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A study on the TDS removal characteristics in aqueous solution
using MCDI module for application of water treatment process
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ABSTRACT

Recently, various researches have been studied, such as water treatment, water reuse, and seawater desalination using
CDI (Capacitive deionization) technology. Also, applications like MCDI (Membrane capacitive deionization), FCDI
(Flow-capacitive deionization), and hybrid CDI have been actively studied. This study tried to investigate various factors
by an experiment on the TDS (Total dissolved solids) removal characteristics using MCDI module in agueous solution.
As a result of the TDS concentration of feed water from 500 to 2,000 mg/L, the MCDI cell broke through faster when
the higher TDS concentration. In the case of TDS concentration according to the various flow rate, 100 mL/min was
stable. In addition, there was no significant difference in the desorption efficiency according to the TDS concentration
and method of backwash water used for desorption. As a result of using concentrated water for desorption, stable
adsorption efficiency was shown. In the case of the MCDI module, the ions of the bulk solution which is escaped from
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the MCDI cell to the spacer during the desorption process are more important than the concentration of ions during
desorption. Therefore, the MCDI process can get a larger amount of treated water than the CDI process. Also, prepare
a plan that can be operated insensitive to the TDS concentration of backwash water for desorption.
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FAlo: 52, g2 €9, o Z8 24M Y, & 82 1¥s
LM 2 ool WG QYA wEhs gl Fo4 s}
2 W RE o]25& AAT 4 It (Porada et al,

A S7keh A e Aoz Qs Aol Ak 2013).

o] AHEE 4= Q= IS Eol HAF Faskar St SHAIRE, 44 g 7e2 WA Al o]2s0] &4
olo] wet GRS SEE ARG T =Y 5| Wojx|A] grol & AA A& FAAZI= EAIF 0]
I s YHo R o]EHY Tt W V| S| & it o] gt BAIES Betetal s
Z>(brackish water)S ©3}sto] A o] &slel= A7} 2 Q3 AFo o]2uIM(IEM, ion exchange
A& =L Ut (Ahmad et al., 2015). =] g3k} | membrane)& AT FEiQl T AL FAHA EH
o] &3l=d] Qlo] 71 =93t ALAH e A F st (MCDI, membrane capacitive deionization) 57 ©] 2000
7 Ego] EASIE ol& RS AASHE A, o] o F ol AR AT} FakalA| o]Foi A1 9]
E goles rL: gdojgtm itk "gdr|<s t} (Biesheuvel and Wal, 2010; Song et al., 2017). MCDI
(desalination)o|7t FollA] H-& A|ASt= 7|2 a4 T2 Fol2 9 ool weirS Ao EH, o]
g Yy a8 Az, 2eg Az, dHa = Ao g FIAA Ao St gEfo] o] Fof
W2k, Aok 59 e dEd AA 5 ot & A e kol A 2§ #ert 41 §-HE 7HR AL
ofoll Al FHLSA AREEIL Sl= 7l&oltt (Oren, uck E3E A AAE HAE Heshar syt A=
2008). 4= A2 7]wol Wig S22 Aol ZES o] A¥Acr HFE = A WAt A=Y A=
= O Fasix L qlom, A EH7E oA 7t =Y 4= Qo] A 5= A9 7e2A] T A Qlok
Z de] AFRED Qe 7|sl ZHH o] g, (Biesheuvel et al.,, 2011; Zhao et al., 2012).
A4HFU, A7|FAH 59 7lso] A&Ear St MCDI F4ollA e 35 WAl g 545 2
shA|NE o5 FAL 24 A =2 oUA] 4K, Aotz Wl T8 82l Fol sholth AY F&
ol 2u g2 o] A oA e Ao o HH Ao whel HXF(CC, constant current)2} 7
WA mk @ Ao olek 7|0l WA W Ao 5 7 (CV, constant voltage) Hl4]o] Qlt} (Choi, 2014; Choi
&, AAEE 59 EAAE ZE3 9t (Oren, 2008;  and Kim, 2015). FA5F {2412 Het WA ET oy
Suss et al., 2015). o]2|gt EAHE AT 5= = Al Al o] Hof oA aH] BN H =2 &
2 dH7Ie2A 7] 35k WHe o83t 4 &S Hol= AHlo] SlANL FUg Al tiH] S
Al EF(CDI, capacitive deionization) 7|<=o] tfst A o] AL AL 71X Ut} o]of utdl, AAe HhAl
7} 1990 ZuF o] EAR o7 o]Fo|x|aL 9tk < BY oM AR ARG § w2 52
(Suss et al., 2015; Zhao et al., 2020). =& &4 7|& a&E 7= Aol JARE S22 £ 7F dAsHA] ¢
L FHAo] Ya Av|AEAo] 43 HaER A = ©@Ho] 2ol MCDI 374 =20 wet AHF 2
32 A8SIol, W91 QRS W, 0T wwol 4 AL WAS AAoR $AULt Choi and Kim,
AE|= A7) 0]%Z(EDL, electric double-layer)2] %= 2015; Kang et al., 2014).

717 QEL o]&3le] 4golitol 9= o]l T oo whet & Atolx= FEY d=vt wot &
3lo] A|ASH= 7]<4o|t} (Zhao et al., 2020). S2 A, 4 7le 79 =Y LHdjof st FeAE 4
20 oleol, GFL Sol2o] FAHEE  AEL T MCDI moduled olsto] 489
h, A dEtstAY o AYE vbste] o)LL g TDS(total dissolved solid) A|# E4Jof &3t A1LE %
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& Mg 150 pme] FA9F 10 x 10 em’2]
Hog olgolzl A} o 27 1044 % 20%
o] 3}149] module= H/d ¥ o] §lem, Fig. 19 Leh
Rtk Fig. 1 9F=H(Cathode)2] AF-3}5 o= S0l W
2l (Anion Exchange Membrane)©]| 3t A4 ZF2E of
UL, S=(Anode)®] AF-sHRol= oFol gyt
(Cation Exchange Membrane)©| Z}-Z} 3t A4 ZF2LE] of
oIt} ol L Eut Aolo| SV} T 4 A
90 ume] spacer(LFel & Y| E)7} HEE o] 9T, %
Lemo) FE Fal A7k Ae] Awoln Fob
2 WAL 4 QLS TAH gt BadS
ol A3 WEs] Slstel £ 150 mme] 4
%% ke du BER nyAA A 2ystct
Alslo]] H Q3 sodium chloride(NaCl)= SAMCHUN
Chmical AHSeoul, Korea)?] A& A3}t
Al8] A2 = Fig. 29} o] A oH, SUd4=
oF H 3 (MK-07528-30, Masterflex, Germany)E ©]-2-3}
Q1A% 852 MCDI module®] Z33}o] &¢Ittt Fig 2
SAlol A7 |(potentiostat, Keysight E36313A, USA)S
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Cation exchange membrane

Fig. 1. Configuration schematic of the membrane capacitive
deionization (MCDI) module.
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Fig. 2. Schematic diagram of equipment for the membrane
capacitive deionization (MCDI) experiment.

Y 10 AZ 275h4 e AAs) 2oon], A4
MCDI cello] Q17181 5= £314-9] 0] we A

< W3t (Kang et al., 2014). MCDI module2 53}
q} @)4=2] TDS HE== TDS Meter(Multi 3620 IDS,
WTW, Germany)Z o] §3}o] 102 71402 =4319)
oul, golg PCE AAste] SH e

22 =N

MCDI module& ©]&3}o] 480
A& FJ7EH] alA Y 5 A4
= g g i 5ol HxAL dElsie A
A<
T

, 0|5 Table 19 YEN I} (Table 1).
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HAe &9l o wE MCDI module?] TDS
=248 wolsl] 98] NaClE o]-85o] $314
&5 500, 1,000, 2,000 mg/LZ2 ZA|3F & A 2|49
TDS &% W3} A& Y3t §-4-2> 30 mL/min
, & 90E7F Aoz a5l
0, 100 mL/min®] 8-<of w2 TDS =
H 249 TDS ‘Er+= NaCl 9|
£3510] 500 mg/L2 ZAI5IRa, S2F 2 gzl 27|15 7z
Hgstglon] feU5g ol gl gAY

3 A AHSE fYUS A, 308
A S Al 7HA] 5o W& TDS A
T T S

ZA) % TDS 500 mg/LE MCDI
AL ]/\ﬂ %-i\— 30 mL/mingi
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Table 1. Experimental conditions

Exper'ir.nent Reagents Feed water TDS| Apply voltage | Flow rf:lte Adsorpti'on time Desorpti'on time | Desorption
conditions (mg/L) V) (mL/min) (min) (min) method
500
FeeiDV;ater NaCl 1,000 1.2 30 90 - -
2,000
15
Flow rate NaCl 500 1.2 30 5 5 Feed water
100
Feed water
Desorption NaCl 500 1.2 30 160 60 Product water
method Product water
(30 min pause)
Dfrslzgggn NaCl 500 1.2 100 5 5 Con‘(/:\:a:;’;rrated

concentrated water desorption process

Table 2. Experimental conditions of

Experiment From To Apply voltage | Flow rate | Adsorption time | Desorption time
Process V) (mL/min) (min) (min)
R
aw Concentrated 12 100 5 i
water tank water tank
1) Ready
Concentrated Concentrated 12 100 5
water tank water tank ’
Raw Product
1.2 100 5 -
2) Produce water tank water tank
3) Wash Concentrated Concentrated 12 100 i 5
water tank water tank
B4 Fogashs 6 Aol2 AR sastert =
- e _ 2600 9
ARt 2 %4 Yag w2 Axstel, T A —
B252 o] $510] 100 mUming| §4:02 Babali
AFE STk A8 A Fig. 33 Zo] A3}
Pumy
Atk Fig. 3 A4S 1) 24 34 2) A 34 3) A . ’
3 3%, % 3970 gAHOR FEse] AP 5
stglom, o] & Table 20 el QIct. Table 2 1) =H]
FHE A WA Aol T Yo FHOR B u
AT FE5F gAY &2 A= dAE A5 i . e e
of JHd o R 587 FREIHA wE5¢ B3 52
Ao F SHIE AAAS A 554 Paol g 2
2 MCDI cello] &2 o] 2absto] A& sl
H:IZZH /\]-Ol v‘?L.E_"‘E 2) (H \_]_- [e) 6“]'} 3) }\ﬂ Zq :J_’—Z"_,] Potentiostat Laptop PC
HEE O A Ao A AALLS 7 52 AAL . L .
#2) “_,0 Bl A o [l EL o Fig. 3. Schematic diagram of equipment for the membrane
SHAAL, 3) AlA TN w54 B2 e =5 capacitive deionization (MCDI) experiment by

ARgto] AS AFBH

concentrated water desorption process.
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Fig. 5. Treated water TDS concentration according to various
flow rate.

o] 500 myLE S, FEH L DH Tk 5
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vy
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wEm ehgdoR AWEE Ao et 94
o] H&4E cell UolA9] o AR Alzko] Ho

A=, oli= ¥ §Ho|A vl WFor o] o] o]
Sol= A7HE £9JF ) (Yao and Tang, 2017). whabA]
A4 A7} 2 LSET AYEE AJ7ro] THaslo]
UetyE Zlo=z syt

3.3 & Al MBS st A
Xa2ls=2| TDS =k tH3}
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Fig. 6. Treated water TDS concentration (a) raw data and (b) fitted data according to various desorption method.
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Fig. 7. Treated water TDS concentration according to
continuous experiment by feed water desorption.
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Fig. 8. Treated water TDS concentration according to
continuous experiment by concentrated water
desorption process.
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