Clean Technol., Vol. 24, No. 2, June 2018, pp. 112-118

EELE

ADLE FIEQE 7 BZSA E2|(N-0|AT2HOIN0|S) A ARY2| AT U S
- BIZRINE 2580 50| B2NIE Yo I

,ARHEE, suiaf 0|gE|, 58K, Zete"
Ak st 7] A A ek
Al T FAtdehE 631 2
Skt g ol
47154 FAPFAA] ARG GEA R 152
Al A B
10832 7| & 3] 3 =/22 60

(2018 19 249 5% 20181 2.9 289) A 4 20181 29 289 A=)

Preparation and Properties of Crosslinked Thermo-responsive
Poly(N-isopropylacrylamide) Gel Materials for Smart Windows
- Effect of Glycerol Content in Water/Glycerol Solvent -

Jae-Hyong Park ', I1-Jin Kim®, Dong-Jin Lee’, Jae-Hak Sim”, Min-Seop Song’,
Young-Hee Lee', Jung-Whan Yoo®, and Han-Do Kim"*

'Department of Organic Material Science and Engineering, Pusan National University
2, Busandaehak-ro 63beon-gil, Geumjeong-gu, Busan, 46241, Korea
’Korea Institute of Footwear and Leather Technology
152, Danggamseo-ro, Busanjin-gu, Busan, 47154, Korea
KNW
60, Donyu 2-ro, Paju-eup, Paju-si, Gyeonggi-do, 10832, Korea

(Received for review January 24, 2018; Revision received February 28, 2018; Accepted February 28, 2018)

o OF
L =

21 sfol ek A HOlS UEPUls o 74 TRAE 93 £ 780 tlebt £3 240) 15on g Aule gk
$8 22 4 H5oick He S WoIA AL AP ATHE SEG Qe LA S v elch 3L Al
AOLE 98 A& A7) 915}, YA N-isopropylacrylamide, 7} A N, N’-methylenebisacrylamide (MBAm), AFS}7}
AlA| ammonium persulfate (APS)/Z 1}l tetramethylene diamine ¥ Z3+-8-ulj(&/Z2AB)S AFE5te] 3319 €034
(thermoresponsive) poly(N-isopropylacrylamide) (PNIPAm) 21-S A| %5} tt. B Ao A= E5-gu) Fo] Fe|NE 2] g
o] 7} E PNIPAm 2 & 9] 513t A2 % (low critical solution temperature, LCST), ©]+=3 9 g2 £33 u]x]=
GFE 2SI ZEAE FFo] 0 wt%oll Al 10 wi% 2 57151 PNIPAm 2 FE9] LCST/o| =38 242} 34.3/6.3 Coll
28265 T2 71432 o 2= 9151tk LOSTHTF S 25 Coll 4= & Aol 4 43 5.5 PNIPAm 7 REL E(3}
F a5 g LOSTRE} 3.8 45 TolH S BEFSITE 218 o 2 95tk oleje A3ke & 2ol4] 94 PNIPAm 4
AR 65 C Rol A% ATE Qg 2|2 28T HsAo] 588 o 5 ek

FH0f : AUtE A -g A, AR A AL ER|(N-o|az2gojutol &), SN E, shehiAl =

Abstract : Thermo-responsive polymers that exhibit phase transition in response to temperature change can be used as materials
for smart windows because they can control solar light transmission depending on the outside temperature. The development of
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thermo-responsive polymers for smart windows that can be used over a wide temperature range is desirable. To obtain high
performance smart windows materials, three-dimensional thermo-responsive poly(N-isopropylacrylamide) (PNIPAm) gels were
prepared by free radical polymerization from monomer N-isopropylacrylamide, N, N’-methylenebis acrylamide (MBAm) as a
crosslinking agent, ammonium persulfate (APS) as a strong oxidizing agent/tetramethylene diamine as a catalyst, and a mixture
of two solvents (water/glycerol). This study examined the effect of glycerol content on the lower critical solution temperature
(LCST), freezing temperature and the solar light transmittance of crosslinked PNIPAm gel films. The LCST and freezing
temperature of PNIPAm gel films were found to be significantly decreased from 34.3 and 6.3 C to 28.2 and -6.5 C with
increasing glycerol content from 0 wt% to 10 wt%, respectively. It was found that the transparent PNIPAm gel films at 25 C
(temperature < LCST) were converted to translucent gels at higher temperature (45 C) (temperature > LCST). These results
suggested that the crosslinked PNIPAm gel materials prepared in this study could have high potential for application in smart

glass materials.

Keywords : Thermo-responsive polymer, poly(N-isopropylacrylamide), Glycerol, Low critical solution temperature, Smart

window
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Scheme 1. Synthesis process of the thermo-responsive PNIPAm
gel materials.
N-isopropylacrylamide (NIPAm)-monomer/N,N-
methylenebis(acrylamide) (MBAAm)-crosslinker/
ammonium persulfate (APS)-initiator/N,N,N,N-
tetramethylethylenediamine (TEMED)-accelerator

Table 1. Sample designation and composition of thermo-responsive
PNIPAm gel materials

Composition

NIPAm | NBAAm | APS | TEMED | Water | Glycerol
(2 (g |[(mL)] (mb) | (g (2)
P-G-0 2.00 0.03 1.00 | 0.60 |50.00 0

P-G-1 2.00 0.03 1.00 | 0.60 [49.50| 0.50
P-G-3 2.00 0.03 1.00 | 0.60 |[48.50| 1.50
P-G-5 2.00 0.03 1.00 | 0.60 |[47.50| 2.50
P-G-7 2.00 0.03 1.00 | 0.60 |46.50| 3.50
P-G-10 2.00 0.03 1.00 | 0.60 [45.00| 5.00
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Figure 1. FTIR spectra of thermo-responsive PNIPAm gel films (a)
P-G-0 and (b) P-G-10.
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Figure 2. DSC analysis for the (a) LCST and (b) freezing temperature of thermo-responsive PNIPAm gel materials.
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Table 2. LCST and freezing temperature of thermo-responsive

PNIPAm gel materials
Sample designation | LCST (C) | Freezing temperature (C)

P-G-0 343 6.3
P-G-1 32.7 1.7
P-G-3 31.7 0.1
P-G-5 31.6 -1.0
P-G-7 30.2 -3.0

P-G-10 28.2 -6.5
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Figure 3. Effect of glycerol content on the LCST and freezing tem-
perature of thermo-responsive PNIPAm gel materials.
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Figure 5. Transparency/translucency of thermo-responsive PNIPAm
gel coated on glasses at 25 and 45 C.
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Figure 4. Transmittance curves of thermo-responsive PNIPAm gel films at (a) 25 C and (b) 45 C.
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