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1 Effect of the presence of HCl on cyclic CO; capture of Applied Energy, 2014, 125: B
calcium-based sorbent in calcium looping process 246-253(SCI ¥, IF=5.261) ’
2 HCI removal using cycled carbide slag from calcium looping Applied Energy, 2014, 135: B2 M
cycles 391-401(SCI ¥ %, IF=5.261) ’
CO; capture performance of synthetic sorbent prepared from Aopli .
. ) . . pplied Energy, 2014, 145: NN s
3 carbide slag and aluminum nitrate hydrate by combustion 60-68(SCI 5., IF=5.261) #ILE 1T
synthesis
Studi d . £ carbon dioxid Ikali 1 Energy Conversion and
4 tudies on a sorptlonto cz?r on ip)ﬂ e on alkaline paper mi1 Management, 2014, 82(6): EHE 1A
waste using cyclic process 46-53(SCI % %, IF=3.59)
5 Simultaneous CO»/HCI removal using carbide slag in repetitive Fuel, 2015, 142: 21-27 AR 1
adsorption/desorption cycles (SCI ¥ ¥, IF=3.406) ’
. . . International Journal of Greenhouse
6 CO; capture bly .cartbldi slaé; frotr.n chlorl-alkah plant in Gas Control, 2012, 9:117-123 AAE
calcination/carbonation cycles (SCI ¥ %, IF=3.944)
Cyclic CO; Capture Behavior of Limestone Modified with Industrial & Engincering Chelmlstry . .
7 oroli ‘Acid (PA) during Calcium Looping Cycl Research, 2011, 50 (17): #ILE 1A
yroligneous Aci uring Calcium Looping Cycle 10222-10228(SCI %K &, IF=2.237)
I ial & Engi i hemi
Sequential SO2/CO; Capture of Calcium-Based Solid Waste from ndustrial & Engineering C eTmstry N .
8 the P Industry in the Caleium Looping P Research, 2012, 51 (49): EIL,E 1
e Paper Industry in the Calcium Looping Process 16042-16048(SCI 1 . [F=2.235)
. . . . Journal of Thermal Analysis and
9 SO; retention by hlghlly_ cyc}ed modlﬁed CaO-based sorbent in Calorimetry, 2014, 116(2): AIE 1
calcium looping process 955-962(SCI ik %, IF=2.206)
Sulfation behavior of CaO from long-term Journal of Thermal Analysis and
10 carbonation/calcination cycles for CO; capture at FBC Calorimetry, 2013, 111(2): EIL,E 1
temperatures 1335-1343(SCI ¥ %, IF=2.206)
. . . Journal of Thermal Analysis and
11 SuéfgtloSn Bk»)eha;wtolr: lof X/hléeBM(;lcé fTOI]’;l Psperll}danufact:mre as Calorimetry, 2012, 107(1): 241-248. AIE 1
» Sorbent at Fluidized Bed Combustion Temperatures (SCI ¥k &, IF=1.982)
. . . . . J 1 of Th 1 Analysis and
12 Thermal analysis of cyclic carbonation behavior of CaO derived oug; ?or(;metrizrg?)l 2, f 1}(/)5(125)?n AL

from carbide slag at high temperature
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AANWEEF R MEFRTR:

ANIE 5 FEAE—FBIMESE, ULARXZFAE—BAERRSEDITG, COBEFIRLE
SCII®X I8 &\ Ei B 8 . 1EAE—LBAANRBINARER 4. REED SFEZRBNEMRMAE
BRRZEARABFR-ZR (F2D), “WESFEFRMENMRRE—FR (F 1) FXE. 18F
FEHEMNRAZLZHERMNATUZERSEZR. EXEANFESTHEER, LAEBARFESED
WEEHEZK, B1E Environ Sci & Technol (1IF=5.481). Applied Energy (IF=5.26). Chem Eng J (IF=4.058)%
i 30 NMEAIMATIFITEER . FEZRTMA=ZDFRLI S :

R —: X T EBVERIEIHTIEE CO, WWHIRAIEHBBRBIER; BT AIBEIHER T
EWWFIRFLBREANF]; R ERARBVERIEIHIEE CO, YGRS, RESFEMHRBGIRNSHE
PR ZLXMSFBARUMEIEE CO, REFIFTTZHICIL, AR T SrE S EIRIGIH Z IRt RTEREMA
Ho [ 6 BILX LRI Ind Eng Chem Res (IF=2.237). Int J Hydrogen Energ (IF=2.93). Powder
Technol (1IF=2.269). J Therm Anal Calorim (IF=2.206). Chem Eng Technol (IF=1.598)3% [E PR B 13 i
HAH 1

ARAFHEWRBGTIHHE COFiEP, FEREIFRBIEMIEE CO HETURER, SRRESEIRIK
FIFLBREM A E EENRSREFEREZ—. FMRERABVEREEUEISE CO, WILFIM G A, B
M RESERBGHEINEE CO MREFTHRFA 2 Bl L, FHB/R T BHERIEIH/ER TIEERBGTIFLIRER
bl R TEFRRNEFHTEIERAR, IRBGH B FIIRBFISEAET SE MRS EIRBGI#EE COo2
Z B W B E 1k B #HLIB (% R T Int J Hydrogen Energ, 2013,38(31):13655-13663 « Powder Technol,
2013,233(1):8-14+ J Therm Anal Calorim, 2014,116(2):955-962). I2H 7 XA E BN BE—AE RIS IHITE
e B R, KIBERER T =& M8 65 & WU A6 & K K (& FRTE Ind Eng Chem Res,
2011,50(17):10222-10228)), AHITT A AEE TECEM [BEZHEMNIZXFEETIERR L Fan
Liang-Shih {E 1B INAE & HIIL X (Energy Fuels, IF=2.733,2015,29: 321-330) X 1Mz R : “KEABWE
KRB RIEIR A RFA T IR R & Kb COa 1HEE” ).

R &R THERMFIZTEEE CO, WA R IRIENIR; 20 SRR 2 E $5E WU
& CO MEBEMIFN T, FHIBRSHERMFIAENNF], 8 T —ERBERRMTIESHERKFIHE
CO JEMRIEMR. Z&IRE TIRIEEE, KN/ SERERNSBEEERBTIEIMEE CO. BARMAR.

[ 2R 3 R TR RAEA Fuel(IF=3.602). Applied Energy(IF=5.26)3% E PR B EAT 1.

7~ T Mn EixT45ERIGRHITEIREEE COL M RERISZITAIE, AIME Mn B EEBIRSHBHERUGHIA
EINHEE CO: M REH B E CaO MIFLBREEHI(& FRTE Applied Energy,2012, 89(1):368-373) [ hRIfR R £ &
LT S HIFAE AR A E N BHAT) Applied Energy(2013,112:800-807) & REVE XN B F R EITHI S F
Zeat, 8 Mn SEIHRBGHIEA— MR RS EIAFHITEEN ). IREARNSFPMANSHERMFIEL
§EEIRTTIIREE CO MERERIFTBEEAN T3, 1BR T HCUHEASHAMFIIABBRER L =E, Nt
I CO, B BIRBBIHIE (KL R Applied Energy, 2014, 125: 246-253 1 Fuel, 2015,142: 21-27),

ZU=: REFBBETWEFYESFEII AR PIHEE COMMEBR, BRIGERFTIP AR
MR, ERMIRLFEIRRHISEREFTIMRIMEE COMHLE, ¥MPEILTRFMERRNS RSB/
FIE CO EREEN T ZREHEE THILEM, FEFMAR TIBBEIMHEE CO AR IRULTIATE
B, 1Z &AM IEERFMRIFIFZFRUARNFEIT T HERY, RETHEEEFTVAIREZELFASERKR
A COFHEERBARNER . [FRERIMK 9 BILL LKL Applied Energy(IF=5.261)Int J Greenh Gas
Con(IF=3.944), Chem Eng J(1¥=4.058). Int J Hydrogen Energ(1IF=2.933). Energ Convers Manage(1F=3.59)
ZE PRI A E T EAT ]

BETWEFYMEAE, ERAEFKIERMEARMEETERE, MARFELXLEFTY
BAkGM. RIMNRBEFAGBEEREFTYESBEIRPIHEE CO.MFHBR, HMRTHEERFTYEIFHEE
CO, IR IR FHN IR (& R7E Int J Greenh Gas Con, 2012, 9:117-123) MIREREBRT Cl. Na HZt
FREIEESEEFTYEIMESE CO, MEFERMNIE; IR 2 RKFELIE, KRR RIRIRERFTTE,
RALT BEFFLBREEM), SR8 THSERFTMRIMEE CO MRERIRZFIRE, £ CO & MRE. SO th/E
M REKIBEIR S (& R Chem Eng J,2013,221 (1): 124-132. Ind Eng Chem Res, 2012,51:16042-16048
Energ Convers Manage,2014, 82:46-53, J Therm Anal Calorim,2013,111:1335-1343 . Applied Energy,2015
145:60-68). HEH WU MR EEE R F /A5 B INLFIHEE CO FiaE, B &R TIRIPMER L H R FIF
M, RGIRINAZBAEFI(ZL2011103769801), ¥FiLLGIFMAKBIFERAT . ZREBEMEKXKEREKXRSE
Sayari BB FEPEF CSIC Abanades HIRHFIPA . EIRAFT A AU ERFERZTRERIRFZE
& F1E Energ Environ Sci(IF=15.49, 2014,7: 3478-3518) . Renew Sust Energ Rev(IF=5.51). Environ Sci
Technol(1F=5.481,2014,48:2025-2034) F R EHATIE S 51 30 2%,
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. Cyclic CO> Capture Behavior of Limestone Modified with TN
RELM | N 52 B 1

2011.9

Pyroligneous Acid (PA) during Calcium Looping Cycles

§EEMUFITEIR S CO. AR BRTRAE T N ARTRAVEBIIHE CO. RARZ—. ARAREHA CO;
MRS, 1BRBTRIFREIEINARATESE CO MaEMMER, XETERMIFHRESENFLRAERSIE. K
R RIZHRAEYRTFIBIEPNEI~I—ABERARBE2ENR 7%, TERS AR ARAHEITIER
L3R, FRARBRRIE IR A RAEBIRR/RE T IR RIS CO FrtE, FHIBRINIE. MRAMABERRIE
IR ARAAERS T AXRAMBEINEE CO R, 2iFEMHEAERERIS(WE la), AFEM CO.MEFHT
100 RBEMFRIRBR LA LR AIIL 0.4, AAKRAR 2 B LEENE 2), &IEKRER/ARALES]H 20mL/g(I)
3). 13 20 RBEHFRIGARAWIREMELIE, 2K, XHEHEFT CO, B BRI
4). 233 100 REFEEHARARISELMAENME, MARARNEKFMEAE, KEER
mE, XRABIBARAEAERMNIUREERE. KA ER —AERREHARAZ—MHEENESH
MEINHER COx MERER TSR, SR T Hl &SRB R NS B ER.

XA R & RTEEFRER I TS EHAT Ind Eng Chem Res(IF=2.237, 2011, 50 (17): 10222-10228), #
EEHZHEMIKRE, BAFITRELT=ZKFE, MEXRERKEKXRE, FEXRFE, GEILUEAMRKEEFEAN
IMNFE & FRIE Renew Sust Energ Rev(IF=5.51), Chem Eng J(1F=4.058)\ Applied Energy(IF=5.261)  Energ)
Fuels(1IF=2.733)%1£3C SCI f15] 13 X, KRFMFENWT:

(1 MEZ BN L KRF AR FREHIR X E T2+ Fan Liang-Shih {EAIBAEE 8918 3L (Energy Fuels
IF=2.733,2015,29: 321-330) X #IFMIZ AR : “RABHLERARBRIEHS EZRA T REGTIBHRXHE CO;
E BE o

[2] IMZE KB KEAXZE lliuta Maria #3%(Ind Eng Chem Res,IF=2.237,2013,52, 7002-7013)X} 7 g R i#17
T SE TN : “Among the available techniques, limestone treatment using acetic acid derivatives was introduced as
a powerful technique to improve the durability and adsorption capacity of natural limestone, principally by
producing an efficient calcium-derivative component (calcium acetate hydrate)”, A EiE AR H BB HLERIE1H
E— M EENHEREA XA A RARIRIY CO REMFFAM .

[3] BAFIT B+ =K Feng Bo BUR{EABITEEBILSL (Energy Fuel, 1IF=2.733,2014,28:329-339)
FERANNR BB EE RIS E RGN E i EifE— P&k, BE TENRBAEREHRARARMZR The
work by Li et al. confirmed the good CO> sorption performance of limestone after treatment of pyroligneous acid?
or propionic acid.?®”,

[4] MEXKBAZIRI CANMET BEERFR. RETZFF/RERNFHFIREIR Anthony 1EABIMAIEE
8918 3C(Int J Greenh Gas Con, IF=3.944, 2013, 16:21-28) 80 N IEN A B SR : Recently, Li and co-workers (Li e
al., 2011) used pyroligneous acid ... to modify limestone for CO> capture. The modified sorbent exhibited 3
carbonation conversion of 33%, compared to 7.8% for the natural material after ~100 cycles. The improved

performance was attributed to the altered morphology of the sorbent due to acidification.
3500

v Calcium acetate hydrate 1.0} —®Modifiedat Istcycle = © = Original at Ist cycle
3000 |- —#— Modified at 5thcycle = O = Original at Sth cycle
——Modified at 10th cycle = 2 = Original at 10th cycle
0.8} —*—Modified at 100th cycle = * = Original at 100th cycle
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. CO; capture performance of calcium-based sorbent doped RN
REALH | PP P E A 2012.1

with manganese salts during calcium looping cycle

AT RREERBFI R HEE CO, BT KRB TR, AKRREA Mn BEAFHBLR
MFHBAE) CaCO; . FAKEEELRAY, $HATEREL . & R 51 345 5 IR IO 8 FR M e /AR BR 1L 3/ 8 CO,
IR, HiBE MR RETR T EIRBGTIR CO, FEMEMZMIE. MRAI, Mn BEHBIE
BEEEEIRIGR TEIFIEEE CO MERE(IE 1), 3 Mn/Ca EE/REEHS 1-1.5%BF, $EEIRUEFIATRISHRA CO,
SE4RE, BUREIE AN Mn/Ca EE/REEET S S EIHE CO MRET M. $SEMKFIRERBRLIEEXE RN
650-700°C, Mn HMEFESHRERBELEEXEAXE R, BN Mn Z2hAVEEIRKGHI R ERERILIRE
$9700-720°Cs Mn ERHIBAKE T CaO B@ALEN, MNMESEHREBREEELERE. Mn 2ANEERS
THEERFITESIRER S G TRIERE MR, XBFF COMU(LE 2). RENNDFHFHFEIF, Mn
BN T A R MR HIR R A RRBR R ER, FIRTERS T B R RI R IR R EH, (B miE
EENe Mn BEENKTE T EE RG89 B ERE IR IEEE COL MHRE, 100 RIBIERIBRER (L i% L2 AT
=5 69%(ANE 4). fE8&fE Mn/Ca EE/REERT, Mn ERESEEIMBGHIRMM IR AL EEATX, BB T BRI
45, (¥ CaO BAIEKEE. Mn BRI FEEEEIRBGRITE 27-100nm SEEIRMFLEEAIRE B MLE 5),
XX FRUFR TR S CO, UM REE X EE,

ZR R & RTEEFRRERE SIS B AT Applied Energy(1F=4.781, 2012, 89 (1): 368-373). #& £ E 3=
RAZE, SEREPERERBEAINE, AMFFERXERE, MEXT E58EHERP D
(CANMET). HAFUEKRZE, BERINAZE, bR TEAYIBARAE 14 MERIMARIANFES
£ REY SCIIEITHBE] 17 7. REMITFNINT:

[ 1) R L &I BIRE B ITEE TR EAT Applied Energy(2013,112:800-807)%& FHIiL 3L
NBUZHEFLHISRER, 3B Mn 2EHERBGTIE I —FME R M CO, IRIEFIFHITZEH].

[2 5 E R R EBE KR ARSI B XIS AZ BB (NETL-RUA)A Li B 5% R & EPREEIRE SN
W ELHAT Applied Energy(IF=5.106, 2013, 102: 1439-1447)i8 B 4E T CO ERARMMEEMZ 1, 10
ARRIEAEBEADRMEEEMUFIHEE CO, MR FTMRMRHAITT 5| BUEAITHL 38).

[3] MEXT F=58FEFHAFIL(CANMET), RE T ZFEREXZEFREFE Anthony HIRIRR
HEFTEERRESEIES SUR R BHIT International Journal of Greenhouse Gas Control(IF=3.821,
2013, 16: 21-28) LRI SCIRBI & B A M SE HIRUTI R — M AR S R M e AARE I A T A
R
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. S tial SO2/CO t f calcium-based solid wast ETETN
FEPE equential SO2/COz capture of calcium-based solid waste 2= % Bt ] 2012.12

from the paper industry in the calcium looping process

BETAEFIINERRTEAMBRLIE, —ROUERER, MXEAEESEETRREE. W
MRECHAERAEE—NMEAREMAER. SXNERRILEKFY, REFBAERBRFSHE
COy/SO AR (WE 1. LUZRARBEAE R, AREN T AERER L/ RGIEIMEE CO FER
BB SO, FR R4S . FRERILR NN FHFE, FHERREIIE. Z5 T NEMREE L/ BIREIRRKE
ERERRMEH=ETHEEWN (LE2), LRASBERR SO HFMHmEER . ERIFRULKRE
B 850—950°C3EE A, KNARBEMRRIELRBRMKEBIRIE 950CHERIS TR AMATIERE, i
BEALRE X E AR BR SO OS2 NIFE B BRI B A IE T E L o FERRER /RIS TB IR IR B8, &Hh3E
BUISEE R F Y/ E MNP FRER LT RENE R R £ 100 R1EHA, REFERHMERLEERAK,
BETRIF R BIE M 2 I S mE R/ SR . KRR RINE TR MUME, BRRERRBEER
EEMEES T ER. SAKAHEL, ZXEHKEERN SO.RWERS (JWE 3). KIFRFKAKE
EHR AR EIEE SO, F1 CO R—MEB/RTRMNSE.

AR % R A EPREER I TSUSA B HATI Ind Eng Chem Res(IF=2.235,2012,51:16042-16048), # 1t
FHlLRKZE, MEXBRERE, FEREZBEBTAE, PRI MNEERMFZEARNEELRLE Energ
Environ Sci(IF=15.49,2014,7:3478-3518) « Environ Sci Technol(1IF=5.481,2014,48:2025-2034) .
Fuel(IF=3.408,2014,115: 329-337)F E X BUHATIENL ARSI M. KEMETFMIIT:

R KR F EREIR AN S 42 K F Hare iR\ FME A /F(A*STAR)Zhong Ziyi K& X
R BRI I BAT) Energ Environ Sci(IF=15.49, 2014,7: 3478-3518) M8 XX #£“5.3 CaO-based CO;
sorbents from waste resources AN B LR FY (EFRMITAR) ZEEWUL CO I, HFRITREIAR
R, ITARERBEHTEAMEANAIR, 1A 4 ITRARBENEB T AUS=ZMKEERB
SEthEFEEE CO, 0 SO, 83T : “Li et al.>™ investigated the sequential SO, and CO, capture behavior of lime
mud in the calcium looping process. In order to minimize the unfavorable effects of impurities...... The

ultimate carbonation conversions of the treated lime mud and the raw one were 4.8 and 2.8 times greater than
that of the limestone, respectively.”

Flie gas (CO; free) Stack gas (CO:I’iCh) 14 v T i j j 2020

Flue gas (SO, free) < J_‘Cyu!onerl‘ » 12 8-- .. .. 40.035

------------------ 0.030

Caflj“';amf Calciner | o ot 101 —O— Surface area of calcined raw LM ¢
. 650°C 900 °C R —@— Surface area of calcined treated LM 40.025 2
900 °C Fuel E - <~ - Pore volume of calcined raw LM =
5 @o—®- - Pore vulume of calcined treated LM 40.020 \:
s g
Coal I 8 90015 =
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