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Abstract: Activated carbon loaded with titanium was prepared by a sol-gel method, and then made into electrodes. The electrodes were characterized
using Scanning Electron Microscopy (SEM) , X-ray fluorescence diffraction (XRF), X-ray diffraction (XRD) and electrochemical techniques to analyze
their surface morphology, elemental composition, crystal phase and electrochemical performance. And the desalination capability of the electrodes before
and after loading with Ti was tested. The performance of the Ti-activated carbon electrode was compared with carbon nanotube and activated carbon fiber
electrodes. The results showed that the Ti in the activated carbon electrode was in the form of titanium dioxide (rutile). Top grade and TiO, with
flocculent structure accumulated on the surface of the electrodes. Furthermore, the rate of formation of the electric double layer was greatly increased and
the electrosorption capacity was significantly improved after loading with titanium. NaCl electrosorption experiments demonstrated that the electrosorption
capacity was obviously increased, whereas its physical adsorption was decreased, compared with the activated carbon electrode alone. The desalination
rate of the Ti-activated carbon electrode improved by 62.7% over the non-Ti loaded electrode. The analysis results indicate the Ti-loaded activated carbon
electrodes are more suitable than other types for electrosorptive desalination.
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A, & —FBEE 3 XA K i (Zou et al.
2008 ;Park et al. ,2007) , K 11, , B 0% i B 28 78 7K 4L 3
HHEE AR AR AR B R R Y
REERR, BB AR b R 2 2 LA s b ok, 40
TE MR R ET 4 GOK R & %5 (Park et al. ,2007 ; Yang
et al. ,2005 ;Han et al. ,2007) ,#E8 R iF 3%, H
T SR B SE B Tl v R RS B R A, 0 R AR AR
A B HL AR A R BT LA AR S 36 R X 4 0 B B9 T R AR
FEAT B AR S BR LA, B i Ti-AC B 4%, I Ti-
AC HLR (B 40 K B R AR R T 1 Ak £ 4E e AR R AT AR
A FBR ERROR 56 X O 5T, LAy S5 SR AR 4

2  ##F0F i% (Materials and methods)

2.1 RERANE

W3 AR A (TR BA A 2250 T ) L T T kAT
B (L TRREERSEN AFEARFTFEAF) K
PARE (AL PIRAF]) By BEAR AE (2 BH 3 98 14 B
WRSERT) SR FEf (L FH BT R RE DR B ) L 2 B2
(A.R. TeBHAL2AEGR ) (BRBR T R (C. P R ¥EETH
R RACE ) AR (AL E0 ) R 2
ZEE( BB ) (RS (AR B
) ARK(CEEHBASARTELT).

DDS-11A BUr G &AL b ¥ & BB R A R
/) ; CP225D AU T K ¥ . 2 & Sartourius 2\ & ;
202-1 BB TRME LA EARAEEBE
DF1720SCI0A B E s KB : h KB FARL
Al ; B B R A4 .5 om x 1. 6em x 3em; B i /M E
wE.
2.2 RBRBEHEFR
2.2.1 FAE KIEMER SRR T4 R
KREEEHFKPESR2LREARENEEFK
VEEH SR 10 pS-om ' RUF, BA LT B4R
T 24 b, U BTE TR A R AR
2.2.2 GEMRGHAE HS. ImL SKER T B, B
TR 120l TTK S8 BB A BB R—E &
AIZEMEK, AR Z — B, i3 T i A 4mL HNO,,
A 20mL By oK Z B, B & Y B . ¥ B 7EHL
HTEREHEA A BWBH, B 2h TEBIR E 6 E 5
BRI BE. TR TRAL BE A9 35 Pk P n A — & BRI,
ETHN,ETTHRSPHH.
2.2.3 EAARWHEE  mCERSREEEER S
A — R B 9 KG 45 7 B AR i A AL R & B
R E S TEBR GG, 7 180 CTHIESY

PIERSETER S em % 3 em B A 840, Ak
BREAHA Sem x2. 6em, R JGER AR T 2 850
C Ak 2 h, B8] AC BRI Ti-AC HLH%.

T 40 K A8 P AR 1) 1 45 R B

W TE R A AR B KD Sem x2. 6em FE T
P, BB
2.2.4 dBEEMERARE BEEKRENR
500 mg-L '/ NaCl %% 20 mL B FR 25854, &
HEIEHRNL.Sem, BT 1.2 VHEET,HRE 15 min
T 28 VA VR P 8, L 3 IR A

P, I Bt s 80 P 7 A 0 B, JBE BA B IE] 2 30 min,
A 10 min B4R 2, 5 20 min B e . 3 B 52 ARG BB
BB W HAT T — 1B
2.3 WAL &

I E S RSN 5 A VR VR B 5 R A S-570 BT
i ¥ WA (SEM) 43 A7 B AR 9 R B 4 A A
ZSX Primus IT 2 X 5285 Y6635 A (XRF) I & H 1%
FTE AR 43 5 R I PV9900 7 fE 1% {X ( EDS) 43 4 £k
FERAR R TE B 43 70 ; R I H A 3% D-max/3C A X
SEATHOEIEIX (XRD) 73 B8k i & W RITE S s R
F 3H-2000 4> 5 3l 2 % M b 3R AT AR & T
FE R A E ;5% F§ PGSTAT302 %I B 4k 2= T 4E 3 %
B HEAT LA 2= PR RE MR, W P R A = Bk R
gy, iE M kR R O TAE AR, B A R R, Ag/
AgCl L Sy 2 s AR, B AR VM 0. Imol - L' Y
NaCl Y5, EHRE#E FH 10 mV-s ™' i BT E 2
-1.2~1.2 V.

3 K364 B (Experimental results)

3.1 EMR R KT MR

Bl 1 2K R AR A XRE 5 E. B
1 A LAE ), 8K )E 3% B BB 3, — N R TE
20 £k 77.221°f Ti-KB1 4, 38 FF H 0. 8keps; 7 —
AR TE 20 £ 0 86. 133° Yy Ti-Ka U, 3% BF K
4. Tkeps; SQX T H LR KXW, WA REHREE N
0.0125% ,#4kJE M K 2. 6253% , Vi BH Ti-AC HLik 3
HOEAMET —E R B 2 REEKHTE & xR
B 9 XRD [, H o TiO, 5 i T 1 b BE L = , 78
850°C K5 4% 2h J5 18 B, 43 H7 W] 1 B TiO, 19 &R B R
L4 AR NE 2 FTLLVE &, Ti-AC B 7E 35. 86°4b
WL T —F A7 5T 1, gk £ 41 A B Tio, /Y (101)
o T AT S 068 13 B 2 850°C 4k JS Bk | B & 11
T YKk Tio, , @A N &40 A .
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Fig. 1 XRF spectra of activated carbon electrodes before and after

loading with Ti

BRI /keps

T

1 I 1 I 1 I | 1 1 1
20 40 60 80 100
200(°)

B2 HUKAEFEERERE XRD B (a. Ti-AC L i%; b. AC
HiH% 5 c. 850°CF &MY TiO,)

Fig. 2 XRD of activated carbon electrodes before and after loading
with Ti (a. the activated carbon electrode loaded with

titanium; b. the activated carbon electrode; c. TiO,

calcined at 850°C )

&l 3 R BEKH 5 T % LR 9 SEM R J. A
STHLAE W, BAKEHRERMRTHATRLE
ARG, 7T BEJE By T 155 IR S B A LAY TiO, 7 ¥
P 2 THT AR BR T ARG 28R B 17 1t i v A A4 T A K0T R T
) EDS fEIEEI R, Ti ZERRRE RS 5
i By Gl b 2R T AR R, BRSSP R R
H A4 5 H 640. 7T1m* g ™' Fl 546. 21m™> g~ '. fH
I AT VE M R B BK R, e 3R T AR/ X AT R R
R TiO, K 15 PR B9 — 3 FLIRSEAE s 5 — T
T, 71 88 Tio, & B/, B 5 T EHExR —MoR
T, 5 B B BU SR TE AR/ TS PR ARG B R T AR

B3 HEMBEFEREBRE SEM B (a. A b R
BKJa)

Fig. 3 SEM images of activated carbon electrodes before and after

loading with Ti (a. the activated carbon electrode, b. the

activated carbon electrode loaded with titanium)

3.2 VEMEKEAR A FE R AT

Bl 4 4 ZAEKET G 16 T ok AR A TR AR & il £
M 4 ATLAE W R In e B B A, JE SR Lt 4k
BEAXREIEZ AR, & b6 B E TR E 5 I MR,
WA KRR R RN, Ul BA 3% AR 59 A & AL
R, WA R RN R A, B AR B R A E R B/
PRSI B — A8 T AT 33 iy o 2. 5 38K
I A T T ok FELAROAE BL , 2R BRI 1 A B AR B TR IR R &
it & %) R Y0 04 B B R, 3R B R RS HLAR A XU 2
RTERERER. EARLEHAHE A TR S EBRRE
R B FEA %, ek 3 i m R oK, Ui
LR AL 7 15 75 B TR B 25 & B B 32 5 (Ryoo et al.
2003a).
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Fig. 4 Cyclic voltammograms of activated carbon electrodes before

and after loading with Ti

3.3 HAKWEEEK BB RMBERR LK
B S J& EBRAT G 1 P A% R BR R RIOCR B9 H 8
K. d & S /T LAE b, BERAT 5 16 M % s AR T B AT
R A A, R B R R ERAR /N TR N 1.2V RS, K
i R 5 2 B S 4R v, T DL i G R E 4R R AR Y
W R R AR H 2 E AR S R T 4 KR A B T RE A LR
ERBEHR R, AR B EA. A S EATLLE 2
BRJG R AR T B 1 D0 T A W5 B 3o R 2 3 BRI A BT
6, 1L B R A R R R4 v - [ 6 R BRI 1 T Ak
AR A BRER . B BT LLE W, T B R EREKHT S5
W BRERFRARAE, 050 0 3. 8% M1 2.8% . Jfifm 1.2V H
EJa, iR AC Bl 2 Ti-AC HL AR, H I B PR
RORHE R A B, AC R HY B W P B 2h 2 50T 3%
W41 6.26 £, 1M Ti-AC HL AR 42 %5 15. 04 £%. 7]
AL v, 5 B BB A AR R R AR O BRERSBCR . IR 6 SR T
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Fig. 5 Desalting effect of activated carbon electrodes before and

after loading with Ti
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Fig. 6 Desalting rates of activated carbon electrodes before and after

loaded with Ti
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Fig. 7 The electroadsorption and electrodesorption cycles of the

activated carbon electrode loaded with titanium
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Fig.8 Comparison of the desalting effect of different electrodes

4 1118 ( Discussion)

4.1 &R MK E

H R BR AT S 15 1 5 B AR NaCl i % [t 5 B %
Bt B 45 SR FT LA i« e o v, P T DA A 4R R AR
St 1 A IR R T 4 A it B e R R AT L AR
BAE.

{& e X 7K F NaCl i Wi B -5 JH0 3% T 45 49 A 1k
FRER VI R R TG v R I 3R B AU B e, T
EEWRRZ D TRROANS TEEE, EFE
BTFEER ST EY, K LA ERESAREA,
Wn¥% (—OH) , B | 2 (—COH, ) 5. 7E X e}
HREH B M T KA Na” 0 CL7.

MHELALE M R, 24 5 9 A AR S8BT
A9 T B, 2R B AR O T R AT BB AR TR TE R
T BRSO R, B A S T (] AR R
fFAEERALZE. X R RIN— S E)E, ALK
A w AR R B O TS, SR T ] YRR L 22 5 OR, 7E B

WG| D EE R T #ET N 5E T Na® A1 C1™ f e 0 B
24 FR AR B — S el R e, T R AR S B U R T
AR EAR R, EARHES , BT ABT R A9 Na™ 1 C1° X
S E BB, Ak AT LR B A

4.2 FAKVE W K AR TR R R I IR 2 WAL AT

R BRE 1T FiL % B B kR 4R v R T R G B
i 5 e T ) R R B 45 R T 5 AR RO TR
WA, 975 9y L W S 0 kL, R R, A L OB R R B OR TR M T
P 5% R T B AR PR R RE AT AN R T 2 1 B /R A T R R
Wi 2 R v e AR R TS T M AR 9 R AR
W BB, AR BE AT R B R ) R M R T
YRR 5, BK A0 B 5 A% v BB TR R, iR
B BE B Uk 20, DT 00 T 4y RO B, T 2 v iR R
JO7 A= Y TiO, 1 B AE 1 PR A% R T, 51 A B9 8RR T 9 )
P T 0 B 37 T T3, DT 3485 0T e % R F) W S
A5 A5 R R R AR O B 2T B BA B 4R W (Ryoo
et al. ,2003b). X 7E [ 4 FEFFR LKA 6 K
Rl 5 1 1 5% ri A Bk 3 20 9 1R R 45 R R 7R B IR
4.3 WA M

0T R AR B9S2 R A, o B T AR AY Ti-AC
R gk A K A R AR R 9 P A £ 4 R AR B AR M R
4 BRA DA B v A% 9 i 3k M B B R BEAT T B
BT BA A% SR Bk e AR A R B4 35 DL oM A= A A%
PR, Ti-AC HUR B B RHE 35 16 PR J% o SR 40 B
AR 64 i BRPR T R L YR A BR A TC K B 5 Bk
PAREHEBAM R EERAKE O BR BN
I P 55 3 i 5 185 1 A 2T 4 mi AR U AN R R A R
HEFERIAT.

I T AR AR 8 AR AR R A | R 3h R
FUBLR 2. SR 1 F T LUE Y, BRAK B s AR B AR BR
Eh AR B, (E PR ROR 22, JU LR A AR Y 38 A F
T 3060.13 Jrm %, AR IE F Tl o K HLRE A ol 4
FEL ARG 5 TR k3 T AR PR AR AR JE P R R R AR
A 13. 8% 5 BBk T 1 7 P AR B A B (%, BB A X
B R Y B3R F AN B B AR BT N A T ol R
B B o

#1 ARRBHTAELR

Table 1 The comparison of the practical use of different electrodes

R AR AR R A/

HL % (G m~?) Rk s AES
Ti-AC 4% 7.27 44.9% 89.75%
N R A Y 20.23 13.8% 55.90%
T4 K 8 LR 3060. 13 51.6% 44.57%
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5 %518 ( Conclusion)

1) SRR JE BTG PR AR T8 T &8 8K,
HESNSL AT TIO, FEE B RTHR NRE LR
REH.

2) GeER PR T {5 kR F AR B O PR 2 4R
Y L ORI B S R, 9 TR B O, SR T
e R AR B XU R S B T B R B bR, e I B 2 R B
BRE.

3) NaCl f e I bt i 56 3% BA 2805 A A A9 B R
RIEET 62.7%.

4) FRERHT 5 15 Pk % AR R A R I 50 08 3R A A
P, 2t 5 MBI E % MERICR 8RB B AR L.

5) BRBKTE kA% A AR B 4 K R AR 9 R g% £
2 v AR ) SC R PE B R B, BT kR R AR R BT
5 IO T 552 B R W B B
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