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Abstract

Carbonation of calcium oxide (CaO) was investigated in this study in order to determine
the efficiency of CaO in capturing of carbon dioxide (CO,) using an isobaric-isothermal packed
bed reactor. Experimental studies were conducted by introducing the gas mixture of CO, and He
with the concentration of 15 %vol and volumetric flow rate of 50 cm’*min’ into the reactor
packed with 0.25 g of CaO. The concentration of CO, at the reactor outlet was continuously
measured and was employed to calculate the CO, capturing efficiency of CaO. The reaction was
performed at constant temperature in the range of 823-923 K. The experimental results revealed
that CO, capturing efficiency was significantly affected by the reaction temperature: the
efficiency increased when the reaction temperature was increased. Under the most effective

temperature (923 K), the commercial grade CaO captured 0.1177 g.,/g In order to seek the

sorbent*
method for preparation of CaO from solid wastes (i.e. oyster shell, egg shell), the CO, capturing
efficiencies of the CaOs obtained by treating the solid wastes under atmospheric gaseous of dried-
, wet-air and dried-, wet-nitrogen at the temperature of 973 K were compared. The results showed
that the CO, capturing efficiency was significantly influenced by the originated wastes and the
treating gases. The highest efficiency, 0.1041g..,/g, ..., Was obtained from the treatment of the
egg shell under the wet-nitrogen atmosphere. Investigation of the effect of water vapor on the
CO, capturing efficiency revealed that the CO, capturing efficiency increased from 0.1177
8007/ Esorveny Under dried condition to 0.1414 g .,/g . under wet condition. Finally, a model was

developed based on a one dimensional pseudo homogeneous model and a shrinking core model in

order to understand the behavior of the carbonation of CaO in a packed bed reactor.
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2.3 Shrinking core model [2]
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~ S A 8 = Id
nszuaumMsInesuiiane et (steam reforming) 1WAy
i 5 0 = [ ana [+ <3 ~ 1 1 aaa a
Binlin Dou ttazanz [6] lavhmsanyuneanulfsema-veaudeiilileUasenss
& Ac’i‘d = v W 9 A aaa J @ (J
139 Faluntiunsfnenszuaumsaniy Co, f1e Cao nsolfnimmivemsu Tagda
-2 g adq Yo aaa a Y v < 9y 9 3
udsidny 1dun gangiinldhilgaser sfavesarsasduvesuds anududuvesfes
¢ ¢ £ o & ' y o
msvou laven loa Anuiu uaznszuauMIMeFy Frnmsnaasanuil m3ld cao 1y
Y { 1 1
amsasrumzdmiuldnguugligendt 823 K uddld Ca0 waw 40 %wt uunilimen
J o @ 1 a = 1
09N laa (MgO) iminedmiuldluggangll 573 - 773 K uaganududuves co, inade
U 4 ' 3 2 2 g { [
AMNIAUNAFNAATVBINTZUIUNTUNT (diffusion reaction) UTurmaNuFUALUINAY CO,
1 A a a v @ 9 3 4 ~ @ o
waemnlszaninmlunsansulauniu dedeudy co, ufs uagnszurumsniedu
' asa a v a 1 ol a
194 Ca0 (307 UFATeunafiudy e eauysaingungl 1,173 K
Kai-Wen Ma U0 Hsisheng Teng [7] l&vhmsfinuifeadumsdniy co, Taold
A & A Y1 a =2 a o A
waenneswesy Fuddenresssuenunsom lddeonas s uaun Selimsiihwldenves

@ a3 2 J 1 9 A =
unmmmmmzmﬂu CaO ‘Mﬂmiﬁﬂ‘l&l'l@\‘lﬂﬂ‘525ﬂ’l’)‘UW'U’NIﬂﬁQﬂiN‘U@GLﬂﬁi’)ﬂﬂf’JﬂuN‘iiﬂJ



13

P31nm Ca0 8991 % wt MNBUTINITNARBIRNTY CO, Ra8 Ca0 Mnulfonnosiesuii
gangdl 1,013 K uaznfSeuiieusunsfinaasidie Ca0 1nsANISAT WU CaO tnsANsA
AW150ANID CO, 1AANIT INTIZ CaO miﬂﬂ15fﬁﬁﬂmmmgmmﬁﬂm'mazﬁuﬁﬁ:}ﬁuww
wnn1 udileimananeuiluigsnsunndt s 3gdns fgumgiufauimuemdu
1,013 K unzgamg Ui eunadngu 1,173 K wuh cao fiwlonldnnalfonnosinesy
2eliANuAIUNINAT Ca0 1nsan1sm ifleanniifaieueglunldenvesunssuh e
Yosfumsvmeusawiuveeymn ca0 Tasiadieves Ca0 Seliarunanuunay

Ziku uagane [8] msfnuifersudasaliizonnalden il Fannmsfoun
mSseiinui Wien v inyssneudieunadeumiuenn (Caco,) 94 %wt uuniliFon
ANTUBIUA (MgCO,) 1 %wt unaFeusama (Cas0,) 1 %wt uaza158UYIEoUN 4 %wt iilo
wuldenl4lAfigangisind: 873 K vhldiuazasTsiuluddenlignisaeenyld
nua Woiugungignd 973 K ifunm 2 b nuhmsulfeussddsznevveudienlln
910 CacO, il C20 33 a0 M Idvnuden Waunsoh ludssandldlumsdnsu co, 1

Vasilije Manovic 11 Edward [9] finyrneatusniwavesmsiiu ledhludfiseans
VoI wu*h"lm%ﬁwadaﬂﬁ?ﬁmﬂﬁumwﬁu Lﬁmmﬂllafmzﬁwﬂﬁﬁ?mﬁu ca0 Anmilu
uaaiion'lensen'lud (Ca(OR),) Saaumsdeluil

GaB(s) TEBON]) S—id Qe (s) (2.16)

FaflonS vuifieuauamsnlumsdnsu co, ¥ee Ca0 fU Ca(OH), WY Ca(OH),
Tsz@nsmmunnd uaﬂ%mﬁwu%ﬂdﬂmfmmwm’ﬂmﬁ'umswaemauﬁummaumﬂ
ca0 I8 uagmnyiinsdnsy co,luanziid ledhmateigsnsdeiiioaiu Uszaniamues
Ca0 luugazdnanstiuul lwasaelinnin

nnnguEmanal§izenivemdukugnguvaEnues Ca0 wulizliuums
Amuamsauiinldueize 2 sluuy ﬁaﬂﬁﬁ%uﬂu%uﬁmuﬂmsﬁuﬂu”lﬂmmﬂﬁﬁ“%m
(reaction control) Wnufia luausnvesmshlgaser Ty co,mansunsidnldlugwsuves
C20 881939032 LazRal§Az oAl vomsuiiaduuenyes Cao Wuduves CaCo, oY
FaflerlfAsn ludeun wxfadures caco, mntiy 1% co, deaumsmusuues CaCoO,
o vy cao AdeluAalffnde’ld Feidesasinsunsves co,rudu
CaCo, ﬁJm?"uﬁmuﬂmsﬁnﬁu"lﬂmmﬂf]ﬁ“%m (diffussion control)

i 1Ta 3 ] [ a aaa ¥ v '
Gluﬂﬁiﬁreactlon control W'UTlLﬂﬂﬂJULi'JlJ']ﬂLLﬂ3@%51ﬂ'lﬂﬂﬂﬂ.§]ﬂiﬁl'l‘ﬂu UnI

a

4 aaa o ¥ Y {1 y a
Inunamanivelfise annlsaivayumgnanuilogamgiige conversion vosl{Azen
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4. IATDIFIANT (Mettler Toledo AX205)
d’ o w é’ Iz
5. 1AT93IN1AANUYU (Desicator)

3.1.3 INAa0Y

a

A a a A 1 v v Y
aaudl 1 dnTwavesguriiniinanemsnaassansy Co, Iaeld Cao insams

1. 81U CaO figaigil 383K 111 Ca0 0.25 g ussylumsesfnssiunuviunussy

U

2. USuamwn caonsamsal meldussenieues He (8731013 Masded3uag

50 cm™min”") figavgl 1,023 K 1141927 30 min

a

a 4 a o ~
3. anguugiveunsolfnsalasungmngil 823 K

9| 2] o Y 9 2 aaa o o
4. Youmanauued CO,M He (ANMANIY = 15 % vol)Woinlgnserniiuemsu

o Yy Y & &4 a @
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[ ¥ { a o aaa ]
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v w J
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4 Y
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Muwnifsina co, ngnanduluniesdgnssinazSeuiiouiunisnaasedn
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a

A g |
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Y
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A a

a a o P
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a

() [ 4 ° aaa
Youmameanues co, M He (rnududu =15 % vol) iievhfAzermsve

o @ gy 9 ~ A a 4 I
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3.2 MSAIUIN

ITRRN

v

a nzsll A 9 o . .
NUITBUEN 1HUUUTIA9UUY one dimensional pseudo homogeneous packed

bed reactor 114N158TUIENYANITUNITANTY CO, YBI CaO

Cao
Az /
f_H
Cco, IN —%} . )H Cco,0UT

|
d’ A'l a 4
30 32 waaurIesnsaluunwanssy

I
72 Z+AZ

A

Tagileruufgu Ao

m’“‘%mﬂﬁﬂﬁtﬁﬁwmﬂ1&11%51133@@1414@,ﬁuazmmﬁum1’7%

- mi'lmmmﬁvwma“luLﬂémﬂﬁﬂm‘hﬂmmu plug flow

- sy madaSnassauiiainsdi

- ﬂﬁﬁ?mﬁgﬁﬂﬁwqaﬂsmmmmmﬁam shrinking core 1181A@N17¢ pseudo-steady

state

4 a 4 [ a
aums3na luaved COo, 5oUIAT 83U nsal LaaIRIdunIsh (3.1)

Ea(Ccoz)b _ __V3(Ccozdp

o A 2z + rCOZ 3.1

8031 3MNUPATL109 COMTAsAIaNnITh (3.2)

3(1-8)rék(Cco,)b

I'co 2
2 3 k [r rck I'c
s [1+km (é)-l- De (1_1”5)]

(32)

v ~ v A < ! A o 1 a ann [ A
uazgdanmadsundasseiiveatsluaiundd lufalgasewansdeaunsi (3.3)

dire) = o bMwgKk(Ca)p 33)

dt LLE) rck _r_c]
pB[1+km(r§ +De(1 rs)

ARPLRATIPLY
L 2 Q/ U’ ' . . . .
NIMIAADVUDITANNIIYIDYNUTYDY (partial differential equation) slsﬁx‘i{;l}u 14

a da o 5 { a LY ] g
M3 UATIZIFIAUDY (numerical methods) TasidvuaumsFeeyiusdoslfiuye
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a @ @ 4 9 a .

ﬂnmimwwuﬁ'mu'ﬁy (ordinary differential equation) Tael%imaila method of lines
v

nnUuTwAyATunsFeYRUT a13TA 1875 Runge-Kutta-Fehlberg (RKF45)
TneNan125UAY (initial condition)

cI‘/='|t<0 CCOZ,ZZO atz>0
wazou lvvou (boundary condition)

nt<o Ie=Yg ¥in X=10 atallz

.

f

=0 Cco,z=0 = Cco,,0
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& 2 Ef.—'-* ceee fiolan
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lle - Program  Edit Format  Problem Examples = Window Help
P RBO ML BA 29
| {AKF45 w1 [* Table " Graph [ Hepot

| Differential Equations: 20 | Auiliary Equations: 31 v/ Ready for solution

i Mote balance

d{Ca2yd(t) = -V0 * {CaZ - Ca1}/ {deltaZ * A * epsilon}+ {ra2 / epsilon)
Ca2{0:=0

d(Cad¥d(t) = -v0 * {Ca3 - Ca2)/ {deltaZ * A * epsilon) + {ra3 / epsilon)
Ca30i=0

d{Cadydit) = -V0 * {Ca4 - Ca3}/ (deltaZ * A * epsilon)+ {rad / epsilon)
Cad(0i=0

d{Casydit) = -V0 * {Caj - Cad}/ (deltaZ * A * epsilon}+ {rad / epsilon)
Cag(0y=10

d{Cabydit) = -v0 * {Cab - Cas}y/ (deltaZ * A * epsilon} + {raB / epsilon)
CaB{0}=0

d{Ca7ydit) = -V0 * {Ca7 - CaB} / {deltaZ * A * epsilon} + {ra7 / epsilon)
Ca7{0)=10

d{Cagyd(t) = -V0 * {Ca8 - Ca7}/ {deltaZ * A * epsilon) + {ra8 / epsilon)
CaB{0)=0

d{Cagydit) = -V0 * {Cag - CaB} / {deltaZ * A * epsilon} + {ra8 / epsilon)
Cad{0y=10

d{Cal0ydit) = -v0 * (Ca10 - Cad}/ (deltaZ * A * epsilon}+ (ra10 / epsilon}
Cal0{03=0

d{Cat1yd{t; = -v0 * (Cal1 - Cal0)/ (deltaZ * A * epsilon}+ {ra11 / epsilon}
Cal1{0y=0

gﬂﬁ n-4 M3 TaelFuuu§1909 one dimensional pseudohomogeneous packed bed

reactor A28 11511A5Y polymath ﬁiﬁ‘?ﬂﬁllﬂ'lﬁ@ﬁil’mfﬂi
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s rate of CO iy car

e 4
ra2 = if c2 > 0% Then (-3 * (1 - epsilon; 21412 £r5h 3)
ra3 = if ¢c3 > 0} Then (-3 (1 - epsilon)* (c342/rs> 33*k* (Cad + Ca2y/2* (1 +{rc3/rsi™ 2 * (k/ km)+ (k “rc3/ De)* {1

rag = if (rc9 > 0} Then (-3 * {1 - epsilon}

% 1C ag a function of biuk concentratian an
dire2 1 {rc2 > 01 Then (-MwB * K * /Ca2+ Cal}/ thoB* 2 * {1 + {k / km) * (rc2 /rs}® 2 + (k * rc2/ De)* (1 - {rc2 / s} Else 0
rc2
d{rc3yd If {3 > 0) Then (-MwB * K * {Cad+ Ca2j/rthoB* 2* {1+ (ks km}* (1c3 /rs}® 2+ (k * rc3/De} " (1~ {rc3/rs)y)) Eise 0
rc3(0) = 4e-6

dircdyddy = I (rcd > 0) Then (MwB * k * {Cad + Ca8)/rhoB * 2 * (1 + (k / km) " (rcd /rs}" 2+ (k " rcd # Dej * (1 - {rcd / sy Else 0

If (rc§ > 0 Then (-MwB * k * (Ca5+ Cad)/rhoB * 2 * (1 + (k/km)* (re6 7 rsy 2+ (k » rc5 / Dej * (1 - {rc§ / rs ) Else 0

If {rc6 > 03 Then (-MwB * k * {CaB+ Ca)/ thoB* 2 * {1 + (k / km) * {rc6 / 15} 2 + (k * rc6 / De} * (1 - {re6 / rs)j) Else 0
rcBi0 e-6
dire7vddy = I (re? > 0) Then (-MwB * k * {Ca7 + CaBj/ rhoB * 2 * (1 + (k7 km}* (rc? /1s}® 2+ (k *rc? / De} " {1 - {rc7 /rs})
rc7(0) = 4e-b

1c10{0) = 40-6

1c11(0} = 4e-6

k*¢Ca2+ Cali/ 2% {1+ (e2/rs)® 2% (k/kmy+ (k * rc2 / Dey* (1 - {re2 / rs3y) Else 0
{rcd /rsi Else 0
rad = it ircd > 0} Then -3 * (1 - epsilon)* {rc4 » 2 /rs~ 3)*k " (Cad + Cad}/ 2" (1 + (re4 /rs)* 27 K/ kmj+ (k" rc4/ De)y* (1 -(red Frsyp) Elsa 0
ras = if rc5 > 03 'Then ¢:3° (1 - epslion; * rc6 22 /rsA 3}k * (Cab+ Cady/2* (1 + (re§/rs)" 2° (K km)+ {k *rc6 /De)” (1 - {rcs s Eise 0
raB = If (rcB > 0) Then (-3 * {1 - epsilon}* (rcB# 2 /rs® 33 * k * (Cab + Cab}/ 2 * {1+ {rcB/rsi? 2 * (k7 km)+ {k * rch / Dej* {1 -irc6 /rs}
ra7 = If {rc7 > 03 Then (-3 * (1 - epsilon}” {rc7 > 2/ rs* 3} "k~ (Ca7 + CaB3:/2 " (1 + (c7/rs)* 27 {k/kmj+ (k* rc7 /Dey* (1 -¢c? /rs]
raB = If (0B > 0} Then (-3 7 (1 -epsllon) * (e84 2/r3® 3"k * (CaB+ Ca7}s2* {1+ {rcB /rsi™ 2 * (k/km)+ (k * rc8 /De)* {1-{rc8 /rsi))) Else 0

(rc8 7 2/ rs* 3 k*(Ca8+ CaB}/2* (1 +{rc@/rsi® 2% (ki km)+ ik *rc8/Dej* (1-irc8/rsy)y Else 0

ral0 = If {rc10 > 03 Then (-3 {1 -epsilon}* (c10 % 2/rs* 3}  k * (Cal0+ Cad)/2* {1 +(rc10/rs3" 2 * {k S km)+ {k * rc10/De) * (1 - {rc10 4 s} Else 0
ral1 = If rc11 > 03 Then (-3 * (1 -epsilon;* {11~ 2/rs# 3k * (Call + Cal0}/ 2 * (1 +{rc11 /)™ 2 * {k / kmy+ (k tre11/Deyt (1 - (et /sy Else 0

direBydit; = If (re8 > 0) Then (-MwB * k * {CaB+ Ca7)/thoB * 2* (1 + (k /km) " (rc8/rs)~ 2+ (kK * rc8 s Dej * {1 - (reB / rs)) Else 0

rc8(0) = de-6

d{rcgyd It {rc@ > 0y Then (-MwB * k * {Ca8 + Ca8)/ rhoB * 2 * {1 + (k / km) " {rc8 / rs}” 2+ (k * rc8 / De} * {1 - (rc8 / rsj3}) Else 0

rc9(0) = 4e-6

dirct 0Ydit) = If c10 » 0y Then (MwB *k * (Cal0 + Cad)/thoB *2 * (1 + (k /km)* (e10/rs}* 2+ (k * rc10/ De}* (1 - irc10 /s Else 0

dre11YAn = 1F o1 > 0) Then MwB Tk * (Call + Cal0)/thoB =2 (1 + (k/Kmy* (re11 /1837 2 4 (k * 111/ De) * 1 - (re11 / rsy); Else 0

gﬂﬁ n-5 M3muIa IaelFuuuans one dimensional pseudohomogeneous packed bed

reactor 728 1151054 polymath S1M5UANMITATINSIAAUYNTEN LAz aus

v l:{ v A ld' U rTa aaan
sarmslasuutlasseiives cao N8a linalgnsm

raiorn {3

1-{rc2/rs3" 3
X3=1-4rc8 /183" 3
X4=1-{rc4 /151" 3
X5=1-{rc5/18i"3
X6 =1-{rc6srs)”3
X7=1-(c?irsi*3
X8 =1-(cB/rs)"3
X8 =1-(c8/1s)" 3
X10=1-{rc10/rs)" 3
X11 =1-(rc11 /1834 3

V0 = 8.33e-7
Catl =222

A= 6.3617e-6 & ¢
epsilon = 0.6 %
MwB = §6 & mgiacula

km = 1e-3 & exizing n
De =1e-6# tive diffus
k = 1e-5 # raaction rate oon

® Time
t0y=0
tify = 1000

gﬂﬁ -4 M3y IaalFLuusans one dimensional pseudohomogeneous packed bed

]
-

reactor #2011 5UNTY polymath drvisuansfia1eh 14 lumsmiumn
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msmiamSnaed co,Ngnandy

[ 9 d < 9 gy 9
10N1TNAADIANIY COANUANUY 15 % vol 3Jﬂ'15Lﬂﬂﬂlaﬂgﬁiugﬂﬂﬁ']llﬁlumu‘llﬂq

e : , : ‘ e
o, Fagdoa/avulteglugdanududuves conhnnisesndeanududun

3

9 A a 4 ~ 1 =2 o 9 o =
‘U'll‘lﬂmi'ﬂx‘ﬂlgﬂiﬂl (C/CO) NLININ NG mmmmuway‘ammmmwﬁﬁmmmm CO, ngnan

U

[ g ~ wu o o ' @ 5
U MIniuNmiens MANNFNRUTIEN 19 C/C,AUIIAT (min)

H Y H
A15199 2-1 AuNNMIANIY CO,949 Cal Lﬂiﬂﬂ'li?’%

4 7] flufiensu
P¥UA CaO TNIICNNADD
(min)
1| nsamsai gungl 823 K 4.3420
uNNi 873 K 4.3907
Nl 923 K 6.7522
amvgdl 923 K Tgnsfi 1 6.0806
auvgdl 923 K Tpinsti 2 5.6913
guNgil 923 K pinsti 3 4.6722
uUvnl 923 K 'j”gii“ﬂﬁﬁ 4 4.0151
gUNYN 923 K psnaf s 3.8001
2 | insamsdh Usanmday | gungf 923 k i levh 6.0251
it gungd 923 K ilevh 8.1685
amvgil 923 K Spdnadi 1 7.9382
auvgil 923 K Tpinsti 2 6.6613
guNgil 923 K p$nafi 3 6.2115
aavgd 923 K Tginsdi 4 53181
gungil 923 K 5’m‘“nsﬁ 5 5.2588
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= L da v o a4 a
19N V-2 NUNNANITANIY CO2 YB3 CaO mmﬂu"lﬁ’mmﬂﬁeﬂmﬂmam

wazilaenla'ln
&J d'QJ %
. - NUNANIL
¥ CaO ANNZNNADDY
(min)
1| Ca0-01 1.7472
2 | Ca0-02 ; 2.2252
QN 923°C
3 | CaO-03 1.3890
4 | Ca0O-04 4.5998
5 | CaO-E2 \ 4.8511
gyl 923°C
6 | CaO-E4 5.8791
$120819M15 AU

a

1INNSNARBINIANTY COMgmnail 923°C Tavld Ca0 insanst Fennududy

U

Ay Y v P A 4 )
999 CO, Nloud UM 15.02 % vol 9N dead time 1521194 0.5 min (VOYANNIANUIN )

o @ a A 4 a G4
- Awamsanms lvaidsTuaves co, Mlewdunieslgnsal

20 PV = yco,nRT (-1)
Ty P = AMNAUUBITSUL [atm]
V= danmilvadefsinasvesmaluszun [em’min”']
Yoo, = MHdTuAVES co,lumame i
= en5ms ivadelua [mol-min”]
R= sasfivesi [Pam’mol "K ']
T- gunginldlumsdndu co, K]

unua luauns (u-1)

(0:15)(1.013 x 10° Pa)(50 [ em3 - min™*])
(8.314 [Pa- m3 - mol~? - K=1])(923 K)

n = 9.9 x107° mol min?

y
o

2 { A d' QU U .
MUY INUARAANTANTL CO,3INANTI99N A-1 MYMAUA A
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8A51M3 1A luavee CO, = (6.7522 min ) (9.9x10™° mol - min™?)

= 6.68x107* mol
o sO} -
- MUIUNRTIUINUNUBDN C02

9y
WIMUNUDI CO, = (6.68x10™* mol)(44 g~ mol™?)

= 0.0294 g.CO,

! so’ v
- muuifSuaees Co, #eumiin CaO 1 g
dy U a’l = 1 = 1 (3
- lumisnaaesiild ca0 02514 g dedu YSumves CO,Ap CaO HAWMIAY 0.1172

g.C0,/g.Ca0O
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o a v W a ! y [
HamsmuIUIUsuIYee Co, NYNANYY Taeld Ca0 ¥iiaa1aq Janannsig

v v

M99 9-3 ueraslFnaes co, igndndu Taeld cao insamsdimaaesluan1dzeieg i

= g 5 5 g.Ca0 171 £.CO,
%ummm«nﬂmaﬂ"lcm AN1IENNADDY : 2.C0O,/g.Ca0
% | adwld
1 | 1nsanmsa gl 823K 0.2530 | 0.0217 0.0773
UNYU 873 K 0.2589 | 0.0199 0.0809
RN 923 K 02514 | 0.0295 0.1177
aungi 923 K psnsfi 1 | 02528 | 0.0274 0.1082
aungi 023K Sginsfi2 | 02528 | 0.0256 0.1013
N 923 K 398nsfi3 | 02528 | 0.0210 0.0831
gungi 923 K ipsnsfi4 | 02528 | 0.0181 0.0714
gung 923 K 398nsii s | 02528 | 0.0171 0.0676
2 | nsamsm qungil923 K ifiledh | 02584 | 0.0273 0.1058
Ysuanméaeledh | gungf 923k filevh 0.2564 | 00362 | 0.1414
ungi 923 K gsnsii1 | 02565 | 0.0366 0.1427
UNNN 923 K Spshsfiz | 02565 | 0.0307 0.1198
PUNNY 923 K fgs‘fmﬁ 3 | 02565 | 0.0286 0.1117
PUNNL 923 K 'j“gaj”ﬂsﬁ 4 | 02565 | 0.0245 0.0956
gungll 923 K i“gqi”ﬂsﬁ 0.2565 | 0.0243 0.0946
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d' A o w ] A A Y A
AT 1NN V-4 Ll’dﬂ\‘iﬂgiﬂﬂl"ﬂﬂ\‘l COZ‘Vliq]ﬂﬂﬂﬁ]'ll Iﬂﬂcl“]f CaO VIMiEliJ‘lﬂ’iﬂﬂL‘lla’ﬂﬂ‘ﬁﬂﬂu'l\‘ﬁmmz

A ] 1 9 [ 1 a [
wlaenlaln wineldussemeavesmwaasiany

. i g.CaOW | gCO,
¥ CaO ANMIZNNAADY . 4. oy | s jECa0
1% nsv'ld
1| OS-DA 0.2597 0.0078 0.0301
2 | OS-WA o 0.2589 0.0102 0.0395
gangdl 923 K
3 | OS-DN 0.2586 0.0061 0.0235
4 | 0S-WN 02544 | 0.0203 0.0796
5 | ES-WA 2 0.2540 0.0208 0.0818
gaungil 923 K
6 | ES-WN 0.2560 0.0267 0.1041
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° A 4 d Jd A A
ﬂ‘]ujﬂlﬁuﬂﬂ““@ﬂﬂ‘]“ﬁwﬁﬂﬂ‘]ﬁﬂaullﬂ'ﬂaﬂvlcﬂﬂ'alaﬂu

aan 4 @ { o =} o A 4 a 4 {
Ugfsemsveduiminimanss imsaudumslunsesdgnssluuviuaussyn

24

gaurQIAIIIIAY 923 K 80315 MaBesu1asvoamMaHaumIny 50 cm? - min™ HAZAIIY

WUt CO, 15 % vol
1 23 d d A A
1. anunuduvesmasnauasuedlneenlsa- sien (p)

Uszinam lasdmualiianauilumagaund (deal gas) Feansadiuanainam

1 (1) 9 v -d'
N UYeIMsNay lAasaun1sn (v-2)

_ Zow; o

[

Y
210 [11] MANNAU MU UYDIA YA DLHTIA A7)
Pco, 023k = 0.013164 mol - dm™2 = 0.579216 g - dm™3

PHeozzk = 0.013209 mol - dm™3 = 0.052836 g- dm™3

ANUITNTUYBA CO, 15 % vol Aaitlusnsins lnadeLSunsues Co, iy

7.5 [cm® - min™1]

unua luaunis (v-2)

(0.579216 )(7.5)+(0.052836)(42.5)
50

0.131793 g dm™3

A p

v
[ Y

aU AU UYBIRENANTE NI CO, A He 191A1 0.13793 g- dm™3

A 4 d Jd a a
2. ﬂ'ﬂN?‘iuﬂ‘U@)ﬂﬂVlmﬁNﬂ'li‘]J@Hulﬂﬂ?)ﬂul“liﬂ-ﬁmﬂN (W)

' ° 3 a 5 ) !
Uszainam laofmua limanauiumegaund (deal gas) FeenuisomuIna
= [ Y o a
anunilavesmameu lddeaumsh (u-3)

T wiXMw;%?

[

1 =1 [+ 1 a dy
910 [11] MANUHUAUDINBUAALTUA AU



Hco,,923K = 38.392x 1076 Pa-s

“He,923K = 43.556 X 10_6 Pa-s

unua luaums (v-3)

_ (43.556x1076x0.85x4%:5)+(38.392X1076x0.15x44%5)
5 (0.85%49-5)+(0.15%449-5)

p =4.1834x10"5Pa-s

=4.1834x 1075 kg-m™!-s71

v
[ Y

WU ANUTAveIMaHANTEHIN CO, MU He 111 4.1834x10” kg-m™ - 57
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d
(Y] a d
3. Fudszansmsunsvesmanannsuerlaoenlesd-5i@e (The bulk diffusivity, D, ;)

' KX g 1w a g
U523194A1910 35 The semi-empirical method of Fuller Falumsdszanumduilszans

£
ASUNTVDIMFHAY 2 YA (Binary gas) Haumsnaae 1afil

T 2 LA (1 1 )1/2
P[(va) 3+ vp) /3]
Y
910 [12] A1 X Vo, 402 X Uge AU

D
AB MWA MWB

ZUCOZ =269 uaz ZUHe = 2.88
o ] a  difwba
NqaIl]laf]amﬂQﬂwcﬂLLﬁagéﬁuﬂlﬂu@qu

Mwco, = 44 g-mol™" uag Mwy, = 4g-mol™

unua luaunis (v-4)

(1.00x10~7)x(923)275 (i 1)1/2

Deo.—pe = o
COz=He ™ (1)x[(26.9)1/3+(2.88)1/3]°

44 4

o DCOZ—HE = 4,133 X 10_4 m2 ) S_1

v
[ Y [

{ U 1 A U -
iU AU ANTMSUNTURIMIHENIZN I CO,-He A1 4.133x10" m? s~

(v-4)
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Y a ad v -3 d ul dnl o a A
msﬂizmmmauﬂiza‘nﬁmsmﬂiaumnmmmmmiuau"lﬂaﬂn B tUNIvalasN

(external mass transfer coefficient)

" Y P2 P
Tuntazdszunuamdulssadnsnisoielouuia (external mass transfer coefficient)
: o Aa 4 a 4 5
U84 CO, u He c'i?ammumﬂum%qﬂgﬂsmu‘ummmsg 910 Thoenes-Kramers correlations

LazANUFURUS 1MoNYe Colbum J factor

1. Thoenes-Kramers correlations

’ Y .
TN N

9 @

UDIINAVBITNNT
o [ o Aa d' a 4
- dwsumsaudumslunses fnssiiuviuayssy

0.25 < £ < 0.5 40 < Re’ < 4,000 oy 1 < Sc < 4,000

Mviuald

Y o oy 3 = %
- Lﬁ’uN’]'L!fl{uElﬂﬂ'IQ"U@Q@HﬂWﬂﬁﬁﬂ\mu‘Uﬂ\‘iLLﬁU\imﬁﬂ =4x10 m
- Void fraction = 0.5

o 3 1w
- aymAlanyszunsInay YAMIAY Shape factor = 1
unuAIR199 aeluaums (-5)
[t ()] = [ ()™
Dap \1-g/ Y na-ey pDaB

kp(1x1075) ¢ 05 \]  [(0.013094)(1 x 10~5)(0.131793)]"/* 41834 x 10-5 i
[(4.133 X 10-4) (1 = o.s)] 5 [ (4.1834 x 10-5)(1 — 0.5)(1) ] ((0.131793)(4.133 x 10-4))

(0.024195)k,, = (8.25 x 1074)2(0.76802)3

“ky =1.0872m-s™

9
[ Y

{ ' o ad
Wi dudseansmsaielountaves €O, luHe (A1UIUA20IT Thoenes-Kramers

correlations) (1100 1.0872 m - s~
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2. ANUFUNUS 1UmNouv09 Colburn J factor

0765 |, 0.365 I
elp = Re082 ' Re0:386 (u-6)

) @ o a 4 a 4 4 a d a 4
TdmSumsaniumslunsesdfnssluvuuaussy uazinsefnssiuuuvgda ladiua

d Sh
lag@i  The Colburn | factor = Jp = —7—
Kndp
Sherwood number = Sh = —
AB
Schmidt number = Sc = —-

pDAB

d
Reynolds number = Re = e fp

dnSuf Re > 10

AMTUVeUHNal  Re > 0.01

) Y
Mriuali
Y ) ) 4 4 6
- LﬁuN']Llf,mﬂﬂﬂ'l\‘i"ll'ﬁ']\i@igﬂ']ﬂfT']iGN@lu"U@\‘lLL"U\‘ILﬂﬁﬂ =4x10 m
- Void fraction = 0.5

f1128%11A1 Dimensionless

§c st (4.1834x1075)
T pDap  (0.131793)(4.133x1074)

= 0.768

udpp _ (0.131793)(1x1075)(1.3094X1072)

-4
Re =~ e = 4125 x 10

unua asluauns (U-6)

_ 0765 , 0.365
elp = Re082 ' Rg0.386

Jp = 926.886
A Sh kmdp
Wodnn - Jp T 3 T

1
_Ip scl/3Re Dap __ 926.886 X (0.768)3(4.125%10™%)(4.133x10™%)

Kin dp (1x1075)

ok, =14471m s
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4
v @ o

a £ 1 ° ag v v
Ay dulsgansmsnieTouuaues co,1u He (Auimda03s aAnuduus lumoenves

Colburn J factor) (91111 14.471 m-s~?

namsumduszininsaieTeuniaves 00,1 He 198uazifin1a1 Reynolds
number 19 lunsAuaafiandeoniia Reynolds number AfMualuauAs Hefia1san
udh nuhsmdulszanimameTeuwaaves co,lu He fovannsnti 119 luuuusiass

gdoatiar lunn T nifidwan1de1naudusitufues Thoenes-Kramers correlations

v w % 1 '
LLﬂZﬂ'J'I?JﬂlIWH‘ﬁiMW]E]ﬂJﬂJEN Colburn J factor %Qﬁ@ﬁ@ﬁﬂ&ﬂ?ﬂﬂ?'} Im-s™?

Y a Qd 1 [ d Jd
ﬂ'l51J§$N1ﬂ!ﬂ1ﬁuﬂ‘i$ﬁﬂﬁﬂﬁ!!‘w’i’lli’]x‘iﬂﬂiﬂ']illﬂuulﬂaﬂﬂv!"Ifﬂ

(The effective diffusivity)

Wesminmidudsz@nsmsunsves  co,liasnszmiainieldnnnisdiuon
9 @ 2 1 1 d’g 9 VoA 1 ~ I
1ABIIAIMINARBuNDY sEIMM ualunll desmstszananuiemsrsiaiusadiuly

a

‘V l:( 1 é 4 a 1 1 Q = Q( 1
TAvesdudlsz@nimsunsves co, Fulefinsanudmuimdulsz@nsmsunives co,

A { g 1 s 1 (24 1
wiaunngaidulyldfemidudulse@nsmsunsvesmanan Co,He (D,,) uaziin

A g 1 v v a £ 1 ] A d A
dovgaulyldmdudulszanimsunives comugnsuidniiga
o a 4 ¢ ¢
- dudszansmsunsvesmanaumivenlaoenlua-di@en (The bulk diffusivity, D, )

fun 149133 The semi-empirical method of Fuller aafana13dhady 1dan

duilsz@nTnisunsveammmay CO,-He 1M1 4.133x10° m? - s

(Y] a A‘ ! 4 d Jd 1 =1 ~
= auﬂsza‘nﬁmsuwwmmmmsmu‘lmaan‘lwwmgwgmanﬂﬁﬂ

Q

DKA = 4850dp°re\/MEA (611'7)

Tas? gaungiivitiae K

U

unuaas luaums (v-7)

(650+273)

Dga = 4850(4 x 1077) =222

Dga =8.884x103cm3 571 = 8884 x 107" m? 5!
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W e a £ ' ' 3 A 1w
AUMFNTEANTMIUNITVRI CO, MUINTUANNFA INND 8.884x10-7 m? - 572

MIMIUMIAININaNYav 91381 (Chemical Reaction Equilibrum, K,) ¥4

d [
Unsenmiveruyy
nnifnse Ca0(s) +CO,(g) = CaCo, (s)
MuIUAAINAUAave91/§A301 (Chemical Reaction Equilibrium, K) 3IN&UNNS

in() = =G - Qe

Murnia1 K 7 gl 298.15 K 1Inauns

-AG®

wT e

Inky9g15 =

AGP®,9g.15 k = AG°(product) — AG® (reactants)
AG®,95.15 0f CaCO5 = —1,128,790 |- mol™
AG®,0515x Of CA0 = —604,303 J - mol™?
AG®0515x 0f CO, = —394,359 ]-mol™?

(130,401) J'mol~2
(8.314)J-mol~ 1 -K~1(298.15)K

JUU k298.15 = exp[ ] = 702 X 1022

WM kpogis  Unulums (¥-8)

l < K )_ SARE 1 1
"Fomwz ) T R (T 29815

a

° ' ~ a <3| /7y o
Mudua AHe nanMzgungilag Wulsnsunugungi

Y

1NAUNS AHe = AHeygg15 + R fT

. AC T (¥-10)

AHey9g15 K = AHeygg 15 k(product) — AHe,9g5 (reactants)

AHepo5 15 0f CaC0; = —1,206920] mol ™"



AHoypgss 0fCa0 = —635,000 J-mol ™

AH%59g450fCO; = —393,509 ] -mol*

kY

LY

FUTU  AHepgq 5 Of reaction = —178,321 ] -mol ™"

T

T
R [,56.154Cp dT = Rifie AC, dT(reactant) (v-11)

T
AC, dT(product) = R foo5 ¢

A15197 V-LAAIAIANNIAWTBU (heat capacity) YBIA13A194: Constant for the equation

Cp/R=A +BT+DT~

Chemical Species A B D
CaCoO, 12.572 2.637%10° -3.120%10°
Ca0 6.104 0.443x10° -1.047x10°
o, 5.457 1.045%10° -1.157x10°
aumsn lane

$ 7.6x10°
RJT, . AC, dT = [187,200 + 8322T + (8.61x10 — 3)T> + 2]

i laaumsunuluaums -10)

T

AH® = AH°298.15 + R f298.15 ACp dT

* 7.6x10° 3
AH® = —178,321] -mol™! 4 [187,200 + 8322T + (8.61x10 — 3)T? + —— ] J-mol™

a1 AHC unuluaunis (v-8)

178,321 + [187,200 + 8.322T + (8.61x107*)T? +
8.314

7.6x10°
T

in (gt = [~ 75
M\7.0zx1022 ) = T'298.1s]

91NUUAUIVNIA1 Chemical Reaction Equilibrum (K,) Aduaaaluaums (v-12)

K = 7.02x10%%exp

5
178,321 + [187,200 +8.322T + (8.61x10>)T? + L‘S"T&] : i
8314 [? & 298.15] (1-12)
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