
T / t e ~ ' c a  .,4ca'a. 24 (1978) 281-291 
~) El..~vier Scientific Publishing Company. Amsterdam - Printed in The Netherlands 

S O M E  A P P L I C A T I O N S  O F  T H E  U L T R A M I C R O B A L A N C E  T O  P O W E R  
S T A T I O N  F L U E  G A S  R E S E A R C H *  

F. D. EVANS A.~.-D B. H. TARGETT 
Cerdral F_leclricity Generating.l~ctrd. Marcttwood Engineo i~  Laboratories. Matchwood, Soul lzarnplon, 
Hanr$. ( Engl~t) 

ABSTRACT 

M e c h a n i s m s  o f  f o r m a t i o n  a n d  emiss ion  o f  acid smu t s  have  been invest igated 
using an  a p p a r a t u s  based o n  an  nl t ramicrobalance_ Conc lus ions  d r a w n  f r o m  the  
exper imenta l  results  a re  that ,  o f  t he  three  potent ia l ly  m o s t  significant s m u t - f o r m i n g  
proces__ses, condensa t i on  o f s u l p h u r i c  ac id  is m o s t  i m p o r t a n t  whilst  catalyt ic  adso rp t i on  
o f  s u l p h u r  d ioxide  a n d  su lphur ic  ac id  adso rp t i on  above  the  ac id  d e w p o i n t  p l ay  m i n o r  
roles. 

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

Acid smuts are  agg lomera tes  o f  c o m b u s t i o n  p r o d u c e d  solids, ma in ly  carbon, in 
associa t ion wi th  vary ing  a m o u n t s  o f  su lphur i c  acid.  

Acid  s m u t  emiss ion  is seen as an  i m p o r t a n t  i m m e d i a t e  env i ronmen ta l  p r o b l e m  
conce rn ing  the  Cent ra l  Ele~hici ty  G e n e r a t i n g  Boa rd  (CEGB) .  A l t h o u g h  emiss ions  
a re  local  a n d  spasmodic ,  rarely i f  ever  caus ing  ser ious  damage ,  they have  a m a j o r  
effect o n  pubf ic  re la t ions a n d  p lanning .  Avo idance  o f  these  emiss ions  is therefore  
highly desirable a n d  this  requires  an  u n d e r s t a n d i n g  o f  acid s m u t  f o r m a t i o n  a n d  
emi~¢ion mechan i sms .  

T h e  residual  fuel oils used in oil-fired s~tations con ta in ,  typically,  2 to  4~o by 
weight  o f  su lphur .  D u r i n g  c o m b u s t i o n  this s u l p h u r  is conve r t ed  m a i n l y t o  s u l p h u r  
d ioxide  bu t  a very smal l  a m o u n t  ( a few v p p m )  o f  s u l p h u r  t r ioxide  is a lso fo rmed .  As  
flue gases coo l  du r ing  their  passage  t h r o u g h  the  boi ler  to  the  stack,  the  s u l p h u r  
t r ioxide  combhaes  wi th  wa te r  v a p o u r  p resen t  to  f o r m  su lphur ic  acid vapour .  I f  
back-end  surface t empera tu re s  a re  low, e.g., du r ing  p l an t  staxt-up,  it is possible  for  
this  su lphur ic  ac id  v a p o u r  to  condense  on  cool  Surfaces f o r m i n g  a f i l m 0 f  l iquid acid. 
C o m b u s t i o n  o f  oil a lso  p roduces  very small  a m o u n t s  o f  finely d iv ided  p a~,ticles 
con ta in ing  u n b u r n t  c a r b o n a c e o u s  mater ia ls .  A n y  o f  these  part icles  whichcome_ in to  
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con tac t  wi th  acid  d a m p  surfaces will a ccumula t e  gqth  the  resul t  tha t  there  is a g radua l  
f o r m a t i o n  o f  a sol id depos i t  con ta in ing  a hi oh concen t ra t ion  o f  acid. As  t he  ~affacts  
w a r m  up ,  the rmal  s trains cause  this depos i t  to  f rac ture  a n d  flake. A p r o p o r t i o n  o f  these  
flakes vdll pass t h r o u g h  the  sys tem a n d  ou t  o f  the  stack,  emerg ing  in the  a t m o s p h e r e  
as ac id  smuts.  

I n  a d d i t i o n  to  the ac id  condensa t ion  process descr ibed above,  there are o the r  

w-n~ys in which  carbon~_ceous ~olicls and  s u l p h u r  oxide  con ta in ing  flue Z'~Le"~ can  be 
pos tu l a t ed  to  in teract  to  p r o d u c e  acid smuts .  T w o  processes which  cou ld  c o n m ' b u t e  
to  ac id  s m u t  f o rm a t ion  are  ox ida t ion  o f  su lphu r  clio.~de in the  presence  o f  flue gas 
solids a n d  adso rp t ion  o f  su lphur ic  ac id  o n  flue gas solids above  the  acid condensa t i on  
t empera tu re  (often t e rmed  the  acid dewpoin t ) .  

These  three  aspects  o f  the  p r o b l e m  have been invest igated wi th  a p p a r a t u s  based  
on  an  u l t ramicroba lance .  
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SUrL.PI.IIr3RlC ACID D E w P o r N - ~  

The importance of the acid dewpoint 
The essential information with regard to acid condensation is the relationship 

between acid dewpoint and gas phase concentration o f  sulphuric acid. With thix 
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information, it is possible to specify the operating conditions n___~:essary to minimise 
the risk of  acid smut formation_ 

T h e  dc~Tpoin t  c u r v e  c a n  b¢  c a l c u l a t e d  t h e r m o d y n a m i c a l l y  f r o m  v a p o u r  p r e s s u r e  

dam t. 2 The direct experimental results show wide variations from the thermo- 
dynamic curve, in most cases, and, indeed, amongst themselves ( F i g  I). I t  has been 
su~%~ested that th/s variation may be due to differences in the bchaviour of  real flue 

as compared ~ t h  the synthetic mixtures often used. Figure I includes examples of  
both cases and shows that there is no systematic variation consistent with this sug- 
gestion. 

The r e ~ n t  calculation of  the dewpoint curve by Ha!stead and Talbot 3 uses the 
best available vapour pressure data  and it was of  considerable interest to asoertain 
whether direct measurements by a new technique would confirm this latest thermo- 
dynam/cally derived dc~3~oint curve. The microgravimetric method was developed 
for this purpose and also to investigate the possible effect o f  adsorbent solid surfaces 
on the apparent dcwt~int. 

z~easuremems by the micrograrimetric method 
T h e  m e t h o d  d e p e n d s  o n  t h e  w ~ g h t  i n c r e a s e  d u e  t o  l i q u i d  c o n d e n s i n g  o n  t o  

surfaces kept under controlled conditions of  temperature and surrounding gas 
composition. The apparatus (F ig  2) is based on a Sartorins ultramicrobalance 
operating with a sensitivity of  1 /zg. The apparatus was designed to facilitate the 
passing of  gas mLxtures, containing known concentrations of  water and sulphuric acid 
vapour in nitrogen, over samples heid in a glass vessel suspended by a stainless-steel 

I _  I B 

G 

Fig. 3. Acid i n j c c ~ n  appazams. A = gas inlet BI0  socket; B ---- sulphur~ acid solution inlet 0.Smm 
platinum robe; C = i n ~  capillary 0.Smm bore; D = evapot~ation chamber  20ram dia  70mm 
long; E --~ expansion chamber 30ram dia 100ram long; F ~ r n ~ g  coil. 5 coilx 3 m bore; HS ~- 
heaxed ~ T C  ~- ~ in glass p o c k S ;  G = gas outlet S13 ball joint ;  PIP = p e f h ~ i ~  
pumP, Watson Maxlow M4RE2; J = d[Iute acid rcscrvo~. 
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wire 0.1 m m  in d iameter .  T o  avo id  p r e m a t u r e  condensa t ion ,  i t  was  a par t i cu la r  
r equ i r emen t  o f  this s t udy  t ha t  t he  gas  mix tu re  shou ld  n o t  be  exposed  to  a t empe ra tu r e  
lower  t han  t h a t  o f  t he  sample  vessel a t  any  p o i n t  in the  a p p a r a t u s  before  the  sample  
vessel. T h e  a r r a n g e m e n t  o f  heaters  shown  in the  f igure was des igned  to  achieve this  
cond i t i on  a n d  was based o n  exp lora to ry  measu remen t s  o f  the  vertical t e m p e r a t u r e  
var ia t ions  in the  apparatus_ T h e  corros ive  ~ases were kep t  away  f r o m  the  b e a m  
assembly  o f  the  ba lance  by pass ing a p r o p o r t i o n  o f t h e  n i t rogen  carr ier  gas in t h r o u g h  
the  centra l  o p e n i n g  o f  the  box  s u r r o u n d i n g  t he  btmm assembly.  This  has  been f o u n d  
to  be a very sat isfactory a n d  economica l  sys tem for  m e a s u r e m e n t s  in b o t h  h o t  a n d  
corros ive  gaseous  env i ronments .  

T h e  pa r t  o f  the  a p p a r a t u s  involved  wi th  inject ing su lphur ic  ac id  a n d  wate r  in to  
the  gas s t ream w~s deve loped  for  this  w o r k  a n d  is i l lus t ra ted in  F igure  3. Su lphur i c  
acid o f  a conven ien t  concen t r a t ion  w~as p u m p e d  wi th  a peristal t ic  p u m p  a t  a ra te  
calculated to  give the  des i red  concen t ra t ions  o f  b o t h  su lphur ic  acid a n d  water  in the  
gas s t ream.  T h e  a d d  so lu t ion  is vapor i sed  a n d  mixed  wi th  ~ in  the  hea ted  sec t ion  
(I-IS). T h e  d e w p o i n t  m e a s u r e m e n t s  r equ i red  a ~ flow o f  100 m l  min  - t  a n d  the  
a p p a r a t u s  was des igned to  del iver  this wi th  su iphur ic  ac id  concen t ra t ions  o f  0 to  1000 
v p p m  a n d  water  concen t ra t ions  o f  I to  15 vob~me ~/oo- T h e  a p p a r a t u s  is essentially a 
p r imary  s t a n d a r d  for  su lphur ic  ac id  in a ~ s t r eam a n d  is rou t ine ly  used  fo r  ca l ibra t ion  
o fana lyse r s  for  su lphur ic  ac id  v a p o u r  in flue gases. T h e  reverse process ,  analysis  o f  the  

wi th  an  independen t ly  cal ibra ted ins t rument ,  d e m o n s t r a t e d  t ha t  su lphur ic  ac id  
concen t ra t ions  within -b 5 ~ o f  a specified value  were p r o d u c e d  by  the  appara tus .  

T h e  t empe ra tu r e  o f  t he  sol id sample  o r  e m p t y  sample  vessel v ~ s  m e a s u r e d  wi th  
a ch rome l / a lume l  t h e r m o c o u p l e  placed wi th in  3 m m  o f  the  sample  vessel. Ca l ib ra t ion  
was effected by measu r ing  the  d e w p o i n t  o f  a gas mix tu re  con ta in ing  a k n o w n  concen-  
t ra t ion  o f  wate r  v a p o u r  in the  absence  o f  su lphur i c  a d d .  Th is  indica ted  tha t  the  
a c c u r a ~  o f  t empera tu re  m e a s u r e m e n t  was -k I °C. 

Acid  d e w p o i n t  de t e rmina t ions  were m a d e  wi th  respectively (a) a n  e m p t y  sample  
vessel, (b)  s m u t  solids in the  sample  vessel, a n d  (c) ac t iva ted  c a r b o n  in the  sample  
vessel. T h e  p rocedu re  was to  hea t  initially the  sample  vessel to  a b o u t  350¢C in f lowing 
ni t rogen,  then  to  cool  slowly in the  gas s t ream con ta in ing  the  c h o ~ n  concen t ra t ions  
o f  water  a n d  su lphur ic  a d d .  T h e  temperature a t  which  the  weight recorded  by  the  
balance s tar ted  to  increase rapid ly  was  no ted .  I t  was  a s sumed ,  a n d  conf i rmed  by 
observat ions ,  t ha t  this  increase was due  to  condens ing  acid. T h e  increase was al low~d 
to  con t i nue  for  s o m e  t ime  ( a b o u t  15 min  usual ly)  du r ing  which the  t e m p e r a t u r e  w o u l d  
fall by  a b o u t  a n o t h e r  3 °C. A t  this j unc tu r e ,  t he  hea t ing  was  increased  s l i g h t l y a n d  the  
t e m p e r a t u r e  no t e d  a t  wh ich  the  weight  increase ceased.  C o n t i n u e d  hea t ing  resu l ted  
in a decrease in the  weight  as a resul t  o f  evapo ra t i ng  the  acid which  h a d  condensed .  
By repea ted  t e m p e r a t u r e  cycl ing the  ac id  d e w p o i n t  c o u l d  be  d e t e r m i n e d  t o  wi th in  
- -  IoC.  

Expe_,~nental re~zlts and the effecls o f  adsorbent solids 
- - T h e  resul ts  o f  m e a s u r e m e n t s  o f  ac id  dewpo in t ;  ove r  the  range  o f  gas  sulphuri-c 
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acid concent ra t ions  3 to 110 vppm at  a water  concent ra t ion  o f  7.7 vo lume  ~o, are  
i l lustrated in Fig. 4. The  experimental  results cor respond with the the rmodynamica l ly  
calculated results o f  Ha l s tead  and  Ta lbo t  a to  wi thin  1 °C. T h e  equa t ion  o f  the  regres- 
sion line for  the  clean system (empty  sample  vessel) was 

dcwpoin t  ( °C)  110.5 -~ 13 logzox '- • ~--- ' -T- 3 0 o g l  ox) z . . . . .  

x ---~ vppm H.S04 ...... " (I) 

95 ~o confidence limits for this line were better than .'-- I °C. The relationship between 

water  vapour  concent ra t ion  and  the  acid  dewpoin t  is shown in Fig. 5. F o r  wa te r  in 
the  range 0.8 to  15 vo lume  ~o and  75 vppm sulphuric  acid,  the  regression e q - a t i o n  was  

dewpoint  (oC) ~--- 18.7 log lo  V -F 125 
V = v o l u m e  % H . O  (2)  

T h e  effects o n  the measured  dewpoints  o f  smut  and  act ivated ca rbon  axe also 
shown in Fig. 4. T h e  observed differences f rom the clean gas da t a  are  small,  ~- 2~C on  
average, and  hard ly  outside the limits o f  experimental  error .  S tandard  statistical tests 
on  the da ta  indicated tha t  the  measured  effect was siffnificant, the  points obtained,  
with solid presets ,  lying outside or  at  the  95 ~/o confidence limits o f  the line fitted for  
t h e  "cl_ e~nn SyS-i~rn IX)intS. 

C A T A L Y T I C  O X I D A T I O N  O F  S U L P H U R  D I O X I D E  B Y  C A R B O N A C E O U S  SOLILDS 

I t  hn~ been s u i t e d  tha t  carbonaceous  duc t  solids cou ld  act  a s  catalytic 
adsorbents  for  su lphur  dioxide in the  presence o f  water  a n d  oxygen, giving rise to 
su lphmic  acid on  b~e surface 4. This suggestion or iginated in ana logy with the k n o w n  
phenom e n o n  assoc;ated with activated carbons.  T h e  u l t ramicrobalance  has been used 
to investigate this ~_spect o f  flue gas interact ions with carbonaceous  solids. 

T h e  appara tus  differs f rom tha t  used in the  dewpoin t  s tudy only in connec t ion  
with the gas supply section, so tha t  a s t andard  test gas o f  2000 vppm su lphur  dioxide, 
0.4 vo lume ~o oxygen,  I0 vo lume ~o water  a n d  remainder  ni t rogen,  is p roduced  for  
contact ing with the  solid. 

S tudy wax m~de o f  act ivated ca rbon  (Sutcliffe Speakman  208A) a n d  carbona-  
ceous duct  solids obta ined  f rom an  oil fired power  sra6on.  

The  results indicated tha t  there  was a fundamenta l  difference in  the behaviour  
o f  the  act ivated ca rbon  as c o m p a r e d  with the deposi t  n~tor iaL Wi th  the act ivated 
ca rbon  an  equif ibrium weight  increase o f  2 1 %  was no ted  after  more  than  100 h a t  
150~C and  190°C whilst  at  220°C a n d  2400C the increase cor responded  with 10 .~' 1 
wt. ~o- I t  was  n___ocessary to  raise the  t empera ture  to  above  300°C to  remove  all the  
~d~orbate. This,  wi th  combined  weight  a n d  s ~ p h u r  determinat ions,  indica ted  tha t  
s u l p h u r i c a c i d  was  indeed fo~rmed on  the  activ~texI c a rbon  surface with  a m a x i m u m  
e q l ~ i b r i u m  conten t  o f  21 wt. ~o. Wi th  the  power  s ta t ion deposi t  material ,  adsorp t ion  
was  m u c h  less2 A t  I I 0 ° C  the  measured  weight  i ~  d u e  to adsorof ion  was only 
0 .5  v,~.~o, w h i k t  a t  t e m ) e r a m r e s  h igher_than I I 0 ° C  n o a d s o r p f i o n  was detected.  
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ADSORFIION OF SULPHURIC ACID ABOVE THE ACID DEWPOINT 

I t  has  been  obse rved  by  earl ier  worke r s  t ha t  s o m e  oil cokes  a d s o r b  su lphur i c  
ac id  a t  t emperah t res  h igher  t h a n  the  acid  d e w p o i n t  5. Addi t iona l ly ,  nnnlyses o f f l u e  gas  
solids s ampled  above  the  acid  d e w p o i n t  have  indica ted  acid  con ten t s  o f  1 t o  4 wt.  ~o- 
N o  sys temat ic  de ta i led  s t udy  h a d  been repor t ed  a n d  the  u l t r amic roba lance  was  
obvious ly  sui table  for  this. A d s o r p t i o n  o f  su lphur ic  acid was d e t e r m i n e d  o n  a s m u t  
s ample  col lected a t  a n  oil  f ired p o w e r  s ta t ion  a n d  s tud ied  in  s o m e  detai l  previously  6 
a n d  o n  act ivated c a r b o n  (Suteliffe S p e a k m a n  208A).  

T h e  a p p a r a t u s  was tha t  used  in the  d e w p o i n t  s tudy  (F/g.  2) b u t  t h e  p r o c e d u r e  
was different,  t h o u g h  n o t  unusua l .  T h e  initial phase  ofa l l  the  adso rp t i on  m e a s u r e m e n t s  
was  hea t ing  o f  the  sample  to  350~C in f lowing ni t rogen.  W h e n  c o n s t a n t  weight  h a d  
been  achieved,  indic--~t/ng comFIe te  removal  o f  condensed  a n d  a d s o r b e d  wa te r  and  
su lphur i¢  acid,  the  sample  g ~ s  a l lowed to cool  in f lowing n i t rogen  to  the  t e m p e r a t u r e  
a t  wh/ch  adso rp t i on  was to  be de te rmined .  Af te r  the  a t t a i n m e n t  o f  the  des i red  s teady 
t empera tu re  the  gas compos i t i on  was a l tered  to  ~ v e  the  requ i red  su lphur ic  ac id  a n d  
~-~ter concent ra t ions .  T h e  " m~,~Lse in weight  t o  a new  c o n s t a n t  va lue  was  measured_ 
Variables i n v e s t i ~ t ~ 1  for  the  s m u t  were su lphur ic  acid concen t ra t ion ,  water  concent ra -  
t ion  a n d  tempera ture .  Figures  6 a n d  7 show,  respectively, t he  re la t ionship  be tween  
adso rp t ion  capaci ty  and  t empe ra tu r e  for  one  ~L~ c o m p o s i t i o n  0 8  v p p m  su lphur ic  
acid, 7 v o l u m e  % wate r  a n d  93 v o l u m e  % n i t rogen)  a n d  the  adsorp t ive  capac i ty  as  a 
func t ion  o f s u l p h u r i c  ac id  concen t r a t ion  a t  one  t e m p e r a t u r e  ( the  170°C " ' i so therm") .  
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Fig. 7. The  170*C isotherm for  sulphuri¢ acid adsorpt ion on  smut .  x ,  Sample  1; l~l, sample  2; 
~ .  sample  3. 

F o r  c o m p a r i s o n  wi th  the  smut ,  the  a d s o r p t i o n  o f  sn lphu t i c  ac id  o n  ac t iva ted  
c a r b o n  was  a lso  determ;ned_ T h e  r~t~ was  v e r y s l o w  (200 to  300 h to  equ i l ib r ium)  s o  

t h a t  it was  possible to  m a k e  dupf ica te  m e a s u r e m e n t s  a t  one  c o n d i t i o n  only ;  38 v p p m  
su lphur ic  acid,  7 v o l u m e  ~o w . r r r  a d d  93 v o l u m e  ~o n i t rogen  a t  170 ~C~ T h e  equi l ibr ium 
up take  was  31 wt_ ~o- W e  ascribe the  s lower  ra te  o f  a d s o r p t i o n  in  t he  casv o f  t he  
ac t iva ted  c a r b o n  to  the  h ig~ly . -microporous  n a t n r e  o f  t h i ~ a d s o - b e n t .  A l m o s t  t he  
whole  o f  the  act ive surface o f  a p o o r  a d s o r b e n t  fike smut- is act~ssible_with tittle 
necessity f o r  in ternal  diffusion,  whi ls t  in  the  case o f  h igh  capaci ty  ac 'sorbents ,  such  a s  
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the  commerc ia l  ac t ivated carbons ,  a~-_~:es~ s - t o  m o s t  o f  t he  act ive surface involves  
diffusion d o w n  long  mieropores_ 

T h e  sa tu ra ted  equi l ibr ium adso rp t ion  capaci t ies  o n  the  s m u t  in the  t e m p e r a t u r e  
range 150 to  180°C (10 to  4 0 ° C  above  the  acid dewpo in t )  a n d  o n  the  ac t iva ted  c a r b o n  
a t  170=C b o t h  corre la ted  wi th  the  values calculated a s suming  m o n o m o l e c u l a r  
coverage  o f  the  adso rben t  surface. Thus ,  the  surface a rea  occup ied  by a su lphur ic  
acid molecule  o n  an  adso rben t  surface (w.s )  can  be ca lcula ted  f rom the  express ion  ~ 

ores = 3_464 x 10 '6  ( M / 4 , / 2  NA ~c) :13 (3) 

Here  M is the  molecu la r  weight  o f  the  adsorba te ,  N ^  is A v o g a d r o ' s  n u m b e r  a n d  8L 
is the  densi ty  o f  the  adso rba te  in the  l iquid phase.  

Equa t i on  (3) results in o . s  = 0.44 n m  z for  su lphur ic  acid. T a k i n g  the  surface 
a rea  o f  the  s m u t  as 25 m z g - '  (a typical  value for  power  s ta t ion d u c t  depos i t s  as 
measured  by xenon  adso rp t ion  a t  0¢C;  Street,  1975, pr ivate  c o m m u n i c a t i o n ) ,  the  
calculated adso rp t ion  capaci ty  is 0.93 wt. %. Cons ide r ing  the  a p p r o x i m a t i o n s  involved  
in the  ca!culat ious this is in reasonable  a~reement  wi th  the  exper imenta l  value o f  1.1 to  
1.5 wL %. F o r  the  act ivated ca rbon ,  the  ca lcula ted  equi l ibr ium adso rp t i on  was 37 
xs~. °'/o (on  the  basis o f  a surface area for  this mater ia l  o f  I000 m z g - ' ,  de te rmined  by 
k ryp ton  nd~orpt ion,  J ameson .  I974, pr ivate  c o m m u n i c a t i o n ) .  This  shows  g o o d  
a m-eement with the  exper imenta l  value o f  31 w~ %. 

T h e  fo rm o f  the  i so therm for  the  s m u t  at  170°C also indicates  tha t  the  process  
occur r ing  is m o n o m o I e c u l a r  layer adso rp t i on  o n  the  homoene rge t i c  surface.  Thig is 
unlikely to  represent  the  process in detail  but ,  r a ther  a sat isfactory app rox ima t ion .  
Exper iments  wi th  different concen t ra t ions  o f  water  in the  gas phase  s h o w e d  tha t  there  
was no  detec table  difference for  water  concen t ra t ions  f rom 1.6 v o l u m e  % to  12.3 
v o l u m e  ~o- 

CONCLUSIONS 

A n  appa ra tu s  has  been deve loped  inco rpora t ing  a s imple  a n d  effective modif i -  
ca t ion  to  the  ~a~ flow system o f  a Sar tor ius  u l t ramicroba lance  which  el iminates  
con tac t  be tween the  balance  m e c h a n i s m  a n d  corros ive  Sn_~s. Th is  has  been  used to  
provide  " 'mechanis t ic"  i n fo rm a t ion  re levant  to  acid s m u t  f o r m a t i o n  by  invest igat ing 
interact ions  between su lphur ic  acid in the  Sag phase  a n d  ca rbonaceous  solids. 

These  s tudies lead to the  fo l lowing specific conc lus ions  wi th  reference to  p o w e r  
s ta t ion opera t ion  a n d  the  avo idance  o f  ac id  s m u t  f o r m a t i o n  a n d  emiss ion.  

(a) T h e  the rmodynamica l ly  predic ted  acid d e w p o i n t - s u l p h u r i c  ac /d  gas phase  
concen t ra t ion  re[nt ionship for  " d e a n "  L~a~es has  been conllrmed_ 

Co) T h e  catalyt ic  ox ida t ion  o f  s u l p h u r  d ioxide  o n  d u c t  depos i t s  makes  a 
negJigible con t r ibu t ion  to  acid s m u t  fo rmat ion .  

(c) T h e  adsorbed  acid c o n t e n t  o f  c a rbonaceous  d u c t  depos i t s  (1 t o  2 w t . %  a t  
t empera tu res  u p  to  4 0 ° C  above  the  ac id  dewpo in t )  will n o t  p lay a significant ro le  in  
ac id  s m u t  fo rmat ion ,  partic~,larly as i t  is n o t  in  the  fo,  m o f  a n  adhes ive  l i qu id  film. 
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This level o f  acid is important when duct deposits axe considered more generally it- 
that it provides a mechanism of  acid transport above the dewpoinL Thus, aithough 
the precaution o f  maintairfing plant surfaces above the acid dewpoint precludes the 
formation ofacid smuts (see conclusion a ) it does not ensure ttiat surface deposits will 
be free o f  add_ 
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