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Synthesis and properties of lithium ion-sieve precursor LisMnsO;;
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Abstract: Spinel-type Li;Mn;sO;, precursors were synthesized from y-MnOOH self-prepared by hydro-thermal method
and LiOH-H,0 by low temperature solid-phase reaction. Furthermore, MnO, ion-sieves with Li" selective adsorption
property were prepared by the acid treatment process to extract Li" from the spinel Li;MnsOy, precursor. The effects of
solid-phase reaction process on the structure, chemical composition and ion-exchange property of the ion-sieve material
were investigated by XRD, SEM, FT-IR and Li* selective adsorption measurements. The results show that calcination
time has the considerable effect on the precursor. The precursor synthesized at 400 “C for 32 h is a pure Li;Mn;sO,. Final
MnO, ion-sieve and LisMnsOy, precursor have a low-dimensional rod-like morphology link »-MnOOH and share the
same structure of spinel. The adsorption rate of ion-sieve is consistent with the pseudo-first order kinetic equation of
Lagergren. The Li" saturated adsorption capacity is 40.2 mg/g, and the ion-sieve shows good Li" selection.
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Fig. 1 XRD patterns of Li;MnsO, precursors calcined at
400 °C for different times
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Table 1  Cell parameters of precursors calcined at 400 ‘C for

different times

Calcination time/h Cell parameter/nm La00y/ 311y
12 0.819 81 0.68
18 0.817 87 0.80
24 0.816 84 1.10
32 0.816 16 1.39
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Table 2

calcined at 400 C for different times

Mn content and average valence of precursors

Sample  Mass fraction of Mn/%  Average Mn valence
LMO-12 62.62 3.68
LMO-18 57.13 3.92
LMO-24 56.16 3.96
LMO-32 55.46 3.99
LiMn,04 60.76 3.50

LizMnsO, 55.33 4.00

Mn,0; 69.60 3.00
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Fig. 2 XRD patterns of precursor LMO and ion-sieve SMO
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Fig. 3 SEM images of different samples: (a) »-MnOOH (MO);
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Fig. 4 FT-IR spectra of precursor LMO and ion-sieve SMO
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Fig. 5 Adsorption kinetics curves of SMO (a) and simulated

curve according to Lagergren equation (b)
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Table3 Kjand ¢l for metal ions on SMO ion-sieve

Me
co/ co/ o Ky Li
ln (T (L) (mgg?) @iyl e
Li*  0.145 1.4X10° 14.36 10 257.91 1.00
Na® 0512 0.507 0.51 1.01 10 194.80
K" 0.834 0.817 1.63 1.99 5 145.56
MgZJr 0.685 0.643 4.12 6.40 1 602.81
ca’* 0.758 0.686 7.25 10.58 969.83

B0 SMO g4 Lokt 4 8 B 7 o0 it R 5 K
R ENIBE A Lits Ca®. Mg™'. K'. Na¥, 708
K2 o F/NEIRIIBUE N Lits Ca®'s Mg K'\
Na', IX W] 857 0 x4 85 1 B AT 5 R ek o RIS
BRI BB Ky, =10 257.91, 5 SCHR[18RIET
OB RBEA MBS . BN LRk
PEFEEIERN 2-MnO, BA7 —4iiliE, AL RS
Li' 4240 R ], 34 LiTRdAN, BB feE b Lit
GRS /NG 3 8 (= L S T8 % Ll = R R P L 5
Ko SLBENRL B 8 g T 47 U

3 Zig

b=}

1) 38 5 K AU AH SRl T LisMinsOy, BT
IxfA. 400 CHtke 32 h Frfd MaTokig LT 4l i)
Li;MnsOnp tb 59, 24 0.5 mol/L SRR A Ay #i2 it 771
i, Liy;MnsOp, BUOKAAIIEAHI%N 0.8%, RILHE
USRINEL AV SYvel 4

2) HR RAE 0.5 g/L LiCl 390 5 0 i v R
M7 SR 402 mg/g, ZrECRECH 10 257.91 mL/g,
TN AR I LR

REFERENCES

[1] TSUCHIYA S, NAKATANI Y, LBRAHIM R, OGAWA S.
Highly efficient separation of lithium chloride from seawater[J].
Journal of the 2002, 124:
4936-4937.

[2] CHUNG K S, LEEJ C, KIM W K, KIM S B, CHO K Y.

American Chemical Society,

Inorganic adsorbent containing polymeric membrane reservoir
for the recovery of lithium from seawater[J]. Journal of
Membrane Science, 2008, 325: 503—508.

[3]  EEBAL kR, dkESE, XUJR M. LigTisOp (KA A Litf

[10]

[11]

[12]

BT S E ] WERL AR AR, 2007, 23(6): 950-954.
DONG Dian-quan, ZHANG Feng-bao, ZHANG Guo-liang, LIU
Yi-fang. Synthesis of LisTisO, and its exchange kinetics with
Li'[J]. Acta Physico-Chimica Sinica, 2007, 23(6): 950-954.
MBI, BRI, TEE, SREEL, ERBL K KR
SRR IR0 ) B A T BIFA D). A2 T 5 TR, 2010, 27(2):
138-143.

LIU Luo-feng, ZHANG Yu-shang, HUANG Xi-ping, ZHANG
Jia-kai, WANG Yu-qi. Synthesis and application of efficient
adsorbent for lithium extraction from seawater and brines[J].
Chemical Industry and Engineering, 2010, 27(2): 138—143.
ZHENG J P, CRAIN D J, ROY D. Kinetic aspects of Li
intercalation in mechano-chemically processed cathode materials
for lithium ion batteries: Electrochemical characterization of
ball-milled LiMn,O4[J]. Solid State Ionics, 2011, 196: 48—58.
FIV, FSK, /ML, BURR, BIERE, MK, ik,
RS, 2 s BL MnsO, S HTERAR I R A 2 LiMnoOy
KALERE[I]. AT (4 253, 2012, 22(8): 2276-2282.
WANG Ying-ping, WANG Xian-you, KUI Xiao-shan, WEI
Qi-liang, YANG Xiu-kang, YANG Shun-yi, SHU Hong-bo, BAI
Yan-song, WU Qiang. Preparation process and performance of
spinel LiMn,O, using Mn;O4 as precursor[J]. The Chinese
Journal of Nonferrous Metals, 2012, 22(8): 2276-2282.

OZGUR C. Preparation and characterization of LiMn,O4
ion-sieve with high Li" adsorption rate by ultrasonic spray
pyrolysis[J]. Solid State Ionics, 2010, 181: 1425-1428.

MA Li-wen, CHEN Bai-zhen, CHEN Yan, SHI Chan-xi.
Preparation, characterization and adsorptive properties of
foam-type lithium adsorbent[J]. Microporous and Mesoporous
Materials, 2011, 142: 147—153.

Eowk, B R, WM, WD O O R )
MnO,0.5H,0 [ AL 27 5 B S W B P REBIE ST 0], 427 2 4,
2007, 65(12): 1135-1139.

WANG Lu, MA Wei, HANG Mei, HANG Chang-gong. Soft
chemical synthesis and adsorption properties of MnO,-0.5H,0, a
high performance ion sieve for lithium[J]. Acta Chimica Sinica,
2007, 65(12): 1135-1139.

WAE3C, MRAR, £ B, SR, A A 5 &
AT R L/ LiTPERE)]. TENLAL 4244, 2011, 27(4):
697-703.

MA Li-wen, CHEN Bai-zhen, SHI Xi-chang, FENG Da-wei.
Preparation and Li" extraction/adsorption properties of lithium-
rich manganese oxide in aqueous solution[J]. Chinese Journal of
Inorganic Chemistry, 2011, 27(4): 697-703.

FENG Q, MIYAI Y, KANOH H. Li" extraction/insertion with
Characterization of

Langmuir, 1992, 8:

spinel-type lithium manganese oxides:
redox-type and ion-exchang-type site[J].
1861-1667.

SUN Shu-ying, SONG Xing-fu, ZHANG Qin-hui, WANG lJin,



2874

A G A R

2013 4£ 10 H

[13]

[14]

[15]

[16]

[17]

(18]

YU Jian-guo. Lithium extraction/insertion process on cubic
Li-Mn-O  precursors Li/Mn
morphology[J]. Adsorption, 2011, 17: 881—-887.

LI Y M, MAKITA Y, LIN Z Z, LIN S M, NAGAOKA N,

with  different ratio and

YANG X J. Synthesis and characterization of lithium manganese
oxides with core-shell LisMnsO,,@Li,MnOs structure as lithium
battery electrode materials[J]. Solid State Ionics, 2011, 196:
34-40.

YANG X J, KANOH H, TANG W P, OOI K. Synthesis of
Li; 33Mn, 4704 spinels with different morphologies and their ion
adsorptivities delithiation[J].
Chemistry, 2000, 10: 1903—1909.
YANG X J, TANG W P, KANOH H, OOI K. Synthesis of

after Journal of Materials

lithium manganese oxide in different
fluxes[J]. Journal of Materials Chemistry, 1999, 9: 2683-2690.

TAKADA T, HAYAKAWA H, AKIBA E. Preparation and

lithium-containing

crystal structure refinement of LisMnsO,, by the rietveld
method[J]. Journal of Solid State Chemistry, 1995, 115(2):
420-426.

ZHANG Y C, WANG H, WANG B, YAN H, AHNIYAZ A,
YOSHIMURA M. Low temperature synthesis of nanocrystalline
LisMnsO;, by a hydrothermal method[J]. Materials Research
Bulletin, 2002, 37: 1411-1417.

INBTE, SR, TRE. RYEIK LT A LiuMnsOy, (HIH] %
SRR B RELT]. TEHUM B, 2010, 25(6): 626-629.
SUN Shu-ying, ZHNAG Qin-hui, YU Jian-guo. Preparation and
low-dimensional cubic

lithium adsorption properties of

LisMnsO; nanostructure[J]. Journal of Inorganic Materials, 2010,

[19]

[20]

[21]

[22]

(23]

25(6): 626—629.

WK BR, JHS28E, SRUNSE. AR ThRR IR S 2B A S 1
BT[], sRBCBE TR 2441, 2001, 23(10): 1-3.

CHEN Yong-xi, ZHOU Li-juan, GUO Li-pin. The research on
the determination of average Mn valency in lithium manganese
oxide[J]. Journal of Wuhan University of Technology, 2001,
23(10): 1-3.

AITCHISON P, AMMUNDSEN B, BELL T, JONE D J. Proton
insertion in spinel lithium manganates and the effect of
manganese substitution[J]. Physica B: Condensed Matter, 2000,
276/278: 847-848.

WANG Lu, MA Wei, LIU Ru, LI Hai-yan, MENG Chang-gong.
Correlation between Li" adsorption capacity and the preparation
conditions of spinel lithium manganese precursor[J]. Solid State
Tonics, 2006, 177: 1421-1427.

KIM J, MANTHIRAM A. Low temperature synthesis and
properties of  LisMnsOy,[J].
Electrochemical Society, 1998, 145(4): L53-L55.
AMMUNDSEN B, AITCHISON P, BURNS G R, BELL T.

electrode Journal of the

Proton insertion and lithium-proton exchange in spinel lithium
manganates[J]. Solid State Ionics, 1997, 97: 269-276.

TRk RO B A S T R A AR PERE[D]. KIE:
RHEH K2, 2008: 94-95.

WANG Lu. Preparation and lithium uptake properties of lithium
ion sieves derived from spinel-type manganese[D]. Dalian:

Dalian University of Technology, 2008: 94-95.

(RiE FRITE)



