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ABSTRACT : Interpenetrating polymer networks (IPN’s) of polyurethane (PU) and polysty-
rene (PS), which contain mutually opposite ionic groups, i.e., carboxyl and quaternary ammo-
nium groups, respectively, were synthesized through simultaneous polymerization. The final
morphology and dynamic mechanical property of these IPN's were investigated through
scanning electron microscopy (SEM) and dynamic mechanical analysis. As the content of
ionic groups and the amount of PU in IPN's were increased, the size of dispersed PS phase
was decreased and the domain showed better dispersion in the SEM observations. Glass tran-
sition temperature (7',) showed an inward shift for both components and two distinct peak
was gradually merged into a single broad peak. The IPN's comprising ionic groups showed
higher densities than those calculated by the volume additivity of the components, and they
were optically transparent due to the combined effect of the physical interlocking of IPN’s
and the intermolecular ionic interaction.
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Al ot E8 et (PU)S A& poly(tetra-
methylene ether) glycol (PTMEG, du Pont), 2,2-
bis(hydroxymethyl) propionic acid (DMPA, Tokyo
Kasei), 4,4 -diphenylmethane diisocyanate (MDI,
Kanto Chem.) 2]l Al&AFAZ  trimethylol
propane (TMP, Tokyo Kasel)2 A}&3ig]).
PTMEG¢} DMPA<+= 80 C, 0.5 mmHgollA 647t
o], TMP+& 60 C, 0.5 mmHgolA 12417t o]4
AxAA FE8& AAsI Ee A (PS)y
Aol ARRE el (SM, Junsei)® tjuldulA
(DVB, Wako)& 5% FitsitERT SRF2 47
33 AFE F AFFFIAAL, FEESER-
(CMS, Seiby Chem.)& Z4ZFF3td A&l
2,2’ -azobisisobutyronitrile (AIBN, Junsei), triethyl-
amine (TEA, Hayashi Chem.) Z18]it N, N-di-
methyl formamide (DMF, Yakuri Pure Chem.)
= ZAA 1 2z ARE-s

Y. PUS 4L ZeZeeye Ag-siddcl
A7), TEA, A, AAFT, AT, &
FE7 T& A 60 C 47 Zefa3ol 293
¢ MDIZ 4¥x, mehat FAd 2Eaiz 9809
PTMEG$} DMPA2] diol &3 19338 < 308
7t "Holxdl & di-u-butyl amine (DBA) A
o 2latq o] aAohdle]E ¥ (%NCO)o] oj&A 9
+5% € WA= gREAFAeH, o7l TEAE 10&
7 "ojzmeln 2087 o wwsld PU Absy
DMPA7} %43} (neutralization)® PU Zg]Zg|y
5 5 ) olaAoholE URYE Zte =i
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F 60 CollAl 72X ¥EEAA PUE A8 Th
Table 19 PU2] =A< Jehlgch. PSE ddl=
249 SM, CMS, DVB, AIBN £§9& 60 C £
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Table 1. Composition of PU

3

A3 oA B

Table 3. Compeosition of IPN’s

code PU (eq.wt%) TEA code PU (wt PS(wt TEA DMF
PTMEG DMPA MDI TMP (phr of PU) %) %) (phr of IPN) (phr of IPN)

ouU 2500 0.00 5000 2500 0.00 0U3S1 75 25 0.00 375

1U 2375 125 5000 25.00 0.33 0U1S1 50 50 0.00 375

2U 2250 250 50.00 25.00 0.68 0U1S3 25 75 0.00 375

3U 2125 375 5000 2500 1.05 1U1S1 50 50 0.33 375

2U3S1 75 25 0.68 375

. 2U1S1 50 50 0.68 375

Table 2. Composition of PS 2U1S3 05 75 0.68 375

PS (wt%) TEA 3U1S1 50 50 1.05 375

code

SM CMS DVB AIBN (phrof PS)

0S 9247 0.00 553  2.00 0.00
1S 9182 050 568  2.00 0.33
25 9113 103 5.84 2.00 0.68
35 9040 159  6.01 2.00 1.05

IPTMEG] [DMPA sol'n[ |MDI] SM @E‘ DVB
ITMP] [PU prepolymer‘

22 7128 AAFT F, 60 CoAA 72417L, 120 C
qNA 72X WRAIA Az IPNe xAe
Table 39 Uebd e, IPN 4o MHSFEE Fig. 1
o JeERNA
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Figure 1. Reaction scheme of IPN preparation.
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Figure 2. FT-IR spectra of (- ) DMPA in DMF,
(- ) TEA in DMF, (——) DMPA and TEA reaction
mixture in DMF after 5 min at 60 C.
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Figure 3. FT-IR spectra of () PCMS, ()
TEA in DMF, and (—) CMS and TEA reaction mix-
ture in DMF after 1 hr at 60 C.
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(c)
Figure 4. Scanning electron micrographs of the fracture surfaces of (a) QU1SI, (b) 1UIS], (c) 2U1S1, and (d)

3U1S1 IPN.
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(a)

Table 4. Light Transmission of PU/PS IPN’s at
632.8 nm

code L, % code /L, %
0U1S1 12 0U1S1 3
1U1S1 17 0U3S1 35
2U1S1 98 2U1S3 87
3U1S1 100 2U3S1 100
A" PU AlsdldlA vhe&xrt diidoz 5%
PS Aol A7 7luT2E UEUA AEE A%
A Hol AT anrl FAEAY u}]—.—O]a}

Bz,

PUS} PSe] 24ulo] mebi s IPNujo] ole718
g4se 24F0l Q= A9, Fig 7d4 mxol
PUS| R3do] 374845 5 249 slojas} nlds

&2l Al2ld Al3s 1997d 549

(d)

Figure 5. Scanning electron micrographs of the fracture surfaces of (a) 01J1S3, (b) 0U3S1, (c) 2U1S3, and (d)
2U3S1 IPN.
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Figure 6. Variation of tan & with temperature for (a)
QU1SI, (b) 1U1S1, (c) 2U1S1, and (d) 3U1S1.
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Figure 7. Variation of tan & with temperature for (a)
0U3S1, (b) 0U1S1, and (c) 0U1S3.
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Figure 8. Variation of tan ¢ with temperature for (a)
2U3S1, (b) 2U1S1, and (c) 2U1S3.

Table 5. Density of IPN’s and Corresponding Ho-
mopolymer

code actual (og) caled*(op) 100 (0r—0c)/ ¢
PU homopolymer
oU 1.105
1U 1.105
2U 1.107
3U 1.108
PU homopolymer
0S 1.045
1S 1.046
25 1.048
3S 1.049
PU/PS IPN's
0U1S3 1.063 1.060 0.28
0U1S1 1.081 1.075 0.56
0U3S1 1.095 1.090 0.46
2U1S3 1.078 1.064 141
2U1S1 1.094 1.078 1.53
2U3S1 1111 1.092 1.72
0U1S1 1.081 1.075 0.56
1U1S1 1.085 1.076 0.88
20181 1.094 1.078 1.53
3U1S1 1.101 1.079 2.09

* Based on the volume additivity of the components.

&8 ¢ % Ut 018718 S 2B ot
A 2 gl 371 wet Usel FHEE 371
slgen, PU/PS Aol mepie PUS) 3ol
31845 1 37HE0| AXE A%E deitt.
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