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1J"U1 

~ G\.J.Jl'l.4dJ'I.4~.J-051 L tl'l.4LL~~cll4)tlJ~ ~ m"l ~1'~.J;1~'lJ~.J ~.J fl~ 1 'l.4i1'<iJ~U'1.4 'lJ~~~\l 
hn l~~l~'I.4LLfl ~nl'lf1l"lJ~'ll'l~dj'l.4L;~L~~.J 1'1.4mJ~~~~~\l\l1'l.4't~~lLLfl~ml~1~'I.4J..Jln 
nl1 50% 'lJ~.JmJ..Jl rn~"'\l\ll 'l.4~\ll'1J..J~~nlG\\ll~El~ LctEl.J'llnlh~'lflm'll~.J 1flnSjnWlJ~mJ 
~lLLfl~L~~m~lru.t)~~fl~~Llm l'1.4'lJ~~~l~'I.4LLfl~nl'lf1lJJ~'lfl~~m~lru.fi~'I.4~l.J 
olln~~l~~'I.4Lll~t) \llLl ~~ul'1.4t)mfl~~fll~11 ~lUVt'l.4~\l LU'1.4 fossil fuel ~i1t)~mJ..Jlru. 
J..Jln l'1.41lTI~'lfl~ 'l~LU'l.4L;m~~.J~i1tJ'YltJl'Yl~l4)tlJ l'1.4mJtbJ..Jll~Lu'l.4L;m~~\lL~t) 1~~G\.J 
.Jl'l.4mlJ..J1~'I.4LLfl~ 1Yh~1 LL~1'1.4m-rnlJ..Jll-ru1~ W'll't!oll~~.Jijm"lL~11'V1~ fluidized bed 

'l ~L U'l.4 L'Ylf)U fl'VIrt ~~l~tlJ l'1.4mJ~'l ~ttlJ..Jll-6lt-Jl~l'l.4~'I.4t) ~l.Ji1llJ~~'YlTIm~~\lluLL~ 
, a-

t A II .... ~ "i ll ao A (;j:~ c:;;;a 
Lf!~f!1~~1LLfl~~\l LL1~fl!l:JJ 'lIt)~'lI~.Jm':lL~l L'VI~L'lfm~fl.JLL'lI.J L'1.4 fluidized bed nf)~ 

mJ..Jl"lbll-6ntJL;m~~\l~i1~ru.m~~h.J'l 1~~ ~~mn l'1.4m"lfl~m:l-llMJfl~~ SOx ~ 
tJ~mJ~t)mltJ"l"lmmf!1~~ 1~1~~~~m"l (sorbent) ~~J..J 1'1.4'l1~L~11'V1~LLfl::·lb~fl~ 

~ .~ 

mJ..Jlru. NOx ~tJ~~ ~~~n 1tJl'1.4mJ..Jlru.~~lnl1L~~\l'lln4ru.'VIJJ~'lIt) ,ml"lL~11'V1m'1.4 
fluidized bed fi~'I.4~l\l~l i~;'l'1.4mw~~~~l~~ld vil1Vim~111'1.4~'I.41f)~'l~ 
mJ..J1"lbl~Cj.j.Jm"l~tJm"lL~11'V1~LLtJtJdl~~1J..J1"lnl~n1'll''llnm1Lt-J11'V1~ (product gas 

'VI1t) exhaust gas) :I-Il'VIJ..J'1.4 turbine 't~L~El~~~ 1Yl~1 LL'Yl'l.4~'l~ 1-ttEl~1'ttJ'VI:JJ'I.41JlL~m • • 
mjl.JL~m it)~5nmjl.J'lJB\lttl{)1'l.4~\U.J1L~.n't'VI~'1.4 fluidized bed nft~tJ"l~~'YlTIfll~ 1'1.4 

m11l~ B ~.Jt) B n'lIB -3Vl~\l\llUqJBtIi~l<iI1'll!l\lL~l L~ 1 'l ~~.Jvil1..1fl~m~1 Cj]"l'llB\lL~l L~ 1 fl.J 
~ 

~1~'lli lu1l1~L\'1~'1.mJ 1~m~Yl1~fllf1~~m'VIn11:I . .j~~ij~'1.4 hLLfl~L~~~t)\lL~U 
'111 J..J~1 fltlJ lutJ1:;~'YlTIfllYl'llv.Jm1L~11 'VI~L ~~ LL~\ll '1.4 fluidized bed 'tJ)ijm-rn 1 L'Yl f)Uf) 

d:JJl Hu:·n '1. 'VIir1~ I1l L 'VI~ v l-ii'llnm"lLn~~"lLLfl~Lf!~'t~L~~ ~~~ 't~~l LLfl~ 1 yJ~l LL~l 



24 rn'l\c.nl."irri-ruli", 1", Fluidized Bed 

~1eJ~1-JL~ u~t~L~~mm;~ni-JL1eW~'lfe.m SjlJ-JlvJvhlJ"nl?1 104 MW ~e.J~~'11n 
leJ~l'ti'1<J)';i)lnm·m.Jl'tVl~Lm6'\ue.J~~~~L~~W (wood chip) 1~ fluidized bed 'V~11?1 
nl~c..I ~~'teJ~l 50 ~w~1k-J ~u~m~n~~~lnl?1 eJ. Ul-Jlh:;m '1. 'lf~1J~ LL6'\d~-J 
'tvJYh'V~1I?1nl~-Je.J~~LYhn~~u~el:;lm'tm1 eJ. V'l~~mJfll~ 'OJ. ~:;L:S-JLY111 ~l~rh~ 
~~~n 't~Y;e.J~~~L~~'UJ1~5~11 1:3 dJ~L~mV'l~-J 'lJru:;~L~~elU~nl~-.l~ll\l h \l'tvJYil 

11?1~ l~lY1fi{tfi fluidized bed 'lJ~l~lnl~-Je.J~~ 'teJ~l 200 LLrl:; 50 ~W~lk\l ~tJ~ 
Avance Agro & Plup & Paper '1. Ul1~~1J1 LLrl:; Thai Power Supply '1. ~:;L:S\l 

LY111 ~l~~l~U eJ~1\llJn~1~mJ~I?1~-JLfi4El-JnmVlfil~iJ\l~el\lmf1~LY1~it~"'il ln~1\l 
UJ:;LY1Y1 L~ vhmrlwA 

~1?1*VI~l~'lJeJ-JUY1ml~~ih~m,tlL~~el t~i~nLY1~it~m~Le.Jl'tVl~rll~~~VI~el 
..; A ~ ~ :::... a~ A J' , 

L'lftlLV'l6'\-Jbb'lJ\l L~ fluidized bed Y1-JY11\l1?11~mW,,)1V'lLL6'\:;L~;j.JY1mm"H~ fluidized bed 

combustor 

.. 
a I I I .... G 

~:;LLm\lVlJmLc..I~m~';i)l~mm~ (distributor) neJ~mW1f~'lJeJ\lel'¥11flLL'lJ-J (solid bed) 

~';i):;'}'h l~Ln~ fluidization ~elfimJ'l L~;j.J5~l1mJ 'tVlrl'IJel\lnl~~'tu '1:;il-J~~'l VI~-J 
~-.l~'lIel\lelW11 fiLL~\l '1~b~~'lJm ~~1m~~~~ b1~\l~1L ~eJ 6'\~ml ~~l~m~~elmJ 't Vlrl'llel-J • 
m mY1 ~eJ L~;j.J5~l1mJ 'tVlrl'lJeJ\lmm ~~~~nelW11fi'IJel\l'IJel\lLL~\l'1 :;6'\el~~lLL~ml nn~ • 

I , III .... II 
iJ a d I dA ~ ..., Q I "-' G 

LLrllLfirleJ~Y1tl m\l;j.Jel~J:;bLUULL~l11el;j.J (random) bl1LJ~n'V~q]el~~11~'IJ€l\l'lJeJJLL'IJ\l 

Lnl11 fluidization [1] ~~~dLLJ\lL~~~m~LL~Jn (frictional drag) 'lJeJ-Jfl'f1l1 ~ 1~~ 
, .. 

VI~m:h~'lJel\lm~1~J'lJtl\ltl'¥11~LL~\lYinl~\lrlel~~1 '1:;Whnu-.ilV1,xn'lJeJ\l bed VI~eJnri11 
I .... tJ II A .... d C;;A tJ' .... c; I..,..... t.J 

eln~~VI~-.lnfieJml~l11~rl~ (pressure drop) 'lJel\l'1f~elt¥ll~LL'IJ\l'1:;LmnUmVl~nY1\l 

VI;j.JI11'lJel\lelWllflLL~\llwfu~eJw"b~~~~'lJel\l LLe-J~m:;'llllmm ~ • 
'I ~.I "''t ( '" '" "'! '" .. 1 .t 0.1 a •• 1 L~m-H'j~el l11'1fel'11'lfiLL'lJ\lmlimoru ';i):;m~Ln~ (phases) 'lJ~ 2 bn~ fiel bn~ 

VI~lbL~~~\lL~~nl1 dense VI~el continuous VI~el particulate phase nULyJ~~L1J~ 
vJel\lmmY1V1~mil"lf ~\lL~~Jfll1 lean Vl1el bubble phase ~n~ru:;'lJel\l fluidized bed 
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~~:;b",~m'Ul'tJ'lJeJ~b'V\m~nl~~L~€lIjI~~LL~~~ 1~:u~ 1 bL~:;~1UI"'''ld Davidson U~:; 
..t "1 ..,:; .. I • OJ l' J.., 

Harrison ~ .J L~CiI.J'YI~~n~fl~b~~ (two phase theory) m vm J fluidization 'lJ~ "ll.J'lJ eJ 
" ., 

Ad <IOIt.c4 I I 

R~~(flyj~jl~'lJtl~'YI~~?J~f1~ll')l 

Fixed bed Inci pient or 
minimum 
fluidization 

I,)'I{:\' <", Lr ;.:: .......... :::.:.: ... : ... :.: .. : .... : .. ::.:.:: ...• : ... :: .. :.::: ...•... :;.::.::.:.:.:;.: .... ; .. :: t :·iJj:!jti:::;.ji- l - l------.--
'j! I( 

Gas Gas 
(low veloc ity) 

Aggregative 
or bubbling 
fluid ization 

• 
I ( 
I 

Gas 

a) ~~'lJeJ~8tlf11flbL~.J l~Gil~~btJ~ particulate phase ~e](fl'flmJ l"'~'lJeJ~ 
€lim ~1",1flnl"D'e.Jl~LyJR~'O,l :; bYhn'tJe] mlf1lJ l"'~'lJ€l~nl"D' 1 ~'lJru:;b~~bn~ 
fluidization ~~~eJ~~Gil~'litl.J1-1.J (voidage fraction) l~wj~~fi'lfl~ 
.. 
'YI 

b) 1~~1~'lJfl~ bubble phase ~:;LU~LyJR~~lmm~"'1€l n-l"D'6'l1~~bnWil1Ti 

e]q]-nm"I 't"'~'lJ€l.Jmm~~Yill~b~~\'n~ fluidization ~~ lu 

~1f1mJ'YI~R8'tJLL~::'YI~~fl\!'lJeJ.J~n1~U~1~1~:J-I1f1 l~R~'tJR~~ two phase • 
theory ~bb~:;l~~@J~l~m~~~~~m:I-Jl'mfilmru'lJ~l~\,L~:;~m~b~l'lJeJ\!mJLfl~em~~~ 
'lJeJ~yJ8~1~ mJl"'~'lJtl~ fluidizing gas Jtl'tJyJeJ~ (j)~€l~~~mwJ:;:J-I'lrufil~~u·;d~'YI~ 

'lJ€l~mJb11tJ\''YIj.nm:;",11~yJ€l\!n'tJ particulate phase ~\!Jl~~:;L~~~~:;vnril~ l<li'lln 

"'~\!~tl~Wli~l~~ Kunii L\'~:; Levenspiel [1] -1im;l~b'V\G'il~'l:;\'U~GilW''lrt.J~~l~bl!L\'~:; 
~l\'u~l~mTIil\'b'tJ'tJ~l~fl~mJLe .. nl",~ (combustion model) 1~ fluidized bed 
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lllJb~lL~~ril~~~ Lu fluidized bed 'l~bMm-ireJ,JntllllJb~lLVI~rilU~U~t1~ 

1l-i'l~1l;;',Jlb~1 ('lJUl<il1wrll,Ji1;;,~i1l~eJ1) l wfu'lJeJ,JeJunl"lcimJ (inert bed material) ~ • 
nl~.:Jln~ fluidization eJunl"lcimJell'l1~Y1J1UVl1mtllrilu~u (ash) l~uell'ltJunti • 
eJ'¥Il"'lJB,Jm~l.jfnl~<11 802 L'liu ~U~~ (limestone, CaC04) Vl1eJ dolomite 

(MgC03) nLiI1 Qrn~1Ji1'lJeJ,JlllJb~lL~~U bed UllGl'l:;eJ~~Wrll.:J 750°C-950°C 

~rnVl1J~ 750
0 

C 'l:;dJU'QruVl1J~~ln~~1~~~'Yilll-i'lll Jl~lLVI~Ln<11~U~,JC;hJhu~1'lJ8,J 
ijUbeJ.:J (stability limit) sllu~rnWJi1'J.:J ,!~ 950°C 'l:;buu-ireJ-.jln~~UeJ,JnUlllJln <11 bnl 
VI;;'eJ~bb~lJl ~ .. lfltl e:lunlf1LSe:l tJLlll:;n~LU~1l~~neJU~ L~tJ1l11 clinker mllJLi~iwlm,J • • 
'lJeJ,Jril'j,\~U~nlii'.:Jlm LVimu fluidized bed 'l~~em1l11 2% l~U~lVlilll [21 LL(1)L~tJ 
• I = .~ I J X , " 1 I" , " ., ~ 
ull~'l t; lJJ:;~ml. 0.5% [3] ~-.l'lJ~eJ ~lltl'lJmUlllJlr-.Jl VlmlJ:;t1t1'lJ~Y1eJJtlml~JeJU lU 

bed 'l:;TIJf111~~eJ~11l~1B~BtJ tllml~li~.uU'lJeJ-.lrilu~u6mnultJ (ellOl L~tJlllJ 
" 

l~~e)illJllll'ruemrilU~,") 'QruVl1Ji1'IJeJ-.l fluidized bed 'l:;~.]'Yil1l-i'bn~ clinker ;,Jrlfl 

1l-i'ln<11UqJVlllllJLn<11 fluidization ~~ L,"lllJL~lLVI~B~1f1'lJeJ,Jr11Uih\~:;ln~lllJbr-.Jl 
lV1~~t1~nru particulate phase sllum1l~1 '1.VI~U bubble phase ~181.uyj eJ\I 
m III f1~U'l:;ln~~U~8 tJ~11lVl18 ~ ln~b;;'lJ L<11 mt11tJl~lllJ'Yillltltl')1 ~eJ...jIllJb~ll VI~'l :; 
~~~Gl11 ~~n\il~UlL~:;b~8,J'llmtJeJ~b%U~'lJf:m)lU~ 1u bed $1~BtJlJln~ml1tJtlntl 

, " 
eJttJllfl L~eJtJ ~~U~Y1n'W~f1l~~1 (hydrodynamics) VI~eJm'11n~ntj~'lJiJ \I 

fl uidization 'l :;~nmtlf1lJ LCil tJ'1JU 1 \iI'lJeJ\leJunlf1lcieJ tJ 'bJ~ '1lmtJrfllJ LCiltJ'lJU 1 \iI'lJeJ-.leJ'Wll fl 
\I ~ ,. " q 

'1J ru:; b~ll VI~eJum "'1JeJ \lr11U~U'lJmCilb~ntll,Jsl1U'l :;~n'ifm.i 1 eJeJn ltJntllll"lf 
• \J 

(el utriation) ~:;~ UL~m~lJtJ1:;~Y1TIm'W'lJeJ,J1ll1L~lLVI~ eJunl f1~~n'ifmileJeJn '1.tJ ell 'l 
• \J 

'l:;~lireJun~t1lJll.m~~L~CilU l cii cyclones J:;~t1'lJiJ\I.fueJ'¥Il"ll~-.l 1u fluidized bed 

m'lmtlf1lJ l<11U 1m1eJ~U (overflow) Ll~unl'W 1mtJ~ 2 dJum:;tJlulllJl\i1U~lltJ'lJfl\l 
• \J 

lllJl~lLVl~r11U~U 1u fluidized bed ;-.l'O;)~J~neJtlIli'1tJl-i'eJ-.lLr-.JllV1~ (comlustor) ;,J 

iJl'l5hufl.:Jm.:Jm:;tJeJnVl~eJ5u 'l ~lJIli'1tJ~mUmllJ~em 1li'1U~1.:J'l :;bUuLLr-.ium~'ll tJ 
\J • 

ell III f1b-irl1.G1bLr-.ium:;<ill tJelllllf1s11u 1V1b1!'l:;lUu~eJ.:Jmlllf1 (air chamber) b~eJtJTIJ 1~ 
, 

ml~~umm f1~~1 L~~iJ r1eJUe.JlubLe.Jum:;<illtJelllll f1 lLe.Jum:;<ill !'Jell III f1bLtltI~l tJ "1 
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mll~:I.mlll~·,JllV1 :1~'.,111~1I1~ inert bed material Li~ t1111lVl1m{hril~~~ 

(ash) (;l.Jlul~l~m~'JllV1~ '1J~1~'lJEl.Jt1111l~1~fi~1~1I~11U'l:;ul:;:lJlru 02-1.2 :IJ:IJ. 'lln 

J~i.1El~mmm~1t11.J~1~~1.J l~mll~:I.lmlbmlV1~J~ inert bed material ~EJ.JtillVi 
~€lm~~.JQruVlJJjj :IJlnnl-J 400 0 C n€l~b~EltillViril~~~~L~~tl€l~l-lll 'ttl~~ 't~1~ mj 

villVfm .. \m"bcim.l'!El~m'ltill~w.h~ fluidizing air ~villVf~€l~1~1I1~ air preheaters • 
Vl1fJ 1~lIb~lb;m~~.JLVlmVl1mll"l! 1~ bed n~m nfJ~iJe),U1;11~i1~b~1 1m;11Vi~fJ~1~~ 
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mJle-Jlnl'lfrim,~ start ~W~dl8~nl'lfl;mYl~-JL~lY1l-J~1't-l~1-J 1~~ lfL~~tl~thlJeJ-J bed 

m-ru8mil~~~'lJ~b~1~\-Im~thl~w 1~ screw feeder Vl~8 bucket rotary drum 

feeder (~'lJYlml~'lJ8-J Prosong [5]) Vl~eJ 1~~ pneumatic conveyor ril~~~m'lileJ~ 
" 

L~lY1l-J~1~~1-JVl~mVl~8 bed n1~ mru~ril~~~~ileJ~Sj8~1f1L~n'l U~~lnU~~ 
il8~Y1l-Jc;lll-l~1-J~-JJU~2 b~8Vl\b-JlVl~mmJbm~n~1'lJeJ-J8unlf188n LUn'lJ fluidizing 

" '" 
air mtmf1ril~i1\-1~ L~~ileJw~~~~i't~Ll~:;Lm lm:rth 1~ bed 51~rnwJ~~-J~'\-I .,.m~'1~l';l 
1~ril~i1'\-1~iJ8~b ~l<iieJ lud'1~mJL~llVl~eJ ~l-J<iim ~eJ-J~Jl b~~tl~'mib'lJtl-J~~LeJ-J YlJl ~ 

, , 
do ..... ~ .... I ~ I A&i 

VlJeJ inert bed material ~:;Y1lVl~lYleJ~ml~JeJ~ 'lfd~Vl~~n~~eJunl~'lJeJ-Jm~'V1~Y1 • • 
nl~-Jb~11Vl~Lb~~ml~~8~ 1~b~J1L~~8~d bed bL~:;'lh~ 1~mJril~LYlml~~1m '1.uii-J'lJ~ 
vi8-ruml~~8~SjuJd~Y1ITmYl~-J l~'lJrn.,~~rnVl1J~b~~~-J~~~\-I ml~b~d'lJ8-Jmmf11~ 
~~rn'V1I1~'lJeJ-J bed ~eJ~~~~'bJ51m-l.rn~ 1\-1 combustor (superficial gas velocity) 

... , \J " 

~~L~~(iIl~ luJhmtieJ-J'llnnl'lfLn~mJ'lJm~~b ~:i(\-I L~mJ start ~~<1i8-Jf1eJ~VI~e)CilJl 
mJ '1.Vl;;''lJf)-Jmmf1;;'-J~d~ ml~~m-l~lnmJL~l '1.Vl~~d~ lVlrIJ~~1l,J11~uJ~1tJ'lf~1~~ 

'lJeJ-J '1.eJ~ll~ ~ 1 ~'lJ~vieJ~~ 1\-1 bed Vl~mVl~eJ bed (freeboard) ~d\-l'lJeJ-JeJ~lf1ril~~~~ 
Sj'lJ~ 1 ~ L~nVl~eJ L~n;;'-J LtieJ-J~l nmJbLCiln(ihVl~mm bm LVl~ ~\-I~'lJ\-Il iI1~ml~L ~dCiln~~J~ 

" 
~iI1Yilli (terminal settling velocity) Lviln'lJVI~m!eJml1 superficial gas velocity 

n'l~\1n1fnti.lileJn LU'lln~8~~~~L~11V1~ ~-Jm~~n li11~ cyclones b~mJeJ~n~'lJ~lb~l 
5n nl<1ieJ-JmJnl~iI1'V1~m~iI1ml,Jl llil,J~~~ S02 ~~~~eJlIeJ8n lu m~l'illi11l1i1eJ~m~ 
Sjflrn~M:r~l1JiI1~'lJ 802 b'li~ ~~'lJldb~llu~d~ 

~n~~blii~'lJeJ-JmJLmlVl~b;mYl~-Jbb~-Jl~ fluidized bed ~~l41~YleJ~~lc;l 

(1) ~rnVl1Jij'lJeJ-JmJL~lLVl~~l (bm~'lJLYi~'lJn'lJ pulverized bed 

combustion ~Sj~rnWJijmJL~llVl~UJ~~lrn 1500 °C) l'ill~~iI1mJ 
U~e)lJtltln'lJeJ-Jl~lCilJL~~SeJn 1'lf~ (NO) eJeJn~'lJJJmm~ 

(2) mJril mYlml~~m .. UjUJ~~Y1ITmYl~-J f4~uJ~~Y1fi'lJeJ-JmJrillibYIml~ 
" 

1eJ~'lln bed Luii-JtjdrillibYlml~~eJ~~~~ 1~ bed 'l~~-J~-J 140-150 

W Im
2
K [3] ~-J~-JdJ~~'lJLvil bYi~'lJn'lJmJril ~LYlml~~eJ~'llnnl'lf luii-Jeld 

ril~bYlml~~eJ~ ~eJ~~m~lJfl~~'lJ~lil1'lJeJ-Jbf1~eJ-JL~ltVl~~dJ~eJ~l-J 
~lm~eJLm~'lJLYill'lJn'lJJ~'lJ'lJUn~~11.u eJ~1-J1JnCill~mJeJeJmL'lJ'lJ'lJiI1vieJ 
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m'lmtl~u~ml.;.J1t:l~'t~ fluidized bed Sjml.;.J~l~flJ.;.Jln L~ll~nl'ilil\ 

y]8 Sjml .;.J~~lLL\i~.;.Jl nLn~ttl'OJ~~\irJ -l L~rtmm'H~~v~~~~wnm~::: 
ml.;.Jb~1'll8.Jmvn~ 't~ bed vill~~rnWJij'tu bed ~fi8i1\ml.;.J~-lUJ 

, 
mhm,jil 'OJln r.Jfim'rnil\m:ltl'iJm,"n1~Ul'ttl11 mTI1-lGil LL~-l"IltJ-l'iJiIlYi8 

LLfi nLtl~uUml.;.J1fluSjr.Jfiq)fl~1~.;.Jth:::~'Yl~[)-lm"iLL~mtl~wml3.l1[)U 

~Jln 'iJiIly]tJ~11-l1n~qj~LLm-lm:::.numm" (distributor grid) ~tJ~~lU 
I &:II.., A J I II tI , ~ d 
m,:j~iI\'J::::!Jn.;.J tl1~~'Yltl'lltJ-lm1mUL'Ylml3.l1tlUUtlUmlUJml-l'Yl"l~U:::~-l 

;u'ttl [6) 

(3) m3.l11n\tl;h~.nnm1Lr.Jlt~mtlL~w gas turbine LiIlUqj1-lt~ tln~ • 
gas turbine UJm3.l1'm 'tintJnl~L~U 'nnm"lLr.JlrllUl1UUiIl 'tUL~lLr.Jl 

tlll.;.Je,n '1.~ b,ctfl-J'OJlnol :::Lnil\nl'~nil\n1fluLm:::~nn1flWlJfl-l 'tU~iI\L~"il:::nT'~ 

L r.J ll~iitln~d'OJ:::ilO)ru~f1ijn-lvi l 't~nl~1~th:::m)t1~lULnl~ntmYhm::: . .. .. 
LUUnfJU (sintered ash) LLfi::: 'tfJ'lJtl-lLn~tll~~:::~fi~l'tn (alkali) nl"lm~l 

~'OJ::: UJ~'tunl~1~'OJlnm1Lr.Jlt~iirllU~U LULqjl L~l LLtltJ fluidized bed 

~flrnWJjjm1L~lt~ii~lnl1 ~-l~~m1L~11l1~U fluidized bed mu 1.91 
, '" 

ml3.l~Un.J (pressurized fluidized bed) nl'lfL~tMn:::mil\\t'OJ:::nl3.l11n 
" 

'ilm tleJlu gas turbine '1.~iI\UCil1-l~1~W~~qj'ty.jvh U~m'OJln~nlm1 
L~l L ~iiL1~hmtltl~ ml.;.J~U~-ltY ~11m'lL~lt ~ii'OJ:::L ~~U L rifN'OJlntY~"il 
'llfJ~mm"~~l1u bed ~-lnl1 viI 'tmulill'lltl-lLqjlL~l nil\n-l LL3Jl1tll'OJ91tl-l 

l~ bed ~,:j'l L~m~3.ltj1m1rllm'Y1ml3.l1flU 
(4) fi il\~1tlmU'l.;.Jmw~mmem"lJv-l S02 't~~:::~nn li1\unl'lL~~u1Ju~1fl 

dolomite S02 ~Lnil\~U1~11"m1L~1 't~iirllUl1U'OJ:::Ltl~W ltlLuu 

calcium sulphate ~-Jtl ~1U~'lJtl-lLL~" lh't~ fluidized bed dJu1fiLe.Jl 

't~ii~ih.h:::~'YlTI-m~ 'tunT~fiill3.l~Yl~lnrllU~U~mm~tl1~-l 
(5) ~l:!Jl'm\t 1 'tULe.Jl L ~fl L~~-JLmil\~l 'tJ)~ L ~m ~~"L iur.J-lrllU~W!ltl-l 

anthracite LL~~ lignite oil shale L~:::l11"'llf)-lrllUl1U ~-l~lu'lVlqJUJ 
Lm 'tVl~ULCillLe.JlUn~ m~ .. mme.Jl 't~YfUYllU1::tnJ fluidized bed (Lrif.J-l 

~lnn'YllltJ8:!Jml:!J~8uvil 'tVfL ~m ~~-l~L ·ih 'tU~iI\ 'ty.jl~) 
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(6) ii5i111m1L:.nl",~~.l ';Jlnm'-~mtlLmrn.JLYilltJ lfi) tj Locke LL~:::m~ 
" 

[7] LL~fi).l1~L~"dl m'-Lt,nl'V!~rilu~ULLtJtJ chain-grate stroker ~irll 

1",~ iie)i111nTlL~11'V!;S~lnjlm1L~n l",;;tilu~u 1u fluidzed bed (2.0 
2 d " 2 

MW/m LYl ll'tJnU 3.0 MW/m ) 

flillflfl1'L~11\ta7th~it~ L~ Fluidized bed 

m'-L~lt",~tilu~u 1u fluidized bed dJ\.\'lJtJ1Um~i'u~f)UL~m~f)\lntJ 
u.5mm L~ii~~untJm,-tilllLYl)J1mL~:::ml)J1ElU Uf1:::~n~~QYln~ ,wn~~~ L~ bed 

LU particulate phase ~"LtJUU1nrn~fl'¥11~'lJfl\lril\~~ULA(/)m1LLlInmmJ~l'm:::L 'MJ 

';Jlnrl1U~Utlfl n~'mml)J~tJU (pyrolysis) LLR:::b~n 1",;; 'l:::iiQn4'V!1Ji1b neJ tJ'l:::~"~L~t)\I 
~ lnm'ah lIL Yl ml)J1flU'l:::W'll \1!)'1Jl1 ~~yjl1J~mmnUfl'¥11 ~ La!) 1I LLR:::m'H~lll b Yl 

ml~~tlU~lnm.Ull ~La~.W l1JU.l'!J(j)v1tl LLRm1J~lIuml)J;-m.uj1J'l:::~Ylfim'Ym.l ~tl ~1~ . " 
~~~"'!JU1(j)~:::fl~1wd1.l 1-3 )J)J. (m'lii~U~~~nn11 1 )J)J .) [2J \lnutl~L~11t11u bed 

d " ... ." A '1.,J':; '6"~1'iU.nn'l::: Ln~num..jum:::'lltlmm~'l:::Lr1(j)m:::tJ1Um1Lf.jl L'V!)J'!JU 2 'lJ"'(ilfl~ [8] 

~fl iU(ilflULL 'TIl~ :::dJu.m'll1~tlllLLR:::Lf.j 11 ",;;m')"i:::L"'1I1utilu~u (volatile matter) 

LL~1V11 ~~111~V1tlu.m'lL:.n 1 'V!;;'lJfl.l~l-h.mu lurilu~u~L'V!~tl"'~-ltln;r't..l volatiles fl fl n 
" 

'1t1U~1 (char) 'lf1-lnmm1Ln(j) tJ~mJLL1.1:::Lf.j l1",;; volatiles ~"r'J:::~u. "il:::fl ~1U'lf1\1 
l..h:::~lrn 1 1Ul-t1 1\.\'lJru.,~'lf1-lL1mm·m,nl",~ char ';J:::U'-:::)Jlrn 100-300 1~111 [2] 

QtU'V!1J.il'!Jfl -l bed '!JU.l(j)"lJfl \lfl'1Jl l'rltilU~U~Le.Jllm~ LLR~~ltU volatile matter 1u 

tilu~h~~:::LtJULLyJ~ LV1fl151 fi't1J~flmWRBlIfl fl n'lJ1)\1 volatiles ~~ 3 dj'\.Ul1t1LL~t1l'J 
LW~lm·HUm1Lf.jlt'V!;;'1m"flu.rl1~tilu~"'~m1~~fl\l'1.~ril~~U'lJ"'1t1l 8 )J)J LV1R\ll~ . . 

~4 A 0 ~ ~ 
fluidized bed Yl~QrnwJ~1J'l :::~,nrn 800 C LLR :::~ml~'1I~ lt1l 0.4 ~~ . btJ~ inert bed 

material t1't..111ti1UVtU~:::fl~~~1'lJfl\l bed lu'lf1\1L1m~~'1 ~-lLtJui1\1~~1"'1J'l:::mlU 
'lIB\l volatiles 1JfimJmm~l bL~'m . .J11",;;LiJu.ltl1.11~fl)J'lt:ltJfl'¥11flril~Vt~ i'}Jd~::: 
ff-lm(ilL~uti1~~u!j~~18~ *\lLL~Ij)\l'iltil~Vtmlqrn'V!1J.il~ln11 bed b~eJ volatiles \]n 

tJRmmBn~l'V!)J~ fl'\.Ul1~'lIf)" char ';J:::'l~R-lltll~ bed bbR:::be.J1l'V!~nUmm~Yi)'V!R~1 . 
ff~~ ~~~ rn'V!1J.il'J-ln11 Qrn"'1J.il'lJfl-l bed m '-be.J11'V!~'l~11\l~'l :::n~L 1m~1 nn11'lhm 11 

tl~flll LLa:::l~l'!Jfl \l volatiles lU'l:::'V!11\lm'-le.Jll'V!~fl'\.Ullfl'<\l :::l~~8~~dJ~~~J:::Lbf1::: le.J~ • 
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mm~l'<llln~lb1Juil.J'l LL~~L~eJeJ'+f11~'1IeJ.J char tJm~lt~~~~~1~.J~Un.J'ilUl ~1ntl:;1 
eJW11~'il:;fJnin"tneJeJn LtJe-J1UR1U~L~tJnli R1UUUL~UeJ~1 bed (freeboard) l~tJ 

• 'iJ 

Flame of 
burning -+--~_ 
" o l<!tlles 

Elutriated 
char 
particle 
TpJ>TB 

.G., 
bubble1 

o 

Char 
particle 
Tp >Te D - C . Q 

r 
FluidiZing .Ir 

Emulsion phase 
-Q - _ at TB 

:mi 3 LUI61-1L'"!n"ntui8ll"Yl1f1'11I1-1r11\4W bituminoul coal L"il-ll\J'l\4 

fluidized bed '1111.nn111;11\4 [3) 

n1,tJ~81188mL~~n1'U.n l~'" volatiles 

~Qru.~1J~ 650
0 
C er~'flmdLe .. n L~~'1Ifl.J volatiles '<Il::L11~ln~m~t1Ununm 

~~eJ.J l.nunl'~d:;L~tJflfln'1lfl.J volatiles [2] R1U1.h~nflU'ilfl-l volatiles lunlul1u~:: 
L1JULL"tl~b~fl1~1~t1J lumdLf,nl~~rilu~u ~-lUl-l~~~:;Lwf{~~1u¥iflWiil-l~-lLU~Ym~ 
'1IeJ.J~l ml~~eJu (heating value) lUL;m'Yj~.J Lb'iidJu~tiltJd~m~ 1.;dlTl11~~U h lu 
md~m~ln~ lnmdtJ~m.meJn'1IeJ.J volatiles '<Illnrilu~uLL~w~mm~Ln~C1imJl~eJnl'~ 
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L;',n l~~u flu idized bed n~tlj:j~Elwhn!mJ ~:J\.4"f1~~::L5 ~~lj1El ~-l&iYi~ l~mfi'1J 
m-ru~B ~ililnm,\::L~,n l~~"lIil~ volatiles l\.4iJ~~iiu~-lj:j~m,'\~l-l~El ~ 

Borghi LL~::f\~ [9] lJ)~ll-lYlr)1~fl~lwrum-rnTi)q]"f1 m-ru~mJil 1J fl'1j/J-l 

volatiles '.n n bituminous coal LL~::LmtJtlLYitJ1Jfi'tJ~q]J1m·m .. nl'V1JJ'lJEl-l char 1~~ 

~~~~11 fi' q]Tlm1L~11 ~~'!JEl -l volatiles L ;hum "t'\1J11 nm lumw~El tiEl El mEl -l • 
volatiles OJ~mJn11n~lLumlLt,nl~~'I-l~~ (burnout time) '!J!J-l char lh::lJlr~ 100 

Lvh i4'\.1~El 10 lUl~M;tJtJn1J 1000 1'\.11fi ~lwru{]lU.;rumn~ 1.5 lJ~J. L e.nl~~~ 
.. 0 

'QrnWJlJ 1023 K. 

'Jlnml#~Ln1Jl~tJmn1~m!J -l Beer [21 Ynr~l1 volatiles ~ElElm11n~luijwil:: 
~El fJ'u~n~~dJ'U~~lJ~!J lJ'Hl'Jmfmf\ ~"')~~1'U lml!t;uJ~~nu u m TI'il combustion 

model lLIii0J::Yitl1TU1-lfl1'\.1'lJEl-l volatiles ';\I::\1n'iiumm~mtlu~mJ Uet like manner) 

1!JtJ1 .fu~~m . .m\jJll f\!J~ ,rmJL~)..J-ifu'llil-lElem:SL'OJU LU particulate phase ~-lLtJU 
1J~nrn~~1U1.~t1J volatiles L~lt~~ (lumnhjm,~{]lui'iUL{il ~lU~WlJ1J .:J bed) ~~~'U 
n1Jm-ru~mmElmL~::L~ll~m!J-l volatiles Ll~::fi'~l1m-rn1 tJl,'\'1nl~1::~11-l bubbles 

nu particulate phase 'OJlnm1#~Ln(fl'll!J -l Pereira [10] lunl'~L~n 1'1-llJ'~1'U~'U~' 
" , , 

I,tj' A r a Li I f'\It &t 

fluidized bed ~l"'L~'\.I~l ~'1.uJnm-l 3 U1 "t'\1J11 l)..JtlElq]"f1ml1Y\tJb'Ylm~~-ll'U~}.:J'Jr\n 

bubbles ~l"'L~n volatiles 'OJ::L~11~~mh-l~:I,I\l'Jrn1u bed LLtJi~El bubbles ~ 
'lJUl~ 't~t1J~\m~::Lm::n~lJY.l~fi'u b-ru 'l:umru~ bed jj"lJ"'l~ l~qj ~L~::~n 'OJ::mlJl'lrl 

f\1"'m")ru1~11 1Jl..lfl1U'lJe:J -l volatiles ~ ::L~11'v1iim-l'1l€l1J L"lJ~'lJ tl "l bubble 'v1~ 1J WnL'\..\ 
freeboard 

Yates U~::f\~ [111 'tJ)~n~ln~ lm,\'Il El-lm-ru~mJel tln'1lEl"l volatiles '1111 

{]lUi1U l"'tm"lnU{]lUi1u bituminous LU fluidized bed ~Sj'QruWJ~ 850 0 C bl~1 
ff"Ln!il fl11'bn", volatiles J),JtJlfi X-rays Yi1Jl1'"l~ Ln"'~!J-l~!J tJ~U'Jln~l'Ui'i'Umh -lliieJ 
b~tl'3LtJunm 1 'U1Yi VI"'-l';\lln~~~{]l'U~'U~-ll'U bed lj~~ln~U'l~ bJ~yJ eJ ,]bnC?l~'UBn 
~']VllJltlml~11 volatiles tJ~mmflnlJl'Vl~C?llb~1 lwri1']L1mmw~mJtltlfl~~::LJ"f1n{J 
nl~b~11V1lJ'Ltlu-rl1-l 1 ~tJ1"l1El-l bed nmml'v1ii'1lfl-l volatiles l.'UfI"HU~~::l'v1i1emn1J 
mJL~l1.~~nl~L" fluidized bed ~1fl'U~mjfl'Unl~b~lVm~1'U~1'] 
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n1'L~n l ... a7'ih' char 

m1~m"1'lJ€l .:J Avedesian LL(;l::: Davidson [12) dJ~mlJ..JYlmmMbd"m~~ 1'\.\ 
'i .. 'I a": " l ~ .. 

m1 model m1Le-ll b~:J.J'lJ~.:Jm¥n~ char ~~ t1uidized bed Yl(]1:tt]YlYl<NJ'\.\l 'lJ'\.\t.HI/1 

Yi\1'luntJ-if~~(;lm'm!i1~B.:J'lJu~m·n"Jll""~LLtJtJ ~~m~u~ (batch) 'lJB .:J u\lf11~ char ~ 
~'lJm!i1L~'\.\c.h ~'I,.\~nm.:J 0.23 :J.J:J.J . ~.:J 261 :J.J:J.J. 1~ bed 'lJeJ .:JLnlril~~'\.\ L!i1 U1!i1'li'''n 

n~l~ char Le-lllr1~r1:J.J1/1 (burnout time) ml:J.JL~:J.J-ifwll B-ltltln~V~~LL~:::~Tfutl'\.\~£Il 
Bu n 1"1f~~[1l1:::L~~'I,.\1'lJ~1-l'l -iff)"'~~Ti~~jl'l,.\'lJB-l Avedesian LL~::: Davidson 't~nn 
~@J'\.\ll. l.tJtJoSl(;lB-lm d"1.e.Jl 1 r1~n~u e)(f1 'fl m'll.e-lll""~'O;J:::\Jnm'lJ~~ l!i1~e)(f1llmd" I.L 'td 

(diffusion rate) 'lJf)-lutln~L'l'l,.\ ltJ~~1'lJB.:Jtl\lf11 ~1~ril~-lbc.Jllv\6! tlDA~m L~~'O;J:::"':J.J~~ 
, . 

111. ~1~lnYi~tuVllJ~Yi~m~1 l'h t~tJDmm'lJE),lmd" LNll V1~~~YI~RCflUYll11~I.!ilu1 
... 

<:;11..., 'f'" "d\ill 
'lJ~:mml:J.J Lj1'61'lJeJ.:J1)!illlm1Le-ll Lr1:J.J (overall reaction kinetics) \,\~'\.\'O;J-l b!i1L~lW) 

two-film mechanism ~l~TI.JnljLNll'Y1~ char '1'\.\ fluidized bed combustor *-l 

mh1'Jl m -rutlt.UJIJ'I,.\eln l'l5~ (CO) ';J::: Lnl/1~'\.\ritl~~~1'lJfl .:Jfl '¥l1f1 l!i1utl~mtJl~~n~ 
... 

(reduction) C + COz = 2CO ( L~~ml1 Boudouard reaction) 'O;Jlni('\.\';J:::m··dm:m 

'i\ll n~l LI.I.'1 :::L~·n l~~ntJtltl n~L'i\l~ (02) 1~Ltln1 tv~~"'tl~1tltJmlrn~ ltlLU'I,.\ CO2 ~~-l 
'YI~-l'lJ8-l CO2 ~ l.n!i1~'\.\'i\l::: LLYdmm"Jlnu\lf11f) ftl~5n~~.m~~:::LLYl~n~1J ltJ~thlJ tl -l 
tl \lf11~ LI.~1'f11tl~mmn'lJ C 't~ char mmnu'\.\ CO model 'lJeJ.:JmjLN11'Y1~~m'1::: 
1.~'\.\ml:J.JL -if:J.J-ifWlJtl-lnl"1fI.L~!i1-l1wru~ 4 L~11I.LtJ1J~lReJ-l~i:l'l'iiltJ'\.\'l:::~!i111 UJ~tl mm 

~ \ ~ 

~eJ .:Jiin LYljl ::: L~eJ';htl~mmL~Sj (chemical reaction) m'l'l:::iJJL11Ln'\.\ltl~11 :J.J~~:J.J~~ 
bLCfl ~ tJl-ll1 n(f11:J.JLLtJlJ~lReJ-l~nL~tl1::: lmt.t1'\.\m1~~~:J.J b~e)~I/1LLtlR.:J bLR:::VfIN-J'I,.\ 11'\.\-llWIJ tl-l 

iin1~~~tl'l :J.Jl L~eJ 1.xt~~ltlfuJl ~r11mtlLL1JtJ~lRtl-l~~LYl'i\l~.:J ~:J.J :J.JTil1L~t.4l1m'\.\:::~..:J . ~ . 
~1 (steady state) m'l :::m¥11~~~t.4Y11-lnR~LL~:::VI!i1~1~-lL~mJmNll'Y1~ ~:::L~~a.Jmd 

..,1./ ~ a tJa,t '" 
ml :J.JL'lJ :J.J'1I'\.\ C "1f,J:J.J d::: ~:::Yll-lWI:J.J r wru Continuity equation ~'ieJ 

~ 

~(,.2 dC)= 0 
dr dr 

(1) 
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~lVrru boundary conditions 

r = d/2 

r = R 

o 

r = 00 CC0
2 

0, C
O2 

= C p 

Lb1l~U.Jmd'l:;L~11 R = dp ~fl dp dJ~l~'U~ .. h~'U~nm\l'tm\lm1m'1 LL~:;elliidl 
m~LL'V'I 1'lJEl\lElEl n~l 'l~l'ihcif)Wll ~'l :; 1~ " . 

(2) 

~PJ C
p 

dJ'Uml~b-ii~-ii~'lIPJ\lmm;b-o;J~ 1~ particulate phase ll~:; E ~PJ 
effective diffusion coefficient ~1'VI-rumdn18b'Y1l.J11l'lJfl\lf)PJn~b'l~'t'U particulate 

phase ~\lbtJ'UlyjnVlmbb'j,{'U ~l E ~:;J:j~1~lnl1 molecular diffusion coefficient Dc 

~ ~ a '" 1 d A X ~" 
b'UPJ\l'llnl.JPJ"+1Il~b~El~IlPJl.JdPJtJPJ"+1Il~ char fl~ '<\I\I'Um~ Sherwood number 'lJm~ 

~f) 

2£ 
Sh=~ 

Do 
(3) 



35 

;~~~mJ~~11ij~1 f)-l~1~utJi~~l rn LuJl11~u ~L.;r';J~~~::;f)l~11~H~L~~'lln 

Sh = 2Emr ( ~tl Emr :::: voidage fraction 1u particulate phase) ~l\1lfu~'11YIf) 

char 'lJ\.n~ l\1l~ LtJLUU Sh = 2 ~lW~U!)'¥Il'il'lJel~ char 'lJU1 ~L~rml11)'¥Ilf)LamJ 1u 

bed ~~u~ln~~m1otrl~tJ~8q]ilmjl\1l~1~E.;G.J~ (molar flowrate) 'lJel-l 0 2 ttJ~ 

!J'¥Il~1 ~-lOJ~LyhntJ8q]jlmiL~nt\ll;;'lJtl-lf)1-rum~ C (kJ~nUlfi) ';J~LU\.I 

.. 
IJJ!) 

CO = f(Jl~b-tr~~'lJ~~!)!Jn~LOJ\.I1\.1mm~~il!JU L-tr1 

P = ml~V1~lbb.,.(U'Il!)~ char p 

d. 
I 

:= b~ue.h~\.I~n~wlJf)~ char Li1m~~LYl~~Ltl 

m = ~l\ll,xn~-lV1~~'lJ!) -l char ~LYlf\-lltJ 
x = interphase mass-transfer coefficient 

(4) 

(5) 

ml~V1~lU~1 f1f1)'lJ~ -l"'mlYlel~Yll-l~lU'lJl1~el'lJel~~~mi (5) ~!J lYl!)~lLim~ 

1~~1'lJel~ t b ~mmil\.1~\.I~~ttJ~ln ii\.l~ m~el m ~J1n C p OJ~n~l~mJ ~~~~8q]dlmd 
be .. ntm~~~tJnmtJ'l~l~tJ X ~1ULYl1)~VI~-l'oil~ i.~ tb ~lVl'fu!)'¥Il f) L~m ~bf\~~b~~.J11 
mrnmibe,ntV1~~nnmtJ'il~ lli1~mjlb1tdm~'oill~'lJel.Jm:m~l''lU (diffusion control) fll 

\J • 

'oil 1 nm".l?1mn ~f\'lJ el.Jm~l rnf)l~tJ1JU~~ Yl~.J ttJlumjYlIiI~1J.Jb~tJtJ ~~€l L~1J.J 

e..Jf\'lJ!)-lb~ue.hfJu~n~Wll!).Jm1mf) Char ~LYl~.J Ltl bbf\:;e..Jf\'lJel.Jml~\Ilt.n bbt.iU'lJel.J char 

~mlm~be..Jl~,VI~V1~1iI Avedesian L~f\:; Davidson 'lfltJl1~1'oillnmd'YlliIG1el.Jq]j.JntJ fll~ 
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~ltnrn1J1'J1n model ~-W~l.41~l.4 Campbell bb~:; Davidson [13]1J1'lJm~Yl~~D~1.:J 
Ul.4it1tJliflumrnm'm.Jl1V1iJ char 1l.4 fluidized bed bbuu'iim~eJ.:J (continuously 

operated system) Lb~:;'WU11~~~1J1'llnmJYI~~eJ.:J~1.:JflUfi1~~ lW)rn1J1'J1nm.:J 

Ylbl~~ bUl.4eJ ~l.:J~ 

m d b~ 11 'VIiJ'lJeJ.:JeJ~1~n1l.4iil.41~~~11tJ'tl.4i1OJ~iSl.4 OJ :;mJ~~11 L Ul.4UUU 

shrinking core model fleJ eJ 'f1lH'l:;'VI~1i11n\llW)-:;Vl11,m'nl'V1~ m'1~m :J.J11mL~~.:J 't~ 

b~l.41-1 (tiJ Levenspiel [14]) m~'t~b~m~1'11~e)mlmlbC.Jl1'V1~mu'l:J.Jt~~tJ5mmb~~ 

(chemical control) b1m~b~1'1.'VI~'VI:J.J~'1I eJ\leJ'¥IlflL~tn~bn~tJ5mm bC + 0 2 ---» 
products fleJ 

.. PB = molar density 'lJeJ\I'lIeJ-.lbb'lJ-.l 

kc = surface reaction rate constant 

C A = m1:J.Jb~:J.J~l.4'lJeJ.:Jmm~b'Jl.41wl1~ 

(6) 

'Jln~:J.JmdUl.4~1 :J.Jllr1~~1~11 't~mru~fl~cr1m"lLn~tJ5il~mLY)5jmU 'l:J.J 
1~~tJ5mmb~~f11 td a d,2 

Tomeczek [15] ;1~Li1~11~~mJYI~~eJ.:J'1IeJ.:J Avedesian LL~:; Davidson 

1~L~W'11-.l~\I~eJ'W~eJ ~"l::whl tb flU di LL~:; tb flU i ] ~-l1~~~111ITmJYI~~eJ.:J 
Avedesian bb~:; Davidson ~bY1m'WeJ~'J:;~lLb~nl1fl~dlmlb~ l1w~''lJeJ\I char 1~ 
fluidized bed 'l:;r1mnu~:J.J 1~~ diffusion control 'VI~B chemical control mm.nn " . 
d~~md~~'lJeJ.:J Avedesian Lb~:; Davidson 1I1i'm~~.:Jm1:J.J~.:J~~1~~ Borghi bb~:; 
fI~ [9] bb~:; Basu LL~:;fI~ [16] ~\lmd~:J.J~~11tJ5n1mLfI~bn~~~b1'mlmhvITIJ 

Boudouard reaction (C + CO2 ---» 2CO) ~~rn'VIJJ~ml Lm 1V1~~ fluidized 
, " 

bed ~\lnl1ii~ Basu bb~:;fI~ 1~LL~~\ll~Li1l.4t~[Jml~1~lrn~:J.J~~~m1~1eJ~11 . 
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, ~ 

~tl~l1ciftl-li.~mllJ~!),\ .. lth~3-Jlrn 170 kJ/mole m~~L~LL~~-ll~~.Jnlj'Yl~m},dlfl~ CO 

... X ~... t:: A '1 ~ "' " , '1 '1 "' 
L1'1~ CO2 m~'lJ~'r1c..!1'lltl..]tl\l1mwnTIJf)~ ~~m\l ~~ LVimllJLVl1.I11n~ mm,,)~~l LVl3J 

LbUlJ single-film mechanism \.Il 'l~LtJ~ lULIi13Jlnn11LLW double-film 

mechanism 'llt:l-l Avedesian Ll~~ Davidson LL'1~L~~!)~lJm,,)~~LLU~\I~lVli'u~f1ll 

ml'l~11Vl~'lJ tl "]B'+f1 1!f\!f\1-ruB1.Il~m (moVs) ~-l~~f) 

l
( 12C 1 

C = 47fD B d C 1 + --_P J 
/ G m P P P

g 

Ern = mean void age fraction 1u'U "1 u'¥l1!f\'')l'rutl1.l~nl~~L~ lLVI~ 

P :.= ~rm . .jVlU1 LL\.I~'lJf)":l1l1~ (fluidizing gas) 
9 

(7) 

~lVlTIJ single-film model ~~n~1111 tltln:aL~~Vlitlm1u..n lV1~OJ~Lii~~~ 
1~~tlf)n:al'O;J~o.J:;lL'fdlu~~~3J~m~·m'U~1'lJtl,:j,wrullu LL~~'l:;vil,j~mm~~"'lLn~ CO 

LL~~ CO, ~\I'mm~LihJ~LL~~~ l~~~ 5 

C+ Y,02-- CO 

co + Y,02 ~C02 

Radia l di>tan ce . r 

,tlii 5 na lnn11u.j1 l ... a7~M char 1" fluidized bed ~1J1J Bingle film . 
model 

Chakraborty lb~:; Howard [171 't~1~e)f1llm1L~ltVl~'lJ tl-l tl'1111 !f\'lJtl ,:j 

electrode carbon 1u fluidized bed -Yi\Jan 'W'U118f1llm1L~lLVI~ (burning rate) 

C mr L~t:l 1.8 < n <1.97 bl~~Lrttl\l'lln11 n SjYilLU1.I 1 Li1tlm1L~ltVl~LU~ 
r 
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diffusion control LLndj~lLW 2 ~miJ ... kinetic control ~~~L'!Jl~-pJl1tl~Jlmd 
Le.Jll".,~~'m l"., tlimLJ'llJ l~lJ kinetic control 

~mJl Ross LLn~ Davidson [18] 1JlviINJ'tJ.1 model ~rJ1~LLlln':l''lln 
Avedesian-Davidson model t~u~~nl'~D~Jlm1Lt·.JllVI~ ~~knJnm1J~J.Jt~lJ 
diffusion LLn~ kinetic control 'tJle)~"rlm~Lt:.Jl 't""~ULYlt:lJ.J"lJtl..3~l.rufm~tl 

(8) 

. ., , 

lli1lJ K LW Overall rate constant ihmVl..,'JLYl tl J.JYl dJt~ kinetic LL~ :: 
., 

diffusion control rJ1..,'J{t~tl 

1 Y Ud p -=-+-- (9) 
K kc ShDG 

kG = reaction rate coefficient "llni1tm.J .. , , 

(e)~Jlm1Ln~tJt)iYhJ1'!Jt:l..3 carbon ~tl~~fi~1) = kc (mlJ.J L.n~.nWlltl ..3 02 fi~J) 

oc Lm:: y ~tl~lfl..3~~~1~nLJ1ll)ffim LfI~~"l::~J.J~~11 Ln~~e:h ~..,'J~ 

oc . y 
(i) C++ 0 2 ~ CO 2 

(ii) C+ 0 2 ~ C02 2 2 

(jji) C+C02 ~ 2CO 1 

(10) 
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nU~l-Jm-ri1 5) 

Ross bL~:; Davidson 't~dlHllUmll-Jffl-Jw'\.U%~l 41tlJ'tl t:l.:Jc.J ~'tltl .:J kinetic 

LL~~ diffusion control ~~B!ildlm~Lc.Jl'tVl,j~.:JIL~~-lLU~~ 6 LL~~ 't~\tfhJ1JLi1tl'IJ l'ii 
ndlWn'IJm~~lU1rn'Yl1.:J'Yltl~~'llv.:J Borghi LLm~~~ [91 Ross Ll~:; Davidson 't~ 

~l1lil eJCildlm~L~l '1.Vlu~m~m1.m~ It.t fluidized bed 'l:;-\1nmu'l~l~~ 2 ~'Yl~~ ~eJ 

~lVlWt:l'iVll~~ij'1JU1~1.V\qj (dp > 3 ~~ . ) r)~dlm'nc.Jl'tVl~'l~\lf1mtJ'l~l~ ~r)Cildlm"l 
LLVd (diffusion) 'lItl-lSt)n~L'lt.t 'ttJ~~tb'tlt).:Jm1Jll~ l.t.t'lJ~~t)'iVll~'tlUl ~L~nm"lL~f1 
lVl~~1U 'tVlqj'l ~\Jnmu'l~ l~~!J~Tlm'Hn~tJi)mmL~ij (kinetic of reaction) 

C I e'o ":aJ' 't ~ + "2 O2 ~ m~:: CO mn~'lJU~~Lm :vt~ LU particulate phase "ltlU '1 t:l'\1 

111 ~L~mY'l~.:J lumru.VI~\ldml~1m.~.nf1m1Lc.Jl 'tv\~'ll t) -l CO 'l::rhtlLyittJir-ltlWllY1 • 
b~mJ 'tu particulate phase ~.:J'l::ijc.J~ 't~tl'iVll~'lltl" char '1Jm~L~n$j~ruV\.1J5j1.nA 
L~~\li1u~ruVl.1Jmtl\l bed lu'll~~v'11l1~'ll'\.n~ l.Vlqjl~~~1 lU'ldtlU1YJl bed 

C.9 

0 8 

.. 0 .7 
" c 
~ 

~ 0.6 
u 

0.5 

~ 

~ °l 
O J' 

0 .2 

0. 1 

- --E~periment 

- -CaI';"lations of 80rghi et .. 127 

o~~ ____________ ~ ________ ~ 
100 150 

(~'n (tSll 

'1 000 
Carbon p;lrticte d iameter, I'm 

3000 
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Carbon Elutriation 

L~111~"'h~m'm.JllVl~ m-rum.uJEl'Utml'1f~ ~\~:; volatiles 'onnmuVl'U 

~l3Jl'r(ro.J:;~tlJL~~mm ltJ~ln bed 1~~ 'l.J.jjjrn1L~n LVIii Ll~~lL'Nll~lU1V\qj~vill~th:; 
~'Y1TIrn 'r'lnldlr.n'tVl~Uj:;LJU flu idized bed ~~~"n~tl rnj~(1JL~1I1u~'iJtJ.:I char 

"llUl~L~n V\~£lr.lU carbon ~ii-l'l.J.j(mlt-Jl'tVl~nn-iin"bmm'ttlnunl~ ;"nljnn-iin"b 
~ \I \I \J 

m)flltJ~ L1~n11 elutriation nl")~n 'L~tJ~m~~"ii" 10-15 % 'lJf)"m3Jlrn~lW£lul'U 
,,'1;1 " 

I A "'_'I ., ...J X ., • r.! t <J 
muVlU (fixed carbon) Ylu£lUl'lll" combustor (191 'lJ\mUuj~l ru'lJtl"~l'rUmH'U 

" 
bed (bed carbon loading) ~G1tl~OJW111::;lumjl~,n'tVl~ Donsi LL~::;flru::; (201 ltA 

~m~le.J~'iJtl"rnl::;m·m.jltVl~~ll'l ~n~~~tlnl''i~(1J l~lI LU fluid ized bed ~3J'lJU1~ 
L~U~lTJ'U~nm\l 16 'l\3J . l'tUilmj~(1JL~lI'lJ!]\l~l'U~U'tU~'lJ£l\ltB3Jlru carbon l~tlJ 
"OJlntlWll~'iJU1 ~L~n~1.e.Jl1V\arttA (combustible fines) nn-Hm.bmm 1.'Llnunl'1f dl~3Jl . " 
-nn 2 LLV\~"~4'll~t1J~il ~lntl'¥11f1~~~'lJU1~~-lL~B"OJlnmjLe.JltVl~OJun'lJ'U1 ~~ 
m3Jljnt.)n-Hmtl!:ltln Ltl'ttA L L~:;OJln*m~m}'¥Il~b~n'l ~V\'l~tltlnOJl nOJlnm.vnmil'U 
~'UL~tl')OJlnmjL~lI~~'~'h.ml")Le.Jl V\~ (L~lIn11ln lll attrition) *,,~'U~1~OJlnmru 
v\~-leOJ:;ln~~ln tumnID'¥11 ¥)tilu~u~iltl'UL ·lh n'ln.n~ lV1qj LLn:; ltA'r'luml3Jff3J~un 
LtlUL~Uq-)j"j~11-lm~.nlliluLY183J~1-rutlU~\Jn-iinul m)fl 'ttl Ea (n13J/Ull1) nUm3Jlru 

m~JtlU lU bed Me (n13J) ~,,~ 

.d 
L3JB 

E a 

E c = tJ~jl"ll tl-lm3J'lru carbon ~\Jn-iimbtlBn 'ttl~-lVll-J1ll (n1l-J/'Ulti) 

(11) 

E c = B~jl"llB"ml-Jlrn carbon ~\Jn<lfmtlele:lflltJL~fl.J~ln tJ'l1f1 1~ml"ll'U1C1i 
~.J~1!lmjle.J 1LVI~ (n1l-J/'Ulti) 

d = Lff'U~l~'U~nm\lL~~mel\lflWll~~"Vll-JC1i~ril~,m .. nlV1m 'U bed (~l-J.) 
~ . , 

k = fil~"l1"llB.J~l-JmJ 



41 

, 
'-' .... . n- ! .., A I ... .., 1.1 ILl 

nl.Jflll'1fmn'tle:l-.lfll'1f \.m mJln~:;~mlln 2 UVl~-.l~-.l'Y1nml~1 ~ml'l11 -.l!il\.4 tJ.;J:iJ l" llne.l~ 

nl\.4~~~tltuJlntlnl\.4~~~tltl~1 ~l Ltl~ltJ L~u-.lOJlnriu~\.bnl\.4i1\.4~l ~e.ll Lmj' '1 ::~ntll 
ltltl~ 1~Sj'lJ\.41 ~~Rm~tJrim.~ 

n1'fl11J~aJn1,tJ~i)tJi)i)n"i)~aJitYht • 
nl~~tl~B~eJeJn~lOJlnm'Le.ll'tVl~'!J/J-.lnl\.4i1\.4~B SOz LL~:; NO, ~-.luju 

·n~ntl~:;m)-l~lVl1m.J\.41~mmm:;mm.JLU\.4m~ ~S04 LL~:; HN03 *.;JOJ:;ritll~Ln~ 

m,nli~mBa~l1r,JJlcu. 502 

~m'r'Jll'ft~8tln l'n"~~tl~€J ~.mun~l ,;):;bn~~\.4,;)ln~~L'r'Jtl.ft ~ril\.4 i1wnltl5ffim 
... "" 'I ' 1 ., . e .. A .t .. ., .t 
ntlmm'll'LOJ\.4L\.4mm111tV111-.lmlLc.J1 Vl.j.J u i.j.Jl ru.'l!IJ.;J S0 2 'Y1m~'llWJ:;~lnVlltlWJ~'lI\.4 

ntlm:iJlru.'lJ/)-.l~m~e:l'n\.4nl~~~ m1\1ln~tl S VI~!J S02 1\.4 fluidized bed 1~~~1 LU 

'l:;m:;;-111~~n11~~~ limestone (~Wll11) l~ril\.4i1\.4~'l~tl\.4 ~1Jn~ln~ii-.lmOJ 1~ 
dolomite stone (Ui:;nvlJ~'m Mg 0 3) n1~wlibJihm GaO ~)~OJlnmlnnl~~l 

~ltJml .j.J'~'flt.l'llv~ limestone \Il~tJDmm GaGO] = GaO + G02 OJ~luDmmntJ 

S02 dl~LtJ\.4LLY1m;U~~m'r'J!il 't\.4~'lltl.;J'lltl,JLL~-.l vil 't~ S02 LLum:mmJlOJlnnl 'l!Ji',J 

tll)mm 

QrnVl1Jn~LVI.j.JI:;n~~~l:'ilVi-ruu~n1m~0J:; !J ~1uil-.l 800-850
0 

G [21] nl 

QrnVl1Jn~~rdl~m'lri!J l~\n~n1';lnmtJ~l tiBW)~U (reversible decomposition) 'lJ/) ~ 
LLY1m~~.j.J~f1bYl!il 'tJ1 vii 't~m:iJlrn S02 ~tl~utJB!Jn:iJl b~.j.J~\.4 'llnmi~m~f1 'lJ /) -1 

'1" .. , ~ .t :. ,"~~",,, 
Fieldes L L~:; ifl rn:; [22] U~~-.l LVl L'VIl-mm'H'W~'lJWllv,Jmmru S02 Wll';)LU\.4 Ltl L'ill1Yl 

Qrn'VI1J~~,J S07 m'l Ln~L~.j.J'llnm1vilU~n~m'1J8,J GO iil~~.j.J m';l 
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i:l~1~bnV1~lnm11~~~~ 1 .. m1dri1~~~myJ!)flV1iJ!)n t~fln~~ L~~~~ l f1 
molar volume (ilh.J1V11fii!) 'k.m) 'tI~~ CaS04 ~J1nn11'IJt:l~ CaC03 LL~::LcttJ~~l n 

{l'1Jl1 ~ "Wnm j'IJ m ~ ~lj:~vdl~LnV11JDffim ~di~ilhJlru~~'1V1~~~~t.4~ ~lUDffi~l 
~ ~_.h::~mu 50% brtU~~ln~ It.4~~'ll11\1nqV1~~I?'h ~ CaS04 ~Ln~~t.4 1~'t'11~Ll5U~~1t.4 
1""t1J~:: l~u~ .. unu';lln~m~~tJ~m~~:: 1<jfyiltJDffimwfl~'Y1w''ltl~5ntl S02 tJ'Gldl 

~1WlJeJ~ GalS =: 2 nL~tlWm~OJ::~l~THlril~~ S02 'OlULb'Y1U~::vI~V1~U [23 ] 

nl~thitJtJtJtJn'tltN NO" 

L£jtl L m~U\ .;1 tlU nu S02 ~~~~\-11!)~,j~~~ ~W~ $1m~l bM mnum-rurli) tlfl ~ n 

'lJtJ~ NO LU flu idized bed ~::ih!mmln 1~~~'J1LlLL~1",ru""nii1umjL~I1L""~~ x 'i \I 

fluidized bed ~::~lL~mWtl~~~l't~m~lrnm-rurlmJr.ltm'lltJ ,j NO, LI~~TIJ1~ 11 

~V1V1~mil~ V1~ :: 'U.J1-61~V1 V1~~11 ~-lmrn'lltl~ S02 m1~n~1\-11!)1<ij ~m11.1V1tA~1 rum 1 
'\1 

Ll~mJtJtJn'1ltJ~ NO, ~1~ lml,i Lb~10J~11V1 ~mu'l~tiruwJ5.jLL~:;m1:;'1IeJ~m1L~.Jll",,~ 

b-ru mu~~mnW!~1ULn~Vl1flml~~~ btJ~~~ • 
m-ru~!) ~fl fl n'lltl~ NO, 1::V111",m'm,n lV1~~ ::~l~lm,!)~ LLVI~-l~1tJn\~ ~~ 1~ 

~lnnl'~LtJ~LI~bLLl"~'lm~ L~lmL'i;}~ l~mm'f1LL~::'lm~ 1~l!1l1L'l~ l~~h~~~ LV1tJrf1 LLlLl~1 
'" X " ,,'1_1'\ , ., 'L. 

NOx 'OJ::mV1'll .. rOJ 1nm111~m'llmtl:;Glfl~ N nu ° ~ L'lf~lnm ·ml'r~1~m'lltJ,JlJ.Jb~~" 

'" A l'.d A ~ ~ .4 ~ I 

m1j1~rm'i,J::Ln V1'IJt.4't'1 ~u.tWJ~~,j b~tJU m~ VI'H) bL1-l~ V1 L VI~mj~11~ N -N bb1.1:; 0-0 

LL~ntJfln'i,J1ml'~ lV1~ NO ~::bfi~~~rieJ~ [211 ~~~LV1 t1rf11tJ LL~1 NO, ~::tJ~EmEmn 
.,: x ~ A X '" J '\ 

~llW~'IJ~IJ.JQrnwJ~~~~ ~lm..J~mj't']~~tl,J'Y1 BCURA 'n'~j)tJ~lU b~tJ Roberts LL~~ 

~rn:: [24l ~u11mnJ~em~rem'lJ€l,j NOx 1~~~ruVl.1:JjJmJbmLVI~wh:JmJYI~G'1eJ,j'Jln 
800 n,j 950 0 G LIi1 ~ 1-6 20% 'll€l,Jmmfl,h~Ln~ ~::LlJ::n!)u;;JtJ NO LlJ::~nrn 90-95 

LUu~L~~ Ufl f1~~~'ml'V1~OJtLtJ~ N02 
, , 

'Jl nmJYII/1~tl~'lJtl,Ji{n% tJ'VIm tJ fl'l-t.;1 ~l~~l ~fl~OJ :;~TIlmTIlfitl tJtltl mm-:J . 
NO. l;;rt,j~tl LLl~ 

(1) mdLt.nLVI~ril~~~l~ fluidized bed ~£jmm'f1~1~bn~1.h::~lru 15% 

'Oldl NOx u~mJtleJn~1~lnl1~lmjl~ US EPA ~~eJ~wl~ 
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(2) rmJll1i'm1~11J.m·m,nl'Vl3tl1J. fluidized bed ~.nnnl1 90% 'llEl ~ NOx ~ 
u~mJEl1]m.n~ntJ1J. NO 

A .t :;'1 , ~ a-
(3) NO ~:;mm1J.n~ lWll'1~m,)lt:.Jl b'Yl~ volatiles Ll"~ char 

(4) NO Rl1J.1VlI1J~~Ln~'U1b1rn ln~~nl1J.~1J.ilEl1J.b~l ~-l~~LU1J.'U1nrn~~ 
ml~b~l-J~Wlltl-ltliln~\'OJ1J.~~ m.lJlnml/1J~mmtm'lm.:J NO 'lW61-l 

tlrn~1J~ 660-850
0 

C ~~L~.lJ 1.tJ1J.~~Rl1J.bliwm-ln·uf:jrnWJ~~l~~li1'lll~l-J 
th~l-Jlru 2.3 ppm/C 

(5) m1Lt:.Jll'Yl~~tJ~~ 'l'v1mmm~lltJ1J.~1J. L'li1J.L~l-J~~m'TIJ~e:ltJmm~L~~ 
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