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2 < I'oly(N-isopropylacrylamide) (P(NiIPAAm)) / polyurethane (PU) ¢}  poly(N-isopropyl-
acrylami le)/poly(acrylic acid) (PAAc) interpenetrating polymer networks (IPNs)9] &% ®
Fol wi FHEAFTL BAIYE P(NIPAAM)/PU 1PN A9 A5A4 PUQ §&o] =
7188 FHEEE AR oY A FH2Ede HuUE 9L FX AU olyF
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Nz Atk JFE FAh LETEH T Uit pHY 4 P(AAc) &=Hsles A
gtell 7113t Ao & pHIt 3elAM & IPNe|l +FE oy pH7t 7TolM e YA FEYHE
&3ttt SMEATI v B7iA 2 fulE AEde 28 E P(NIPAAm)/
P(AAc: IPNs9] B &AL A2 ¥ Jelgch Bfdel 25 gk pHe ¥ 7
A 4 AT

ABSTR.ACT: Interpenetrating polymer networks (IPNs) composed of polyurethane (PU) and
poly (N- isopropylacryamide) (P(NIPAAm)) were synthesized. The swelling behavior in
water v-as examined as a function of temperature. The equilibrium swelling ratio decreased
with in: reasing hydrophobic PU content, but the gel collapse point was not significantly af-
fected t y the incorporated PU content. Differential scanning calorimetry thermograms of the
swollen IPNs exhibited the same swelling transition temperature as that of P(NIPAAm),
althoug 1 the degree of swelling was affected by IPN composition. These observations indicate
that ea:h network in the swollen IPNs exists independently. The aqueous swelling-deswellig
kinetics of IPNs by temperature modulation could be controlled by gel composition and tem-
peratur 3s applied. For the preparation of thermosensitive hydrogels with an adjustable
thermo wensitivity, poly(N-isopropylacrylamide)/poly(acrylic acid) (P(AAc)) IPNs were
syntherized with various NiPAAm to AAc ratios. For the IPN having a low AAc to
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NiPA.um ratio, a negative thermosensitivity (a decreasing swelling ratio with increasing tem-
peratu "e) was found, with pH affecting the degree of thermosensitivity. The effect of pH on
the the rmosensitivity was due to the charge in the P(AAc) network. At high temperatures,
IPN collapsed at pH 3, but remained swollen at pH 7. P(NIPAAm)/P(AAc) SIPNs
synthe sized using different solvents having similar solubility parameters illustrated similar
swellir g behavior one another. No pH effect on the transition temperature was observed.

Keywo: ds: IPN, hydrogel, swelling, thermosensitivity, pH sensitivily.
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Table 1. Materia s
Designation

Descripticn Source
NiPAAm | N-isoprc syl acrylamide Eastman Kodak Co.
EGDMA |Ethylene glycol dimethacrylate  |Fluka AG.

BPO Benzoyl seroxide | Polyscienece
PTMO Poly(tet amethylene ether)glycol | Dupont de Nemours
1,000 M.W.=",000 & Co.

HDI 1,6-Hex mthylene diisocyanate  |Fluka AG.

1,4-BD 1,4-But: nediol Tokyo Kasel

T™MP Trimeth ol propane Celanese Chem. Co.
T-12 Dibutylt n dilaurate M & T Chem. Co.

DMSO Dimeth: . sulfoxide
Alc Acrylic wid

Tatyama Chem.

Junsei Chem. Co.

Ze|l A 20d A2% 19963 3¢

Table 2. Feed Compositions of P(NiPAAm)/PU IPNs

Sample Code
IPN(100/0) IPN(95/5) |IPN(90/10)|IPN(75/25)
NiPAAm(g) | 5.00 4.75 4.50 3.75
EGDMA(g)* | 0.088 0.083 0.079 0.063

Component

BPO(g) 0.015 0.015 0.015 0.015
PTMO(g) 0.00 0.25 0.50 1.25
HDI(g) i 0.00 0.084 0.168 0.421
1,4-BD

L TMP() 0.00 0.022 0045 0.112
DBTL(g) 0.00 3.34%10°(7.76 x 10°°11.67 x 105

DMSO(m1) 5.00 5.00 5.00 5.00

* 1 mol% of monomer.
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Fig. 1. Weight s welling ratio of P(NiPAAm)/PU IPNs in distilled water as a function of temperature for crosslink-
ing ratios of (a) 0.005, (b) 0.010, (c) 0.015, and (d) 0.020 mol EGDMA /mol NiPAAm.
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Fig. 3. DSC thermograms for swollen P(NIPAAm)/
PU IPNs in distilled water at 28 C.

Polymer{(Korea) Vol. 20, No. 2, March 1996



Poly(N-isopr« pylacrylamide) & 7122 & &%/pH /174 433 % n279 P& € 7143 54

14

12 ® :30C ~25¢C
e © 135 ~25¢C

(0] S
2 € \.._

4

2
~ 1
2o 0 - 30T 35¢C
g T, ) 25T
&

0 10 20 30 40 50 120 130140 150 160 170

Time(hr)
(a)
14
12 ® :30C « 25¢C
© 135C ~25C
10
é 8 o
6 LY
£ \ o~ e,
2
-~ 0
Lo 30C 35¢C
g T 2'C 25°C
‘E 2

0 1t 20 30 40 50 120 130 140 150 160 170

Time(hr)

(o)

_
-

12 ® :30C ~25¢C
10 0 :35C «~ 25T
i‘ 8
g 6 \‘._ ]
4
2
-~ 0
3 30°C_35C
TN s T 25%¢
g
0 10 20 30 40 50 120 130 140 150 160 170
Time(hr)
(b)
14
12 ®:30C ~25C
10 G 35T ~25C
é 8
3' 6
1 ‘.-___‘
2 ©
~ o o
2o 30°C 35T
& ' 2% - —L25%C
ET
(7] 2
e

0 10 20 30 40 50 120 130 140 150 160 170

Time(hr)

(d)

Fig. 4. Swelling - deswelling kinetics of crosslinked P(NiPAAm)/PU IPNs by temperature modulation for composi-
tions of P(NiPA:;.m)/PU IPNs of (a) 100/0, (b) 95/5, (¢} 90/10, and (d) 75/25 wt/wt.
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