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Adsorption and Regeneration of Carbon Dioxide from Waste Gas by

CaO Chemical Adsorbent

Student : Chin-Ming Huang Advisor : Dr. Hsunling Bai

Degree Program of Environmental Technology for Sustainability
College of Engineering
National Chiao Tung University

ABSTRACT

The purpose of this study is to understand the CO, adsorption
characteristics and its regeneration by limestone from three different mining
areas in Taiwan. The important operating parameters being researched are
limestone type, limestone supplement volume, number of regeneration times,
different CO, concentration, and gas moisture content.

The test result indicates that after. calcination the difference between each
limestone is very small in terms of their CO, adsorbing amounts. As the
adsorption and regeneration of:CO;Wwas atrconstant temperature of 700°C, it has
greater CO, absorbing amount and regenerative ability, but its adsorption rate is
lower. On the other hand, as regenerated at 950°C and adsorbed at 650°C, the
adsorption rate is faster whereas the adsorption amount is lower. In the
experiment of limestone supplement volume, as the CO, supplement rate
increases the adsorption capacity is enhanced. The presence of moisture
increases the adsorption capacity of CO,. Increasing the CO, inlet concentration
from 10% to 50% (v/v) leads to an increase of the CO, adsorption rate, but the
adsorption capacity is slightly smaller. Result on the 10 times of cyclic
adsorption test shows that the CO, adsorption capacity reduces gradually, but it
still maintains at adsorptive capacity of around 0.2g CO,/gCaO.

Keywords: Greenhouse Effect » adsorption » CCS (carbon dioxide capture

and storage) » CaO
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= Post-combustion

i Air

@ Pre-combustion

i De-carbonization

#® Air/0, % %,

i f Em %

ﬁé b | |+CO 5%

i B A

#

28 Al e—p

TgHp AVOI~

B i RARA -~ K88

At Z #X

Bl 2-2 - § i“A4F B ARE fpmn(p AR
FA kR DIPCC M= § gy e fost s, # w42 (7)
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2.1.1 %tk
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514 s e f B LG s F o B gpgtde o Imenier 40 g ua g 47
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S EFRT O AR AL AR iEF > A E P Y L5

g T (7 deiE R A S KR o B ARG A RN 1 (D)4 e
(Physical adsorption # physisorption) 47 JZ ¥ F ex ¥ 48 (adsorbate)%"’ﬁ A
4 (van der waals force)s '} o4~ #fhded, bt FLdr e b o d 3T IEH* 4 S AZFE
1 R ARE R T T S SR o SR e TR i R
|2t 0.5eV/atom 0 2 B F ARR FHEEHGR B ARiERY S e R
ke B F)RL S ] o AR E B O B LR Aot B R S
FHO TR FER R RS OF WELFLR LG o Q1 F R
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(‘i}/%!—’;— ’%ﬁ%'—
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*t(Chemisorption) » it & & 7 4R 2 B VR A F 2 4 T
BB IPEDE A REFH- FEEF e PR EE O
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1.4 72 v l‘]’ =

P AR E k% zeolite BRI R F - F bR R H R 4 R IE
FTRAARLS G - FUEVRA R GZ (Pressure Swing
Adsorption, PSA)j# ki F|mxmift- § VR Y - AHY R RS R
*ti2 (Temperature Swing Adsorption, TSA);Z k& (72 s s = 5 L gl > 3 PF

FHT A R m A G KRR § R o R SR
(Pressure Temperature Swing Adsorption; PTSA) ; H # chay 3 E 7 %R 5
i# (Vacuum Swing Adsorption, VSA)fe ik F/& T it £ 2 e %2 (Electrical
Swing Adsorption, ESA) /% > ESA s ' - i 10 M3 BRenT i 4 >
PEERR R o IR RS R TR R L Y
PEEE T AN A Y 2 SOXx EORF E R AT LT F A T
B 0 2 BT AR A S F RS M W F A KD B 2Rk
B PR F P m S R R R R0
FREE - Pl £ * k(T CO & & §F 48z &5 & 13X(zeolite)
B0 B F A0 2-3 477 o 13X et 7 gy X 3] S WA s T
fhdk £ HEFEER -2 XAmAh 3 &> £ R it T s iRl B

o2 10A e F o S B RB ARG EE 0 MR RE DT B K o
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S F B R oa b d SNER R4 GRS R TRE 1T
ol e i RO R PR 3 S R AR it - G
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(2). % =it

RERFZENRERBRAGEARBELIR P TR ERET D

S FEARFIRAY o R R DRI T MOET e
A O B T T R SRR 4 s L s T o
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P o s A 2. B e v b o0 Ao BI2-3971 2 R R T T~ Ta ~ Todfe
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R L R T Y s TSARE (38
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AMOUNT ADSORBED (n) —

£23 13X BB A L

M H i~
s 5
b okl Al (A) 10
BT mm 3.0-5.0
R % > 96
AR G/ml >0.60
B 5 % >0.20
FUR R N > 60/p
kv % >25
ZF R R NL/g > 14
= F R E g/g >17.5
Ty % >1.5
SHA T O T < 10ATA S

RIS G

B

pn
BE
!
E

e S <10AhA

$4 TR RCRR00T) (38

7T > 10>

ISUTH%F?HS

0

TA

PSA WORKING
CAPACITY

Pp

Pa

PARTIAL PRESSURE (P]

B 23§ W BB 2 ER RN A

)
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2.1t B wxwg ik

Fl1# CO s FH A m Lgenit B F BRI IE COy» 1SR & ' §

¢ AV\%?—COZO

(D). & e

CO,% 35 F b Fl o it fr AR eh i 84k A 2 F b 3 100015 § A 4

REBARGKL B (D5
2MOH + CO, = M2CO;+H,0M=Li~Na K% % (4)
M(OH) , + CO, =MCO3+ H,OM=Mg-Ca% % 5)

il A 4 PR B Ie R R E 4@ TR B R kA fR(A R

A L SV -

‘.3;

}iﬁxf'ﬂﬁ"MgCOyﬁjA’\ ﬁ*/n.)§i600 C) i 4 %% LG ‘E_

oo F b A F ILANE FF V4l P ) TR S BREIT S

\““ﬂ

Z2h)

FIEL > 4o% i § s ® BB AR FEL A 1 0F BT AR W

I A R S COFrrk - AK AL B AT 7 h4e(6)

X,
M,CO; + CO, + HLO=2MHCO; M =Li ~ Na ~ K% % (6)
B F BE T G s B R A2 AP R 0 7 B R B L4 2 S_f¢ H
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(absorption vessel) » e &_E "f g YRR B ey BAp ki ehit
Fo ok 2 F PREG TRF L FF Ko SRR £ B
feke & 18 - £ 2 ¢ (recovery column)¥ 4e# > 2 Sz F LK
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K>CO; + H,0 + CO,= 2KHCO; (7)

(2). fi% vy
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2— 0 TR AMEIRESRRY R AN 2 @RI F LS LR
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B2-5 Ewcs sl £ B

FALK R 0 ENRC T TS F b2 PSR (40 )

#2-4 7 fo B Ao F EBHHE ECO)/N, & P 2 FH# F

A 8 3,°C E
Polyetherimide 21=70 19-35
Poly(ethyl de) 25 69 — 84

oly(ethylene oxide
I 50 38— 46
Poly(ethyl
o.y(e Y er.le , 25 63
oxide-co-epichlorohydrin)
Cellulose Acetate 25 50
Polyimide 25 25
Polycarbonate 25 40
Poly(3-dodecylthioph
¥ ylthiophene) 25 9.4
(PDDT)
Hydrazine PDDT
. : : 25 12
Diethoxydimethlysilane on ester
25 11.5

of cellulose

FARL R LN TS § R R (40)
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CO2 LIOUID @ @ ~ A

@260 PSIA, NH; C.W. COMPRESSOR 3 MEMBRANE

-14°F, 80% 30°F 85°F STAGE 2

RECOVERY

BOILER EXHAUST C.W. COMPRESSOR 1 CW. MEMBRANE COMPRESSOR 2 C.W.
85°F 85F STAGE 1 85°F

-100°F  -60°F GAS TO COMP3
@ MEMBRANE
' | \/ STAGE 3

NH; COMPRESSOR7  C.W.

COLD BOX
N, -30°F 85°F
@15 PSIA, -315°F w.
. COMPRESSOR 4
85% RECOVERY &F
—
COMPRESSOR 6 VENT
Bl2-6 B4 FWwijc- § Ll 02, CO, &N,

FAL KR D N e § i feE P [40)
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P2 5B RS 1019674 » Ward 82 Robb 1% 5 3¢ ik
& B 2. F % 5% % " (Immobilized liquid membrane, ILM)# 7 - 1§ %1974 #
Schultz#z Goddard £ 1977 Smith et al. #-p* £ 5 & #382 w d S0 L #5507

ko< 2 AR AR Hs_mﬁs‘é T T L OAE TR TR R

1:»

RE R FEE

(o

A o A RIRTD R TFE R RMNZ Y T R s (Hollow
fiber contained liquid membrane » FCLM) » #-% B~#| 3 &>t -KA 7Rk 2 B e

EACY > PominPipEy AR EIAE (390

-~

214 F§ s

FEiC L LR A F R @ Ak g P ePCOk R 4% % 10096 13T £ 38 7
¥z o ik F (COy)eh— 304 e RAReEr ch 3 R ERRAFEA* -
Fla @ g WG - TOFEEFS MR G P hCOE Ak R EIE T F
oo ke F o R § 00,/COLR £ Bt B T VHE o 3%
B> kB EF P CONE R 95% 11 o & 1% MR 4 2 v 12 CO;,
BEA o ERF WA Y SR TR WEPRIE(E 400kg/h) o 3R
YR HUE R A o BEREE 0 P T 0 F FICOKE B 1:94~95% 2

& [39]
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fig 142 Bl ik 49 2 L §25% Ca(OH),
e . e e o | HOBESR R S E | & ARG COp &
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B | amgrmiil g | den s tRf R bR R b | R
| BREPPANR | BoRAcmRaEr o | fok g SOX A4 ;E}gggﬂ "B NOx §r SOx 7 & 4%
s %‘%;‘ fi’g%j% i vﬂ’zi&}{fgﬁﬁrﬁ;ﬁ%a CaSO4 7 4 L 4 Gl it s o %;L g
R GO S XEE I ‘ ~ T E AT 4
”§¥;§4mfrz\t;_mﬁ,
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s | (LD mmn) 041~1.1kwh | 23 NTikg of CO» (3# (¢§§ﬁ§%§$%§¥ %@@ma&ﬁaég)
o ~ e gt JR ¥ TR WA :
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*The Energetics of Carbon Dioxide Capture in Power Plants [ 43 ]
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22 i HparthE

Hd FApCOrAME B F I+ (MO)F & A 2 MCO; (B P& 1) § MO
B R TR e B AR NCO, B2 AMO (EL 4)
4e(9)F(10) 5 #7177 o

MO+C0O,—MCO; )

MCO;—MO+CO, (10)

MO % # 2 Jf 25 MO it it (carbonation)/4% “& (calcination) s77;§ &
R KRE > MCOs g 8 BB >1000C & B 4Rl 7 i & 55 4

W0 MOZ 4888 B 40T #753 J

p—

CaCO; : ~750°C
2. MgCO; : ~385C
3. ZnCO; : ~340°C
4. PbCO; : ~350°C
5. CuCOs; : 225~290°C
6. MnCO; : ~440°C

7. B #F :200~800°C

-~

FlE AL 1Y anf B MOTRMER R o FIL i E MO EE § 0K E T R
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7R e i F (3 # CO,) ° Gupta and Fan [ 44 ] 12 ZnO ~ MgO ~ CuO ~ MnO, ~
NiO ~ PbO % CaO % MO:E (7 CO~» # 5 » % 5 7 CaO*F > A 4MOSHE
B A 5 F M300.2% 0 At b Fleng B V5 ¢ CaO R iE e r | o
d B2-7¢9 FOUF AR R S225CRE R i F AR S (£ R K
fv) 0§ B R X R600°C R - LY i R (4 T CaCO K hIesR) > §
BREI0C » B4 7 F Bd CaCOx& 4 £Ca0 - B2-85 F 4 F &
100=% BB s a0 {5 % Hde 35 % BB Ap B Y o R £ Py

A BT

1 FERET Tnd CO,A i

=

- AE R e SRR RE800~120C 0 B 4 A 1§ R
(subatmosphere) > — v 4 F T BT 5 ° COk &R 45~30% (37> i
BB R, T sorbent s M AR i 0 (2 VIR G eVE F R R E P fEIE 2
FEEP ARSI A A R FMOLRTT AT AVLF LT B

E‘h«‘}ﬁ'% &oo ;o L Er ~ JRR? ﬂﬁ IV E IR enCO, o

2MO i ¥ & % 3 %'t % £ (g COy kg sorbent)

(1) MEA : 343 g of COy/kg
(2) silica gel : 13.2 g of COy/kg
(3) activated carbon : 110 g of CO,/kg
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(4) CaO-based : 393 g of COy/kg (B3k 50%Ca0 £ 47 I iE * )

&

mal

MER RS~ F R~ RS RE

3.5 R (s T i B AR TICOy 1R o

4.3 2 ERT ALY HHCO 0 [45)
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190+ 1000
180{ |—Ca0
— Temperature

-800
-600
-400
-200

90 +———r . — 0

0 20 40 60 80 100 120 140
Reaction time (min)

B2-7 § 45 & TGA ¥ & (TR F I

kR ¢ Gupta et al. (2002) (44 ]
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() 378 chE A BARUETS 3 5 PR B

(b)fra - 77 4 7 56 100 = B4k 1t /4R 15 i &

eIfR 5 (Scale bar 5 2y m.)

B 2-8 %4 % 100 =t s {5 £ G S H R

TR kR ¢ Alvarez et al. (2005) (46 )
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23Ca0 #f = § A2 R AR

doag 11§67 marsg - F a3 & fd 0 Pl enbh i g 4 @
B AE-A 4 BIE o T B IR enCOR e R § T B A

Tf4EE o § CATSfTH| B F T iREk

l. %600~700CHEP » &7 83 hF fhid ¥

2. "B ME > TiIaKF R LA RG RTEN
3. B3 RFBRETE . e

4, FOUARFA AT GRRY 2 FhBE T

FR L 1 /4555 (CaCO,/ CaO) B B AT PR L B & H_1867# & 11 » %1931
#Gluud% (45) 7%&’* CaO fT K% 5 A A 2 e7CO, » L2 COE i+
CO& dft » W B & & § o 19664 Curran® (45) &3 % 45 fhex fol 4
FRF Cehi@EART rAE 2 PCO, 0 L FCOF A 2 F P B A -
R ATRAL 0 4 il F BiE - w7 ] 1976 PESquires i A F it AT
A4 5B & F %8¢ (gasification of carbon)4t » 7 % EILCO, - -+ A X 7
X RENEIE o - E I 1994EHanZE [(45] & 47 1% L ARE ST 3
F R TafldEmy 384 5C0N3 2 LY 4 £ar5ld4 7o
/2% o Shimizu% [45) &% @R Bk F B B EEEY WAL ¢ e

CO.:E {77 7 % » Abanades* [ 15 ] 4 477 CO &2 F & & e pF cngd it &L >
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T

a[:;t k Pl/éhﬁ’»“‘:)‘”]{rsbJ L";—,':i I}LI% ’\ﬁiﬁ Fﬁgm"‘ q.rgg*qu‘ ° L‘—"—I«LP\’:'FE;_
‘e £ % HCANMENT i R jis? < fop & hCCUTFRAp B B 0 i & i

F3ai® [45)

AbanadesfrH A 3 LSBT0 3F § U AR SIES 1T 5 CO
Y| cAp B AT 3 0 2002 # Abanades ¥ i 4 “The maximum capture
efficiency of CO, using a carbonation/calcination cycle of CaO/CaCQO;” [ 47 ]
{6 > — E 3]2006# frGrasa— 423 £ “CO, Capture Capacity of CaO in Long

Series of Carbonation/Calcination Cycles” [ 15 ] :%#7 7 #-Abanadesff & % ¢

\_.

.}

AT

“m}&

I A9 e - skl CaOfk ¢ F erT g o e -
S8 2wl A (1D)~(13)5% (47 JT48 ) 15] 2(13) = Abanades 2006-# # Ind.
Eng. Chem. Res.#p 7| } #r3F £ 30 dadE X (i s ¥ 0 2V (I3)4p B &

Ao £ 2-6%971 [15])

X N:fN+1_|_b an
XN :me (l'fw )+fw (12)
1
XN: 1 +Xr
——+kN (13)
-X

B12-9 = Grasa et al.(2006)i& {7 ¥ f* 4T ¥ = F * B¢ 5 3 500 = g

%0 B2-10F % EE{cB2-9- B FE AN B EEIER AT 0 d B2-10° F
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i CaO4e WA 1 5 F 30 (i 513 ¢ 9 B 407 1 450,110 b enf 1

Fooow g 105 FR A I M R030 1 (15] o

126 2 (13)40 B Rk

T(calcination)  f#(calcination)

solids ("C) (min) k X;
limestone? <950 <20 0.52  0.075
Gotland limestone© <050 =20 1.96 0.075
dolomite 900 =20 0.28 0.22
limestone 950 20 0.73 0.075

1000 20 1.73 0.075
limestone (ref 22) =1200 2.11 0.06
dolomite 1000 20 0.39 0.11
limestone 950 2 0.48 0.075
3 0.60  0.075
10 0.76  0.075
30 0.75 0.075
60 1.00 0.075

@ Carbonation temperature 650 °C. ? Compilation of experiments for
limestones that have shown a similar performance, representing series from
La Blanca. Piaseck, and Cadomin, Havelock: particle size from 0.1 to 1
mm; pco, from 0.01 to 0.1 MPa. € Limestone showing a different perfor-
mance during the experiments.

\\\?{r

4 F#L ¢ Grasa et al.(2006) [ 15]
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sample weight (mg)

Fast carbonation period
T w

<...38low carbonation period ‘_

G 3G Al CINAONG e

; LI i lI i i i
£ 10 Cycle number 145 150 155

50 100 150 1450 1500 1550 1600

time (min)

Bl 2-9 14T 0.4-0.6 mm g (Y 4T ~ = F 1R A 850°C T MRS A ARdr

650°C ™ ¥ %t 5 Av\%_%/?l_l%\ 500 =% > E%E'&‘fri:&ﬁ”%f“ Bl

% F 4 : Grasa etali(2006) [ 15 )
1 1
0.8 4
0.8 - 0.6 -
0.4 o
o} 0.2 F
o 06 0
S 0 5 10
<
0.4
0.2
o |

0 100 200 300 400 500

Number of cycles

B 2-10 # 5 % * & B 2-9 > CaO i i 5 fr j5 7k = #cF]

\\Xy
<l

F L ¢ Grasa et al.(2006) [ 15]
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2.4 Ca0 e

X RCa0eh B # BT § v AL A+ &9 F F(dolomite)dsk & = CaO
pF o H U < o] R IR AT F (microporous, < 2 nm)siuik i 0 T frCOL K
A2 P € 4 = - K {35 hCaCO;5(~100 nm) (49 ]> 7 % FlE &K A 4 3¢
g iﬁg v - A CaOengd i F (0 HCa0 it & 2+ § 45~50%) »
TETRAR 5 =00 Bkt 4 (F B )RR AR Tt FH R et mCaO e B >

4 CaOrs ' 3 £ 0 CaOfrCaCOseni f B Af v- fde™

CaO : 17 cm’/mol

CaCO; : 37 cm’/mol

CaO b 238 4 4 #Ca0 i 424+ < CO, » CaO# * £ ~ s
SR b Bl B F 0 £ Ca0% 3 B R R R4S R R AR
L g B4 BARA 2 CON e &k FF nE Bl e BE Ay E

o

24.1 RN AL R

d Gupta et al. (2002) - FEIR U 2 A A (wet precipitation

process ) | & it A% B4 it 4T (Precipitated Calcium Carbonate, PCC) :

1.PCC ® % :

45



(1). 500 mL H,0 4r 0.0575g N40V 4r 12.8 g Ca(OH), fie & 2.56% b
Ca(OH),¢* pFpH=12>Ca(OH),k & ¥4 frik & 116 & =>Ca(OH), & /%
® oo Av ~NAOVenp chE &2 2 26 B R = )4 £ CaCOs -

(2). & » CO## H  IpH » 3 » COE_5 1 A 2 COs™ » it &2Ca™ 2 =
CaCO; > B2-11 2 PCCHl % fie % B > BI2-12% 7 kA & #h

Ca(OH),(p 4> 47 frik B )pH Efo & JuPE F erbd (2 -
2.PCC 17 :

& X TR R LAY 0 B % 5 FH(BET 60 m”/g) » PCCei & 34 i S 4
? 34(5~20nm) - ¢ ¥ d PCCRLF hCa0 s fie? £ M B E > COy 1t
Fv gE90%! oo Wik A ARE2eTERAEL Y BT R e F RRTR

P AR R S (590%) (44 ]
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— (0, bubbles

Porous o
frit

————— (lass beads

‘g CO, inlet

B2-11 PCCH # A ¥ R

F %R ¢ Guptdetal. (2002) [ 44 )

4 —— , :
0 2 4 6 8 10
Reaction Time (min)

B12-12 7 ik B 12 BcenCa(OH)y(4p 445 & foik B )pH & 1o & Jis B B 5 14
]

L kR ¢ Gupta et al. (2002) (44 ]
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242 /,r J"‘! ﬁ ﬁP‘

Salvador et al. (2003) ¥ & 7 be B #(4NaCl ~ Na,COy)*t % Y ART

EQ‘:’F?’ I R LI
1A g8 erpl 3

74 NaCl > NayCOs*t 7 % 7 ¢ > COpsff b F RiEZ 4 45T % 5 113
400.5% NaCls &) » Bt % - S FRE40% » = =2 %2 B F5% - 8
ROFIT R GG A RE RS PP T 0 CORfe e

TR . TGA test#riL 7 41 IRe
2.t TGA gz -

//T 4tN32CO37‘J‘1q}§ - %’,ﬁﬂ BT ’g ¥ e ,,5']‘ \zNaCL/ér’}é:,\.;?w.ﬁég\L]ig BT
%o R HITS0% 1 i kT ERRAE 0 HIRIBE R LRI o 3
F 3T 5 % i 4o NaClsn e CO % £ 3% > F1ut o TGARHR 7 4ol e

NaClse * &k i#38CO4f & - 4cNaCIE S AL s A R S - A

WFBC & 5t 5 1153 100% CO -3 1 4T8 (TR T > M BEIT P B 2T

LF MATHCOPT B AR - 2 BEAEA el 8 KT REFR (50)-

243 ok &
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Reddy and Smirniotis (2004)# ! ¢ * & £ /& (alkali metals) 7 4 A

CaOt it  »c4f 2 CO iy § o
Lg% =2

&% A7 R 7 iRiE 0 Bl 5 nCaOF|80 om’ 4k £ ¥ Skir chrkid ik o
B TR R 2 0E 0 125CHc - R BRR S F DERAET 0 4

# | 750°C4%ES B ] BF o
2.8 % 40T

(1). 7% 4 &£ 30 Ca0xd = rx ¥t apss a7 5% Li<Na<K <Rb<Cs > CsH&_
B R ke £ e

(2). Cs/CaO & s & i 4 P INGE Oy % MAfr4 » 3 COy2'tE » A
e e R R R 0 7 % E2700C -

(3). FXPS#EP CO,a & ' :.CspOt @ 2LCa0» % o Jn F et G ex
B Ao A B (~20%) > e L BB E T EER Ao B Ad A
CaO# o 2 = paracrystalline Cs,0 -

4. /,91‘ 4y CsOH'frCSZCOﬁ?CaOﬁi‘}?J& 4 CsCl{ # > iz& d v ACaO% & 2

= B A FriEenCs,O (51 )

2.4.4 % Bpd 4l # CaO
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Lu et al. (2006)## * % F e Spde W & % F8CaO » #0 5g 4> 3 CaO ~
Ca(NOs),e H,O ~ Ca(OH), ~ CaCO;3{-Ca(CH3COO),e H,O » Ca(CH3COO),e
H,O e B % ¢ 12 CaAcyeH,O % 7+ > & — & Sfd 14 4o £ id 5 (10°C/min) 4
50°C 4c 44 5 750°C » ¥ 30750°C 304 45 H 2 2488 5 CaO (g 7 o
B T) [52)c B EAeB2-139777 2T AW Fir 274 & 0CaO B
-tk v Fl2-14 % Gupta et al. (2002)#-648 7% e 4+ F & & = CaO*7 ¥ cFXRD

A 470 {eBI2-1360Ca0 & H 2 - - HRiho

%2-7% Lu et al. (2006)F % ® I f&o 54~ #724 = hCaOe1t 4 o o
VMR AL 0 £2-8% Gupta et al. (2002)F 5 ¢ 87 4 F et & & fF e
YK 0 2844 B i LC(Linwood CaCOs) ~ LC-CaO - dolomite(¢ 2
%)~ FCD-CaO(= > 4&’&v F £ - fully-calcined dolomite) ~ LH(Linwood
Ca(OH)2) ~ LH-Ca0 ~ PCC4rPCC-Ca0 » 4 2-74r 4 2-8¢ PCCHMY 4 & ff h
< » CaAc,oH,0-CaOrit A B A B~ » o 7 12 2| #7CaAc,eH,0-CaO st

JE#PCC~ > d B2-157 2 Fx . CaAc,eH,0-CaO it j& &2 F A X 3Lk £ 5 o

B12-16 5 CaAcyeH,0-CaO 700 C ™ & B 7 EE= W' 5 #ER 5
(a) 30 vol %COR % F #HFH27-x fr(b) 10 vol % H,O + 30 vol % CO.iR % #
AR1TZ o 3 bk il 279 TR S 05 62% 0 @ Seok NG BIERIT

R B AE62% i i 5 F] CaAcyeH0-CaOifs *e -k € "F MW FTR IR 4 o
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Ca(NO),-Ca0O
L | A
CaAc_-CaO
Jl.I_JL . l. A. A
E CaCOa—CaO
Ef J_J__JL l_ A_A__
= T T T T T T T T
=
= Ca(OH),-Ca0
L_JL l AA .
Ca0-Ca0
l l Ak

T T T v T T T T T T T

20 30 40 50 60 70
2 Theta

®12-13 Lu et al. (2006)F % * I &% 5k~ CaO:XRD A 47

FRL % R aLu'et al2006) (52)

Calcined Abdrich-CaO
|

8 -
a e i, L LS

P S S T

x Dobomite-Caly

i
1 i i ! i .
;ﬂﬁm‘ R S me 1w-‘ '\-n.—’-v-\,-r\--

Ca(CyH - Cal

) lli i
L__;t]_c_&; A .

2
| Limestone-Cal)

e 7 U .

Aldrichi-Cal
20 30 40 50 60
2 O scale

12-14 Gupta et al. (2002)F =% © = 87 ¢ k /mhCaOXRDA +7
L kR ¢ Gupta et al. (2002) (44 ]
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22-7 Luetal. (2006)% 2k # I 46 Spd 514 & CaO=nt 4 & it KA 4

number BET surface pore volume
sorbent of cycles area (m?/g) (cm?/g)
Ca(NO3),—CaO n/a® n/a?
CaO—CaO 42 0.02
Ca(OH);—CaO 13.9 0.15
CaCO3—CaO 5.3 0.08
CaAc>*H,0O—CaO 20.2 0.23
CaAc,*H,O—CaO 1 18.7 0.19
CaAc,*H,O—CaO 2 19.0 0.19
CaAc,-H,O0—CaO 4 18.3 0.19
CaAc,*H,O—CaO 8 14.9 0.14

2 n/a = not available.

744 %k ¢ Lu et al. (2006) [52)

# 2-8 Gupta et al. (2002)§ 5% P 8F& % I& 4= F et & o ff fr3t IR A

surface area pore volume

sorbent name (m2/g) (cm3/g)

LC 1.1 0.003

LC-CaO 17.8 0.078

dolomite 1.8 0.004

FCD-CaO 29.8 0.08

LH 13.2 0.0453

LH-CaO 33.3 0.1

PCC 38.3 0.11

PCC-CaO 12.8 0.027

a Surface area and pore volume.

L kR ¢ Gupta et al. (2002) (44 ]
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o
Y
|

o
w
1

o
%]
1

0.1 CaAc.-CaO
©Ca(OH).-Ca0O
0.0 &a0-cad

dV/dlogD pore volume ( cm‘sa'g-A)

0 500 1000 1500 2000 2500 3000 3500
Diameter (A)

B12-15 Lu et al. (2006)% 5% * I #873 54 #7 2 & CaO 3t JTA

F#L %k  Lu et al. (2006) [ 52)

110] —— 30 vol. % CO, He T=700 C
100 1 —o— 10 vol. % HIO + 30 vol. %% CDZ He
=2 ] _f!.. ) ’:r (fi4 . /1 Oth cycle
S 904 fRIF] ;
5 804 g AR Egth cycle
g o] i1l /
: 1 i" (M
o i 1 ’ :
< 60- | 1yl
Eo - <| i I . v | mn_,;
U
n_ ! E!- ::5 L ! ! g
0 2000 4000 6000 8000

Time (min)
B12-16 CaAc,-CaO & T v 5t ' (% 8 = 5t ' 700°C » # %87k & () 30 vol %CO,,
balance% # ° 27 (b) 10 vol % H,O + 30 vol % CO,, balance$ § > 17=t)

F 4L %R © Luetal. (2006) (52
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3.1 R &H#H

A G 2 F B ARACB] 3-1 oo R 357 B KR E A4 £ (CaCOs)
R AEILASBfr C G FF s MR 2 B AR HAT S 2mm
T im0 O & (B o 7 ) éF iR 200 mesh (4p F 3<74um 2 3pk)
R ERR o X% 15~20mg A E R F o

# € & #7 & (Thermal Gravimetric Analysis, TGA)#7ié * thj #8 5 iz f
WP g F #0(99.9%)fr= § ivmbod F R Ednin(C F P AUEAR A B R

10% ~ 20% ~ 30% ~ 40 ~ 50%) =7 ¥ =205 48 o

RS A BRI UTGARRF AT H At e daR + X T X T g
% N }:f‘@gfpfggg;}iﬂ ff‘u:i&—ﬂ‘s?,rrrgﬁ,ﬂﬂ o T F X T %lt’;ﬁ;l]%f};)‘%

X% e 7 & TGA p H B (24 B 3-2 #757 ©
fl ?

MEAITRAR

1. A% TG 209 F1 Iris® - Technical Specifications (subject to change)
2. FEITE R F:(10) 20°C~1000C

3. Ae#dei4 Frig £ 0.001 K/min~100 K/min (temperature-dependent)
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B
v
LB .12 (200mesh) ~ ‘&
v
B o~ g W (z34) £ > wl (15~20mg)
T l _______ ! VT
BB CO, —» A 1 R (FEM) Lo |
A "_____I_______I ___________________________________________ I
i § F 40 mY/min
R HRE R _ISC/A 4 (9 F lhr)
B 1950°C (‘adF 15min & %)
v
LB R (%) € w2 wb
B R 650°C (#iF 15min 2 T)
K§ N«
e
v
SEFL B W (Z ) AL o w3 w7 (23 B hi
TEMERAF BEAE B R)

| i~ H,0g ! R ARBERAMPES S TR A R
LN l_ e 1 H,Og |
W~ COy # R85 i% 40 ml/min
\ 4
w7 ) #E 0 wd o e
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AT EHER

RHAEE
PR R

EHAD
T8

BI3-2 TGAHT F+ 2 T ~ X T | Ben g =

'
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4. 4 FrpER: 10min (1000°C~100°C)
5. &= BE ﬁiar;] 2000 mg
6. f3+7&:0.1 ug

7. P B 10~2 mbar (1 Pa)

AR OF WA S F CREE A S R A
oAV A R R4 & E(Regulaton)f 4] > F W E D FRITF o F F o F
LR S A s R B i el £ ) 4A0ml/min o S i TGA X T A gRiE

)3

E"_;\’

% °

3.3 R & IAE

* 9 %1 TGA kit {7 COB Yt F s d CaO =it CO, 15 £ £ e
o R RER R BT F i WheT > Ny FT 0 10~ 20 ~ 30 ~ 40 e
50 vol.%e1 CO/N, # M4 5% 0 @ # Hin £ %5 40 CCM (ml/min) > ™ 4 T

+ B g =X 7P’-é BOLE & ;‘,ﬁi;ﬁ%ﬁmrgil‘ljﬂqlﬁb °

-0 e AR VRV o S

1. 4R e) 0 A H#-F & F #4200 mesh » 15~20mg)E » & Rlp I F=F >
R SHRRL AT AT EEFFR A L RS §F o R S 4540
A F A 15 C/mint 2 3 A2 2 84F950°C 18 0 F F4KE ] Smin 0 A
s =2 5
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2. BRELTC(RM) D MBE R 36507 0 AE T AF650°C 1Smints f-E o kP
S R BIAL R » R F 0 RS~ COYNYR & 5 RB(COREAE » 5 129 %%
AP FA o SR RF HRRAL UTCGARZF 4 7 %

C02 i3 Kf‘]’ :E_ °

1. COQ:E‘:_‘E"_:F },@

—\

ST LT MBI E

Ik

. M _
2. A F =S RSO 4 = X=X 0 00 = 0 (Xnd T ¥ n

Ca0
SO A SR i 4 0 VIR Fn IR - § AR R
Moo 2 7 2 s — B 4% » CaO%e % 5i1E o)
30 EREE R COBHE =R - R CO i R = 4 #

# 2 hE £(COy) /3 B 12 E £ (Ca0)

= E
4. Ca0~ # [wptE—Caof i = C2EE 1000, - X x100%
CaOf &l
5. TR =2 100%
E[/f[[ lg
6. BT T IE COEE L 100%

STy CO,EiE!)/44
7. CaOi{~ao% =227 L 140y, = — 7(_“ s ) x100%
( CaOg &l ) ([[fﬁ[@i};{w[ B xCaO%)/56

8. BEHS AR - BEARTRAESHRRGE ARG AT LR

700°C T i {7 v i A v g £ B o
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9. FRAEH I AT RIORERTEFRGRORIFERY > ATy
SR R S 650°C 0 R R L 9507C o

10. s p& i (Carbonation): § CaOi& {7 = ¥ it gl vx M pr 2. & A Y- 3
oo

11. 4% % (Calcination) : § CaCO; =B . T &7 - ¥ 1L BUR ' Pr 2 & (T4
2. G AR o

12. 3¢ #p s %t £ (g COy/g CaO)=

. L E | -1, 15 0 1
(O%?F“ﬁfo I P eyele 2B w0 )]+

o Y % 5 (%)
:’L I I VTED [ ’ 00 X
((T‘FJ/ 1] P! (cycle 4GB i) 1+FE]?'B>:=F<(%)j
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T~ SR AW
A1 FHE G2 F A FH AN

AR R EAFERF AR S F BREFR R RS ks
BB BN B £ 7 kvt CO, L AAMY 0 T A HRE
AR ERFARE R BRTFER RS RS H AR EPR P

F RS Rtk o
411 R 2 £ R4 R

SR ARG FF oad

F.

0

A S A W R ~ TGA P %
B2 15C/min 2 3 950°C 18 1 950°C # 8 15min> = fF L8 (7 5=x o

441 7 A R R (Beddia s £ (CO,) /A i £ £ (Ca0)) -
BI85 e £ (0.7857 g COy/g CaO)Ap 2. ™ » & 7 A& F a9 ' & B M7
- RAPAT R A FIRAPRPIGLEFF DALY Tz

ERUPERFL L PLE
4.1.2 F BuAl 2R Rl

ARAM g §F TS BRFRF D 10vol.% COy/N, F 8 :8
FHCO=MF > £ 2/ F >  NEERE EHFRFWE A2 T F
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3 4-1

3B & B 5 2R (TR UETS 0 CO, M B 0 B =(g COy/g CaO)

1 2 3 4 5 T iaE

0.7883 0.7899 0.7899 0.79050.7915 0.7900%0.0012

0.7737 0.7737 0772170:7740.-0.7712 0.7729%£0.0012

0.7825 0.7787 0.7794 70.7803 0.7809 0.7804+0.0015
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d 41 2% 740 CaO xrfd "8 3 650CHE 4238 » 1 CaO £
FRER A2 F - EITEE MM FUEBRFT B AR Y - EiTE
(breakthrough point)# 2_ ¥ ¥t S Ap 5 B> B8 Tl g g8 5048

A BT AT EREAD T 84.0%5 0 BB SiE TP AT E > T
Fde CaCOs £ £ 20 84.0% % & 4 #478L o 11 C 4 %] » B CaO & %fd 5§
I 650°C T R AL > *t 96.0min *7 # i CO, # Mt 7 I CaO &
B b2 B - EITEH(99.] min)FR R R 3.1 A bz R fut BpE
B> @ £ F] % = = §& 472k (breakthrough point)fF B 5 106.8min » %43+ p %
B P e R T E 2 P LS00 8ming e

B 4275 ABC=fir b 2 pz s RAETERF 2 B
PEp s (LS 5% o d B hRIC TR R, F R 1 B 2 ) pFip
CO, "B AP %] » F 3> F BRFEF 5 96.0min 3% 5 CO, f i
Ferg o A A ARE BT S 156 min FeE B0 4 87.90% 0 @
216 min preE B 5 5 88.91% 0 3 F4p £ 1.01%> % 1 10 minfe 1 ]
PEARLFES 7 % 0 R A ARKF BRFEF S 1089 min FFaE B F 4
84.03% > @ f 156 min pind £ 1 5 5 87.90% > & # 4p £ 3.87%; #4 B
A F RPERY L 156 min PFenE B &1 % % 87.06% > @ 7 216 min pFehE

BRI 5 87.92%0 5 K40 £ 0.86% X 3 10 A48 | | Brend fEs 3 4 o
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Temp. FFC

TG /%
I
0 L 660
85 ]
. L 655
75 ]
[E]
Sb sxwy e taas segtadd 13044480 0uauuaaaiiiaiiiiiiiiiiiaaas ‘650
70 1 R L §
o [ 645
60 ]
' : : , : [ 640
100 105 110 115 120
Time /min
Bl 4-1 3PS GF RETETPRERET N HE %1 E
Temp. f7C
TG /% HEFH
100 4 ; -
. L 300
o
a0 - ; — s
il L 500
2 L 500
2 ; L 400
0 / L 300
651 L 200
60 £ L 100
i
0 200

Time fmin

B 42 3R nigs BRTFRRFEE R H
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BB ARK BREFE S 1107 min BFerd £ 810 % 5 84.04% @ & 156
min fEcE £ 1 F 5 87.06% 0 B K An L 3.02% 1 38K C hF RPER S

156 min PFendg & it 5 5 88.06% > @ f 216 min PFenE £ 1 F 5

il

89.19% > & FAp £ 1.13% > # 3 10 A 4bfe 1 | FFenLfEx 3+ 0 33 C &
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