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Abstract: Phase separation behavior of the polyurethane (PU)-polystyrene (PS) interpenetrating
polymer networks (IPN’s) was investigated by measuring the turbidity during simultaneous
polymerization. The change in transmitted light intensity through the reacting mixture was recorded
with elapsed time, and was studied as a function of composition, synthesis temperature, crosslink
density and catalyst concentration. The polymerization kinetics of the PU and PS were also obtained
for the 50/50 composition mixture. The PU polymerization rate was much higher than PS, thus it
seemed that the phase separation process was mainly controlled by the PU polymerization rate. The
onset of the phase separation occurred at around similar molecular weight range of the PU,
regardless of other €xperimental variables. It was also observed that the rate of phase separation
was dependent on the rate of the increase in molecular weight as well as the diffusion rate controlled

by the medium viscosity.
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Fig. 1. Schematic diagram of reaction induced
phase separation for PU/PS system.
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Table 1. Materials
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Designation Description
PEG 600 Polyethyleneglycol M.W.=600
TDI Tolylene diisocyanate
TMP Trimethylolpropane
1,4-BD 1, 4-butanediol
T-12 Dibutyltin dilaurate
SM Styrene monomer
DVB Divinylbenzene
BPO Benzoyl peroxide
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1. Power supply 2. Light source

3. Focusing lens 4, Constant temp. water jacket
§. Sample 6. Photo diode
7. Recorder 8. Circulator

Fig. 2. Turbidity measuring equipment.
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Fig. 3. Conversion vs. time plot for 1st order
reaction of PS with(I),=1% at dif-

ferent temperature.
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Fig. 4. Conversion vs. time plot for the 2nd
order reaction of PU with [I},=1.45X%
107 % at different temperature.
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Fig. 5. Transmitted light intensity change
during SIN synthesis with different PU
PS composition (temp.; 70°C, Mc==2050).
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Fig. 6. Transmitted light intensity change during
SIN synthesis at different temperature
(PU50/PS50, Mc =2050).
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Table 2. Molecular Weight of PU at Onset Time

o4 - A4

Composition Synthesis T-12% BPO% e Onset Conv. Xn Mol. wt.
(PU/PS) temp. (C) (X10°%) time(hr) at onset at onset at onset
30/70 70 1.45 1 2050 2.10 0.63 3.20 1660
50 / 50 70 1.45 1 2050 0.80 0.54 2.43 1260
70 / 30 70 1.45 1 2050 0.65 0.57 2.64 1370
50 /50 60 1.45 1 2050 1.20 0.54 2.43 1260
50 /50 70 1.45 1 2050 0.80 0.54 2.43 1260
50 / 50 80 1.45 1 2050 0.62 0.59 2.81 1460
50 /50 70 1.45 1 2050 0.80 0.54 2.43 1260
50 / 50 70 2.93 1 2050 0.50 0.53 2.37 1230
50 /50 70 5.56 1 2050 0.30 0.55 2.50 1300
50 /50 70 1.45 0. 2050 0.90 0.57 2.64 1370
50 /50 70 1.45 1 2050 0.80 0.54 2.43 1260
50 / 50 70 1.45 2 2050 0.75 0.54 2.43 1260
50 /50 70 1.45 1 5200 1.60 0.70 3.63 1890
50 /50 70 1.45 1 2050 0.80 0.54 2.43 1260
50 /50 70 1.45 1 1040 0.40 0.37 1.80 940
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Fig. 7. Transmitted light intensity change during Fig. 9. Transmitted light intensity change during
SIN synthesis with different catalyst% SIN synthesis with different crosslinking
of PU(X10%) (temp. ;70C, PUS50/PS50, density (synthesis temp.; 70°C, PU50/PS
Mc=2050). 50 composition).
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Fig. 8. Transmitted light intensity change during
SIN synthesis with different initiator%
of PS(PU50/PS50, temp.; 70C, Me=
2050).
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PU-PS IPN®| 54153t stA o4 2] Abge] &4t

Table 3. k and n Value for Eq{3) Obtained from Light Intensity Data

Composition Synthesis T-12%

Time range®

(PU/PS) temp. (C) (X10*) BPO% Me (hr) k "
30/70 70 1.45 1 2050 3.5 ~6.0 0.002 3.72
50 / 50 70 1.45 1 2050 1.5 ~3.5 0.133 2.02
70 /30 70 1.45 1 2050 1.25~3.5 0.148 2.11
50 /50 60 1.45 1 2050 2.25~4.5 0.111 1.63
50 /50 70 1.45 1 2050 1.5 ~3.5 0.133 2.02
50 / 50 80 1.45 1 2050 1.1 ~1.75 0.225 3.58
50 / 50 70 1.45 1 2050 1.5 ~3.5 0.133 2.02
50 / 50 70 2.93 1 2050 1.0 ~1.75 0.590 1.59
50 /50 70 5.56 1 2050 0.65~1.5 0.946 1.51
50 /50 70 1.45 0.5 2050 1.75~3.5 0.115 1.89
50 /50 70 1.45 1 2050 1.5 ~3.5 0.133 2.02
50 /50 70 1.45 2 2050 1.25~3.0 0.270 1.73
50 /50 70 1.45 1 5200 3.0 ~5.5 0.026 2.32
50 /50 70 1.45 1 2050 1.5 ~3.5 0.133 2.03
50 / 50 70 1.45 1 1040 1.75~1.25 0.942 2.13

* applicable time range for Avrami equation, EqJ(3).
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