PSCM expe r i  - 
ments appears i n  Table  1. The l o c a t i o n  o f  t h e  PSCM-3 o f f - gas  exhaust l i n e  

components a re  d e t a i l e d  i n  F i gu re  A.51. 



TABLE A.18. LFCM-6 Decontaminat ion Fac to rs  

Exper imental  DFs 
E l  ernental S a m ~ l  e Number Averacle " 

Oxides # 1 #2 # 3 D F - 
A 1 272 342 390 330 

B 89 95 90 90 

C a 230 180 140 180 

C d 8 5 84 8 2 80 

C 1 3 2 2 2 

C s 4 11 13 10 

F e 210 2 30 2 30 230 

La 250 280 300 280 

L i 150 160 170 160 

M g 237 273 276 26 0 

M n 210 330 400 330 

N a 89 83 95 9 0 

N i 7 10 990 1100 930 

R u 10 2 2 9 13 

S 10 8 16 11 

Sb >60 > l o0  >70 - - 
S i 284 260 290 280 

S r 290 300 27 0 290 

Te 190 2 30 214 210 

T i  96 120 300 170 

Z r 260 245 , 270 260 

TOTAL 160 - 170 - 180 - 170 - 
TOTAL PARTICULATE DF DETERMINED FROM HEPA 190 

The ex ten t  o f  feed  component d e p o s i t i o n  o c c u r r i n g  w i t h i n  these  o f f - gas  exhaust 

1 i nes i s  g raph i ca l  l y  d i  splayed i n  F i gu res  A.52 th rough  A.62. Qua1 i t a t i  ve ly ,  

t h e  depos i t i ons  i l l u s t r a t e d  i n  these  f i g u r e s  sugyest t h a t  PSCM-3 produced 

h i  yher o v e r a l l  emiss ion r a t e s  than  PSCM-1. Again, t h e  on l y  s i g n i f i c a n t  d i f f e r -  

ence between these two PSCM exper iments was t h e  na tu re  o f  t h e  feed. 



TABLE A.19. LFCM-6 Comparati ve DFs 

LFCM-6 DF R a t i o  
Elemental  

Oxides 

A1 

TOTAL OXIUE 

Average 
DF 

330 

Depos i t s  were c o l l e c t e d  f rom va r i ous  components o f  t h e  o f f - gas  l i n e  com- 

ponents ill u s t r a t e d  i n  t h e  p r e v i o u s l y  d iscussed f i g u r e s  i n  o rde r  t o  e s t a b l  i s h  

t h e i r  e lementa l  composi t ion.  Th i s  compos i t i ona l  da ta  appears i n  Tab le  A.21. 

The average conipos i t ion o f  these depos i t s  i s ,  no t  s u r p r i s i n g l y ,  very  much l i k e  

those e x h i b i t e d  by depos i t s  formed i n  p rev i ous  rne l ter  t e s t s  u s i n g  a  n e u t r a l i z e d  

feed as i s  shown i n  Table  A.22. 

T o t a l  m e l t e r  feed component DFs assoc ia ted  w i t h  PSCM-3 have been estab-  

l i s h e d  f o r  most e lementa l  c o n s t i t u e n t s .  These da ta  appear i n  Tab le  A.23. 

O v e r a l l ,  these  r e s u l t s  a re  s t r i k i n g l y  s i m i l a r  t o  t h e  da ta  generated by t h e  

o r i  g i  na l  p i  1 o t- sca le  me1 t e r  exper iment,  PSCM-1. A compari son o f  PSCM-3 DFs 



Date 

5 / 3 1  

5 /31 

6 / 0 1  

6 /01 

6 / 0 1  

6 /01  

6 / 0 1  

6/02 

6 /02 

6 /02 

6 /02 

6/03 

6 /03  

6/03 

6 /03 

6/03 

6 /03 

6/03 

6 /03 

6/03 

6/04 

6/04 

6 /04 

6/U4 

6 /04 

TABLE A.20. LFCM-6 Noncondens ib le  Off-Gas Compos i t ion  

co, 
0.19 

0.36 

0.81 

0.67 

0.64 

0.62 

0.7 2  

0.51 

0.74 

0.86 

0.13 

0.52 

0.49 

0.43 

0.48 

0.66 

0.48 

0.55 

0.51 

0.42 

0.27 

0.39 

0.58 

0.43 

0.48 

Comments 

No Feed 

No Feed 

Plasma Torch  On 

Plasma Torch On 

Plasma Torch  On 

Plasma Torch  On 

Plasma Torch  On 
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F I G U R E  A.51. PSCM-3 Off-Gas-Li ne Conf i  y u r a t i  on 

w i t h  DFs f rom a l l  p rev ious  m e l t e r  exper iments  covered i n  t h i s  r e p o r t  i s  p re-  

sented i n  Table  A.24. The e f f l u e n t  emiss ion r a t e s  f o r  PSCM-3 a re  l owe r  than  

those  e x h i b i t e d  by a l l  o t h e r  m e l t e r  t e s t s  except  PSCM-1. The low Cs DF asso- 

c i a t e d  w i t h  p resen t  da ta  may no t  be an accura te  measure o f  m e l t e r  performance 

w i t h  r eya rd  t o  t h i s  element. The Cs compos i t i on  o f  PSCM-3 feed  was exceed ing l y  

low. Un t h e  o t h e r  hand, t h e  b u l k  g lass  w i t h i n  t h e  m e l t e r  possessed s i g n i f i c a n t  

q u a n t i t i e s  o f  Cs f rom prev ious  me1 t e r  runs. Consequently, s t eady- s ta te  r unn i  ny 

c o n d i t i o n s  were never  e s t a b l i s h e d  f o r  Cs d u r i n y  PSCM-3. The DF va lues f o r  Ru 

and Sb a re  n o t  a v a i l a b l e  f rom t h i s  exper iment .  



F I G U R E  A.52. PSCM-3 #1 F I G U R E  A.53. PSCM-3 #2 

FIGURE A.54. PSCM-3 #3 F I G U R E  A.55. PSCM-3 #4 



FIGURE A.56. PSCM-3 # 5  FIGURE A.57. PSCM-3 #6 

FIGURE A.58. PSCM-3 #7 FIGURE A.59. PSCM-3 # 8  

A .44 



FIGURE A.60. PSCM-3 #9 FIGURE A.61. PSCM-3 #10 

FIGURE A.62. PSCM-3 #11 

A.45 



TABLE A.21. PSCM-3 P ipe  Depos i t i on  Composi t ion 

Wei gh t  Percent  
Element, L i d  P o r t  L i d  P o r t  F l e x  H o r i z o n t a l  

Oxide # 1 # 15 E l  bow "Y" Hose P ipe  

2'3 1.4 1.8 1.7 1.3 1.7 1.7 

B2°3 5 .O 5.5 5.5 5.4 6 .0 5.0 

C a0 1.6 1.9 1.6 1.6 1.8 1.6 

The compos i t i on  o f  t h e  noncondensible m e l t e r  exhaust yases was o f  pa r-  

t i c u l a r  impor tance d u r i n y  t h i s  exper iment due t o  t h e  h i g h  o rgan i c  l o a d i n g  o f  

t h e  feed. The p o s s i b i l i t y  of gene ra t i ng  Hz and CO (wa te r  gas) i n  s u f f i c i e n t  . - 

q u a n t i t i e s  t o  p resen t  an e x p l o s i v e  hazard a f t e r  t h e  v e n t u r i  e j e c t o r  was o f  gen- 

u i n e  concern. Consequently, a  GC was u t i l i z e d  t o  i d e n t i f y  a l l  p e r t i n e n t  gas 

components p resen t  i n  t h e  m e l t e r  exhaust. Q u a n t i t a t i v e  compos i t i ona l  da ta  was 

yenerated by t h e  GC f o r  a l l  gaseous components except  Hz. Th i s  da ta  appears i n  



TABLE A.22. M e l t e r  P ipe  Depos i t  Composi t ion 

Element, 
Oxide 

2O3 

B2 O3 
C a0 

CdO 

C s20 

r2°3 

Fe203 
L i 0 

MgO 

Mn02 

Na20 

N i 0 

R u02 

Sb203 
S i 0 

S r O  

TeO2 

T i 0  

Z r02 

Wei gh t  Percent  
PSCM-3 LFCM-6 PSCM-2 LFCM-4 PSCM-1 LFCM-2 

F i g u r e  A.63. A b i p o l a r  response o f  t h e  GC d e t e c t o r  f o r  Hz prec luded area 

de te rm ina t i on  o f  t h e  Hz peak. However, GC responses f o r  hazardous Hz con- 

c e n t r a t i o n s  had been e s t a b l i s h e d  p r e v i o u s l y .  These served as comparat ive stan-  

dards f o r  t h e  chromatograms generated d u r i n g  PSCM-3 and a l lowed o p e r a t i n g  

safety ,  w i t h  regard t o  Hz, t o  be assessed th roughou t  t h i s  exper iment.  I n  o rde r  

t o  o b t a i n  t h e  molar  composi t ion of Hz, grab samples were taken  and analyzed by 

mass spectrometry.  These r e s u l t s  a re  i nc l uded  i n  Table  A.25, which a l s o  con- 

t a i n s  a  condensat ion o f  t h e  da ta  appear ing i n  F i g u r e  A.63. From t h e  da ta  and 

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

never r e q u i r e d  t o  e l i m i n a t e  p o t e n t i a l l y  flammable c o n d i t i o n s  w i t h i n  t h e  m e l t e r  

exhaust. However, these r e s u l t s  a l s o  suggest t h a t  c a r e f u l  m o n i t o r i n g  o f  



TABLE A.23. PSCM-3 Feed Component DFs 

Elemental  
Oxides 

A 1  
B  
C a  
C 1  
C s  
Fe 
La 
L i 

Mg 
M n  
Na 
N i 
S 
S b  
S i 
Sr  
Te 
T i  
Zr  

TOTAL O X I D E S  

DF Values 
7 1 2 1 3 1 8 1  7 / 2 1 / 8 1  Averaue 

flammabi 1  i t y  c o n d i t i o n s  w i  11 have t o  be con t inued  i n  a1 1  f u t u r e  exper iments  

which u t i l i z e  a  formate-based feed. 

The GC hydroyen response appears t o  be n o n l i n e a r  i n  n a t u r e  and i n s u f f i -  

c i e n t  da ta  e x i s t s  t o  c o n s t r u c t  a  c a l i b r a t i o n  curve.  Because t h e  amount o f  

i n f o r m a t i o n  i s  l i m i t e d  w i t h  regard  t o  Hz gene ra t i on  w i t h i n  li qu id- fed  m e l t e r s ,  

a  t r e n d  cu rve  has been cons t ruc ted  f rom chromatoyraphic  peak parameters which 

a r e  mono ton i ca l l y  r e l a t e d  t o  concen t ra t i on .  It shou ld  be kep t  i n  mind t h a t  

t h i s  da ta  i s  n o t  l i n e a r l y  r e l a t e d  t o  concen t ra t i on .  Th i s  t r e n d  cu rve  appears 

i n  F i g u r e  A.64. 

F i n a l l y ,  an I R  ana lyzer  was u t i l i z e d  t o  examine t h e  m e l t e r  exhaust f o r  t h e  

c o r r o s i v e  gas S02. A t  t h e  h i g h  s e n s i t i v i t y  s e t t i n y s  r e q u i r e d  o f  t h i s  i n s t r u -  

ment, wa te r  vapor i n t e r f e r e n c e s  proved t o  be an a n a l y t i c a l l y  l i m i t i n g  



TABLE A.24. PSCM-3 Comparative DFs 

Elemental  
Oxides 

A 1  
B 
C a  
C 1  
C s  
Fe 
L  i 

MY 
Mn 
Na 
N i 
S 
S i 
Sr  
Te 
T i  

TOTAL OXIDE 

PSCM-3 
Avy. DF 

6000 
2U0 

1100 
4  
3.8 

16UU 
2600 
820U 
3300 

900 
9400 

8  
3000 

640 
32 

DF R a t i o  
PSCM-3 PSCM-3 PSCM-3 PSCM-3 PSCM-3 PSCM-3 
LFCM-2 LFCM-3 PSCM-1 LFCM-4 PSCM-2 LFCM-6 

v a r i a b l e .  Consequently, no conc l  u s i  ve da ta  was generated w i t h  r eya rd  t o  

me1 te r- genera ted  SO2 emi s s i  ons d u r i  ny PSCM-3. F u r t h e r  SO2 moni t o r i  ng s t u d i e s  

w i  11 be d iscussed i n  t h e  LFCM-7 e f f l u e n t s  sec t i on .  

LFCM-7 - AUGUST 1981 

LFCh-7 represented t h e  second l i q u i d - f e d  m e l t e r  exper iment u t i l i z i n y  a  

formate-based s l u r r y  feed. Unl i ke t h e  f i  r s t  t e s t  run (PSCM-3), LFCM-7 employed 

e l e c t r i c  l i d - h e a t  boos t i ng  t o  maximize f eed ing  r a t e s .  However, t h e  run  was 

s t r u c t u r e d  t o  a1 low sampl ing t o  be conducted a t  va r i ous  f eed iny  r a t e s  w i t h  and 

w i t h o u t  l i d  heat. One of t h e  maJor o b j e c t i v e s  o f  t h i s  m e l t e r  run  was t o  eva lu-  

a t e  r e a l  t i m e  off-gas-1 i ne c l e a n i n g  techniques.  Consequently, t h e  pos t - run  

examinat ion o f  t h e  o f f - y a s  l i n e  was no t  c a r r i e d  ou t .  However, i t  was observed 

t h a t  o f f - yas  depos i t i ons  were q u i t e  l i g h t  and e a s i l y  removed. None o f  t h e  
forrnat i  ons observed cou ld  have yrown i n t o  l o c a l  o f f - g a s  1  i ne r e s t r i c t i o n s .  



INLEAKAGE 
REDUCED 

22 
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PLENUM 
PLENUM 

F I G U R E  A.63. PSCM- 3 Noncondensi b l  e  Off-Gas Compos i t ion  

E f f l u e n t  samp l ing  o f  LFCM-7 emphasized t h e  c h a r a c t e r i z a t i o n  o f  m e l t e r -  

yenera ted  a e r o s o l s .  Sampl iny was conducted i n  o r d e r  t o  e s t a b l i s h  t h e  s i z e  

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

o f  m e l t e r  f e e d i n g  r a t e s .  S i z e  d i s t r i b u t i o n  i n f o r l a a t i o n  was o b t a i n e d  f r o m  a  

c y c l o n e  sampler  c o n s i s t i n g  o f  a  s e r i e s  arrangement o f  t h r e e  c y c l o n e s  and a  



TABLE A.25. PSCM-3 Off-Gas Compos i t i on  

M o l a r  Compos i t ion ,  % 
Data  Dry B a s i s  

Da te  

7/20 Avg. 0.60 21.8 77.4 0.14 - - -- 
7 / 2 1  Avy. 0.79 21.9 74.8 0.19 -- - - 
7/22 Avg . 1.65 21.5 77.0 0.32 - - 4 8 

7/23 Avg . 1.42 21.3 76.1 0.58 0.64 7 4 
7 124 Avy. 1.83 21.6 76.0 0.83 - - - - 

7/2U - 7/24 H i  2.94 22.7 77.13 1.31 1 .ll N/ A 
7/20 - 7/24 L o 0.20 20.9 75.1 0.04 0.17 N /A 

( a )  I n c l u d e s  -1% argon. 
( b )  Lower f l a m m a b i l i t y  l i m i t  i n  a i r :  Hz - 4%; CO - 12.5%. 

INLEAKAGE 
REDUCED 

FIGURE A.64. Hz V a r i a t i o n  D u r i n g  PSCM-3 



f i n a l  abso lu te  f i l t e r .  The c u t  p o i n t s  o f  t h e  cyc lones employed were 16 pm, 

6 pm and 1 pm. The abso lu te  f i n a l  f i l t e r  i s  designed t o  c o l l e c t  submicron 

f i n e s  which a re  a b l e  t o  pass t h rouyh  a1 1  t h r e e  p reced ing  cyc lones.  

The da ta  generated w i t h  t h i s  d i f f e r e n t i a l  f i l t e r i n g  system a re  summarized 

i n  Table  A.26. The d i s t r i b u t i o n  o f  p a r t i c u l a t e s  yenerated by LFCM-7 i s  c l e a r l y  

bimodal i n  na tu re .  Composi t iona l  a n a l y s i s  o f  these  s i z e  f r a c t i o n s ,  i n c l  ud i  ny 

t h e  condensate, appear i n  Table  A.27. C l e a r l y ,  t h e  composi t ions o f  t h e  va r i ous  

s i z e  f r a c t i o n s  d i f f e r  markedly w i t h  t h e  s e m i v o l a t i l e  c o n s t i t u e n t s  s t r o n g l y  con- 

c e n t r a t e d  i n  t h e  submicron f r a c t i o n .  Th i s  f a c t  suygests t h a t  t h e  two d i s t r i b u -  

t i ons rnaki ny up t h e  o v e r a l l  bimodal d i  s t r i  b u t i  on p robab ly  r e s u l t  f rom i ndepen- 

dent  processes. 

A l so  p resen ted  i n  Table  A.26 a re  t o t a l  p a r t i c u l a t e  o f f - gas  l oad ings  and 

t o t a l  m e l t e r  en t ra inment  DFs. N e i t h e r  o f  these  q u a n t i t i e s  no r  t h e  s i z e  d i s -  

t r i b u t i o n  da ta  seem t o  be c o r r e l a t e d  w i t h  f eed iny  o r  g l ass- p roduc t i on  r a t e s  

t h a t  occur red  d u r i n y  t h e  va r i ous  sampl ing per iods .  However, sampl i ny t imes  

were r e l a t i v e l y  s h o r t  and f eed ing  r a t e s  were f a i r l y  e r r a t i c .  

To ta l  ae roso l  l o a d i n y  o f  t h e  o f f - gas  stream was a l s o  assessed a t  v a r i o u s  

t imes  d u r i n g  t h e  run  by d i v e r t i n y  a1 1  o f f - g a s  f l o w  th rough  a  prewei yhed HEPA 

f i l t e r .  The ne t  ( d r y )  we i yh t  ga ins  o f  t hese  f i l t e r s  were t hen  compared w i t h  

t h e  q u a n t i t y  o f  g l ass  produced d u r i n y  t h e  f i l t r a t i o n  pe r i ods  t o  o b t a i n  t o t a l  

m e l t e r  DFs. Concen t ra t ion  i n f o r m a t i o n  was ob ta i ned  th rough  use o f  t o t a l  o f f -  

yas f l o w  r a t e s ,  which were recorded con t i nuous l y  th roughou t  t h e  run. Th i s  da ta  

TABLE A.26. D i  f f e r e n t i  a1 P a r t i c u l a t e  Data 

Samp l i ng W t %  Versus Cut P o i n t  Load i ng , ( a )  

Date  Per iod  1 6 ~  6 p  1 <lp mg/ L DF - 
8/24 0727 - 0925 79.5 2.0 10.2 8.3 1.1 100 

8/24 1635 - 1805 65.3 6.6 14.6 13.5 6.7 170 

8/25 0553 - 0640 86.2 2.4 6.1 5.2 1.7 80 

8/25 1415 - 1515 74.2 2.7 9.4 13.7 6.8 250 

8/27 0811-0831 78.4 0.3 - - - - 2.4 18.9 - 1.8 - 120 
8/24-27 Average 76.7 2.8 8.5 11.9 3.5 140 

Average Rates 
Glass, Feed, 
kg/min V m i n  

-- 0.85 

0.46 0.95 

0.46 1.3 

0.82 1.6 

0.73 2.4 - - 
-- -- 

( a )  Actual steam-loaded volume reduced t o  STP. 

A.52 



TABLE A.27. E l  emental  D i s t r i b u t i o n  Across  C y c l o n i c  Sampl i ng System 

Element 

A  1 
B 
t3 a  
Ca 
Cd 
Ce 
C r  
C s  
C u  
F  e  
La  
L  i 

MY 
Mn 
M  0 

N a  
Nd 
N i  

Pb 
Sb 
Se 
S  i 
S  r 
Te 
T i  
Z r 

i s  p resen ted  i n  T a b l e  A.28 a l o n g  w i t h  g l a s s  p r o d u c t i o n  r a t e s .  Again,  no c l e a r  

c o r r e l a t i o n  appears t o  e x i s t  r e l a t i n g  a e r o s o l  e m i s s i o n  r a t e s  w i t h  f e e d i n g  o r  

y l  ass p r o d u c t i o n  r a t e s .  Moreover, t n e  ave raye  DF v a l u e  (130)  e s t a b l i s h e d  w i t h  

t h e s e  f i l t e r s  i s  l o w e r  t h a n  t h e  va lues  ach ieved  by t h e  two p r e v i o u s  LFCM exper-  

iments ,  wh ich  were 600 f o r  LFCM-4 and 170 f o r  LFCM-6. However, i t  compares 

q u i t e  we1 1 w i t h  t h e  c y c l  o n i  c a l  l y  d e r i  ved v a l u e  o f  140. 



TABLE A.28. HEPA F i l t r a t i o n  Data 

Sampl i ny 
Date Pe r i od  

8/24 U805 - 1013 
8/25 0648 - 0815 
8/25 2233 - 2336 
8/27 0900 - 0938 
8/28 0442 - 0534 

8/24-28 Average 

Sanipl e  
Wei ght ,  
Y 

39 0  
370 
360 
420 
360 - --- 

G l  ass 
Rate, 
ky/mi n  

U  .25 
0.59 
0  .97 
0.98 
1.1 
- - 

G l  ass 
Weight , ~ o a d i  ncj, ( a )  
kg mg/L - D F  

32 U .45 8 2  
5 1 0.63 137 
6  1 U .84 170 
37 1.6 89 
57 - 1 .U 158 - - - 0.9 130 

( a )  Based on an averaye t o t a l  f l o w  r a t e  reduced t o  STP. 

A d d i t i o n a l  o f f - y a s  p a r t i c u l a t e  1  oadi  ny da ta  were a1 so generated by t h e  

p r e f  i 1  t e r  assoc ia ted  w i t h  t h e  o f  f- gas d i  f f e r e n t i  a1 sampl i ny apparatus.  T h i s  

da ta  i s  summarized i n  Table  A.29. These p a r t i c u l a t e  samples were c o l l e c t e d  

ove r  r e l a t i v e l y  l o n y  pe r i ods  o f  t ime  and t h u s  should  be l e s s  s e n s i t i v e  t o  t h e  

e r r a t i c  n a t u r e  o f  t h e  LFCM-7 f eed iny  r a tes .  As w i t h  t h e  p rev i ous  data,  o f f - g a s  

l o a d i n g  and DFs a re  compared t o  f eed iny  and y l a s s  p roduc t i on  r a t e s  averaged 

over  t h e  sampl ing i n t e r v a l s .  Th i s  da ta  does e x h i b i t  a  weak c o r r e l a t i o n  between 

f e e d i n y  o r  y l a s s  p roduc t i on  r a t e s  and t o t a l  p a r t i c u l a t e  o f f - g a s  l o a d i n g  cond i-  

t i o n s .  However, t h e  q u a n t i t y  o f  e n t r a i n e d  m a t e r i a l  pe r  u n i t  wei gh t  o f  feed  

processed (UF) appears t o  be independent o f  t h e  f eed iny  r a t e s .  I n  o t h e r  words, 

t h i s  suggests t h a t  DFs a re  independent o f  t h e  e x t e n t  o f  development o f  t h e  

me1 t e r  c o l d  cap. 

P a r t i c u l a t e  and t o t a l  m e l t e r  feed  component DFs assoc ia ted  w i t h  t h e  LFCM-7 

t e s t  have been e s t a b l i s h e d  f o r  most e lementa l  c o n s t i t u e n t s  (see Tab le  A.30). A  

comparison o f  average LFCM-7 DFs w i t h  r e s u l t s  ob ta i ned  f rom p rev i ous  m e l t e r  

exper iments  i s  presented i n  Table  A.31. C l e a r l y ,  m e l t e r  e f f l u e n t  emiss ion  

r a t e s  assoc ia ted  w i t h  t h e  LFCM-7 exper iment were, w i t h  few excep t ions ,  t h e  

h i g h e s t  eve r  recorded s i n c e  e f f l u e n t  s t u d i e s  began i n  Auyust 1980. However, 

t h e  averaye LFCM-7 m e l t e r  DF va lue  f o r  Cs i s  h i ghe r  than  has been ach ieved i n  

t h e  p rev i ous  t h r e e  m e l t e r  t e s t s .  



TABLE A.29. P a r t i c u l a t e  Da ta  From Off-Gas Sampl ing  T r a i n  

Sampl i ny 
D a t e  P e r i o d  

8/24 0913 - 1615 
8/25 0840 - 153U 
8/26 0833 - 1804 
8/27 U857 - 1806 
8/28 0830 - 1246 

8/24-27 Average 

P a r t i  c u l  a t e  

Net Sample Loading,  ( a )  
Weight, y my/L - D F 

2.7 1 .Y 5 0 
3.2 2.2 65 
3.8 3.8 45 
2.8 3.8 65 
1.6 - 2 .o - 130 - - - 2.7 7 1 

Average Rates  

Glass,  Feed, 
L/m k9Im 

U.34 0.98 
0.59 1.2 
0.79 1.8 
0.70 2 .O 
1.6 2.7 
- - - - 

( a )  STP. 

TABLE H.30. P a r t i c u l a t e  and T o t a l  Feed Component DFs 

Me1 t e r  DFs 

8/ 24 8/25 8/26 8/27 8/ 28 Ave. 
T o t a l  P a r t  T o t a l  P a r t  T o t a l  P a r t  T o t a l  p a r t  T o t a l  p a r t  T o t a l  Part - - - - .- - 



TABLE A.31. LFCM-7 Comparative DFs 

Element 

A l  

B 

Ca 

Cd 

Cs 

Fe 

L i 

Ms 

Mn 

Na 

Ru 

Sb 

Se 

S i 

S r  

Te 

T i  

LFCM-7 
Avg DF 

190 

Gross m e l t e r  en t ra inment  has been measured by severa l  d i f f e r e n t  approaches 

and a t  many d i f f e r e n t  feed r a t e s  d u r i n y  LFCM-7. Table  A.32 i s  a  c o l l e c t i o n  o f  

a l l  t h e  yross DF values e s t a b l i s h e d  d u r i n g  t h i s  exper iment.  

Due t o  t h e  p o t e n t i a l  hazards assoc ia ted  w i t h  me l te r- genera ted  H2 and CO, 

noncondensible yas m o n i t o r i n g  was conducted th rouyhou t  t h e  d u r a t i o n  o f  LFCM-7. 

As i n  PSCM-3, t h e  gas samples were e x t r a c t e d  and analyzed by a  GC a t  t h e  

exhaust o f  t h e  v e n t u r i  e j e c t o r  (see F i y u r e  A . l ) .  The cornpos i t iona l  da ta  yener- 

a ted  w i t h  t h i s  sampl iny  system i s  y raph i ca l  l y  i 1 l u s t r a t e d  i n  F i y u r e  A.65. The 

i n l eakaye  r a t e s  ( 9 U  scfm) f o r  LFCM-7 were much y r e a t e r  than  those  o c c u r r i n g  

d u r i n y  t h e  p rev i ous  PSCM-3 t e s t  (-20 scfm).  Consequently, CO and H2 con- 

c e n t r a t i o n s  were never much of a  s a f e t y  concern th rouyhou t  t h e  run. I n  f a c t ,  

Hz was h a r d l y  d e t e c t a b l e  u n t i l  one of t h e  l a r y e r  o f f - gas  l eaks  was e l i m i n a t e d  



TABLE A.32. Gross OF Values 

Date 

8/24 
8/24 
8/24 
8 1  24 
8/25 
8/25 
8/25 
8/25 
8/25 
8/26 
8/27 
8/27 
8/27 
8/28 
8/28 

8/24-28 

Sarnpl i ng 

Pe r i od  ~ ~ ~ e (  a) 

0727 - 0925 C 

0805 - 1013 HEPA 
0913 - 1615 S 
1635 - 1805 C 
0553 - 0640 C 
0648 - 0815 HEPA 
0840 - 1530 S 
1415 - 1515 C 
2233 - 2336 HEPA 
0833 - 1804 S 
0811 - 0831 C 
0900 - 0938 HEPA 
0857 - 1806 S 
0442 - 0534 HEPA 
0830 - 1246 S 

Average ALL 

P a r t i c u l a t e  

Loading ,( b, 
mg/L D F 

1.08 120 

Average Rates 

Glass, Feed, 
Llrn kg/m - 

( a )  C = cyc lone  S = d i f f e r e n t i a l  sampler HEPA = abso lu te  f i l t r a t i o n .  
( b )  STP. 

toward t h e  end o f  t h e  run. As i n  PSCM-3, Hz concen t ra t i ons  were es tab l  i shed  

us i ng  a gas mass spectrometer.  Th i s  data, a long  w i t h  a  condensat ion o f  t h e  

r e s u l t s  appear ing i n  F i gu re  A.65, i s  presented i n  Table  A.33. A curve showing 

H2 concen t ra t i on  as a  f u n c t i o n  o f  t ime, has been cons t ruc ted  from t h e  GC da ta  

(see Sec t ion  "PSCM-3, JULY 1981").  Th i s  curve, d i sp l ayed  i n  F i gu re  A.66, i s  

designed t o  g i v e  t h e  reader  a  s e m i q u a n t i t a t i v e  n o t i o n  o f  t h e  way i n  which H2 

concen t ra t i ons  v a r i e d  throughout  t h e  LFCM-7 exper iment.  The reader  i s  cau- 

t i o n e d  t h a t  t h e  c o r r e l a t i o n  presented i n  t h i s  f i g u r e  i s  non l i nea r .  

The sampl ing d i f f i c u l t i e s  encountered w i t h  t h e  SO2 mon i t o r  d u r i n g  PSCM-3 

were e l im ina ted ,  a l l o w i n g  SO2 t o  be mon i to red  d u r i n g  LFCM-7. However, no 

s i  gn i  f i cant  responses were recorded d u r i  ng t h e  sampl i ng pe r i ods  ernpl oyed. 

Thus, t h e  upper concen t ra t i on  1  i m i t  o f  SO2 i n  t h e  rne l te r  exhaust i s  50 pprn. 



I I I 1 I 

8/24 t 8/25 8/26 8/27 1 8/28 t 
BREAK BREAK BREAK 

FIGURE A.65. LFCM-7 Noncondensible Off-Gas Composition 



TABLE A.33. LFCM-7 Off-Gas Composi t ion 

Day 
8/23 

'8124 

8/25 

8/26 

8/27 

8 /28 

8/23-28 

8/23-28 

Data 
3!E 
Avy. 

Avy. 

Avg. 

Avy . 
Avg . 
Avy. 

H i  

( a )  I n c l u d e s  -1% Ar. 
(b) I n  ppm. 

Mol a r  Composi t ion,  % 
I \ Dry Bas is  

CO:, 2 2  -% co H, w 
0.49 21.6 77.9 < 2 0 ( ~ )  - - - - 
0.43 21.6 77.8 0.12 -- 2 2 

0.47 21.6 77.9 0.12 -- 27 

0.91 21.4 77.5 0.18 - - 3 5 

0.87 21.4 77.6 0.13 0.44 4 1 

1.19 21.3 77.4 0.21 0.63 46 

2.2 21.8 78.8 0.44 0.63 4 6; 

0.03 20.9 76.3 0.40 22 

FIkURE A.66 H2 V a r i a t i o n  D u r i n y  LFCM-7 
P 



PSCM-4 - DECEMBER 1981 

PSCM-4 was a  nonboosted, 109-h exper iment designed t o  demonstrate a  

s t eady- s ta te  f e e d i n g  c a p a c i t y  o f  39 kg/h-m2. U n l i k e  t h e  p rev i ous  LFCM-7 

exper iment  where i n l eakaye  r a t e s  were ve ry  h i g h  and p robab ly  a  c o n t r i b u t i n g  

f a c t o r  t o  t h e  h i g h  en t ra inment  observed d u r i n g  t h a t  t e s t ,  PSCM-4 was conducted 

w i t h  a  newly r e b u i l t  m e l t e r ,  w i t h  ve ry  low a i  r in leakage  (20 scfm). As such, 

t h e  performance o f  t h i s  m e l t e r  i s  most s u i t a b l y  comparable t o  t h e  p rev i ous ,  

unboosted PSCM-1 and PSCM-3 t e s t s ,  as i s  c l e a r l y  shown i n  Table  A.1. The o f f -  

gas- l i ne  d e p o s i t s  generated by t h e  PSCM-4 m e l t e r  a re  i l l u s t r a t e d  i n  F i g -  

ures  A.68 th rough  A.70. The l o c a t i o n s  o f  these  o f f - gas  l i n e  components a re  

i l l u s t r a t e d  i n  F i g u r e  A.67. A comparison o f  these  photographs w i t h  those  t aken  

d u r i n g  PSCM-1 (see FY-1981 Summary) and PSCM-3 (see Sec t i on  "PSCM-3, JULY 

1981") r evea l  s  moderate en t ra inment  r a t e s  assoc ia ted  w i t h  PSCM-4. 

The magnitude o f  gross me1 t e r  e n t  r a i  nment o c c u r r i n g  d u r i n g  PSCM-4 was 

e s t a b l i s h e d  by t o t a l  HEPA f i l t r a t i o n  o f  t h e  m e l t e r  exhaust stream. These d a t a  

appear ing i n  Table  A.34. Ent ra inment  generated by t h e  PSCM-4 t e s t  i s  g r e a t e r  

than  t h a t  observed d u r i n g  bo th  t h e  PSCM-1 and t h e  PSCM-3 exper iments.  n 

The o f f  gas was a l s o  sampled d u r i n g  PSCM-4 t o  e s t a b l i s h  i n d i v i d u a l  m e l t e r  

feed  component DFs. Table  A.35 p resen ts  t h i s  da ta  f o r  a l l  e lementa l  feed  com- 

ponents de tec ted  i n  t h e  o f f - gas  stream. The d i s t r i b u t i o n  o f  t hese  e f f l u e n t s  

across sampl i ng t r a i n  components ( p a r t i  c u l  a t e  versus condensi b l  e)  i s  a1 so g i ven  

i n  t h e  t a b l e .  P h y s i c a l l y ,  t h e  me l te r- genera ted  e f f l u e n t s  a re  p redominan t l y  

p a r t i c u l a t e  i n  na tu re ,  a t  l e a s t  a t  t h e  p o i n t  a t  which t hey  e n t e r  t h e  o f f - g a s  

system. 

A p o s s i b l e  excep t i on  t o  t h e  above s ta tement  i s  t h e  s e m i v o l a t i l e  element 

Ru. No a i r b o r n e  s t a t e  o r  phase o f  t h i s  element was de tec ted  by any o f  t h e  o f f -  

gas sampl ing exper iments  conducted d u r i n g  PSCM-4 i n  s p i t e  o f  a  h i g h  feed  load-  

i n g  f o r  t h i s  element. The most p l a u s i b l e  e x p l a n a t i o n  f o r  t h i s  o b s e r v a t i o n  i s  

t h a t  Ru i s  be ing  reduced by t h e  f o r m i c  a c i d  i n  t h e  feed  and i s  subsequent ly  

l o s t  t o  t h e  m e l t e r  f l o o r  as s lag .  A su r f ace  p l a t e - o u t  mechanism i s  a  p o s s i b l e ,  

b u t  l e s s  l i k e l y  exp lana t i on  f o r  these  losses .  However, no l o c a l  d e p o s i t s  o f  Ru 

meta l  have been observed i n  o f f - gas  l i n e  components. 
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FIGURE A.67. PSCM Off-Gas-Line C o n f i g u r a t i o n  

HORIZONTAL 



FIGURE A.68. PSCM-4 Off-Gas L i n e  FIGURE A.69. PSCM-4 Off-Gas L i n e  
Hor i zon ta l  Sect ion Hor i zon ta l  Sect ion 

FIGURE A.70. PSCM-4 Off-Gas L i n e  V e r t i c a l  Sect ion 

A.62 



TABLE A.34. PSCM-4 Aeroso l  DFs 

Sampl i n g  P e r i o d  Sarnpl e  Feed Rate,  
D a t e  I n t e r v a l  L.YI?c L/ h  - DF 

TABLE A.35. P a r t i c u l a t e  and T o t a l  E lemen ta l  M e l t e r  DFs 

12/07/8 1 12/08/8 1 12/09/8 1 Average 

Element P a r t  Tota I P a r t  Tota I P a r t  Tota I P a r t  Tota I 

I n d i v i d u a l  m e l t e r  f e e d  component DFs observed i n  PSCM-4 a r e  compared i n  

Tab le  A.36 w i t h  DFs c o l l e c t e d  f r o m  a l l  p r e v i o u s  r n e l t e r  exper iments .  T h i s  com- 

p a r i s o n  r e v e a l s  t h a t  PSCM-4 e f f l u e n t  e m i s s i o n  r a t e s  a re ,  on t h e  average,  l o w e r  

t h a n  t h o s e  observed d u r i n g  PSCM-3, b u t  remain  h i g h e r  t h a n  t h o s e  a s s o c i a t e d  w i t h  

PSCM-1, t h e  " c l e a n e s t "  r n e l t e r  exper imen t  conducted t o  da te .  



Element 

A l 

B 

Ca 

Cd 

C 1 

Cs 

Fe 

L i 

Mn 

Na 

N i 

S 

S i 

PSCM-4 

Avg. DF 

2.3 104 

230 

TABLE A.36. PSCM-4 Comparati ve DFs 

DF R a t i o  

PSCM-4 PSCM-4 PSCM-4 PSCM-4 PSCM-4 PSCM-4 PSCM-4 PSCM-4 - ------- 
LFCM-7 PSCM-3 LFCM-6 PSCM-2 LFCM-4 PSCM-I LFCM-3 LFCM-2 - ------- 

Tota l  aeroso l  DFs were a l s o  e x t r a c t e d  f rom t h e  da ta  presented i n  

Tab le  A.35. These va lues,  combined w i t h  t h e  HEPA da ta  p r e v i o u s l y  d iscussed,  

a re  summarized i n  Table  A.37. O v e r a l l ,  t h e  en t ra inment  DF va lues were f a i r l y  

c o n s i s t e n t  th roughou t  t h e  run, w i t h  an average va lue  o f  630. T h i s  i s  l owe r  

t han  t h e  va lues f rom b o t h  t h e  PSCM-1 and PSCM-3 exper iments,  b u t  i s  s t i l l  q u i t e  

respec tab l  e. 

The s i z e  d i s t r i b u t i o n  of p a r t i c u l a t e  m a t t e r  conveyed t o  t h e  o f f - g a s  system 

by t h e  unboosted PSCM-4 m e l t e r  was a l s o  i n v e s t i g a t e d  d u r i n g  t h i s  t e s t  by a  

f ou r - s tage  c y c l o n i c  p a r t i c l e - s i z e  separa to r  hav ing  16 pm, 6 pm, 1 pm and <1 pm 

c u t  p o i n t s .  The r e s u l t s  of t h i s  s tudy a re  summarized i n  Table  A.38. U n l i k e  

t h e  p rev i ous  LFCM-7 exper iment where >80% o f  t h e  me1 t e r  e n t r a i n e d  mass was 



TABLE A.37. PSCM-4 Gross Aerosol  DFs 

Sampl i ng P e r i  od 
Date I n t e r v a l  

1715 - 2018 

1848 - 2218 

2241 - 0252 

1650 - 2302 

0026 - 0600 

1720 - 2306 

0200 - 1015 

Average 

Feed Rate, 
Sample Type 

s -  FILTER(^) 
S - FILTER 

HEPA 

S - FILTER 

HE PA 

S - FILTER 

HEPA 

ALL 

( a )  Sample stream f i l t e r .  

TABLE A.38. PSCM-4 P a r t i c u l a t e  S i z e  Data 

Sampl i n y  Pe r i od  W t %  Versus Cut P o i n t  
Date I n t e r v a l  1 6 p m  6 p m  1 p m  < 1 p m  

12/07 1811 - 1901 0 3.4 4.7 91.9 

12/08 2202 - 2212 0 0 0 100 .O 

12/09 1712 - 1720 0 0 9.6 90.4 

12/10 1950 - 1959 - 0 - 0 0 - 100 .o 
Average 0 0.9 3.6 95.6 

c o l  1 ec ted  by t h e  16 pm cyc lone,  PSCM-4 enii t t e d  predomi n a n t l y  submi c ron  aero- 

so ls .  The composi t ion o f  PSCM-4 submicron p a r t i c u l a t e  m a t t e r  i s  presented i n  

Table  A.39. As was t h e  case d u r i n g  LFCM-7, t h e  submicron me l te r- genera ted  

aeroso l  was h i g h l y  enr i ched  w i t h  semi vo l  a t i  l e  elements re1 a t i v e  t o  t h e  feed. 

I f  a m a t e r i a l  ba lance i s  conducted f o r  t h i s  submicron m a t t e r  by assuming an 

ox i de  form f o r  a l l  elements except  f o r  a s t o i c h i o m e t r i c  q u a n t i t y  o f  Na, which 

i s  assoc ia ted  w i t h  t h e  C1 i n  t h e  sample, 98.8% o f  t h e  m a t t e r  p resen t  can be 

accounted for .  It should  be noted t h a t  t h e  submicron p a r t i c u l a t e  sample i s  83% 

NaC1. 

The noncondensible composi t ion o f  t h e  m e l t e r  exhaust was determined by a 

GC a t  30-min i n t e r v a l s  th roughou t  t h e  d u r a t i o n  o f  PSCM-4. The percentages o f  



TABLE A.39. PSCM-4 Submicron P a r t i c u l a t e  Composi t ion 

Elemental  
W t% 

0.04 

Elemental  
Form 

2'3 

'2 '3 
C a0 

Compound 
W t %  

0.08 

Feed 
Composit ion, % 

4.95 

E l  ement 

A1 

CdO 

cs20 

cuo 

Fe203 

K20 
L i  2O 

MgO 

Mn02 

NaCl 
Na20 

N i O  

PbO 

Si02 

Te0 2  

Z no 

To ta l  

N2, 02+Ar, CO, C02 and Hz a re  p l o t t e d  i n  F i g u r e  A.71. The Hz da ta  p resen ted  i n  

F i g u r e  A.71 i s  i n c l u d e d  t o  i l l u s t r a t e  H2 c o n c e n t r a t i o n  t r e n d s  on ly .  The GC 

response f u n c t i o n  f o r  t h i s  molecu le  has n o t  been determined. A summary o f  o f f -  s 

gas compos i t i on  i s  presented i n  Table  A.40. 

Of f- gas concent r a t i o n s  of SU2 were a1 so con t i nuous l y  measured d u r i  ng p a r t  
. 

o f  PSCM-4 (see F i g u r e  A.71 and Table A.40). Table  A.41 compares t h e  SO2 o f f-  

gas m o n i t o r i n y  da ta  w i t h  average SO2 va lues  d e r i v e d  f rom o f f - gas  sc rubb ing  

data.  The low va lues ob ta i ned  from t h e  SO2 mon i t o r  r e s u l t e d  f rom t h e  unavoid-  

a b l e  i n t e r a c t i o n  o f  t h i s  gas w i t h  condensed-phase H20 and/or t h e  presence o f  

SO3. 



TIME (hl; t = o 12/7/81 AT 00:OO 

FIGURE A.7 1. PSCM-4 O f  f - G a s  Cornpos i t i on 



TABLE A.40. PSCM-4 Noncondensi b l  e  Off-Gas Composi t i  on 

D a t e  

12/07 

121 08 

12/09 

12/10 

12 /11  

12/7- 11 

12/7- 11 

Data  
Type 
Avg. 

Avg . 
Avy . 
Avg . 
Avg. 

H i  

M o l a r  C o m ~ o s i t i o n .  % 
Dry  B a s i s  

( a )  I n c l u d e s  -1% Ar. 

TABLE A.41. PSCM-4 SO2 O f  f-Gas Concent r a t i o n  

Sampl i ny P e r i o d  SO, C o n c e n t r a t i o n ,  ppm ( V l / V l )  
D a t e  I n t e r v a l  L ~ a s  Scrub Gas M o n i t o r  

1.8 - - 
7.6 - - 

12 .O 1.5 (Avg.) 

23 .O >2 .O 

- - >2 .o 

D u r i n g  t h e  PSCM-4 run ,  samples were t a k e n  o f  t h e  s c r u b b i n g  s o l u t i o n  f r o m  

t h e  v e n t u r i  s c r u b b e r  and t h e  packed tower .  The ana lyses  o f  t h e  s o l u t i o n s  were 

used t o  c a l c u l a t e  a  me1 t e r  DF and a  v e n t u r i  DF. These r e s u l t s  a r e  based on t h e  

assumpt ion  t h a t  t h e  v e n t u r i  s c r u b b e r  and t h e  packed t o w e r  c o l l e c t e d  g r e a t e r  

t h a n  99% o f  t h e  m a t e r i a l  l e a v i n g  t h e  m e l t e r ,  and t h a t  t h e  v e n t u r i  s c r u b b i n g  

-s o l u t i o n  had reached s teady  s t a t e .  PSCM-4 was a  smooth, s teady  run,  so t h e  
. . 

s t e a d y - s t a t e  assumpt ion  s h o u l d  be good. 

The r e s u l t s  of t h e  a n a l y s i s  a r e  shown i n  T a b l e  A.42. Ca lc ium was l e f t  o u t  

o f  t h e  a n a l y s i s  because o f  l a r g e  amounts added t o  t h e  v e n t u r i  s c r u b  s o l u t i o n  t o  

n e u t r a l i z e  t h e  condensate and r e t a r d  c o r r o s i o n .  The t o t a l  o x i d e  DF compared 

v e r y  w e l l  w i t h  v a l u e s  r e p o r t e d  f o r  t h e  HEPA f i l t e r s  (500 ave rage) .  



TABLE A.42. Me1 t e r  Decon tamina t ion  F a c t o r s  

Element 

A  1  
B  
Cd 
C s  
Fe 
La 
L  i 

My 
M n  
Na 
Nd 

Me1 t e r  DFs 

R u  
Sb 
S  i 
S  r 
T e  
T i  
Z r 
TOTAL OXIDES 

V e n t u r i  DFs 

44 
4  4  
5 0  
54 

3.7 
7  9  
4  6 
6 2 
98 
5  1 

H 

PSCM-5 - FEBRUARY 1982 

PSCM-5 was a  99-h exper imen t  des igned  t o  c h a r a c t e r i z e  maxi mum f e e d i  ng 

r a t e s  a c h i e v a b l e  u t i l i z i n g  e l e c t r i c  l i d  h e a t  b o o s t i n g .  As such, i t  r e p r e s e n t s  

t h e  second boos ted  exper imen t  u t i l i z i n g  t h e  new f o r m a t e  f e e d  compos i t i on .  As 

r e v e a l e d  i n  S e c t i o n  "LFCM-7, AUGUST 1981," t h e  f i r s t  boos ted  t e s t  (LFCM-7) w i t h  

t h e  fo rmate- feed f o r m u l a t i o n  e x h i b i t e d  m e l t e r  DFs, wh ich  were g e n e r a l l y  t h e  

l o w e s t  e v e r  recorded.  Consequent ly ,  t h e  e f f l u e n t  b e h a v i o r  a s s o c i a t e d  w i t h  t h i s  

exper imen t  was o f  keen i n t e r e s t .  
- - 

The o f f - y a s  l i n e s  o f  t h e  p i l o t - s c a l e  m e l t e r  were v i s u a l l y  examined upon 

c o m p l e t i o n  o f  t h e  PSCM-5 t e s t .  M e l t e r  d e p o s i t i o n s  were g r e a t e s t  around o f f - g a s  

l i n e  p e n e t r a t i o n s ,  wh ich  tended t o  c o l l e c t  g l a s s  s t r a n d s  and o t h e r  d e b r i s .  

O v e r a l l ,  t h e  c o n d i t i o n s  of  t h e  m e l t e r  o f f - y a s  l i n e s  were q u i t e  s i m i l a r  t o  what 



was found a t  t h e  conc lus i on  o f  t h e  p rev i ous  m e l t e r  t e s t  (PSCM-4). The l a r g e s t  

accumulat ion o f  m e l t e r  d e b r i s  developed around t h e  o f f - gas  l i n e  spray nozz le ,  

which i s  l o c a t e d  a t  t h e  plenum exhaust p o r t .  These depos i t s  d i d  n o t  s i g n i f i -  

c a n t l y  r e s t r i c t  o f f - g a s  f l ow ,  bu t  would p resen t  a  problem under p ro longed  con- 

t i n u o u s  m e l t e r  opera t ion .  

The e x t e n t  o f  gross m e l t e r  aeroso l  emiss ion was e s t a b l i s h e d  d u r i n g  PSCM-5 

th rough  HEPA f i l t r a t i o n  o f  t h e  e n t i r e  m e l t e r  exhaust stream. The r e s u l t s  

ob ta i ned  f rom these  f i l t r a t i o n  s t u d i e s  a re  summarized i n  Tab le  A.43. 

A l though t h e  da ta  a v a i l a b l e  a re  l i m i t e d ,  t h e  average DF va lue  (-500) 

e x t r a c t e d  f rom t h i s  f i l t r a t i o n  s tudy i s  b a s i c a l l y  t h e  same as was ob ta ined  

d u r i n g  t h e  unboosted PSCM-4 t e s t .  

P a r t i c u l a t e  and t o t a l  feed component DFs were a l s o  measured d u r i n g  PSCM-5 

and a re  summarized i n  Table  A.44. It i s  c l e a r  f rom t h i s  and t h e  p r e v i o u s  

s t u d i e s  t h a t ,  apa r t  f rom t h e  mechani sms respons ib l e  f o r  p roduc ing  a i  rbo rne  

e f f l u e n t s ,  p a r t i c u l a t e  t r a n s p o r t  th rough  t h e  o f f - gas  system i s  t h e  predominant 

l o s s  mechanism assoc ia ted  w i t h  l i q u i d - f e d  m e l t e r  opera t ion .  T h i s  i s  appa ren t l y  

no t  t r u e ,  however, f o r  Ru. Again, as i n  PSCM-4, no a i r b o r n e  Ru was de tec ted  i n  

PSCM-5 m e l t e r  exhaust, even though feed  and g l ass  analyses i n d i c a t e  s i g n i f i c a n t  

Ru m e l t e r  losses .  No s p e c i f i c  s i n k  f o r  t h e  element has y e t  been c o n c l u s i v e l y  

i d e n t i f i e d  t o  account f o r  these  losses.  

Tab le  A.45 compares PSCM-5 m e l t e r  feed  component DFs w i t h  those  measured 

d u r i n g  a1 1  p rev i ous  me1 t e r  t e s t s .  PSCM-5 e x h i b i t e d  g r e a t e r  o v e r a l l  e f f l u e n t  

emiss ion r a t e s  than  d i d  t h e  unboosted PSCM-4 t e s t .  However, much h i g h e r  feed  

component DFs were ach ieved d u r i n g  PSCM-5 t han  were recorded d u r i n g  t h e  p re-  

v i ous  boosted LFCM-7 t e s t ,  which a l s o  employed a  formate-based feed. 

TABLE A.43. PSCM-5 Gross Me1 t e r  Ent ra inment  

Sampl i ng P e r i o d  Me1 t e r  Ent ra inment  
Date I n t e r v a l  % Loss D F  



TABLE A.44. PSCM-5 P a r t i c u l a t e  and T o t a l  Feed Component DFs 

DF 

1/26/82 1/27/82 1/28/82 Average 
Element P a r t  Tota I P a r t  Tota I P a r t  Tota I P a r t  Tota I 

P a r t i c l e  s i z e  a n a l y s i s  o f  me1 t e r - e n t r a i  ned a e r o s o l s  was conducted d u r i  ng 

PSCM-5 u s i n g  a  c y c l o n i c  s e p a r a t o r  system. T a b l e  A.46 summarizes t h e  d i s t r i -  

b u t i o n  o f  t h e  m e l t e r - g e n e r a t e d  a e r o s o l s  t h r o u g h  t h e  f o u r  s tages  o f  t h i s  d i f -  

f e r e n t i a l  p a r t i c l e - s i z e  a n a l y z e r .  U n l i k e  PSCM-4, wh ich  produced p r e d o m i n a n t l y  

subrnicron a e r o s o l s ,  t h e  boosted PSCM-5 m e l t e r  e x h i b i t e d  a  b imodal  p a r t i c l e  

d i s t r i b u t i o n  much l i k e  t h a t  observed i n  t h e  boos ted  LFCM-7 t e s t .  However, t h e  

f u l l  d i s t r i b u t i o n  a s s o c i a t e d  w i t h  PSCM-5 was we igh ted  much more h e a v i l y  t o w a r d  

t h e  subrnicron r e g i o n  t h a n  was LFCM-7s. 



TABLE A.45. PSCM-5 Comparat ive  DFs 

PSCM-5 
Avg. DF 

1.4 104 

140 

1.1 103 

5.7 

1.5 

9.4 

1.1 x lo3 

1 x 10" 

730 

3.5 x lo3 

7.1 103 

160 

58 0 

4.5 

440 

130 

5.3 103 

3.1 

7.2 x lo3 

1.3 x 104 

DF Rat io  

PSCM-5 PSCM-5 PSCM-5 PSCM-5 PSCM-5 PSCM-5 PSCM-5 PSCM-5 PSCM-5 --------- 
PSCM-4 LFCM-7 PSCM-3 LFCM-6 PSCM-2 LFCM-4 PSCM-I LFCM-3 LFCM-2 --------- 

TABLE A.46. PSCM-5 D i f f e r e n t i a l  P a r t i c u l a t e  Data  

P a r t i  cul a t e  
. . Feed 

Sanipl i ng P e r i o d  W t %  Versus Cut P o i n t  ~ o a d i  ng,(a)  Rate,  
D a t e  - I n t e r v a l  1 6 p m  6 p m  1 p m  < 1 p m  mg / L - D F L / h  
1/26 1738 - 1749 18.6 2.9 19.8 58.7 0.43 590 5 1 

1/27 1758 - 1805 14.4 6.7 22.83 56.0 0.61 440 8 1  

1 /28 1 7 3 0 - 1 7 3 8  7.5 2.5 18.0 72.0 - - 0.78 435 89 

Average 13.5 3.9 20.2 62.2 

( a )  STP. 



The compos i t i ons  o f  t h e  v a r i o u s  c y c l o n i c  p a r t i c u l a t e  s i z e  f r a c t i o n s  were 

ana lyzed  t o  e s t a b l i s h  t h e  n a t u r e  o f  s e m i v o l a t i l e  m e l t e r  em iss ions .  The r e s u l -  

t a n t  d a t a  appear ing  i n  T a b l e  A.47 suggest  t h a t  most o f  t h e  e f f l u e n t  mass asso- 

c i a t e d  w i t h  t h e  r a d i o l o g i c a l  l y  i m p o r t a n t  semivo l  a t i  1  es i s  conveyed t o  t h e  

me1 t e r  o f f - g a s  system as submi c r o n  p a r t i c u l a t e  m a t t e r .  

Gross m e l t e r  a e r o s o l  em iss ions  can be c h a r a c t e r i z e d  f r o m  most o f  t h e  sam- 

p l i n g  d a t a  wh ich  has a l r e a d y  been presented.  T a b l e  A.48 summarizes a l l  g ross  

p a r t i c u l a t e  m e l t e r  DF v a l u e s  d e r i v e d  f r o m  t h e s e  da ta .  Comparison o f  t h i s  d a t a  

w i t h  c o r r e s p o n d i n g  r e s u l t s  f r o m  t h e  nonboosted PSCM-4 exper imen t  r e v e a l  o n l y  a  

s l  i g h t  i ncrease i n  e f f e c t i v e  me1 t e r  e n t r a i n m e n t  a s s o c i a t e d  w i t h  t h e  p r e s e n t  

t e s t .  Based upon p a s t  LFCM exper imen ts ,  i t i s  s u r p r i s i n g  t h a t  t h e  l i d  h e a t  

b o o s t i n y  a s s o c i a t e d  w i t h  PSCM-5 d i d  n o t  have a  more pronounced e f f e c t  upon 

me1 t e r  e n t  r a i  nnient . 
Noncondensi b l e  m e l t e r  o f f - y a s  d a t a  was c o l l e c t e d  d u r i n g  t h i s  exper imen t  

u s i n y  a  GC ( a n a l y z i n g  f o r  02, N2, CO and Cop) as w e l l  as c o n t i n u o u s  gas moni-  

t o r s  ( a n a l y z i n g  f o r  H2, 02, CO and C02). The GC d a t a  i s  d i s p l a y e d  i n  F i g-  

u r e  A.72. F i y u r e  A.73 i s  a  p l o t  o f  t h e  c o n t i n u o u s  d a t a  t a k e n  a t  15-min i n t e r -  
%. v a l s ,  wh ich  p r o v i d e s  a  h i y h e r  r e s o l u t i o n  s t u d y  o f  Hz, 02, CO and C02 t h a n  i s  

a f f o r d e d  by t h e  GC. B a s e l i n e  d r i f t s  were observed i n  b o t h  O2 and H2 da ta .  The 

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

1  i near  segments ( a  p i e c e w i s e  1  i near  re1 a t i  onsh i  p )  . The H2 d r i f t ,  wh ich  

amounted t o  0.25% Hz a t  t h e  end o f  t h e  run,  was p r o b a b l y  due t o  g radua l  changes 

i n  t h e  dewpoin t  o f  t h e  sample s t ream and was n o t  c o r r e c t e d .  The d i s c o n t i n u -  

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

T a b l e  A.49 summari zes a1 1  t h e  noncondensi  b l  e  o f f - g a s  c o m p o s i t i o n a l  d a t a  t a k e n  

du r i  ng PSCM-5. 

Off- yas d e p o s i t s  were t a k e n  f r o m  t h e  o f f - g a s  l i n e s  and v i e w p o r t s  a f t e r  

PSCM-5. The r e s u l t s  a r e  shown i n  T a b l e  A.50. The r e s u l t s  a r e  s i m i l a r  t o  each 
- .  o t h e r  and t o  p a s t  runs ,  wh ich  have shown o f f - g a s - l i n e  d e p o s i t s  e n r i c h e d  i n  C1, 

Cs, Na, S, Te, Cd, and Ru. 



TABLE A.47. E lemen ta l  D i s t r i b u t i o n  Across  C y c l o n i c  Aeroso l  S i z e  F r a c t i o n s  

E l  ement 

A1 

B 

B a  

Ca 

Cd 

Ce 

C1 

Co 

Cr 

C s 
Cu 

F  

Fe 

K 

La 

L i 

Mg 

Mn ' 

Mo 

Na 

Nd 

N i 

P 

Pb 

R u 

Sb 

Se 

S i 

S  

Sr 

Te 

T i  

Zn 

Z r 

Elemental D i s t r i b u t i o n ,  % 
S ize  F r a c t i o n  1/26/82 S ize F r a c t i o n  1/28/82 

1 6 r ~ n 6 U 1 2 h e U L p . i -  



TABLE A.48. PSCM-5 Gross E n t r a i n m e n t  DFs 

Sampl i ng P e r i o d  
D a t e  I n t e r v a l  

1739 - 1749 
2201 - 2345 
0818 - 1130 
1758 - 1805 
1820 - 2135 
0732 - 1143 
1730 - 1738 
1920 - 2400 

Average 

Samplg) 
Type 

C 
S  
S 

C 
HEPA 

S  
C 

HEPA 
ALL 

Feed Rate,  
L/ h  

5 1 
7 2  
7 9 
8  1 
8  1 
8  6 
9  3  
9 3 
8  0  

P a r t i c u l a t e  
Load ing  ,(b) 

( a )  S  = d i f f e r e n t i a l  sampler; C = cyc lone ;  HEPA = a b s o l u t e  f i l t e r .  
( b )  STP. 

PSCM-6 - MARCH 1982 

PSCM-6 was a  138-h m e l t e r  exper imen t  des igned  t o  t e s t  a  new f r i t  compo- 

s i t i o n  wh ich  c o u l d  p rove  t o  f o r m  a  more d u r a b l e  g l a s s  p r o d u c t .  T h i s  exper imen t  

was n o m i n a l l y  r u n  under  t h e  same c o n d i t i o n s  as t h e  p r e v i o u s  PSCM-5 t e s t  ( see  

T a b l e  A. l )  excep t  t h a t  t h e  plenum h e a t e r  power was inc reased .  However, t h e  

l a s t  18  hours  o f  t h e  exper imen t  were conducted w i t h o u t  l i d  hea t  b o o s t i n g ,  

a l l o w i n g  compar isons t o  a l s o  be made w i t h  t h e  p r e v i o u s  PSCM-4 t e s t .  

The e x t e n t  o f  m e l t e r - g e n e r a t e d  o f f - g a s  d e p o s i t i o n s  were assessed a t  t h e  

c o n c l u s i o n  of t h i s  t e s t .  As i n  t h e  p r e v i o u s  PSCM t e s t ,  o f f - g a s  l i n e  d e p o s i t s  

were genera l  l y  q u i t e  1  i g h t  . The o n l y  s i  g n i  f i c a n t  accumul a t i  ons o c c u r r e d  around 

d e v i c e s  p r o j e c t i n g  i n t o  t h e  o f f - g a s  1  i n e s .  Qua1 i t a t i v e l y ,  1  ess " h a i r l i k e "  

e f f l u e n t  ( f i n e  g l a s s  s t r a n d s )  was found i n  t h e  o f f - g a s  l i n e s  d u r i n g  t h e  p r e s e n t  

t e s t  t h a n  d u r i n y  p r e v i o u s  t e s t s  i n v o l v i n g  t h e  131 f r i t .  

O v e r a l l  m e l t e r  ae roso l  DFs were de te rm ined  a t  two s e p a r a t e  f e e d i n g  r a t e s  

by HEPA f i l t r a t i o n  o f  t h e  m e l t e r  exhaus t  st ream. These da ta ,  wh ich  do n o t  

i n c l u d e  c o n t r i b u t i o n s  f rom o f f - g a s  l i n e  d e p o s i t s  upst ream o f  t h e  f i l t e r ,  appear 

i n  T a b l e  A.51. These r e s u l t s  suggest  t h a t  g ross  m e l t e r  e n t r a i n m e n t  has been 
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FIGURE A.72. PSCM-5 Off-Gas Compos i t i on  

reduced rnore t h a n  f o r  b o t h  t h e  PSCM-4 and PSCM-5 exper imen ts ,  wh ich  e x h i b i t e d  

ave raye  DFs o f  -500 and 600, r e s p e c t i v e l y .  

The e f f e c t  of me1 t e r  o p e r a t i o n  upon i n d i v i d u a l  f e e d  component DFs was a l s o  

examined d u r i n g  t h e  PSCM-6 exper imen t .  T a b l e  A.52 p r e s e n t s  p a r t i a l  p a r t i c u l  a t e  

DFs and t o t a l  o v e r a l l  m e l t e r  DFs. The absence o f  Ru f r o m  t h i s  t a b l e  s t r e n g t h -  

ens t h e  argument t h a t  t h e  f o r m i c  a c i d  f e e d  component must be r e s p o n s i b l e  f o r  Ru 





TABLE A.49. PSCM-5 Noncondensible Off-Gas Composi t ion 

Mol a r  Composi t ion,  % 
Data Dry  B a s i s  

Date Type % 0 7 ( a )  N7 CO H so7 ppm H70 

1/25 A v ~ .  2.4 21.0 76.4 0.18 -- 0.79 - - 
1/26 Avg. 2.7 20.6 76.2 0.32 0.48 0.75 81.8 
1/27 Avg. 3.4 20.6 75.4 0.52 1 .O 0.76 80.3 
1 / 28 Avg. 3.2 20.6 75.7 0.45 0.81 -- 83.1 
1 / 29 A v ~ .  2.2 21.1 76.5 0.27 0.96 -- - - 

1/25-29 H i  6.5 21.2 76.9 0.9 1.8 1.25 83.1 
1/25-29 L o 2 .O 19.8 74.1 0.1 - - 0.5 80.3 

( a )  I n c l u d e s  -1% Ar. 

TABLE A.50. PSCM-5 Off-Gas-Line Depos i t s  

Weight Percen t  
South N o r t h  Off-Gas L i n e  PSCM-5 

Element 

A1 
B 
Ca 
Cd 
C 1 
C r  
C s 
F 
F e 
La 
L i 

M !3 
M n 
N a 
R u 
S 
S i 
S r 
Te 
T i  
Z r 

V i  ewport  

0.72 

0.92 
0.64 
0.10 

16 .O 
0.82 
2.1 
0.26 
5.4 
0.10 
0.950 
0.21 
0.56 

17.4 
1.22 
3.2 
6.5 

V iewpor t  E x i t i n g  Me1 t e r  

1.8 
2.1 
1.83 
0.15 
5.3 
0.17 
0.31 
0.66 
8.9 
0.22 
1.53 
0.61 
1.08 

11 .o 
0.05 
1.8 

15.3 
0.02 
0.21 
0.37 
0.22 

Feed 

2.7 
3.3 
1.2 
0.007 
0.40 

<o .01 
0.05 

<o .01 
8.9 
0.30 
1.9 
0.80 
1.8 

10 .o 
0.014 
0.05 

21 .o 
0.018 
0.009 
0.42 
0.30 



TABLE A.51. PSCM-6 Gross M e l t e r  En t ra inmen t  

Sampl i ng P e r i o d  Feed Rate, 
D a t e  I n t e r v a l  kg/mi n  - DF 

' m e l t e r  l o s s e s  ( d r o p o u t ) .  No a i r b o r n e  Ru has been observed d u r i n g  t h e  l a s t  

t h r e e  m e l t e r  exper imen ts  and, y e t ,  i d l i n g  emiss ions  o f  p a r t i c u l a t e  Ru a r e  q u i t e  

e a s i l y  d e t e c t e d  ( see  s e c t i o n  on Me1 t e r  I d 1  i ng)  . 
A compar ison o f  t h e  averaye PSCM-6 f e e d  component DFs w i t h  a l l  p r e v i o u s  

m e l t e r  t e s t s  i s  t a b u l a t e d  i n  T a b l e  A.53. Wi th  t h e  e x c e p t i o n  o f  LFCM-7, no 

d r a m a t i c  changes i n  m e l t e r  e f f l u e n t  c h a r a c t e r i s t i c s  have been observed s i n c e  

t h e  i n t r o d u c t i o n  o f  t h e  new f o r m a t e  feed  fo rmu l  a t i o n  (PSCM-3). 

P a r t i c l e  s i z e  sampl ing  o f  PSCM-6-generated a e r o s o l s  was a l s o  conducted 

u s i n g  a  c y c l o n i c  d i f f e r e n t i a l  p a r t i c l e - s i z e  s e p a r a t o r  system. Data  c o l  l e c t e d  

w i t h  t h i s  d e v i c e  d u r i n g  t h r e e  d i s t i n c t  o p e r a t i o n a l  modes o f  t h e  PSCM-6 m e l t e r  

a r e  summarized i n  T a b l e  A.54. The s i z e  d i s t r i b u t i o n  o f  a e r o s o l s  c o l l e c t e d  

d u r i n g  PSCM-6 appears t o  be q u i t e  s i m i l a r  t o  t h a t  e x h i b i t e d  by PSCM-5. More- 

over ,  t h i s  d a t a  suggests  t h a t  l i d  h e a t i n g  has, a t  bes t ,  o n l y  a  m i n o r  e f f e c t  

upon t h e  s i  ze d i s t r i b u t i o n  o f  me1 t e r - g e n e r a t e d  a e r o s o l  s. 

Compos i t i ona l  a n a l y s i s  o f  t h e  v a r i o u s  p a r t i c l e - s i z e  f r a c t i o n s  c o l l e c t e d  b y  

t h e  c y c l o n e  was conducted t o  e s t a b l i s h  t h e  f u n c t i o n a l  dependence o f  e lemen ta l  

l o s s  on p a r t i c l e  s i z e .  The r e s u l t a n t  d i s t r i b u t i o n  appears i n  T a b l e  A.55. As 

has been found i n  a l l  p r e v i o u s  cases, t he  ma jo r  c a r r i e r  r e s p o n s i b l e  f o r  semi- 

v o l  a t i  l e  me1 t e r  1  osses i s  submicron p a r t i c u l  a t e  m a t t e r .  

A summary o f  a l l  measurements o f  m e l t e r  a e r o s o l  DFs appears i n  Tab le  A.56. 

The agreement between t h e s e  r e s u l t s  i s  q u i t e  s a t i s f y i n g .  Moreover, t h e  con- 

s i  s tency  o f  t h e s e  r e s u l t s  suggest  t h a t  me1 t e r  e n t  r a i  nment has n o t  been s t r o n g l y  

i n f l u e n c e d  by e i t h e r  f e e d i n g  r a t e s  o r  l i d  heat  b o o s t i n g  techn iques .  I n  a d d i -  

t i o n ,  t h e  average m e l t e r  e n t r a i n m e n t  DF a s s o c i a t e d  w i t h  PSCM-6 i s  g r e a t e r  t h a n  

has been ach ieved  by e i t h e r  t h e  nonboosted PSCM-4 o r  t h e  boosted PSCM-6 



Element 

A l 

B 

Ca 

Cd 

C I 

Cs 

Fe 

La 

L 1 

'% 
Mn 

Na 

Nd 

N i 

S 

S i 

Sr 

Te 

T i  

Zr 

TABLE A .52 .  PSCM-6 P a r t i c u l a t e  and T o t a l  Feed Components DFs 

DF 
3/23/82 3/24/82 3/25/82 3/26/82 Average 

P a r t  Total Par t  Total  P a r t  Tota I P a r t  Total  P a r t  Tota I 

1.3 x lo4 9.3 x lo3 2.2 x lo4 2.0 x 104 1.8 x lo4 1.6 x lo4 5.6 x 10" 4.4 x lo4 2.7 x lo4 2.2 x 1 0 4  
2.8 x lo3 105 3.0 lo3 100 3.2 lo3 100 1 . 8 x 1 0 4  110 6.8 x lo3 100 

7 50 7 30 770 7 60 890 890 2.4 lo3 2.4 lo3 1.2 lo3 1.2 lo3 

2.2 2.2 2.7 2.7 32 32 2.5 2.5 9.9 9.9 

26 2.6 15 1.9 11 2.2 33 4.7 2 1 2.9 

17 17 14 14 8.0 8 .O 17 17 14 14 

1.4 x lo3 1.4 x lo3 1.8 x lo3 1.7 x lo3 1.8 x lo3 1.8 x lo3 2.4 x lo3 2.3 x lo3 1.9 x lo3 1.8 x lo3 

2.2 x 103 2.2 x lo3 1.7 x lo3 1.7 x lo3 1.8 x lo3 1.8 x lo3 2.8 x lo3 2.8 x lo3 2.1 x lo3 2.1 x lo3 

1.2 lo3 1.2 lo3 1.4 lo3 1.4 lo3 -- -- 1 . 2 ~  lo3 1 . 2 ~  lo3 1.3 x lo3 1 . 3 ~  lo3 

3.5 x lo3 3.5 x lo3 2.3 x lo3 2.3 x 103 2.3 x 103 2.3 x lo3 2.3 x lo4 2.3 x lo4 7.8 x lo3 7.8 x lo3 

1.4 x lo3 1.4 x lo3 1.5 x lo3 1.5 x lo3 1.7 x lo3 1.7 x 103 2.6 x lo3 2.6 x lo3 1.8 x lo3 1.8 x lo3 

330 320 360 360 28 0 280 24 0 230 300 300 

3.4 x lo3 3.4 x lo3 1.8 x lo3 1.8 x lo3 1.9 x lo3 1.9 x lo3 3 x lo3 3 x lo3 2.5 x lo3 2.5 x lo3 

1.2 lo3 1.2 103 700 67 0 1.1 x lo3 1.0 x lo3 2.1 x lo3 1.6 x lo3 1.3 x lo3 1.1 x to3 
2.4 1 e9 5 .O 3.8 22 12 13 4.4 11 5.5 

6.3 103 5.0 103 3.9 104 1.5 104 3.5 104 1.3 104 4.5 104 2 104 3.1 104 1.3 104 

1.7 x lo3 1.7 x lo3 1.5 x 103 1.5 x lo3 1.5 x lo3 1.6 x lo3 2.4 x lo3 2.4 x lo3 1.8 x lo3 1.8 x lo3 

2.7 2.7 3.5 3.5 2.7 2.7 3.1 3.1 3.0 3.0 

6.0 103 6.0 103 5.0 103 5.0 103 5.5 103 5.5 103 7.2 103 7.2 103 5.9 103 5.9 103 

9.3 x lo3 9.3 x lo3 1.3 x lo4 1.3 x lo4 1.7 x lo4 1.7 x lo4 4.9 x lo4 4.9 x lo4 2.2 x 10" 2.2 x lo4 



TABLE A.53. PSCM-6 Comparat ive  DFs 

DF R a t i o  

PSCM-6 PSCM-6 PSCM-6 PSCM-6 PSCM-6 PSCM-6 PSCM-6 PSCM-6 PSCM-6 PSCM-6 PSCM-6 
PSCM-5 PSCM-4 LFCM-7 PSCM-3 LFCM-6 PSCM-2 LFCM-4 PSCM-1 LFCM-3 LFCM-2 Element Avg. DF - - - - - - - - - - 

TABLE A.54. PSCM-6 D i f f e r e n t i  a1 P a r t i c l e  S i z e  Data  

P a r t i c u l a t e  
Sampl l n g  Per iod  W t $  Versus Cut P o i n t  Loading, Feed Rate, L i d  Heat 

Date - l nte rva  l 16 6 1 1  pm mg/ L DF kg/mi n ( ? )  - 
3/24 1125 - 1137 67.1 0.9 14.9 17.1 0.37 840 1.5 Yes 

3/25 1220 - 1229 38.6 -- 14.6 46.8 0.41 700 2.0 Yes 

3/26 1430 - 1453 32.5 0.7 8.6 58.2 0.54 660 1.3 No 

exper iments .  A l though  t h e  d i f f e r e n c e s  i n  t h e s e  DFs a r e  n o t  s t a r t l i n g ,  t h e  

r e s u l t  may be a  r e f l e c t i o n  o f  t h e  new g l a s s  f o r m u l a t i o n  wh ich  has d i s t i n g u i s h e d  

t h e  PSCM-6 t e s t .  

The noncondens ib le  c o m p o s i t i o n  o f  t h e  m e l t e r - g e n e r a t e d  exhaust  was con- 

t i  nuous ly  recorded d u r i n g  PSCM-6 u s i n g  r e a l  - t i m e  gas m o n i t o r s .  A compos i te  

p l o t  o f  a1 1  t h e  gas d a t a  genera ted  appears i n  F i g u r e  A.74. The most i n t e r -  

e s t i n g  f e a t u r e  o f  t h i s  f i g u r e  i s  t h e  absence o f  s i g n i f i c a n t  c o m b u s t i b l e  gas 

c o n c e n t r a t i o n s  t h r o u g h o u t  most o f  t h e  run.  On ly  a f t e r  t h e  l i d  h e a t e r s  had been 

t u r n e d  o f f  d i d  H2 and CO c o n c e n t r a t i o n s  i n c r e a s e  t o  s i g n i f i c a n t  1  eve1 s. 



TABLE A.55. Feed Component D i s t r i b u t i o n  Across C y c l o n i c  Aeroso l  
S i z e  F r a c t i o n s  

- , - . , - - 
S i z e  F r a c t i o n  

16 pn~ 6 pm 1 pm <1 pn~ 

. .  . . 
Elemental  - ' 

A 

S ize  F r a c t i o n  
1 6 c l m U ~  

A p p a r e n t l y  an 850°C plenum t e m p e r a t u r e  i s  more t h a n  s u f f i c i e n t  t o  b u r n  a l l  

c o m b u s t i b l e s  b e f o r e  t h e y  were a b l e  t o  pass i n t o  t h e  o f f - g a s  l i n e .  The d i s c o n -  

t i  n u i  t i  es p r e s e n t  i n  t h e s e  d a t a  p l o t s  a r e  produced by i n s t r u m e n t  c a l  i b r a-  

t i o n s .  A  summary o f  t h i s  gas co rnpos i t i ona l  d a t a  i s  t a b u l a t e d  i n  T a b l e  A.57. 



TABLE A.56. PSCM-6 Aeroso l  DFs 

Sampl i ng P e r i o d  
Mold  I n t e r v a l  

3/23 1735 - 1920 
3 /24 0036 - 1117 
3/24 1125 - 1137 
3 /24 1615 - 1841 
3/25 1220 - 1229 
3/25 1620 - 1835 
3/25 2024 - 0040 
3/26 0915 - 1141 
3/26 1430 - 1453 

3/23-26 Average 

Sampl E )  
Type 

S 
HEPA 

C 
S 
C 
S 

HEPA 
S 
C 
AL L 

Feed Rate,  
L /  h 

68 

P a r t i c u l a t e  
Loading,  

( a )  S = sample t r a i n ;  C = cyc lone ;  HEPA = a b s o l u t e  f i l t r a t i o n .  

TIME 

F I G U R E  A.74. PSCM-6 Off-Gas Compos i t i on  



* 

TABLE A.57. PSCM-6 Off-Gas Composi t i o n  

M o l a r  Compos i t ion ,  % 
Data  Dry  B a s i s  

D a t e  Type 0 2 [ a l  N? CO so,(a' ti& 

3/22 A v ~ .  2.6 19.8 0.002 -- - - - - 
3/23 Avg. 5.2 19 .O - - 0.011 -- 154 6  6  

3 /24 A v ~ .  3.9 18.8 - - 0.014 -- 6  9  67 

3/25 Avg. 5.3 18.7 - - 0.060 -- 85 6  9  

3/26 Avg. 3.7 19.3 - - 0.382 1.1 27 5 5  

The n a t u r e  o f  c o m b u s t i b l e  yas g e n e r a t i o n  w i t h i n  an o p e r a t i n g  m e l t e r  was 

a1 so i n v e s t i  ga ted  d u r i n g  PSCM-6. F i g u r e  A.75 p o r t r a y s  t h e  t ime- dependent  

c o m p o s i t i o n a l  b e h a v i o r  o f  t h e  m e l t e r  exhaus t  s t ream upon f e e d  i n t e r r u p t i o n  o r  

t e r m i n a t i o n .  W i t h  t h e  e x c e p t i o n  of SO2, none o f  t h e  m e l t e r - g e n e r a t e d  gases 

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

v o l  a t i  1  e  decomposi t i on and r e a c t i o n  p r o d u c t s  genera ted  f rom t h e  me1 t e r  f e e d  a r e  

formed soon a f t e r  i n t r o d u c t i o n  o f  t h e  feed  i n t o  t h e  r n e l t e r  env i ronment .  

Consequent ly ,  c h e m i c a l l y  r e a c t i v e  o r g a n i c  f e e d  components w i t h i n  t h e  m e l t e r  

c o l d  cap a p p a r e n t l y  do n o t  accumulate s i g n i f i c a n t l y  under s t e a d y- s t a t e  f e e d i n g  

c o n d i t i o n s .  

On t h e  o t h e r  hand, t h e  i n c r e a s e  i n  t e r m i n a l  SO2 exhaus t  c o n c e n t r a t i o n  

( i l l u s t r a t e d  i n  F i g u r e  A.75) suggests  t h a t  s u l f u r ,  as Na2S04, may be accumu- 

l a t i n g  w i t h i n  t h e  m e l t e r  as a  m o l t e n  s a l t .  P o s t - r u n  i n s p e c t i o n  o f  t h e  i d l i n g  

m e l t e r  g l a s s  s u r f a c e  l a t e r  p roved t h i s .  T h i s  o b s e r v a t i o n  s t i m u l a t e d  specu la-  

t i o n  t h a t  accumu la t i ons  of Na2s04 c o u l d  be r e s p o n s i b l e  f o r  changes i n  t h e  

m e l t i n g  c a p a c i t y  o f  l i q u i d - f e d  m e l t e r s  d u r i n g  t h e  i n i t i a l  -24 h  o f  l i q u i d  

f e e d i n g  ( t h e  s t a r t u p  phase). M e l t e r  em iss ions  of SO2 d u r i n g  t h e  PSCM-8 t e s t  

f u r t h e r  s u p p o r t  t h i s  n o t i o n ,  as w i l l  be shown i n  t h e  n e x t  s e c t i o n .  

O f f - g a s  d e p o s i t s  were t a k e n  f rom t h e  o f f - g a s  l i n e s  and v i e w p o r t s  a f t e r  

PSCM-6. The r e s u l t s  a r e  shown i n  T a b l e  A.58. These r e s u l t s  a r e  s i m i l a r  t o  

each o t h e r  and t o  p a s t  runs,  wh ich  have shown o f f - g a s - l i n e  d e p o s i t s  e n r i c h e d  i n  

C1, Cs, Na, S, Te, Cd, and Ru. The o v e r f l o w  samp l ing  p o r t  shows t h e  most  



TIME (rnin) 

FIGURE A.75. M e l t e r  Off-Gas Compos i t i ona l  B e h a v i o r  A s s o c i a t e d  w i t h  Feed 
Term ina t ion .  (The t = 30 min  c o m p o s i t i o n a l  s p i k e  i s  due 
t o  t h e  i n j e c t i o n  o f  a sma l l  q u a n t i t y  o f  l i q u i d  feed.)  



TABLE A.58. Off-Gas-Line D e p o s i t s  (w t%)  - PSCM-5 & -6 

E l  ement 

A  1  
B 
C a  
Cd 
C 1  
C r  
C s  
F  
F e  
La  
L i 

M 9  
Mn 
N a  
R u  
S  
S  i 
S r  
Te 
T i  
Z r 

South 
V i e w p o r t  

0.37 
0.34 
0.26 
0.20 

18 .O 
3.2 
1.4 
0.25 
2.3 
0.02 
0.84 
- - 
0.33 

20.4 
0.60 
8 .O 
2.4 
0.005 
0.26 
0.05 
0.21 

N o r t h  
V i  ewpor t  

0.33 
0.35 
0.34 
0.15 

17 .O 
0.04 
1.1 
0.28 
7.6 
0.02 
0.51 
- - 
0.41 

15 .O 
1.8 
4.3 
2.3 
- - 
0.35 
0.08 
0.08 

Off-Gas L i n e  
E x i t i n g  Me1 t e r  

0.21 
1.41 
0.43 
0.17 

18 .O 
2.96 
0.52 
1.2 

21.7 
0.01 
0.71 
- - 
1.63 
8.4 
-- 
2.8 
2.4 
- - 
0.08 
0.01 
0.09 

O v e r f  1  ow Off-Gas 
Sample 

P o r t  

1 .o 
0.48 
0.16 
0.02 

36 .O 
0.09 
3.3 
0.39 
0.41 
- - 
0.97 
- - 
- - 
2.3 
0.53 
2.7 
0.41 
- - 
0.09 
- - 
0.08 

Cool  i ng 
Nozz le  

1.39 
0.82 
3.84 
0.38 
4.3 
0.21 
0.26 
0.8 

10.9 
0.15 
1.33 
0.41 
2.68 
5.54 
0.04 
3.2 

16 .O 
0.05 
0.76 
0.05 
0.34 

PSCM-6 
Feed 

2.7 
2.2 
1.1 
0.004 
0.42 

<o .01 
0.05 

<o .01 
7.1 
0.05 
2.33 
0.46 
2.1 
7.6 
0.014 
0.05 

25 .O 
0.018 
0.007 
0.07 
0.57 

en r i chmen t  i n  t h e  semivo l  a t i  l e s  because a1 1  t h e  d e p o s i t s  come f r o m  v o l  a t i  1  i z a -  

t i  on, w h i l e  t h e  o t h e r  d e p o s i t s  c o n t a i n  v o l  a t i  1  i zed and e n t r a i n e d  m a t e r i a l .  

PSCM-7 - MAY 1982 

PSCM-7 was a  115-h nonboosted m e l t e r  exper imen t  des igned  t o  assess t h e  

e f f e c t  o f  i n c r e a s e d  s l u r r y  s o l  i d s  1  o a d i  ng (decreased w a t e r  1  oad i  ny )  upon 

maximum a c h i e v a b l e  m e l t e r  f e e d i n g  r a t e s .  I n  a d d i t i o n ,  an a i r  sparge was 

u t i l i z e d  a t  t h e  c o n c l u s i o n  o f  t h i s  exper imen t  t o  t e s t  t h e  e f f e c t s  o f  f o r c e d  

m e l t e r  g l a s s  c o n v e c t i o n  upon f e e d  m e l t i n g  r a t e s .  The new g l a s s  fo rmer ,  

F r i t - 1 6 5 ,  wh ich  was u t i l i z e d  f o r  t h e  f i r s t  t i m e  d u r i n g  PSCM-6, was a l s o  

employed d u r i n g  PSCM-7. 



There was l i t t l e  m e l t e r  o f f - g a s - l i n e  d e p o s i t i o n  apparen t  a t  t h e  c o n c l u s i o n  

o f  PSCM-7. The m i n o r  accumu la t i ons  t h a t  d i d  occu r  a l l  formed around o f f - g a s  

l i n e  p e n e t r a t i o n s  as i n  t h e  pas t .  The o v e r a l l  d e p o s i t i o n  r a t e  a s s o c i a t e d  w i t h  

PSCM-7, however, appeared t o  be l e s s  t h a n  t h a t  o f  t h e  p r e v i o u s  boosted PSCM-6 

exper iment .  

Gross m e l t e r  DF was measured d u r i n g  s teady  s t a t e  f e e d i n g  by HEPA f i l t r a -  

t i o n  o f  t h e  e n t i  r e  m e l t e r  exhaust  stream. The r e s u l t a n t  DF, wh ich  appears i n  

T a b l e  A.59, i s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  -800 v a l u e  reco rded  d u r i n g  PSCM-6, 

and f u r t h e r  c o n f i r m s  t h e  q u a l i t a t i v e  s ta temen t  made above w i t h  r e g a r d  t o  PSCM-7 

o f f - g a s  1  i ne d e p o s i t i o n  r a t e s .  

D i f f e r e n t i a l  samp l ing  o f  t h e  PSCM-7 m e l t e r  o f f - g a s  s t ream was a l s o  con- 

duc ted  i n  o r d e r  t o  e s t a b l i s h  i n d i v i d u a l  m e l t e r  f e e d  component DFs. T a b l e  A.60 

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

DFs. As has been t h e  case f o r  a l l  f o r m a t e  feed  t e s t s ,  no a i r b o r n e  Ru was 

d e t e c t a b l e  i n  t h e  PSCM-7 o f f - g a s  stream. 

A  compar ison o f  average m e l t e r  f e e d  component DFs f o r  PSCM-7 w i t h  a1 1  

p r e v i o u s  l i q u i d - f e d  m e l t e r  t e s t s  i s  g i v e n  i n  T a b l e  A.61. O v e r a l l ,  t h e  emis-  

s i o n s  d u r i n g  PSCM-7 a r e  some o f  t h e  l o w e s t  eve r  recorded.  However, Cs DFs a r e  

q u i t e  comparable t o  a l l  p r e v i o u s  PSCM f o r m a t e  f e e d  t e s t s .  

P a r t i c u l a t e  s i z e  a n a l y s i s  o f  t h e  me1 t e r - g e n e r a t e d  a e r o s o l s  was a1 so  con- 

d u c t e d  d u r i n g  PSCM-7. The r e s u l t s  o f  t h e s e  s t u d i e s  a r e  summarized i n  

T a b l e  A.62. The s i z e  d i s t r i b u t i o n s  o f  PSCM-7 a e r o s o l s  a r e  much l i k e  t h o s e  f r o m  

p r e v i o u s  PSCM t e s t s  (b imodal  i n  n a t u r e )  excep t  t h a t  t h e  o v e r a l l ,  d i s t r i b u t i o n  

i s  much more h e a v i l y  we igh ted  by t h e  smal l  d i a m e t e r  component d u r i n g  PSCM-7. 

Compos i t i ona l  a n a l y s i s  o f  t h e  v a r i o u s  p a r t i c l e - s i z e  f r a c t i o n s  c o l l e c t e d  by 

t h e  c y c l o n e  was conducted t o  e s t a b l i s h  t h e  dependence o f  e lemen ta l  l o s s  on 

TABLE A.59. Gross M e l t e r  DF 

HEPA Wei y h t ,  kg Feed Kate, 
Date  P e r i o d  I n i t i a l  F i n a l  kg/mi n  DF 



TABLE A.60. PSCM-7 P a r t i c u l a t e  and T o t a l  Feed Components DFs 

5/18 DFs 
Pa r t  Total  

5/20 DFs 5/21 D F S ' ~ )  
Pa r t  Tota I Pa r t  Total  

Average DFs 
Pa r t  Tota I 

(a )  A i r  sparge I n  operat ion. 

p a r t i c l e  s i z e .  The r e s u l t a n t  d i s t r i b u t i o n a l  d a t a  appear i n  T a b l e  A.63. As i n  

a1 1  p r e v i o u s  cases, t h e  m a j o r  c a r r i e r  r e s p o n s i b l e  f o r  semi v o l a t i l e  m e l t e r  

l o s s e s  i s  submicron p a r t i c u l a t e  m a t t e r .  

The per formance o f  t h e  newly i n s t a l  l e d  v e n t u r i  e j e c t o r  was a1 so  e v a l u a t e d  

d u r i n g  t h e  p r e s e n t  t e s t .  I n  t h i s  s tudy,  o f f - g a s  a e r o s o l  DFs were e s t a b l i s h e d  

f o r  i n d i v i d u a l  e f f l u e n t  spec ies .  T h i s  d a t a  appears i n  T a b l e  A.64. The v a l u e s  

l i s t e d  a r e  c o n s i s t e n t  w i t h  a n t i c i p a t e d  performance.  

A summary o f  m e l t e r - s c r u b b e r  per formance as de te rm ined  by o f f - g a s  pa r-  

t i c u l a t e  l o a d i n g  appears i n  T a b l e  A.65. The d a t a  a r e  q u i t e  c o n s i s t e n t .  The 

l o w  m e l t e r  and h i g h  sc rubber  DFs reco rded  on 5 / 2 1  r e s u l t e d  f r o m  m e l t e r  sparg-  

i n g .  A p p a r e n t l y ,  s p a r g i n y  i n c r e a s e d  g ross  f e e d  component c a r r y o v e r  i n t o  t h e  
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TABLE A.62. C y c l o n i c  Me1 t e r  Aeroso l  S i z e  A n a l y s i s  

Feed Rate, Weight  P e r c e n t  
D a t e  P e r i  od k g l m i  n  1 6 p m  6 p m  , 1 p m  < 1 p m  

5/19/82 1645 - 1806 1.1 7.6 4  .O 9.4 79 .O 

o f f - g a s  system, wh ich  reduced o v e r a l l  me1 t e r  e m i s s i o n  per formance (DF) . How- 

e v e r ,  t h e  f a c t  t h a t  t h e  sc rubber  DF i n c r e a s e d  d u r i n g  t h i s  same p e r i o d  suggests  

t h a t  me1 t e r  s p a r g i  ng must genera te  1  a r y e - d i  ameter a e r o s o l s  wh ich  a r e  e a s i  l y  

removed by t h e  c l  ose- coup led e j e c t o r  v e n t u r i  . Moreover,  t h e  o v e r a l l  system DF 

(me1 t e r  + s c r u b b e r )  d u r i n g  s p a r g i n g  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  d u r i n g  

nonsparg i  ng p e r i o d s ,  wh ich  f u r t h e r  r e i n f o r c e s  t h e  above argument. 

The PSCM-7 m e l t e r  t e s t  was d i s t i n g u i s h e d  by v e r y  l o w  i n l e a k a g e  r a t e s  ( 1 0  

t o  15 scfm).  Moreover,  s i n c e  t h i s  t e s t  d i d  n o t  employ l i d  h e a t e r s ,  plenum 

o x i d a t i o n  r a t e s  o f  c o m b u s t i b l e  gases were q u i t e  slow. As a  r e s u l t ,  v e r y  h i g h  

c o n c e n t r a t i o n s  of  Hz and CO were genera ted  by t h e  m e l t e r  t h r o u g h o u t  t h e  t e s t  as 

i s  c l e a r l y  shown i n  F i g u r e  A.76. A l t h o u g h  CO p r e s e n t e d  no p a r t i c u l a r  o f f - g a s  

problem, m e l t e r  exhaus t  s t ream d i l u t i o n  was r e q u i r e d  t o  m a i n t a i n  Hz be low 70% 

o f  i t s  l o w e r  f l a m m a b i l  i t y  1  i m i t .  The peak c o n c e n t r a t i o n  o f  Hz r e c o r d e d  d u r i n g  

t h i s  t e s t  was 3.5%. 

A f t e r  PSCM-7, m o l t e n  s a l t  samples were skimmed f rom t h e  g l a s s  s u r f a c e  o f  

t h e  m e l t e r .  Samples were t a k e n  f o u r  t i m e s  on d i f f e r e n t  days t o  d e t e r m i n e  t h e  

f a t e  o f  t h e  s a l t  l a y e r .  The w e i g h t  and m o l a r  p e r c e n t s  f o r  each e lement  a r e  

shown i n  T a b l e  A.66. The s a l t  l a y e r  d i m i n i s h e d  w i t h  t ime ,  and t h e  l a s t  sample 

t a k e n  on 6/U8 was v e r y  d i f f i c u l t  t o  o b t a i n .  The l a s t  two  samples may have had 

some g l a s s  mixed i n  w i t h  t h e  s a l t ,  so o n l y  t h e  l e a c h a b l e  c o n s t i t u e n t s  a r e  

r e p o r t e d .  The s a l t  l a y e r  appears t o  v o l a t i l i z e  and, i n  a  few weeks, i s  a lmos t  

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

The m a j o r i t y  o f  t h e  s a l t  l a y e r  appears t o  be Na2S04. An a t t e m p t  t o  match up 

c a t i o n s  and a n i o n s  i s  shown i n  T a b l e  A.67, where Na was combined w i t h  s u l f a t e s ,  

where p o s s i b l e .  



TABLE A.63. E lementa l  D i s t r i b u t i o n  Across C y c l o n i c  S i z e  F r a c t i o n s  

Elemental D i s t r i b u t i o n ,  X 
Size F r a c t i o n  5/19/82 S ize F r a c t i o n  5/31/82 

16pm 6 p m  1 p m  < l p m  Cond. 16pm 6 p m  1 p m  <1pm Cond. 

67.0 10.2 20.8 2.1 -- 41.8 8.5 17.5 32.2 -- 
0.8 0.2 0.7 0.1 98.2 0.9 0.3 1.02 0.07 97.7 

49.5 -- 50.5 -- - - 21.32 19.8 58.8 - - -- 
34.2 11.4 44.2 10.2 -- 31.28 13.53 43.6 8.9 2.6 

1.7 1.4 4.7 92.3 -- 1.9 2.6 5.9 89.6 - - 
1.0 0.8 3.1 26.0 69.1 2.1 2.4 4.9 46.7 4.3.9 

7.3 - - 12.4 80.3 -- 5.8 5.1 9.4 79.7 -- 
22.9 5.2 9.7 6.7 55.4 29.3 19.0 10.6 22.5 18.5 

1.3 1.3 4.6 92.8 -- 1.2 1.5 3.7 93.6 -- 
5.2 3.8 10.2 78.0 2.8 7.6 3.8 9.9 78.7 - - 

41.4 9.7 48.8 -- -- 35.9 12.7 51.4 - - -- 
1.2 0.7 2.5 14.9 80.6 0.8 0.9 1.9 13.2 83.1 

30.2 10.5 46.8 9.0 3.6 28.1 12.8 48.3 6 .6 4.2 

31.2 11.1 47.5 10.3 -- 29.8 13.6 52.2 4.4 -- 
6.7 2.2 8.3 82.8 -- 6.7 3.8 8.8 80.7 -- 

58.6 8.1 33.3 -- -- 59.3 - - 40.7 -- -- 
34.3 10.9 45.5 7.2 2.0 32.2 14.0 47.0 6.2 0.6 

56.6 -- 43.4 -- -- 24.5 -- 12.0 63.4 _I 

2.8 1.6 5.8 89.8 -- 3.2 2.9 5.6 88.3 - - 
32.6 9.5 47.6 10.3 -- 29.4 11.2 46.4 13.0 - - 
21.7 8.3 25.6 18.0 26.4 27.9 13.1 26.4 21.8 10.8 
8.3 - - - - 91.7 -- -- -- - - - - -- 
1.5 1.4 5.9 91.1 -- 3.3 3.0 9.0 84.7 -- 
-- - - 0.2 0.7 99.1 - - 0.1 0.3 1.0 98.6 

19.1 3.0 13.1 64.8 -- 9.8 5.2 9.0 76.0 -- 
9 .O 4.9 6.9 79.3 -- 8.6 9.1 15.8 66.5 - - 

53.3 9.7 27.9 5.4 3.7 47.7 13.8 27.1 5.1 6.2 

38.9 11.5 49.6 -- - - 27.5 13.6 25.9 33.1 - - 
10.0 6.6 31.0 52.4 -- 1.8 2.5 7.2 88.5 -- 
13.4 35.0 34.3 17.3 -- 29.4 6.5 13.2 50.8 -- 

1.5 1.0 2.9 84.7 9.8 9.6 3.8 23.5 22.3 40.9 

54.7 14.6 19.9 10.8 -- 48.3 15.2 29.7 6.8 -- 



TABLE A.64. PSCM-7 C l  ose-Coup1 ed Scrubber  P a r t i c u l a t e  DFs 

E l  ement 

A1 
B 
B a  
Ca 
Cd 
Co 
C r  
C s  
C u  
F  
F e  
La 
L i 
Mn 
N  a  
Nd 
N  i 
Pb 
S  
Sb 
Se 
S  i 
S r 
T e  
T i  
Z n  
Z r 

DFs 
5/20 5 /21  - - 

2.0 160 
1.7 12 
1 .o - - 

3  2  190 
19 2  1 
3  6 - - 
- - 32 

17 2  1 
16 2  2  
10 12 
4  3  400 
14 9  0 
22 2  9  

410 560 
20 2  4  
- - 140 

46 220 
16 2  0  

3.3 7.7 
27 24 

3  .O 3.6 
25 3  30 

PSCM-8 - JUNE 1982 

PSCM-8 was a  boosted 232-h t e s t  wh ich  u t i l i z e d  a  new s l u r r y  f e e d  compo- 

s i t i o n  possess ing  a  h i g h e r  a lum ina  and l o w e r  i r o n  c o n t e n t  t h a n  t h e  s t a n d a r d  - .  
f e e d  f o r m u l a t i o n .  T h i s  new f e e d  was expected t o  produce a  h i g h e r  v i s c o s i t y  

y l a s s  t h a n  observed w i t h  F r i t - 1 6 5 .  S ince  b o t h  f e e d  and g l a s s  a l t e r a t i o n s  m i g h t  

be expec ted  t o  a f f e c t  t h e  e f f l u e n t  c h a r a c t e r i s t i c s  o f  t h e  s l u r r y - f e d  n e l t e r ,  

of f- gas s t u d i e s  were o f  s p e c i a l  i n t e r e s t  d u r i n g  t h e  t e s t .  



TABLE A.65. PSCM-7 Gross Aeroso l  DFs 

Sampl i ng P e r i o d  Sample Feed Rate, DF 
Da te  I n t e r v a l  Type ky/mi n  Me1 t e r  Scrubber  

5/18 1755 - 2033 Scrub 0.75 1100 8  
5/19 1645 - 1806 Cyc10 1.10 1300 - - 
5/20 1442 - 1715 Scrub 1.15 1100 9 
5 /20 1925 - 0446 tIEPA 1.1 1400 - - 
5/21 0542 - 0723 C y c l o  1.15 1300 10 
5 / 2 1 ( ~ )  1620 - 1731 Scrub 1.40 540 18 

( a )  Sparge t e s t i n g .  

Because o f  i t s  l e n g t h ,  t h i s  exper imen t  was a  good t e s t  o f  t h e  t o t a l  m e l t e r  

o f f - g a s  system. The o n l y  d i f f i c u l t y  encountered was a s s o c i a t e d  w i t h  t h e  

b u i l d u p  o f  e n t r a i n e d  m a t t e r  about  t h e  o f f - g a s  c o o l  i n g  sp ray  n o z z l e  ( see  F i g -  

u r e  A.2). These spray  n o z z l e  accumu la t i ons  r e s t r i c t e d  m e l t e r  o f f - g a s  f l o w ,  

wh ich  n e c e s s i t a t e d  c l e a n i n g  ha1 fway t h r o u g h  t h e  PSCM-8 exper iment .  The s o f t ,  

nonfused d e p o s i t s  were e a s i l y  removed. F i g u r e  A.77 i s  a  photograph o f  t h e  

sp ray  n o z z l e  d e p o s i t s  t h a t  had accumulated by t h e  end o f  t h e  PSCM-8 t e s t .  

These d e p o s i t s  had formed a f t e r  t h e  mid- run c l e a n i n g  o p e r a t i o n .  The o n l y  o t h e r  

o f f - g a s- 1  i ne d e p o s i t i o n s  were found around 1  i ne p e n e t r a t i o n s ,  and t h e s e  were 

q u i t e  l i m i t e d  i n  s i z e .  F i g u r e  A.78 i l l u s t r a t e s  t h e  u n o b s t r u c t e d  c o n d i t i o n  o f  

t h e  h o r i z o n t a l  o f f - g a s  l i n e  between t h e  m e l t e r  and t h e  c l o s e  coup led sc rubber  

a t  t h e  end o f  t h e  PSCM-8. 

A1 though accumu la t i ons  o f  me1 t e r  e n t r a i n e d  m a t t e r  r e s t r i c t e d  m e l t e r  o f f -  

gas f l o w ,  t h e  e x t e n t  o f  e f f e c t i v e  e n t r a i n m e n t  was modera te l y  low. Data  f r o m  

HEPA f i l t r a t i o n  o f  t h e  e n t i r e  m e l t e r  exhaust  s t ream was used t o  e s t a b l i s h  ove r-  

a l l  m e l t e r  ae roso l  performance.  T h i s  d a t a  appears i n  T a b l e  A.68. 

A l t h o u g h  t h i s  DF v a l u e  f o r  PSCM-8 i s  l ower  t h a n  t h a t  ach ieved i n  PSCM-7, 

. . i t  i s  q u i t e  r e s p e c t a b l e  when compared t o  r e s u l t s  o b t a i n e d  f rom a l l  o t h e r  PSCM 

t e s t s  u t i l i z i n g  fo rma te  feed. 

Me1 t e r  per formance w i t h  r e s p e c t  t o  i n d i v i d u a l  f e e d  components was a1 so 

e s t a b l i s h e d  d u r i n g  PSCM-8. T h i s  d a t a  appears i n  T a b l e  A.69. The most s t a r -  

t l i n g  aspect  o f  d a t a  p r e s e n t  i n  t h i s  t a b l e  i s  t h e  h i g h  DF va lues  reco rded  f o r  





TABLE A.66. M e l t e r  S u r f a c e  Samples A f t e r  PSCM-7 

Element 

B 
C a  
C 1  
C s  
F  
L  i 
Na 
S 
S i 
S r  

TOTAL 

( a )  M = moles/100 grams. 

TABLE A.67. Assumed S a l t  Compounds f o r  PSCM-7, wt% 

E l  emental 
Ox ides 

N a2 SO4 

NaCl 

Li2SO4 

L i C l  

L i F  

so4 (a )  

Weight  P e r c e n t  
5/22 5/24 6 /01  6/08 

73.8 79 .O 82.4 79.5 

10 .o - - -- -- 
- - 20 .o 7.7 - - 

15 .O 0.4 3.4 2.1 

0.5 0.2 0.5 0.2 

0.5 1 .O 2.3 - - 
-- - - - - 17 .O 

( a )  I o n s  w i t h  unknown c o u n t e r p a r t .  

Cs. PSCM-8 e x h i b i t e d  a  Cs OF a  f a c t o r  o f  10 h i g h e r  t h a n  t h e  average o b t a i n e d  

f r o m  a l l  p r e v i o u s  fo rma te  feed  t e s t s .  I n  f a c t ,  t h e  g r e a t e s t  f o r m a t e  feed  Cs OF 

recorded p r i o r  t o  t h e  PSCM-8 t e s t  was 16, wh ich  was ach ieved  d u r i n g  t h e  non- 

boosted PSCM-4 exper imen t .  G lass  coniposi t i o n a l  d a t a  f u r t h e r  r e i n f o r c e s  t h i s  Cs 

o f f - g a s  d a t a  by r e p o r t i n g  much h i g h e r  Cs c a p a c i t i e s  t h a n  have been e x p e r i e n c e d  



FIGURE A.II. M a t e r i a l  Bu i l dup  i n  FIGURE A.78. Ho r i zon ta l  Off-Gas 
Mel t e r  Plenum Exhaust L i ne  
P o r t  - A x i a l  Hose was 
Where Spray Nozzle was 
Located 

TABLE A.68. Gross M e l t e r  Aerosol  DF 

Date 

6/  19-20 

Feed Rate, 
I n t e r v a l  kg/mi n  - D  F  

0447 - 1426 1.7 820 

i n  t h e  past.  These r e s u l t s  a re  q u i t e  e x c i t i n g  and have impor tan t  i m p l i c a t i o n  

i f  these r e s u l t s  are reproduc ib le .  Th i s  new feed /g l  ass f o rmu la t i on  should be 

t e s t e d  f u r t h e r .  

The average m e l t e r  feed component DFs l i s t e d  i n  Table A.69 a re  compared 

w i t h  DFs c o l l e c t e d  f rom a l l  p rev ious  m e l t e r  t e s t s  i n  Table A.70. These r e s u l t s  

show t h a t ,  w i t h  t h e  excep t ion  o f  Cs, PSCM-8 e x h i b i t s  r a t h e r  average emiss ion 

performance c h a r a c t e r i s t i c s .  



TABLE A.69. PSCM-8 P a r t i c u l a t e  and T o t a l  M e l t e r  Feed Component DFs 

6/17 DFs 
P a r t  Tota I -- 

6/18 DFs 
P a r t  Tota l  -- 

6/22 DFs 
P a r t  Tota l  -- 

1795 1795 

1800 1200 

440 440 

5.0 5.0 

20 3.6 

72 72 

640 640 

6/23 DFs 
P a r t  Tota 1 -- 

Average DF 
P a r t  Tota I -- 

S i z e  d i s t r i b u t i o n s  o f  PSCM-8 a e r o s o l s  e s t a b l i s h e d  u s i n g  a  c y c l o n i c  sam- 

p l i n y  system a r e  summarized i n  T a b l e  A.71. As expected,  t h e  o v e r a l l  p a r t i c l e  

s i z e  d i s t r i b u t i o n  i s  b imodal .  However, t h e  s m a l l - d i a m e t e r  component o f  t h i s  

d i s t r i b u t i o n  i s  n o t  so h e a v i l y  we igh ted  as i t  was i n  PSCM-7. The usua l  d i f f e r -  

ences i n  c o m p o s i t i o n  between t h e  l a r g e -  and s m a l l - d i a m e t e r  f r a c t i o n s  a r e  a l s o  

p r e s e n t  i n  PSCM-8 samples, as i 11 u s t r a t e d  i n  T a b l e  A.72. Semivol  a t i  l e  a e r o s o l s  

a r e  aga in  found t o  be a lmos t  e x c l u s i v e l y  submicron. Se len ium v o l a t i l i t y  i s  

a l s o  suggested, b u t  c a u t i o n  i n  i n t e r p r e t a t i o n  i s  a d v i s e d  s i n c e  t h i s  has n o t  

- .  been observed p r e v i o u s l y ,  and s i n c e  a  new a n a l y t i c a l  t e c h n i q u e  f o r  Se a n a l y s i s  

was empl oyed. 

The o f f - g a s  per formance o f  t h e  c l  ose- coup led v e n t u r i  e j e c t o r  was a1 so 

e v a l u a t e d  f o r  m e l t e r - g e n e r a t e d  a e r o s o l s .  T a b l e  A.73 p r e s e n t s  sc rubber  DF 

v a l  ues e v a l  u a t e d  f o r  i n d i v i d u a l  a e r o s o l  f e e d  components. The DFs o b t a i  ned 



TABLE A.70. PSCM-8 C o m p a r a t i v e  DFs 

DF Ratio  

Element 

A 1  
B 
Ca 
Cd 
C1 
Cs 
Fe 

D 
La 

a L i 
cn M9 

M n 
Na 

PSCM-8 
Avy. DF 

2200 
390 
340 
5.6 
4.7 

130 
570 
590 
1600 
1600 
600 
7 10 
540 
4000 
10 
130 
2.5 

1900 
550 

7.6 
1900 
1900 



TABLE A.71. PSCM-8 P a r t i c u l a t e  A n a l y s i s  o f  Me l te r- Genera ted  Aeroso ls  

Sampl i ng P e r i o d  Weight  Pe rcen t  Versus Cut P o i n t  
Da te  I n t e r v a l  1 6 p m  6 p m  1 p m  < 1 p m  

d u r i n g  t h e  p r e s e n t  t e s t  a re ,  on t h e  average, much h i g h e r  t h a n  t h o s e  reco rded  

d u r i n g  t h e  p r e v i o u s  PSCM-7 t e s t .  T h i s  i s  due t o  d i f f e r e n c e s  i n  b o t h  p a r t i c l e  

s i z e  and w a t e r  l o a d i n g .  PSCM-8 genera ted  l a r g e r  a e r o s o l s  and produced much 

h i g h e r  o f f - g a s  w a t e r  l o a d i n g s  [80% ve rsus  60%] t h a n  d i d  PSCM-7. 

The s i z e  and c o m p o s i t i o n  o f  a e r o s o l s  e x i t  i ng t h e  c l  ose-coup1 ed o f  f - gas  

sc rubber  were i n v e s t i g a t e d  u s i n g  a  scann ing  e l e c t r o n  microscope (SEM) . F i g -  

u r e  A.79 shows t h e  c o l l e c t e d  p a r t i c u l a t e s  under  v a r i o u s  degrees o f  m a g n i f i c a-  

t i o n .  Two f i l t e r  samples were taken,  c o r r e s p o n d i n g  t o  a  l o w  ( 2 1  L)  and h i g h  

(120 L )  volume exposure. U n f o r t u n a t e l y ,  b o t h  f i l t e r s  were t o o  h i g h l y  l oaded  t o  

conduct  a  s t a t i s t i c a l l y  s i g n i f i c a n t  p a r t i c l e  s i z e  a n a l y s i s .  However, by com- 

p a r i n g  f i l t e r  po re  s i z e  (0.2 pm) w i t h  impacted p a r t i c u l a t e  m a t t e r  a t  10,000X 

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

b e i n g  c a r r i e d  downstream o f  t h e  c lose- coup led  sc rubber  i s  we igh ted  q u i t e  

s t r o n g l y  by submicron p a r t i c u l a t e  m a t t e r .  The c o m p o s i t i o n  and s i z e  o f  r e p r e-  

s e n t a t i v e  p a r t i c l e s  wh ich  a r e  c a l l e d  o u t  i n  F i g u r e  A.79 a r e  d e t a i l e d  i n  F i g -  

u r e  A.80. C l e a r l y ,  t h e  concept  o f  average c o m p o s i t i o n  has no r e a l  meaning when 

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

T a b l e  A.74 summarizes t h e  gross  ae roso l  o f f - g a s  per formance o f  b o t h  t h e  

PSCM m e l t e r  and t h e  c l o s e- c o u p l e d  sc rubber  d u r i n g  PSCM-8. The d e t e r i o r a t i o n  o f  

n i e l t e r  per formance on 6/23 was caused by u n s t a b l e  m e l t e r  o p e r a t i o n  wh ich  

o c c u r r e d  when t h e  f l o w  o f  f e e d  was i n t e r r u p t e d .  The m e l t e r  was n o t  a b l e  t o  

r e c o v e r  f rom t h i s  i n t e r r u p t i o n  and o v e r f e e d i n g  r e s u l t e d .  As can be seen f r o m  

Tab le  A.74, t h e  o v e r a l l  m e l t e r  per formance d e t e r i o r a t e d ,  b u t  t h e  sc rubber  e f f i -  

c i e n c y  i n c r e a s e d  which  a c t e d  t o  m a i n t a i n  t h e  o v e r a l l  system performance.  As i n  

t h e  s p a r g i  ng s i t u a t i o n  i n  PSCM-7, o v e r f e e d i n g  a p p a r e n t l y  genera tes  re1  a t i v e l y  

1  a r g e  d i a m e t e r  ae roso l  s  wh ich  a r e  e a s i l y  removed by t h e  c l  ose-coup1 ed e j e c t o r  

v e n t u r i .  
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TABLE A.73. P a r t i c u l a t e  M e l t e r  Scrubber  DFs 

Element 

A 1  
B  
C a  
C d  
C 1  
C r 
C s  
C u 
F e  
La 
L i 

M g  
Mn 
M 0 

N a  
N i 
Pb 
S  
Sb 
Se 
S  i 
S r 
T e  
Z n  

Me1 t e r  Scrubber  DFs 
6/17 6/18 6/22 6/23 Average 

The c o m p o s i t i o n a l  b e h a v i o r  o f  noncondens ib le  m e l t e r  exhaust  components 

d u r i n g  t h e  PSCM-8 exper imen t  a r e  g r a p h i c a l l y  d i s p l a y e d  i n  F i g u r e  A.81. Be ing  a  

boos ted  t e s t ,  exhaust  c o n c e n t r a t i o n s  o f  c o m b u s t i b l e s  were q u i t e  low. Carbon 

monoxide was r a r e l y  o v e r  0.5% and e x h i b i t e d  a  maximum o v e r a l l  expe r imen t  max i-  

mum o f  o n l y  -0.75%. H2 was h a r d l y  e v e r  d e t e c t a b l e .  

However, 1  arge e x c u r s i o n s  i n  t h e  c o n c e n t r a t i o n s  o f  a1 1  noncondensi  b l  e 

gases o c c u r r e d  d u r i n g  m e l t e r  f l o w  surges. The b e h a v i o r  o f  some o f  t h e  more 

i m p o r t a n t  m e l t e r  o f f - g a s  s t ream components accompanying an e x c u r s i o n  t h r e e  

t i m e s  t h e  averaye f l o w  i s  d e t a i l e d  i n  F i g u r e  A.82. The o f f - g a s  b e h a v i o r  
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FIGURE A.79. SEM Photographs o f  P a r t i c u l a t e  Samples Taken Downstream 
o f  the  Close-Coupled Scrubber 
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FIGURE A.80. X-Ray F luo rescence  S p e c t r a  o f  I n d i v i d u a l  P a r t i c l e s  

C a l l e d  Out i n  F i g u r e  A.79 

. - e x h i b i t e d  i n  t h i s  f i g u r e  i s  t y p i c a l  o f  a l l  o f f - g a s  s u r g i n g  even ts  observed d u r -  

i n g  PSCM-8. However, c a u t i o n  s h o u l d  be used i n  i n t e r p r e t i n g  t h e  hydrogen s p i k e  

i n  F i g u r e  A.82 because i t  may be due i n  p a r t  t o  a  p r e s s u r e  f l u c t u a t i o n  i n  t h e  

sampl ing  1 i n e  s t i m u l a t e d  by t h e  m e l t e r  event .  



TABLE A.74. PSCM-8 Gross Aerosol  DFs 

Sampl i ng Pe r i od  
Date I n t e r v a l  

Sampl e  
Type 
Scrub 
Cyc lo  
Scrub 
HEPA 
Cyc lo  
Scrub 
Cyc lo  
Scrub 

Feed Rate, 
kg/mi n  

1.7 
1.6 
1.7 
1.7 
1.7 
2  .o 
2  .o 
1.7 

DF 
Me1 t e r  Scrubber 

1100 67 

Dur ing  t h e  PSCM-6 run (see Sec t i on  "PSCM-6 - MARCH 1982"),  SO2 exhaust 

concen t ra t i ons  inc reased  when f eed ing  was t e rm ina ted  a t  t h e  conc lus i on  o f  t h e  

run, which suggested t h a t  Na2S04 was accumulat ing w i t h i n  t h e  me l t e r .  Th i s  was 

indeed found t o  be t h e  case, as was l a t e r  demonstrated i n  a  pos t- run  i n s p e c t i o n  

o f  t h e  i d l i n g  m e l t e r  g l ass  sur face.  Th i s  s t i m u l a t e d  s p e c u l a t i o n  t h a t  accumula- 

t i o n s  of Na2S04 c o u l d  be respons ib l e  f o r  changes i n  t h e  m e l t i n g  c a p a c i t y  o f  

l i q u i d - f e d  m e l t e r s  t h a t  occur  d u r i n g  t h e  i n i t i a l  24 h  o f  l i q u i d  f eed ing  ( t h e  

s t a r t u p  phase). PSCM-8 m e l t e r  emissions o f  SO2 f u r t h e r  suppor t  t h i s  no t i on ,  as 

i s  shown i n  F i g u r e  A.83. Du r i ng  t h e  i n i t i a l  f eed ing  phase, when t h e  m e l t e r l s  

ab i  1  i t y  t o  hand1 e  feed was 1  i m i  t ed ,  feed- rate-normal i zed SO2 emiss ion  r a t e s  

were u n c h a r a c t e r i s t i c a l l y  low, i n d i c a t i n g  t h a t  Na2S04 was p robab ly  accumulat-  

ing .  As p rocess ing  con t inued  a t  a  f i x e d  feeding r a t e ,  SO2 emiss ion r a t e s  

y r a d u a l l y  inc reased  a long  w i t h  t h e  m e l t i n g  c a p a c i t y  o f  t h e  l i q u i d - f e d  m e l t e r .  

Apparen t l y  a  mo l ten  Na2S04 phase a i d s  i n  t h e  feed m e l t i n g  process. 





F I G U R E  A.82. Composi t iona l  Behav ior  o f  Noncondensible M e l t e r  Exhaust 
Gases Accompanying a Flow Surge. Maximum Ex ten t  o f  t h e  
Surge Event: Flow 3X; H2 c3.5; CO >>0.5%; C02 15%; 
O2 17% 





OFF-GAS FLOW RATES 

Flow r a t e  behav io r  has been s t u d i e d  f o r  a l l  m e l t e r  exper iments  (except  

PSCM-2) conducted s i n c e  January 1, 1981. These i n c l u d e  1) two exper iments  

(LFCM-4 and LFCM-6) u t i l i z i n g  a  n e u t r a l i z e d  waste composi t ion,  2)  f o u r  t e s t s  

(PSCM-3, LFCM-7, PSCM-4 and PSCM-5) i n v o l v i n g  t h e  new fo rmate  feed  compos i t i on ,  

3 )  two t e s t s  (PSCM-6 & PSCM-7) employing a  formate- feed compos i t i on  and new 

f r i t ,  and 4)  one t e s t  p rocess ing  a  h i g h  A l ,  l ow Fe formate feed. The r e s u l t s  

ob ta i ned  f rom each t e s t  w i l l  now be d iscussed separa te ly .  

LFCM-4 - JANUARY 1981 

The o f f - gas  f l o w  r a t e s  o f  l i q u i d - f e d  me1 t e r s  were f i  r s t  examined d u r i n g  

t h e  LFCM-4 exper iment.  What was observed was a  no isy ,  e r r a t i c  f l o w  r a t e  con- 

s i s t i n g  o f  f r equen t  suryes mixed w i t h  pe r i ods  o f  r e l a t i v e  calm. P o r t i o n s  o f  

t h e  s t r i  p- cha r t  r eco rd  generated by t h e  f l o w  t r ansduce r  d u r i n g  t h i s  exper iment  

a re  i l l u s t r a t e d  i n  F i g u r e  A.84. The c o n d i t i o n s  i l l u s t r a t e d  i n  t h i s  f i g u r e  

represen t  extremes w i t h i n  which t h e  me1 t e r  ope ra t i ons  were mainta ined.  A s t a-  

t i s t i c a l  a n a l y s i s  of t h e  magnitude and d u r a t i o n  o f  su rg i ng  was conducted d u r i n g  

an a c t i v e  8-h p e r i o d  o f  cont inuous m e l t e r  ope ra t i on .  These r e s u l t s  a r e  summar- 

i z e d  i n  Table  A.75. The u n c e r t a i n t i e s  l i s t e d  w i t h  t h e  averages represen t  one 

s tandard d e v i a t i o n  of t h e  da ta  examined and, consequent ly ,  a re  measures o f  t h e  

spread o r  d i s p e r s i o n  of t h i s  da ta  (i.e., 68% o f  a l l  da ta  examined s t a t i s t i c a l l y  

l i e  w i t h i n  one s tandard  d e v i a t i o n  o f  t h e  average).  

D u r i  ng t h e  LFCM-4 exper iment,  a  s i  gn i  f i can t  number o f  o f  f- gas surges 

exceeded t h e  f u l l - s c a l e  range o f  t h e  f l o w  t r ansduce r  employed. These even ts  

were reexamined i n  o rde r  t o  e x t r a c t  i n f o r m a t i o n  rega rd i ng  t h e i r  f requency,  

d u r a t i o n  and e x t r a p o l a t e d  f l ows  ( t r i a n g u l a r  approx imat i  on). Th i s  da ta  appears 

i n  Table  A.76, where a l l  emergency v e n t i n g  occurrences a re  so des ignated.  It 

should  be no ted  t h a t  conductance-1 i m i t i  ng r e s t r i c t i o n s  i n v o l v i n g  1  oaded HEPA 

f i 1  t e r s  and/or  va l ve  t h r o t t l  i ny o f  t h e  system exhaust were r espons ib l e  f o r  t h e  

b r i e f  m e l t e r  p r e s s u r i z a t i o n s  t h a t  l e d  t o  t h e  emergency v e n t i n g  s i t u a t i o n s .  The 

f l o w s  recorded d u r i n g  these  me1 t e r  p r e s s u r i z a t i o n s  a re  p robab ly  no t  t o t a l  l y  

a s c r i b a b l e  t o  t h e  events  which t r i g g e r e d  t h e  ven t i ng  occurrence bu t ,  r a t h e r ,  
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FIGURE A.84. LFCM-4 Off-Gas Flow Rate Behav ior  

a re  due ( i n  p a r t )  t o  atmosphere f lowback i n t o  t h e  m e l t e r  th rough  t h e  v e n t i n g  

b u t t e r f l y  valve.  Th i s  s i t u a t i o n  r e s u l t s  p r i m a r i l y  f rom t h e  slow response t i m e  

o f  t h e  ven t i ng  va lve,  coupled w i t h  an automated m e l t e r  exhaust system t h a t  

a t tempts  t o  ma in ta i n  a nega t i ve  plenum pressure  even when t h e  me1 t e r  i s  opened 

t o  t h e  atmosphere. 



TABLE A.75. F low  S u r g i n g  C h a r a c t e r i s t i c s  D u r i n g  L F C M - ~ ( ~ )  

~ v e r a g e (  b, Average 
S t e a d y- S t a t e  Surye F low Surge D u r a t i o n  

Flow, scfm f 0, scfm f 0, m in  

90 220 k 80 2 k 1  

( a )  Study conducted o v e r  an 8-h p e r i o d  on 1/22/81.  
( b )  T o t a l  average f l o w  ( s t e a d y - s t a t e  p l u s  s p i k e )  

i s  l i s t e d .  

TABLE A.76. Frequency,  D u r a t i o n  and E x t e n t  o f  LFCM-4 Surges 

D u r a t i o n ,  Flow, 
D a t e  T i  me mi n  sc fm Vent - - 

1/21/81  1328 1.8 450 Yes 

1600 2.4 450 

1655 3  .O 450 Yes 

1345 1.5 520 

1440 1.5 570 Yes 

1948 3.2 590 Yes 

2040 2.3 620 Yes 

LFCM-6 - JUNE 1981 

One o f  t h e  main o b j e c t i v e s  o f  t h e  f l o w  r a t e  s t u d i e s  d u r i n g  LFCM-6 was t o  

c h a r a c t e r i  ze t h e  maximum f l  ow surges genera ted  by normal me1 t e r  o p e r a t i o n .  

Because o f f - g a s  surges ex tend  beyond t h e  dynamic range o f  t h e  f l o w  t r a n s d u c e r  

employed d u r i n g  LFCM-4, a  f l o w  t r a n s d u c e r  was employed d u r i n g  t h e  June r u n  t h a t  

responded t o  surge impu lses  b u t  was r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  average f l o w  

r a t e .  The maximum f l o w  surges were c a t a l o g e d  and t r e a t e d  s t a t i s t i c a l l y .  These 



r e s u l t s  a re  summarized i n  Table  A.77. It should  be noted t h a t  no emergency 

v e n t i n g  occur red  d u r i n g  t h i s  run. On t h e  o t h e r  hand, ca re  was exe rc i sed  t o  

m in im ize  conduc tance- l im i t i ng  s i t u a t i o n s  w i t h i n  t h e  m e l t e r  o f f - gas  system. 

PSCM-3 - JULY 1981 

The modest o f f - gas  c h a r a c t e r i s t i c s  o f  t h e  unboosted p i l o t - s c a l e  m e l t e r  

a l lowed bo th  t h e  average and su rg i ng  f l ows  t o  be c h a r a c t e r i z e d  by a  s i n g l e  o f f -  

gas f l o w  t ransducer .  The da ta  generated d u r i n g  PSCM-3 a re  summarized i n  

Table  A.78. 

M e l t e r  f l o w  r a t e  behav io r  appears t o  have been d r a s t i c a l l y  a l t e r e d  by t h e  

na tu re  o f  t h e  new formate feed. No l onge r  i s  f l o w  r a t e  c h a r a c t e r i z e d  by an 

e r r a t i c  su rg i ng  behavior;  r a t h e r ,  a  q u i e t ,  s t a b l e  f l o w  r a t e  appears t o  be t h e  

dominant f e a t u r e  assoc ia ted  w i t h  s t eady- s ta te  m e l t e r  opera t ions .  

LFCM-7 - AUGUST 1981 

Due t o  t h e  qu iescen t  na tu re  o f  PSCM-3 f low,  a f l o w  t ransducer  capable o f  

measur ing t h e  average f l o w  r a t e  was u t i l i z e d  i n  LFCM-7. It was hoped t h a t  t h e  

dynamic range o f  t h i s  t ransducer  would be adequate f o r  any surges which m igh t  

be generated by t h i s  formate- fed,  1  id- boosted me1 t e r .  Th is ,  i ndeed, d i d  t u r n  

o u t  t o  be t h e  case, where o n l y  a  s i n g l e  s i g n i f i c a n t  event occur red  i n  -120 h  o f  

me1 t e r  opera t ion .  Th i s  event d i d  cause me1 t e r  p r e s s u r i z a t i o n ,  which i n i t i a t e d  

emergency vent ing.  The maximum f l o w  recorded d u r i n g  t h i s  event was a  f a c t o r  o f  

3  g r e a t e r  than  t h e  average f l ow .  It shou ld  be no ted  t h a t  a  p a r t i a l l y - l o a d e d  

TABLE A.77. LFCM-6 Surg ing  Flow Rate Behav ior  

Mean Surge Flow, Data D i spe rs i on  (1-0) , Maximum Flow, 
scfm scfm scfm 

185 6  3  465 

TABLE A.78. PSCM-3 Flow Rate Behav ior  

Flow (scfm) Surges a % Average Flow 
Avg. Max. - - 200 300 400 - - -  

70 220 11 2  0  



HEPA f i l t e r  (bP -10 in . )  was present  i n  t h e  o f f - gas  l i n e  when t h i s  event 

occurred.  I n  a d d i t i o n ,  t h e  water  p resen t  i n  a  seal pot ,  which was blown i n t o  

t h e  ho t  o f f - g a s  l i n e  by t h e  p r e s s u r i z a t i o n ,  accounted f o r  some o f  t h e  f l o w  

recorded d u r i n g  t h i s  event. A summary o f  a l l  p e r t i n e n t  o f f - gas  f l o w  r a t e  da ta  

generated d u r i n g  LFCM-7 appears i n  Table  A.79. 

PSCM-4 - DECEMBER 1981 

Du r i ng  PSCM-4, t h e  t o t a l  o f f - gas  f l o w  was measured t o  c h a r a c t e r i z e  m e l t e r  

o f f - gas  f l o w  surges. The da ta  c o l l e c t e d  a re  shown i n  Table  A.80. It should  be 

no ted  t h a t  22 o f  t h e  surges t h a t  were >50% above t h e  average f l o w  occur red  dur-  

i n g  a p e r i o d  when t h e  m e l t e r  su r f ace  was comple te ly  covered by a  c o l d  cap and 

when t h e  me1 t e r  seemed t o  be accumulat ing feed. The feed r a t e  appeared t o  be 

h i ghe r  than  t h e  me1 t e r ' s  p rocess ing  c a p a b i l  i t i e s  d u r i n g  t h a t  per iod .  L a t e r ,  

t h e  same feed r a t e  was be ing  processed w i t h  l i t t l e  surg ing,  bu t  t h e  c o l d  cap 

was no t  complete, and feed was no t  accumulat ing i n  t h e  me l t e r .  These da ta  

i n d i c a t e  t h a t  f r equen t  surges >50% above average o f f - gas  f l o w  r a t e  occur  when 

t h e  m e l t e r  i s  be ing  over fed.  

TABLE A.79. LFCM-7 Flow Rate Behav ior  

Flow Rate, scfm 
Steady S t a t e  Surges 

M i  nimum Maximum Averaqe Maximum 

TABLE A.80. Off-Gas Surg ing Behav ior  

Flow Cha rac te r i  s t i c s  Rate 

Average f l o w  70 scfm 
Maximum surge f l o w  145 scfm 
Number o f  surges, >150% average 26 
Average surge l e n g t h  4  minutes 
Range o f  surge l eng ths  0.5 - 8 m inu tes  
Maxi mum surge vo l  ume -1000 f t 3 



PSCM-5 - JANUARY 1982 

D u r i n g  t h e  January  PSCM-5 t e s t ,  t h e  o f f - g a s  f l o w  was measured w i t h  a  

Ramapd t a r g e t - t y p e  f lowmeter .  As t h e  r u n  progressed,  t h e  f l owmete r  c o l l e c t e d  

d e p o s i t s  wh ich  a f f e c t e d  t h e  c a l i b r a t i o n  o f  t h e  i n s t r u m e n t ;  however, t h e  changes 

between r e a d i n g s  a r e  b e l i e v e d  t o  be p r o p o r t i o n a l .  Surges i n  t h e  o f f - g a s  f l o w  

were c a t e g o r i z e d  by u s i n g  t h e  r a t i o  o f  t h e  su rge  t o  t h e  average f l ow .  The 

r a t i o s  were separa ted  i n t o  s t a b l e  and u n s t a b l e  o p e r a t i n g  p e r i o d s ,  and t h e s e  

v a l u e s  a r e  shown i n  T a b l e  A.81. The s t a b l e  and u n s t a b l e  p e r i o d s  were i d e n t i -  

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

r e p r e s e n t  o n l y  t h e  f i r s t  two days o f  t h e  PSCM-5 t e s t  due t o  f l o w m e t e r  ma l func-  

t i o n s .  O f f - g a s  f l o w  c h a r t  r e c o r d i n g s  o f  s t a b l e  and u n s t a b l e  p e r i o d s  a r e  shown 

i n  F i g u r e  A.85. As can be seen, u n s t a b l e  p e r i o d s  a r e  c h a r a c t e r i z e d  by f r e q u e n t  

h i g h  s p i k e s  i n  f l o w .  

PSCM-6 - MARCH 1982 

The o f f - g a s  f l o w  r a t e  was q u i t e  s t a b l e  d u r i n g  most  o f  PSCM-6. On 

March 21, t h e  f i r s t  day o f  t h e  run,  t h e  m e l t e r  was o v e r f e d  because t h e  g l a s s  

tempera tu res  were low. T h i s  o v e r f e e d i n g  was r e s p o n s i b l e  f o r  a1 1  r e c o r d e d  o f f -  

gas surges.  T h i s  d a t a  i s  shown i n  T a b l e  A.82. The o v e r f e e d i n g  s i t u a t i o n  

d e s c r i b e d  above was de te rm ined  by v i s u a l  o b s e r v a t i o n  o f  t h e  m e l t e r  c o l d  cap. 

The u n s t a b l e  m e l t e r  o p e r a t i o n  o c c u r r e d  between 0200 and 1100 hours  on March 21. 

D u r i n g  s t e a d y- s t a t e  o p e r a t i o n ,  no o f f - g a s  surges occu r red ,  and t h e  Ramapo 

f lowmeter  reco rded  an average gas f l o w  r a t e  o f  120 scfm. T h i s  f l o w  r a t e  

TABLE A.81. PSCM-5 Off-Gas Flow Ra te  B e h a v i o r  

F low C h a r a c t e r i s t i c s  S t a b l e  U n s t a b l e  

Maximum surge r a t i o  1.8 2.9 

Average surge r a t i o  1.4 1.9 

Average f l o w  r a t e ,  acfni( a )  180 180 

Average su rge  d u r a t i o n ,  m i  n  3 3 

Maximum surge d u r a t i o n ,  m in  15 5 

( a )  C a l c u l a t e d  average f rom f e e d  r a t e  w i t h  o f f  gas a t  400°C. 





TABLE A.82. PSCM-6 Off-Gas Flow C h a r a c t e r i s t i c s  

Surges, Grea te r  than  - - 
Flow, scfm Percent  o f  Average Flow 

Average Maximum 150% 200% 300% 

( a )  Average d u r i n g  p e r i o d  o f  surges 
Feed r a t e  0  t o  1.2 kg/min. 

occur red  w i t h  a  s l u r r y  feed r a t e  o f  2  kglmin.  The Ramapo f lowmeter  r e s u l t s  

were compared t o  a  p e r i o d i c a l l y  checked p i t o t  tube, which i n d i c a t e d  an o f f - g a s  

f l o w  r a t e  o f  100 scfm. T h i s  i n d i c a t e s  t h e  Ramapo f lowmeter  g ives  reasonable  

va lues which m igh t  be s l i g h t l y  h i gh  because o f  t h e  p a r t i c u l a t e  i n  t h e  o f f - g a s  

l i n e s .  

The noncondensible gas f l o w  was p e r i o d i c a l l y  measured w i t h  a  p i t o t  tube  

and c a l c u l a t e d  from t h e  average CO and C02 concen t ra t i ons  i n  t h e  gas. The f l o w  

was c a l c u l a t e d  f o r  seven d i f f e r e n t  t i m e  pe r i ods  rep resen t i ng  t h e  pe r i ods  be fo re  

and a f t e r  t h e  use o f  a  sampl ing HEPA f i l t e r .  The carbon con ten t  i n  t h e  feed  

was used w i t h  f eed ing  r a t e  and CO + C02 exhaust concen t ra t i on  da ta  t o  determine 

t h e  t o t a l  noncondensible gas f low.  The r e s u l t s  a re  shown i n  Table  A.83. 

The va lues c a l c u l a t e d  f rom bo th  methods compare very  w e l l  and i n d i c a t e  

t h a t  a  smal l  l eak  i s  p resen t  i n  t h e  HEPA f i l t e r  ho lder .  Th i s  leak  would no t  

a f f e c t  HEPA f i l t e r  r e s u l t s .  The a i r - a tom ized  water  spray nozz le  used t o  coo l  

t h e  o f f  gas c o n t r i b u t e d  -5 scfm t o  t h e  noncondensible gas f low.  The t o t a l  

i n leakage  i n t o  t h e  m e l t e r  was about 25 scfm. 

PSCM-7 - MAY 1982 

Dur ing  PSCM-7, t h e  t o t a l  m e l t e r  o f f - gas  f l o w  r a t e  was mon i to red  u s i n g  t h e  

pressure drop across an o r i f i c e  p l a t e .  The o r i f i c e  was designed t o  de tec t  and 
- .  record  l a r g e  f l u c t u a t i o n s  i n  t h e  o f f - gas  f l o w  ra te .  A g raph i ca l  d i s p l a y  o f  

t h i s  f l o w  da ta  i s  shown i n  F i g u r e  A.86. Th i s  graph i s  a  q u a l i t a t i v e  index  o f  

t h e  o f f - gas  f l o w  r a t e  i n s t a b i l i t i e s  and i s  compared t o  t h e  me1 t e r  ope ra t i ona l  

s t a b i l i t y  i ndex  a l s o  shown i n  F i g u r e  A.86. Ove ra l l ,  t h e r e  were > I50  surges i n  

PSCM-7; most o f  them occur red  near t h e  beg inn ing  o f  t h e  t e s t .  



TABLE A.83. Noncondensi b l  e  Gas Flow (sc fm)  

Da te  

3 /23  

3/24 

3 /24 

3/25 

3/25 

3/26 

3 /26 

Average 
P i t o t  Tube 
Reading 

3 0  

Cal c u l  a t e d  
From CO +C02 

Concent r a t i o n s  

2  8  

HEPA 
F i  1  t e r  
S t a t u s  

Out 

Out 

Out 

I n  

Out 

Out 

The m e l t e r  s t a b i l i t y  i n d e x  i s  de te rm ined  by f e e d  r a t e  and power i n p u t  f a c -  

t o r s .  The o f f - g a s  s t a b i l i t y  i n d e x  i s  de te rm ined  by c o u n t i n g  t h e  number o f  

surges i n  a  1-h p e r i o d ,  wh ich  exceeded two t i m e s  t h e  c a l c u l a t e d  average f l o w  

r a t e .  I f  more t h a n  10 surges were found,  an i n d e x  o f  10 was g i v e n  t o  t h a t  

p e r i o d .  The s e c t i o n  marked w i t h  " c y c l o n e"  may n o t  be comparable t o  o t h e r  a reas  

because a  p a r t i c u l a t e  sampl i ng c y c l o n e  p l a c e d  i n  f r o n t  o f  t h e  o r i f i c e  c o u l d  

have a f f e c t e d  t h e  o r i f i c e '  s  o p e r a t i o n s .  "Ramapo" i n d i c a t e s  t h a t  t h e  d a t a  were 

t a k e n  w i t h  a  Ramapo f l o w m e t e r  because t h e  o r i f i c e  f l o w m e t e r  was bypassed a t  

t h a t  t ime .  

As a  compar ison,  t h e  o f f - g a s  f l o w  r a t e  s t a b i  1  i t y ( a )  i n d e x  d u r i n g  PSCM-6 

was o n l y  above a  v a l u e  o f  two once, w h i l e  t h e  r e s t  o f  t h e  r u n  had o n l y  a  t o t a l  

o f  t h r e e  surges.  PSCM-6 was a  much more s t a b l e  t e s t  t h a n  was PSCM-7. 

PSCM-8 - JUNE 1982 

The t o t a l  o f f - g a s  f l o w  r a t e  was m o n i t o r e d  d u r i n g  PSCM-8 and i s  shown i n  

T a b l e  A.84. An o r i f i c e  f l o w m e t e r  was used f o r  most o f  t h e  exper imen t ,  and a  

Ramapo f l o w m e t e r  was used when a  HEPA f i l t e r  sample was b e i n g  c o l l e c t e d .  The 

( a )  C u r r e n t l y ,  " s t a b i l i t y "  i s  a  s u b j e c t i v e  d e c i s i o n  made by t h e  s h i f t  e n g i -  
neer ,  t a k i n g  i n t o  c o n s i d e r a t i o n  v i s u a l  and reco rded  d a t a  and c u r r e n t  
m e l t e r  b e h a v i o r .  The purpose o f  t h e s e  ana lyses  a r e  t o  q u a n t i f y  a  v a r i -  
a b l e  o r  measurement t o  use i n  p l a c e  o f  s u b j e c t i v e  judgment.  
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TABLE A.84. PSCM-8 Flow Data 

Number o f  Surges 
Flow, acfm >% Average Average Surge 

Average Maximum 150 200 250 300 ---- D u r a t i o n  

138 39 1 17 4 4 1  3  min 

T o t a l  number of surges = 26. 

noncondensible f l o w  was p e r i o d i c a l l y  checked w i t h  a  p i t o t  tube. The average 

f l o w  r a t e  of t h e  noncondensible gases was 16 scfm be fo re  t h e  HEPA f i l t e r  sam- 

p l e ,  30 scfm when t h e  HEPA f i l t e r  was va lved  i n ,  and 22 when t h e  HEPA f i l t e r  

was va l ved  ou t  again.  PSCM-8 e x h i b i t e d  much more s t a b l e  o f f - g a s  f l o w  behav io r  

t han  p rev ious  PSCM t e s t s .  The average f l o w  r a t e  recorded by t h e  o r i f i c e  f l ow -  

meter was comparable t o  t h e  c a l  c u l  a ted  va lue  o b t a i  ned f rom t h e  noncondensi b l  e 

f l o w  and m e l t e r  f eed ing  ra tes .  The o r i f i c e  f lowmeter  va l ue  was 140 acfm, and 

t h e  c a l c u l a t e d  va lue  was 190 acfm. 



MELTER IDLING TESTS 

M e l t e r  emiss ion r a t e s  o f  s e m i v o l a t i l e  elements were i n v e s t i g a t e d  under 

va r i ous  i d 1  i ng c o n d i t i o n s  a t  t h e  conc lus i on  o f  PSCM-5. B r i e f l y ,  me1 t e r  emis- 

s i o n  r a t e s  were determined by d i r e c t  plenum sampl ing as a  f u n c t i o n  o f  plenum 

temperature and su r f ace  g l  ass v i s c o s i t y .  Temperature c o n t r o l  was mai n t a i  ned 

th rough  use o f  plenum water sprays,  which coo led  b u t  d i d  n o t  d i s t u r b  t h e  sur-  

face  o f  t h e  m e l t e r  g lass  pool .  A b r i e f  q u a l i t a t i v e  d e s c r i p t i o n  o f  m e l t e r  char-  

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

A t  a  water  sp ray ing  r a t e  o f  43.5 L /h  and w i t h  t h e  m e l t e r  runn ing  under 

automat ic  r es i s t ance  c o n t r o l ,  t h e  g l ass  su r f ace  was coo led  t o  t h e  p o i n t  t h a t  i t  

formed a  cont inuous nonconvect ive l a y e r  above t h e  b u l k  m e l t e r  g lass  pool  

(plenum 280°C). A t  26.5 L/h, t h e  su r f ace  v i s c o s i t y  decreased s i g n i f i c a n t l y .  

Convect ive m i x i ng  opened vents,  o r  fumaroles,  i n  t h e  g lass  su r f ace  t h a t  

m i  g ra ted  a t  random across t h e  me1 t e r  g l ass  pool .  However, plenum temperatures 

were no t  h i g h  enough t o  m e l t  feed depos i t s  formed upon t h e  m e l t e r  w a l l s  and 1  i d  

d u r i n g  PSCM-5. F i n a l l y ,  t h e  c o o l i n g  spray was t e rm ina ted  and t h e  m e l t e r  was 

a l lowed t o  i d l e  a t  a  f i x e d  c u r r e n t  r a t e ,  which s l o w l y  brought  t h e  m e l t e r  plenum 

up t o  850°C. Samples were c o l l e c t e d  from t h e  plenum d u r i n g  a l l  phases o f  t h i s  

s tudy . 
The r e s u l t s  ob ta ined  from these plenum samples a re  summarized i n  F i g-  

u r e  A.87, which cha rac te r i zes  t h e  emiss ion r a t e s  o f  t h e  semi vo l  a t i  l e  elements 

under v a r i  ous i d 1  i ng c o n d i t i o n s  ( tempera tu re )  enipl oyed du r i  ng t h i  s  t e s t .  These 

da ta  i n d i c a t e  t h a t  emiss ion r a t e s  o f  a l l  s e m i v o l a t i l e  elements decreased as a  

f u n c t i o n  o f  t ime  a f t e r  t h e  complet ion o f  PSCM-5 under t h e  i n f l u e n c e  o f  a  42 L /h  

water  sp ray ing  ra te .  Reducing t h e  c o o l i n g  spray r a t e  t o  27 L /h  measurably 

inc reased  bo th  plenum temperature and semivol a t i  l e  emiss ion ra tes ;  however, an 

equi  1  i bra ted  plenum temperature was no t  achieved d u r i n g  t h e  b r i e f  pe r i od  (24 h) 

o f  reduced spray ing.  

Termina t ion  o f  t h e  wa te r- coo l i ng  spray inc reased  t h e  plenum temperature 

s t e a d i l y  t o  t h e  p o i n t  where plenum su r f ace  depos i t s  formed d u r i n g  PSCM-5 began 

t o  me l t  and "burn"  away. Th i s  p e r i o d  was respons ib l e  f o r  t h e  d ramat i c  peak ing 





of  emission r a t e s  of t h e  s e m i v o l a t i l e  elements. The f a c t  t h a t  a l l  semivola- 

t i l e s  do no t  form maxima a t  t h e  same p o i n t  i n  t i m e  i s  p robab ly  due t o  tempera- 

t u r e ,  which was s t e a d i l y  i n c r e a s i n g  th roughou t  t h e  i n t e r v a l  over 'wh ich  these  

maxima occur. 

The plenum temperature d u r i n g  t h e  l a s t  two sampl ing pe r i ods  was -850°C, 

and a l l  plenum sur faces  appeared c lean.  The emiss ion r a t e s  d u r i n g  these per-  

i o d s  are,  w i t h  t h e  excep t ion  o f  Se and Te, s i g n i f i c a n t l y  g r e a t e r  than  t h e  m i n i -  

mum emiss ion r a t e s  o f  these  elements d u r i n g  f u l l  42 L /h  spray coo l ing .  How- 

ever ,  these e l eva ted  i d 1  i ng emiss ion r a t e s  a re  s t i  l l s i g n i f i c a n t l y  below those 

r a t e s  observed d u r i n g  moderate l i q u i d  feed ing  cond i t i ons .  S p e c i f i c a l l y ,  t h e  Cs 

emiss ion r a t e  expected from t h e  PSCM f o r  a  l i q u i d  f eed ing  r a t e  o f  50 L /h  

(1.1 kg lm in )  would be -8 mglmin. Th i s  i s  t w i c e  t h e  va lue  observed d u r i n g  ho t  

m e l t e r  i d l i n g  cond i t i ons .  Consequently, i t  appears t h a t  t h e  plenum c o o l i n g  

approach, a1 though capable o f  reduc ing  emiss ion r a t e s  o f  most semivol  a t i  1  es ( by  

a  f a c t o r  o f  10 f o r  Cs), i s  o f  l i t t l e  p r a c t i c a l  va lue  i n  reduc ing  t h e  o v e r a l l  

me1 t e r  o f f - gas  rad io1  og i  c a l  burden. 

A t  t h e  conc lus i on  o f  PSCM-4 t h e  e f f e c t  o f  water  f eed ing  on t h e  i d 1  i n g  

m e l t e r  was i n v e s t i g a t e d .  The plenum spray appears t o  be f a r  s u p e r i o r  t o  d i r e c t  
, 

water  f eed ing  as a  means o f  c o o l i n g  t h e  plenum and m e l t e r  g lass sur face.  The 

water f eed ing  techn ique  produced a  h i gh  degree o f  ent ra inment  and aeroso l  

ca r r yove r  i n t o  t h e  o f f - gas  system. Moreover, a t  t h e  water  f eed ing  r a t e s  used 

(45 L l h )  , convec t i ve  m i  x i  ng was ac tua l  l y  exacerbated ( t o t a l  me1 t e r  f l o o d i n g  was 

never at tempted).  On t h e  o t h e r  hand, t h e  water  plenum spray d i d  no t  i n i t i a t e  

ent ra inment ,  and min imized o r  e l i m i n a t e d  convec t i ve  su r f ace  mix ing.  



CORROSION 

Meta l  c o r r o s i o n  has been observed i n  t h e  plenum and o f f - g a s  equipment i n  

two l i q u i d - f e d  m e l t e r s  operated by PNL, t h e  LFCM and t h e  PSCM. The LFCM was 

c o n s t r u c t e d  w i t h  an e x t e r n a l l y  i n s u l a t e d  I ncone l@ plenum l i n e r  and an I ncone l  

o f f - g a s  p o r t ,  w h i l e  t h e  PSCM m e l t e r  has an i n t e r n a l l y  i n s u l a t e d  l i d .  The 

i n t e r n a l  i n s u l a t i o n  i s  A1 f rax- 57.  The o f f - gas  p o r t  i s  made o f  Inconel- 690 w i t h  

a  Cr203 plasma-sprayed coa t i ng .  The o n l y  o t h e r  metal  i n  t h e  PSCM i s  t h e  

I ncone l  plenum hea te r  t h imb les ,  t h e  feed  nozz le  and t h e  meta l  c o r r o s i o n  sam- 

p les .  Both m e l t e r s  use t h e  same s t a i n l e s s  s t e e l  o f f - g a s  system, which c o n s i s t s  

of a  v e n t u r i  scrubber ,  a  packed tower  and a  blower.  The c o r r o s i o n  o f  metal  

p a r t s  exposed t o  t h e  m e l t e r  o f f  gas w i l l  be d iscussed i n  t h e  f o l l o w i n g  sec- 

t i o n s .  The o p e r a t i n g  c o n d i t i o n s  of t h e  m e l t e r s  d u r i n g  v a r i o u s  t e s t s  a re  shown 

i n  Table  A.85. 

LFCM 

S i x  exper iments  were conducted w i t h  t h e  LFCM between September 1980 and 

September 1981 and, d u r i n y  t h a t  t ime,  a  v a r i e t y  o f  meta l  p a r t s  have corroded. 

The f i r s t  component which f a i l e d  was a  s t a i n l e s s  s t e e l  f l e x  hose i n s t a l l e d  i n  

t h e  LFCM o f f - g a s  1  i ne .  The hose corroded bad ly  d u r i n g  t h e  f i r s t  exper iment  

(LFCM-2) a f t e r  15 days o f  i d l i n g  and 7  days o f  m e l t e r  ope ra t i on .  The f l e x  hose 

was b r i t t l e  and f u l l  of ho les  near  t h e  welded j o i n t s .  The meta l  was a l s o  f l a k -  

i n g  badly .  Ana l ys i s  o f  t h e  cor roded meta l  showed cons ide rab le  amounts o f  

c h l o r i d e  (C1) and s u l f u r  (S) .  The a n a l y s i s  a l s o  showed a  h i g h  chromium ( C r )  

c o n c e n t r a t i o n  i n  r e l a t i o n  t o  t h e  i r o n  (Fe)  and n i c k e l  (N i  ) p resen t  i n  s t a i n l e s s  

s t e e l .  The cor roded  p ieces  were magnet ic,  i n d i c a t i n g  t h a t  t h e  N i  was b e i n g  

a t t acked  by S  and C1, which i s  t y p i c a l  o f  s u l f i d a t i o n  a t t ack .  ( S u l f i d a t i o n  

causes h i g h  Cr-Fe a1 l o y s  t o  become magnet ic 1  i k e  t h e  f l e x  hose.) 

I t  was a l s o  no ted  t h a t  t h e  depos i t s  downstream o f  t h e  f l e x  hose had h i g h  

c o n c e n t r a t i o n s  of Fe and Ni r e l a t i v e  t o  t h e i r  concen t ra t i ons  i n  t h e  g lass .  

A n a l y s i s  o f  t h e  p l u g  m a t e r i a l  i s  shown i n  Table  A.86. Because Fe and Ni a re  

n o t  cons idered  v o l a t i l e ,  t h e  e x t r a  Fe and Ni p robab ly  came f rom t h e  f l e x  hose 
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TABLE A.86. Composi t ion of M a t e r i a l  From Off-Gas P lug  

Average 
W t %  i n  
P lug 

1.67 

W t %  Feed 
9/18/72 

a t  2030 h  

2.96 

R a t i o  of 
W t %  P lug /  
W t %  Feed 

0.56 

Elemental  
Oxides 

2'3 

B203 
C a0 

Cs20 

Fe203 

L i 2 0  

My0 
Mn02 

Na20 

NiO 

R u02 

S i02  

S r O  

Te02 

T i02  

Z nO 

c o r r o s i o n  products .  The f l e x  hose c o r r o s i o n  was a l s o  caused by h igh-  

temperature c y c l i n g  and f l e x  hose s t r esses  t h a t  were induced when t i l t i n g  t h e  

me1 t e r .  The plenum temperature d u r i n g  t h i s  p e r i o d  v a r i e d  between 400 and 

8OO0C. 

S ince LFCM-2, t h e  o f f - y a s  temperature has been kep t  below 400°C by u s i n g  a  

water- cool  i n y  spray d u r i n g  opera t ion .  Du r i ng  i d 1  i ng, t h e  o f f - gas  f l o w  was 

decreased, so t h e  o f f - gas  temperature i s  r e l a t i v e l y  low a  few f e e t  f rom t h e  

m e l t e r ,  and t h e  new f l e x  hose has no t  cor roded s i g n i f i c a n t l y .  

About seven months a f t e r  t h e  f l e x  hose corroded, s i gns  o f  l i n e r  f a i l u r e  

occurred.  Some meta l  s t r i p s  ( Incone l- 601)  on t h e  unders ide  o f  t h e  m e l t e r  l i d  

were observed t o  be hanging down f rom t h e  m e l t e r  l i d .  



After the l i d  fa i lure  was observed, a temperature excursion occurred, 
raising the glass temperatures above 1400°C. After the temperature excursion, 
the melter l i d  was inspected with a metallic mirror,-and about 50% of the l i d ' s  
metal underside was missing, as shown in Figure A.88. 

The Inconel-601 wall s were re1 a t i  vely undamaged. The difference i n  damage 

between the walls and l i d  could be caused by the different  s t resses  in the l i d ,  
or the different temperatures encountered. The walls form the protective 

shield for  the plenum heaters, which keeps the walls above 900°C during opera- 
t ion,  while the l i d  temperature cycles between 400 amd 1000°C. 

After the next LFCM run, the badly-corroded off-gas port (Sch. 40 

Inconel-601 pipe) broke away from the l i d  while the off-gas l ines were being 

disassembled for  inspection. Unlike Inconel, the port possessed magnetic 
properties. Analysis by x-ray diffraction showed 1 ayers of Ni Cr04, Ni Fep04 
spinels,  and metal 1 i c Ni . The analysis by SEM revealed 1 arge amounts of C1 and 
S in the void spaces, which indicates there was C1 and S attack. 

- 

Feed Port 

Off-Gas Port 
Sleeve 

Emergency O f  f-Gas 
Port 

EAST 

FIGURE A.88. Underside of LFCM Lid North 



Ana l ys i s  o f  o f f- gas  l i n e  depos i t s  formed d u r i n g  i d l i n g  pe r i ods  have shown 

NaCl concen t ra t i ons  rang ing  f rom 20 t o  90% and S  concen t ra t i ons  as h i g h  as 30%. 

These analyses i n d i c a t e  s u l f i d a t i o n  a t t a c k ,  bu t  do no t  r u l e  ou t  t h e  p o s s i b i l i t y  

t h a t  t h e  h i g h  temperature excu rs i on  con t  r i  buted t o  t h e  p o r t ' s  premature 

f a i  1  ure.  

A f t e r  t h e  i n c i d e n t s  mentioned above, t h e  o f f - gas  p o r t  was rep laced  and 

c o r r o s i o n  samples were mounted i n  t h e  LFCM plenum. The c o r r o s i o n  r e s i s t a n c e  of 

t h e  meta l  samples a re  shown i n  Table  A.87. V i sua l  observa t ions  i n d i c a t e  t h a t  

Inconel- 690 and -625 a r e  t h e  bes t  a l l o y s  o f  t h e  group. 

The a b i l i t y  o f  t h e  coa t i ngs  t o  s u r v i v e  t h e  plenum atmosphere i s  l a r g e l y  

due t o  su r f ace  p repa ra t i on ,  c o a t i n g  s e l e c t i o n  and a  p r e c i s e l y  c o n t r o l  l e d  appl  i- 

c a t i o n  technique.  The ox i de  c o a t i n g  used and t h e  a p p l i c a t i o n  combinat ion a r e  

shown i n  Tab1 es A.88 and A.89. 

A l l  t h e  ox ide- coated samples s p a l l e d  seve re l y  except  f o r  c r203,  where o n l y  

a  l i t t l e  c o a t i n g  was l o s t .  The N i - C r  base coa t  a lone  d i d  no t  s p a l l ,  b u t  t h e r e  

was some a t t a c k  a t  t h e  c o a t i n g  su r f ace  and some phys i ca l  changes a t  t h e  c o a t i n g  

s u b s t r a t e  i n t e r f a c e  which have no t  been d e f i n e d  a t  t h i s  p o i n t .  S p a l l i n g  and 

c o a t i n g  changes can be seen i n  F i gu res  A.89 th rough  A.94. A  p o s s i b l e  explana-  

t i o n  f o r  t h e  s p a l l i n g  i s  t h a t  t h e  smal l  coupons were heated t o o  h i g h  d u r i n g  t h e  

d e p o s i t i o n  s tep,  seve re l y  cornpressi ny t h e  ceramic l a y e r  upon coo l i ng .  The 

TABLE A.87. Meta l  1  i c  Co r ros i  on Sample Resu l t s  

Ma te r i  a1 V i  sua l  Observa t ion  

Tan ta l  urn No l onge r  on sample rack;  d isappeared 

~i t a n i  Large f l a k e s ,  deep p i t s ;  bad l y  cor roded 

Inconel- 690 D i sco lo red  spo ts  

Inconel- 625 D i  sco l  ored spo t s  

Inconel- 617 D i  sco lored,  green spots;  obv ious meta l  l o s s  

Inconel- 600 Many d i s c o l o r e d  spo ts  

304 SS Lo t s  of f l a k i n g  meta l ;  o x i d i z i n g  r a p i d l y  

( a )  Only one sample. Other  m a t e r i a l s  had two samples each. 



TABLE A.88. P r o t e c t i v e  Coa t ing  Off-Gas Samples 

Bond Coat ing Outer Coa t ing  
Thickness , 

SampleNo. METCOID p,m METCOID 

a1 ready weakened c o a t i n g  then  spa1 1 ed o f f  when cyc l ed  back up t o  t h e  plenum 

temperature.  The p i c t u r e s  a re  grouped i n  p a i r s ;  t h e  one marked CONTROL i s  an 

unexposed sample w i t h  t h e  same t ype  of c o a t i n g  as t h e  plenum sample p o r t r a y e d  

i n  t h e  ad jacen t  p i c t u r e .  The l i g h t  shaded areas a re  t h e  metal  subs t ra tes  and 

t h e  areas w i t h  mixed shading a re  t h e  coa t ings .  F i gu res  A.89 and A.90 a re  

photos o f  t h e  N i - C r  base coat ,  which shows very  l i t t l e  co r ros i on ,  bu t  i t  does 

show t h e  base coa t  s u b s t r a t e  i n t e r a c t i o n .  F i gu res  A.91 and A.92 a re  photos o f  

t h e  Ni-Cr-6% A1 base coat  w i t h  a  Cr203 secondary coat ,  showing some c rack i ng  o f  

t h e  ox ide  coa t  and t h e  same base coa t- subs t ra te  i n t e r a c t i o n  shown i n  F i g -  

ures A.89 and A.90. F igures  A.93 and A.94 a re  photos taken  o f  t h e  ZrO-coated 

sample w i t h  a  N i - C r  base coat .  A  g rea t  deal  o f  c r a c k i n g  and m a t e r i a l  l o s s  o f  

t h e  ceramic l a y e r  a re  ev iden t .  These p i c t u r e s  a re  t y p i c a l  o f  t h e  o t h e r  coated 

samples. These r e s u l t s  suggest t h a t  more work i s  needed t o  develop and r e f i n e  

c o a t i n g  techniques. 



TABLE A.89. Spray  Powder C h a r a c t e r i s t i c s  

Spray Powder Powder I D  Const i tuent  Percent Ranye, pm 

Nickel-Chromi um A1 l o y  43F-NS N i 80 -53 + l o  
C r 20 

Nickel-Chromium/ 44 3 A 1 60 -120 +45 
A1 umi num Composi t e  Ni-Cr Bal ance 

Ceramic 

White A1 umi na 

D . 
P 
N 
CC 

Chrorni um Oxide 

Z i  r con i  um Oxide 
Composite 

Zi rconium Oxide 

1OSSF 2'3 98.5 -25 +05 
Si02 0.5 

Other Oxides 1.5 

105 2'3 98.5 -53 +15 

s io2  1 .o 
Other Oxides Balance 

Zr02 80 -90 +10 

C a0 5 

A1 2'3 0.5 
Other Oxides Balance 

Z i  r con i  um Oxide 2OlB-NS-1 Zr02 9 2 
Composite 

CaC03 8 

Comments 

Best s i n g l e  c o a t i n g  f o r  o x i d a t i o n  
r e s l  stance t o  980°C. 

Good bond coat  + O2 b a r r i e r  t o  980°C. 

Best bond coat  + O2 b a r r i e r  t o  980 'C. 

Wear r e s i s t a n t .  

Res i s t s  e ros ion  from 840 t o  165U°C. 
Wear r e s i s t a n t .  

Res i s t s  abrasion, c a v i t a t i o n  & e ros ion  
t o  540°C. I n s o l u b l e  i n  ac ids,  a l k a l i s  
and a lcoho l  . 
Res is t s  thermal shock and p a r t i c l e  
e ros ion  t o  1650°C. 

Res i s t s  thermal shock and p a r t i c l e  
e ros ion  above 845OC. 

Res i s t s  thermal shock and p a r t i c l e  
e ros ion  above 845OC. 



#4 Control  l O O X  

FIGURE A . 8 9 .  SEM Photograph o f  Ni -Cr  
Base Coat Under l O O X  
Magni f i c a t  i on - Cont ro l  

#4 l O O X  

FIGURE A . 9 0 ,  SEM Photograph o f  Ni -Cr  
Base Coat Showing Ver.y 
L i t t l e  ~ o r r o s i  on-under 
l O O X  M a g n i f i c a t i o n  
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#12 Con t ro l  l O O X  

FIGURE A.93. SEM Photograph o f  ZrO-Coated 
Sample w i t h  a Ni-Cr Base 
Coat Under l O O X  M a g n i f i c a t i o n  - 
Cont ro l  

#12 l O O X  

FIGURE A.94. SEM Photograph o f  ZrO- 
Coated Sample w i t h  a 
N i - C r  Base Coat Under 
l O O X  Magni f i c a t  i on 



The most p romis ing  coupon samples f rom t h e  LFCM t e s t s  were combined w i t h  - 
a d d i t i o n a l  metal  samples f o r  t e s t i n g  i n  t h e  PSCM plenum a f t e r  t h e  LFCM t e s t s  

were d iscon t inued .  The c o r r o s i o n  samples were chosen t o  represen t  d i f f e r e n t  

groups o f  a l l o y s ,  and t h e  exposure t i m e  was v a r i e d  so t h e  separate  e f f e c t s  o f  

i d l i n g  and m e l t e r  ope ra t i on  cou ld  be determined. The phys i ca l  appearance and 

weight  o f  t h e  metal  samples were recorded be fo re  and a f t e r  exposure, and t h e  

r e s u l t s  a re  shown i n  Table A.90. Some samples had tenac ious  p a r t i c l e  depos i t s ,  

so t h e  c o r r o s i o n  r a t e s  shown may be low. The depos i t s  a l s o  make sample com- 

p a r i s o n  d i f f i c u l t ,  bu t  t h e  adherence o f  t h e  depos i t  may i n d i c a t e  t h a t  t h e  

su r f ace  o f  t h e  samples i s  i n  good c o n d i t i o n ;  t h e  samples w i t h  heavy s p a l l i n g  

had no depos i t s .  

Examinat ion o f  t h e  metal  samples i n d i c a t e s  t h a t  i d l i n g  i s  no t  t h e  major  

c o n t r i b u t o r  t o  metal  co r ros i on ,  s i nce  dupl  i c a t e  a1 l o y s  exposed t o  l e n g t h y  i d 1  - 
i n g  pe r i ods  have lower  c o r r o s i o n  r a t e s  than samples p r i m a r i l y  exposed t o  oper-  

a t i n g  cond i t i ons .  The c y c l i n g  between i d l i n g  and ope ra t i on  cou ld  be a  cause o f  

c o r r o s i o n  s i nce  a l l  t h e  coupons were sub jec ted  t o  c y c l i n g .  The r e s u l t s  a l s o  

i n d i c a t e  t h a t  t i t a n i u m ,  t a n t a l  um and a1 l o y s  w i t h  h i g h  i ron concen t ra t i ons  a r e  
(1 

ve ry  s u s c e p t i b l e  t o  co r ros i on .  

The a l l o y s '  c o r r o s i o n  r a t e  appears t o  be d i r e c t l y  r e l a t e d  t o  t h e  i r o n  con- 

c e n t r a t i o n ,  as i s  c l e a r l y  shown by comparing c o r r o s i o n  r e s u l t s  ob ta ined  f rom 

RA-446, RA-330, Inconel- 615 and t h e  Haynes a1 1  oys (see Table  A.90). The most 

p romis ing  a l l o y s  appear t o  have low i r o n ,  h i g h  n i c k e l  o r  coba l t ,  and 20 t o  25% 

chromium. The cobal t- based a l l o y s  a re  y e n e r a l l y  cons idered more c o r r o s i o n  

r e s i s t a n t  t o  s u l f i d a t i o n  c o r r o s i o n  and should  be cons idered i n  p l ace  o f  n i c k e l -  

based a1 1  oys. 

SEM micrographs were ob ta ined  o f  t h e  c ross- sec t ions  o f  t h e  bes t  a l l o y s ,  

which i n c l u d e  Inconel- 690 and -625, Haynes 188 and 25, and Haste1 l o y  X. ( see  

F igu res  A.95 th rough  A.103). F i g u r e  A.95 i s  an unexposed Inconel- 625 sample 

f o r  comparison. A summary o f  t h e  samples' c o n d i t i o n s  and exposures i s  g i ven  i n  

Table  A.91. O v e r a l l ,  t h e  micrographs show C r  m i g r a t i o n  t o  t h e  su r f ace  o f  t h e  

a l l o y s  and vo ids  underneath t h e  Cr203 l a y e r .  The samples a l l  appear dep le ted  i n  

N i  o r  Co, w i t h  segrega t ion  o f  t h e  N i  and C r .  Most o f  t h e  micrographs show CrS 

underneath t h e  Cr203 l a y e r  t y p i c a l  o f  s u l f i d a t i o n  o r  ho t  co r ros i on .  A more 

d e t a i  l e d  d e s c r i p t i o n  o f  t h e  coupon samples examined i s  g iven  below. 



TABLE A.90. Co r ros i on  D a t a  

Corros ion 
Exposure, h Rate, Observat ions Approximate Composit ion, W t %  

M a t e r i a l  Till i n p  Operat i n p  mmlyr P i t t i n g  S p a l l i n p  Depos i t s  Co Cr - - - Fe Mo Ni W 

Inconelm-625 460 700 *O .03 N - - H - - 21.5 2.5 9 61 -- 
1270 584 0.03 N - - L 

340 584 t N - - L 
1390 700 *0.01 Small P i t s  - - M 

HaynesQ-188 1270 584 *0.07 N M H 49 22 < 3 - - 22 15 
340 584 0.05 N L M 
100 23 2 *3.6 One Wide P i t  P i t t e d  N 

Haynese-25 1270 584 t N H L 54 21 <3 -- 10 15 
160 480 0.55 N MH L 
340 584 *O .04 N MH L 
100 232 9.6 One Wide P i t  P i t t e d  L 

HA"-330 1270 584 0.38 N H N -- 18 47 - - 35 -- 
340 584 0.62 N M N 

RA"-446 1170 352 1.9 N H N - - 25 75 -- -- -- 
2 38 352 3.7 N H N 

H a s t e l l o y  X 100 232 *0.94 One 1" d i a  p i t  P i t t e d  L 1.5 23 18.5 9 47 0.6 

Haste1 l o v  C-4 100 232 >48 D i  s a ~ ~ e a r e d  - - N - - 16 3 15 65 -- 
H a s t e l l o v  S 40 138 40 Badlv P i t t e d  L N - - 16 3 15 65 -- 
lnconel-600 222 348 0.23 N M L - - 15.5 8 -- 76 -- 
Inconel- 617 122 116 0.16 P i t t e d  -- M 12 22 1.5 9 52 -- 
Tan ta l  um 122 116 30 Disappeared - - -- - - -- - - -- -- -- 
T i t a n i u m  122 116 2.1 P i t t e d  Badly  H N - - - - - - -- -- -- 
* Samples were n o t  washed be fo re  o b t a i n i n g  f i n a l  weight.  
@ Inconel  i s  a r e g i s t e r e d  trademark o f  Hun t ing ton  A l l o y s .  
@ Haynes i s  a r e g i s t e r e d  trademark o f  t h e  Cabot Corporat ion,  Kokomo, Ind iana .  
Q RA i s  a r e g i s t e r e d  trademark o f  R o l l e d  A l loys ,  D e t r o i t ,  Michigan. 
H Heavy 
M Medium 
L L i g h t  
N None 



FIGURE A.95. Inconel- 625 Unexposed Sample Under l o x ,  l O O X  and 
250X SEM Magni f i c a t  i on 

A.134 



FIGURE A.96. Inconel- 625 Sample Under l o x ,  l O O X  and 250X SEM M a g n i f i c a t i o n  

A.135 



FIGURE A.97. Inconel- 625 Sample Under l o x ,  l O O X  and 250X SEM M a g n i f i c a t i o n  

A.136 



FIGURE A.98. H a s t e l l o y  Sample X Under l o x ,  l O O X  and 250X SEM M a g n i f i c a t i o n  

A.137 



FIGURE A.99. Haynes 188 Sample # 1  Under 
10X SEM Magni f i c a t  i on 

F i g u r e  A.96 - Inconel- 625 #2 

The sample sur face  was enr iched  i n  Fe and appears t o  have o t h e r  g l ass  com- 

ponents. J u s t  under t h e  su r f ace  was a Cr- enr iched l a y e r  w i t h  s i g n i f i c a n t  

amounts o f  T i  and S. The s o l i d  grey area above t h e  vo ids  i s  t h e  Cr203 l a y e r  

and below t h e  Cr203 was Inconel- 625 dep le ted  o f  C r ,  w i t h  many voids.  

F i g u r e  A.97 - Inconel- 625 #1 

The g lass  depos i t s  on t h e  surface of Cr203 had smal l  N iCr  c r y s t a l s .  

Underneath t h e  N i - C r  i s  a  metal  m a t r i x  o f  Inconel- 625 w i t h  i s l a n d s  o f  C r ,  S, 

and some N i .  

F i g u r e  A.98 - H a s t e l l o y  X 

The sur face  was enr iched  i n  Fe and w i t h  an ad jacent  l a y e r  enr i ched  i n  C r .  

The subs t ra te  was t h e  H a s t e l l o y  X composi t ion s l i g h t l y  dep le ted  i n  C r .  



l O O X  

l O O X  

FIGURE A . l O O .  Haynes 188 Sample # 1  Und 

2 5 0 X  

er  l O O X  and 2 5 0 X  SEM M a g n i f i c a t i o n  



FIGURE A . l O 1 .  Haynes 188 Sample #2 Under l o x ,  l O O X  and 2 5 0 X  SEM M a g n i f i c a t i o n  
T 



FIGURE A.102. Haynes 25 Sample Under l o x ,  l O O X  and 250X SEM M a g n i f i c a t i o n  

A.141 



l O O X  
250X 

FIGURE A.103. Inconel- 690 Sample Under l o x ,  l O O X  and 250X SEM M a g n i f i c a t i o n  



TABLE A.91. Summary o f  A1 l o y  Micrographs 

Exposure 
A1 1 oy Time, h  

Inconel- 625 # 1  1850 

Inconel- 615 #2 2100 

H a s t e l l o y  X 330 

Haynes 25 9 20 

Haynes 188 # 1  330 

Haynes 188 #2 1850 

F igu re  A.99 & A. lOO - Haynes 188 # 1  

Void 
Penet ra t ion ,  
A 

300 

290 

100 

180 

80 

260 

700 

Thickness 
Oxide Layer, 

pm 

40-50 

3 0 

5- 20 

10-20 

300 by p i t  

40-80 

30-150 

The t o p  two micrographs i n  F igu re  A. lOO show a Cr-enr iched l a y e r  on t o p  o f  

t he  metal  subs t ra te  w i t h  voids.  The bottom micrographs show a p i t t e d  area. 

The p i t t e d  area has a Cr- depleted sur face,  w i t h  s i g n i f i c a n t  amounts o f  S i  and 

S. Other groups near t h e  sur face  a re  enr i ched  i n  W o r  Mo, w i t h  very  l i t t l e  

C r .  Below t h i s  m ix tu re  o f  groups i s  a  C r  l a y e r  w i t h  l e s s  than h a l f  t h e  

o r i g i n a l  Co and N i .  A t  t h e  r e a c t i o n  i n t e r f a c e  t h e r e  i s  a  Cr-enr iched l aye r .  

F i gu re  A . l O 1  - Haynes 188 #2 

The sample has a sur face  and subs t ra te  dep le ted  i n  Cr w i t h  a  Cr203 l a y e r  

i n  t h e  middle.  The Cr203 l a y e r  con ta ins  almost 100% Cr203. Some Te was found 

underneath t h e  Cr203. The W was a1 so dep le ted  on t h e  sur face.  

F i gu re  A.102 - Haynes 25 

The 10X micrograph shows a small p i t  developing. The general su r face  con- 

t a i n s  many cube- l i ke  c r y s t a l s  o f  C r ,  Co, Fe, N i ,  which a re  more enr i ched  i n  C r  

than  t h e  base a l l o y .  The l a r g e s t  l a y e r  on t op  o f  t h e  base metal i s  e s s e n t i a l l y  

a l l  Cr203. 

F igu re  A.103 - Inconel- 690 

The sample surface had a Cr203 l a y e r  on t op  o f  a  metal m a t r i x  o f  C r -  

dep le ted  Inconel-690, voids,  and i s l a n d s  o f  C r  and S. 



PSCM 

The PSCM o f f - gas  p o r t  was cleaned o f  depos i t s  a f t e r  n i ne  months o f  opera- 

t i o n ,  and severe p i t t i n g  was observed. The o f f - gas  p o r t  was Inconel- 690 p ipe,  

plasma spray coated w i t h  80% Ni/20% C r .  Th i s  c o a t i n g  d i d  no t  p r o t e c t  t h e  p i pe  

and appears t o  have spa1 l e d  o f f .  The Incone l  v iewpor ts  were a l s o  plasma spray 

coated, one w i t h  Cr203 and t h e  o the r  w i t h  ZrO-Y203. Both these coa t i ngs  

appeared t o  have spa l led ,  o f f e r i n g  l i t t l e  p r o t e c t i o n  t o  t h e  metal  v iewpor ts .  

The Inconel- 690 e lec t rodes  were removed from t h e  m e l t e r  and any adher ing 

g lass  was chipped away so t h e  e l ec t rodes  cou ld  be inspected.  E l e c t r o d e  sur-  

faces norma l l y  below t h e  g lass sur face  showed no s igns  o f  co r ros ion .  The por-  

t i o n  o f  t h e  e l ec t rodes  exposed t o  t h e  plenum vapors was s p a l l i n g  and con ta ined  

some l a r g e  p i t s .  The corroded areas were magnet ic w i t h  t h e  p i t s  be ing  t h e  most 

magnetic. The p i t s  were found underneath 1 arge depos i t s  o f  p a r t i a l l y  v i t r i f i e d  

g lass.  These depos i t s  a re  enr i ched  i n  C1 and S i n  p rev ious  exper iments,  and 

t h e  present  depos i t s  a re  s i m i l a r .  These types  o f  depos i t s  cou ld  be caus ing 

" ho t  corros ion,"  a t h i n - f i l m  s a l t  c o r r o s i o n  process which i s  no t  w e l l  

understood. - 
The plenum heate r  th imb les  ( Inconel- 600,  -601 and -690) showed t h e  same 

p i t t i n g  c o r r o s i o n  as t h e  e lec t rode ,  except t h a t  t h e  Inconel- 690 was no t  bad l y  

a t tacked.  The Inconel- 600 and -601 t h imb les  were a t t acked  severe ly .  One o f  

t h e  Inconel- 600 t h imb les  was complete ly  p e r f o r a t e d  a f t e r  o n l y  20 days o f  m e l t e r  

opera t ion .  The p i t s  and surrounding areas were magnetic, i n d i c a t i n g  a l o s s  o f  

C r  f rom t h e  a l l o y  sur face.  The t h imb les  were a l s o  d i s c o l o r e d  where they  were 

exposed t o  t h e  plenum gases. The t h imb les  were f a b r i c a t e d  from Inconel- 600, 

Inconel- 601 o r  Inconel- 690; and on l y  t h e  two Inconel- 690 t h imb les  remained 

unp i t t ed .  O f  t h e  f i v e  Inconel- 600 t h imb les  used, f o u r  were p i t t e d .  The 

u n p i t t e d  t h i m b l e  was c l o s e s t  t o  t h e  m e l t e r  w a l l  where t h e  gas f l o w  r a t e  was 

lower.  The Inconel- 600 t h imb les  appear t o  be p i t t e d  t h e  most. Th i s  can be 

seen i n  F i g u r e  A.104, where th imb les  numbered 2, 3, 7 and 10 a re  o f  

Inconel- 600, and t h i m b l e  number 8  i s  made o f  Inconel-601. Inconel- 690 appears 

t h e  most c o r r o s i o n  r e s i s t a n t  o f  t h e  t h r e e  a l l o y s  used, bu t  more t e s t i n g  i s  

needed t o  determine res i s tance  over t h e  l ong  term. 



FIGURE A.104. PSCM Plenum Heater Thimbles 

SEM micrographs o f  t h e  plenum heate r  a r e  shown i n  F igures  A.105 th rough 

A.109. The micrographs show t h e  S under t h e  Cr203 p r o t e c t i v e  l a y e r  t y p i c a l  o f  

su l  f i d a t i  on o r  h o t  corros ion.  

The Inconel  -690 plenum thermowel 1  was a1 so p i t t e d  excessi  v e l y  a f t e r  

PSCM-8. The o r i g i n a l  thermowel l  was 2.5 cm i n  d iameter  from t o p  t o  bottom. 

Some areas had l o s t  0.25 cm as shown i n  Table A.92. 

The feed nozz le  used f o r  t h e  PSCM m e l t e r  was c l o s e l y  inspec ted  a f t e r  

PSCM-9, and many small p i nho les  were observed i n  t h e  feed nozz le  c o o l i n g  

j acke t .  The c o o l i n g  j a c k e t  was then  l eak- tes ted  w i t h  water  a t  40 ps ig ,  and 

many o f  t h e  p inho les  leaked. The o v e r a l l  l eak  r a t e  was (100 ml/h. The ou t s i de  

- - o f  t h e  c o o l i n g  j acke t ,  which i s  exposed t o  t h e  m e l t e r  plenum, was made o f  

s t a i n l e s s  s t e e l  w i t h  an Inconel- 690 t i p .  The ho les  looked l i k e  t y p i c a l  C1' 

p i t t i n g  co r ros ion  i n  low pH so lu t i ons .  Th is  i s  reasonable s i nce  steam from t h e  

m e l t e r  plenum condenses on t h e  c o l d  feed nozzle,  and t h e  condensate has a low 

pH and a C1' concen t ra t i on  o f  about 1000 ppm. 



FIGURE A.105. Inconel- 600 Thimble 8X SEM Cross Sec t i on  w i t h  
50X and 250X M a g n i f i c a t i o n  



FIGURE A.106. Inconel- 600 Thimble C 
( see  F i g u r e  105) Unde 

: ross Sec t ions  o f  Regions B and C 
!r 50X and 250X M a g n i f i c a t i o n s  



8.3X 

FIGURE A.107. Inconel- 601 Thimble 8X, SEM Cross Sec t i on  



l O O X  

FIGURE A.108. Inconel-601 Cross Sect ion Under l O O X  and 250X SEM M a g n i f i c a t i c n  



FIGURE A.109. Inconel-690 Thimble Cross Sect ion Under 8.3X, l O O X  
and 250X SEM M a g n i f i c a t i o n  



TABLE A.92. Plenum Thermowell  Measurements 

Leng th  From 
Bot tom o f  

Thermowel 1  , crn 

Thermowel l  
D i  ameter, 

cm 

2.53 

( a )  Bad ly  p i t t e d .  

The f e e d  n o z z l e  we ld  zones were t h e  most s e v e r e l y  a t t a c k e d .  The 

Incone l- 690  t i p  was a l s o  p i t t e d ,  b u t  had no p e r f o r a t i o n s ,  excep t  where t h e  

I n c o n e l  was welded t o  t h e  s t a i n l e s s  s t e e l .  I n c o n e l - 6 9 0  i s  more r e s i s t a n t  t o  

p i t t i n g  t h a n  s t a i n l e s s  s t e e l ,  b u t  i t a l s o  appears t o  have a  l i m i t e d  s e r v i c e  

1  i f e .  A  b e t t e r  m a t e r i a l  f o r  t h i s  a p p l i c a t i o n  wou ld  be Incone l- 625 ,  Haste1 1  oy 

C-276 o r  t i t a n i u m .  However, t h e  H a s t e l l o y  C-276 and t h e  t i t a n i u m  would  n o t  

l a s t  l o n y  i f  c o o l i n y  w a t e r  was l o s t  t o  t h e  f e e d  n o z z l e .  P r i o r  plenum c o r r o s i o n  

t e s t s  o f  H a s t e l l o y  C-4, wh ich  i s  s i m i l a r  t o  H a s t e l l o y  C-276 and t i t a n i u m ,  have 

shown t h a t  t h e y  f a i l  a f t e r  a  few days w i t h o u t  c o o l i n g .  I ncone l- 625  would  be 

t h e  b e s t  me ta l  1  i c  m a t e r i  a1 . Ceramic i n s u l a t i o n  wou ld  a1 so work we1 1  i f  t h e  

t h e r m a l  g r a d i e n t s  d i d  n o t  cause it t o  c rack .  

OFF-GAS SYSTEM 

Throughout t h e  y e a r ,  c r e v i c e  and p i t t i n y  c o r r o s i o n  has o c c u r r e d  i n  t h e  

m e l t e r ' s  v e n t u r i  sc rubber  system, wh ich  c o n s i s t s  o f  a  316 SS v e n t u r i  and 304L 



SS r e c i r c u l a t i o n  l i n e s .  The m a j o r i t y  o f  t h e  p i t s  a r e  i n  t h e  h e a t - a f f e c t e d  

zones near  welds.  The c o r r o s i o n  i s  caused by t h e  o f f - g a s  condensate,  wh ich  

c o n t a i n s  -1000 pprn C1 and has a  pH o f  3. 

The condens ing vapors  have a l s o  caused some s t r e s s  c o r r o s i o n  c r a c k i n g  j u s t  

p r i o r  t o  t h e  v e n t u r i  en t rance .  R e c i r c u l a t i o n  l i n e s  a r e  p i t t i n y  because t h e  

r e c i  r c u l  a t i  ny s o l  u t i  on i s  e q u i v a l e n t  t o  t h e  o f f - g a s  condensate  under  s teady-  

s t a t e  c o n d i t i o n s .  The c o r r o s i o n  p rocess  was p r o b a b l y  a s s i s t e d  by S, Fe and F  

i ons .  C o r r o s i o n  s t u d i e s  i n d i c a t e  t h a t  316 and 304L SS a r e  v e r y  s u s c e p t i b l e  t o  

c h l o r i d e  a t t a c k  i n  a c i d i c  s o l u t i o n s .  Some c o n s i d e r a t i o n  shou ld  be g i v e n  t o  t h e  

m a t e r i a l  used i n  t h e  i n i t i a l  o f f - g a s  quencher f o r  a  l i q u i d - f e d  ce ramic  m e l t e r  

p r o c e s s i n g  SRL de fense  waste. H igh  Ni-Cr-Mo a l l o y s  a r e  recommended (such  as 

Haste1 l o y  C-276 and I n c o n e l  - 625) by m a t e r i  a1 m a n u f a c t u r e r s  f o r  wet e n v i  r o n ~ n e n t s  

w i t h  h i g h  C1 c o n c e n t r a t i o n s .  



OFF-GAS SYSTEM PERFORMANCE 

The o f f - gas  system used f o r  t h e  PSCM i s  shown i n  F i g u r e  A . l 1 0  w i t h  some 

per formance c h a r a c t e r i s t i c s  and o p e r a t i n g  parameters .  The system per formance 

up t o  and i n c l u d i n g  t h e  f i r s t  v e n t u r i  sc rubber  w i l l  be d i s c u s s e d  under two  

c o n d i t i o n s :  boosted and unboosted. The ma jo r  d i f f e r e n c e  between t h e s e  modes 

o f  o p e r a t i o n  i s  t h e  tempera tu re  o f  t h e  o f f - g a s  e x i t i n g  t h e  rne l te r .  

Plenum-boosted exper imen ts  r e q u i r e  a  c o o l i n g  spray  n o z z l e  a t  t h e  o f f - g a s  

e x i t  t o  p r e v e n t  fused d e p o s i t s  f rom f o r m i n g  i n  t h e  o f f - g a s  l i n e .  The c o o l i n g  

sp ray  a l s o  reduces c o r r o s i o n  r a t e s  o f  t h e  me ta l  o f f - g a s  p i p i n g .  However, t h e  

presence o f  t h e  c o o l i n g  sp ray  i t s e l f  has been r e s p o n s i b l e  f o r  p r o d u c i n g  o f f -  

gas-1 i ne b lockages.  D u r i n g  PSCM-8 an o f f - g a s - 1  i ne b lockage  formed as a  r e s u l t  

o f  an a i r - a t o m i z e d  w a t e r  c o o l i n g  spray.  The n o z z l e ' s  sp ray  h i t  t h e  s i d e  o f  t h e  

o f f - g a s  l i n e ,  w e t t i n g  i t  and c a u s i n g  p a r t i c u l a t e  m a t t e r  t o  c o l l e c t  and grow 

i n t o  a  p l u g  wh ich  e v e n t u a l l y  caused t h e  o f f - g a s - l i n e  b lockage  shown i n  

F i g u r e  A . l l l .  

The o f f - g a s  n o z z l e  c o u l d  be des igned n o t  t o  imp inge  on t h e  p i p e  w a l l s  o r  

c o l l e c t  wa te r  on t h e  t i p .  D u r i n g  t h e  PSCM-5 exper iment ,  a  spray  n o z z l e  t h a t  

d i d  n o t  wet t h e  o f f - g a s  p i p e s  worked s a t i s f a c t o r i l y  f o r  t h e  5 days i t  was 

used. However, t h e  spray  c o o l e d  t h e  plenum and t h e r e b y  a f f e c t e d  m e l t e r  capa- 

c i t y .  The a i  r- a tomized  w a t e r  c o o l i n g  spray  c o u l d  a l s o  be r e p l a c e d  w i t h  an a i  r- 

o n l y  o r  s team- coo l i ng  spray ,  b u t  t h e  mass requ i remen ts  wou ld  be much h i g h e r .  

M e l t e r  o p e r a t i o n  w i t h o u t  plenum b o o s t i n g  does n o t  r e q u i r e  a  c o o l i n g  spray  

because t h e  o f f - g a s  tempera tu res  a r e  under  400°C (compared t o  t h e  600 t o  800°C 

tempera tu res  when b o o s t i n g  i s  used).  The 400°C t e m p e r a t u r e  w i l l  n o t  v i t r i f y  

o f f - g a s  1  i n e  d e p o s i t s .  I d l i n g  p e r i o d s  may cause h i g h  tempera tu res ,  b u t  t h i s  

can be m in im ized  by keep ing  t h e  a i r  i n l e a k a g e  low. 

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

sma l l  and e a s i l y  removed w i t h  h i g h  v e l o c i t y  a i r .  The d e p o s i t s  a r e  u s u a l l y  l e s s  

than  118- in.  t h i c k  i n  a  5-day run.  Most o f  t h e s e  d e p o s i t s  c o l l e c t  on p r o t r u d -  

i n g  thermocoup les  and sampl ing  nozz les .  The e l  i m i  n a t i o n  o f  a1 1  o f f - g a s - 1  i n e  

p e n e t r a t i o n s  would s i g n i f i c a n t l y  reduce m a t e r i  a1 accumul a t i  on. The PSCM o f f  

gas l i n e  was 6  i n .  i n  d iamete r  so t h e  average gas v e l o c i t y  f o r  a  nonboosted 
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FIGURE A . l l O .  Of f-Gas System 



FIGURE A . l l l .  M a t e r i a l  Bu i l dup  i n  M e l t e r  Plenum Exhaust P o r t  

C exper iment was 10 f t / s e c .  Th i s  r e l a t i v e l y  s low gas v e l o c i t y  i s  no t  e f f e c t i v e  

i n  sweeping ou t  o f f - gas  p a r t i c u l a t e s .  A  sma l l e r  d iameter  p i pe  may be l e s s  

l i k e l y  t o  f o u l  because o f  t h e  h i ghe r  gas f l o w  ra te .  The m a t e r i a l  depos i ted  i n  

t h e  o f f- gas  l i n e  appear t o  be e n t r a i n e d  feed enr i ched  i n  Cs and o the r  

sem ivo la t i l e s .  

The c l  ose-coupled v e n t u r i  scrubber assoc ia ted  w i t h  t h e  PSCM was p o s i t i o n e d  

about 5 f t  from t h e  m e l t e r  plenum t o  m in im ize  t h e  p i p i n g  which i s  s u s c e p t i b l e  

t o  p a r t i c u l a t e  depos i t s  and t o  a1 low a  s t r a i g h t ,  unobs t ruc ted  p i pe  s e c t i o n  t o  

t h e  scrubber. The h o r i z o n t a l l y  mounted v e n t u r i  scrubber  a l lowed water  t o  c o l -  

l e c t  i n  t h e  o f f - g a s - l i n e  t h r o a t  o f  t h e  v e n t u r i .  A  v e r t i c a l l y  mounted v e n t u r i  

w i t h  a  separa to r  box had been used p r e v i o u s l y  w i t h  l e s s  w e t t i n g  and p a r t i c u l a t e  

b u i l d u p  a t  i t s  entrance. Consequently, a  v e r t i c a l  scrubber  c o n f i g u r a t i o n  

appears t o  be p r e f e r r e d  over  ho r i zona l  mounting. Both v e n t u r i s  e f f e c t i v e l y  

condensed a l l  t h e  steam i n  t h e  o f f  gas, p r e c l u d i n g  t h e  use o f  a  downstream 

condenser except as a  backup. 



MATERIAL BALANCE Te. Se and Ru 

The PSCM m e l t e r  was d r a i n e d  and c leaned,  and a  new l i d  was i n s t a l  l e d  i n  

December 1981. S ince  t h a t  t i m e ,  f i v e  exper imen ts  have been per formed:  PSCM-4 

t h r o u y h  PSCM-8. I n  each o f  t h e s e  exper iments ,  a  s i g n i f i c a n t  pe rcen tage  o f  Se, 

Te and Ku c o u l d  n o t  be accounted f o r  by g l a s s  p r o d u c t i o n  and o f f - g a s  system 

l o s s e s .  A f t e r  PSCM-8, t h e  m e l t e r  was d r a i n e d  and inspec ted .  The i n s p e c t i o n  

r e v e a l e d  a  l a r g e  q u a n t i t y  o f  m e t a l - l i k e  nodu les  i n  t h e  p o s i t i o n  shown i n  F i g -  

u r e  A.112. Each g roup  was ana lyzed,  and t h e  r e s u l t s  a r e  shown i n  T a b l e  A.93. 

The t o t a l  w e i g h t  o f  t h e  nodu les  c o l l e c t e d  was 6.16 kg. The average n o d u l e  

c o m p o s i t i o n  was m a i n l y  Ni and S, w i t h  s i g n i f i c a n t  q u a n t i t i e s  o f  Te, Se and 

Ru. T a b l e  A.94 i s  an a t t e m p t  t o  account  f o r  a l l  t h e  Te, Se and Ru, wh ich  c o u l d  

n o t  be accounted f o r  d u r i n g  PSCM-4 t h r o u g h  PSCM-8. The nodu le  samples were n o t  

homogeneous, wh ich  c r e a t e s  s i y n i f i c a n t  u n c e r t a i n t y  i n  t h e  c a l c u l a t e d  t o t a l  o f  

each element.  The o f f - g a s  a n a l y s i s  f o r  t h e s e  elements i s  a l s o  s u b j e c t  t o  l a r g e  

e r r o r s  because t h e  c o n c e n t r a t i o n s  a r e  c l o s e  t o  t h e  a n a l y t i c a l  d e t e c t i o n  l i m i t s .  

W i t h  t h e s e  l i m i t a t i o n s  i n  mind, t h e  m i s s i n g  Te and a l l  b u t  10% o f  t h e  Se can be 

accounted f o r .  Much o f  t h e  Ru i s  s t i l l  unaccounted f o r  due i n  p a r t  t o  t h e  

i n a c c u r a c y  o f  nodu les  Ru a n a l y s i s .  O v e r a l l  , t h e  m a t e r i a l  ba l  ance g i v e s  genera l  

va lues  on t h e  f a t e  o f  Te, Se and Ru i n  a  ceramic  m e l t e r  w i t h  f o r m i c  a c i d  feed.  

The me ta l  nodu les  accounted f o r  -40% o f  t h e  Te, 25% o f  t h e  Se, and 20% o f  t h e  

Ru f e d  t o  t h e  PSCM i n  f o r m i c  a c i d  feeds.  



THROAT 1 I SELECTED NODULE LOCATIONS 
I I 
I I 

- 
6 5 4 3 2 1 0  

INCHES 

FIGURE A.112. PSCM-8 M e l t e r  F l o o r  Survey 



TABLE A.93. Metal Found on Me1 t e r  Floor 

Element 

B 
C a 
Cd 

C s 
C u 
F e 
L i 

Mg 
Mn 
Na 
N i  
R u 
S 
S b 
Se 
Sr 
T e 

Loca t ions  Shown on F i g u r e  A.l 
1s 25 3 S 4s 5 S 6 S 7 S 8s  9.5 10s ---------- 

Blue 
B a l l  

(0.04 
<0.15 
(0 .01 
<O .04 
1.6 

(0. 10 
(0.02 
(0.04 
c0.02 
C0.5 
62 

0.24 
20 
0.25 
1.5 

(0.003 
7 

Go1 d 
B a l l  

(0.04 
(0.15 
<0.01 
(0.04 
1.5 

(0.10 
(0 .02 
(0 .04 
<o .02 
(0 .5 
6 3 
0.77 

23 
0.33 
1.5 

<O .003 
6.9 

F ine  
Speckled 

B a l l  

(0.04 
(0.15 
CO.01 
(0 .04 
1.5 

(0. 10 
(0.02 
(0.04 
(0.02 
(0.5 
51 

7.8 
12 

0.16 
3.6 

(0 .003 
12 

Shiny 
C r y s t a l s  

Go1 d 
Group 

(0 .04 
(0.15 
(0.01 
(0.04 
2.0 

(0. 10 
(0.02 
(0.04 
(0.02 
(0.5 
50 
1.1 

15 



TABLE A.94. 

Run No. 
Element PSCM 

4 
5 

Te 6 
7 
8 

T o t  a1 

4 
5 
6 
7 
8 

T o t a l  

4 
5 
6 
7 
8 

T o t  a1 

Te, Se and Ru M a t e r i a l  Between PSCM-4 and PSCM-8 

Weight i n  grams 
Me1 t e r  F l o o r  Unaccounted 

Feed Glass  Off-Gas - - Nodules Fo r  

163 80 5 0 
200 100 6 0 
314 100 100 
468 140 3 0 
763 150 250 

1908 570 490 600 - 900 -0 
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