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Lithium adsorption on nanocrystalline MnQO, ion sieve
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Abstract: Various polymorphs of MnQO, were synthesized with a controlled hydrothermal method. Li-Mn-
O precursor was prepared by the wet impregnation of a solution of LiOH « H,O into MnQO, synthesized,
and the final MnO, ion-sieve was obtained by acid treatment. The crystalline phase structure and
studied with XRD, TEM, Li"

measurement. The result showed that reactant concentration had different effects on the growth rate of

exchangeability of Lit were adsorptive isotherm and kinetic
different MnO, crystal faces. The novel MnQO, nanowires, mainly about 5 nm X400 nm in diameter and
length, were found to have a remarkable lithium ion sieve property with monolayer saturation amount of
2.43 mmol * g~! and the adsorption rate constant of 2. 16 X 10 °s™* at pH=09. 19. The lithium adsorption

capacity of MnQ, ion-sieve increased with the increase of pH value, up to 3.47 mmol » g ! at pH=12.5.
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Fig. 1 Process of MnQ, ion-sieve preparation
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Fig. 2 XRD patterns of MO polymorphs
a (hkl) —a-MnO; crystal face;

r (hkl) —ramsdellite MnO; crystal face
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Fig. 3 XRD patterns of LMO
¢ (hkD) —cubic LiMn; Oy crystal face;
m (hkD —cubic Mn;Os crystal face
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X ChkD

crystal face; ¢ (hkl) —cubic LiMn; O, crystal face

& 3 7] 41 LMO-b Ky 4fi 57 J5 41 LiMn, O,
(JCPDS 35-0782, a=8.248 A), LMO-a, LMO-c
M LMO-d £ % LiMn,O, (42 5 A 458, (H7E
33.04°, 38.36°, 55.54°H1 66. 22° &b H FL Ak 55 19 7
J5 A Mn, O, 7 5 i (JCPDS 41-1442, a = 9. 409
Ry, BB i B AR S . I 4 il A
HER Ak # IS (FE & Oh 4l 577 A Aa-MnO, (JCPDS
44-0992, a=28.030 A), fHFE 32.96°, 55.32° %5
77.92°, 78.92°4 %55 9 Mn, O, &% LiMn,O, fij 4t
e, M H B 3 5K 4 ) XRD 3% B AE ® AL
Li-Mn-ORj3R K 5 A-MnO, |5 )& 7 7454, 5t 5
AL A A, 4 8. 248 A A1 8.030 A, i
Li-Mn-ORj3R A 75 Li* Bl it B P JE & f2 2 . Mn
TE S AR S5 T ) A B AR FEANAS
2.2 FREEBESH

MnO, BB 35 %5 FH B 25 28 46 F AR E vE LA

FEME M, Sun FHIB M ESEE TFRE
SEHAERE B TiO, 49K % s Chitrakar 555 (1) §f 5%
W3R W] MnO, GRKRLEEH W FE 7, HI SEM K%
SR CANE 5 Frs) . T M EL 6 ] 3 2 Hh
F AL I 7 ] 45 1) MnO, B 554 5 nm X 400 nm
M —4Egksk (MO-b), SRiifEL st LiT B E. K
BeAL IR AL B J5 . 40 oK £ 45 0 k. LMO-b Al
SMO-b B EA L5449 200 nm X 500 nm ) £k,

5 MnO, fl MnO, iy SEM E{%

Fig. 5 SEM images of MnO, and MnO;ion sieve
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Fig. 6 TEM images of MO-b, LMO-b and SMO-b
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and simulation according to Langmuir equation
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Fig. 8 Lithium adsorption kinetics of SMO-b

and simulation according to Lagergren equation
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Fig. 9 Adsorption capacity of SMO-b
at different pH value
ARV Ty HMn, O, R HE Lt i 5g 42 05 Xk

HMn, O, + Li" —> LiMn, O, + H' (5)
MW bR LT 5E R e 70 e HT Ak B
Y pH RIS 2 0 5 BN 18] A BEAT . O
BiF B BE A pH (B SE ATTSE In . PR 3 2 bk
R B8 R ) O Ik B RT3 4 iy L A IR

3 % #
Bt KGR 4 T o1 ramsdellite-MnO,

[F] A 5% M, 3X — s A] T T A C AL A Ak Can
TiO, . ZrO, %) Ayl & . LiMn, O, §jIRALE LiT
BB A IR A E . Mn 78 SR 250 vh iy 7 8 IR
FeAAs, TEM E & %2 K IE B H 2 8 R R
#5 nm X400 nm ) — 4k MnO, 40K 2, HE F i
(I EEALE K4 2 200 nm X 500 nm 1) 2 1k, 44K
MnO, B Fififi 545 i Li" i dEge. & pH E
XoF B 1) W B A AR K S e, R B B R
pH A i A, 24 pH=12.5 i}, Q=3.47
g . XAFY K MnO, B 1% 76 3R 5 1k
KA B g AR G 1 TR

" 5 Wi M

C WP LiT BHRE, mol - L}
Ky —— W B4 I 9 7 3 %, mol « L
Fegs— MR BH R, s

Q—— 1 5 W B 70 1) U2 Bt i, mmol - g
W FTE] . b

mmol *

W R R g
T 45
0. e om e MBIV P R 2

References

[1] Armstrong A R, Bruce P G. Synthesis of layered LiMnO,
as electrode for rechargeable lithium batteries. Nature,
1996, 381 (6582): 499-500

[2]  Marshall P N, Charies K B. Method of lithium recovery:
US, 3306700. 1967-02-28

[3] Mehta, Vijay C.

US, 4723962.

Process for recovery lithium from salt

brines: 1988-02-09

[4] Ooi K, Miyai Y, Katoh S. Ion-exchange properties of ion-
sieve-type manganese oxides prepared by using different
kinds of
Technology, 1987, 22.

[5]  Yan Shuwang C[& # if),
Zhihua (FFEE)

introducing ions.  Separation Science and

1779-1789

Zhong Hui (%) # ). Huang

Preparation for the granulated titanium
dioxide inorganic ion-exchanger and recovery of lithium from
brine. lTon Exchange and Adsorption (B3¢ 4 5 W i),
1994, 10 (3): 219-225

[6] Vol’khin V V, Leont’eva G V, Onorin S A. Izv. Akad.
Nauk. SSSR. Neorg. Mater. , 1973, 9 (6): 1041-1046

[7] Kannugo S B, Paride K M. Interfacial behavior of some
synthetic MnQO, samples during their adsorption of Cu?" and
Ba’" from aqueous solution at 300K. Journal of Colloid
Inter face Science, 1984, 98 (1). 252-260

[s] Thackeray M M. Manganese oxides for lithium batteries.



et

EE

74

PVBBESE . 940K MnO, 5T (1 41 0% B 24 BB .

1761 -

L9l

[10]

[11]

[12]

[13]

Progress in Solid State Chemistry, 1997, 25 (1/2). 1-71
Novel lithium-ion cathode

Advanced

Ammundsen B, Paulsen J.
materials based on layered manganese oxides.
Materials, 2001, 13. 943-956

Zhang Q H, Li Y, Xu B Q. Reforming of methane and
coalbed methane over nanocomposite Ni/ZrO,
Catalysis Today, 2004, 98 (4). 601-605
Wang X, Li Y D. Selected-control hydrothermal synthesis

catalyst.

of arand B -MnO; single crystal. Jowrnal of American
Chemistry Society, 2002, 124 (12), 2880-2881

Zhang Q H, Sun S Y, Yu J G. Controlled synthesis of
nanocrystal manganese dioxide ion-sieve//4th Pacific Basin
Conference on Adsorption Science and Technology.
Tianjin: Tianjin University, 2006: 55
Zhang Q H, Sun S Y, Jiang H, et al.

MnO;

Adsorption of

lithium ions on novel nanocrystal [ OL ]

[14]

[16]

[17]

[2007-1-25]. http: //dx. doi. org/10.1016/j. ces. 2007.
01. 016

Hwang B J, Santhanam R, Liu D G. Characterization of
nano-particles of LiMn; O, synthesized by citric acid sol-gel
2001, 97/98.

method. Sources ,

443-446

Journal of Power
Sun X M, Li Y D. Synthesis and characterization of ion-
exchangeable titanate nanotubes. Chemistry-A European
Journal ., 2003, 9 (10). 2229-2238

Chitrakar R, Kanoh H, Miyai Y, et al. A new type of
manganese oxide ( MnO; « 0.5H;0 ) derived from
Li;. ¢ Mn; 0O, and its lithium ion-sieve properties. Chemistry
of Materials, 2000, 12 (10). 3151-3157

Trivedi H C, Patel V M. Adsorption of cellulose triacetate
on calcium silicate. 1973, 9

(6): 525-531

European Polymer Journal ,



