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Abstract — In order to investigate the re-carbonation behaviors of limestones in an oxy-circulating fluidized bed com-
bustor (Oxy-CFBC), the re-carbonation characteristics of domestic 4 different limestone samples were analyzed in a
thermogravimetric analyzer (TGA-N1000) with the higher concentration of CO,. Effect of reaction temperature (600~900 °C)
and CaCOj; content (77~95%) of limestones were determined and the mass change of the CaO was observed. Under the
temperature of 800 °C, the conversion rate increased with increasing reaction temperature. However, the conversion rate
decreased with increasing reaction temperature over 800 °C. In the case of CaCO; content, the conversion was remark-
ably different at 870 °C. In addition, reaction rate equations for simulating the re-carbonation of limestone by using gas solid
reaction models were proposed in this study.
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Table 1. Chemical analysis of the limestones

Sample CaCO;, MgCO, Sio, Al O, Fe,04 MgO Others
A 95.0 1.6 1.0 0.3 0.2 0.7 1.8
B 774 13.7 7.6 0.6 0.7 6.6 0.1
C 95.6 2.0 1.5 0.4 0.3 1.0 0.2
D 91.9 1.5 1.6 0.4 0.3 0.7 0.4
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Fig. 1. Thermodynamic equilibrium curve of CaCOj calcination.
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Fig. 2. Conversion of re-carbonation with variation of time at different temperature of four limestones (a) A (b) B (¢) C and (d) D.

273 WEE 0% QA A 3|4 AlgellA CO7EHlEH L o] = U3l
A 71ao] eekE gld &= Qi ofef] sl CaCOo; ARSI ()=
B gdo] ujizsly 7)go] W] ;q oko.o 3lol5k 4= 9lr} U}
2hA 7] go] st CaO7F ARkt hg-S AXHA 7] gE0]

4

3l Ao R 13A UiF-2] CaO7} Hk—Oﬂ FojslA] X3kal Fig, 2
oA B5o] Msto] AAw]= A 07 AYZHE T Abanades®} Alvarez
[25)%= 284 3] 9] AehitshAard Wk A dE FaA 4349 7
T FER7F RSOl wheba] A& o 7 WA Hd 2 7] 3o &
272 Q18le] ko] SHAIE A YA Hrhal skSict o] 9 2= H >
A 5] 9] &3 AF A= YER o]i= CaSO,2] THE Q151
Yol ugk-g- Ca07} wkg-ell FefebA] Jeahr] whitol2kal et
[11,13-16].

A 3] Alkatksl vEg-o] 270l Hke- 27 w2k} REgo]

Korean Chem. Eng. Res., Vol. 56, No. 6, December, 2018



860

(a) CE from A samI;Ie

EHT = 15.00 kY

(b) CaCO3 from A sample
Fig. 3. SEM images (a) CaO and (b) CaCO; from limestones A.

Hhg S57F =3 A3 dgkgo] A2 {43
@%g«l 25 Jake 1z gt
= A2 Fig. 40 YERAR]
°] 800 °c o]3}9] & P o= b&%
<7tk WFE}E Fehe & 5= ok e W 25
800 °C olgo 7 F7tahd AeAtst whg- ghgo] 7hastr .
oje} 2 &% JEES M54 &3 vk ATtollA] Wol Yl
O F B T} ek wEbA] 434 o] CcasSo, ) vl
W= A 7155 2] ol ekl sHITH 11,14]. kA AeAits) vt
30] Whg- &%= S]] wheba] 3Eof|x] ul-9- w2 A X1 e of Hhg-
Z1A 2] Wi ks o W] vh] witel] v A 3ol 7hasH|
. 53] 870 °C ] Agtatal dgHg2 7p vk A3 mql
600 °CH.T} SHA| Vbt A2 0=, CO,7t 841 3] 2] s ellA
= %‘:E I3l 52438 HEg-ste] = H-3]7F & CaCOsE BA8H
o 7152 9ol 100%S] AEE-S 7ML F gl& Z10= HRlth
*4:@]*4 CaC0,2] gHgof| iz AJerAaks) W8-S 2k 1 Table 191
A BA 34 9] CaCO, 32 The 41314 38(90% o1 dh)m ot s
ok 77%0]T}. Fig. 404 870 °C] Mg v, T2 A3 ur}
B 413]4] 9] Hghgo] oF oul =& 045 LERALE o2 3 Aub=

Korean Chem. Eng. Res., Vol. 56, No. 6, December, 2018

E

1_

&R - oNE
1.0
—_— A
[ eeeeeipecee B
———a—— C
B8F —.—— D
g,.,-(} - %...o&:..\.
o ¢
p 6
)
g
(]
z
S a4
(&]
2
00 1 1 1 1 I 1 1 1 I 1 1 1 1
550 600 650 700 750 800 850 900
Temperature [°C]

Fig. 4. Reaction temperature versus final conversion.

BAEI4e1A] ThE 8l urt ulw ol $7¥10] S MgCO,,
$i0,, Mg0 591 E450] A3k ule] 713 53} el wlm

4 27) wjg-o 2 A7 6]

3-2. ES) HES Kinetics

2 3)41 8] Aeits} ihE-E 53] fl8l 71-aA) e S R
% o] A}8-53+= SCM (Shrinking core model), VRM (Volumetric
reaction model)s 4-23}3Ich 7| ATFAEL] AES B 7]
A7} 1A A& Ao wEA Fakelo] whgo] R E= VRM K.
Th= whgo] SAakreh wh= A Z3x|o] Rkl Frojah= 1A A5
7} Alzto] o) wheh Zofx]i= SCM Rdlo] M54 A|lgE2] jE
Lol B & 2 WS-8 kT 11,13-16,24]. 18U Ly 43
A A ZEL] A9 VRM o] ZH gbA] velg 2 Aol A= Al
s} 9hS S48 eb] f18te] SCMY VRME: o]-g-st
k.

Fig. 29] A&-8-3 SCMZ} VRMe]l 2 &3 413]4] A9 A=
Fig. 5ol YR AT Fig. 2014 H3k-&-2] 7171 A== 1038
Oli—t— HEg mgo] Wato] EAto] HEg A Auljsly| whitoel

o] ZA| WH- £ UERl: 1058 7HA9HS vk 452
l{— A3 AREA] o] &3I3leh. I el B Wk 2%

A B S e S oles g

%Eoﬂ E Rk B2)e] 7] &7 25E v
-} 5,1 8lom o] Wk £ 5 AES Arrhenius 2 (5)°]]
AE Fig. 60 FERASITE 434 A 9]o| = B-DE] A5
Ut oA ke S A Teleler o) E
ol 283} Fig. 601l YERNSIT).
Arrhenius 2] o] & £-3} Fig. 6° 2 F-¥] 3 A gAik3} Hk-S-9]
frequency factor2} &/ stell x| A 2}E Table 201 YEFSITE.
Table 25 B9, SCM2 2 438l0] A& 434 A 859 et}
H1-3-0] A3} L A= 34.57, 24.96, 49.00, 46.70 kI/molo] 3] 0.1

) =
EE’—T

Ok‘l

ol ro it

Arrhenius



At RS Aa 2elx] B4 8] ARl ukg 861
0.6 0.6
— 600°C | — GOOOC
sesseseeeee 5% asssssanns 509

(1-(1-X)*(1/3))
-In(1-X)

Time [min] Time [min]
(a) SCM (b) VRM
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Fig. 6. Arrhenius plots of four limestones (a) A, (b) B, (¢) C and (d) D.
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Table 2. Frequency Factor and Activation Energy
g ) SCM VRM
ample
P Frequency factor Activation Energy (kJ/mol) R? Frequency factor ~ Activation Energy (kJ/mol) R?
A 3.17 34.57 0.96 4.03 35.32 0.96
B 1.54 24.96 0.85 2.44 27.71 0.87
C 31.03 49.00 0.96 21.22 47.08 0.92
D 23.63 46.70 0.94 40.78 50.21 0.95
Table 3. Rate equation of re-carbonation
Sample CM VRM
dX _ (_34 57) 2/3 dX _ (_35.32) _
A m ——|(1-X) m 4.03exp RT 1-X)
dX _ ( 24.96) 203 dX _ (727.71) B
B T exp RT (1-X) m 2.44exp RT (1-X)
_ 49. 00) 2/3 aX _ ( 47. 08) _
C =31.03e p( a =21.22exp RT (1-X)
dX _ 2/3 dX _ ( 50. 21) B
D =23. 63exp( )(1 -X) i 40.78exp RT 1-x)
VRME 4831 7-9-9] A sell == 35.32, 27.71, 47.08, 50.21 ZH AL
kJ/mol &2 YRt thefst 2 2ollA 28 Alebitks) vkg-o] &
33} oA =2 27k Ramezani et al. [10]9] A5 B 24 o =2 20159 % Az Yo STt

[e]
=5

3ol X7} 20~90 ki/mol Aol ] EAghel] whe} & A
TR HIAE S8 AR S o S-S Eelalsit A

F3to] dojxl WhE4 52412 Table 301 g 2]3kith. A3]4 2] 2
%%*{P~ oA+ VRM KthH= SCMO.Z of| &3t Axjel AA gk}
Bl A A8k 01t 2,27], AEHAES} WE-ell A= SCMPF VRM B

o o o

d 5 oS Al AA g Aol Aus & 5 Ak whebA
A48 0) ALl WSS A53817] 181 = SCMP VRM KL
= AR lom 2 AE Bl e AR ke SRS
A EERET W] A, &4 s el Se] o] 88 4 9l
& Ao ey

4.4 E
B Ao M= A B 7|(TGAYE o]-&3lo] A4 39 ek
Abg HEE 54 & @SSt Aol AR ke &= 2

(600~900 °Cy At =F-EF0] £4 FoS Whdsto] A4
silom] Sl A48 e el AAl AREE = 43
4% (CaCo, : 77~95 wt%)S o83ttt &0l uhE 413]4 2] A)
gHksl Nhe 54 AR, Nke2 7 Skl whep ike A

o] 7k B3lon 850 °C o] e HhgmellM= ek

o] 74388t} o] FE-SEM 418 53l A|gitks) vk-5-5 53
AEE CaCOsE Q18] A 3] EAISH= 7]50] B8lE d2do]
a7 otk 413141 9] CaCO, Sregol wh kS 541 A
H R, CaCO; FHgo] 22 A3]4] ] Aeritsirbg-ellA 870 °C2l
Agge T2 2452 shiFo] ol g oz =2 vkeAS
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< AT e 924 H2E F3 SCM, VRM & &
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