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Abstract

This study aims to evaluate the efficiency and stability of removing NaCl by
using carbon electrode in capacitive deionization (CDI). In order to do so, the carbon
electrodes were prepared by mixing activated carbon powder and polyvinylidene
fluoride (PVDF) binder in a thin sheet-like formulation for CDI process.

This study adopts two types of activated carbons, including coconut and wood.
The pore structure and surface characteristics of carbon electrodes was analyzed by
nitrogen adsorption-desorption isotherm, scanning electron microscope (SEM),
fourier transform infrared spectroscopy (FTIR), and zeta potential. The
electrochemical properties were further conducted using cyclic voltammetry and
galvanostatic charge/discharge experiments. Compared to wood electrode, coconut
electrode, in which a large proportion of smaller nanopores was found, has higher
surface area and specific capacitance. The results of equilibrium experiments in
electrosorption at 1.2 V reported that, in 2 mM NaCl solution, coconut activated
carbon had a higher electrosorption capacity. It is noted that wood electrode
associated with larger pore size exhibited a higher surface coverage, compared to that
of coconut electrode. The regeneration of the activated carbon electrodes can be
achieved by depolarizing the electrode at 0.0 V. It indicates that

electrosorption-desorption of ions is a reversible process.

Key word: capacitive deionization, activated carbon, Cyclic Voltammetry, electrical
double layer
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Carbon Wang et al.,
153 47 106
nanotube 2007




222 RARM AR F L HFHIFLT 2 FE

REAHFPILE R KR 5 AR IR 2 AP L ORTIE
BRAEDIFSHEE G DA G f T TREARY LT Tl e i
FARFELCEEE et AT AR AR R AR T AAET E AP
oo B FF ST R R T T T -2 5N R L R E

43S HATIEH R R o

(a) BF 5%

TE 2 BT FaEER % 2 1996 # Farmer % 4 &% WM& G4 EF B 7S
HEDFTEG A ARE - BT RF AT I ROT R e KE
#-d 3 LA & A8 A4 F NaCl {- NaNO; Sk 8 # #57 © 2002 # Gabelich #
TS RFTRFAYE TR & E 5 100mL/min 2 20V ~14V -~ 12V
ohIRT b R ’%%“,ffli%gt‘ NaCl» B¢ 4% T35 20V T s 7 B d 474>

540 ;£ S/em T "% 3 396 £ S/cm 0 # “f e E 27% 0 B R R R F R E 2 Sl

(b) #1mk

RREE S RIFERF R TR L - o e sk Rk 0 B2 2 E R
et LB X R REF VR AFREFITLAFA WA 2 R
R B R fR o & Table 2-2 #75F > 2007 & Park % A -5 Mpd 2 4 A
(polytetrafluoroethylene, PTFE)&k % #| £ £ 5 f% (isoprophyl alcohol)i i iR & » 2
BENRomgRim D4 L0 SRRl FRT R BT o BEF R
4% PTFE 2112 & oTie 2 BT AT ST PG it “$ PRI

¥ 2% @ % EUREER R A ¢ % (polyvinylidene fluoride, PVDF)&¢ ¥ #|
X T 2 B Figure 2-3 #751 » 7 3 A AT R AR IL E AT e B A H Rk o 4
B AT 7 4c Lim % £ & 2009 & f1 * jE ek & 22 PVDF % N-methyl-2-pyrrolidone

BV OR LIS RRAERFGENTE S AN RERY AT

B
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2010 # Choi % * | * F a4 X2 PVDF R & » - 7 o gk
(di-methylacetamide, DMAc)i% i #4: L = /] BFis izl 2 T 1o X 1% AT &
R RE R &Y FM o 9% 18%7 FEE 6|2 PVDF T > 2% 5

753 % 699 F/g> ¥ a9 3 18%PVDF # R} T

TERERER L o ¥ by ey
AIAMTBREFZ P EE L E L7 AT R 1S5V 2 20 mL/min /2T i@
* kR 200 mg/L NaCl i3 iR {7 T3 iy » S % Mr o B g’ NaCl
4 f w3 % i 77.8% °
¥ - 2 & o Park BFf & 2010 # v;’;w AR KR A REF R
f% (polyvinyl alcohol, PVA)P~ i -k {2 PVDF B &+ » SR KRZZ 2L 5% 1
B gk BT ®T F 5 744 1 80.3 F/g» M K PVA “r4 2 5 T &P 37
89.6 2 99.8F/g > T F#H - 13~30% A 3 P BB A T2 TR+ Ry 5 i

NIV 0 RV R AT 0 TR Dok o

Table 2-2 Fabrication of a carbon electrode using different polymer binder.

Polymer binder Solvent Author

Polytetrafluoroethylene,

PTFE isoprophyl alcohol Park et al., (2007)
N-methyl-2-pyrrolidone,
Yy Lim et al., (2009)
NMP
Polyvinylidene fluoride, di-methylacetamide,
Choi and Choi, (2010)
PVdF DMAc
di-methylacetamide, ]
Choi, (2010)
DMACc
Polyvinyl alcohol, PVA deionized water Park et al., (2010)
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Figure 2-3. SEM micrograph of a carbon electrode, (a) cross-section (b) surface
structure (Choi, 2010).

AT AR R A REFRCHTIES > AR e AT

B 7 20 L e o o B ola 5 0 B AlIETHRRE S 2 3 B b RS 4

T > 4ote » 2 K BCE (Dai et al, 2006 ; Zhang et al., 2006) ~ # 2. (carbon

black)(Park et al., 2007 ; Nadakatti et al., 2011) ~ TiO»(Chang et al., 2011)% > 3¢ ¥

PRRI RV AT A T o RB LGRS AS oK A Ldf 8

AR AT

(1) A 1B 5 4 B A & P

FPRTBEIGFAGREZ B A FERR BRFL O At 5 A
foo 4o LIRS 2 E (EPF§ iR+ A % otk Zhang ¥ 4 2006 & (¥ gk 4y

Mo AEPRETIEY er 10%E B2 2 NARE 0 T ok R

F_k

90%11 b 5 T T 67% s R AR o FIE AR ESHER D MT T R
FA 4 g iR AR AT TR -3 K B CE AR & 3¢ T &(Dai et al., 2006;
Zhang et al., 2006)¥ 3 »x3& = # K,f kAP B EAT > E TR B2 x/% »edop

B
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(2) B L

AR RE VA AL IERE 0 ER AT S HEAR
-2 S %ﬁ ot b AR T ARPF 0 A~ EFR M2 2 0 R AT ERT
EHRE E AT F IR T EEFRAFGFERA ’é“a‘%’t%ﬁ"féiﬁ:*‘i
% o ApR AT F 4o Park & 4 42007 E 2 E AT &Y Fre 48122 20%
FEULGAL  FRERXLTEAYL 69-71-9.6% 94mF/gs 7 5 Mt
NEFARFER G R B T FE o2t FF AT 7 Nadakatti ® £ & 2011
?}*kv‘ Fl* b & G ff 65 1 455 m/g\E‘i,f /,] MR TERY 0 TR FERR
FREFTCEL T AF R ESFSmV/sEFR FEV I 13.84 2 3 45.0F/g°
i&ﬁ%?&w?%ﬂﬂ?IQV?@ﬂNmmmmﬁﬁf’ﬁ%¢ﬁﬁﬁ

LR 75% o weif o B RABR TP G 2 2 s g ez 2 2 - o

(3) ElR-Z § (4
BB TR 2o § LAY 3 BT AT EE T B

VoA HEARY R F ORI o F]Z F A ARTIEA G T R EE
g 4 > FIEF REEE FRTFI PRI VRIS LE iR 5 H
BLTEETRGTE IV LR K RRET R e A

# Chang % 4 & 2011 & 2 k¥ > V@ & TR & FWTI* TiO 4020
o AREOT R AR E T AR T R AR AT f 2 WS o B
S RS F TR T ARE Y O R PR ok S AT
FUCER o &R RP ORF -
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(4) KOH /HNO; i3 4 i& {15t
B E SR TR 0 A B g T E S B TR

Tt o fL e o £5]m 7 > Chingombe B[ & 2005 #F7 3 ¢ # R > 5§
HNO; AU (S g4t 4 & F v 2h 3 4e > 1 B 48440 Figure 2-4 #77 o d 30 F it
AR S R F R R 0 Tl o F A AR e g B R R E
Bk BT AR o o gt 2 vh o Park £ 4 % 2007 E I & F 490
GAT IR MR AT A G TR ARHY AR AR RT T A

TG TR o LT R

]

X + 5HNO, N
| (a)
i

+ 5HNO, + H,0
= =
O+ =
= .
CH3
S

7 (b)
_"l/ \|+2HN02+H20
o)
NO,
= ~
| +  HNO, + HO (c)
A

Figure 2-4. The reaction mechanism of HNOj treatment.
(Chingombe et al., 2005)
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(c) # At mtE

BREFEDZFFAREREIVICRBHE X ZFIERT AR VAT
BOHHEALY P RGBS FFE o Ye £ 4 2005 #F ¢ 0 4% 0.2 M HNO;s
FUEIRAAREET N TREETE B 2 LOMHSO, TR RT & AR
REZHETTMARDTPRE FHREE T TLELM TN TR ELET
3352F/g > d R T A A AEEY T 54 4 ot d 8 T

R R

(d) # 3 F et

POIVRHRL GO B B B M2 - 0 B 4 4o Figure 2-5 47 F © )
BOUB AR R Y T S TSR R RORHY Z A RRE AR T
Fo0 Jhic o EblAm 2 02008 & Zou F A FI* P IR EHAE L B B
AMRTRER AR FRENY M TIE LA 0IM R FREFEEF L ]
mV/s ¥ ¢ 'R Rt 133F/g BHEATREI07Fg ¥ 3£ 4% 5 116
pmol/g 22 43 ymol/g > d pt 7 i § et F IV G BN R R A "ok kig v g+ ox

% B4 BT (hE & b o

Figure 2-5. SEM of mesoporous carbon electrode(Zou et al., 2008 ; Tsouris et al.
2011).
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157 N doF F s s TRTELRT > FHRAREZE o A TGP AT
2-3-1 % F 5"y
AEERET > IR M Ao B R AT gk R > T R

PE o R K 2 B R W UM > LR BRSO S(Adsorption isotherm) o ¥

0ex St o AUEE 3] 4oFigure 2-697 % o

Type [ Type II Type [
. W
o P/Po 1 o ‘1 o -
Type IV Type V Type VI
w 4
0 ‘o ‘1 o

Figure 2-6. Adsorption isotherm of typical.
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-

B4 AR BRSO AT REEB R LG 0 X EHE R IV Y
BA BB F R R M RIS 2R 2R - kTR B
PR T B BT iR L WA gt - R FE K g ¥R AR %
At Ao f R 2 TR - AL B IEY 2 E g [ TV Feh S IR

RO o

Type Il £:Esvfd 5

% nonporest A2 B 7 5 0 W A3 % fi 5 S-typerk M A 5 F L2
FEepkR oL ¥ HF 2 ARIGEAMAG L 2 S K FEE g ARA MpF R
SRR E o A E A A G R BB R T2 R

PR PR S R 0 A SR SRR e

Type Il ZF=qd

N

% % nonpores & macroporeswk Ff | 2 B K T 5 o pL AR gl AR F w A
4 ¢«g§§ﬁ4}+«frqﬁgﬁﬁ&7 54 ,]L:! % ‘»"@@A\_,uﬁ&,g? 4 PFo— fe ”F LA e
SR RSO A F o A G B eniEd 4 ] ¢ GEH B 4 F B2 0 4 B

R4 m,, B0 5 R SIHIR R \_}ﬂ‘*&;' o

Type IV B sod 4
% mesopores¥x H A 2 ¥R (T G o § AR¥R 4 3] BF o H @A) feTypellp i ;
SEEFRA B e gAY B B A L b IR % (capillary
condensation) » if = & AP S HEFF A o F AR GIFFIER AT RS
FUMPE S O SUART Y - R T AE P e oo d AL B AR S FUF 2 S R s
ARG ERAEEE RARERA I RMEA TR A ER Ak e d

Wkt A £ G &% I % (hysteresis) 3 2 o
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TypeV ZE = rfd &R

% mesopores £ micropores® A 2 B Kt 7 5 o H g 4 R Fl{eTypelll4p i o
P ABIHEA PR ISR I G i ¥ LA P E RS AR DR .
BAPHR 4 RSNl € FIR IV A G AT 0 AT B LS il IR

e o FlG BE PGB BRI ET &0 82 HRBF R o

Type VI E B B 5 &
P Bt B R SOR S0 S SOH (T A S A BB RPE- i 25

HERE o ATl RS AL AR VR e
7

Foln 3 02008 & Zou ¥ A {1 AR TIES Y I ARTEETE § R
R B 0 4o Figure 2-7 #75F Bl P TR 3G BT R & IV SRR

RPN S LT ST TR TS A S R e T

Volume adsorbed (cm”STP g")

0.0 0.2 04 0.6 0.8 1.0
Relative pressure (P / Py)

Figure 2-7. N, adsorption-desorption isotherms of AC and OMC (Zou et al., 2008)
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e

% 4 Davisetal (1999) % Fanningetal., (1993)# * & = 3 g4 k= ob k3
i (Fourier transform infrared spectroscopy, FTIR) ¥ A& 1Bk & & & 8 F #t 72 4P

e % 0 4o Figure 2-8 #1777 5] 01 & % i A A1 & 2 F A A o

Wavenumber :
N Functional group
(cm') ©
3400-3200 —OH stretch from -COOH and -COH
3100-2800 —CH stretch from —CH, -CH,, and —CHj;
7002400 —OH stretch from strongly H-bonded -COOH-C=0

Stretch from -COOH
1700 —(C=0 stretch from -COOH
R —OH and —CO deformation from alcoholic
1536-1392 and phenolic -OH
1220-1200 —CO stretch and —OH bending from -COOH
980-130 anhydrides
(Davis et al., 1999 and Fanning et al., 1993)

Figure 2-8. characteristics of FT/IR.

19



2-3-3 F_ T om iy
LRIEARTT A H AR TEH TR 5 LF LT B4« 40 Zou ¥ X
2008 & % % Figure 2-9 67 o {17 0.1 Alg R/m$HARAE ¢ T I £ 00V
Bier AT EIRRO09 VEE 2% 0.0 Ve 5 AR T IR TS A% 5
MREZ A ERREATERTEAGERNTE 75 RS L T
Pt o R RCT T B LR R R e R TR S 091 08
B R (Rdrop)sA 2 0 2 F e AR AL R ER BB S

EPCTER- SAAN Y SHE & X S E NS A SR R S

1.0 10 i ”
1 ro F
oMC
08 o
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- I Z 04
= 04 -
0.2 0.2
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Figure 2-9. Galvanostatic charge/discharge curves of AC and OMC electrodes in a
0.1M NacCl solution with a current load of 0.1 A/g (Zou et al., 2008).
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FlR %G E Y7 CVRAPERTCETR éimfgb£;“$§$tzﬁé ] gL
2 RKAHITEGTEF L2 &7 £28-2 - (Hou et al., 2006; Choi and Choi, 2010;
Choi, 2010; Tsouris et al., 2011; Chen et al., 2011)> % Hou % * # 2006 # &= 3 # >
fI* £ 58 % 0.00 MA- 1.0 M NaF 3% T &7 A R % 2 4 % » F5 A 1T
BT 7 5 0 4o Figure 2-10 #7157 o ¥ MO I 0 APeid 4 i 5 (S mVs) o
Bz ER? 2 LFT =08 q FHFREFT(AmV/E) VR ERF
P T B e B R TS i e E F (S mV/s)PERRE Y 2 3T g
AP PR ~ i3t @ o Tt o IR R G R R L AT s A
PEIRVRFEL R FLRINY IR TR e V- 2 BRI i S (]
mV/s)fE » B3 3 Wy KSR e it > 2 d R AL PR EEFT
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Figure 2-10. Specific capacitance of graphitized carbon in NaF solution measured by
cyclic voltammetry at high (5 mV/s) and low (1 mV/s) scan rates.
(Hou et al., 2006)
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Figure 2-11. The adsorption/electrosorption isotherms of NaCl on CNT electrodes at
different bias potentials, 20° C. (Wang et al., 2007)

23



\\\

244 THEAERBHT 2 B
FAMTEET T F 2 A PN oS TR B R R4 )
P ER R FEIESTER LR OF AL > AR AV F A TS
ﬁi@%i%fﬁﬁﬁmﬁﬁmiﬁfWMWﬂalm%%“”ﬁg’ﬁﬁi
BOFARE o AR FAR M L TR LR L o d
THAE L RPE M TRIERGHF I E AT S FEARY AAFIH T ok
RP AT @ bk e AT EE o Bblm s o Lin 84 1999 #4775k
T FYIFIVEFE 08 nmo S R A AT RA S ST EE OHTFES
BEFT R T R BiRERF P TR AL A B0 4o
7€ Al 4 o Gabelich BIFf & 2002 #7753 ¢ { 38— 3 cidy D F 5%

Fl#ep 37 5 MG e AR o RGBT BB IR R LG

FENPRETVEA FRARME S B AMI 2T B Gt Lo o
fe 4 ﬁ}j /%]E!f%] {)@m;}x4 °7,‘Efl‘ = g:p;\uﬁfggqr o ”L‘\,_"”L%,fé_,H-‘}
TEREA R FRA F  H0 S A3V BB 0 A B AR B A
ATIJ? ° /%] g d ‘\‘ 2-33 B v—r'r}-%-}i(Huter 2001)°

=3.288/I (nm™) (2-3)

| =3+ 5% & (mol/L)

24



3-1 % S K

3-1-1 3 %% 4432

it R B
RBLE 1A R4
A R Rkt f
R ik 4 ¢ % (Polyvinylidene fluoride) Aldrich
= 7 A ¢ fg’%(N,Dimethylaceflurodie) 99% Alfa Aesar
% v 4 Sodium Chloride, NaCl 99.5% Merck
4@ % i* 47 Potassium hydroxide, KOH 85% e
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322 LARTE
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fs B & W4 Figure 3-1(b)# 77

Figure 3-1. (a) activated carbon granule (b) activated carbon electrode.
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Activated carbon powder + PVDF Polymer

DMAc Solution Stirring for 2 hr

v

Carbon Slurry

v

Drying in a oven at 120°C for 2 hr

v

Carbon Sheet

v

Drying in a vacuum oven at 80°C for 2 hr

v

Treated with 1.0 M KOH solution for 12 hr

v
PVDF-bonded Carbon Sheet Electrode

v

Characterization and Electrochemical Properties

v

Capacitance Deionization Process

Figure 3-2. Overall experimental flowchart for the fabrication of a carbon sheet

electrode made from activated carbon powder and PVDF polymeric binder.
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% # %A 47 %k (Nitrogen adsorption isotherm)
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Figure 3-3. Schematic for the charge/discharge and Cyclic Voltammetry
experiment,
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Figure 3-4. Schematic for the electrosorption experiment.
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Figure 4-1. Nitrogen adsorption—desorption isotherms for activated carbon

electrodes prepared by various contents of PVDF binder.
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Figure 4-2. SEM images for the PVDF10 activated carbon electrode top view and

Cross-section view.
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Figure 4-3. SEM images for the PVDF40 activated carbon electrode top view and

cross-section view.
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Figure 4-4. FTIR curves of Non-treated PVDF 10 and PVDF activated carbon
electrodes.
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Figure 4-5. Cyclic voltammograms in 1.0 M NaCl solution with a scan rate of 10
mV/s for (a) non-treated and (b) KOH-treated PVDF10 avtivated carbon

electrodes.
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Figure 4-6. Cyclic voltammograms obtained a scan rate of 10 mV/s in 1.0 M NaCl
solution for activated carbon electrodes fabricated with different PVDF

contents.
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Figure 4-7. Galvanostatic charge/discharge curves with a current load of 0.1 A/g in
1.0 M NacCl solution for activated carbon electrodes fabricated with
different PVDF contents.
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Non-treated 22 KOH-treated 2. PVDF10 22 PVDF40 s 7 &>t ¢ % 2 35 9
B & % 4r Figure 4-8 #75F o 2. 35mL2mM NaCl AR kB ™ » 44583 B 245
Slem (d 54 ¢h 3T H- 12 Vo -REEY Na 383 & CI3e3 B4 F 2T &
S B EoAp s kWY E TR B AR 0 € Table 4-1 #77] 41 PVDF10 &2 PVDF40
FEHESVREEDN > pH 4742 5.6 T 5% 6.6 HP BB BFT 3 kb
% o gt ¢t » Non-treated PVDF10 § &2 43> 1.2V > E T B & 50 4 415 ™ %
2 20 ¢ S/cm ; KOH-treated PVDF T &% 7 R R ™ " 1 8us/om & R 2 T &%
%175 5 @ PVDF40 T4+ % & 70 4~ 48pF 7 '8 1 153 ;£ S/cm » Non-treated
KOH-treated 2. PVDF10 & PVDF40 ¢ {2 2 'z »c 5 & 5] 5 91.8+96.7 2 37.6% -
# )t ¥ 5 PVDF10 5 KOH-treated i 3t~ f » #3730 TR A & - wed) fF i
% »e kK o
FRBS 00V THRGFP ST L E R RRY 0 RO TR
B 4o b D iRbrw D478 o ¥ o > d pt @ %P Fd Non-treated 22 KOH-treated
Z_ PVDFI10 & #&=% ' 7% & 5 42.3 ¥ 445y mol/g> m PVDF40 5 17.3 ymol/g- d

PRRBEET CAERAR AT RFTER TRUT R RF AR

Table 4-1. Experimental results of PVDF10 and PVDF40 activated carbon electrodes .

Speleﬁc Conductivity Removal Electrosorption®
Electrode capacitance? pH 0 .
Fle) (us/cm) (%) capacity (umol/g)
Initial Final Initial Final
PVDF10 55.7 245 8 5.6 6.6 96.7 44.5
Non-treated PVDF10 51.0 245 20 5.6 5.9 91.8 423
PVDF40 39.6 245 153 5.6 6.3 37.6 17.3

2 As measured by cyclic voltammetry at 10mV/s.
b Electrosorption experments conducted in 0.002 M NaCl solution at 1.2V.
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Figure 4-8. Conductivity variation of 2 mM NaCl solution with the operation time at
applied voltage of 1.2 V for non-treated PVDF10, KOH-treated PVDF10,
and, PVDF40 carbon sheet electrodes.
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Figure 4-9. Multiple electrosorption-desorption cycles of 2 mM NaCl solution for
PVDF10 carbon electrode upon the polarization and depolarization at 1.2
and 0.0 V, respectively.
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Table 4-2. Pore parameters of coconut and wood activated carbon.

BET surface area BJH average pore t-plot micropore

(m?/g) diameter (nm) volume (cm’/g)
Coconut 963.91 3.20 0.23
Wood 714.24 5.90 0.22
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Figure 4-10. Nitrogen sorption isotherms and BJH pore size distributions for coconut

and wood activated carbon.
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Figure 4-11. SEM images of (a) coconut and (b) wood activated carbon.
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Figure 4-12. Zeta potential of coconut and wood activated carbon.
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¥ - 35 > Figure 4-13(b)? » * FA T &&= SmV/s FFs 35 L4 T 357
Bty A SmV/s~10mV/s~20 mV/s T 50 mV/s & % B4 B 5 66.4~59.13 ~
49.5 2 339F/ged s ¥ 4vo 5 KB E 5 2 BT & & 1.0 M NaCl %

BT oRERIRI G EG 0 T EETFY RATHATES -

Table 4-3. Specific capacitance obtained from CV curves for coconut and wood

carbon electrodes in 1.0 M NacCl solution.

5mV/s 10 mV/s 20 mV/s 50 mV/s
Coconut 76.4 F/g 66.9 F/g 61.7 F/g 52.8 F/g
Wood 66.4 F/g 59.13 F/g 49.5 F/g 339F/g

49



Specific capacitance (F/g)

Specific capacitance (F/g)

100

— 5mV/s

———- 20mV/s
50 mV/s

IS
S
T

oN
S
T

(a)

0.2 0.0 -0.2
Applied potential (V) vs Ag/AgCl

100

— 5mV/s ———-20mV/s

50 mV/s

(b)

_80 1 1 1 1 1 1
0.6 0.4 0.2 0.0 -0.2 -0.4

Applied potential (V) vs Ag/AgCl

Figure 4-13. Cyclic voltammograms of (a) coconut and (b) wood activated carbon

electrodes at different sweep rates in a 1.0 M NaCl solution.
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Table 4-4. Specific capacitance obtained from CV curves of coconut and wood

activated carbon electrodes in different NaCl solution at 5 mV/s.

Ci 1.0M 0.1 M 0.01 M
Coconut 76.4 F/g 66.2 F/g 30.7 F/g
Wood 66.4 F/g 54.2F/g 23.7F/g
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Table 4-5. Specific capacitance obtained from charge/discharge of coconut and wood

carbon electrodes in 1.0 M NaCl solution with a current load of 0.1A/g
G

1.0M 0.1 M
Coconut 59.0 F/g 58.0 F/g
Wood 52.4F/g 43.7 F/g
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Figure 4-15. Galvanostatic charge/discharge curves of coconut and wood electrodes in
(a) 1.0 M and (b) 0.1 M NaCl solution with a current load of 0.1 A/g.
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Table 4-6 . Experiment results of pH changed.

2 mM 8 mM 15 mM 20 mM

pH
Initial Final Initial Final Initial Final Iinitial Final

Coconut  5.32 6.03 5.98 5.03 5.85 4.96 5.96 4.78

Wood 5.64 5.92 5.96 5.13 6.02 5.45 5.81 4.87

55



Conductivity (uS/cm)

Time (min)

2700
2400
2100
1800

1500

1200
900

Conductivity (uS/cm)

600 r
300

O 1 1 1 1 1
0 20 40 60 80 100 120

Time (min)
Figure 4-16. Electroadsorption profiles at 1.2 V of (a) low and (b) high concentration
of NaCl solution by coconut activated carbon electrode.
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Figure 4-17. Electroadsorption profiles at 1.2 V of (a) low and (b) high concentration
of NaCl solution by wood activated carbon electrode.
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Table 4-7. Electrosorption capacity(umol/g) of coconut and wood electrodes .

2 mM 3 mM 4 mM 6 mM EmM 10mM 15mM 20mM

Coconut  50.6 67.5 87.2 126.3 152 166.8 177.9 182.0

Wood 46.2 63.9 85.3 106.1 115.5 120.9 124.6 127.1
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Figure 4-18. Electrosorption capacity at 1.2 V of NaCl solution of (a) coconut and (b)
wood activated carbon electrode.
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Table 4-8. Langmuir and Freundlich isotherm of parameter at coconut electrode.

Langmuir isotherm Freundlich isotherm
qc
KL I'2 nr KF 1'2
(1 mol/g)
188.7 1766.6 0.998 3.7 684.6 0.913
250

[\
S
(e

150

100

Electrosorption capacity (umol/g)

50 .
Langmuir
— — —  Freundlich
O 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Equilibrium concentration (mM)

Figure 4-19. The electrosorption isotherms at 1.2 V of NaCl by coconut activated
carbon electrodes.
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Table 4-9. Langmuir and Freundlich isotherm of parameter at wood electrode.

Langmuir isotherm Freundlich isotherm
qc
KL I'2 nr KF 1'2
(1 mol/g)
133.3 1500 0.999 3.88 431.9 0.851
160
20 140 -
o
g M
2 120
2
‘5 100
2.
S 80
=
2 60
=
2
o 40
=
© :
2 90 Langmuir
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O 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16

Equilibrium concentration (mM)

Figure 4-20. The electrosorption isotherms at 1.2 V of NaCl by wood activated carbon
electrode.
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Table 4-10. Surface coverage (x10° pmol/cm?) of coconut and wood electrodes.

2 mM 3 mM 4 mM 6 mM EmM 10mM 15mM 20 mM

Coconut 53 7.0 9.0 13.1 15.8 17.3 18.4 18.9

Wood 6.5 8.9 11.9 14.8 16.2 16.9 17.4 17.8

20
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6 —O0— Wood

Surface coverage (*10'6 pmol/cmz)

4 1 1 1 1 1 1 1 1 1 1
0 2 4 6 &8 10 12 14 16 18 20 22

Initial Concentration (mM)

Figure 4-21. Surface coverage of NaCl solution of coconut and wood activated carbon

electrodes.
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Table.4-11. Comparesion of coconut and wood carbon electrodes.

BET BIH A'Ve‘ Cyclic voltammetry . Electrosorption capacity  Surface coverage
surfacze Pore size (Flg) Charge/discharge (x10°° umol/cm?)
area (m°/g) (nm) (F/g)
5mV/s 50 mV/s
Coconut 963.91 3.20 76.4 52.8 59.0
Wood 714.24 5.9 66.4 33.9 52.4
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Figure 4-22. Cyclic voltammograms of coconut and wood electrodes at sweep rate
10 mV/s in 1.0 M NacCl solution.
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Figure 4-23. Electroadsorption profiles of 2 mM NaCl solution by (a) coconut and (b)

wood activated carbon electrodes.
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Figure 4-24. Electroadsorption profiles of 20 mM NaCl solution by (a) coconut and (b)

wood activated carbon electrodes.
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coconut and wood electrodes .
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Table 4-12. Comparesion of coconut and wood carbon electrodes in 2 mM NaCl solution.

Remove efficiency Desorption efficiency Electrosorption capacity Energy efficiency
> mM (%) (%) (umol/g) (kWh/m®)
5 cycle 10 cycle 5 cycle 10 cycle 5 cycle 10 cycle 5 cycle 10 cycle
Coconut 95 95 98 100 39.7 37.7 0.16 0.18
Wood 84 85 99 98 443 43.2 0.23 0.23
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Table 4-13. Comparesion of coconut and wood carbon electrodes in 20 mM NacCl solution.

Remove efficiency Desorption efficiency Electrosorption capacity Energy efficiency
20 mM (%) (%) (umol/g) (kWh/m®)
5 cycle 10 cycle 5 cycle 10 cycle 5 cycle 10 cycle 5 cycle 10 cycle
Coconut 29 24 100 100 140.4 135.3 0.55 0.49
Wood 21 21 100 99 114.6 117.4 0.43 0.44
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