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Abstract — In this study, ion exchange membranes were prepared using high impact polystyrene(HIPS) with various
crosslinking and sulfonation time. Degree of sulfonation(DS) of sulfonated HIPS(SHIPS) membrane was increased with
sulfonation time and decreased with crosslinking time. The highest value of DS was 66%. Also, water uptake and ion
exchange capacity(IEC) of SHIPS membrane were decreased with degree of crosslinking and increased with sulfona-
tion time. Then their values were 35.2% and 1.55 meq/g, respectively. Electrical resistance and ion conductivity of the
membranes were showed more excellent value with sulfonation time. The maximum value of electrical resistance and
ion conductivity were 0.4 Q-cm? and 0.1 S/cm, respectively. It is indicated that the SHIPS membrane has the higher per-
formance compare with Nafion 117. Durability of SHIPS membranes in a organic solvent was increased with increasing
crosslinking time. The surface roughness of HIPS membranes were confirmed with SEM that was become uneven sur-
face with progressing sulfonation.
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(Capacitive deionization; CDI) G- T}F3t Folof E-8-%] 11 QITh{1-3].
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o] siil7]<Rl AxAd=] 7ol digk A7} Eis] 218w
NE Aol
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AR, BT, B85, inter penetration B 5
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£ T8 AW T Al Te71E EYshs ol £
o S AR A Fo R WY R E vldksd 1At
of] AFA|A o] 2w sheks Al Zsh= B olt), =3t Interpolymer B
2 B3 -2 collodium® 2 1EAE HEAIR] & -FX} A
S FEAA 2B Az PRoR go] Erdlst o] gl
SHvHe| ol&) AlzE vk T %iﬂl(Naﬁon) o3} H)
oA vro g ol B4 vhE uhe] EAJo] et e
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2-1. A2t S 1=

2 Ago]| A18-8F High impact polystyrene(HIPS)E w24
8ol HI 450W(MW: 190,000, styrene content: 90.7%)5 ARE-5}3)
o). HIPS?] 7]2-54d-2 Table 10]A4] Xi= 12} 220}, Divinylbenzene
(DVB)¥} Benzoyl peroxide(BPO)=" AldrichAlS] <=5 80, 99%

Table 1. Basic properties of HIPS

Tensile Specific Water softening
Test item strength P avi absorptionrate temperature
(kefer(psiy) &Y %) C)
Test standard
(ASTM) D638 D792 D570 D1525
Value 3976 1.04 0.05 97

olE - 1R -
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=Vd

Table 2. Crosslinking condition of HIPS membrane
No. HIPS(g) DVB (wt%) BPO (wt%) Crosslinking time (min)

1 35 3 1.0 20
2 35 3 1.0 40
3 35 3 1.0 60
H H
VWANC—C—C —C==C—CH\r =
H, H
+ BPO
—_—
9% C
HIPS
Divinylbenzene
H. H H | H
wﬁ—"—cz—l—g—cuzm WA —C—C —C—C—CHpn
2 | 2 ‘
<|:|-|2 =4 <|>Hz
l CH
CH \\
SOH
Sulfuric acid,
silver sulfate
—_— CH
TH 25T |
H,C HC
H H ' H H H '
WArC—C—C —C—C—CHyn WA G—C—C —C—C—CHp
H, | H H, | H
/ |
\\

SOH

Fig. 1. Scheme of crosslinking and sulfonation mechanism of the
SHIPS ion exchange membranes.

TAIekS ARSI, TS, Sulfuric acid?} Silver sulfate= SAks}sh
AFEOZ T 99% AFA|S AFEEI 0™, &)l 1, 2-dichlo-
roethane(DCE) Duksan 313} #|3%-2] AFA|2kS AA|glo] Tz
AHg15ct.

2-2. HIPSS| 7|uHES

SHIPS %o 2w hakS- A %317 $)3ke] DCESl HIPSE =91 35
W% HIPS 28-S #2310t HIPS 298 100 mlo] HIPS 715 3 wit%
DVBS} 1.0 wt% BPOE E § 25 °ColA] F=3] mHA A +4
FNS Axzsty NS HZEZF $of| doctor bladeE ©]-8-5}F7
100 um o]8}2] -5 Azt Svl5E-S $18te] Alz=st vk 3

AZFERE WAsto] SullE SEAIZ] & Az HIPS 1S 90 oF
of|A] Table 29} o] 7FwAIZHE HFE Fig. 19} 22 WHSHEE
A7}wAA 71 HIPS 2He A %5133 THA].

2-3. HIPS?| =E5} 42

7} HIPS vhs #E38to] o] huks Alxstr] flste]
HIPS @& 500 ml ‘{}Fﬂ ol Ya1 o37]of] ikt silver sulfates 4

I A4 X|FAX] F Table 37 22 REE-Z1dsol A &3} W35

2E3IGet. £E8) R $- 18 Ao 70, 50, 30%4 Akg-oef
T % AlFetal SRTE oe AlFEte] nlRks kS A

Table 3. Sulfonation condition of crosslinked HIPS membrane

No. H,SO4(mL) Ag,SO,(wt%) Sulfonation time (min) Atmosphere

1 200 035 45 N,
2 200 0.35 90 N,
3 200 0.35 135 N,
4 200 0.35 180 N,
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50 °C FF-QE0f|A] 2417k F9F AZA|A &<E3} HIPS ©]
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2-4. FT-IR N N‘dIEE-I _l?_}\-l

HIPS o] &w 3H}2] <-E3) Bhg- 4l 73 FR1S 91519] Shimadzu
A1) FT-IR spectrometer(Model IR Prestige-21)5 ©]-&35}0] T}~
4,000~600 cm™'2] W2)olA scan F° 16, resolution 4 cm & 3}
HHERLE] FT-IR ~HEH 224925 k9l

2-5. 92| EE3i 5
23} 13| oJa) AZ-3F SHIPS o] &1 3Hke] 2 E5h2 =4a}]
9)8to] 7} HIPS 22 4 x 4 cm 17| 2 Aeksl 5 giko 7 &¥3)
3 & uko Z=Esew A Hsle] A2A7) & %%Xd e FAE S
7Jalo] TRl SJel] SHIP o) & dhuke] 3182 1313IrH7.8).
W,-W,

Degree of sulfonation(%) =

M 100 (1)
W, xF

Mm
1714 W, W, HIPS®} SHIPS o]-2w3hke] FAjolc), Hglh,
M M, = A styrened] wAFFC]™, Fi= HIPS U styrene®]
Eot

2-6. S a)ct;l

W,
Water Uptake(%) = %2 x 100 )

dry
9 Ao W, 7 W, = e
o] FAlele.

2-6. 0|2k
SHIPS ©]-2- w3} 1% S85FS- Fisher®] 2 Wel o3l &
A7) ¢ }o% Ol eW3ES 4 ¢cm x 4 cm A7) 2 AEER] 1.0M

2 59
o)

HCl =891 300 mle]] 24/\] Fot SHIAIA H-form© % X|3kA]
71 $ol& ‘-'%% 0.1 M NaOH E38-9 300 mloll A7 24x)3F

&7t wkshAA ol AT F- 735 50 mEE w518101 250 ml
AZEERA ] Yo ? Jﬂimuol o 2338 A7) 0.1 M
Sh 5 5 el 9J8l SHIPS ]2 gHte]
o] 23t &S ?ﬁ}ﬁiv}[l 1.

(Vvaor*Nyaom) = (Y ger X Nycy)
Weight of sample

[EC(meq/g-dry) =

AN Vet Viors 2791 A8 HCI ﬁﬂZ«%‘ﬂ‘ﬂr NaOH %
Z‘Q_oﬂ-’] T‘I’] L]'E]']’H——]l NNaOHﬂ» NHCIL_ ] A]‘Q_% ,J_L.‘f"‘g_
oﬂ‘/l L_EU]— lr_CE L]-E]-LHD]-

2-8. Uo| M7IME 54
SHIPS o] 2w ghre] A7|A 8-S Z43H7] $18H9] 0.5 M NaCl £

ghato] Az

=)
J@

] 213

ol EIAIA HFol| =FAZ] SHIPS 0] 23S 1 ecm x 1 cm
712 Adstod 2-compartment cellol] 77 A17131 NaCl A3l&-S
ZA1Z] 3 LCR tester(Model HIOKI 3522-50)5 ©]-4-51o] AghS
=511 THS Aol 23l SHIPS o] & dhale] o] LA TEE A
SFATH11-13].

Electrical resistance (Q-cm?) = R;—Ry'A 4)

®)

A o U 12

2

Ion conductivity (S/cm)=

L
ERxA

o714, At ol gahute] HEWAS Lhehlie] LS o] amgho)

1% Lhehdich,

2-9. LIFMAIY

SHIPS o8] 73 dE8E flsto] 2h& x 4cm

712 Ak 100 ml DCEoll ¥al 2473 B2k ‘Wi 5 oo
FAREEE S5t thaAlel &8l SHIPS o]=waheke] Y4
A3t 14].

Durability(%) = Wi\;/_% x 100 (6)
1

o7 W 7z we] Aol W= WSk Bre] IS LRIt
2-10. SEM &
HIPS 2] 7t 9 <33} ¥§ A5 morphology RIgHs 23}
7] 91819 JEOL A}2] SEM(Model LEO 1455VP, =¢)S o]-g3}o]
ion sputtering 4] © 2 ¥TH-E gold coatingdto] #3235t o] w ghdt
S x20,00081 2 311 morphology ¥z 3T,

3.
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3-1. FT-IR AHERH 2M

S S-S Fote] Az o] 2w dhke] FRERIS fl5to]
FLIR A EY 848 5190t 71 A3} Fig. 2, 391 LR QlTk,
Fig. 2, 32 %33} W 7k Al{he: HSPA|A A|32gh HIPS o] 8k

A4
0=8=0 $=0

©
A

0=8=0 S=0
M
4
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(€) WNW/”W
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T T T T T T T T T T T T
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Fig. 2. FT-IR spectra of HIPS film and 3% DVB contained SHIPS
ion exchange membranes in various sulfonation time; (a)
HIPS, (b)45 min, (¢)90 min, (d)135 min and (e)180 min.
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Fig. 3. FT-IR spectra of 135 min sulfonated HIPS-co-DVB mem-
branes in various crosslinking time (min); (a)20, (b)40 and
(c)60.

o] FTIR AFHEZ O Z Fig, 2014 Bi=nle}l go] 7lwrkgo] 1
sl wlz} HIPSS] 1,650 cm™! -2 C=C o|5 A5 v =27} e}
A k31 DVB 7FrAlS] =91 &3k 3,100 cm™! Fte] Wk
CH 21&%%F 3|7 intensity”} 718 A 0.2 Kol 7tw o} 18y
s A = AT TtwAlzte] e wef Ola e
intensity’} 57teke Z& g1 4= AT TSk 7R 7t xIsge]] uh

2} 1,500 cm™! H<29] )37} Eh=E] o] C¢=C ol?aﬁu &
A7b AoAHA E3Est AFA0l Feje] ¥ =7t vehks 2o
72 AlsH)

Fig. 3 7}l HIPS] 43} uk3Al7to) k2 &3} A4 -

= gRlal] gsto] B413 FT IR AFEFH O 2 Fig, 304 Bi=n}
9¥ o] s3E3} Nkgol 1) whet 7k HIPSelA ek oF
&1 3,400 cm™! F-2ollA] OHell &3k EA19]=19) sO5 9] 549 =17}
1,050, 1,200 cm™! F-2oll A YERR= A0 2 Hol ¢E3) vkso] X
9SS F1st 5= 9ITH15]. et HEgATI] Z7EE
o5 EX A intensity’} S713IR 0 7lwAl7ko] Sk ulet
1,050, 1,200 cm™! ¥-22] 1] =7} 7hash= AEES Bglon o7
E] Fig. 62] SHIPS 9H#212] o] 2w ghgefo] 7tw =7} &S v
Fth= A& A 0= gigh = qlqlth
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Fig. 4. Degree of sulfonation of SHIPS ion exchange membranes in
various crosslinking time (min); (a)20, (b)40 and (c)60.
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7kl HIPS ®E#HQIS] E8} WA WstA|A st
SHIPS o] 2w guhe] &3S 43190t 1 437} Fig, 40l
el Stk Fig. 45 SHIPS B |919] 43E3) A7) w2 4%
3}59] W3S el 88 Fig. 404 Hi=nlel o] SHIPS

ol 2w dhte] & E3 = RhgAIRe] F71stel whet S7ksh= 3%k
S BYom o) £E3EL 66%71A] SIS et 7fw Azt
o] Wsgle] WE SEFEL Fig. 404 BiEnle) o] 7aa)zio]
7l ulet 7hashs AES Bt ol g A &ESATlel e
SE3ES] S7H= HIPSY A7l +Eab7]9] X|gk-go] Yo
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Zhol| M2 EE3E9] At 7t Ert FhEel wel 449
mobility”} 7428107 #Hd7]o &Ea7] 2] X|ghkgo] golskA] ¢k
7] Yo ALRE ST

33. g2 =3

Fig. 5% SHIPS o] 2u8hete] &#3} 2 71w AI7F Wsle] wh st

Ske] PAIE LR 207 Fig, 50014 Kinle) ko] o] 2w gk
ko] g FESATH 1 7Vl wet Sttt <E3Azt
180304 ThA] sk 3eES B oint o] g A o] & whto] gk
o] ke Fe 1% ko] =9]¥ &) 9] shego] St

ghol] wha} uke] X3t ket o] wokA|7] whito|d,
&3} Alﬂ 1803 01 of| A %T% | ZHashs 991 o]l wehat
o =8l¥l &FEA)7} %ﬁ} HJ S 37|t A wkesled Azt
RSO0 % Hysh= 7 7] WlEo 2 AlR S} A 7

o]
WAZO] STk EEPE} %‘—?E
317} X EA AL 7} 2-gsle] DVBel| 93t 7k gk
kel Slet 7kwst °1LJL_#°1] Aoz 2g3191aL ofel| whet
7V AL 7kt dofyt 408 7k st ¥ SHIPS o] ghutellA] 7}
A =8 eas v on Tlu st 718k wel £EA| R
o] Fastar 7kl W 24 mobility7h 7HAEE| WiEo®
AbEgTE

Hzol] =0 AS wolth) &

Oi'fﬂ,

3-4. O|2uEl=2gt
33k SHIPS o] 2w 3] <#3} U 7hwA|7te whE o]2w
gl Wsks Sgsti=tl 2 A9} Fig. 601l LR QUL Fig.

Water uptake (%)

1 s 1 N I N I . 1 s 1 N 1 N 1 .
40 60 80 100 120 140 160 180 200

Sulfonation time (min)

Fig. 5. Water uptake of SHIPS ion exchange membranes in various
crosslinking time (min); (a)20, (b)40 and (c)60.



<323} Hkgoll 98t High impact polystyrene(HIPS) 3o 2whke] Al

lon exchange capacity (meg/g)

08 |-
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06 |-
©
04|
02 1 " 1 L 1 L 1 L L L 1 L 1 L 1 "
40 60 80 100 120 140 160 180 200

sulfonation time (min)

Fig. 6. Ion exchange capacity of SHIPS ion exchange membranes in
various crosslinking time (min); (a) 20, (b) 40 and (c) 60.

6> 3t 9 7tz o) o] gevte] IAIE vERA 1)
ZF Fig. 604 K= nfel o] uke] o] 2w shgeke <3} A7k
o] Z7}gtel| w} Zrlsla DVBel 28t 7hwst Atwrt Z71el
W} 7Fash= 43RS B Qi) FEsk SHIPS o] & wshto] Foj o]
WE G2 1.55 meq/gCE vl =A YR o] Skellx] A
Heknfel o] uke] #Hdr]e| £E4)7F 2ol EQ1ES7] wiEo]

Aeet 7k 1 43 Hhgo] golsHA| o] FolF7] WiEo.
2 AEH AT T8y &E3} Al7ho] 1351 o delAs 23]Y o]
2w ggo] Yolx)i= S Bl o) BE EFAT A
571 2 vk BIQl7] WlE o & AlRE I

)
k)
&

i

3-5. 2o MY
J 3t SHIPS o] wdtute] M7 A3 Wl o] LA L5 F74515]
o) 1 A9} Fig. 7, 8ol LERT 9tk Fig. 72 SHIPS ©]-&w g
ute] 7hw W %E3} Al7be]| upE 7)Ao dAE veld 18

T Z Fig. 7914 R vk} o] olwghuke] A4S +F
A7bo] Aol whE} ZhAs} 135% o) Atoll A ekt Sk A
S B o 13570A AZ3 o] w et HIAE o] 04
Qeem? 7FE WA et o B Aol 7]5=2<¢] Nafion 1179
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Electrical resistance (Ohm cm?)

0 L [ IR NS R NN R R
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Sulfonation time (min)

Fig. 7. Electrical resistance of SHIPS ion exchange membranes in
various crosslinking time (min); (a) 20, (b) 40 and (c) 60.
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Fig. 8. ion conductivity of SHIPS ion exchange membranes in vari-
ous crosslinking time (min); (a) 20, (b) 40 and (c) 60.
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Fig. 9. Solubility test of 45 min sulfonated HIPS ion exchange mem-
branes in various crosslinking time (min); (a) 20, (b) 40 and
(c) 60.

714815 Q-emPBE T} vl G e s Z0 2 Hol & ol
ol Az=gk o] 2w dute] Adso] Srsittal I Q).

$HA Fig. 82 7t W &3} Al §gle) o] 2w ghuke] o]
Txoke] PAE veERd T#Z R Fig. 8ol K ulel o] o]
w3k o] AT A7AFe SA ) T2 HES Ko
v £E3} A ZFaARre] 22 1355, 4081 o] 2wt o]
2HEE7E 0.1 S/em® 7Y =4 Ve oM o5 A= o]
gake] A7A T Fdd el 2 dRIshs AdE B

3-6. LIT-AIR

ZHIAIRE B 2Es) AR EElste] F1(40 pmyE LSk St
o A|zsk o] 2wt 73 AlFs A3} Fig. 9o viERt
St} Fig. 9% HIPSS} SHIPS o]w8hute] U448 Eels}y]
9l5lo] DCE®) 2HS U4 =7 (4 ecm x 4 cm)E A¥kato] 271
T 2447 5 BHE Zdlo] SRR A T AZ2AR § v
A F7sto] FAH Fo] FAMSETE S8=Es 54t 2
& Fig. 9ol Hi= nie} o] o] 2w #hute] 7k E7} 7kl
uhet g7t ashs 2 o® Kol ko] yigAo] Frkeks A
= Rl Wb egshs g 2 des TFAY]
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(e)

Fig. 10. SEM image (%20.0 k) of 3% DVB contained SHIPS ion exchange
membranes in various sulfonation time; (a) HIPS, (b) 45 min,
(¢) 90 min, (d) 135 min, and (e) 180 min.
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3-7. SEM morphology 2H&

ZHIAIRE B $3E8) AIRRS dElsto] Alzdt o] wskte]
morphology W3}E #a317] 95l SEM 48 ISl 1
717} Fig. 1091 YR} It} Fig. 10 7twrl7hs: Delsfo] A|x3
ake] SEM AFZLOZ FigureollA] Hi= vhe} 72o] HIPS B o] uf
§ #As 7)Fo] wEEA] Adekon kARt ukE wws)
7} FEBl0] YehA] b e8RS Rt 3hA #E3) A0S W)
AA Azt o2 ghuke] -9 Es7) Xl whz} HIPS |t
Lt ol vl W morphology’} S+t ASHA W= =T
o= #ES] wle} EH EEAbe ol 31gAdo] TkekaL
Az WslE 97wt o 2 fekE] 2l o H o]F SEM morphology
E2HE HIPS 2o #E5P7) o] Foigles 1 = Atk
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