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10th.  Q u a r t e r l y  Progress  Report 

TECHNICAL PROGRESS REPORT FOR: 

TESTING AND EVALUATION OF THE 

A..P.T. DRY PLATE SCRUBBER 
D E - A C ~ ~ - ~ O E T ~ S ~ ~ ~  

INTRODUCTION 

The A.P,T, Dry P l a t e  Sc rubber  (DPS) u s e s  a  s h a l l o w r  dense 
mobile bed of s o l i d  c o l l e c t o r  granules  which move a c r o s s  a  per- 
f o r a t e d  p l a t e . .  The gas  s t r e a m  c o n t a i n i n g  f i n e  p a r t i c l e s  and  
v a p o r s  i s  moved upward t h r o u g h  t h e  p e r f o r a t i o n s  t o  form h i g h  
v e l o c i t y  .gas j e t s , .  The f i n e  p a r t i c l e s  a r e  removed by i n e r t i a l  

depos i t ion  onto the  c o l l e c t o r  granules  or by d i r e c t  in t e rcep t ion ,  
E l e c t r o s t a t i c  f o r c e s  a l s o  can be used t o  improve t h e  c o l l e c t i o n  
e f f i c i e n c y  and inc rease  t h e  adhesive f o r c e s  between t h e  p a r t i c l e s  

and c o l l e c t o r s , .  
The DPS column c o n s i s t s  of a  s e r i e s  of c o l l e c t i o n  s t a g e s  

( p e r f o r a t e d  p l a t e s )  w i t h  t h e  c o l l e c t o r s  e i t h e r  p a s s i n g  sequen-  

t i a l l y  over  each  s t a g e  o r  b e i n g  f e d  s e p a r a t e l y  t o  e a c h  s t a g e , .  
The s t a g e s  can be des igned  s o  a s  t o  promote t h e  c o l l e c t i o n  o f  
l a r g e  p a r t i c l e s  on t h e  l o w e r  s t a g e s  a n d  t h e  c o l l e c t i o n  of f i n e  
p a r t i c l e s  and a l k a l i  vapors on the  upper stages. .  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  conduc t  a  bench s c a l e  
experimental  eva lua t ion  of t h e  DPS a t  high temperature and pres- 
s u r e  t o  determine i t s  p o t e n t i a l  f o r  c o n t r o l l i n g  p a r t i c u l a t e  and 
a l k a l i  vapor emissions from PFBC processes. 

Appf oach 
T h i s  p r o j e c t  i s  d i v i d e d  i n t o  two p h a s e s  and s e v e n  major  

t a s k s  a s  l i s t e d  i n  Tab le  1. Phase I i s  a  p r e l i m i n a r y  s t u d y  

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

c o l l e c t i o n  e x p e r i m e n t s  . a n d  p r e l i m i n a r y  a l k a l i  s o r p t i o n  
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e x p e r i m e ' n t s . .  The p u r p o s e  o f  P h a s e  I i s  t o  p r o v i d e  s p e c i f i c  

d e s i g n  c r i t e r i a  f o r  Phase  11.. 

P h a s e  I1 i s  a  b e n c h  s c a l e  e v a l u a t i o n  o f  t h e  DPS a t  ' h i g h  
t e m p e r a t u r e  (900°C) a n d  p r e s s u r e  (1 ,000 kPa) .  The  b e n c h  s c a l e  
DPS w i l l  be d e s i g n e d . a n d  e v a l u a t e d  f o r  b o t h  p a r t i c u l a t e  m a t t e r  
a n d  a l k a l i  vapor  c o n t r o l .  The r .Lsul fs  w i l l  b e  used  t o  deve lop  a n  

e n g i n e e r i n g  d e s i g n  model f o r  p r e d i c t i n g  t h e  e f f i c i e n c y  a n d  power 
c o s t s  f o r  t h e  DPS. A d e t a i l e d  p r o c e s s  d e s i g n  of  a  DPS s u b - p i l o t  
p l a n t  i n s t a l l e d  a t  a PFBC f a c i l i t y  w i l l  b e  made. The p r o c e s s  
e c o n o m i c s  w i l l  b e  e v a l u a t e d  i n  t e r m s  o f  c a p i t a l ' a n d  o p e r a t i n g  
c o s t s  a s  a  f u n c t i o n  of c l e a n i n g  e f f i c i e n c y . .  
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TABLE 1'. OUTLINE OF WORK 

Task  1. 'O 

1.1 

1.2  

T a s k  2.0 

T a s k  3.0 

3.1 
3.2 

3.3 

T a s k  4.0 

. 4 . 1  

4.2 

T a s k  5.0 

THEORETICAL STUDY 

L i t e r a t u r e  Reivew 

C a l c u l a t i o n s  

PRELIMINARY PARTICLE .&XPERIMENTS 

S i n g l e  S t a g e  DPS 

E l e c t r o s t a t i c  DPS 

M u l t i p l e  S t a g e  DPS 

PRELIMINARY ALKALI EXPERIMENTS 

S o r b e n t  S c r e e n i n g  

S o r b e n t  C a p a c i t y  a n d  E f f i c i e n c y  

S o r b e n t  A t t r i t i o n  

H I G H  TEMPERATURE AND P R E S S U ~ E  EXPERIMENTS 

D e s i g n  a n d  C o n s t r u c t i o n  

S i m u l a t e d  PFBC E x p e r i m e n t s  

AFBC E x p e r i m e n t s  

DESIGN MODEL ( d e l e t e d )  

Task  6.0 PROCESS DESIGN 

T a s k  7.0 FINAL REPORT 
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TECHNICAL\ OBJECTIVES FOR T H I S  MONTE 

The p r i n c i p a l  o b j e c t i v e s  f o r  t h i s  q u a r t e r  a r e  l i s t e d  below: 

Task 4.2 HTP-DPS Exper iments  

1. S t a r t  p a r t i c l e  a n d  a l k a l i  vspor  c o l l e c t i o n  

exper iments .  

Task 7.0 F i n a l  Repor t  

1. S t a r t  t h e  p r e p a r a t i o n  of  t h e  f i n a l  r e p o r t .  

TECEiNICAL -PROGRESS FOR THE MONTH OF AUGUST 

No t e c h n i c a l  work was pe r fo rmed  i n  t h e  month of August.. Due 

t o  u p w a r d  a d j u s t m e n t s  t o  t h e  o v e r h e a d  r a t e  o f  l a s t  f i s c a l  y e a r ,  
t h e  c o n t r a c t  i s  o u t  o f  funds . .  The DOE c o n t r a c t i n g  o f f i c e r  a n d  
P r o j e c t  Manage.r w e r e  i n f o r m e d  o f  t h i s  s i t u a t i o n .  Work o n  t h i s  

c o n t r a c t  was h a l t e d  p e n d i n g  i n s t r u c t i o n s  f r o m  t h e ' c o n t r a c t i n g  

O f f i c e r .  

TECHNICAL PROGRESS FOR T H I S  QlJARTER 

s K  4.2 HTP - DPS E 

P a r t i c l e  s a m p l i n g  w a s  c o n t i n u e d  i n  t h i s  r e p o r t i , n g  p e r i o d .  

The DOE P r o j e c t  Manager a n d  P r o g r a m  Manager v i s i t e d  A.P.T.. i n  

J u n e  t o  o b s e r v e  t h e  HTP-DPS o p e r a t i o n s . .  
S e v e r a l  m e c h a n i c a l  p r o b l e m s  o c c u r r e d  i n  t h i s  r e p o r t i n g  

p e r i o d . .  The  c i r c u i t  b o a r d  i n  t h e  a i r  h e a t e r  c o n t r o l  box  f a i l e d  

a n d  w a s  r e p l a c e d  w i t h  .a new one. The a l u m i n a  h i g h  v o l t a g e  

i n s u l a t o r  i n  t h e  p o l a r i z i n g  s e c t i o n  w a s  m o d i f i e d  d u e  t o  
mechan ica l  problems..  I n  t h e  o r i g i n a l  d e s i g n  ( F i g u r e  l a ) ,  t h e  DPS 

column of t h e  p o l a r i z i n g  s e c t i o n  was made of 20.3 cm dia.  ( 8  in.) 

a l u m i n a  t u b e .  Due t o  t h e r m a l  s t r e s s ,  t h e  i n s u l a t o r  w a s  b r o k e n  

beyond r e p a i r . .  . 

S i n c e  a new i n s u l a t o r  r e q u i r e s  1 0  w e e k s  of  d e l i v e r y ,  t k . D P S  

p o l a r i z i n g  s e c t i o n  w a s  m o d i f i e d  t o  t h a t  a s  shown i n  F i g u r e  l b .  

The  a l u m i n a  t u b e  w a s  r e p l a c e d  w i t h  8" Sch.. 40 RA 3 3 0  S.S.. p i p e .  
A f r e e  s t a n d i n g  17.8 cm d i a .  a l u m i n a  t u b e  w a s  i n s t a l l e d  b e t w e e n  
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t h e  h i g h  v o l t a g e  g r i d  a n d  w a l l  t o  s h i e l d  t h e  electr ic f i e l d  f rom 

t h e  g r i d  t o  . t h e  w a l l .  The d i a m e t e r  of t h e  h i g h  v o l t a g e  g r i d  was 

t r i m m e d  f r o m  18.7 c m  t o  14.6 cm s o  t h a t  i t  c a n  b e  f i t t e d  i n s i d e  
t h e  alumina tube .  

The  f r e e  s t a n d i n g  a l u m i n a  t u b e  i n  t h e  new d e s i g n  l a s t e d  1 

h e a t i n g  c y c l e  a n d  b r o k e  i n t o  The i n s u l a t o r  w a s  t h e n  
m o d i ' f i e d  ' t o  t h a t  a s  shown i n  F i g u r e  lc.. The h i g h  v o l t a g e  g r i d  

w a s  w r a p p e d  w i t h  5.1 c m  w i d e  c e r a m i c  p a p e r  a n d  c e m e n t e d  i n t o  

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

The m o d i f i e d  p o l a r i z i n g  s e c t i o n  migh t  n o t  be f u l l y  e f f e c t i v e  
because  : 

1. The  g r i d  i s  s m a l l e r ' a n d  o n l y  t h e  c e n t r a l  p a r t  o f  t h e  
je t  p l a t e  is' p o l a r i z e d .  Gas f l o w i n g  n e a r  t h e  p e r i m e t e r  

w i ~ l l  n o t  p a s s  t h r o u g h  t h e  p o l a r i z i n g  f i e l d .  
2. The d i s t a n c e  between t h e  g r i d  a n d  t h e  column is s h o r t e r  

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

t h e  wal l . .  
Three  s a m p l i n g  r u n s  were  done.. Run No.s 27 /1  a n d  27/2 were, 

o b t a i n e d  o n  a 4 - s t a g e  DPS.. An a l k a l i  v a p o r  s o r p t i o n  s t a g e  w a s  
n o t  i n s t a l l e d . .  The  a v e r a g e  DPS t e m p e r t u r e  w a s  650°C a n d  t h e  
p r e s s u r e  w a s  9.5 a tm.  P a r t i c l e s  w e r e  p r e - c h a r g e d  a n d  t h e  
p o l a r i z e r  was t u r n e d  on f o r  t h e s e  two runs.. The . p o l a r i z e r  d e s i g n  

w a s  t h a t  shown i n  F i g u r e  l b  f o r  Run No. 7 4 / 1  a n d  F i g u r e  l c  f o r  
Run No. 74/2.  Run No. 2 7 / 1  u s e d  f l y  a s h  f r o m  a  c o a l - f i r e d .  p o w e r  
p l a n t  a n d  Run No. 27/2 used  a s h  from C u r t i s s - W r i g h t  PFBC p lan t . .  

F i g u r e  2  s h o w s  t h e  g r a d e  p e n e t r a t i o n  c u r v e s . .  The  o v e r a l l  
p e n e t r a t i o n  w a s  23.3% a n d  13.9% f o r  Run No.'s 7 4 / 1  a n d  74/2 ,  
r e s p e c t i v e l y .  

The  p o l a ' r i z e r  d e s i g n  shown i n  F i g u r e  l b  i s  m o r e  e f f e c t i v e  

t h a n  t h a t  shown i n  F i g u r e  lc . .  T h e r e f o r e ,  Run 27/1 shows h i g h e r  
c o l l e c t i o n  e f f i c i e n c y  i n  s u b - m i c r o n  p a r t i c l e s . .  F l y  a s h  f r o m  
C u r t i s s - W r i g h t  PFBC i s  more r e s i l i e n t  t h a n  t h a t  f rom power p l a n t  

a s h  a n d  t h e r e  i s  l e s s  b o u n c i n g  upon i m p a c t  w i t h  t h e  C u r t i s s -  
W r i g h t  a s h  t h a n  power  p l a n t  a s h .  A s  c a n ' b e  s e e n  f r o m  F i g u r e  1, 



AERODYNAMIC PARTICLE DIAMETER, ~JXW 

Figure 2 .  Experimental grade penetration 
curves. 
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Run No, 27 /2  w h i c h  u s e d  C u t i s s - W r i g h t  f l y  a s h  shows  h i g h e r  
c o l l e c t i o n  e f f i c i e n c y  f o r  large p a r t i c l e s  t han  Run NO. 27/1. 

Run No,. 27 /3  was done on  a 5 - s t a g e  DPS.. S t a g e  4 was t h e  
a l k a l i  vapor s o r p t i o n  stage.  The s o r p t i o n  bed was a 12.7 c m  deep 
bed of 1 mm t o  2  mm dia. diatoma-ceous e a r t h ,  No s o r b e n t  was f e d  
o r  withdrawn from t h e  bed du r ing  ' the experiment,.  

The f l y  a s h  (Curtiss-Wright)  p a r t i c l e s  were precharged  and  
p o l a r i z e r  ( d e s i g n  l c )  was t u r n e d  o n  f o r  t h i s  run,  The o v e r a l l  
p e n e t r a t i o n  f o r  t h i s  r u n  i s  3%. F i g u r e  3 shows  t h e  g r a d e  
pene t r a t i on .  The p e n e t r a t i o n  f o r  sub-micron p a r t i c l e s  a r e  h ighe r  
t h a n  expected,  p robably  due t o  i n e f f e c t i v e  p o l a r i z a t i o n .  

A f t e r  t h e s e  e x p e r i m e n t s ,  t h e  h e a t i n g  e l e m e n t  o f  t h e  ma in  
a i r - h e a t e r  was burned.. The h e a t e r  manufacturer  s e n t  rep lacements  
twice; however, bo th  rep lacements  d i d  n o t  f i t  i n s i d e  t h e  h e a t e r  
tube .  The h e a t i n g  e l e m e n t  was o f  clam s h e l l  t y p e  design. .  The 
d iameter  of t h e  replacement  h e a t e r  s e n t  by t h e  manufacturer  was 
about  0.32 c m  (1/8") l a r g e r  t han  t h e  e x i s t i n g  one. 

A t h i r d  r e p l a c e m e n t  was r e c e i v e d  f rom t h e  m a n u f a c t u r e r .  
However, it was n o t  i n s t a l l e d  y e t  because work on t h i s  c o n t r a c t  
was  h a l t e d .  Due t o  upward a d j u s t m e n t s  t o  t h e  o v e r h e a d  r a t e  o f  
l a s t  f i s c a l  y e a r ,  t h e  c o n t r a c t  i s  o u t  o f  funds . -  T h e  DOE 

C o n t r a c t i n g  Off icer  a n d  P r o j e c t  Manager w e r e  i n f o r m e d  o f  t h i s  
s i t u a t i o n .  Work on t h i s  c o n t r a c t  was h a l t e d  pending i n s t r u c t i o n s  
form t h e  C o n t r a c t i n g  O f f i c e r  and t h e  P r o j e c t  Manager. 

Task 7.0 F i n a l  Report  
The p r e p a r a t i o n  of t h e  f i n a l  r e p o r t  was about  20% completed. 

It was also h a l t e d  pending i n s t r u c t i o n s  from DOE, 

TECaNICAL OBJECTIVES FOR !?HE IQEm QUARTER 

No work is  s c h e d u l e d  u n t i l  i n s t r u c t i o n s  f r o m  DOE a r e  
received.  
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Figure 3 .  Experimental grade penetration 
curve. 
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