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Abstract

This paper concerns about a formulation of the semi -

empirical mathematical model for sulfur dioxide (S02) absorption

by Calcine (CaO) particle , dissociated from Calcium Carbonate.

Euler's method is utilized for the time-domain solution of the

absorption level. The model is able to predict the effect of

particle size on S03 absorption level. Eventually, the numerical

results are in good agreement with the experimental data
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Lockwood et. AI., 1984; Sloan et aI., 1986; Romo - Millares,

1992; Lockwood et aI., 1993; and Shen., 1994) Ufl::l~1J'hjUl\j,:IJl
.t
U~fl..11~'lJi)..1Millales (Millares., 1992) 'I.Y1TI:unOl'l.nf)l1Lii~ufl::~0l1tJ

~''!JD~'~lml';)utlDn'1.'IIvl (De Soete, 1988) L,h'tI1~U1Ju-;hfluJrn.J
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·n:unulluu,jlfliJ")'lJD.Jm"LmL'VI:U'l~ (Sotirchos and Yu 1985) ~..1

1Jl-;)1tl~L 'VI~~«il n1J" 'VIlhd't1iij~fl~lU fl,.,lIWln« '1.nf)l1Ln~IL«::,
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Sotirchos S.V. yhL~LV;U11ilUTl1fl'ij:ij,jO"11"~WllJ91'i1ilJr11'IJoUa, .
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'lJll,jeJumfluiil::ml:Uli1lJ11C1LunTl~..Jti1tilJ1f1fl1U 1Uilumfl ~.J~1tl
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tlu.n1~ .~~'IJtl~ n1~fl91ilJr11'11'l1RLYlilf'l91 il il nL'lIYl~ ilL1 iill"il::fl91~'lLrlfl. ..
'1J \.I,1Yl'JJil..1ilUm flL'I'Ini:fiu LU 'II m:rl il mVlTlii n17Ln;) LLflaL.jj[J1Jil anL'IiYl~... """
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1fl'l..Jli71..J'IJtJ..J1~1UJu 11:LU~vu" tl Ln fl Ln fI tl nn7Vl nUr11'11.nR.. , :.J

L~£lf'l.flilt:ln"'lJYl Newton et.a!., 1989 mh1H'htJcuVlniiLiJ'I4i,. "
LLtl1~ ritJ1~l nflnl1R'ilR..J'lJ8..Jm11J~1Wl/fl..JLLflI'lL.jjV1Jfliltl" 'lIYlLiifl"1J1,
'illnmfuilU"flil£ln''IIYlfhi~LnYl~~ni'l4'li1''ilCU'VIllii~''U1:lJ1CU 900. " ..
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•• 1 !"I 'I. <' 1 .J' .1 0 ... "'Lnil1 Lfl£lvn 'lIfi um::U,Un11'14 ( lJ1::1J1CU970 C) ~l'ImRn 'J

-;11'14,,"lJ1 ni Uil '14m fl Ufl iH .jjV1Jtltln '1.'11.)-V::71:lJi1 n'l4LUu~a n;\ii

'lJ'I41fli Vlqi-t'l4~"'il~ij-;11U''I4M1R'' ~..Jii~R~iln17RfliiI..J'lJ il"l'tU~~1

-;ilL~1::LLfI::0111'191fl.:l'IJEl;)c)ilTl n11~YloU1J 1-I00$;,Jn~,,~\)U\tl\ ULLU,

m,lLfiv')n'l4nU~R~fl" Borgwardt uae Bruce hi) 1986 ~..1Lfi
..... ..,... ..¥ ..J __ • .... A ""

LL"91Jfl,)1:lJ~1J~U])7::'VI'1"~'I411~1"il1Lvn::LLiiI::ililnn11LnYlLlfl.Rl']j!JlJ

oURL'I'IYl(CaS04) l'l4u 1970 Borgwardt U~ilJl~d~utiJn"hafla.J

~ il..Jr11'11oUfiL~ £lfl91 Elil nL'llYl ILa: nTH ~lJ:fiU'IJ 0..1ri1191fl-nu r11'l!-na
. "

L~ aftYl nan ''IIYl~.:lilJwwfinUllUULll n1UL,"a L:nEJR 1'L4UUU~lail.JL:a..l

nl111f1ii18..J~'U1Jln"il:lJ11[J1EJti..ln1::u1,"nl1ilili'l4'IJil"1~1U~~1

fi1'14'14ilmiiil..1'il1nn11Lmir11'11'l1f1L~ilf'l.flililn'l.'II~r.llu~il;LLfl~L.jjU1J.
ililnL'lIYl (Georgakis et.at., 1979; Lee and Goergakis,

1981;Hartman and Couglin. 1974,·1976, 1978; Bhatia and

Perlmutter, 1981; Christman and' Edgar, 1983; Bardakci. 1984,

Marsh and Uirichson, 1982 and Ramachandran and .Srnith. 1977.)

'I'I~-3'illn~U Simons, 1962; Simons and Garman, 1986 ~tJ11nl1
~~.l .~ ..l""'l .. AtlAIn~m7~~91'l411;p'i1U'lJil.J£lo/"llfl'il:RYllJ"lJ1CUn11LLV'l7'l1"TJ1 Vllnfl !l

n~U1'filtilfJfI.:I r11'11iiilL'I'Iflf'lilililn L'liYl,;)::C1nYl~iuM~h::'I'I11.J"li,..l~ ..
o d _ 0 d .

900 C C1.:11300 C LUB'llJ1'illnm1LLV'l1LLfI::
~ d '" .d .... J ..... ~ _;, 0

'ilflU~iiI~1a~1Lfl1J'lJ8.:1~U1i::Lfl1Jln~'IJ'I4'14ilUl1ilm""Tl2J"'lml 900 C. .
1U'IJCU::~,;)::Lnfl,m)J\l.l Lat) U1"IJil.:lm1LnYltlljn7EJ'1~U ~~ ru"t'IlJii~,J

nil 1300 "c (Cole et.al, 1987; Newton, 1987) n11fin1Yl'IJtl..1

Sotirchos and Yu 1985 "~W~U1LLlJU~1ii1il.:llm.JfffJ.:l~il.:l1~1U" ,
LL1J1J~lJ711JL.,r1nULL1JU~1ii1tl~m1Ln91U!jn7U1L';;il'il::~1ii1tJ~m1Ln~

uDn'i!JI"lltl.:l'IJij~uii.:lu~:nl'l! ~.:I\yj~lail..1nl1~YloU'tJnl'lliaLYlilllil

il£ln"'lIYl~iiml:Ul"Ji1J'Ii'14 0.3 % tfl[JmlJ1mfi'[JLLflal.jj[J1J~ilm'VITlii. , ~
850 "c uiil::'filt1~fl2J1L1fiEJUlriVlJnlJ~<1m711ilflil.:l'IJil.:l Cole et.al,

1987; Newton. 1987 dJU~U1iJLn~11ilm'l'lnii~H"il::~')n11, ~
flm'l'lTliJ~'I.~iimlLL'I4:ltll1'1UU'Y1fl111J"uil.:l Cole et.al, 1987;. ..
Newton, 1987 Mii011Lm[JUlriEJlJ~arlM,;)lnm1f)1\41UnU~<1~iyj

2.LLlJtJ\l1aihlm..JflmilA10'191f';'H7lJn'''~Iili'lJn''1fiaL~ilftlil

ililn 1'1f1ii'

tlD n'ivlLflii7::"t'I11.:lLlflfll <atJ~ Biln l'liYlu,,::iiilL ~ il f1~B il n" 'l!..l LL<~~.:I

Mi.:l~lJn1"~lJfliilLfliii.:lU.
CaO + S02 + 1/202 <=> CaS04 [A]
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L~U~!lVlT1nTnn~t1lin1ul (r) (Borgwardt, RH.,1970 ) fill

1 dn' 1] mr=--=-kc
w dt ' P •

h~'VI1i1£J"IJ!),.m111hH~!;i!)n111'IJ!)~llf1al~tnJ!)!)nL'I!Yl~tl~\41n llfl: w

fi!)\il'V1~n'lltl,JtlU11ifl C LLa:: m LtJ\41hiuf11111L'li'u'!iU'lltl~nl'1!'l1f\,
Lvl!)ft~!)!)nl'1!YlLLfI::~liu'lJ!)"t1lin1£J1 ~l11~l;U k., LtJU!lVlT1fl~~

~"Li'Ju,Yl'Jniu,1J!),J!)rn'VIf1ij !)fuJlu~,u~llnTl'll!)J Arrhenius
, 'II

[1]

k = Ae-EjRT
v [2]

factor 1J!).J~U,dolomite, Borgwardt. RH.,1970.

Activation Frequency
Reaction rate

Stones energy; E.
constant, K". sec.

-1 factor. A.
·1

cal./g. mole sec.

4.8X10
3 5

1337 10.000 2.4X10
3 6

1351 18.100 7.2X10 9.0X10
3

"

6
1343 14,200 4.0X10 1.1X10

3 oj
1360 8.100 2.3X10 5.5X10

11 LUU,;'Ulhyj:%1~L~Ut1JnTlilVl'H'lJ!)~!l~T1n11~il'l11JLii!)J~lnnl'll

n'
-n"Lvl!)f1Vl!)tlnhYlL~£J~lutI.dill-Wufnu ~ Vll11~lln1.

W

Acm E n'
InTJ---- =-p-+lnro [3]

p R! w

p LUU911utlnil~~lnmTYlVl"tlJ n' LUU,!)~1l1A'lJ!)"-n,,lvl~1u,

'V\tilun111Lml ro LiJu,m.LniltlBn1£Jl1u,~lm::L~1l~u, (ll.lij-n"L vlVl)

;J~llm1

Aoc
m

-E/RTro = 1]0 --e
Po

,nnf{1ln1.3 LL,,::4 ~::1~

A = 1]0 _f!_A e -P:
o

1] Po
,nnf{lJm1~ 2 ,4 LL,,::5 ~::M

E/RT n'
_ TJ p poe TJo e-C:;e-E/RTcmr---ro

P Po TJoCm TJ
-tJ~

r = roe W

[4]

[5]

[6]

[7J

f{lJn11~ 7 llf{ilJl~L~wil!l11111n11LnilUBn1ulLi'Ju,Yl'Jniu,;'LLtl1

Laj~;'~JL1iilJ~ulin1Jnl1iJLnVl~lnnl1"Y1lill'ltlJ ~ln-ll!)l;!I'ILrl!)ij

mlJlru-nmvlVl 1X10·
3

n1lJLlJ,,!;i!)n1lJ ~mI1MLL~VlJl~Lv.u,t1J
'II

mllJ~lJ~\4fLL'lJ1Jl:n.Jl~umn::V\-jl.J In(r) Lm::'h"u,ml'lJ'lH.l.J~ruV\1Jii

1fT ( K·
1

) ;,nfu~:um1yj 7 ~::t1mtl~uuLiJu,
'II

n' +E-tJ- -+co
r = ro eWe RT .[8]

[9]

tli1U~ T re! LtJ\4~(IJ,Vlt;lijOl~ih~ 1143 K ( 870 QC) tUlrn7'li'lJ~U~:

. L'VI5j!)UnU(illn1.~ 7 djll!)rn'VIl1ijL,hnlJtlrnV\l1ijolJOJ u,!)nlt1~ln

drn.Lvill;fu'lJ!)~!lil.lril.:nli1~lin;Ul;f~!)u~'lJm.LvilJ;fu,'lJ!)Jr'i1'1l

'l1I'1Lvl!)f1il!)!)nL'lIYl ;1~~::hi ..
n' m

-II:; .(-EjRT)+(E/R"q ) c [10]r = roe e --;;;-
cre[

L~!) c.; LUU,fl1llJL-lllJ-llW!J!)Jnl'l1'l1I'1Lvl!)f11111!)tlnl'1lYl 2.9X10-8

n111L1JfI.i!)~nlJlf1nL'IlU~LlJVl. fil ro 'lJ!).JLLfl"L:fiulJ!)!)nl'1lYlLLYiI'l:

"l!iiill~lJl~ln n1.U1::lJ1 rnfil LL'lJULil~Lium.J'lJ !)Jn11LnVlUB n1!'J1~ij

fl11lJL-lllJoUU'lJ1H-nI'lLvlVl1X10·
3

n1lJllJl'I.illn1lJ Li'Ju,luVlllJ~lJm1

1nro= Inr1x10;' -J3(lxIO-3
) [11]

j)' 1~lJl~1n~niil1 H-lll"~\4~Ji!l~T1m1LnilU~n1[J1~ 1Xl 0.
3

LL,,::2X10·
3

~JM~lnnl1."Y1IilI'l!)" ( Borgwardt, 1970) LilULLf{IilJH

_ In r2xI0-' - In ';xIO-'

p - 2xlO-1 -lxlO-1
(12)

VllT1~~ 2 ~<I"IJ!)J!)~1f1n'lJ!lVlT1m.LnVl1.]Bn1[Jlf{1111:: sulfate
d -3 0

loading on2X10 g mole/g. 870 C.

Reaction rate,r (9 mole/g sec) X 10
5

Stones o, 0.0096 o, 0.025 o, 0.13

cm. em. cm.

1337 4.2 3.2 1.4

1351 3.2 2.1 1.3

1343 2.1 1.4 0.7

1360 2.5 1.8 1.1

Vl1T1J~ 3 fil~M~lnmTYlilfW~'lJI)JeJ~T1m1Lnlilunn1Ul~€Jru'V\nij
~ ''II

o d ~
870 C ~1111:: sulfate loading "Y1lXl0 g molelg 'lJ1)~

!)~1l1f1'lJU,lVl 0.0096 cm.(150/170-mesh particle size).

Stones Reaction rate (g molelg sec)
5

X 10

1337 6.4

1351 5.9

1343 3.6

1360 3.1

"ill nmllJ ~:U~Wrf,jlJ .,jU,i,!) ti lJ'lJ !)~mlvl~1'V\11J €JU,1l1WlJ<l~,
LLfll'IL:fiUlJ!)!)n'l'll~ 1337 U~il~HiJJtl~ 1 fi1'1W.Jro UI'I:: P 'lJil.J

I) 'Ijo111flLLfI"L-nUlJ!)!)nl'1l~LL~<I:"l!iiVlhiml U,rilU,!)"L~Ulnu, t~[J

N1unlJl-nu,m11J~ 4

3



Type' Inro R
0,OO96cm. 0.025cm. O.l3cm.

1337 -9.24 -420 -550 -970

1351 -8.97 -690 -900 -1140

1343 -9.69 -540 -740 -1090

1360 ~10.16 -220 -385 -630

In{ru}
,/

IxlO -J 2 xlO -J n'/w

10

9 ... ... ... ...
•... •......... •••• • ••

IJ.I
Z 8
U
;t. 7
u
if 6
o
~ 5 ...

~ 4
u.
5 3
(/J

11' 2 • •

... .. • •
... Avg.Oia = 0.0096 em

• Avg.Oia = 0.025 em.

e Avg.Oia. '" 0.13 em .

• •... .•••
•

o ~ ~ 00 00 100 1~ 1~

TIME. seconds

7tl~ 2 m7Vl~i'1J'lJfl.:J'Il~Lyjoft~mlnl'll~~'lJU1~'lJaJ£l'lUnfl'lfil.~~ ... .
1351 ~lJ ') ,)\4, Borgwardt, R.H.,1970.

~'H"nnm7Y1~~a.:J~J7tl~ 2 Yi1Jilnl7~Vli1Jril'lli~Lyjaft~oanL'1l<;). ..
~a~UlV~l~'lJa.:Ja~nlA~n'lJ~l~L~nnil~:~Vli'1J'~nila~nlfl~n

• 'II'

'iI~lil1 '1'1 q):aJiJLnYl '1.~mjl.:J'JiYlL;)'\.41~YlO~L~lJ'lJ!).mmiii}tJiin7tJl :aJ
A .r J.

LnYl'lJ~L~OJ~ln 7Yi'lU'lJaJaUmfl'lJU1YlLAnYl(lUL7~~uij2Jlnn117
... , , 'U

..I.. l'l'I1U'lJa"6o/1'fll'llJ'lIU1Yl '!'It)!

ft'lJm~ 3 ft'llJl'lm;jtJu'1.~LiJu

• em E n'
Inn nA-' --=-p-+lnr. [13]

'10'1 P RT w 0

• em E n'
In n + In" A _ - - = -p- + In r [14]

'10 'I P RT w 0

In.,.,A em _ _§_ = _p:!_ + In( r~) [15]
p RT w 170

... d .. '"" .4.... dflml'101JtJmlUft'1Jnl.t1 15 t11.J"'U'lJl'1JO~:L'I'IlJi)UnUft'1Jn1'lY1 3
.... ~ ......... .......
Yl.Juulnml1L11.JLffUYl1.J1:'!'Il1.J In(r) U!'l:: lIT tJ"A"i)~ fIl'lJi),) '10

.... .,1 ,;, ..... ..4. oJ ""tJAA
LLft'Yl"(h1nTlUl'I1Y1nll:mJYlU'llJill')'iJln 'I 'll.JUft'Vl·HlJ 1:ft'l'llin1Yi

a¥'flU~~:11il.'ilU~ 'I 'iJ::<lVl<l.JL~i)tJ') LUEl.:J'iJlnm7LiiVli'<lLWi}1\1,

o~mfl th'l'lfuft'~m11\1,~tlrtd'tl'ilEl.J f3 tll'iJLiitJ\I,M~Jd'

Inr -In(~)2.(IO-J •

P '70 00 [16]
"" 2xlO-3 .

ro Lilutifll1m1Liii}tliin7tJl~ft'ml::L~~~U ~lLLtJ.d'if::fi'a~lYi'L'~~

iiJOVll1n11Liiiltiijn1tJl TYlV'll1J [A] tVltJtJl1f1~lm.l<l'lJi)J nl'lUYi1

U!'l::n1'lflYliWl1tJiUtlWl1fl *.:Jlll'l'l1.lLumn"~ 4 i~1tl!'lanl~fi~
•• 'II

U<l::nnWUft'il.:Jfh J3 ~.J~tJ~ 3

2xlO -J

n'/w

~tl~ 3 ~<l'!Jtl,'J'I~~tlOVll1nTlLii"'tl~n1[Jl~ Sulfation loading

~1,'J "J
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~1[Jnl7L1..l~[J'Iuh 1]~ ~ln ~ (flll1Ull1::L~9i") lIilLHii;J 0.1

~~1ULLfll'lL;1[J1Jllllnl'll.r9il;J '1 n" ,j01JII~l~~lnn,.rnYlIIIl;J{lmtl• •
1J1Lm[JULii[Junu~l'Inl'lfil"'t14 ~lnmJnl'l~ 10 ~'[Jl'li;J;Jl"nl7

m::~'I4~lnflln;J~ 1 ra U,II:: 13 ~lnflln;J~ 4

10

9

w 8z
(3

7...J-c
U

'" 6E
0

5M

W
I- 4-cu.
...J

3::>
VI

'" 2E

11*=0.4a

11*= 0.7a
--11* = I

a
A Exp.

o 20 40 60 80 100 120 140

TIMES. seconds

jtl~ 4 ~<l'lJIl;Jml1J~lWYl1"m7LLl'ln\fl11::l1iiii'l'ILvlll1iJl.l;J01Ullfl~ ,
'liil.fI 1351, dp = 0.0096 em. LtflvULii[JuniJ,jl.l1Jl'I~M~ln•

nnf{1Jn11ti 16 ~;J~;JLnflilAl'lJl.l;J 13 ~mLf{fI;Jl'14f11n;J~ 4 J"~l

M1l1nf{1Jmni 12 fl1Vl~f{1J1J~.21"tiil1"fl11::L~1J~"t1lin7[Jl ra

'aiL t1~ [J'I4LLtllI;J1'l41.11Ullfl'liUYlL~[J1n'14~ii'lJ"lYl~l;Jn'l4~;JJ'14 A1L~.h,
.r ~ ~.. , _~ ~ ..I
'I4~::tlnUf{Yl;JL\l,l'l1::fl111Jf{1Jl'l"tn::~11;J In(r) LLl'I::u11Jlt14'11I1Lnil

n'tw 'l'14mm~laiii~l'I1l1nm7ul'l-i (1]~ = 1) l1Ull1::L~1J~"

10

9
wz 8
U
...J 7-cu
OJ 6E
0

TJ*= 0.2M 5
w 0
I- 4

TJ~= 0.5..:u.
...J 3::J
VI --TJ'6= I
OJ 2
E

1 - A Exp.

o "

o 20 40 60 80 100 120 140

TIME, seconds

1t1ti 5 ~l'I'lJll;Jml1J~lWnl"m7LLl'l-i~m1::laiiii'l'ILvlll1iJl.l;JIl1Ullfl" ,
'liUYl 1351, dp = 0.025 em Lm[JULii[Junu,jl.l1Jl'I~M~ln

'"

lil[J~,l1..l~::~;JLnfH~"il~lI~lti.::~lnil,jIl1JII~lti1l1nm7 •
'1'191IIO;J m'lL1..l~V"ml1J9il"m"l"m'lul'liii~lIfiom'lflil,j1J n1'1. .
lIilll;''lJO;Ji.lnnl'lLnil1..llin7[Jli!t{fl11::U'ln '1 'lJO;Jnl'lLnYltllin7[Jl

l"t{m1::~ii,jl'lLvl91 2X10·
3

n11J9io 1 n11J'lJD;JJ1~uno1Ullfl D91Tl,
-m'lLnYl1..llin7[Jlll::LfhnuA1~U«Yl;Jl-n"91ln;J~ 2 l"'lJm::~l'lv"~

Lil"lI 0 nmiHi1J'lJo;Ji9l'llm'lLnYl1..llin1[Jl 1If!II;JUUULii;JL,,"fi arrn.
1]0 <1 v::

UO[Jnil1"mmi! 1]~ =1 LiJ'I4~l'Il~Liiiltllin1V1~~;JnilL~l.lii,jl'l

Lvlfl1Jlnnil 2X10·
3

n11Jfio 1 n11J'lJO;JJ1~UnO'Lynfl nl'lL~1J;1''14

'lJO;J,j,uvlill"mm 1]~ <1 1l::1Jlnn'hl"mm 1]~ =1 ~i;J'l::[J::L1l'11
J

~'U;J

l"wi! 5 Uf{il;Jii;J~;J~LnYl;1'"l"im~m::L~v1n"l"m1Ltl~[J'14.
1]~ D9Inm7Lnf!1..llin1[Jlv::UO[JL~Ol.l'tfl1flii'lJ'I41f!L~n (dp =

.... A A.........J.... ....
0.0096 L'II"91L1J917)L"l.l;J1l1n'lJ"lil'lJO;J p 1Jfl1'14tl[J 'I'1L1l'110 1'141'1'1

UII:: 1]~ = 1 J" J;J 2 mtiliiD91nm1Lnil1..llin1[J1L\,;,n'l4~lnufiil

fhwfuL1111~1Jlnnil 0 l"lii Dflnm'lLnYl1..llin1[Jl~~11Jtl'tmfl

'lJ"lYl 0.25 L'II"~L1Jm v::'Lt'l.lVnil1.11Ullfl'lJ'U1Yl 0.0096 L'II"~L1Jm,
Ul'I::ml1JLLfl n9il;J1l::L~" M,ril;1''I4L~m 1111Lvi1J;1''14

L~1J;1'"'lJl.l;J,rIlLvl9l~;JJ"L~tlliAl 1]~ = 0.35 ~::LiJ'I4Alti~ti~fl 9l;J

1tl~ 6
'"

w ': 1z
(3
...J : j-co
0>
E

5 ~
0
M-W
~ 4
u.
...J

3::>
VI

'" 2E

1 -

0

0

& Exp .

-11* =0.35
a

20 40 60 80 100 120 140

TIME, seconds

7t1~ 6 Lm[JULiiv1Jj::~il;JLLUU~ll'1tl;Jm;JfltU9lf'llf{9l{L~l.l H
'" • ....J'" .. ....

1]0 =0.35 nuasn ~il1l1nn11'Ylill'll.l"'lJl.l;Jtl'tfl1fl'li'l49l

1351, dp = 0.025em

• d
Al 1]0 'Yl

'::1 • d .... ,J .d • .... ·::'1 ';''::1 ...
0.09 Lu"m'Ylil'Yl~il 'Yl 1]0 1Jfl1Lu'14 0.05 ~::Ll'l1Jml1JLu'l4Llrnm;J

LiivunUL1l'11i1e.ll'14LtI ~;JLLf{9l;Jl~L~'I4il1i'Ylnl'll'l'IJl.l;J n' ii'Lt'l.lv1J1n
w
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11'"0=0.05

11"b=0.1

--11"b=0.2

;V «J ro 8J 1.00 13) 140

1t!ti 7 ~~'lJ1l-.lml11~1'I.ml1-tnTlu..,.d~m1: '~iii'tu vl flTIHJ.~tlWllfl~. ,
'lIit~ 1351, dp :::0.13 em. LmtJtlLii[J'lJntl'llflll~~'~~lnn11..

."_ (~
10 ,

9 .

~ 8 ~
[j

j 1

~ 6

~ 5

~ 4~
:5 3
'"~ 2 ~

1 .:

o

" Exp.

-11* ==0.09
o

o 20 100 120 14040 60 80

TIME, seconds

1t!~ 8 Lm[JULfitJtl1:'Vrhmtltl"iilO1ll-.lm..:lfltU.~I'!1~I,rfdjll1i~
1]~=0.09 ntl~~~'~hJ1nn11'Yl~~fl-.l'lJfl..:lflttmfl'lliti"l

1351, cp= 0.13cm l~flH ~ ~1-.l <J n'U.

~1V.1tlJt!~ 7 LL~i"I-J1~LV;'U.ti.,]mlllLLCfln~h"]'lJ1l-J1]~L"li'U.L~[J1nlJJt.l~

5 LL'iiii'lJU1~Liuf-ilUI'IUVnOll-J 0.13 cm. LLOI:1t.l~8 LtJmil~Lv.1I1:... ..
~:U'lJfl"]n· ~1'V11tlfl'U.mfl'llnCfl 1351 'lJUlCflLtmC.·hul'luUnOll-J0.13·/0" '\I

em. ~OI'IJfl..:l~ 'iifln11~Cfl'lltl'llflLvlflf'lCfl1flflnl'll..lLL~Cfl.,]M~..:IJt.lfi 9

~filfl"]~'IJfl..:l 1]~ =1 n11flCflfl-.l"Ufl..:l"UU1Cfl"Ufl..:l~ ';):rillvi'5Cfll1 n11

dl'" tJ~n1[J1L~:u,r'U. fh ~ fi1l1n,ru';):ril1~5mln11LnCfltliin1£n

,,"'01..:1~'VI1tlll'U.1l1f1LL'iifl:"IJ"itCfl,
nlWICfl'llUnl'll'llm Wllft"'ewn l'll..l

"

LLUU~1flO..:ll11-Jf1ru"'f'f1ffCflf~1'V11U
~a .... ,.....r. ..:.
mJfl11lJII'lJ'Ymn::'VI11..:1n11L'I'I1I

LiJu~-.l~u.91nth.,]nu.r.,],fu

flWllflLL~f1:'lI"~,

.n, LLfl: ~

10

w
Z

~

9

.~ 6
o
M

w
~
IL
..J
::::>

'"~ 2

• E>p.

132.=.0.9IH

_-132=0.85131

o 20 60 110 100 120 140

Jtl~ 9 ~fl'lJ1l"]~ ~flnTl~Vli1Jnl'll'llflLW1lftlPl1l1ln''ll..lLmVlJLfitJ1J

ntl~fl~M,;)lnm1'Yl"'flfl-.l 'lJfl"]fltt1l1fl'llit~ 1351, dp =

0.0096 cm

3.uYI"',.t.1,
nu1itJ~'Ill1l111[J"]lu1ulJ'Ylm111dLlIu'h'U.'VI\h~Jfl.,]m1ff11..:1

LL1Jtr~1'Hh'Yl1.Jfltilflftl1~flf ca.JV~c;1thl'ti~nTlvr~u1ilniliJ'h.lL~ f)1".:;
"11111tlmfllJfl~1J"lil"]'lJfl.ml1'Yht.liin1tl11 u~ fl..:lLm1'VI:J~illl'1'V1m1lJ

lwffud'l'lfl';):~M-:h LLtJtJ~lGlfl.,]rn-.lf1ruilmfflPlft~tlnWvuul,ru, ~
1~I-J~m1~lfl1l-.lLlIutiul'1'11l1,;)ih'VI11J'lJU1\i1LLfl:"/Jit\il'IJfl..:l~Ut!utiiJI-J0I~ .

n11'Yl"'flfl-J,;)lnl1tJ'I1Uluo~lPI li"1[J~1LLtJ1t\riln11t!1tlLL~"] 2. ~'flfl

T}~ LLfl: p
n11L~n'l'VI1l

·1 m-t
A ::: frequency factor.sec (g.moles/cc.)

Ao ::: frequency factor lU~1l11~'l~iin11rilt!5n1[J1, sec"
m-1

(g.moles/cc. )

C = mllJL'lll1'llU'lJfl-.lnl'll'llGlLwflft~01ln'l'll..l, g.moles/cc.

c.; = mllJL'll11'llU'lJfl.Jr11'1!'llflLW1lf'l\ilfl1ln 'l'll~ 2.9x1O·s

g.molesfcc.

Ltmf-i1UI'IUVnOll.J'lJfl.Jflunlfl,cm.~ ,Op =
E

ky

m =
n, =

r :::

ro

V

'I'Itr"].Jlum1m::~u, cal.fg.mole
1

filfl.J~'IJfl.J5mlm1Lnilt.l~n1[J1~fl'V\\i1[Jm1J1m
c; -1 m-1

'IJ1J.J'lJfl.JLL'IJ"],sec(g.moles/cc.)

<'il~tlmlm 'll:U'llU'lJ€h'lnl'll'llmWflf'lilflfln 1'll..1

'lfGlLW1lftUS03 g.mole

51il11n11Ln\il803 ,g.moles/(g.sec)

·Olill1ril1Ln", 803 ~~ml:;L:liii'lfmy.Jfl{

g.molesf(g.sec)

mlJ1Cfl1, cc.
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w = tl1'1'1Un, g.

T = ~m'l'l1Jij,K
..... .... ..J 0

Tref = ~m'l'l1JlItJ1-3tJ"'I1 1143K (870 C)

= L1Gl1, sec
~ • 1 - ..( .hl~ ..1 'l .,jfJ = tUJu"l::fmll'l1 L~r;nnn11l"'jLLGl::LL~iI" \.I,f1111-3'114
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