o 2 8| Q1 (Membrane Journal)

Vol. 26 No. 1 February, 2016, 62-69 Print I1SSN: 1226—-0088

Online ISSN: 2288-7253
DOI: http://dx.doi.org/10.14579/MEMBRANE_JOURNAL.2016.26.1.62

Sulfonated Poly(ether ether ketone) 2! Poly(vinyl amine)/poly(vinyl alcohol) &gtat0|
AabEl ordele SHMA BRSO Ms ¢

7

bod-o A Q!

N

shdiEty oy e A 2 a2 Al AR 28t
01613 29 59 A<, 2016 2€ 22U F4, 2016 2€ 24U A )

Performance Study of Membrane Capacitive Deionization Installed with Sulfonated

Poly(ether ether ketone) and Poly(vinyl amine)/poly(vinyl alcohol) Membranes
Ka young Kim and Ji Won Rhim '

Department of Advanced Materials and Chemical Engineering, Hannam University, 1646 Yuseongdae-ro, Yuseong-gu,
Daejeon 34054, Korea
(Received February 5, 2016, Revised February 22, 2016, Accepted February 24, 2016)

e ot

1> rlo

Q ok B AFgAME ol nEUre R Sulfonated poly(ether ether ketone) (SPEEK)E AHE3MH 1, &0 st
poly(vinyl alcohol) (PVA)Z} poly(vinyl amine) (PVAM)S £33t 7Fw A7l 2h& o] &35t oy, old g Bt4%y 4
& FA(Membrane capacitive deionization, MCDI)2| AF4E& FdstAtt. 5ol ndete q4E, o2&,
FT-IR $74< 5ot 9o 543 dolrgith Fol2 wdete 7k AZto] 3 hollA 5 he g F71edE o A 882
81.3%N A1 65.7, 53.8%% Qi—s}ﬁﬂr. PVAm®| §EE 40, 60, 80%= 2elst] A A3t o AA T&L 813, 752,
37.7%= PVAm©] 80% #FY Wl 714 &&o] oAtk ol& Fol& nTe 7ta AlZtE PVAmY F=7F GAA Aol
FIFE WA= AR ARHT

Abstract: In this study, sulfonated poly(ether ether ketone) (SPEEK) as cation exchange membrane and blended and
crosslinked poly(vinyl amine) (PVAm) with poly(vinyl alcohol) (PVA) membrane as anion exchange membrane were used
and then the performance experiments of the membrane capacitive deionization (MCDI) installed with both membranes were
carried out. The newly prepared anion exchange membrane were characterized through water content, ion exchange capacity
and FT-IR. The crosslinking time of 3 h to 5 h indicated that the salt removal was reduced from 81.3, 65.7% to 53.8%.
The effect of PVAm contents from 40, 60, to 80% on the salt removal was shown 81.3, 75.2 and 37.7%, respectively. As
a result, it was concluded that the crosslinking time and the content of PVAm had an influence on the salt removal
efficiency.

Keywords: membrane capacitive deionization, capacitive deionization, poly(vinyl alcohol), poly(vinyl amine),
poly(ether ether ketone)
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o] MCDI®] Mgl <
upepa] B oﬂ:rLoﬂ/Ht ol WO E Sulfonated
poly(ether ether ketone) (SPEEK)E AM&-3}H L, &9]
< w32 poly(vinyl alcohol) (PVA)Z poly(vinyl
amine) (PVAm)< T3t 7FaAzl =L o] &3}
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Polyetheretherketone (PEEK) Sulfuric acid

« Stirring for 40hr at 35°C

¥
Sulfonated PEEK (SPEEK)

+ Washing with Distilled water
+ Drying for at least 1day at 130 °C

¥

Dried SPEEK | N-methyl-2-pyrrolidone (NMP)

= Stirring for 24hr at 25°C
« Casting
« Drying for at least 1day at 25°C

¥
SPEEK membrane

@

Poly(vinyl alcohol) (PVA) ‘ Polyvinylamine(PVAm) ‘

J « Stirring for 24hr at 25°C

Blended PVA/PVAM ‘

(b)

Fig. 1. Membrane preparation of (a) SPEEK membrane
and (b) PVA/PVAm membrane.
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2.1. A4 M=

2 AgdMe  folunduiad AxE
poly(vinyl alcohol) (PVA, Aldrich, M.W. 89,000~
98,000 hydrolyzed)®} poly(vinyl amine) (PVAm,
Lupamin® 9095)% AF&3l9th Sulfuric acid (96%,
Aldrich)E poly(ether ether ketone) (PEEK, Victrex®),
450PF)9| AE38} vhgo WP, Ze Aokt &
= AASA &SdTh L4 = Younglin Pure Water
System (Seoul, Korea) &2 AJ4tste] A3t HT o
A &AM S Pureechem Co.ol A ol s},
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solend e AxE fd PVAS PVAmS
AHEEE T PVAE S/l 10%ZE 90°ColA 583}
of ghds & AT PVASE AA l 22 ¥ PVAm
S PVA 2R tiH] 40, 60, 80%= 21 2tz &% o]
2 wukate] 3 gL xﬂ_,_oP%iE}. PVA% PVAm<

o
a9 e W B4 TF2E Fig 20 YeEhiATHIS).
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Fig. 2. Schematic diagram of PVAm/PVA blend polymer
framework.
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Fig. 3. Schematic diagram of (a) experimental apparatus
and (b) MCDI cell configuration.
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Table 1. The Water Contents of the Anion Exchange Membranes

Water contents

o Time
Temperature (°C) (h) PVA/PVAm PVA/PVAm PVA/PVAm PVA/PVAm
20% 40% 60% 80%
3 422 73.1 102.9 120.0
170 4 35.4 61.6 95.1 107.3
5 223 46.8 83.1 95.4
3 41.1 58.2 76.7 92.9
180 4 33.8 49.7 70.6 83.5
5 21.6 443 64.6 74.4
PST-100)E ©]&3te] YA FFOE FY+E Ao
N . 1204 —=—170-3
SH3F9 3L potentiostat (WonATech Co. WPG100e)E —+—170-4
olgste] AE U7tk FFI 2 AP Yot o —A1703
R Aol 7hdel & HlETol TDS conductivity g w0
meter (iISTEK, EC-470L)% AA3te] wE4o ¥58 g
ZAs90. @ AAES ot 34 4 (HF 2o g
= 40
3
q 20 4
nu(%) = (1= =25) > 100 (1)
0 i}
1ID 4:} SID SID
PVAm concentration (%)
od, ¢, = MEE &9 AAEEoL = TF ®
49 2715 %5 YehAt17]. NaCl 100 mg/L &
< 15, 25, 35 mL/min®] FHO2 EHFTHAM 2 Al 120 —m—180-3
—#— 180-4
1 VY AHYE A7lsta €2 A .03 v AYE SIvt oo, A 1805
o] FFAANE 3,5, 7 minC® WAy g2 A 2
2 | mino.® 1A AR}, : "
£ s0
3. 21 ¥ IH £ Ll
2
- 0
3.1. g2
olgmete] Gg ol WS ARsHE v " 3 T
__CIZ_ %._9_2:5'_]_. ?_Z]—O]U]- []:]_a./q Oo]:ol% E_:zi_]_g']-ﬂ, %o]% o PVAm concentration (%)
gute] FF&e FAT. Fol& nEQl SPEEK ®)
o grge

=)
Zto] AojALE gt¢go] AT
7ta& % 170°CollA PVA/PVAm 20%9] =& 7w
AlZbo]l 3 h¥ Wl 42.2%, 4 h¥ W 36.8%= UtEFTH

Fig. 4. The water content of the anion exchange membranes.
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—— PVAmM 20%
—e— PVAm 40%
—i— PVAmM 60%
—¥— PVAm 80%

1.97 meq/g SPEEK

1.0 4

Ion exchange capacity (meq/g)
B
L

0.0

Cross-linking time (h)

Fig. 5. Ton exchange capacity of anion and cation ex-
change membranes.
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— PVAm 20%
— PVAmM 40%
— PVAm 60%
— PVAm 80%

cross-linking time (4 h)

T T T T T T
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Wavenumber (cm™)

Fig. 6. FTIR spectra of PVA virgin and PVAm/PVA blend.
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(b)

Fig. 7. FTIR spectra of PVAm/PVA blend (a) PVAm
60%, (b) PVAm 40%.
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PVAm concentration
— 40%
— 60%
—— 80%

Cross-linking time 3 h

e
=)
=]

300

S

100 - &

T T
500 1000 1500 2000

Effluent concentration {(mg/L)

]

Time (sec)

io00

Salt removal efficiency (%)

PVAm concentration (%)

(b)

Fig. 8. (a) Effluent concentration and (b) Salt removal effi-
ciency in accordance with PVAm concentration for MCDI.
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Z 7tuvt ®ol IYsE A ¢ F Atk sFa Azt
Ko

1852 58

3.4. MCDI 23 M&s |1

MCDI €4 2748 #4 15 mL/min, /22 A¢3
A7He Q1 7FAQ 1.0 VE 3 min ¢ &2 1 min ¢
03 VE =gx319th. PVA tH PVAm 552 40%,
60%, 80%= &l 3to] 180°CollA 3 h &9 7tulA#A
MCDI Bl @A gsH T I 23E Fig. 8(a), (b)ol EA]
35t PVAmY 557} $71EE 7tul & o g
ol 7|7} dopglo] ol2mBgFo] Frtste] PVAm

Cross-linking time
400 | —3h
——4h
——5h
200 -

AU,

T T T T
o 500 1000 1500 2000 2500

300 4

Effluent concentration (mg/L)

Time (sec)
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100

81.3
80
% 65.7
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Salt removal efficiency (%)

T
3 4 5

Cross-linking time (h)
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Fig. 9. (a) Effluent concentration and (b) Salt removal ef-
ficiency in accordance with cross-linking time for MCDI.
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