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This publ ica t ion ,  d i r e c t e d  towarda t h e  process  and design engineer ,  descr ibes  
types,  q u a n t i t i e s ,  a n d  sources  of emissions,  presents  t h e  latest  con t ro l  device 
a l t e r n a t i v e s ,  and es t imates  c o s t s  f o r  implementing t h e  a i r  p o l l u t i o n  con t ro l  systems. 
Emphasis i s  placed on explanat ion o f  chemical and phys ica l  processes  which genera te  
emission i n  s p e c i f i c  u n i t  operat ions s o  t h a t  t h e  advantages and disadvantages of 
both i n t e r n a l  and e x t e r n a l  process  c o n t r o l  methods can be understood. Actual f i e l d  
in s t a l l a t ' i ons  have provided t h e  b a s i s  ,'or t h e  majori ty  of design data .  
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7.  Key Words and nocumcnt Analys is .  170. Descriptors I 

Air P o l l u t i o n  
pulp & Paper Indus t ry  

7b. Idenlifierr.'Open-Ended Terms 

h i s s i o n  con t ro l  
Process  c o n t r o l  





I t o l a r y  K i l i i  
kJ/t  (L(TU/ton) 

Fluid Ui.11 Calciticr 
k J h  (UTti/toii) 

"3-4.7 x l o b *  (2.4 x 106). 2.1.2.5 x 1 0 6  (l.fb2.0 x 106). 
9.3.17.4 x l o b * *  (0.15 x 1 0 6 ) * '  fi.0.9.2 x 106 (7.8 x 106)'. 





11.3. I Scrul i l i iug Systcins 

0..54-2.0 
(4-1s) 
I .:! 

9.13 
(.i.7) 

0.041.0.049 
(0.05-0.06) 
0.13.0.16 

(0.16.0.20) 

I .7:3-:3,:? I 
( 13-24) 

10.30 
19.28 

( 10-1 5) 
0.082-0.099 
(0.10-0.12) 
&27.0.34 

(0.33-0.42) 
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wction is 12 percf:nl, the scrubber emits a parliculalr  concml ra t ion  o f  0. I6 g/m3 

(0.07 gr/cu fl), which corrcsponds to an emission rate of 0.24 kg per mctric toll O f  puli) 
(0.49 Ib/lon). 

11.4 Gaseous Emission Control 

Lime mud  calcining in rotary kilns or fluidized bed reactors can emit  HIS, organic sulfur, 
SO,, and nitrogt:n ' ox ides  to the  atmosphere.  T h e  gaseous emissions result ei ther from 
materials entering t h e  calcining uni t  system or f r o m  materials entering the kiln. T h e  major 
process operating variables affecting gaseous emissions include excess air level, operating 
temperature,  and solid and gas-phase retention times. 

Najor input  material prup1:rties afft!cting gascwus vmissions include the respcctivc. Na,S 
contents  of thc input  l ime mud and w r u b b w  water,  .organic sulfur Ii:vels in thr inlet 
scrubber watcr, and thc moisturt: cmtrnt bf t h e  l ime mud. T h e  major design varjablr 
aff'c:cting gaseous emissions from thc  calcining system an: t h r  Icngth and.  to a less(:r t x t c w t ,  

the  diameter f o r  rotary kilrls. and thc diamctrr  and  ht:ight for fluidizcd bed calciiu>rs. 

.A siimmary of gaswua emissions from rotary limc: kilns and fluidized Iwd calcil1t.r.q is 

prrsentvd iti Tablv I 1.4. 

TABLE 11-4 
GASEOUS EMISSIONS FROM K R A F T  PULP MILL LIME KILNS (2) 

Gaseous 
Consti tuent 

H2S 
CH3SH 
CH SC CI 

THS 
C H 3  SSCH 3 

SO1 

Concentration 

ppm, by volume 
Range - Average 

I08 0.500 
14 0.90 
27 0-245 

5 0.1 1 

34 0.140 
- - 
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Emission Rate  

kg sulfur per t pulp 
(U, sulfur per ton 1)ulp) 

0.24 (0.48) 0.1.88 (0-3.76) 

0.02 (0.05) 0-0.22 (0-0.43) 

0.31 (0.63) 0-2.37 (0.4.73) 

Average Range - 

0.03 (0.07) 0-0.1 7 (0.0.33) 

0.01 (0.03) 0-0.10 (0-0.20) 

0.14 (0.28) 0-1 . I  1 (0-2.20) 
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timi. iii LIu: kiln. Carui i  ( 1  1)  reports that thi: TRS eniissiuns from the combust ion zone a r r  

mininiiu:d a t  CXI:CSS oxygwi levc4s of four  prrcen! by volume or gri'atcr. Though no i le f in i t r  

Iiattcrns have bt:cii establishrd, the kilns that haw: cooler wi.t-rnd t rmpmt i i r i : s  trnd to h a w  

rclativcly highcr reduced sulfur emissions 1ii:causc thc sulfur cumFuunds (:a11 IN: volati l ized 

without burning. Suff ic i i *nt  rirtcriitiun t ime mus t  bt! provided a t  trmperatiiri:s abovi. 760" C 
( 14UUo F) to o x i d i w  the reduced sull'ur ciinipounds. 

Waltlier a n d  Arnlii:rg (I?) report tha t  shur t r r  limc kilns trnd t u  have lower rrduq:d sull'itr 
cniissions thar i  lungcr l ime kilns, though IIU d d i n i t e  corni lat iun could he established. Thr 
prubabk rcasun is that short limir k i lns must opcrat r  a t  highirr avrragi' 1t'mpcratiirc.s 

throughout tliaii thv long kilns t u  achiwi: an t:quival(rnt (1crgri.r uf calcination. Thi: r c w l t  i s  a 

inon' cunipl& oxidat iu i i  of rcducird sulfur compounds. An additiuiial faclnr is that the 
rvo lu t iu i i  uf Na,S a t  l o w  Icmperaturcs i n  oxidiz ing atmusphi:rirs promotra HIS furniatiun; 

its w o l u t i i i i i  at  1iiglii.r tcmqi iwt i i r rs  prumutns SO2 format ion (13). 

Liniittril i i i i t i i  indicati. tha t  rvihicird sull'ur I-missions from f lu id izwl  bi:d calcinrrs arc 

inininid. T h i s  m a y  lie dui, 11) thi: ri!lativi!ly long r r t r n t i o n  tiini: a1 uniformly high 
tcrinpcraturi~ wl i ich Iiriividvs for vl'ficicnt oxidat iun of thc sullur compounds (14). Onc ti'st 

SIIOWS ail trmissioii ra t r  o f  Icss t h a n  0.01 kg sulfur per mctr ic ton of pulp (0.02 l l~ / tun) .  Flash 
i l ryiug o f  thcr mud Ic i ids to minimizc H,S format ion in thv fluidized L I : ~  uuits. 

lhtr h r n i n g  uf digcstirr ai111 i.vaporator ~ i o i ~ i : o ~ i ~ ~ e r i s a b ~ i ~  gasi's in 1111. l imc  kilns brings a l l  

ni l i l i t ional  suurci' o f  sulfur coinpounds 111 tlir units. Thr convwsioll ol' t l i r s c  niatcrials 1 1 1  

SO, i> i w i ~ n t i a l l y  cuinplirttr bi.caus~: thcy are ad(Ivil w i t h  ttur primary air a1 thr h u t  d o f  
tlic l imr k i l n  a n d  s o  Iiavi: sufficient ri:ti!iition t imc fcr uimpli.t i ! combustiuti t o  take p1ai:i: 
(15). Thi. aih l i l iun of green liquur drrgs w i th  thr l ime mud t u  th i *  culcl vnd of Ihr l ime k i l n  

~ ' a i i  substantially inervase the rwluced sulfur i m i s s i o n s ,  bcc.ausr t l i c w  mati>rials art' normal ly 

contarni l iat i4 w i th  N a 2 S  from the grtv:n liquor. Thrrir i s  also ins i i f f ic i iwt  r i , t rn t ion l i n w  a t  

higli ~:iioiigh t i :n ipmturcs  fur co inp lv t r  uxi i la t i im 11) take placr. 

11.4.4 Sil lfur ani1 Nitrogr.i i  0sii l i .s 

,. 111~. coni:i.ntrations o f  su l fu r  uxidcs iii 1imir.kiIli cshaust gases art. normal ly miii i inizi. i l  

L~t:ausc the CaO can act as an crfficicnt ailsorptiun anil riractinn mi&m t u  f o r m  CaSO, and 
(;as().. Lu~ig k i l n  Iivigth, w i t h  suf f ic i rnt  oxygen ani l  high calcination i.fficiviicii.a, priiinoti. 

c.fficii.iit SO, r(.muval. Tu dah,, nu advrrsr i - f f i v t s  on limir kiln u p i w t i n g  d f i c i i w c y  ww 
traced IO the sulfur rcleasrd by ~ h c ' h u r n i n g  of c i t h r r  rirsi(hial fuel oil or Ilolic~,lllli.llsalili, 
gasi:s. 111 a l i rn i tw l  scrks of tiists, i t  was not possible t u  mt:asurir thc prcsr i iw  of  SO,  iii 1111. 

l ;xl lai~st p j c s  of a f l i i idizcd bed c.alcini:r, probably b ~ a u s v  th i .  cakiu ing aut1 flash dry iug 

pr( iv idtd a two-stag(* r(!moval, systcm. 
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