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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 dimethyl sulfoxide (DMSO) solvent on behalf of N-methyl-2-pyrrolidone (NMP). XRD analysis
confirmed that LMO was immobilized well in PVC-LMO beads. The diameter of PVC-LMO beads synthesized by DMSO was
about 4 mm. The adsorption experiments of lithium ions by PVC-LMO beads were conducted batchwise. The maximum
adsorption capacity obtained from Langmuir model was 21.31 mg/g. The adsorption characteristics of lithium ions by PVC-LMO
beads was well described by the pseudo-second-order kinetic model. It was considered that the internal diffusion was the rate
controlling step.

Keywords : Poly vinyl chloride (PVC), Lithium manganese oxide (LMO), Adsorption, Lithium, Dimethyl sulfoxide

1.ME O AFEIL Stk 2lEe SA MR oF L400vHE] &

AL o= oF 2.5 x 10" kgo] w2 oFo] 2]Fo] &)

AL EEE EEE AR B o R AET B 5 gy sprany 2ES siestud st Aot ol
& AREE o|& HHA gl tet +~art 2A S A o|2ojx|a QltHl].

o e §4 F&HE B4 W Belels] aA £

* To whom correspondence should be addressed. Srfj=E3A2,3]3 S2FEA4,5]0] AFEElD Qo e &

e WlEET 0] Aol Be ool 9] S0l Wawm guwn

oi: 10. $ct.2014.20.2. P Al . o melsl ob3

pISSN 1598-9721 eISSN 2288-0690 oz}, §7] uli7t £AsHA =H SEed, S oF Y

http:/icleantech.orkr/et spaje] gelo] Fekel. olof Hstel FaEAL wlmA FHol

154



colu 24 %A 5HE Gl MG

Zhpisha, gxdo] Golshy] thie] §-8-340) 34 ul Helof

oul[7], BB, ALl E[9], F718He
o] wol AHEEIT glek. o] Fefl A 7
£ 2 A DA Y7 2R 72 9]
el ol ol dolel o) 2 A0 HRAA Y1)

*}%'8}01 Pb”’, an*, Cd 2 Ca’'E A A s % 23
31 © 1, Pena et al.[l11]+= ©]AFS}E] E]—-E,—(tltanlum dioxide,
TiOy) 2 A8l As™9F As™ 2 A AsHs AFS slch & o
TAEL AP A 13004 2|5 YA (lithium manganese
oxide, LMO)Z @435t g&oles FAshs A& 4343t
Ao 7 LMO= gl&ol&o thste] 2 Aedat g2t
o= 7He 23S d8ith 28y rE sRHES e shuel
LMO+= dutd o= miARt &2 Fejo]7] ufZof 34olA 4
A FE2 o dow, Ao SHste] ALAor s
Beole dgAdstr A 4= Sle{14].

ojget TS Hekst] 9fske] FZoll= LMOE 7HH[14],
Z1E[15], &8 93] < (poly vinyl chloride, PVC)[16,17] 52
RS AHgstel Aol At 9lek o] FelA PVC
= 7Ho] AR, £& 7IAH FEE AN D e B of
el Aberzre ool thete] Aol R EaiEY s
7F =of, HEH el Foll AH§Ear ATH18]. Umeno et al.[16]
2 PVCE fuyg xEEolu]=(dimethyl formamide, DMF)o]
o] LMOE WEHQl ez 13 3lste] ARR-SE -5 2
Fol]& Z2FFo] 16 mg/go| Athal 3+ 21, Xiao et al.[17]
PVCE =¥ Hgl ¥ & 8] &=(N-methyl-2-pyrrolidone, NMP)
of gsliAlA LMOE H|E= FE|= 143}sto] AMERE 74-9-oll=

2peko] 20.02 mg/golekal sHQITE. 1Lt o5 ATtollA] AL
sl Sl §HiQl DMFQF NMPO| 79~ Hha=2] AFH(LDso)
217} 2.8 g [Rat] B 7 g/Kg [Rat] 22 =/do] o, QIAof
},—_gA]oﬂ /n]7l-;<]—oH ul—x == 54/\0]- 5 o oJo ]1— 7—] oz 9
HA 21t}H19,20].

webA] 2 Aol A= LDsoo] |7} 17 gkg &= DMFU
NMPof| H|8f| =/do] W& tho|wddZEA|S=(dimethyl sul-
foxide, DMSO)& £uj 2 ALg-5t0] PVC-LMO H| =2 3§14 5}
31, SEM3} XRDE E3}¢] 3445 PVC-LMO H| 9] E
A5keiet. S PVC-LMO Bl=of o3t 2]&F 0]
S 435ta, S AFANE UOﬁ(Langmui N =
X gsto] TS oF2El, §AF 22 HEAT}
Agete] EAE A4S sk

£ oo ulo\' 2 rlo

il

oX oX
I DY oglo Ok

_1
o rlo Eld-

8- 12

-

ol
I

3
51.41-2]

il

fo 2 mz Ao |

mlo

2. 4

1L

HEiEH
od

2.1, ME A

PVCE 9ttA|n] Z(F)9] KCM-128 AHgskglom, PVC
£ 50l= 8= DMSO (Samchun, EP)E AF-&-3H3ich Ad
of AME3 2|5 o]& gole o5lE|E(LiCl, Shinyo, EP) A}
23} 1,000 mg/Le] X M(stock solution)S A %3+ & o]E 3]
A ato] ARE-sHYTE

3 PVC-LMO H]=9] A 29} 2] o] & §5 54 155

ol 84
Fol Al ARERE LMO+= A3 AH{13]0f| A o -2 Wy
Fa ot gAPY-7ZHMnCOs, Samchun, EP) 1.67 mol
1} A E(Li2COs, Samchun, EP) 1.33 mol2 20 mL of &2
of Yir 12 h & stk 70 T HAx7]o4 12 h A=
3t 5 500 C A 7] Z(Thermolyne, F-62700)0| 4 4 h 59 &4
sto] LMOE @A sttt

PVC 1.22 g& DMSO 17 mLo]| &3fA]7]l & LMO &% 5.0
g2 9l # U3 ST HES FE5] ST F A0
I mmel U317% ol 8510l Fipo] Wolmel PVC-LMO 1
=2 W47tk ST PVCLMO HEE SRz 4] Al
3 % 05 M HCI 89122 24 h 5 A3 5 o] A)2js}
FAA 2 AL TS PVCIMO =] E41A
XA 34 BA7](X-ray diffractionometer, XRD, D/MAX-
2100H, Rigaku)Z A-85}0] XRD 548 hglom, =xpA=}
& u] 7 (scanning electron microscopy, SEM, XL20, Philips)<
0]-8-3lo] SEM #9-& 519}t E3t BET (Brunauer-emmett-
teller) W] 3E™ =747} *](Micromeritics, ASAP 2010)& A}-&-3}

N
o

el

Sl

it

e o

2.
=

o7 g4

ol

D

Mo &

o] PVC-LMO H|=29] vl H &3} 7| grus SA4stqch
2.3 HLY

2lEole FAEES FEAHor A3Pshieh 500 mL 4
ZhEetade] d4sEl 2Eole 89 200 mLek FHAE
EQslal 4~ A &7|(Johnsae co. Js-Fs-2,500)5 AME-3lo] 1L
HslE A AL P o2 RS HHSAT AT A

il A7 Al
25 -?d/el-“i‘—ﬂ] ](Eppendorf centrifuge 5415¢)2 10,000 rpm
R )
Fﬂ—q(lon chromatography, IC, Dionex, DX-120)& A}-&3}¢]
gEol&o w5 EAsHT *d’gﬁ?"i-?[lﬂ"ﬂ/ﬂ LMO= ¥
Foleg HANTIE Aol 44 pHi 1002 ek} go
of pHE 1002 2stel AYS Bstsict
Bl G5 egolLe] FHTL ofzf 4
AAFstSAT.

filo

o] g5}

rlo

i A (M

A7) A q= to A Q] 2lEolR9 SaEH(mg/g), Co= 27| &
Fol29 sE(mg/l), C= tAZE 39] gEole F% (mg/l)
ol, V& g §ol2 &9 Hu(L), W AHEgH 5249
Foltt

=F

UE

3.

M

i,

4

3.1. PVC-LMO H|E 9| EAEA]

3143t LMO, PVC-LMO H| =9} A 2] 2|8t PVC-LMO H]=
©] XRD 4] A= Figure 19} YERJ it} Figure 1(a)= LMO
o] XRD 2 ATE Lebd 2102, 20 FFo] 18.78, 36.52 &
444804 3|4 F 37t B=E Qo B=E zHzbe] A ma=



156 4714, 42098 A23, 20149 6

(a)

w ﬂ ’\ '

(©)

Intensity (counts)

|

@

10 20 30 40 50 60 70 80
2 theta (degrees)

Figure 1. XRD patterns of (a) LMO powder, (b) PVC-LMO beads,
(c) PVC-LMO beads after acid treatment, and (d) JCPDS
card (# 35-782).
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Figure 3. Variation of concentration as a function of time with initial
lithium ion concentrations (PVC-LMO beads=0.7 g/0.2 L).
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Figure 2. SEM images of (a) the outer surface bead (x 60), (b) the cross section of the PVC-LMO bead (x 60), and (c) the cross section of the

PVC-LMO bead (x 300).
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Table 1. Comparison of adsorption capacity by different adsorbents

LMO immobilization | Adsorption capacity (mg/g) | Reference
LMO powder 27.21 [13]
PVC-Membrane 16.00 [16]
PVC-LMO bead (NMP) 20.02 [17]

PVC-LMO bead (DMSO) 21.31 This work
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Table 2. The pseudo-second-order parameters

Co e, exp e, cal k2 rZ
(mg/L) (mg/g) (mg/g) | (g/mgh)
10 8.77 9.00 0.0394 0.9972
® ®  Experiment 20 14.11 13.92 0.0159 0.9831
—— Langmuir
— - Freundiich 30 17.36 18.33 0.0101 0.9929
0 ' i ' 40 18.37 19.61 0.0096 0.9927
0 20 40 60 80
C, (mg/L) 50 19.89 20.83 0.0095 0.9934
. o o 70 21.70 22.38 0.0107 0.9943
Figure 4. Adsorption isotherm of lithium ions (PVC-LMO beads =
0.7 g/0.2 L, pH = 10). 100 21.56 23.18 0.0066 0.9830
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Figure 5. Internal diffusion model for adsorption of Lithium ions.

Table 3. Parameters of internal diffusion model

Co First linear part Second linear part
(mg/L) | Kig(mg/ g-minl/z) P Kiq (mg/ g-minl/z) r
10 1.86 0.9431 0.36 0.9357
20 2.94 0.9856 0.74 0.8384
30 3.62 0.9856 1.04 0.8678
40 4.15 0.9704 0.95 0.8411
50 4.20 0.9960 1.13 0.9693
70 441 0.9824 1.13 0.9280
100 4.48 0.9947 1.11 0.8265
q = Kt )
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