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Abstract

Due to the lack of fresh water, production of potable water is one of the important issues for mankind.

Capacitive deionization is one of the methods that has recently attracted the attention of researchers due
to its simplicity, low price and low energy consumption. The main challenge of this method is high
energy consumption at high water concentrations. Therefore, this paper aims to investigate the effect of
different effective parameters to improve the system performance. These parameters include feeding
voltage, process time, electrode surface area and its capacitance value, overall transfer coefficient,
volumetric flow rate and concentration of the feed water, and micropores’ volume, whose effects on
energy consumption and number of cycles required to produce potable water are investigated. Results
showed that the electrode capacitance and micropores’ volume decreased the necessary process cycles
(reducing desalination process time) to produce potable water without significant changes in the energy
consumption. The feeding voltage, volumetric flow rate and concentration of the feed water significantly
affected the process time and energy consumption. For feed water concentration between 5 and 25 mM,
results showed that the minimum values for the desalination process time, electrode surface area, and
overall transfer coefficient, are 400 s, 50 cm” and 0.9 pum/s, respectively. To improve the performance of
desalination process in the capacitive deionization cell, development on the physical properties
(increasing micropores) and the electrical properties (increasing capacitance value) of the electrodes, as
the most important parameters, is suggested.
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Fig. 1. Overview of a capacitive deionization cell
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5 (A-F) Sl sloss =Sl 51 aslazal LCDI slo sl - Y JSCS
(Suss et al., 2015) (G-1) oL > slas s =Sl

5 2eS G Coslio Ly 5es 28 slad sl L ues o050
S G cas jlasl ol wulfg;lm);@ﬂ =S
(Suss etal, 555 Jol> (WS o0 ssee Loy xS o 5oL > S
Jss lde wo b SlsLa 01 452015, Zhao et al., 2013)
3T Uil 555U 5 (555,50 55 33 5 51 lasy S
0 5 b ol s b gia L2 U s ey S il

(Suss et al., 2015) 5 55 eslizel S i 5l 650

Vol. 34, No. 2, 2023

\Fe¥ denY ULJ“\‘T’ 099



10

dx.doi.org/10.22093/wwj.2023.366970.3308

w3 i iost St ol $00e il Jo

ol aes Gl 58l She s UL CDI (gl otianas 4 S
S a3 Sl 2t 6552 b gleol 2 Wl CDI

CDI Jsbw sl 1y il 51 gskiza g5 0lsen 515l
2 378 o s 5 SISl eslizal U ol s oS s S slgnty
e YA Y Jle s Sl DR 0 st bl plaso s
5T 5laer b S50 glaadio b s o 51 oo oty s
{(Porada et al., 2012) W 54 oo a5l 5518 ‘5L‘°F'3“' sy

CDI sl S 4 bgy o sloan] 3 (g5l 5 (g5luds
0 0l ko 0 5l St ol ba iy 5s Slads & 3
5 50 a5 a1 5305 51 slizal L CDI o 55t
oLlSen 5 90, S8 wlin jsba 5 (Lenz et al., 2020) ol ,Ken
MATLAB ,f3le 5 Ko sors 51 530zl L (Ryu et al., 2010)
53 des glaadie U s o ingiy ol 53 S o)L
3 o) Jr s s s 5 55 a3 sk s Slas
G0 o 035 2R, 5 ad s s sla B 4 S
53 MSF 3RO sl OF aias sl jias ol b anslin s 1y
S OUS glackle

<> FECDI sl 6l 1y e SO oen 5 o2 Sl
PR P RS PRI 1 ) PRSP L SN o U PR PP LA R
Sslwdas suis C)L.a\ oUlsdae laslazal b o S ol 3 dbl
L 2 Sillae (e 0l Lot ool glaggsloand cool s
2P 0l #5055 S e 4y il o
A8 e e S s e |5 S
(Rommerskirchen et al., 2018)

SRO s S5 Sl aslizal b T ) Ky o5
18 4glte RO - b 5 oud (g5loaecd (2 5 93 b 57
sasiw ol o > 5 slid (Jus ool 55 (Yao and Ji, 2020)
VLKL 7/7Y 5 SO RO s 305 (5551 OB o
) cexSo 2o Cee = Sl JLSVY/FY 5 555 s cxo 20
i 333 (85551 G 5 0 dis ST Ol s OF L3
F/VY 5 e (om0 5 ad> 0 S L ROTMCDI
JETU IR PN RS | IS PRRTRUNPL VR | vy | Cam Lot
%’T SLad (ol ddo e an b ot 3 el S 20

5 Electrodes in Motion

Journal of Water and Wastewater

5L (Chang et al., 2019) 545 . rl;g\ slod lanisy o
it oo g 55,280 S 51 S ialosT LT o ol 5Kas
4S54 0ud JSa5 Ag/AQCL i 55 2SI S 5 Nay, MnsOy
|y S oy YO G (sl /YA WYL 6550 G5 e
s

29,80 SG LS el Sl L YT Jl s ol 5
(Jsdsze 0 5) G5 25,80 S 5 (o 5850 1081) (5L
CDI" 15 o 5455 8 oS 5 amly (mls3Sas Jsh K s |,
T S| s S5 o ) (B Y JS8) il oS 5
5TL S 350 TS sbadsho b aglis 1315 05 5 0 Sk
(Lee et al., sls L& ca rj_fﬁ pf‘_,,_l._.» VO sgu 4 ol
2014)

b 2e DI Lls L s Lo, iy o Faus 5| S0
39 0L 5 05 bow i YN Jlu s 0 S 0L las s I
"FECDI L CDI oL, > 55,0l ¢ 5t (Jeon et al., 2013)
ST Ul 0l it g sl S0 5B G-Y JSC2)
oLz 03 4l (o lard s xS0 (6550053 b nts (6
2Bl dna 5 by o s 09 S 5 biant oS
(Maetal., 2019)

1530 ol it S5l S 3 b 51 &S o FECDI s
oS lnbaddsslnyes by ¢l ssbe olg
sl sy 53 6Bl w15 G plsise w5 T ole g
sl tE-E—A s, Sles JSiw s(Jeon et al., 2013) ans &
ot oa Loss S L5k 15 S J> CDI Jslaze (61 ot
D1 55 e e i 035 sod 2153 S Al B B Gl h gy
Elas 5 ODI Jglata (sl 53 S Lo Sy
ol sz Jhw olrals aag s (55Ls 5 5,L8) ooslue
33 S S ol 5 (38 sl 1) w8 U
S o e (13,50 e SLSS JU 5 iilasa oyl
0392 1S S5d olao 03,8 5515 b FECDI o Eal ol Lo
L 38 gl 552 50 b b il 5 0 CDI sl 4 L,

Flow Electrode CDI (FECDI)
Slurry-Based Electrodes

R I

Electrochemical Flow Capacitor
Slurry

Vol. 34, No. 2, 2023

o

\Fe¥ detY UL«.’:.Y’Y‘ 092



dx.doi.org/10.22093/ww;j.2023.366970.3308

hlSan g oS Moz car!

u—" BL) 45

l—l J_;T— QJJSSJ‘ Coluw A Abj.igo ;.0.1):.7 mol/mz/s > J;
Ceade gl slasy S rLu" s bl > Vi g—uaslS
SO U [ T I PO TSP RV JRRRCIN PH N
Lol S S0 (F) @olbU el s, olgee
L;lLbC‘jL’.‘.bJ_:‘J: 45‘))\: L;i’.‘_...J"A(Ptrj JLE.’.‘.:‘ 45J.>m 89
.(\w U)l&n) ol .sg,“ﬁ\ 93, (5l.asjl.ﬂ_9 ) 6\4"“’

5385 Jime (6,505 4 JUIS 5 b 51580 G Sh sl b
0aS x5 sS4 b g el Dl Zund s 3580 J51s
J5ls a0 hasld sb g 5 e by 5058 000 153
5 o350 52 5 e slio @@,a azl 53 S a3 985 5.5 =S
MKL_'!LA‘.A.;)_:'L;ABRSL}&LQSCE...'JL'SJQCA.“'J)LB:O).L
Hos3 Jeolsh g b Ll 2 Jile & pass gl Lo s 0l
N el

ol 48 o) Sl JUS yl s s Sl s Bblis s S
bl y K o)Ly (Porada et al., 2013) cul (5,505 o4 > of
Mm)>Mﬁ):6@%)C3A¢HJOﬁDb

(Y dslan) 5,50 Cons 4 0l 55 o0 (555 0 55 <o
J=kcAy ()

ol 38
Sl am o5 5 Ay 5 (M/s) 30 JS Jlisl o Sk
S a5y S e Colan | Jlisl oS )
sl 55 s L5 S dslaa U 3lely 21 ol (Lo g 2S0)
o S5 b s AQy (S b s 3Ly slacdl 5 Ve

:).269 4."‘)‘ s.L:SLsA QL’\‘J' ‘J A(PD +A(Pst Lb)jJ:SJ‘

Vce
V_ll = A(plr + 2|A(pD + A(pst

T

()

RT

Vi == =25 TmV Lo gl s (F)

L@JTJ)‘&S

Journal of Water and Wastewater

\ZARSSC N TPPS J 1 JUPSP P S R WP
sl Sl s LS A/AY 5 5 s cnSa 20 ) P LS K
ag S ams e Oli Eag o @Ls.g“\ s 1S S 2
NPT S U E S PIPS IS [E SR e
Geog 48 3 a3 Bl o ge el opl e oo 7 55 408
2P0 sblis 5ol o petzed 0 d S L2
(Yao and Ji, 2020) 5 5 » e RO o

o 5 S Loalie bt i ol Sl v sl
13l s o (3l et o T 51 e il s
s 4S5 Sl 555l & by e Bils 5l 3l s
VR B LS U SN ENFCIN IRV DUt IR Y
3 338 51 550 0155 badlse 31 Sy o U ol s
(B =530 s el oS <l 0P s
St Bl e sk W5 c ol el ol s sl
29,280 G5l Ed b sy Sl Lol 385 O o (S
Szt L el s il s iz S Uil g 2 5 0l
3 S5 21305 600 @3l sns S 4 S (g el
s DT a5 sl s ol Sl slil yl 5 sy g
el st 6 baslenty

oSl Yslan 5 altaus iy 5 -¥
Sl Sl s 5l ISz ( G5 o505 ele Je S
I8 SasS sl glabols 5o 5w fate ol 2 5 5SS o
Ol se s Jobsize oslo S0 L Y g o ((Sls JUS) 0,5 0
ot OF Gt 31 ls 4385 ST 553 0y (Grmae]) siiSlotr
o) = S Vsl 5 Loy () IS8) b ol bes s S
(GMOLL (il SaS S i 5 00 0l wals) s J sl
ssdin b3 o 5ol gledan i she gbaanl 5
ol e (00 sk G (58 1) Jsh 55l
S S il (Omi) 053 0355 ke, 55 S L JBS
b SS9,y SU Sl (T) (S SU ol >
(Porada et al., oulsadosls Lis V adslae ;348555 o

2013)
do

mi _
mi g it )

Vol. 34, No. 2, 2023

\Fe¥ denY a)Lg.éu\‘f 099

45



dx.doi.org/10.22093/wwj.2023.366970.3308

w3 T 2icgt St o $0ae il Jua

Yy

Vi0ot€0 T VniCionsmio = Viot€ T VimiCionsmi = VmiYeor  (A)

adslae S5 U Cignemi «La Jslss 5 5 53 G o bale

O adslee 5 Ciopsmi =

Dol L o oS5 55500 4 dalon 4 smie S T o s 4
sybign e VY B e S ¥sleo g (A dlns) ba go sl

_ uatt
Ccations, mi+canions,mi - 2C 5 COSh A(I)D

Cions,mi = ani + (Zce“a")z (c\)

c= \/ béDI - BCDI(Grzni - YéDI) —bep, V)
Bepy (

Beor = (26“3")2 - (&) (OY)

Vmi

VO
bept =2Yepy f (\Y)

mi

U)l&n) J.:...J\J.é.l.s 641:\.«.» S wl—a‘ » <5l"\'° Q)—‘\S‘ hcﬁ\ﬂ\q
cble Gl VY BY (SeS OV¥slee 3k &S ol oz 55 ()
{(Porada et al., 2013) wzes sslazal LB oL > J&s 5 S

WW—\“
ol sl m 3B mhssom Jsle S (S OVolae
S o,8 b5 s 5 OVslae ol ol i 1) (glazs
(SOl ol g s () S8 usle) oy, Lize ssl 5L
2 oLl 5o 5 1sl 5y SLS el s g3l
sl o Lol S el (oo S o) ol .(Porada et al., 2013)
OF slae) 555 a 5L 5 ,L S2l531 L Cy ot o s &S wis S
b5 o oSl O IS o e ) o sl
3w s 3l e sT sty 3950 LT 5 o5 i

50 Cyivor0 LS‘J:’ I ng\.x.i» o‘):@ ‘bed 6\.:5»:\: Looad rl:u‘

Journal of Water and Wastewater

Sl L g S0 51 S o s im0 315 251 A@p +AQ
Samizs Y of 0 & 5y S0 4 a3 4o b s 251 Agp)
39,8 Gty S5U g0 Y @ by e Z3IAQy 5 an S
s 5 ool 28 s 4 a8 (558 e sl ol 0¥ Sl
U I i PV PPN POPPFCHIN PR SEYY

39 o0 slazul £ 90 OVslas 5l asy Sl

- - _Gmi
Ay, =sinh IW ()
o F
A — mi ;
(PSt Cst,volVT ( )
OT BE) 6

of Koo chilé ¢ (mol/m® usly L) 3l sy s 5L J&s O
(e 55 0 plesd 3L U e 51t (ot M o4 85
Cavol 3 530,18 Sl Fusy Sl s Jsls 4 5L 5 Jlis)
Ll gl Y o b

slas SO o, Ken 51k, 8 50 F Y OVslas S5
(V dslas) ws s 5] Cows 4 Vear 5€ O 51 ol olsze 0T )

Ji = kc(h __2onl _ 2sinh™ (—Gmi j} )

o
Vi Cst,volvT 2cetat

sy g Joles s 5lar 08 bl o5Y Wl s
g.>prbM)>&gduJyJS>\mﬁag6
A 38l 55 Sead J5Sse glad 5o slan pa b il 55 )
sl jjj;‘ﬁ‘ 93
ﬁM&MJ)\)&Jd\&JﬂyL}SJ‘mhA AJ.\L*.&
3 g iy 25t Ol g 4 45 (gladd 3o L ndlie gy ) o
S 0 o
Jlas! 5Ly o s &S glaan) i ol 40" s
olai Vi @obe L Jshe s Jlw Jfr-’v 2ol ,Lal (555 0
u.x_.iw@hbﬁ)r&&é;#ﬁojydoﬁ@nb

S

Vol. 34, No. 2, 2023

o

\Fe¥ detY UL«.’:.Y’Y‘ 092



dx.doi.org/10.22093/wwj.2023.366970.3308

ohlas 3 beS Joo das]

® 20 mM 0.8V Exp. Simulation 0.8V
10 mM 0.8V Exp. Simulation 0.8V
® 5mM 0.8V Exp. Simulation 0.8V

® 20 mM 1.2V Exp.
® 10 mM 1.2V Exp.
5 mM 1.2V Exp.

Simulation 1.2V
Simulation 1.2V
Simulation 1.2V

Salt concentration [mM]

Fig. 3. Changes of salt concentration with respect to time in batch mode CDI experiment and
comparison with experimental results (Porada et al., 2013)
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Table 1. Effective parameters in a capacitive
deionization cell

No. Parameter Value Range
1 Input voltage Veen =12V 0.8-1.4
2 Volume of Vini=0.8mL 0.8-2.0

micropores
3 Stern 1z?yer Cop vt = 0.2 GE/m’ 0.145-
capacity ’ 0.21
4 Initial ¢=20mM 15-25
concentration
s Towlvolumeof ) jomL 50-150
fluid
6 Electrode area A=250 cm? 5-245
7 Time t=600 s 30-1500
Total transport
8 . =1. 0.5-2.1
coefficient Sl
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Fig. 5. Effect of micropores on energy consumption and
the cycles required to produce potable water
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