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Abstract: With the increasing severity of environmental pollution, carbon capture, utilization, and storage technology has become a
crucial means to mitigate climate change. Magnesium oxide (MgO ) and calcium oxide (CaO) based adsorbents have been widely
studied due to their advantages of widely available sources, low cost, and high theoretical adsorption capacity. However, as the adsorption-
desorption cycle progresses, the adsorbent particles undergo agglomeration, decreased pore volume, and reduced specific surface area,
leading to a significant decrease in adsorbent activity, limiting the widespread application of MgO and CaO-based adsorbents in industry.
Therefore, enhancing the anti-sintering performance of MgO and CaO-based adsorbents has become a research hotspot, which can be
improved by doping metal elements. In order to enable researchers to select and design dopant elements more purposefully, this work
summarized the different action mechanisms of doped metal elements on MgO-based adsorbents and CaO-based adsorbents, as well as the
effects of different metal elements on the structure and performance of adsorbents. On the one hand, composite materials can be prepared
by adding metal oxides, and the doped metal oxides with high Tamm temperature can act as inert components to inhibit adsorbent particle
agglomeration and structural collapse. Doping metal oxides rich in oxygen vacancies can increase the number of oxygen vacancies on the
adsorbent, promoting the diffusion of CO, molecules and the migration of O” ions. The presence of oxygen vacancies can also build solid
ion transport channels, leading to a unique three-stage mechanism ( reaction-coupling-diffusion ) during carbonation, thereby
enhancing the anti-sintering ability and adsorption performance of the adsorbent. On the other hand, doping alkali metal elements causes
the crystal lattice distortion of MgO-based adsorbents and CaO-based adsorbents, resulting in the formation of higher concentrations of
crystal defects, thereby enhancing ion migration rates and improving the adsorption kinetics based on surface reactions, thereby
accelerating the carbonation reaction rate and enhancing CO, adsorption performance. The different mechanisms may simultaneously
exist in the reaction. In the future, it is crucial to concentrate on enhancing the regeneration efficiency of adsorbents and minimizing
energy consumption during reactions following metal doping. Additionally, investigating the influence patterns of metals with similar
doping mechanisms on adsorption performance is essential. Furthermore, evaluating the performance of adsorbents under industrial
application conditions will facilitate the selection of appropriate metal elements for subsequent experimental studies. This approach will
aid in designing cost-effective and high-performance metal-doped adsorbents, thereby advancing their large-scale industrial application.
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La,05™" 45, 3K SRR AE N A B 43 4 £ CaO Tk
W, R R T ARG A A A e R R B R 7 v
CO, gk 1. 5 —REmAYIBA CaO FEML [}
FHr, 5 CaO J W B BT BY [ 74, 4n ALO,
ZrO;, M=) R CasALOG™ . CappAl,Oss"" i
CaZrO;"™ 555 2 RAEMERIAAR L, 5 1 1R
TRFB A G AR FEARI R s L5 CaO 1Y Fr i
THEA

MgO TEmil FAS SR, G E] L%
WS . ST R R T B RE R

Mg % CaO J W Jf 751] (9 0% B P RE B 52 e, & B4
Mg W {6 551 114 3 T B L 4l CaO W R 570 43 0l v 9.2
5, “FIFLAR L4l CaO MR/ 63.7%, 5B 2% 5
W B FLAR N, R, MR A
LIS A AT 5T, DT 2 s WA A 550 A 0 P B
P FENG %" 3 ot MK SR B 45 T B R £
2 Mg fEM1%) CaCO, Bk, il MR |
PR . ROW RS LK Ca/Mg BEIR Fe A A ) R <)
FZECR MR ) . =52 )2 25 O TR S5 M A F T
CO, ¥, FFZnh 1 it/ gled e AR AR AL A HIL
BN ST . ZEIRFRW, WOk RS BUNH R R X,
A R TSt CO, B M PERE , Ca/Mg BEZR LA
16, TEKIRST A 600 um 1 =52 2RI R R 47
(1) =il CO, W B4 B 0 bRk iy 0 B 2 g 2, &2
1L 50 YR b BB E B0 S . W B A AT I 0.51 g/g
(CO,/ads ) , V5 3 min R A] 1k 547 4 fe R -
) 92.4%. MgO HIFFLEAT UL fffFLES F I H 3 A
FIpezE G, $RE T CaO FEML FFFI G FaENE

52l NS
e i e @@ wi
Ty T - -
CaCoO, CaO CaO CaCoO,
(@) T A PR R
H b bR
CaO 554 CaCo, CaO KHIZ o
C Rk % ﬁ%ﬁf’d Bk
AL

(b) B tER R
B4 5L M RHE R L R &
Fig. 4 Schematic diagram of the mechanism of introducing

inert materials™”’

FERZ TG TR T, ALO; o B B i 1
SR AL DL R AR e e A S ST
980 HAE AL 32 B A il 25 W B3] () e R R s
ALO; HIBRIA, XTI CaO 76 T K AE
FRETER Ca-ALTR & S LR B3, S
ZRAFATI R T 1Y) CaO ORI 515040, ARUEZE I
038 T IR AE 22 URAE ER I BRI CO, B AR e 2 B
% @R T A IRE Ca-ALL A WIALEE CasALOG™ |
CagAlOys" LI CaypAl, 05, 45, X 264k 4 W1 i
HRUREE | G5REE L A O], A R
B I4JE CaO HE ML 71 i) oot 1 FH 2t R A D
JING %™ 5% FIRcHE v e BRI i 46 1 42J@ AL
Z% CaO JEMLBMFH, HRIE T 4@ B 4% W R0 2544 12
W2 B RE R 20 . CaO FEMZFTRI454% Al S 7E 800 °C
FBedS Ul T A5 28] A I BRI B A et e e, R R
BT AR AR ALO,, ALO; FHAG T CaO ki ks
g5 GRALT CO, fEIR . R A4 T i W3R O
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SR RIIGTE CaO W IR 7] A P25 A RTS8
ALO; A LA i Hoe 45t ] 4 Ca- AL W B 551 49 P
A, ZHOU 28" Witk B4 ALO, J5, Hiff
FEIE 25 o e v o FH ) 5 R 465 1) IR R O
i ALNO;); + 9H,O A 2 1y BIK 4% s W i 55) v ez )
| CagAlgO, AT T, i FH AICL, - 6H,0 1E i
TR AA S 18 B 550 ARG I 21 Cay, AL, O FUAT S, K3
A 7] i B 1A ) 45 B CaO-ALO; 1R & i, Ca™ i)
ALO; & i B I AN, BRES RN S, B
Je AL CapAl Oy, WA Ca® AT LLAK ZE Y B 5]
CajpAl 055 1, AT LI A2 CagAl 0o TERUIETE
PR R AT REPLERI AN 5 iR, 56 3 B35 4 B 1)
FRE R TRIIRAA RIS . TONG 251 38 1 A [+ 11
BT R IRAAR ] 45 T CappAl,Os; A E A 41
B, UESET CappAly,Oss 1T LU 45 541 BB Bedh
W3] 45 W 1000 °C BF, CappAl,055 25 CaO
JLI A2 B CazAlLOg, i 9% CayAlLOg 1T LAAE A 1% 7
oy PR R AR E T, {H CaypAl 045 A AR
L AR T LA AR A A AR o IeAh, il iR
ARG 51 CaO Wykeds, HHITEAM BT S
[t) CO, I EERE . NI, AT CapAl 05 fENE
GRS S SO IR B £ . TS 2 %08
PEEARIB A G 2 THAETR S CaO 1% M4 7 1 1 F%
%, DRAE CRUETE PR 5 0 B il 1, 1T
AR B A AT &, 75023 B AR IR B ) s 1
o35 BUL R BHERE T R

”E@ﬁﬁl}BM\ —C0O, CaCO; —CO CaO
o U YT ey — Ca,Al,,0;, C4>ao Ca,AlO g
RETIR A —HO  ALO, AlLO,

5 M AR B R AL

Fig. 5 Mechanism of formation of inert support materials"”"

Zrozﬂ-‘%’ﬁﬁﬁ%ﬂ@% 2R ZrO, EZF S
CaO J5 &4 M B B i CaZrO;, CaZrO; thH
A B R, CaZrO; ¥J5) 43 BE CaO fhkLlE], 14
WA B SR E AR, RE A RO BRI R bess, e
I ) 550 4 8 R E 7 . MOHAMMADI %5 4 Tii |
Al, Cu Fl Zr 23 HHB A CaO il £ A5 W [ 30 3 %6F H:
HEAT CO, W B W PR it . 45 2R AL
CaO I RAF By fPERE, (HZ ) 10 IKTEH 5
AL B CaO JEMZ R CaO Ak h 75% Kk %
48%, TMiE5 B4+ CaO JEIK B 7 CaO LA 4
I3 10 RAEFR AT DR FFTERD L e AR 87% Aita,
BT ALO, BB AR v . 289" SR Blck
()7 BEEE E 1L Tl 25 T Ze $82% CaO ML BRI, 24
Ca/Zr FEIREC R 3 IF, TR RF 551 A A2 o 25 e Py W 2 4
4.33 mmol/gs 2 JJ1 20 U< W B fifk W A BRI AT By
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4.26 mmol/gs, FIH RIFRIRENE. HFE LB E
HI T CaZrO; AN & it B2 45 e Ty HL 32 PR BRI fik
EMIN, eSS CaO THURLAE W B A P ) A
AR K, (H ZrO, MM RS XS8R, T BE 2
ST B0 A ) AR

3 SERTEBREMEFTAMEA CO, HBE
B

I EAL Y TE R L I JEA B AR R Y A AR
b A Y s Sl =W = W =831 15 = )
B, AENAFTERT A EIEREA T IZ M5, 764
J& A b, AR TR B el 1 AR
E™ . P, B2 e T R M s
14 Z A F T T8 1 OF ORI co, iR hE 1™,
AR = BRI CO, A VERE
3.1 MgO E Bt

CeO,. La,0; Al Fe,0; ZH Fii5 2% MgO L fff
FIEE, ARV M E A R R IE A Fa ek, T
PABEIN MgO SEMz B R 0 zs o, (Bl F 3 H i1
SERIARTR], HXHR 58 CO, WEIHLHIA BT ASAHTE]

Ce HLAG 4f B T L3 Mk B T LA 36 80 +4
i+3 1. CeO, WAL JHAGFFEHE Ce™ Fl Ce™ i
AR | Ce™ BT AL H#E T 4R B T A AT B
BN, Ce’ ITATEL £ S E b H2 1 1Y B ff A
i SN A5E . CeO, MR AR JFAEHR
R E A TP BRI P AR AN TR
MgO Fl CO, Z [ ik BR AL R W H, A28 AU
HET F A AL CO, 1 CO, RYHEIL . b5
T OB TV M Co, T A S, YU % R A
PREFJLVIETE R T —F 51 CeO, #5244 MgO HW [
F, ZEREI CeO,-MgO Wl 7E 15 4~ CO, W fff
~ W AIG R R 2 B L MgO A Y R o 2% o
MG R ENE . TEBIE CeO, HITEM T, CO, W [
5 R3G T 05 BT 254 9 A8 AR R MgO AR B i)
BN, HUANG"™ SRR IR - ke A T 1k
FE Ce/Zr #ifk I MgOMEEE G A W7, 45 R M
Bl CeO, AR BN, W BRI DA 22 FL It AR AR
KRG . AN, CeO, T8 i 11 H AR B S
PR AAL, S CO, §THERE TES MY R R, 2
# O YT . Wit DFT HEESE, 78 MgO (100)
i, e m NRIEEE Co,nT; MBER
FiPE, RnAEFEERMREYZ, 2 Co, ]
BHFE CeO,-MgO (100) LHF, HLF M CO, k&
TH:F%] CO, fl MgO WIEJEFH, I Ce #%
F CO, PR T, 3k — BN G T 25 W o 5 26 T
TR RE ISR , & O T M R M s 23R
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J# (1064 °C) 7EMISR MgO Xt CO, HYW [} g 11 Fika
AEVEEARARE .

SR AN S A La W 2 b R VE BN,
LA 5 Sh REAA R P A B A 4R 25 067, JTAN 26
XF La 4875 1) MgO HEMZ i 551 )y BAL 7 ARp P A 53
B, CO, W FfHaE s i3G5 v 9 N T4 s A K
(1 e R AL, SR 4L T 20N, %
PR TH ) F 5 10 A A R AR R T R A 7 e
JE. LaBBZRAE 0~ 4% N, BEH La B R E
T, VR R R B 3% T RR R A5 SRS S B S R
J& DB/ Y e, 35 S La 48 2% W] LU S0
MgO MURLAY A5 , 7] B4 (45 B 1% IR S AR 1 W B o
Mo RBA Labf, WMFIRI M ETFEZRKNA—
AL L HEAL BETHHOM ;. 844 1% B La I IR 5
EINEYOR ; ARSI La & R0 R0 S R4
o 4 La &8N 2% B, WERHEA R AFa 20k
450, JF HIRFEABAB IR 3% 1 4% I (B
H e m AR, B CO, AYMEIA ik B KA
(1.18 mmol/g) , £t 16 K CO, M- BEEF 5
AR FEAE 0.72 mmol/g, HA RAFMFaEM . GUO
S IRABIGE T La-Mg B A AP La,05 St
W) CO, AR PERERSEM . 45 KRR A e i
BEE La 524 R MUIG MG N, La B 24iili 2,
£ MgO F I 7= 2k i 4 fy ik bl 22 ), (45 1 22 1Y
A AR SR A R AR s 6, DT B 22 Y SRS L e AR T
O B T HUM CO, TR HE 1, HRlEE Ak
La,0; & BN, CO, WLt fE J1 38 K G T R
La,0; M54 it Z0F, o1 F La,O5 MR BT % AR,
X B it R B RE B iR SRR /N . PRI, & )BT R
(845 A it ok 22 Bt /0 X WA 5 1 68 1% 4 v 9 4
iV

Fe, O, 1E ] 43 BORI FAEAL R, pl T R 04 i
PR Pk A AL 22 35 M, T LA SR MgO I Bt 5 Y
CO, W FHPERE. GONG %5 {fi FiI P iz s s S ek
#1457 Fe,O5 HE—H1BM AMS 52211 MgO I [}
o G RIABIE Fe BTt M ECH 2% B, AW
R R AP A, 7 20 YO BRI 24 T
B 25 5 R UR Y 50.3%. B Fe BUXG N, K152
Fe,0; I} Mg100-AMS10 F) 1 [} 7% 5 4 9.21 mmol/g,
4824 Fe Tt /80K 10% B A ek CO, W75
ik 15.61 mmol/g, JERFML MgO (<0.24 mmol/g )
() 65 15 B#E Fe,O5 frmakeliiin, &4 KBk
B TR A 3 I B 75 ik B 3 R I, AT RBSR: ph Tl it
(1) Fe,0, B T MgO RIHMBMEAL . Bk, &>
) Fe 48215 1] LA 25 448 i W R R A Bl A 3 O
e Ak ie 71 Bk 205 IR 9% . DFT 1145

R T Fe [ FAMEIRY 3d L+ E A SRAELEE S 7]
DU CO, Ftb s b 2 R BT (CO;, ) ok
G CO,. CO; MZS AR TG KT CO,, IS
MgO Yy O JR PG . Hitk, 2478 MgO fif& A
Fe JF 7 J5, H TS BOME I #43%% #| Fe JH 1
(R EPE 3d HL T2, S 3 CO, W K AE 14 5 H i)
CO, HR Mm%

3.2 CaO E MR

A4 R B IR REAE A IR ik CaO HEmt
B 500 B4 W B 5 A M e e M. W R T Bt
CaO LML Bt 9 SR A Ce. Fe il Mn 2535 % 4
&, XEHTEESRE dPUER TES, AL
By KR TS

CeO, ALAT LI CaO Skt RFIER 4, IE
2% CaO [kesh. M HAENBIRICE, B4 CeO, 1]
DL ISR I R0 A . IEAh, 24 CeO, Y Ce BT
Wi Ca”™ B FHUR, CeO, Fl CaO M A AT LA
O B, A2k CaO BUBRIRAL I . 223 i
JFH B 3 1 7 Jie B G 5 I 45 T CeO, #5824 Bl 1 1Y
CaO FEWEFFF5], 24 Ca/Ce FE/R H o 15 BF, 1 Fff 5]
CO, W i 75 2 AT fe RAH R 12.40 mmol/g, 3 13 X
W B 500 00 A7 e AE 20 M RN 3l ) 24 5208 & BE CeO, 1943
Ze AT UG CaO fbr, ifilbedd; bl DAFRIG
J N BTG ARG, R S R R L R
PHROMPRASIT %" i i M2 IR 45 5 1 45 &8 (Zr,
Ce Fll La ) SCPER CaO FEML I, Ce-CaO W f}514)
Ih CO, WL [ 75 4 4 5 mmol/g, 55 10 4> 1§ 2 1
CO, Wz i 25y 5.23 mmol/g, #3554 5E (1 CO, il
Pmt . XIEH T CaO MR 2 et AE P2 )2 b
Fa g p AR5 N AT AR 77 A R 381 285 8 1 i T 2 el ik
Mg it B2 p= A MR 3 B BRI A PLa] (b - A -
PHL) L Ao B R 7R R P A R A v i T
YAN 2V il i DFT HHE0FE T 76 8 25 7 B W 77 178
T CaO X} CO, Pzt Z5HRRIH CaO/CeO, MR
()48 23 C W BE B CeO, BTN NI NG I, 48
23 (R AR L TS FE I CO, JR &b E] C i
T I, CaliiFn OJRFATER Pk, KA
ZNAFHER CO, R Z M R ZIM EAEA, K
KW Co, M TTREME . B AN AEEIRE T
CO, AT, 16 AT LR Ah 2 0 s il B BE A 4™
B By Cco, i mE,

MA 2V BI9E T Fe,0; Fil Fe,0, Xf CaO Bfb%
NN CO, 4R AU FE M, 45 R R0 54l CaO M L,
B2k Fe,0; Ml Fe;0, ) CaO F M FFF 77 ik iR £k S 1o 38
AP T 5.5% F 13.2%,Ca0 AL 24 R4 w5
T 3.6%. 4.3%, AHMED % #9557 Fe fl Ga it
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ERIE

B 2% CaO WL FE I A 52 ma, WF 98 & P24 Fe 5§
Ga 1B 24 10% B B A fie = 19 CO, M 25 &,
439124 13.7 mmol/g 1 14.2 mmol/g, I H 10 MFFF
JE AT REARFF 95% I UGG PR CO, MR 25 & o [
PIRRUNIE 6 FiR, Fe 58 Ga 3B AR IUE T A S AP0
PR MR R R IR, I T R BT O R
(A4 Ny, e T AR FRER T B, AT $ s 1T
CO, i ke J1. YAN 2 BF58 T R B LA Ca-
Al-Ce XLYJRE M BHAE W B 338 3 0 Ak il & ( SESGB )
TR CO, TR MERE . 45 FH MR B A
H 5% B, Zeak 20 Ik CO, MIEEMEM G CO, it
J1°8 11.59 mmol/g, HEARBILIRIER Ca-Al-Ce #1 K
wih 6.3%. X IHHEF IR H Fe,05 5 CaO J i
¥, Ca,Fe,05, Ca,Fe,O TEAE IR i 2 H e e 7745 A A
TEENMH =, T CaFe,05 fiAH, Fe 5 O &
N T4 R DY T A BC A, G AR 25 4 Tl 28 Y Fe-
O /NIMAFI U RBELL A, Ca B 07 T2k [A]
125 7 . Fe JEF AT 855K ABO; 5t th 4%
(G 25 1N Gtk = Rt (VAN = Rt VA7 (958 L NE 1 e 7
B CO, iFMERE . B2uRIE)T, HR Ce™ Al Ce™' il
FEXT B A ARk, {HIE5E T CeO, Al CaO Z (R
HHEAER . CeO, 1] LLIFE = A1 BE X CO, Y Bt i
P, Cay,Al,Os; AT LIE R RAFAOME R, X394
FIF CaO HATEMEI IR CO,.

R

~+:Ca—0—Ca—0—Ca—0 €a0n M-Fe, Ga

B 6 Fe.Ga# 4 CaO 37 Wi 7% & CO, K Ji 7 &'
Fig. 6 Schematic diagram of the CO, capture reaction by Fe,Ga-
doped CaO-based sorbent®”’

GUO % "B 58 T Mg B F 15 2 % CaO % i}
CO, BIS2I, 51 AR MgO AN AT LUYE Jy i 141 43
B SR, EIRAY Ca-O-Mg AHEAEHMZE T
TR RE I AR S M= A, Xk CO, FEH A
Fl . it DFT R IE T % Mg 75 24 3
CaO Wy P&l i O LT HEHE, #EA CaO i
Ml Mg B 110 W [ff CO, $2t T L7, FM
Mg & THB4485 T CO, i FH il C T CaO H
(I O 12 B B AH EAE

54 @524 CaO HMIIFIALL, HBoNE)E
BRI AE YR A 5 CaO FEMZ B (4 W B A
JikaE B A R B AiHRE LR
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B744 Ce Ml Zr. Ce-Mn. Fe-Mn %, GUO 2 i}
B4 Ce-Zr ) CaO JEMLHH I HEATIFSE , R INIB L4
Zr Ml Ce J5, £3IE WL HL B AF 1Y CeyZr,O, Tl it
ki, Ce,Zr,O, fiAlH Ce™ I Zr fIAEAE ] REF= A2 4R
20, AT CO, WY HOM O iYiE A% ; XPS 454
FH, @I BAR Ce-Zr, Ca' I Zr " T & B REIE
1%, SERGRT O MM, Sk % MK Ce.
Zr TCEBHE] CaO FM R, WF5E T &2 (i xt
W BRI A CO, PERERYRE M . 45 R W A T fE
WAL O, 5 COo, AT Co,, MR
CO; /M B CO,, BTy O [n B JF A7 B, (45
CO, M Pk — )2 — 2% i CaCO; =W 2 . It
CeO, [ 7E Y 10 il By B AT LA 1 2 7 1 % e i
CO, ZEI T W)Z 5 WNEB CaO .

GUO %" % T — £ 3| Ce-Mn 18711 CaO %
R, FFERIE T 600 °C T CO, gt 444
J& Z E) P R AR AR . S5 SRAESE T T Ce Al
Mn 2 [&] 9 B 5] 2 07 B HL 7 5% 8% (Ce’ +Mn™'>
Ce"'+Mn™") |, fRHE TR M4, W 7 iR, &
23 AT LA CaO 11 i s o 4 43 T FLE Al CO, fi
106 A 5 48 20 TRE R, e, M CaO F
CO, M HL T M AR T INE S, it g T
O IIERS AN CO, P HLBE S ; ML Ce-Mn 3
F4H) CaO FEWL BRI I BE 1. BFIRIA R, B2
4:J8 Ce-Mn JG A5G T FURIRESE LA, 1 40 IR
I R T 0 BRI 3% B R4 CO, TR B 5 2R
13.86 mmol/g, X AN{XIH T CeO, Fll Ca,MnO,
i AHYESN CaO Z[H] (R , BELIE T 6t i 2B K A A
B RS R A . RAFLERR . H
T CO, Wt i PEAb FLAZR 5341 LA B2 Ce FI Mn Z 8] 1)
BRI LA 2 VI 2

7 Ce-Mn # % # CaO £ %I |4 & CO, #y K pr "
Fig. 7 Mechanism of CO, capture by Ce-Mn doped
CaO-based sorbent””

GUO % R 55 ] A5 W 43 J& (Fe-Mn ) $57%
CaO X H CO, WM PERES M, A& B H A AW 725 1
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¥ 95% By W) 6 WL B 75 i o I E T S Fe AN
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Mn 1 3 B M A& Fe”'/Fe” il Mn”™/Mn’/Mn"", %
B IA AR rp AT R0 R oy 32 48 ) RGP SRR ) 22 (1]
B (Fe”'>Mn’™; Fe”'>Mn™; Mn*'> Mn"';
Mn*'>Mn®") A SR UESE 2 (7 #9242, Fe A1 Mn
Z[a] B P AR AR AR 2 T MK Ca JELF-15] CaO 1Y
O JRFHEfLi FRfE Sy, HERRIHXT CO, MK LU
H#F CO, gk, IAh, Fe-Mn 8245 1l UL i & FAK AR
PRALFUS TR ALRE, BEmBRmRIL i3 . GUO 2
W Cu 55 Mn. Fe fll Ce #4824 CaO il % &
AW RER, 45 R & B (Mn-Cu) . (Fe-Cu) .
(Ce-Cu) BZuFE M B TERE LK T4l CaO, FEMB
7% Cu (B CaO FEME IR 1Y CO, HiZRBE 1 7 A=
AR, 2k b, B4 Ce-Zr. Ce-Mn Fl Fe-Mn
W& @ m M FEE e R R TS, mAEEZN
AT, R R I B A i RO SRR I T R B
PeF . I J2 S A W B 2 v XSS A S T
ek 4 8 A A THARSS B R R] d 0B & ek
BB ZRE R, SR A
MW BB ae A A =BT CO, ligRTERE, (HiL
BB &R Z BRI A A, AIRECH & R4 A
Al RB S FEORBIHERE TR

4 HRINEE B MERERERAREM

UTEEAR B 4 R A AR 48 A i MgO i i
JB, %07 R AR MgO f A% RERY £ 2 1 & Skeik
2 MgO Xf CO, MHfSEERE . HRdiaE"™™"”, Hmbsh
BaE, HAERBIARE R, 2T Mgo 5 CO,
() R INE 6 A%, 4 a3 3 R MgO 2% 1T 1Y it 4%
S, TEREBRG, (Rt O AP A, AT AR
MgO fif 2k [Mg™...0 1 RE &, e KR E MgO
MR CO, RLR, T e Bl vk

KIM 276 5 i 42 8 B T IR A MgO 1t
Fdr, 45 HFRUALE 240 °C A1 1 atm T WA F A %)
9.27 mmol/g. A WL % J5 %+ 40 A ROOF R
MgO W RE A A &, 7 MgO ol A4 )& &
TFoORRLER , 1713 Ao 3 5 2 T 5 R L L A 2
JEE R 38 i A R A B L DT R0 T B R R T A
CO, W B P 457 15 . QU %5 7 % FIY Bk s 1 4%
NaNO;/NaNO, #2% 1) MgO W %], CO, Mkt
A3k 12.5mmol/g, QIAO 2™ BF5Y T Li/Na/K #h
Bt MgO Wi CO, PERERZM, %z PR 75 W% Bff 551
( Lig3Nag 6Ky, ) NO; « MgO 7E 1 4~ KA AN 300 °C
Sl F AL T 5 16.8 mmol/g. XU %8 #5
T MNO; (Li/Na/K) {2t MgO BRER b 1) 8l J1 244
B, ZESERIAIE R MNO; (IS 5774 T = A AL 6
R ER BEAE IR/ MgO, FAAIE MgO ks i 5 1

A, JEml e 4R RS MgO M EAEHTF,
T AR T Mg A O SR TN ES ROk B A B, 3L
MgO A5JE, MIMTERL T HIBR . 28 (45 ShAg Bpe, mf
WL, AR R 7 A W A A FE AR BT & e2E MgO il
RELsaRE, FPEEss R RREI, ks
4R LE Li. Na, KIBZ2Her:xT MgO Wt
CO, Mg, KIBEE B 2204 8 T R INZ i 4L
(2R JZ 30, W BREF b e T AL i 2K, s
BRI E R L, S5FBRFEVR SRR, SR b
CO, MBI 7 St i 22, DT 32 =5 MgO X
CO, MM fHPERE .
ZHAO %" @i 1 DFT M #4 B % (Li. Al
K. Ca) 84 MgO B/, Hf 53 15 2% 4 J@ 25 U %}
CO, et FRA M . 25 SRR K B4 H R4
BRI oy 5 B A B 34 B R, i K/MgO X CO, 1Y
W BFRE T B b, IR R B 2R & )R on R W
CO, B}, OJRFH FEHTX, MgliFfi TAH
FIX, Z2HHMN Mg f4 )8R T 1 O JR i1
%, W Co, 5, HF M Mg+ CO, 1y
C JFLF5:85%) MgO 1 CO, 9 O JET, &JdRT
F H far e B B L DU FE s 5 1 O B+ b, fdk 1R
T A A 5, BT WG R R0 3% 1A A B
T T B e R o ) I R o P AT A A BB ) I G R
WHEEWME RS, £REFME CHEFY O
TFIOZEA T INESR,  Hfar 20 A7 18 1P L4544 58
FE . SRBREMHLL, BieETRMRE T
I W77 it A s e i T I P A
it 4 BT E B AR AT CaO JENEFFFI A&
A AR IR AR, A T R R B A AR AR, T AR T
CaCO; F=Y) 2 UG I TR iR, M 150¢
BRFFRIBR R AL S N TR K . B4 JR 4B 4% CaO th2xh
T B 790 2 TR 7 A S, PR, AT o] 67 28
S JEI CaO (B Li) #0435 W B 70 i) miz o 14 e
REDDY 2™ X 4 J& 8 7% CaO HEATHISY, &K
B RIR TR, WRRE )t R B
o Cs BRI CO, MR e, i
Bfi$5 24 w3 K KRN, SRR T2 T Cs,0
Shits Li B2 BRI B Re AR, SRt Tk
T Li RAETHE, WEHIZTE AL S CaO FEML
FlB Mk . AT RIE T Na B W B39 B e ik
BUk, BN F A5 A S8 M B GHER, 51E
LBRZE AR L, WERFR T CO, ISMIEM A H
B REIHE] 5 [ RS, 2 o7 d5Re o e J 4 ot 2 sk o
Ca™" P HLE =y 2 Al 2R, pE— 2 ek Rk
RN R HE—B W g SRR, BAR A B T
VIASERE CaCOs P2 B TR, (BN
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RLZIAVREZE | R ZS O Bl ER e R 45 A B I 5 i)
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