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In this study, a grafted crosslinker, poly (succinimide) grafted methacrylate (PSI-g-MA) composed of poly

(succinimide) as the hydrophobic backbone was prepared with various degree of substitution (DS) by introducing acrylic
group. The polymers were synthesized by acid-catalyzed polycondensation reaction and DS was confirmed by 'H-NMR. Then,
we prepared lipophilic gel for absorbing VOCs with silicone monomer and PSI-g-MA. The mechanical strength and the VOC
absorbancy of the lipophilic gel were optimized by controlling the DS of PSI-g-MA with fixing the number of acrylic groups.
We analyzed the physical properties of lipophilic gels by measuring expansion ratio (S), swelling ratio (Q), and Young’s
modulus (E). Generally, swelling ratio of lipophilic gel decreases as mechanical strength increases. However, the lipophilic gel

of this study can ‘independent control’ to control the mechanical strength with superior swelling ratio. In addition, lipophilic

gels can be prepared to customized form for each type of VOCs. Overall, this lipophilic gel for absorbing VOCs prepared with

grafted cross linker, PSI-g-MA, and silicon monomer would greatly used in various researches of organic chemical engineering,

atmospheric engineering and environmental engineering.
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A AAR SR At]io] skl Q197 F7Hgtl
et 75 @ J@ o] HiEe] S7kskl = 7heH,
E35] A 5718%H= (Volatile organic compounds,
VOCs)# &2 foiEdo] ti7], EY 9 44| = wij&E
o] EA7F 52 ek VOCsE A2, Aol A o]
U e s EAIE 4 loew, ti7] Follie =
= F71ge R s 4A SEH= delrastgE

omjgtt}. VOCs= B, 5741, 229 22 2k
oA L& == A9 (Guenther et al., 1995), &

el o

WA o5 {7184 ARGAIE, A 9 AFIAIE
A % T—H7‘q o2 e ¢Fo] HjEH T (Yang et al., 2018;
Zhang et al., 2017). VOCs= S E o] 5o oF37F ot
o, 1:H7] Toﬂ/\{ J—]—g]- St H]—O 0 olo;r_—] 44-9}61— AR

S 4= Tt (Shen et al., 2013). TS T4
= Ad =4 SAEA QIZtA B =& Al A
21k )

bt QJeEe ZAso, i A Aol 34,
FEY, e A Wol W /19 e T 4
[e]

At} (Padhi and Gokhale, 2014).
A Ao A HiEElE VOCSE A7 2 Al A}
7] {18 vOCs S25 31} 3Feh Atabd o ofgl At

J. Korean Soc. Atmos. Environ., Vol. 35, No. 1, February 2019, pp. 27-35


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2019.35.1.027&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

28

7} o] Fol gttt VOCs 52
S5 VOCsE et FH=AR 7]
VOCsE A1 4 SIAJ%, 71 o] 6% 2 e
BT g
FH)5oF gtth= wdo] It} (Yun and Kim, 2017;
Fang et al., 2016; Dumont et al., 2012; Darracq et al.,
2012). UV 13719} o] 2 Eet=nt 347} 22 519
A A= 7] Aol EAIshs VOCsE Al s
gofl o8-8 == o Ateh Il &4, ATt
2 e Ys] Al w2 A FAeh w2
olJ2|7t Eastrt= ©Hdo] ltt(Kang et al., 2017;
Park and Jo, 2014). =3} VOCsE #4351 Qs &=
Hoz &5 A% JA, 2ok €2 vOCs S5
1—] S io]—ﬁ]— Z]—;(]l,]- A 1;]] oﬂ/ﬂ VOC
TEAHe g 1FE9 VOCs7t
gt ol a7 z70] wat G
ste] QAL WA o
Ae) A BN EE 70

o N |
=50 VOCsE A&

:‘i
i)
2

47 (damping) 7]&©] L Q3T (Zhang et al., 2017;
Muzenda, 2013).

o= LA DEARSH AZE @ A silicon oil)

= o-&sto] vOoC &5 2 AAG A5 Axde =
#, 71E2] VOCs A A& AH] T4l o] gstAY, F
o] tfg Aujo) A-Lsto] Au] Y vOCse] T3t =
2.2 5] §18 el AET 9
al., 2011; Darracq et al., 2010; Ono et al., 2007). &4~
/g 22 AL o]-85te] VOCsE 3l5oh= HHE©]
HIE QLo A Zil‘% o]-g5to] VOCsE &
FAZ1E 7S, Ao VOCs S4-g0] Eorof uet
A0} 71AH =7} Aok o] F=olls Aol 5=
7] dizoll &&=t 1% SAZE A

2 AT A 2] AFA oll oFZE 7] (acrylate)
o= A=E &35k

ol A8 VOCs &

(Montes et

POV
zAsto] 7128 7tuA =
o o0 o] EAEA
& YAt WA, ofATEEAS F3tse] &

A AA91 PSI (poly (succinimide)) 2 Hd 5131 0}3
Y715 7L Qe BATS EASHATHIHE 1(a)).
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Fig. 1. (a) Overall synthesis scheme of PSI-g-MA. (b) Preparation of cross-linked lipophilic gel with PSI-g-MA and silicon

monomer. (c) Analysis mechanical properties of lipophilic gel.
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ojuff A4d HAA| PsIel EYH o2 d 7] EApt
9] A5 (degree of substitution, DS)E XA5}o], Tk
st AR E ZHe 454 71X Tt A S P46t

A
At o] & Al E TegA et St A A A|
Z3IHI (1 1(b)), VOCs & Aol A =5 7|53}
71AH ES AT 4 Aok o HEEE 2
£ 2574 719 7 A= 'H-NMR (nuclear mag-

netic resonance spectroscopy)i HEA51911, VOCs

o) ) 24, W AZAENE F A4 B
EAR 3990 ¢ 7. ¥ 4 Az
Z7IA7]H
4] VOCs —E—’F—%% fA5= = 37\1]01 (independent
control)7} 7F55F%] .2 ™ (Cha et al., 2009), ©]&= VOCs
S, AsE VOCs A E |8, H47get
A28, Hotbrh tf7] g7t A-e] Al o Tk

s 28 % 9l
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2.1 HEIZ A OIEI} H=E PSI (PSI-g-MA)
2

ofAntE EAF (L-aspartic acid, Samchun, Korea)}
Q14 (phosphoric acid, Sigma, USA)& &8¢l =2
(sulfolane, Sigma, USA)®] Z7Fsto] 150°CoflA] 104]
7t &<t WS AIZIE /3% =2 Dean-stark trap=
o]-gsto] 2| &2 02 A| At 71 &, o] wek
2 (methanol, Samchun, Korea)°l] HAAZ1 &, pH7} 7
o] & wj7}A] FF= Al A sto] A ALEAQ1 PSI
(poly (succinimide)) & € ATt (Jeong et al., 2012). T
g PSIE HUEEZoMto|=
Sigma, USA) , 2-of] ol e met 3 o]
E 944 (2-amino ethyl methacrylate hydrochloride,
Sigma, USA)T} E&]ol[2 ot (triethylamine, Sigma,
USA)2 1:39] & Hl&= H7Fsto] 24417t 59t A4

(dimethylformamide,
off =<1 %

t7] stell REGAIZATE 0] %, BE-g Eg= ol 4%
< (TEA-HCl)S A=12] ZE (0.45 um, Nylon, Corn-
ing) 2 A|ASFATE AJE-2 TS ol E (ethyl ether,
Samchun, Korea)oll HAAIA A5 F, go°CcoflA A
Zote] vtz o] Er}F ZdE PSI(PSI-g-MA, 1
2 1)2 LYt (Cha et al, 2011). HEIZHH O] ET}
HEH PSI= & 13 Zo] HEI (degree of substitu-
tion)S ZAsto] &5ttt &4t PSI-g-MAE
DMSO-d,°ll =9 400 MHzO|A] 'H-NMR (Avance I,
Bruker) 2 X5 BEA5} )

2.2 VOCs 8 25 #Ao M=
PSI-g-MAE ©|8%
Z3517] $sl g8 dZALO| E (dimethyl sulfoxide,
DMSO, Sigma, USA) ol A A& @A 3-Eir|
EALEZ2d ot 0| E (3-(trimethoxysilyl)
propyl methacrylate, MPTS, Sigma, USA)®l| PSI-g-MA
£ A7Istelet. @A o] ofa ™ 7] 4= 2.0 mmol, 7}
WAC] of2E7] = 0.04 mmol= HE FEE O
PSI-g-MA©| 285191 DMSO Aof|A A 8-H (pre-
gel solution) = A| XA TE A A 2 ofFH]| Ao AR
E] 2] E & (azobisisobutyronitrile, AIBN, Sigma, USA)
0.04 mmol= A 8- 2715t (Ono et al., 2007).
o A golS sigmacote® (Sigma, USA)E ZHH
AFT Atelel] F7 1 mmE EJ3FAAT 60~80°CO
A 2417 559t 7488kl SEAIZATE 0% 8 mm ol
3A] B ] (biopsy punch, Miltex, USA)E A}-8-5t] &+
7 1 mm, A7 8mm2] VOCs 5% W B4 E4S

At 24 AR FA ST (Jung et al., 2018; Kim
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Table 1. Molecular characteristics of methacrylated PSI.

Sample Feed? DSP Number®
PSI 100/0 - -
M10-PSI 90/10 6 12
M20-PSI 80/20 13 25
M30-PSI 70/30 17 33

2Feed mole ratio (mol%, succinimide unit/methacrylate), "Degree of sub-
stitution (mol%) determined based on 'H-NMR of graft copolymers, “Num-
ber of methacrylates per one polymer chain
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AL pMSOo|| Aol A

2 AASAT, 24407 5L
VOCs & %}113}01 &4 WA HTE VOCs A
S 2+ DMSO%}E EF< (toluene, Sigma, USA)= At
Ealbis

=
o
42 VOCs cﬁoﬂ 4¢ 6A17HA 3
3 DMSOE VOCs
Ikt vOCs ~7—9~ PSS
A

o SAL 0 XXX Aol Il

=] — Ll bl
9] VOCs &5 &4/ A 2] 3-3-H] (swelling ratio
Q)% B9 BAGcE B A2 254 A
o) g A BIoh] A AL, BEE 1)

A (W)t AxE Ae] LA (WS o]8ste] TS
o] 215 o]-g5to] AXLETYH(Cho et al., 2017; Chan et
al., 2010; Cha et al., 2009).

=~ Wi o0 1

= x
Qm V[/;i 0 ( )
TS Al 4£44 A4S VOCs S04 W3A]
T, 27-& Z7sto] ©7dH] (expansion ratio, $)E
Abeh 4= glom, thg o] ”@X}H]Q} o-g-H] o] A2

£ Apgotel AFH
1:]- Y2H| = Z o] HISko

I
=
£

>,
Y
rid,
(I
—{Oll
1o

Aol P vl-g2, At 2T o] 37] ()2
W3 & Ao] 77](x)<] HIE hebd 5= Qlch E
e E 12 7P o] RA(W)E Fo= ekt
Qom o= T Wgu|o] H|2 YHuE ekl

e Ll Y e </ = R A A}
o @l o

t}(Beak et al., 2013).
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1
5= (Q”)2 1= @)
T;
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VOCs B8 454 0] 7144 S42 )
2AE7] (universal testing machine, UTM, DrTech,
Korea) 37| ol 3to] Safotoict. 4% 2= 54
S 95t A2 AL 0] 1 mm, A7 §mmE F+23}H

slgom, 217t & so] B AMgste] Z45hd

o R EAIR 719 A a2 S AldHlE
12%, A& £ 0.2 mm/min, 35 HYIE 1.0kg 2 5
A5 859t (Jung et al., 2018; Kim et al., 2016).

£= U(:): A}ZfLO 3)

A (3)2 S (0 ()7 U %(5)4 v g Aolw=
% BHE (elastic modulus, E)S WERHCE 7] 4 F
= 2 Aol Z¥sliAl= %’J,A~ o] 2o ® =
Aderd A

Ao] HA, AL2 HI ol ek, L= =

7] ol & olujgie.

VOCs §4-8 444 Aol Be W A% 752 o
Q1817] 98] VOCs Bololq ¢ WeAZ F AL
7] Aol A% 4L Aastect vlazos of

E:‘.

Aol E (acrylamide, Sigma, USA)St HE g
2ot Fotato] & (N,N'-methylenebisacrylamide,
Sigma, USA) & ¢4 stolEgds A/ Adt 5
QG FA0m FASNNL RN BH BeA
71 H AR t)7] AdollA] 458 B9 A A Ax
AT} (Jung et al., 2018; Cho et al., 2017). TH7| 7]
A AREE B 58, 158, 455 (1A 2 A9 7
< E74stlon, & AxH A2 A VOCs &
oA o Ba E A2 g7 Ax S

=

= 2l (error bar)= 2= A

sl 57He) A= Z2gko.2 eigict 414

:Vé

%94/‘51% Turkey’s multiple comparison test (T-test) S
g-gsto] AAsHT(, p<0.001).

w0
(M)
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.1 PSI-g-MAQ| X & EH 2AM
sJo] = PSI (Mw: 19000 g/mol)= At Zuf

e by @

%53 Hh§ (acid-catalyzed polycondensation reac-
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Fig. 2. "H-NMR spectrum and structure of (a) PSI; (b) PSI-g-
MA.

tion)= &ofl #E4< o FEE Aok & 13}
2ol Mgtadeo|EQ] HEEo| wt PSI unitd
feed mol%= 10%, 20%, 30%S o] TAI5I1, Z+
Z}-2 M10-PSI, M20-PSI, M30-PSI= HH 51} of
71004, HEZE PSI ¥HE 9] B2 1007 i¢
Adog 2%te 22 &5 7|6, Number+ 1%

2 Abg N et el E Y] AE %@E}.
PSI-g-MA 2] 7%= 'H-NMR (119 2) 232 53|

3
Ao 2 TS slolstyth PSI unitl] W EE 4=
27} 2.7 ppm} 3.2 ppm, HEFQ] 52427} 5.3 ppm, =Y
5 ola g0 Eo] lal $:4% 5.6 ppmI} 6.0 ppm,
e $4E 1.87 ppmolA EAE T AA HEZ
£ P17k Uehiis 54 13.(C-CH)9F MA®] §4

1] 3 (B:-CH,) |4 g ARgsto] ARtstgleh (4 4).
71 AT}, 6%, 13%, 17%7+ H2H-S gHelstgirt

D84 (%)=

The integralof the peak 1.8 ~ 1.9ppm/3
The integralof the peak 5.1 ~ 5.5 ppm

<100 (4)

BN AJollA el Al MPTS2F 933t PSI-g-
MAE £¢5 ‘2‘15}. et A gohe IHE T AY
o Afolof| A o] 1 mmE TAAZ 21, 60~80°Ce]

A}ﬂﬁ}@ THASFskaL
=& AARH SA
of & BEAA FHF VOCs 58 254
Ag Azxskt (19 1(b) tﬂx{ 7123 7t A <]
PSI backbone®l| otZH7|9] HEZE 6%, 13%, 17%
2 gdste] VOCs 58 ﬁ‘_—/.‘—/:j 7:;_1% Azt
VOCs -g-Hof A 2] 2hd

“gsto] BAHE Altsldth. DMSOS} =
ol A HEL7} 6%l A 17%7HA] Z7 gl u}a} 3}
H| gto] Faste B Holu ashs izt ¢
THeE 7bo] Sle2 SHISHATH(TLE 3(a)). DMSO
oAM= HE=7E S7Ftel wet 0.30014 0.117H4]
BAH o] At 2 ARe] HE HET oA ekt
T 7HRAL SRl = T HI7E 0.7891141 0.30
74 A 2 Mo, HEE

3t AAE eI
theo =, 447 A0 BHHE ARgSto] W-gH]|
= AArsict H-aH] T3 PSI-g-MA 2] AEL7} 5

7¥ehol| whet W58 glo] HAastes AEs B, 3
Zha|of Bt ebet Ta ARkS 7S Eelskal
TH1E 3(b)). DMSOOlA = H==7t S7Ftel whet
186%°11 41 126%7HA] -5H]] HAart & Ao &
£ AREAA ket 27hs 7o EFQloA =
478%°11 4 203%712] AFthH 0 =2 F Hst £S5 7140
L, B A HEL 13~17%014E 205%714] 203%

7HA] Sale] ehnel AAag Sl 4 A3 o]
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