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Abstract

In this study, PVC-LMO beads were prepared by immobilizing lithium manganese oxide (LMO) with poly vinyl
chloride (PVC) diluted in dioxane solvent. XRD and SEM analysis confirmed that LMO was immobilized well in
PVC-LMO beads. The diameter of PVC-LMO beads prepared by dioxane solvent was about 2 mm. The adsorption
experiments of lithium ions by PVC-LMO beads were conducted batchwise. The optimum pH was pH 10. The
adsorption characteristics of lithium ions by PVC-LMO beads was well described by the pseudo-second-order kinetic
model. The maximum adsorption capacity obtained from Langmuir model was 24.25 mg/g. The thermodynamic
parameters such as AH°, AS® and AG® were evaluated. The calculated AG® was between —6.16 and —4.14 kJ/mol
(below zero), indicating the spontaneous nature of Li* adsorption on PVC-LMO beads. Also, the results showed that
PVC-LMO beads prepared in this study could be used for the removal of lithium ions from seawater containing
coexisting ions such as Na', K+, Mg* and Ca2".
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Fig. 1. XRD patterns of (8) LMO, (b) PVC-LMO bead before
acid treatment, (¢) PVC-LMO bead after acid
treatment and, (d) the evident site of spindl structure.
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Fig. 2. SEM images of the PVC—LMO beads prepared (a) awhole PVC—LMO bead (x50), (b) a cross section of the PVC
—LMO bead (x50), and SEM images of the inner suface of the PVC—LMO bead for (c) PVC 17.5 wt%, (d) PVC

20 W%, (c) PVC 22.5 wt%, and (d) PV'C 25 wt%.
SAAR] 790l F2ES 13.34 mg/go]Sith. PVC
o] 20 wt%l 9oz F/A LMOS| fi-50] A
ofUbx] Qkgkom, Li* S&leko 18.47 mg/g o & e}
St} PVCE] skeFo] 22.5 wi% W 25 wt%o]Ato 2
Z7MN7) A9l Li* Sk 77t 15.16 mg/g 2
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Fig. 3. Lithium ion absorption with different PVC contents
(PVC-LMO beads : 0.7 g/0.2 L, concentration : 30
mg/L, temperature : 288K).
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Fig. 5. Comparison of adsorption capacity according to pH

change (PVC-LMO beads = 0.35g/0.1 L, concentration

=30mg/L).
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Table 2. Therate parameters for the pseudo-second-order kinetic model

Concentration Experiment Pseudo-second-order
Co(mg/L) Ge (Mg/g) Ge (Mg/g) k2 (g/mg-hr) R’
20 14.23 15.32 0.0104 0.9988
30 18.98 20.51 0.0057 0.9986
40 21.09 23.73 0.0031 0.9972
50 21.30 23.42 0.0048 0.9909
70 21.96 24.38 0.0048 0.9979
100 23.51 24.99 0.0063 0.9982
25 6
s J
20 4
2]
5 151 =
& 10 g
— e—  20mglL 2 ® 20mglL
o 30 mg/L O  30mglL
51 Z3XT amn 1 X Somer
— - — 70 mg/L [ ] 70 mg/L.
—-—0—-— 100 mg/L O 100 mg/L
0 0+ T T T

T T T
0 20 40 60 80
Time (hr)

0 20 40 60 80
Time (hr)

Fig. 6. Variation of concentration as a function of timewith  Fig. 7. Plots of the pseudo-second-order kinetic model at

different initial lithium ion concentrations (PVC-
LMO beads: 0.7 g/0.2 L, pH 10, temperature : 288K).

Fig. 82 2=2 288~315K 2 Talsle] ajat &=f
2419 AEa], JelA A4 Fig. 69] Aiks
] (3ol 2-85to] Rl Zlolck Langmuir g2}
Aow B gt stulEES Uehd Table 4o
H R?9] Zjo] 0.9936~0.9898= Langmuir &2}
T4 A WSSl on, Ao SRk 27} 288
~315K 2 Z7}slo] we} 23.24~27.25 mg/goE =
7¥sl9it}. Xiao 5(2012)2] LullE NMPZ AR5}
Azt PVC-LMO H|=9] Z-9of Xl 3215k 20.16
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Fig. 8. Adsorption isotherms of lithium ions for different
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Table 4. Parameters of Langmuir isotherm model

Temperature
Parameter
288K 303K 315K
Ky (L/mgl) 0.8041 1.275 1.469
Om(Mg/a) 23.24 24.25 27.16
R? 0.9910 0.9919 0.9763

Table 5. Thermodynamic parameters for the lithium ion adsorption by PVC-LMO beads

i : AG’(kJmol)
AH’(kImol) AS'(Jmol)
288K 303K 328K
15.43 68.29 -4.14 -5.52 -6.16
(AG), d=](AH), AERI(AS)E & 4= 3o,
299U (A6 = ool o] gelelek(Liu, 2006).
AG = RTInK, 4 241 N
o714 R 714 4348314 Jmol K)o, T+= & N .
o £5£(K), Ku-2 Lengmuir 4322l £
Afrold A= thA] oot o] 4 o 4= Qe
18 1
AG = AH— TAS® ©) :
/}1] (5)—3—/}_]' (6)q] q-]?z}ﬁ‘]—@ O]—a{‘ﬂ— ZE]—O] Ef,]_l:]— 1(.)6.;00310 000315 000320 0.00325 000330 0.00335 0.00340 000345 0.00350
UT (K
_ A8 A Fig. 9. InK_ vs T plot.
InK, = & RT (6)

Fig. 9% Zi7te] Lo 3 Langmuir A<
Kig 4 (6)ol] 2831 InK T} UTE w8t 1]
ok o] 9] 71e7Ief HHOoREE AH9} ASS
Tk 4= ek Zzke] oA ek doshy] mletul
El55 Table 50 UERHRIch Table 5ofl4] Hzo] A
G'9] FE Z1Zke] Lmoja] B (1)) Fhe VERHSL
om, AH:= 15.43 kImol, Z18)31 AS'9] 2k 68.29
Jmolo|3ltt AG™9] gho] ()9 7k 7= A& 32t
o] ZpFA o dojifi= S QJulgith AH7E k9]
P TRERE F3o] FHukge] XS A, AS
7} okl Zhe THER LI SREle Bot goiv)
A1) AN BtdAdo] TFRe AS oujgict
(Sekar =, 2004).
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Fig. 10. Effect of coexisting ions on lithium ions adsorption.
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