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C o o l ,  f l y  u h ,  an3 flue g u  r8mpler vere analyzed for mercury (Hg) l ~ y  
double gold . n r s I g ~ ~ t i ~ ~ ~ - f l ~ l e r r  t t o a i c  abrorptlon rpectrophotometry. Tha 
plrpose of the rtbdy war to e l u c l t a t e  the f a t e  of the trace mercury cn the 
c o a l  &en the coal Le burmtd. Saspler vere c z l l e c t e d  froa a be.lch-rcale 
lW-g/nr codhistor,  a )OO-lb/hr c c d m o t o r ,  and three coal-turning parerplrntb.. 
In a11 c a r e s  mtrcury &as fmad La the f l y  ash. The mxwntr ranged froa &aut 
9 t o  doout 70 percent of tbe usrcury Lo the c o a l  that  v u  burned, 

I#TILODIW I OX 

rne p o t e n t l a l l y  d c t r ‘ m n t a i  c f f n c t r  o f  t r a c e  s e t a 1  emisrionr on both the:. 
environment and publlc  health havr recently  been the rubtect  of m c h  concur3 
(2-lj.4 po66tble #ource of  surk c m i s s l o n r  1s c o a l ,  Jhich i r  knoun t o  
c c i t . i i n  trace amounts of  i number o f  =:ala (1, 5 ) .  .brig chc ~ t . 1 ~  whore 
pr-runce i n  the envlrocscnt 1s of ccncera, mercury ctandr out Wing to i t a  
v o r a t l l l t y  and known toxlcft;. (2). Uhlle  c u r l  ls k n o r n  to contain o n l y  ratall 
i~m~t,l;ts of mercury (0.01 t o  1 ,g Hg/g c o a l )  (1. fi-g), the amount of c o a l  
conoiu-ed i g  l arge .  
C O I W 4 J I I 3 p t l o f I  1-1 the I!nlt?d S t a t e s  alone cxrr-eds 5CO X 10” toas (5). 
rpproxi%tcly  309 f l$ tons 7f c o a l  burned annually Ln the L’nlted S t a t e r  for 
e l e c t r i c a l  povcr &=?-ration (F) could p a a s i l l y  relearc as much as 300 ton. c f  
mr.-c-nrry t.o the e n v i r o m = ; l t .  

Lorld production o f  coal e x c e 4 r  3 * Id toor,  and cor1 
l?.s 

Rrccnt pub! lcationtl concerning merr.vrY m i r r f o n r  from coal  cornburtion 
h;.ve aqr1rmt.d L t i a t  ~111 the w r c u r y  preseirt Ln coal  is released t o  the environ- 
writ JS a gaseour m i s s i o n  (L-1, L). Hovever, SOQT of the mercury could Le 
comhir.ed with the f l y  ash and be rmovcd f r o m  the r t s c k  gar and thui el - -  
lnated as a s m r c e  of atmobphere csatualnatlon.  The pdrpose o f  the present 
irork Ls to deternine t h i s  d l r t r l h t l o n  of narcury between the f l y  ruh and 
t h e  f l u e  garc-. 

- R & * s e a r c h  c ! r i a l a t .  
~ ? R P  s ea rc h. sti p r  r v i s or. 
2 C t : m  i c 3 I engf nee r i ng tcrlrnlci an. 
“!‘nth r l i n r t d  nunbcrs l n  p8rcnt:ccrcs r e f e r  to ltenm in the tefereocer a t  the 
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Fur the i n l t l * \  s t u d i e s  a 
Iwnc!i-s care  pu i vec 1 red-ou 1 C O ~ -  

curcor  vas ewploycd. 
s t ro l l - sca le  comkswr a l l w c d  L W  

b e t t e r  cont ro l .  The coal feed 
raxm and airflar r a t e s  could be 
ueasurcd with a fir lr  desrre of 
accuracy. The coal u s o c i o t e d  
v i r h  t h e  e f f l u e n t s  could be more 
rradlly i d e n t i f i t d  th- ~ 0 ~ 1 4  be 
poaeitie w i t h  a powerplant, a d  
a t r q t s  a t  material bulsncrr were 
* h i  f e a r i b l e .  A$ par t  of the  
c i - idy ,  analyses were perforard on 
C O ~ ,  trapped f l y  ash, and f l u e  
gas f r o e  tha bench-scale combus- 
tor. Soam rnalyreu vera performad 
w r . np la r  of m a l  md f l y  u h  
froo M enperirsrntal  Xh)-Ab/hr 
pulverlzed-coal conburtior. 
S a q l a r  of fly u h  from l a r g e  
pouerplantr  were col t e c t d  aed 
analyzed for purposes of 
c0mpr.r lscm. 

The use o f  a 

100-ehr Pulvcrhed Coal Cmbustor  

A flw d1rgt.a o f  the bmch- 
s c a l e  pi:verited-corl-f  l r a d  
combustion uni t  and th trace- 
metal recovery r y i t e m  a r e  share i n  - -  

f lwtc 1. Riot to be ing  charged to the f eede r  hoppcr, the  w.1, 100 to 2rH) 
mesh, is dried for 2 'hours a t  110' C and cnerr velghed, 
a 2- lnc; i - ID o y  36-inch-long a l u l n a  t u b e  t h a t  1s heated to about 1,200. C b7 
.a rhxee-rune e l e c t r i c  furnace. PlaLinilm vcrsus platlnum-10 prrcmt rhoJlua 
t f w m c o u p l e s  m n l t o r  tbc temperature of t h e  ccabustor.  A f r f l o v  t ransports 
t!ie c r a l  i n t o  the c o a h 3 t o r .  The residence t i m e  of the coal  in  :ha cmburLor 
is :ncrcascd by i n t c r r u p t l n d  the v c r t l c a l  dc rcen t  ot  t h e  coa l  b 6 h f l e c t o r .  
Coil  J C  a f e e d  r a t e  o f  100 g/hr L R  burned u i t h  a b ~ t  1.3 +/he o f  rlt at 6~ 
excess 31: !eve1 of 2 0  t o  25 percent.  
g r e a t e r  than 95 pcrrent.  

The mal Coprburtor 18 

Carbon combusclan e f f i c i a n c i e r  are 

The f l y  ash and cmbusrfon gar c.ffJucnt c o n t i i t  thruagh the carmlc 
c o n h ~ s t o r  and i n t o  a g l a s s  rc-covcry system. The f l y  a s h  i r . c n t r a p p c d  a t  
:in* :o 177 '  C ustnp:  J 6- inch- long  by 2 - i n c h - d l e t r r  Noamx' bag f i l t e r .  
ACtrr e x i t i n g  frcm the h3g fil:er, the gas flow i r  dibided into 010 unequal 

'Relerence to Lrade name3 13 rwde to f a c i l i t a t e  unde r r tmding  and &ea ne t  
!F?!Y ondotsemcnt by the  &Jreau of Miner. 
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v l t h  about 75-perceat collectton efflcfeacy. Ada  for th. merwxy determba- 
tioo awdy v u  obtal-d f m n  "thief" sample. of .+,I trca the cyclone h o p p r .  
This samplmg method utilizer probe. or "thief,' vklch extract# core sampler 
from s e v e t r l  position# !a the hopper. thus  providing a dUgrCr o f  reprorant.- 
tian. P1*a gar temperature e t  tbo cyclolu tnlrt van .bout 210' C .  Cod 
rauples wed ln ih study uere obcalmd by extracting portion o f  the c o d  
feed t3 the bumera durlng operation, 4 a f ~  provrdlng rrpterentatlvr ample  
of t h e  coal 4 t . d  during the cookrrttoa prtod.  
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TABU 3. - 560-lblhr combustor: Summary o f  'e9ults 

Mercury it c o a l  (MX) ............ ug Hg/g coal.. 0.18L0.04 
N-Jmber of r e p l i c a t e 9  .......................... 23 
Yercury i n  i l y  ash.. .......... ..ug Hg/g ash... 0.2250.04 
N u k r  of  repl icates . . . .  ...................... 17  
Percent c f  t o t a l  mercury f w n d  in f l y  ash..... 1253 

A t t e m p t s  at  c o l l e c t i n g ' t h e  ae rcu ry  froQ t h e  f l u e  gas  have not been 
e n t i - e l y  successful .  I n i t i a l  a t tempts  a t  u s ing  a gold t r a p  r e v e a l e l  t!!~ 
f c l l w i n g  d i f r i c L l t i e s :  

1 

6 3 8 0  . 

1. A t  t r a p  temperatures c;t 100. t o  150" C (bfgh encugh to prevent water  
condensatloa!, rkc ;:?:! 1;s;; ~y L,, ;; I ~ ~ E Y U C  oi tire mercury per hour. 

7 

2. A t  c m b u s t i o n  e f f i c i e n c i e s  of  96 t o  97 percent, s u f f i c i e n t  combustion 
prodic;tj condenbed on t h e  gold s u r f a c e  to  cause occ lus ion  o f  t h e  mercury. I n  
addc t ion ,  when t h e  gold vau heated,  t he  u l t r a v i o l e t  absorbing S F ? C i e S  condensed 
r)(l thc gold surface y ie lded  erroneously high a b r o r p t f m  signals a t  t h e  mercury 
resonance line. 

3. A sLlver  t r a p  heated to 500' C to  c a t a l y z e  the oxidat:o:, o f  t h e  cm- 
bustion products was aot success fu l  owing t o  t h e  lam oxygen l e v e l s  (4 t o  
7 percen t )  r n  t n e  f l u e  gas. 

4 .  A b i b b l e r  f i l l e d  with 10 weight-percent n i c r i c  a z i d  (M3) dCd not 
t r a p  a l l  t h e  mercury passing through the  gold t r ap .  

The next  a e r i e s  of experiments planned w i l l  a t t m p t  ta overcome t h e  
d i f f i c u l t i e s  l f s t e d  above by-- 

1. Us.ng higher  corebustfor e f f i c i e n c i e s  wberc possible. 

2. L'F'.ng 1 I-xated copper.ox1de furnace p r i o r  t o  the gold t r a p  to o x i d i z e  
the cmbus i i t : n  products. 

3 .  !-sfng a Lwo-hbhler s y s t e m  following t h e  gold t r a p  t3 Increase t h e  
t r ap? ing  e f f i c i e n c y  f o r  mercury vapor. 
w n a t e ,  and ttrt o t h e r  10 weight-percent n i t r i c  3cid. 

One t r a p  w i l l  con ta in  a c i d i c  perman- 

S i x  s c y a r a t c  experizcnts  vere  conducted wi th  t h e  lCO-g/hr combustor. 
pt!rcent..i:c of the o r i g i n a l  mcrctiry found i n  t h e  f l y  ash ranged from 31 to  66. 
'rhc pcrccr.t..ig:e cf o r i g i n a l  mercury t h a t  could be Pccounted f o r  ranged from 
62  to 93. Eac!i coa l  gave cons i s t en t  r e s u l t s  cor t h e  percentage of t h e  t o t a l  
mercs.ir:; f r om t!it  c o a l  t h a t  could >e accounted Eo: i n  t h c  f l y  ash. I t  :s 
j i n n i f ! c a . i t  thaL ri1r values  f o r  the percentage of o r fg i a i i l  mercvrry accocnted 
for vary %n apFruxinate?v t%e sane manner as L : 7 t  vaiues  fo r  t he  amount 2f 
ncrcu::: found in tile f l u e  gas.  
the nercrrry i n  t h e  f l u e  gas vas mt  q u a n t i t a t i v e l y  trapped. Thelefore ,  t h e  
mclximm qua:it icy Jf mercury tha t  could e n t e r  t he  environment v i a  the f l u e  

The 

T!iis e f f e c t  can be explained by -\e f a c t  that 
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gas irould be t h e  amount of  raercur; accounted for in tlre m a l y s i s  of  t h e  f l u e  
gas plrrs  t he  mercury t h a t  was unaccounted for.  

Pres- Tempera- Coal S3nPlL conr e n t  c- f 
s u r e ,  ture, f i r e d  c o l l e c t i c n  t h e  f l y  A!, 

!JSig ’ P cond i t ione  ug HQ!~ 
1,268 899 Xllioois Xechanical u. 1020.02 

No. 6 ,  collector 
Hvc b . hopper. 

1 ,293 799 I 1 1 F n o l ~  E l e c l r o s t a t f c  .26* . W  
No. 6,  p r e c i p i t a t o r  
WC5. hopper. 

1,650 928 KenLucky Uccnanici .22? .02 
No. 6 ,  dusty 
Hvhb. c o l l e c t o r  

hcpptr. 

Samples of  f l y  ash c o l l e c t e d  from t h r e e  d i f f e r e n t  ccal-btxcing power- 
planc:; vere anslyzed f l ;r  mercury. 
powo;plants s a p l e d  and t he  mercury f o m d  in t h e  f l y  ashes. The f i r s t  two 
powerplanza proiuce about 250 megwat t s  and t h e  t h i r d  about 17.5 mgawatts .  
A l l  t h e  f l y  ashes  were f o m d  to contain mzrcury. 

Table 6 g lves  desc r ip t io r - s  of t h e  

Type of f i r i n g  

S l a g  t o p ,  
cycl.one. 

S l ag  top,  
pulverized 
coal .  

Dry bottom, 
t angen t i a l .  

While a mercury m a t e r i a l  balance vas not poss lb l e  in t h e  case of t h e  
p h e r p l a n t s ,  an e s t i m a t e  can be ma3e Pot 90 of the  paverplants  based on 
a v a i l a b l e  i n f o r m e  ion. Ruch and coworker (2) found the  cverage mercury 
content  of  I l l L n o i s  No. h coal (based on 32 samples) t o  be 0 .16~0 .07  e;lcroyran 
mercury pe r  gram (dg Hg/g) coal. Ae t he  average ash con ten t  o f  t h e  coa l s  i n  
i e p o r t e d  a s  11.8 percent ,  t h e  mercury accounted f o r  I n  :he ash would amount 
t o  7 percent foz t h e  f i r s t  powerplant and 19 percent f o r  t h e  second. 

The i n v e s t l c p t i o n s  condvcted to d a t e  i n d i c a t e  t h a t ,  c o n t r a r y  to  c u r r J n t  
assumptions,  no? a l l  t he  mercury con ten t  of  c o a l  c n t e r s  :he environment as 
vapor when the  c o a l  is burned. 
sme of the mi . cu ry  remained wi th  t h e  f l y  ash. 
and fl*Je g . x  a f t e r  coo l ing  was prnbably t h e  reason for t h e  r e t e n t i o n  o f  
m r c u r y  i n  t he  f l y  ash. I f  t h i s  b t r u e ,  then f u r t h e r  con tac t  a t  ?mer 
tcmperaturss  might lead to g r e a t e r  retenti03 of mercury by t h e  f l y  ash. 

In a l l  cases obaer:&d i n  t h e  present  s tudy,  
Contact between the  f l y  ash 

. .  
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