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BRACFE S I DK A & 8 A A B IRy BRI E 0D BA 78

B OEE, B g

SLRTR AL B AT =L —WF e

B OB KPR, BRa 2 HERERMEFL TRY ., 2Ot EO KRESND, G 18 M EERO FED—
DELTHEESILTW D, LU, WK FICAELE T D A MBS B OB L XA CTh D76 | BRIFHIZD D @27
[N E AR DO BRFE S FFS AL TS,

ZAVETIZ, KO @A IMESC R OB AIEI T EE LT AR JLphEE K QW A& 1570 8D TS
AUTND, R, BRIEIE, BAEE, B R E DN OIS A L ThHOD WAL THLHN . WAE LT TR DOE LW A&
MEFAEDEE . REDOEBROME M EBERBAEDRNI DD,

Z 2T AR TR K P IE DY F T LD @Ry HEEIIZ A B L, BRGNS HIE CE D14 oy Btk
(Electrically switched ion exchange, ESIX) & H\ N THLERE /KDY T A F L D[RR 53 Bl L [T B ARG LTz, 20
Tk, A LB R PR AR T IRER LR ST B HIE S LD B RGP A A A WA e B L 7 AR &
JBA T RN TIRAE D AIHRNC S TE D, FRHIRAE LT BB A A Ol ITEK THIfS ., Wik h o E A
FUPREEASBERITRWED | @ RAA U E BN BET 256 b BEOENK Ce @A & KIRICIRME T 52
LISFREER D,

ZOHAOFELL T, BB - SR TENE - RAA L A BN T DEXUEMEA A L AN LB AT R T2d | A
WM TIE, Vo ATy T 2R —F 7YV REZE B A1 (One-step unipolar pulse electro-polymerization (UPEP) method)
ZBRFEL ., VT U LA AT L TrWIER A A T 228 R T 7 Lo~ o 77 B8 (LiMnO,) 7/ 1 — R - S8
R)~—RYE'r—/L (Polypyrrole, PPy) Z K HIZEAILL T, YTV LAF UATEWEIRYEZ 7R PPy /LiMn,O4 18
BEKIEMAA L ZHED RN LTZ, 0.5 M DUTF D LAT AR TNAFO NI B B RIEMEA A2 AR DA
AR T 39.9 mg/g THY, 5 [BIOEHEA A LW - WiAE A VNV EARDIRL Th | EOAF U AN |mITIRE LD
2807z, F72.0.005 M Lite 0,495 M Na IRFIFIEZ AV, LitA A4Sk L CHEA RIS A AL A B 341 55 B
FrtE2JE LTRSS, Lit/Na O BR A 124 10U T2,

1.%# 8 23> C HEAK T OARR BE DA i A A 2 )= 72 Al

WKL, KR & 20 AR ETRNEFL TR, £
D EED R ES)NG, BB MR DO FiED—>
ELTHEHEESNRTWD, ZHET, ERMICERL-FIHSN
TWDUEZK D RS TX EERR IR BE A i@ AL T R A
() b~ 7 2o ATHY), BFE, GURRER
ESN TS 12, WK PIAFET DE A INE SR (%
X, U7, &, VTFULE) OREIIAETHY, fREFH
WD ERNIERINZ BN T2 L0MRD CREETH D, Lz

INEAR DB SIS TS, ZHETIC, HEA TS
RSB SE R OB BT EE LT B RS,
I ERC WA R ST E T O TWD, TOHF T, #%
FE BRI R E D DL A L THHON
WAEIETHDN, W LIt R OB EWEM DOFED
ity REDOBOMEREFEKDOFIEORNRD DL,
VFDLIE, /=m0 AATR0, HEHTEREC, B
[REBEST T A AT Yy RE(PHV) % THO DL
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DETARNK—BELG T DT U LAF L EBITHLER
AIRIEEFCHD, BREBHEEDE R EEHIT, VT UL
DOFTENZEITILRL TD, VT NEJRIT I HE W
DAKEBEAD 2 FEETHY, WiEE b CEIREIT
SBVTF T LHET 3,400 T Lo 12 —J5 K
HOUF T NREEIIFE 0.17 ppm LR, MR
TELTWADIEEMKOEIX 14 {8 km’ IZET D720,
WK OVT Y LERELERES 25, KRG 2T
FHEINTZ HARIZEB WU ANLIF U LZ BT 50
IIRERBEERLPHDEZZHND,

VT L FE DT T o DU ARMNG BRI DR
NI T D LZ BT HITIE, K HIRAEE, A,
P BIE DI EDNHHIENEE FIFE LT UE 7225720,
ZIVETIE, VFULAF AR A TE DLW AEM
Z KDY F U DA - BT 25 1E03 Eii Th
272, VFU LR EFI L TITA R, MERER K O 1 i
B G RWAE R D D3 A RESRAE AL — ) T
U LRSS RE S DMK, — 7, SRR S ALY T
0 LSEAR ML S RE N DN D . L OIIEFIA B |
TAR=D LB EET T BIRIEE ML, A4
VTERGEIRA R LV T AR AE R E B SITD, T
HOHRTIE, T, A4V TRGLIRIE K O —FETh
HAE RN I A D3 b A B A F Lo
TWD, P AF U IIRGLERIR AR OA L, £77, BB1b
W% O TR A PIVERLA L 2 — T — T a RIC K
STIVFULAF L HE A LTl INBGLIRIZ L~ THED
PRA RS 20K BEEEHEVEZ RN TE
ALV F AT L T VTF U LA F  RIaa A
T D% USRI DA A 155 —BEME D FUS TR T T
PNTWD, ZOFHIEIZE>T VF UL~ T
(LiMn204) \ VF T LFZ U (L TIOs)  UF U LT o FE
R (LiSbOs) . YF 7 A=A 7 i (LINbO;) 72 & & BT B A
LTV T AAF GBS KA G R LT, £ DT,
A RNV~ T WG AN b im0 Ak
BN BEBRPEEFF DT |, O TOITET,
FFIZ LiMnO, 5455072 BiIBRA (Li §Mn; 604) 2 R ULER
L THADHIVIZ Hi eMny 604 &V VD WS AN KB A A1 1
g 729 40 mg Ll D@ F I LB E T HTENTET,
Lol WA LTV TF U LA CTH T DRI, b~y
T RWAERND~ 2 TT oA B FRIRFICE S TLED

DT, WAERIDMAMEREE L3, Fo, BB TEHT5
BRI, REOMEH YK EFHAL | RERMBEICLR-T
LF9, ZOMBEE R 57-9 . Lilga & > [ LB XM
195 A A > A5 #i (Electrically switched ion exchange,
ESIX) {EIC L D& BA A Dy BRI T iEAE R LTz,
ZDOFEFAF L RHEBE ST EMA GO, BBiE
TC B0 R B I A 0 BB MR R & B A A 2R L
WA D A IAE T&D, Fio, WE L& B A4
DORiAILER RIS, WRT O BAT U RELE
SBERRIFZRNTZD | BRI @JE A A DEFIRIE E TS
WWIRAHHZ LN TED, LI=23> T, ESIX &IV EEA
AL O BRI G ET, B BN E R THIRIR T
DXGAEBAA % 100%0D 57 - BN R A K TE D,
oL, ZAIVE CIEBRE LT B AUE A A A8 s FH
MlRAZ P ARDT VAV @A (Csh) KO
JEA A (Ni2*, Pb?") D3 BRI Z R L T 528, 1l
INAF L AZXDT VA& RAF L (Lit) <0 3MilfiAiy +48
&AL DL BRI A~ORFFERFTRLE Tauy 10, AR5
Tl ARV T DA RINPIZIR 7 - i T&% BSIX
LD EZ HIEL , BB - m & ENE - RAA 25
BENA T OHHESIEEE S IEEMA AR L Y
F U LA LB G T DR AR A x5 & LT e i
B FBRIVVF 7 DA T DA B2 A 5,

2. EBRAE
2.1 B-MnO2F+/HDERK

1.3862 ¢ @ MnSO4+H,O (WAKO) & 1.8629 g @
(NH,),S,05 (WAKO) % 50 ml DZEEE KA L, SRIR T2
SRR HRL CTH—OWIREEY . ZOWIREA — T —
TIZAI, 1200CT 12 ReHIKRBRSASH, Boi B
WERZ AL T, KRR TR LIZ#, 120°C CREEL
TB-MnO, /%A A LTz,
2. 2 LiMn20s /D ERK

0.06 g @ LiOH'H,0 (WAKO) & 0.2434 ¢ DB-MnO, 7~/
% 10 mL ok =% ) — WL Tt . R — VUL a
VT, 1,000rpm T 20 3 FEIWFEE L 7242, 700°CC 10 IRFfHIBE
FXL . LiMn,Os T /%A a7,
2. 3 PPy/LiMN204 EEEDERK

0.1088 g ® LiMn,O4 7~ /##3K% 0.5 M fiiih# 10 mL {2
BAL, BEWT 30 /AL %IEmL | 5ol
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KEFRE K THIPEF LIt BIR TR TREO
HMnO4 E A %4572, IKIZ 0.0350 g @ HMnO4 FE{A L[]
F/LEOEE—/L (pyrrol) & 20 mL @ 0.1M FiERAIR SR
WL, =B AT L% FAWTC UPEP £ T PPy
/LiMn,O4 A EXIEMEA A 2 A Sk LT, D%
PEEL T EEMmEL TSR, EMmEL THEM,
Z I EMmE L Cafn e AL &R (SCE) & vy, 2L AJE]
B SVABAENEI100[81E0.75 VERREL, 7 ULA
DAL EATRERIL S BE 0.5 RICREL TiTo7,
2. 4 EXRIEFBRIERE

P A DV 7R AR — (Cyclic Voltammetry, CV) 14
ZH, 551172 PPy/LiMnOs & FBESIE A A 22
WD A A A HAPERE R LT, WIESRIFEL T, BRIL
LK EIRE) -~ A/ 3T 0 2 (EQCM) Z1E A EM, A
SR A PR, fafnd e L ERRA SRS L A7)
VIRV AN —DEARE A 100 mV/ED, & ATz
0~0.8 VIZREL TITo72,

3. FEREEE
3.1 SEM &

X 1 IZEALT7ZB-MnO; #3K (A) . LiMn,O4(B) | PPy
52 (C) J Y PPy/LiMn,Os 5 B UE A A 284l (D)
O A ME ML (SEM) 44773, ZOKITRT LS
(2, B-MnO; T /HEOEXIT 0.8~1.9 mm, EEIL 60~
230 nm THDD, LiMnyOs F HEIZEL D> D KL ~77,
ZAUEB-MnO, T/ HRITBERL FUITHEZE ML T2E B 2 D,

F7-, PPy IO R EIEREIZHA 72 ) 7 F0 — RO E
ZRLTz, —J7 . PPY/LIMmO AR MW RIS
o) /#kZ R L., PPy 1T LiMn,Og 7~ /HeD FK M H%
BLTQDEBEZD,
3. 2 ROFTHRMH

0 2 |Z PPy, LiMn,O4 #77R &% OF PPy/LiMn,Os &R
TEMEA A AZHAIED = 3L — 458 X #5547 (EDS)
AT MVERT, ZORIRT LI, PPY/LiMnO,y #
AR D C.N, S LT O O—EBIETEIZ PPy DER—/L
B ON—7S1 7 SO2AA U MBHKL, Mn LIEH0 D
O 1TFEIZ MmOy AA > HHRLIZEE 2 HID, LIZh
-7C, UPEP £ THRLIVZE AR PPy & LiMn,O4 22 DA
L TODERBNILTE,

——LiMn 0,
——PPy/LiMn O,
~ |C,N
&) 19 s
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5 | . A
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o
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Energy/KeV

Fig. 2. EDS spectra of PPy, LiMn,O4, PPy/LiMn;04
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Fig. 1. SEM images of f-MnO,, (A) LiMn,O4, (B) PPy film, (C) and PPy/LiMn,0O4 film (D)
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3.3 TGA 24

X 3 |Z PPy, LiMnyO4 7R } OF PPy/LiMn,Os 5 FE 5
TG PEA A ZZ WA D Bl & 8 (TG) Bi# A = 7,
LiMn,O4 ¥y K OE Bl TIRE D EFITENELD 725>
7273, PPy 1% 650°C TIRT5ERIT/# L T2, PPy/LiMn,O4
BABEDOEBIT 650°CT 52.25 wt %l Li=7=d, 4
D LiMn,O4 DE 557578 47.75% ThHHZ LN B 2 5
o,
3. 4 FT-IR 24F

X 4 (713 PPy, LiMnyO4 37} OF PPy/LiMn,O4 58
KIEMEA A AZHAED FT-IR 247G B~ L, 930~1,560

FPHPNR IS LRI e — 21 PPy ORI —27Th
BIEWDND, —H., 617 DEZAIIKIGLIZE — 71X
Mn-O #& & OMFEIREIE—2 THY, PPy/LiMnyO4 #5455
D FT-IR A7 NUZIE EFEo 2 RS20 — 2 % AL
LI LN AT PPy & LiMnyO4 2O R L
TWLZEEHBNIZLT,
3. 5 XRD &7

B 5 1TiZ, PPy, LiMnyO4 3K &% U8 PPy/LiMn,O4 #15
TR MEA A AZHANED XRD /34— %759, LiMnyOy
¥yR D XRD 737 — T AR LA LiMn,O4 DOAZEYE XRD
B — =L TS (JCPDS No. 35-0782, filidhdZe
W#E Fd3m), —J7. PPy ® XRD 7% — % 25°D T
JRNWE =% RLTCNDTD, TENT 7 AEEEHT5
ZENEZHND, LL, PPY/LiMn,04 A 50 XRD /3
A= AZNE EFEO 2 D XRD 7357 — 2 ORI E Y
7% FLOITZA, LiMnoOy DRFEINRE > 785572577,
ZOJIKIE LiMnyOy 7 /RO FKHIIC PPy 28T\
EEZLND,
3.6 ERRARHPDEELL

PPy/LiMnyO4 A KD /)L AT A 7 1 A EQCMIZ
JVFER L= B E B2l IER 6 (RT, AN

O BHVE AR LT EHRAITHIANL | A IR 3K A
IRE) BB M ISR R T 228 a R LT D,
B 6 DALty MR E A RO LRI THY |
PPy/LiMn,O4 A I L TN VAL ORI E G &5 4E
LTWAZEEBLNILTZ,
3.7 UFILAAVDORBBE

7120.5 M @D Li;SO4 ¥ 100 mV/s DAERHRE T,

PPy [l (A) & PPy/LiMn,O4 B G (B) DA 7V 7R L&

-20-

1.0}
= 0.8}
.20
S 06}
el
N 04}
E — PPy
E 02F — ppyLivno,
Z ool LiMn,O,

0 100 200 300 400 500 600 700
Temperature / °C

Fig. 3. TGA of PPy, LiMn,04, and PPy/LiMn,04
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Fig. 4. FTIR of PPy, LiMn,04, and PPy/LiMn,04
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Fig. 5. XRD patterns of PPy, LiMn,O4, PPy/LiMn;O4
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Fig. 6. Mass change of electrode recorded by EQCM
during the pulse polymerization process of PPy/LiMn,04

composite film
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Fig. 7. Cyclic voltammogram and massogram of PPy (A) and
PPy/LiMn,O4 composite film (B) in 0.5 mol L' Li,SO4 solution

at a scan rate of 100 mV s’!
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Fig. 8. Cyclic voltammogram (A) and massogram (B) of PPy/LiMn,O4 composite film in the 0.5 mol L' mixed solution of
Li,SO,4 and Na,SO4 with different ratio of 1:0, 1:1,1:9, 1:99, and 0: 1 at a scan rate of 100 mV s™!

ETTAEFI :ﬁi\%%’i%ﬂﬁt%ﬁ%ﬁﬁ 2 FESERED
A A AHAT 2 B VESAL TR X RS RR D2 LNy
Dot BATFIE DT80 LiaSO4 IR 121X PPy M5
LT, RIZEAF L (SOFAF V) RHaHEATI, —F .
PPy/LiMn,O4 BA B I A A (LitA A ) A5 #as AT
STFER, FDAT R EIT 39.9 mg/g ThHoT,
3. 8 UFILAFI~DERKE

F7-, 725 LinSO4 & NaySO, E/VEEEH (100, 1:1, 129,

1:99) 25 HT5 0.5 M IRGWIREZZNEH, 100
mV/s OEAELE T PPy/LiMnOs EEED A7) IR
NEETTA(A) EZIUIEUHE &2 ih#r (B) 21 E

L7z, B 8(A) IZZDFERZ T, LSOs ik AT 724

AV I RNE AN —RE TRHOIT BT EIE Na,SO4
HFORIELVE L Eh o7, £, K 8(B) I~ d LI,
Li>SO4 71 PPy/LiMn,Oq4 # G D E F28 {1 41.6 ng
IZEELTZ, Zh NaSOs HORIELINZE LS &E) o7, L
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72h35>C, PPy/LiMmOs GBIV F U AT G/
DR L EmOVERIEEEZ R 8% 0otz K 8 D
BRI ASUF I BAFATKTT D BR TR 1 1R
L. ZOWKFIZERTHIT VLA ARELTEWVIRES
% (0.005 MLi*/0.495 MNa®) & V=38, VF LA
T ATKET ORI BEAREI L 124 (ZiEL T,
3.9 BREMEDOREM

0.5 M LixSOs B HFVF U LAA KL T PPy
/LiMnOs A IO A5 GEILSNTIREE, 0 V) R OMLAE
(FAALSHUTZIRTE, 0.8 V) L H O B AR (R I A fk) iR
LHELTZ, B 9 122 DfERATRT, 5 MO A - i
AR S TOIRDAF L AR BB DL >TeDT,
354172 PPY/LiMnyOs A M1 B A4F 72 22 E M2 2T
BHENZD,

4. FERBRUVSERDORE
AL ST, VAT Y T 2R =T UL A B A B
& 1% (One-step unipolar pulse electro-polymerization

(UPEP) method) ZBHIEL . UF U LAF ATKL TRl &

PNEZH T H2AE NV F 7 b~ 97 P (LiMnyOs) 7
Ja—Rpif-LEEMARY~—RJ e — /L (Polypyrrole)
EEMFIICEALT 528k, Bbhiz PPy
/LiMnyOy A BERIEMEA A 2 ALY F 7 AT T
EORIRMEZ R, 0.5 M OUF T DAF ARG OAF
VA R 39.9 mg/g T, 5 IO GEA ALK - i
P AN E MR Th, DA F L AR BITIAE LD
Tpinolz, Fio, FHEKDVF T AAF APRFEIZIT 0.005
M Li*% 0.495 M Na" IR stz FIv | LitA A A2k LT

BB RIG VA AL AN D SRR 53 B R 2 0 B L7
fiti i, Li/Na* Doy BER B0 L 124 (Z2ELT,

RN BITHEARD DY T ARITIZ A, K FE O
PPy/LiMn,O4 A B RIGMEA AL A ARk L | R fEE
K2 I CIED WS - A& PERE K OV E A T~ 2,
WIS, B BRIGTEAA L A B L, BIEA)R
A AT TEY @R K O SR B FE8L 5,
F7o, BRIGMENLE VN Todee 48 A A W oy Bl A
T LEBRFEL . EOUEKISH A& @2 B 5,

Table 1. Separation factor of PPy/LiMn,O4 composite film for lithium ion

Li2SO4+Na;S04 Ratio Separation factor
0.5M+0 M 1: 0
0.25 M+0.25 M 1: 1 7.02
0.05 M+0.45 M 1: 9 10.63
0.005 M+0.495 M 1: 99 124.05
0 M+0.5M 0: 1
40+ 10.8
?“l 5
g
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of 100 2
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Fig. 9. Massograms of PPy/LiMn,0O4 composite film between the reduced state (0 V) and the oxidized state (0.8 V) in 0.5

mol L Li;SO4 aqueous solution
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Selective Separation of Usable Metal lons from Sea Water Using
Electrochemical Method

Guoqing Guan, Abuliti Abudula
North Japan Research Institute for Sustainable Energy, Hirosaki University

Summary

There are a large amount of high value-added metal ions existed in the sea water with very low concentration.
It is expected to develop novel technology for the adsorption and recovery of them economically and efficiently.
It is estimated that there are about 230 billion tons of lithium resources in seawater. To date, the most effective
way to recover these lithium resources is using lithium adsorbents. However, the efficiency of lithium
adsorption needs to be improved, and secondary pollutants occur during desorption process because a large
amount of acid will be used during this process. To solve these problems, electrically switched ion exchange
(ESIX) process, which combines ion-exchange and electrochemical processes so that the ion can be selectively
adsorbed/desorbed in/from the electroactive materials by controlling redox potentials, is considered in the present
study. Theoretically, using this method, the adsorption amount for the target metal ion will be much more than
the sole ion-exchange process. Especially, the adsorbed ions can be completely recovered by tuning redox
potentials combined with the ion-exchange process. No any secondary pollutants will be produced. However,
the key to realize this process is to develop efficient electroactive materials with large ion-exchange capacity and
high operation stability. In this study, a method named one-step unipolar pulse electro-polymeriation (UPEP)
method was successfully applied to combine spinel LiMn,O4 nanorods, which has high selectivity to lithium ions,
and conductive polymer of polypyrrole (PPy) on the electrode to obtained an electroactive PPy/ LiMn,O4
composite ion-exchange membrane for the separation of lithium ions from seawater. The physical and chemical
properties of the obtained membrane were characterized using SEM-EDS, XRD, TGA and FT-IR. Cyclic
Voltammetry (CV) measurements combined with Electrochemical Quartz Crystal Microbalance (EQCM) were
applied to characterize quantitatively the electrochemical uptake/release process of lithium ions in the obtained
electroactive membranes. It is found that the ion-exchange capacity reached 39.9 mg/g-membrane in 0.5 M
lithium solutions. Long-term continuous electrochemical uptake/release test indicated that the ion-exchange
ability was very stable. A simulated seawater contained 0.005 M Li" ions and 0.495 M Na" ions was used for
examining its selectivity for Li ions, and found that the separation factor of Li*/Na* reached 124. It is expected
that the obtained electroactive PPy/ LiMn,O4 composite ion-exchange membrane can be applied for the recovery
of lithium from real seawater.

Keywords: Electrically switched ion exchange process; lithium; seawater; electroactive membrane.
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