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Synthesis and Adsorption Process of Lithium Taking Used as
High-Temperature CO, Sorbents
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Key Lab for Advanced Materials of Ministry of Education; Department of Material Science and Engineering,
Tsinghua University, Beijing 100084, China

Abstract One of the high—temperature CO, sorbents lithium orthosilicates (Li,SiO,) was synthesized by using sol —gel method. The
structures and the adsorption properties of Li,SiO; were investigated by XRD, temperature—programming tests, and isothermal tests. In—
situ FTIR tests were carried out to analyze the adsorption species and procedure. The results show that high purity (more than 90%)
monoclinic Li,Si0, could be obtained by adding citric acid into the LINO;—TEOs—Ethanol co—hydrolysis system. Such a Li,SiO, material
shows good CO, adsorption performance in the atmosphere of 2% CO, in He within the temperature range of 450—500°C. The major
adsorption species on the surfaces of the samples are bicarbonates at lower adsorption temperature, and are ion—type carbonates and
horizontal-type carbonates at higher temperature.
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Fig. 2 XRD patterns of Li,SiO, samples

F1 AEFEBAMES SEBREERNYHER
R R ~F
Table 1 Phase and average grain size of the samples
prepared with different citric acid contents
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S-1 CA: Li*=0:1 Li,S104+Li:Si05 69.5 23
S-2 CA: Li*=0.5:1  LiSi0,+Li,Si0; 974 23
S-3 CA: Li*=1:1 Li,S104+Li,Si05 94.6 22
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S-5 CA: Li*=2:1 Li,510,+L1,Si0;4 95.8 23
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Fig. 4 TPR pattern of sample S-2 in 2% CO./He
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Table 3 Isothermal adsorption test results of sample S-2

. S . . T
W 7 B /°C . J B WL BE /G B B/ (mg - g71)
/(mg-g™)
400 10 495 8
450 28 519 25
500 49 543 46

11 WA I B2 A R T S 49 16 7 B2 ), {HAE 400°CHT I B i
G 1 AN 2 DA R 0 9 Ak B i SR A AIG W B RN A% 3 B
Ty BRI o AN ) T TR B (0 A5 o SR A 06 XoF 7 ) 3 B AN TR
Wi e il 00 3 T 0 B R R R e R 3D, 1 B AN TR
TR B B R AT, R R B R B AR e, kA, 450
L5 500°C il £ £ 50 ) b B B A7 46 32 1, BV R0 4 450°C A
W 5 3288 3R LK T S00°CHS W B 3 fHL B 25 f g 8R4, W o ok
TR A AR A S S B S R v T A R B LA A T
BR324 RO, 400°C HY RE R 4 1Y
ST B 10ma/g , 110 B WL K BE T3 B AIK . R R 1 T v
ST A 2 32 U 48 i, 500°C B 19 8 T B A T LA 5k 31 29 49mg/g
T A AR P T AR S A T B T A A 2 R AR R T
BEF CO, £ 58 5 A T B 28 B0 A Ak TS 2 mT I8 B 5 4, T S 30
WAL 18 8 P
2.3 FEERSE MY Z SN B TR BT 490 b R IR Bl 3 A2

YT 2.2 W R AR ST A PR R AR A L AS TRD IR BE T T
WD KR e PE AR AT 25 5, A WFIE & 1R FH L0 B i 56
FIXTHE TR BT BT CO, B W B AR 04T T RGEESE . B 6
FEdh S—2 W Bt CO, 5 B9 B 7 204 60t . Hod  675em™ XF
N Li—O B 4IR30 ;803,874,917 F 940cm™ 43 5 X i
Si0, X5 H4¢ A 4 i 3l S AR XF B 4k 2 22495 1028cm™ X if
Li—OH §M%i 4R 5h P, 1200—1650cm™ X Ji7 4% Ff 12X 10 5k 2



] jcmik

#E S 2011,29(22)

538 32 (Articles)

e\ LA H,50—200°C %R X% 1# T W ARk 5200—
350°CH} , 37 T 1028cm™ 1 Li—OH 4R 4E W sk 55 | 57 T 1200—
1650em™ AR AR £h X HH AV ZE 4, AR 2R B Be CO, AT g5
R Li—OH &4 RN I8 B IR A Eh R, =X (3) s
CO+Li—OH—LiHCO; (3)
400—450°C | 675em™ &b Li—0 FR4E 1%} 803 ,940cm™
Ib Si—O FEAF WUk 55, BERER XK, XAl LN BT
Li—0.Si—O0 #AWr2d, AL Lit.0*,C0, 5 Lit 0745 B3I
B, i (4) KXG)HFR.
Li,Si0—Li,Si0s+2Li*+0> (4)
CO42Li+0*—Li,CO;4 (5)
AN Litid DLW [ S5 & CO, 7 FIE A Li—0=
C=0 454, NI 7E 2910 F1 2504cm™ Ab H BLAFAF I

1028 675

1200-1650  /,803:9401

i i

' \ /i

2910 2504 A

|550°C F 2 . A

500C toomooooncd — 4

450°C RN = B et .-?\

:; e ——AA— - — : ' \, ‘

= |400C Py e ;

s § _ e -

) _'5_'05 _T_U_U' _JLd_/__,—-T_ﬂ_._/ A

# 300¢ M Ji

! — i

250¢ - PERI e A

200¢ %

—— ' .

150°¢ A h

e~ — :
50 A

4000 3500 3000 2500 2000 1500 1000
/e

B 6 #& S-2%# 2%C0, K545 50—550C#EFE
FHiR B LI sh ik

Fig. 6 Ex-situ FTIR of sample S-2 in 2% CO,
from 50°C to 550°C
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Fig. 7 In-situ FTIR of sample S-2 in 2% CO,
from 50°C to 550C
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Fig. 8 Schematic plot of CO, adsorption
process on lithium orthosilicates

3 4#ig
(1) TEfH FRHE-1E fif IR LT - Z BE3E K R R b 5| AR 1)
BRI IR RIS, T AR BERRAE 800 CHRbE 2 Al 2K A5 4l JEE

29 Im



] jcmik

ﬁ\ 3Tk X (Articles)

B S, 2011,29(22)

SCIEACE & TECHAOLOGY REVIER

T 95% LA b () HURHAH BE R R, (H A9 68 T 1 B 0 rk PR AR W AR AL
R e 45 ¥ T B S R

(2) 3 [ A7 4 0 [ 8 R AR Y THR N, RGE, H#ES T
7 T R A Y CO, W B BB 1Y SR A 3 iy
P 5L G T AR AN S B R A5 R AR — 3, B
5 T E 22 SRR AR i T R R AR R AE

(3) BEMRHEAE 2%CO, ST, W B & X (8] 24 450—
510°C, Jit B 3R 3 X 1A] & 530—600°C, SO0°CHT , £ Al ¢ 3 1 4%
- (1 W B P BB A R B CO, & T 3K 49mg/g, TR B CO, 7¢
T YL AT PR 8 4, S B ARG BR AR

(4) fRUE CO, 7 fif TR B2 BA ARk 2 T 1) WA P AR 25 32 22 LUK R
AP AT IR T EZ R M & RSN Li,Co,
il = B R &

HFH AIHRZERERHAFZEELRB (51042011) F 8, F 4 K
FHAMFE IRANELRL MM ILARE AR R E LT BT A
P2 T AL E B X e A B, fE s — 5 R ARG

2 % ik (References)

[1] 367 Il BORFIR] M A8 Al % 1712 Bhge . B =W Al 4l dty . U172 4k 2001
[R]. %+ H N EC, 2001: 180-185.
IPCC. Third assessment report: Climate change 2001 [R]. Seitzerland
Geneva, 2001: 180-185.

[2] The Energy Information Administration. "International energy outlook
2010"[EB/OLY]. [2010-7-27]. http://www.eia.doe.gov.

[3] #&ff 5. a5 £ —CCS R ML IR ST (J] b EER L™
Ak, 2008(12): 57-61.
Qian Bozhang China Environmental Protection Industry, 2008(12): 57-61.

[4] Murai S, Fujioka Y. Challenges to the Carbon dioxide Capture and
Storage (CCS) technology[J]. IEE] Trans, 2008, 1(1): 37-42.

[5] IPCC. IPCC special report on Carbon dioxide Capture and Storage[M].
New York: Cambridge University Press, 2005.

[6] Gibbins J, Chalmers H. Carbon capture and storage [J]. Energy Policy,
2008, 36(12): 4317-4322.

[7] SRARA, XU, o 5 AE L R B BLAR 5 K R[], SRBERLE I3, 2005(4):
25-28.
Zhang Shuwei, Liu Deshun. Environmental Science Trends,2005@). 25-28.

(8] A4, Hism. b R ™ i R ) CO, HE i SR K AR M (J]. BR4
41, 2006, 24(10): 53-56.
Ran Rui, Weng Duan. Science & Technology Review, 2006, 24(10): 53-56.

(9] 522 WUk . 0P AR Bl 2 RS R R BT SE (D). A
JERHE R, 2007,
Peng Shujing. Experiments study on the recovery of CO, from flue gas via
chemical absorption [D]. Shijiazhuang: Hebei University of Science and
Technology, 2007.

[10] Draper E L, Becker R A. Research and development needs for the
sequestration of carbon dioxide as part of a carbon management strategy
[C]. The National Coal Council. Washington DC, 2000.

[11] Yong Z, Mata V, Rodrigues A E. Adsorption of carbon dioxide at high
temperature—a review[J]. Separation and Purification Technology, 2002,

26(2-3): 195-205.

B 30

[12] Ida J, Xiong R T, Lin Y S, et al. Synthesis and CO, sorption properties
of pure and modified lithium zirconate [J]. Separation and Purification
Technology, 2004, 36(1): 41-51.

[13] Ida J, Lin Y S. Mechanism of high—temperature CO, sorption on lithium
zirconate [J]. Environmental Science and Technology, 2003, 37 (9):
1999-2004.

[14] Kato M, Yoshikawa S, Nakagawa K. Carbon dioxide absorption by lithium
orthosillicate in a wide range of temperature and carbon dioxide concen-
trations|J|. Journal of Material Science Letters, 2002, 21(6): 485— 487.

[15] Venegas M J, Fregoso—I E, Escamilla R, et al. Kinetic and reaction
mechanism of CO, sorption on Li,SiO;: Study of the particle size effect
[J]. Industrial and Engineering Chemistry Research, 2007, 46(8): 2407-
2412.

[16] FRAS3C, Tob, BRI, 55 BRI Y LiSio, Wik CO, (5256 1F
FE[J]. Hh R 424z, 2008, 26(S): 657-660.

Yang Shuwen, Yu Jie, Lu Guoqiang, et al. Journal of the Chinese Rare
Earth Society, 2008, 26(S): 657-660.

[17] EHA, H, WA, ST R W I CO, M5 [1]. Tk
242, 2006, 22(2): 268-272.

Wang Yinjie, Qi Lu, Jiang Weijun. Chinese Journal of Inorganic
Chemistry, 2006, 22(2): 268-272.

[18] Pfeier H, Bosch P, Bulbulian S. Synthesis of lithium silicates[J]. Journal
of Nuclear Materials, 1998, 257(3): 309-317.

[19] Mt Ak 0 IE RE AR £ B K A 5 5 MLEL I 5200 [J). JEHLAE RL22 412,
1997, 12(3): 363-369.

Lin Jian. Journal of Inorganic Materials, 1997, 12(3): 363-369.

[20] Brinker C J, Trouc E, Colomben P. Influence of the precursor and Si
concetration on silica gel[J]. Non—Crystalline Solids, 1988, 100(1-3): 31.

[21] Brinker C J. Sol-gel science[M]. New York : Academic Press, 1990.

[22] Takahashi R, Sato S, Sodesawa T, et al. High surface—area silica with
controlled pore size prepared from nano—composite of silica and citric
acid[]]. J Phys Chem B, 2000, 104(51): 12184-12191.

[23] Souza F L, Bueno P R, Longo E, et al. Sol—gel nonhydrolytic synthesis
of a hybrid organic-inorganic electrolyte for application in lithium—ion
devices|]]. Solid State Ionics, 2004, 166(1-2): 83—88.

[24] Zaghib K, Salah A A, Ravet N, et al. Structural, magnetic and electro-
chemical properties of lithium iron orthosilicate [J]. Journal of Power
Sources, 2006, 160(2): 1381-1386.

[25] Lukic S R, Petrovic D M, Dramicanin M D, et al. Optical and structural
properties of Zn,Si0:Mn>* green phosphor nanoparticles obtained by a
polymer —assisted sol —gel method [J]. Scripta Materialia, 2008, 58 (8):
655-658.

[26] Martinez—dlCruz L, Pfeiffer H. Toward understanding the effect of water
sorption on lithium zirconate (Li,ZrOs) during its carbonation process at
low temperatures|J]. J Phys Chem C, 2010, 114(21): 9453-9458.

[27] Philippt R, Fujimoto K. FTIR spectroscopic study of CO, adsorption/
desorption on MgO/CaO catalysts|J]. J Phys Chem, 1992, 96(22): 9035-
9038.

[28] #hIGUF, BEE, T AT . CO, TE Cu=Ni/ZrO,=SiO, #E AL I 1 0 i 5
KLRE[)]. 43 FiEdk, 2002, 14(1): 37-40.

Zhong Shunhe, Li Hansheng, Wang Jianwei. Journal of Molecular
Catalysis, 2002, 14(1): 37-40.
(FERE £E)



