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9  Capacitive Deionization (CDI)

10 Gas Hydrates (GH)

11 Freezing

12 Humidification-Dehumidification (HDH)
13 Ultrafiltration (UF)

14 Nanofiltration (NF)
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Multi-Stage Flash Distillation (MSF)
Multi-Effect Distillation (MED)
Reverse Osmosis (RO)

Thermal Vapor Compression (TVS)
Electrodialysis (ED)

Electrodialysis Reversal (ER)
Forward Osmosis (FO)

Membrane Distillation (MD)
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2 Flow-Between (FB)
3 Immobile chemical charge
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1 (FTE) Flow-Through Electrode
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2 Macroscopic porous electrode (MPE)

004y

1 Gouy-Chapman-Stern (GCS)
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Fig. 1. Schematic diagram of capacitive deionization cell
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= Experimental data
Numerical modeling in this work
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Fig. 2. Comparison of the experiment [19] and numerical results based on the data in Table 1
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Table 1. Laboratory values used in the this work [19]
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Fig. 10. Diagram of the percentage of water desalination according to different applied flow
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Fig. 11. Diagram of water desalination time according to different applied flow
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Fig. 12. Diagram of changes in output water concentration over time for different electrode thicknesses
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Fig. 13. Diagram of the percentage of water desorption according to the thickness of the electrode
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Fig. 14. Diagram of water desorption time according to different thickness of electrode
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Fig. 15. Diagram of changes in output water concentration over time, when porosity is variable
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Fig. 16. Diagram of percentage of water desorption in terms of different electrode porosity
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Fig. 17. Diagram of water desorption time according to different electrode porosity
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Fig. 18. Diagram of changes in output water concentration over time, when the flow rate fluctuates
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Fig. 19. Diagram of desalination percentage by discharge of different inlet flows
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Fig. 20. Water desalination time diagram in terms of different water inlet discharge rates

oy g Ol a13Ked duoyd ST caliine o 55 0 odlitus] Usles axg5 L
b oS oyl 99 oloie 1) O o3 yiSlas 4 oy (sl oY
st o2 e S 5 0l )15 orias 390 1) ol8s 5 Sles plgiee o
) Sl Y ooy GRS g Ol abjSias a0 )3 )3 tuliEl &8 el
Ao g olKwd 3,Slas )3 dgugy bamd Ui ol (oK Sl 4
D9 g0 ol ol (il lo S5 asl e ol (0,8 )
YA dgds Ol ohiKed oy by (23 50 sl ¥ odgas il L
d9d Ol o1jSes S 4 ey sl piY oloj g Ll Loy
S oyd 398l polaw (23 GBI 15 8l Gl ae s VY
s S g o 5 I b s )3y O 53 e Sl
Lb e LinlS oKiwd

d9d Ol ol5Ked do s  Jlasl bz 55 (ol VB dgs> sl L
293 Ol 58 S & s sl p5Y o 5 Gal3El Lo yd VY
ey Unog S 08 e o il b Ly el inlS 1oy V5
Sl o ey 398U g S (oo Mg Sl Gl oo O (a5
aad jobo 4 Jlosl b Gl L 4y 8 Gl 0t 4 ) gy
b o il o 5 Slos

Oloj 9oy YO Ol ol5jSas duoyd ¢ J5d5 j5 (6l B 390 ]33l L
Lol il ol 0 deds O o155 iShs 4 w6l oY

) ol menlss oo & al (o0 slos s Bl o S5 sio s SalE1 L

O‘Loﬂ

odd cppd o e wShs 4wy sl p3Y oloy 9 LialS O
2 e V5l (Jlesl by (03 487 Sloj o5 55k 42 b oo 138
ol oIjKes doys e il iulisl aids p il e VY 4 adds
Moy & ) slp p3Y oloj 9 (Bl Lop3 A 4y ao > YAIY
Ol bl (a8l 4l YVY 4 agh YWAD jlesd (e o
< sl porde ol 031y 53 sl Culi b jrall ;o3 (B by (2
OlFse 4 )3 S (@S Lulyd plon L |y gyt w2 b Joo
Sl B oy 39Sl oz il (iR o 3 )las 4558 ey
Ao 4 ey Sl 3 23 oloj (b Sl )l |y Ol a8 e
doms cpl 3 Ve S8 BA JSS b pl331 1L oad oy Of e

A3 oo U (a9 )

S S Az =0
Pos) 9 Ol 23 39290 b Ol 3giaS g Ol 938l g, Sl 4 g b
op & ohagh ol ol i > il (glabyy ()
oo @) 4y o Setimay sl 05 4l S5 o ey ol (gdde
Jae sy G35 o p et O ol 518, (ot (slp il
Oloj s ) ol Sl e clale &S cul Juo o)Sen 5 65 oLSL
Syiel)ly oyp Gipgh ol 2 Bae WS e Gnpin 295 sk

Dy (x> 3856



BFVY 15 0080 dxxio AF+ Jlo VY oyled DY 0,93 ¢S pral Sl puoigee & it

&lo
[1] A.J. Toth, Modelling and Optimisation of Multi-Stage
Flash Distillation and Reverse Osmosis for Desalination

of Saline Process Wastewater Sources, Membranes, 10
)10) (2020) 265.

[2] C. Xie, L. Zhang, Y. Liu, Q. Lv, G. Ruan, S.S. Hosseini,
A direct contact type ice generator for seawater freezing

desalination using LNG cold energy, Desalination, 435
(2018) 293-300.

[3] T. Mezher, H. Fath, Z. Abbas, A. Khalid, Techno-
economic assessment and environmental impacts of

desalination technologies, Desalination, 266 (2020) 263-
273.

[4] S. Porada, R. Zhao, A. van der Wal, V. Presser, P.M.
Biesheuvel, Review on the science and technology of
water desalination by capacitive deionization, Progress

in Materials Science, 58(8) (2013) 1388-1442.
[5] M. Anderson, A. L. Cudero, J. Palma, Capacitive

deionization as an electrochemical means of saving
energy and delivering clean water. Comparison to present

desalination practices: Will it compete?, Electrochimica
Acta, 55 (2010) 3845-3856.

[6] J.C. Farmer, D.V. Fix, G.V. Mack, R.W. Pekala, J.F.
Poco, Capacitive deionization of NH4ClO4 solutions
with carbon aerogel electrodes, Journal of Applied

Electrochemistry, 26(10) (1996) 1007-1018.

[71 A.M. Johnson, W. VENOLIA, The electrosorb process
for desalting water, (1970).

[8]A.M. Johnson, J. Newman, Desalting by Means of Porous
Carbon Electrodes, Journal of The Electrochemical

Society, 118(3) (1971) 510.

[9] M.E. Suss, T.F. Baumann, W.L. Bourcier, C.M.
Spadaccini, K.A. Rose, J.G. Santiago, M. Stadermann,
Capacitive desalination with flow-through electrodes,

Energy & Environmental Science, 5(11) (2012) 9511-
9519.

[10] A. Hemmatifar, M. Stadermann, J.G. Santiago, Two-
Dimensional Porous Electrode Model for Capacitive

Deionization, The Journal of Physical Chemistry C, 119

o sl 8ol el 405 13 NS oo Iy ]33l 39,5801 b 03905 e
S e ey 1y o] 48 365 00 3l

YO sgas Ol ol0jcSas o yd w9 ySUl Jobo 55 (ol B 390 Liol33l L
Ol ohiSes Sl a4 aay sl piY oloj g il il woy
35 1y 29 i8Il oo @Bl )3 098U Jobo Gl 38 b 1l V390
ol 005y yud (6 iy Sl 4 O Aoy o

39d Ol LjSas o yd (63959 e )3 (chuo )3 YY 3gas yiul38l L
s930 Ol (hjSei 1S 4y sy (gl p3Y loj g Sl oo ¥
> By sdpg Sl CBle QR 1) cdl Rl aop VP
Sy nS g 29580 &S canl ol ] il e el Loyl
50,80 zhad jobo a4 639y clale 4ol 381 L dona > Wbl aily lb5Sas
Sb e LinlS oK

YO g Ol o1jKed doyd calaiie paw (sl VY dgds il b
Sl 2h5Sa e & sy lp Y ey g <8l Ll aoy
39 Sl poxs @Bly )3 g iSUl alaie g iol38l L 15 .0 ol ¥ odgas

Wl oAby yid (6 pin Ao 4 O 4y e b 1,

ke Cow 48 -F
Ablis §,5le yo Jolss lade P,
Ailie 9,Sae 4o Jslis lade P
(€M) Jslo JS o> V.
(Cm") 55,2501 ghis mh 4,
(MM ) Jxlsie sl sg,mSIl Cualss L,
(M) 5lulas celss Ls
(€M) y,2S)| Coanad o> v,
(MM) Sas 55,5 clalé c.
M) Sas 75,5 cbile c,
(MA) 5,ls ol I
SA/mol y el ls culs F
ml/miny Jlw oo 0

s sl o CDI
SUs e
e 5l LS A

oY~



Tailoring the pressure drop and fluid distribution of a
capacitive deionization device, Desalination, 449 (2019)
111-117.

[16] P.M. Biesheuvel, B. van Limpt, A. van der Wal, Dynamic
Adsorption/Desorption Process Model for Capacitive

Deionization, The Journal of Physical Chemistry C,
113(14) (2009) 5636-5640.

[17] Y.A.C. Jande, W.S. Kim, Predicting the lowest effluent
concentration in capacitive deionization, Separation and

Purification Technology, 115 (2013) 224-230.

[18] Y. Jande, W.-S. Kim, Desalination using capacitive

deionization at constant current, Desalination, 329
(2013) 29-34.

[191Y. Qu, P.G. Campbell, A. Hemmatifar, J.M. Knipe, C.K.
Loeb, J.J. Reidy, M.A. Hubert, M. Stadermann, J.G.
Santiago, Charging and Transport Dynamics of a Flow-
Through Electrode Capacitive Deionization System, The
Journal of Physical Chemistry B, 122(1) (2018) 240-249.

[20] L. Chen, X. Dong, F. Wang, Y. Wang, Y. Xia, Base—acid

hybrid water electrolysis, Chemical Communications,
52(15) (2016) 3147-3150.

(44) (2015) 24694-24681.
[11] E.N. Guyes, A.N. Shocron, A. Simanovski, P.M.

Biesheuvel, M. Suss, A one-dimensional model for
water desalination by flow-through electrode capacitive

deionization, (2017).

[12] P.M. Biesheuvel, H.V.M. Hamelers, M.E. Suss, Theory
of Water Desalination by Porous Electrodes with
Immobile Chemical Charge, Colloids and Interface
Science Communications, 9 (2015) 1-5.

[13] A.N. Shocron, M.E. Suss, The effect of surface transport
on water desalination by porous electrodes undergoing
capacitive charging, Journal of physics. Condensed

matter: an Institute of Physics journal, 29(8) (2017)
084003.

[14] PM. Biesheuvel, M.Z. Bazant, Nonlinear dynamics
of capacitive charging and desalination by porous
electrodes, Physical Review E, 81(3) (2010) 031502.

[15] K. Laxman, A. Husain, A. Nasser, M. Al Abri, J. Dutta,

DOI: 10.22060/mej.2021.19769.7104

A. Abolghasemi, S. Seddighi, Simulation of Effective Parameters on Desalination Water Us-
ing Capacitive Deionization Method , Amirkabir J. Mech Eng., 53(11) (2022) 5595-5612.

w3 gyl o ol 4 g

oTy)






	Blank Page - FA.pdf
	_GoBack




