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CONTROL OF ACID MIST EMISSIONS FROM FGD SYSTEMS

ABSTRACT

Acid m ist emissions can be a s ig n i f ic a n t  problem a t  power p lan ts  burning high- 
s u lfu r  coal and using wet scrubbers fo r  f lu e  gas d e su lfu r iz a t io n  (FGD). The 
acid  m is t ,  which i s  formed by condensation o f  s u l f u r ic  acid  vapor w ithin  the  
scrubber system, can be a major c o n tr ib u to r  to  p a r t ic u la te  emissions. Since 
the  ac id  m ist i s  predominantly submicron in s iz e ,  i t  avoids capture in 
conventional m ist e l im in a to r  systems, and i t  s c a t t e r s  l i g h t  very e f fe c t iv e ly .  
This can r e s u l t  in  excessive  v i s ib le  emissions in  some cases .

Improved contro l o f  ac id  m ist emissions can be achieved by rep lac ing  or 
augmenting th e  conventional m ist e l im in a to rs  with a wet e l e c t r o s t a t i c  
p r e c ip i ta to r  (WESP). This paper describes  a two-phased study performed to  
determine th e  degree o f  contro l t h a t  can be achieved with t h i s  approach.
Phase I was a study o f  the  e l e c t r i c a l  opera tion  o f a la b -sc a le  WESP co l le c t in g  
an acid  m ist from a coal combustion p i lo t  p la n t  equipped with a spray chamber. 
The r e s u l t s  o f  t h i s  study were used to  develop and v a l id a te  a computer model 
o f th e  WESP. In Phase I I ,  measurements were made a t  two u t i l i t y  scrubber 
i n s t a l l a t i o n s  to  determine th e  loadings o f acid  m is t ,  f l y  ash, and scrubber 
carryover . These measurements were used as input to  the  model to  p ro je c t  the  
performance o f a r e t r o f i t t e d  WESP.



CONTROL OF ACID MIST EMISSIONS FROM FGD SYSTEMS

INTRODUCTION

Acid m ists  can be a major source o f co rros ion  problems and v i s ib le  emissions 
a t  power p lan ts  t h a t  burn h igh-su 1 fu r  coals and are  equipped with wet f lu e  gas 
d e s u lfu r iz a t io n  (FGD) systems. When f lu e  gas i s  rap id ly  cooled in an FGD 
system, the  SO3  i s  condensed along with water vapor to  form an u l t r a f in e  mist 
o f  s u l f u r ic  ac id .  The m ist d ro p le ts  are  so small th a t  they escape c o l le c t io n  
in the  scrubber and the  m ist e lim in a to rs  (MEs) (1 ) .  When discharged in to  the 
atmosphere, th e se  f in e  d ro p le ts  s c a t t e r  and absorb l i g h t  very e f fe c t iv e ly ,  
sometimes r e s u l t in g  in excessive v i s ib le  em issions. The presence o f the  acid 
m ist in the  f lu e  gas can a lso  be a co n tr ib u tin g  fa c to r  in excessive corrosion 
o f the  ducting and the  s tac k  l i n e r  downstream from the  MEs. I f  a wet e le c t r o ­
s t a t i c  p r e c ip i ta to r  (WESP) i s  used to  rep lace  or augment the  MEs, the  acid 
m ist loading can be s u b s ta n t ia l ly  reduced, along with the  assoc ia ted  corrosion 
problems.

Under c o n tra c t  to  th e  Department o f  Energy/Pittsburgh Energy Technology Center 
(DOE/PETC), Southern Research I n s t i t u t e  in v es tig a ted  the  use o f  a compact WESP 
to  control ac id  m ist em issions. The p ro je c t  was p rim arily  d ire c ted  toward 
acid  m ist emissions from wet FGD systems, although o ther sources o f acid mist 
could be co n tro lle d  by t h i s  approach. The goal of t h i s  in v es t ig a t io n  was to  
assess  the  improvement in  acid  m ist control th a t  was possib le  by using a WESP 
to  rep lace  or augment the  e x is t in g  MEs in an FGD system. The p ro je c t  was 
organized in  two Phases. Phase I was i n i t i a t e d  in August 1988 and completed 
in  November 1989. I t  involved labo ra to ry  and p i lo t - s c a le  s tu d ies  of the  WESP 
concept, along with th e  development o f  a WESP computer model. Phase II was 
completed in  April 1991 and involved f i e ld  measurements a t  u t i l i t y  FGD 
i n s t a l l a t i o n s ,  p ro je c t io n s  o f  WESP performance, and development of a WESP 
demonstration p lan .



PHASE I OBJECTIVES

The primary o b jec t iv es  o f  the  Phase I e f f o r t  were to  (1) determine the 
a b i l i t y  o f  a compact UESP to  c o l le c t  the  f in e  acid m is t ,  (2) determine the 
e f f e c t  o f  f ly  ash loading on m ist c o l le c t io n  e f f ic ie n c y ,  and (3) develop and 
v a l id a te  a computer model o f th e  WESP to  help  in te rp r e t  t e s t  r e s u l t s  and 
e x tra p o la te  r e s u l t s  to  f u l l - s c a l e  a p p l ic a t io n s .  The second ob jec tive  was 
included because the  f ly  ash loading leaving the scrubber can vary widely, 
depending upon the  performance o f the  upstream p a r t ic u la te  control device. 
Also, a very high loading o f submicron f ly  ash could adversely  a f fe c t  WESP 
performance by space charge suppression Of the  corona c u rren t .

PHASE I APPROACH

The approach used in  Phase I o f  t h i s  p ro je c t  was to  f i r s t  f a b r ic a te  a 
la b o ra to ry -sc a le  HESP th a t  could be used to  determine the  expected UESP 
f ra c t io n a l  c o l le c t io n  e f f ic ie n c y  and provide data  for v a l id a t in g  a computer 
model o f  the  UESP. Since i t  was a n t ic ip a te d  th a t  the  v o la t i l e  acid mist could 
p resen t sampling d i f f i c u l t i e s ,  i n i t i a l  t e s t in g  was done with a nonvo la tile  
simulant o i l ,  di-2-ethy1hexy1 sebacate  (DES). A sketch o f  the UESP setup used 
fo r  these  t e s t s  i s  shown in  Figure 1« A fter successful completion o f these 
t e s t s ,  th e  UESP was modified and connected to  a p i lo t - s c a le  combustion system 
to  allow te s t in g  on an actual acid m is t .  The acid vapor was generated by 
f i r in g  e i th e r  SOj-doped na tu ra l  gas o r a combination o f SOj-doped natural gas 
with c o a l .  This was done to  allow te s t in g  o f  the UESP on the  mist alone and 
the  m ist in  combination with a f ly  ash loading ty p ic a l ly  encountered down­
stream from a scrubber. The acid m ist was formed by passing the  f lu e  gas 
through a spray hum id ifica tion  chamber to  sim ulate condensation in  the 
scrubber system. A sketch o f  the  modified UESP setup used in the  p i lo t  
combustor t e s t s  i s  shown in  Figure 2*

The da ta  obtained from th e  t e s t s  with the  DES and the  actual acid m ist were 
used to  v a l id a te  the  computer model a f t e r  each se r ie s  o f  t e s t s .  The validated  
computer model was then used to  make p ro jec tions  o f UESP performance in a 
u t i l i t y  r e t r o f i t  s i tu a tio n *
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LABORATORY TESTS WITH SIMULANT OIL

The WESP setup used In th ese  t e s t s  cons is ted  o f a tubu la r  WESP made from a 
l / 8 - 1 nch diameter wire suspended along the  axis  of a 8 - 1 nch diameter galva­
nized metal tube . The energized length  o f wire was 3 .5  f e e t .  For the 
lab o ra to ry  t e s t s ,  a i r  was drawn through th e  WESP system a t  a nominal flow rate 
o f  100 cfm, r e s u l t in g  In a WESP s p e c i f ic  c o l le c t in g  area (SCA) of about 74 
ftV kacfm . This may be compared to  a ty p ica l  f ly  ash p re c ip i ta to r  having an 
SCA o f  250 to  350 ftVkacfm. Thus, these  t e s t s  were designed to  sim ulate a 
very compact WESP design.

The DES o i l  was atomized using a Sonic Development ST-47 nozzle operated a t  an 
a i r  p ressu re  o f  8 8  p s ig  and an o i l  p ressure  o f  12 p s ig .  This ty p ic a l ly  pro­
duced an aerosol with a mass mean diameter o f  about 4 (an. Although th i s  Is
somewhat coarse  fo r  an acid  mist* I t  provided an adequate concentra tion  of
submicron p a r t i c le s  fo r  r e l i a b l e  s ize -re so lv ed  e f f ic ie n c y  measurements.

C o llec tion  e f f ic ie n c y  as a function  o f  p a r t i c l e  s iz e  was determined from 
cascade Impactor measurements made a t  the  I n le t  and o u t le t  o f  the WESP.
Typical r e s u l t s  obtained from th ese  measurements are  compared with the  r e s u l t s  
o f  two a l t e r n a te  computer models, a c u r re n t - sp e c if ic  model ( 2 ) and a cu rren t-  
seeking model (3 ) ,  In Figure 3. For the  p a r t i c le  s iz e  range resolved In these 
t e s t s ,  the  c o l le c t io n  e f f ic ie n c y  varied  from about 97% for submicron p a r t ic le s  
to  99.8% fo r  10 (an p a r t i c l e s .  These r e s u l t s  were extremely encouraging and 
showed good agreement with one o f the  two models I n i t i a l l y  considered.

The c u r re n t - s p e c i f ic  model was found to  give b e t te r  agreement with the  WESP 
performance d a ta ,  because I t  allowed Input o f  both the  applied voltage and the 
opera ting  c u r re n t .  The cu rren t-seek ing  model p red ic ts  the  cu rren t based on
the  applied  vo ltage  and the  p a r t ic u la te  space charge. The equation th a t  Is
used fo r  t h i s  Is  v a l id  only In the  region near corona onset ( I . e . ,  a t  r e l a ­
t i v e ly  low vo ltage  and c u r re n t ) .  The curren t-seek ing  model does not do a good 
job  o f  p re d ic t in g  performance In t h i s  ca ie  s ince  the  actual voltage and 
cu rren t  (60 kV and 270 ( iA /ft^ )  a re  fa r  ffom the  region o f corona onset (about 
30 kV and near-zero  c u r re n t ) .
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PILOT COMBUSTOR TESTS WITH ACTUAL ACID MIST

For th ese  t e s t s ,  the  WESP was connected to  a p i lo t - s c a le  coal combustion 
f a c i l i t y  equipped with a spray huroldlflcatlon chamber to  serve as a source for 
the  condensed acid m is t .  The acid m ist was generated by f i r in g  SOj-doped 
na tu ra l  gas In the  combustor and condensing th e  re su l t in g  acid vapor Into a 
f in e  m ist In th e  spray hum idification  chamber. Since th i s  re su lted  In a 
s a tu ra te d  f lu e  gas en te r in g  the  WESP, I t  was necessary to  make extensive 
m odifica tions  to  th e  WESP setup to  avoid e l e c t r i c a l  track ing  along the  high- 
vo ltage  In s u la to r .  As shown In Figure 2, a h o t - a i r  purge system was In s ta l le d  
to  keep the  h igh-vo ltage  In su la to r  dry , and a m ist e lim inato r  was added to  
prevent the  carryover o f  la rg e  unevaporated d ro p le ts  In to  the WESP. The hot 
purge a i r  ty p ic a l ly  accounted fo r  about h a l f  o f  the  to ta l  gas flow through the 
WESP. Since th e  m ist e l im in a to r  would c o l l e c t  mostly la rge  p a r t i c l e s .  I t  had 
l i t t l e  e f f e c t  on th e  acid  m ist f ra c t io n .

As In th e  la b o ra to ry  t e s t s ,  the  size-dependent e f f ic ie n c y  of the  WESP was 
determined by cascade Impactor measurements a t  the  In le t  and o u t le t  o f  the 
WESP* Since th e  hot purge a i r  was added downstream from the  In le t  sampling 
lo c a t io n ,  th e  I n le t  loadings had to  be co rrec ted  for t h i s  d i lu t io n .  Blank 
Impactor runs were performed with each s e t  o f  runs to  ensure th a t  no a r t i f i ­
c ia l  weight gains re su l te d  from f lu e  gas In te ra c t io n  with the  Impactor 
s u b s t ra te  m a te r ia l .  The Impactor su b s tra te s  were a lso  acid washed to  n e u tra l ­
ize  any a lk a l in e  s i t e s  t h a t  might adsorb SOj and cause a spurious weight gain.

P r io r  to  each s e t  o f  Impactor runs, a measurement o f  the  gas-phase SO, level 
by the  c o n tro lle d  condensation method was made to  assure constant conditions. 
To cover a range of acid  m ist concen tra tion , two s e r ie s  of t e s t s  were conduct­
ed a t  nominal SO, le v e ls  o f  25 ppm and 47 ppm. For these  two se r ie s  of t e s t s ,  
the  average I n le t  mass loadings of acid m ist were 8 . 6  mg/acm (0.0038 g r /a c f)  
and 16.3 mg/acm (0.0071 g r /a c f ) .  These loadings were lower than expected for 
complete condensation o f the  ac id ,  possib ly  due to  removal of some o f the acid 
vapor In the  spray chamber. N evertheless, th e  loadings showed the  expected 
v a r ia t io n  with SO, level* A summary o f  the  t e s t  r e s u l t s  Is given below.



Test Parameter

I n i t i a l  SO3  co n cen tra tio n ,  ppm 
I n le t  mass load ing , mg/acm (g r /a c f )  
I n le t  mass median d iam eter, im  
WESP applied  v o ltag e ,  kV 
ESP c u rren t  d e n s ity ,  /iA/ft 
S p ec if ic  c o l le c t in g  a re a ,  f t  /kacfra 
C o llec tio n  e f f ic ie n c y ,  X

Smaller than 1 pm 
Smaller than 5 pm

Low SOj 

25
8.59 (0.0038)

1.9 
6 8

251
48.9

87.4 to  92.9
88.5 to  93.0

High SOj 

47
16.3 (0.0071) 

1.5
68

196
40.3

62.1 to  83.0
71.4 to  91.8

These r e s u l t s  show t h a t  the  UESP Is  capable o f  good control e f f ic ie n c ie s  a t  an 
SO3  leve l o f  25 ppm. However, the  WESP performance degrades a t  th e  higher SO, 
leve l o f  47 ppm. Although th i s  Is p a r t ly  a t t r ib u ta b le  to  a s l ig h t  d iffe ren ce  
In th e  s p e c i f ic  c o l le c t in g  a rea ,  th e  primary fa c to r  Is the  reduction  In cu r­
r e n t  d e n s i ty  from 251 to  196 p A /f t^ t  a reduction o f  22%. This r e s u l t s  from 
th e  Increased p a r t i c u la te  space charge and the  concomitant suppression o f  
corona c u r re n t .

The space charge e f f e c t  could be seen very dram atica lly  In the  vo ltage-cu rren t  
c h a r a c te r i s t i c s  o f  th e  UESP, as I l l u s t r a t e d  In Figure 4. At an applied v o l t ­
age o f  50 kV, the  opera ting  c u r re n t  with no acid m ist present was about 1.1 
mA, compared to  a c u r re n t  o f  about 0 .4  mA with 25 ppm of SO3  ( 8 . 6  mg/acm of 
acid m is t ) .  With 47 ppm o f  SO, (16.3 mg/acm of acid  m is t ) ,  the  cu rren t  was 
fu r th e r  reduced to  about 0.35 mA a t  50 kV. In actual p ra c t ic e .  I t  may be 
p o ss ib le  to  compensate fo r  t h i s  e f f e c t  to  some degree by Increasing  the ap­
p lied  v o ltag e .  As shown In Figure 4, the  voltage was a c tu a l ly  Increased to  
over 80 kV w ithout sparkover, but t h i s  was not considered to  be a r e a l i s t i c  
o pera ting  po in t fo r  a commercial UESP*

I t  should be noted th a t  a l l  o f  the  UESP te s t in g  with an actual acid mist was 
done with a much lower SCA than th a t  used In the labora tory  t e s t s  with the DES 
aerosol (40 to  49 versus 74 ftV ^acfm ). This was done to  provide a more r e a l ­
i s t i c  s im ula tion  o f  a very compact UESP th a t  could be r e t r o f i t t e d  onto a 
scrubber. This d if fe re n c e  In SCA, combined with the  reduced cu rren t d e n s it ie s  
(196 to  251 versus 270 pA /ft^), account for the  lower c o l le c t io n  e f f ic ie n c ie s  
with th e  acid  m is t .  The reduced cu rren t  d e n s i t ie s  are  a r e s u l t  of the space 
charge e f f e c t ,  which I s  more pronounced with acid m ist due to  the  la rg e r  
number o f  f in e  p a r t i c le s  (1 .5  to  1.9 versus 4 pm mass median diam eter).



PILOT COMBUSTOR TESTS WITH HIST AND FLY ASH

Since a dramatic space charge e f f e c t  was evident In the  m ist-on ly  r e s u l t s ,  
add it io n a l t e s t s  were conducted to  examine any fu r th e r  degradation In WESP 
performance t h a t  might be caused by f in e  f ly  ash p a r t i c le s .  This was accom­
p lished  by c o - f i r in g  th e  SOj-doped na tu ra l gas with a small q u an ti ty  of coal 
to  sim ulate  the  mass loading o f  f ly  ash In f lu e  gas leaving a scrubber. The 
to ta l  thermal Input In to  the  combustor was maintained constan t so th e re  would 
not be a s ig n i f ic a n t  change In the  temperature p r o f i l e .  With coal burned a t  a 
r a te  o f  2 lb /h r  and SOj-doped na tura l gas f i r e d  a t  a r a te  of 970 cfh ,  the f lue  
gas en te r in g  the  spray chamber contained about 45 ppm of SO,, and the  In le t  
mass loading averaged about 27.6 mg/acm (0.012 g r /a c f ) .  This Is  comparable to  
recen t measurements made by F lak t ,  In c . ,  a t  a scrubber I n s t a l l a t io n  of 
Seminole E le c t r i c ,  where an average loading o f  28.8 mg/acm (0.0126 g r /a c f )  was 
reported  ( 1 ) .

Assuming th a t  th e  r a t i o  of the  acid  m ist mass loading to  the  SO, level was the 
same as In th e  two m ist-on ly  t e s t s ,  the  I n le t  loading o f  acid m ist may be 
estim ated  to  be 15.6 mg/acm (0.0068 g r /a c f ) .  By d if fe re n c e ,  the  In le t  loading 
o f f l y  ash Is  about 12.0 mg/acm (0.0052 g r /a c f ) .  With a coal containing 10% 
ash, t h i s  loading o f  f l y  ash would correspond to  an upstream control e f f i c i e n ­
cy ( In  the  primary ESP or baghouse and scrubber) o f about 99.7%, y ie ld ing  a 
mass emission r a t e  o f  about 0.013 lb/HH8 t u ,  based on f ly  ash only. The to ta l  
mass emission r a t e .  Including acid m is t ,  would be about 0.03 lb/NH8 tu .  The 
to ta l  p a r t ic u la te  mass would be composed o f  about 57% acid m ist and 43% f ly  
ash. Based on the  measured mass median diameters (mmds) o f the mist (1 .5 pan) 

and the  m is t / f ly  ash combination ( 2 . 2  ^m), the  mmd of the  f ly  ash Is  estimated 
to  be 3.1 IM , This case Is  believed to  be a reasonable sim ulation of a 
p re c ip i ta to r /s c ru b b e r  I n s ta l l a t io n  operating  In compliance with the  1979 NSPS 
(4 ) .  The r e s u l t s  o f  t h i s  t e s t  are  summarized belowi the  r e s u l t s  of the  hlgh- 
SO, m ist caso a re  a lso  Included for comparison.

' » r
I
I
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Test Parameter

I n i t i a l  SO3  concen tra tio n , ppm 
I n le t  mass loading , mg/acm (g r /a c f )  
I n le t  mass median d iam eter, fm 
WESP applied  v o ltag e ,  kV 
WESP c u r re n t  d en s i ty ,  f iA / f t  
S p ec if ic  c o l le c t in g  a re a ,  f t  /kacfm 
C ollec tion  e f f ic ie n c y ,  %

Smaller than 1 /rni 
Smaller than 5 /m

Mist Only 
High SO3

47
16.3 (0.0071) 

I .S
68
196

40.3

62.1 to  83.0
71.4 to  91.8

Hist Plus 
Fly Ash

45
27.6 (0.012) 

2.2  
45 
64 

42.5

63.4 to  77.1 
65.1 to  77.6

Comparison o f the  m is t-p lu s-ash  case and the  m ist-only  case shows a s t r ik in g  
degradation  o f  th e  e l e c t r i c a l  opera ting  conditions with f ly  ash p resen t.  With 
f ly  ash In the  system. I t  was not p o ss ib le  to  maintain the  same applied v o l t ­
age t h a t  was used In th e  m ist-on ly  case . In te rm it te n t  sparking re su l te d  In 
excessive t r ip p in g  o f th e  power supply and lim ited  the applied voltage to  
about 45 kV. I t  may have been p o ss ib le  to  operate  a t  a higher vo ltage, but 
t h i s  would have requ ired  frequent r e s e t t in g  o f  the  power supply, which may 
have compromised th e  o u t l e t  Impactor data* In actual p ra c t ic e ,  the  use of a 
s p a rk - ra te  c o n t r o l le r  may p a r t i a l l y  a l l e v i a t e  t h i s  problem.

The presence o f  th e  f ly  ash appears to  produce a la rg e r  performance degrada­
t io n  In th e  1 to  5 pm s iz e  range than In th e  submicron s iz e  range. Since a 
very small mass f ra c t io n  o f the  f ly  ash Is  submicron ( ty p ic a l ly  le s s  than 1  to  
2 %), I t  would not be s u rp r is in g  to  see s im ila r  submicron c o l le c t io n  e f f i c i e n ­
c ie s  fo r  th e  two cases .  I f  th e  e l e c t r i c a l  opera ting  conditions were s im ila r .  
However, th e  degraded e l e c t r i c a l  conditions  apparently  lim ited  the  maximum 
submicron c o l le c t io n  e f f ic ie n c y  to  7 7 .IX, compared to  83 .OX for the  mist only. 
For a l l  p a r t i c le s  sm aller than 5 pm, the^cumulative c o l le c t io n  e f f ic ie n c y  was 
reduced from a maximum of 91 .8X to  77 . 6 X with f ly  ash p resen t.



PHASE II  OBJECTIVES

The primary goal o f  th e  Phase II  work was to  re f in e  the p ro jec tio n s  of WESP 
performance by using da ta  from two u t i l i t y  FGD I n s ta l l a t io n s .  This required 
SO3  and p a r t i c l e  s iz e  measurements* along with chemical analyses, to  determine 
the  loadings o f ac id  m is t ,  f ly  ash, and scrubber so lid s  downstream from the 
two scrubbers . These measurements provided the  data needed to  p ro je c t  WESP 
performance using the  computer model developed In Phase I .  A secondary 
o b jec t iv e  was to  es tim ate  the e f f e c t  of the  WESP on opacity  r e l a t iv e  to  the 
b ase lin e  co n figu ra tion  (scrubber with NE on ly ) .  Another major o b jec tiv e  of 
Phase I I  was to  develop plans fo r  a follow-on demonstration o f  th e  WESP 
concept a t  u t i l i t y  s i t e s ,  I f  warranted.

SITE SELECTION

The f i r s t  ta sk  under Phase II  was to  s e le c t  the  t e s t  s i t e s  fo r  the  f ie ld  
measurements. I t  was p re fe rred  th a t  the two s i t e s  have s u b s ta n t ia l ly  d i f f e r ­
en t  le v e ls  o f  SO3  In the  f lu e  gas, so th a t  the  e f f e c t  o f  acid m ist loading 
could be examined. A high SO3  concen tra tion  was d e s irab le  a t  one o f the 
s i t e s ,  so t h a t  th e  e f f e c t s  o f space charge corona suppression could be fu r th e r  
analyzed using th e  computer model. I t  was a lso  considered d e s ira b le  to  avoid 
th e  s e le c t io n  o f  two s i t e s  with the  same types o f  b o i le r s ,  scrubbers, and MEs, 
so th a t  the  r e s u l t s  would be app licab le  to  a wider range o f  equipment types. 
Based on th ese  co n s id e ra t io n s ,  two s i t e s  Were u lt im a te ly  se le c te d .

S i te  1 was a 700-HM, cy c lone-f ired  u n i t  equipped with a combination v e n tu r i /  
spray tower FGD system. The FGD system consis ted  o f s ix  scrubber modules, 
f iv e  o f which were normally In opera tion . At the  e x i t  of each tower, the gas 
was discharged a t  a r ig h t  angle and flowed h o r iz o n ta lly  through two v e r t ic a l  
m ist e l im in a to rs .  Because of severe corrosion  o f the rehea te r  tubes , the 
re h ea te r  had been removed, and the  u n i t  had been converted to  w et-stack 
opera tion . The combination of a high su lfu r  content (3.2% nominal) and high 
Iron conten t In th e  ash, along with the  high-temperature cyclone f i r in g ,  was 
reported  to  produce a very  high SO, concen tra tion  a t  t h i s  s i t e  (5 ) .

I
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s i t e  2 was a 575-HW, pulverized  c o a l - f i r e d  u n i t  equipped with a venturi 
rod /sp ray  tower FGD system. Each o f the four scrubber modules was equipped 
with a horizon ta l m ist e l im in a to r  mounted d i r e c t ly  above the  spray tower, so 
th a t  th e  gas flow through the  m ist e lim ina to r  was v e r t i c a l ly  upward. Ju s t  
above the  m ist e l im in a to r  was an In - l in e  tu b u la r  re h e a te r .  Previous data 
obtained a t  t h i s  s i t e  ( 6 ) suggested th a t  the  SO3  concentration  would be lower 
than a t  S i te  1, although the  nominal coal s u lfu r  content was about the  same as 
a t  S i te  1. The lower conversion o f  SOj to  SO3  a t  S i te  2 Is  presumably 
assoc ia ted  with the  d i f f e r e n t  b o i le r  type and the  lower Iron content o f  the 
ash.

SO2 /SO3  DATA

Table 1 gives a summary o f  th e  SOj and SO3  concentra tions measured ahead of 
th e  scrubber a t  both s i t e s .  There Is  e s s e n t i a l ly  no d iffe ren ce  In the SOj 
concen tra tions  measured a t  th e  two s i t e s ,  but the  SO3  concentration  Is
s ig n i f i c a n t ly  h igher a t  S i te  1, fo r  the  reasons already d iscussed . I f  the
reported  amounts o f  SO3  were completely condensed In the form of s u lfu r ic  acid 
(HjSO^), t h i s  m ateria l alone could account fo r  a mass loading o f about 0.03 
g r /d sc f  a t  S i te  1 o r about 0.02 g r /d sc f  a t  S i te  2. At S i te  1, th i s  would be 
s u f f i c i e n t  to  account fo r  over 85X o f  the  p a r t ic u la te  mass measured a t  the HE
o u t l e t  by the  cascade Impactors. At S i te  2, I t  would be s u f f ic ie n t  to  account
fo r  about 70X o f  t h i s  mass. However, chemical analyses o f  the  Impactor 
samples (discussed  l a t e r )  reveal t h a t  the  HjSÔ  a c tu a l ly  accounts for only 40
to  45X o f  the  p a r t ic u la te  mass a t  S i te  1 and about 57 to  62X of the  p a r t ic u -

!

l a t e  mass a t  S i te  2. This suggests  th a t  some o f  the  SO3  or s u lfu r ic  acid Is 
removed In the  scrubber and HE system.

To In v e s t ig a te  the  question  o f  SO3  removal across the  scrubber, o u t le t  SO3

measurements were made a t  S i te  2. To determine the  amount of SO3  removed, the 
sampling probe was heated to  convert a l l  o f  the  HjSÔ  back to  SO3. Measure­
ments were a lso  made with the  probe a t  f lu e  gas temperature (about 160*F a f te r  
rehea t)  to  v e r i fy  th a t  a l l  o f  the  SO3 was condensed. These measurements 
confirmed th a t  a l l  o f  th e  SO3 was condensed a t  t h i s  point (res idual below the



d e tec t io n  l im i t  o f  0 .3  ppm) and th a t  the  amount of condensed HjSÔ  was 
equ iva len t to  an SO3  concen tra tion  of 6  ppm. A fter co rrec t in g  the I n le t  and 
o u t l e t  SO3  concen tra tions  to  the  same Og le v e ls ,  the  removal o f  SO3  across the 
scrubber was c a lc u la te d  to  be 28X. Allowing for t h i s  lo s s ,  the  acid mist 
would be expected to  account fo r  about 61% o f  the  o u t le t  p a r t ic u la te  mass a t  
S i te  1 and about 50% of the  o u t l e t  p a r t ic u la te  mass a t  S i te  2. Chemical 
analyses o f the  Impactor samples revealed 40 to  45% HjSÔ  a t  S i te  1  (about 16 
to  2 0 % le s s  than c a lc u la te d  from th e  gas-phase SO3  concentration) and 5 7  to  
62% Ĥ SÔ  a t  S i te  2 (about 7 to  12% more than c a lc u la te d ) .  The lower HjSÔ  
recovery a t  S i te  1 may In d ica te  th a t  the  SO3  removal was higher than a t  S i te  2  

(removal measurements were made a t  S i te  2 on ly ).  The s l ig h t ly  higher recovery 
a t  S i te  2 could be a t t r i b u t a b l e  to  o ther  s u l f a te s  In the  ash.

TOTAL AND SUBNICRON HASS LOADINGS

P a r t ic le  s iz e  and mass loading measurements were made a t  both s i t e s  using 
U niversity  o f  Washington Hark V cascade Impactors th a t  were heated to  avoid 
condensation w ith in  th e  Impactor. At S i te  1, these  measurements were made a t  
the  HE I n le t  and o u t l e t  with e i th e r  one or two HEs In p lace . This provided an 
ana lys is  of the  size-dependent c o l le c t io n  e f f ic ie n c y  o f the HEs to  compare to  
the  p ro jec ted  performance o f  the  WESP* Normally, the  FGD system a t  S i te  1 
operates  with two HEs In s e r i e s .  However, a WESP supp lie r  (ABB F lak t,  Inc .)  
recommended th a t  one o f  th e  HEs be removed I f  a WESP were to  be r e t r o f i t t e d .  
Therefore, measurements were made with both one and two HEs In place. 
S u rp ris in g ly ,  th e re  was very l i t t l e  d iffe ren ce  In the  cumulative mass loadings 
measured with e i th e r  one o r  both HEs In se rv ic e .  Therefore, only a s in g le  
value Is  reported  fo r  th e  o u t l e t  mass loading.

At S i te  2, measurements were made a t  the  HE o u t le t  and the rehea te r  o u t le t .  
Only th e  HE o u t l e t  da ta  a re  of I n te r e s t  fo r  a WESP r e t r o f i t .  I t  would not 
make sense to  r e t r o f i t  a WESP a f t e r  the  re h e a te r ,  because the  evaporation 
across th e  re h e a te r  would make the  d rop le ts  f in e r  and possib ly  more d i f f i c u l t  
to  c o l l e c t .  These measurements were made a t  the  request o f  the host u t i l i t y  
to  a s s i s t  them In c o r re la t in g  the  measurdd emissions with opacity .
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Table 2 p resen ts  the  average to ta l  and submicron mass loadings obtained a t  
both s i t e s  a t  each sampling lo c a t io n .  As expected* the  mass loading was very 
la rg e  ahead o f  the  MEs (13.7 g r /a c f ) ,  and th i s  mass was dominated by p a r t ic le s  
l a rg e r  than 1 pm. The mass mean diameter (MMD) of t h i s  m ateria l was estimated 
to  be 44 pm. Downstream from the  HEs, the  mass loading was much lower, and 
th e  p a r t i c u la te  mass was predominantly submtcron In s iz e .  The cumulative 
subralcron mass loading was s l i g h t ly  higher a t  S i te  1 than S i te  2 (0.022 versus
0.021 g r / a c f ) ,  although th e  cumulative submlcron percentage was lower a t  S ite  
1 than S i te  2 (87% versus 95X). Thus, S i te  2 appears to  have a f in e r  d i s t r i ­
bution on the  bas is  o f  submlcron mass percentage, but I t  a c tu a l ly  presents 
le s s  challenging  cond itions  fo r  a HESP r e t r o f i t  than does S i te  1, because the 
abso lu te  loading o f submlcron p a r t ic le s  Is  lower a t  S i te  2. This small 
d if fe re n c e  In submlcron mass t r a n s la t e s  In to  a la rge  d iffe ren ce  In the 
number concen tra tion  o f  submlcron p a r t ic le s*  which Is  c r i t i c a l  In terms of 
space charge e f f e c t s .

CHEMICAL COMPOSITION

The cascade Impactor samples were analyzed to  determine the  weight percent o f  
HjSOf, f ly  ash , and scrubber so l id s  as a function  o f p a r t i c le  s iz e .  The 
a n a ly t ic a l  methods and procedures fo r  c a lc u la t in g  the  weight percent of each 
component a re  d e ta i le d  In the  Phase I I  f in a l  rep o rt  (7 ) .  To provide a 
s u f f i c i e n t  q u an ti ty  o f sample fo r  a n a ly s is ,  se lec ted  Impactor stages were 
combined, y ie ld in g  four s iz e  f ra c t io n s !  ( I )  la rg e r  than 8  pm, (2) I to  8  pm, 
(3) 0 .1  to  1 pm, and (4) sm aller than 0.1 pm. Figure 5 shows the  HjSÔ  
con ten t o f  the  various s iz e  f ra c t io n s  from S i te  1. As expected, HjSÔ  content 
Increases with decreasing  p a r t i c le  s iz e .  At S i te  2, th i s  same trend was e v i ­
dent down to  th e  0 . 1  to  1  pm f ra c t io n ,  but the  f ra c t io n  sm aller than 0 . 1  pm 
contained s l i g h t l y  le s s  ac id  than the  0.1 to  1 pm f ra c t io n ,  as Indicated 
below.

Size f r a c t io n ,  pm tiaSIUiJtt-X

Less than 0.1 
0 . 1  to  1  

1 . 0  to  8  

Larger than 8

56.9
61.8
47.1
27.3

Scrubber 
So lids . HtX

0.4
2.2

11.2
72.7

Fly
A4ii, y tx

42.7 
36.0
41.7 
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WESP PERFORMANCE PROJECTIONS

The WESP computer model developed In Phase I was used to  make performance 
p ro je c t io n s  fo r  WESPs r e t r o f i t t e d  a t  the  two t e s t  s i t e s  discussed above. For 
th e  S i te  I p ro je c t io n s ,  the  mass loading and s iz e  d is t r ib u t io n  measured with 
one ME In place  were used, s ince  t h a t  configura tion  was recommended by a WESP 
s u p p l ie r .  For th e  S i te  2 p ro je c t io n s ,  the measurements made a t  the  ME o u t le t  
were used. In each case , p ro je c t io n s  were made with two se ts  of e le c t r ic a l  
c o n d it io n s ,  corresponding to  th e  b es t  and the  worst conditions achieved In the 
Phase I p i l o t  t e s t i n g .

Predic ted c o l le c t io n  e f f ic ie n c y .  % 
E le c tr ic a l  conditions  S i te  1 S i te  2

45 kV and 72 nA/cm^, 84.9 97.5
60 kV and 114 nA/cm^ 90.2 98.7

The lower e f f i c i e n c ie s  fo r  S i te  1 a re  e n t i r e ly  a t t r ib u ta b le  to  the  higher 
loading o f  f in e  p a r t i c le s  and the  r e s u l t in g  space charge e f f e c t s .  For both 
c a se s ,  the  SCA was 50 ftVi^acfmt th e  gas v e lo c i ty  was 20 f t /sec{  and the  tube 
leng th  was 1 0  f t .

For S i te  1, the  b ase lin e  opac ity ,  with both HEs In p lace , was 42 to  60% (as 
determined by a t ra in e d  smoke reader a f t e r  d is s ip a t io n  o f the  steam plume).
The p ro jec ted  opacity  a f t e r  th e  HESP r e t r o f i t  described above was 11 to  19% 
with the  worst e l e c t r i c a l  conditions and 8  to  14X with the  best e le c t r i c a l  
co n d it io n s .  For S i te  2, base line  opacity  data  were not a v a i la b le ,  but the 
pro jec ted  opac ity  ( a f t e r  the  HESP r e t r o f i t )  was s u b s ta n t ia l ly  lower than a t  
S i te  1 (1 .5  to  3X with th e  worst e l e c t r i c a l  conditions and le ss  than 1.5% with 
the  bes t  e l e c t r i c a l  c o n d it io n s ) .  These f e s u l t s  s trong ly  suggest th a t  the WESP 
r e t r o f i t  could maintain opacity  below 2 0 % a t  both o f  th e  s i t e s  Investiga ted .

FOLLOW-ON DEMONSTRATION

Based on the  r e s u l t s  o f  Phase I and Phase I I ,  a follow-on demonstration o f the 
WESP concept appears to  be j u s t i f i e d .  Therefore, preliminary planning for a
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follow-on demonstration has been undertaken. Two approaches have been consid­
ered: (1) I n s t a l l a t io n  o f a prototype HESP on a f u l l - s c a l e  scrubber module
and (2) co n s tru c tio n  o f  a sm alle r ,  mobile WESP demonstration u n it  th a t  could 
be t e s t e d  a t  various u t i l i t y  s i t e s .  Although the  f u l l - s c a l e  u n i t  would be 
p re fe ra b le  In some re sp e c ts ,  the  a b i l i t y  to  t e s t  a wide range o f conditions Is 
a key f a c to r  favoring th e  mobile unit* One possib le  embodiment o f  a mobile 
u n i t  Is  shown In Figure 6 . This u n i t  would handle a gas flow of about 10,coo 
acfm a t  125*F (about 5-NW equ iva len t)  and would f i t  on a standard 40 to  50 f t  
t r a i l e r .  The design would Include provisions to  t e s t  d i f f e r e n t  types of 
discharge e lec tro d es  as well as d i f f e r e n t  types o f c o l le c t in g  tubes. Provi­
sions would a lso  be made for r e a l- t im e  monitoring o f the  gas flow, tempera­
tu r e ,  v o ltag e ,  c u r re n t ,  and opac ity .  Test parameters fo r  the  WESP demonstra­
t io n  program would Include: coal type , SOj/acId m ist loading, f ly  ash and 
scrubber so l id s  load ings , s iz e  d i s t r ib u t io n ,  scrubber type , HE type, e lec trode  
ty p es ,  and c lean ing  methods and frequencies .

There Is  no d e f in i t e  source o f  funding fo r  th e  WESP demonstration u n i t  a t  th i s  
tim e. However, th e  Department o f  Energy, th e  E le c tr ic  Power Research I n s t i ­
t u t e ,  several u t i l i t i e s ,  and a major WESP su p p lie r  have expressed considerable 
I n te r e s t  In t h i s  concept. Recognizing the  p o ten tia l  b e n e f i ts  to  the  u t i l i t y  
Industry  and the  p o te n t ia l  market fo r  WESP technology, the  u t i l i t i e s  and the 
WESP su p p lie r  have agreed In p r inc ipa l  to  share a portion  o f the  p ro jec t  
c o s ts .  During the  I n i t i a l  po r tion  o f  th e  proposed follow-on demonstration, an 
economic an a ly s is  o f  the  WESP technology would a lso  be done. This analysis  
would address e x is t in g  WESP technology as well as various advanced concepts In 
d ischarge e lec tro d es  and m a te r ia ls  o f construction*
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Table 1.

Summary o f  SOj/SO^ Measurements

S i te  1

Average SO, Concentration, ppm 
SOj Concentration Range, ppm 
Average SO, Concentration, ppm 
SO3  Concentration Range, ppm 
Average SOj-to-SO, Ratio  
SOj-to-SOj Ratio Range

2 1 0 0  

2 0 0 0  to  2260 
19

13 to  25 
0.009 

0.0065 to  0.011

S ite  2

2200 
2190 to  2210 

11
9 to  13 

0.005 
0.004 to  0.006

Table 2.

Total and Submlcron Mass Loadings

Mass Loading, a r /a c f
Total Submlcron

S i te  1 - ME In le t 13.7 0.026 (0.2X)
S i te  1 - ME Outlet 0.025 0.022 (87X)
S ite  2 - ME Outlet 0 . 0 2 2 0.021 (95X)
S i te  2 - Reheater O utlet 0 . 0 1 1 0.010 (91X)

w : I I I! 1'



D18CHAHQt 
INTO HOOD

POWER s u p n v

NOZZLE

ID FAN

ESP

OUTIET SAMEUNQ 
LOCATION

INLET S A M niN O . 
LOCATION

COMPNESSEO
Am

ONAIN

Figure 1. Sketch of WESP Setup Used in LeborBtory Tests 
with Simutent Oil.

rnOM  COMIUf TION 
nut QAt DUCT

tmAV
HUMIOf^WATlOW
N O U L iHOT Am 

RW Ot liO W fR rttuMftoo
H .V .ttiO T H m i

M ftT ilHMMATOfl

□  g

sg mir tMTAeron 
tAMniMonf.

tiOIVMiAtUm MWT.

go

HANK fMPACTON
lAMTiiHo rr

O U T itr  NMTACI 
tAamiNorrt.

Figure 2. Sketch of Modified WESP Setup Used in Pilot 
Combustor Tests with Actual Acid Mist.

' ' t I II



90.0
Q  LAB DATA 

•  •  • •  CU RRENT-SPECIFIC M ODEL 
------------ CURRENT-SEEKING M ODEL

Zop
<

z

9».p >

u.

Ulo.

UluK
IIIa.

99.9B

PARTICIC DIAMETER, mieroiMMri

Figure 3. Comparison o1 WESP Fractional Collection Efficiency 
Measured Using Simulant Oil with Predictions of Two 
WESP Computer Models.

2.0

MAX. OUTPUT 
82.4 kV —
w /o  SPARK

—  CONOmONS 
NMunri 8M llrins 
SO j eenewMiMiM >tS00ff«»
QMvehinMliMtarf . >1tSielm

i.e

1.4

1
i  >•
Sm
8
0
1

1.0

0.8
NO 8O3 PRESENT /O

0.6

0.4

0.2

40 80 70 8020 30 80
APPLIED VOLTAGE, fcV

M If-U A

Figure 4. Comparison WESP Voltage-Current Curves 
Obtained With and Without Acid Mist.

[



50

O

5  40
u
S

3
U>

30

0  20oc
UJ

1  1 .

BOTH MEs

ONE ME

ME INLET
BOTH MEs

ME INLET

ONE ME

BOTH MEs

ME INLET 

ONE ME

< 0.1 ^fn 0.1 to 1 |u n  1 to 8  )im

PARTICLE SIZE FRACTION

ONE ME

BOTH MEs

ME INLET

> 8 ^m

n ^ r e  S. SuHurio Add Contant of Padde Slzo Firadkjna at Site 1

OuM
tMt

parti

Rotated into position 
using vdndiNoIk  Mplplnali1Mn.MhidrtiSS 

MMiM i M  (317 Ul or bMir)Piping 
at)oveiino 
instailed ^

tMl
pom

Systam
InM

Ftgun 6. Sketch of Mot)He WESP Pilot Unk for Demonetrdhn Program
' ■ I • i .

I
. . 1

; MI »r.{ < Ji r [


