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ABSTRACT: A series of interpenetrating polymer networks (IPNs) composed of hydrophilic
polyurethane (PU) and hydrophobic polystyrene (PS) were prepared by a sequential
polymerization. One series was prepared with varying the composition of N-MDEA (N-
methyldiethanolamine) in PU network, the other with varying the amount of PEO side
chains. The series of PU/PS IPN, PEO-grafted PU/PS IPN were ionized by quaternizing the
tertiary amine of N-MDEA with y-propane sultone. Their physical, thermal and mechanical
properties were examined by a number of different techniques. The PU/PS IPNs all exhibit-
ed microphase separated structures with dispersed PS domains in the continuous PU matrix.
The PS domain size decreased with increasing the amount of N-MDEA in PU and increasing
the amount of PEO side chains in PU. PU/PS IPNs exhibited two transition temperatures,
each corresponding to the component polymers due to the phase separated structure. Sulfo-
nated PU/PS IPNs with ionic sulfonate group were more hydrophilic than the corresponding
nonionized materials. PU/PS IPNs showed excellent mechanical properties compared to PU
and PS homopolymers.

Keywords: interpenetrating polymer networks, phase separated structure, ammonium sulfona-
tion, sulfonated PEOQ.
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Figure 1. The synthetic schemes of PEO side chain(PEO-MDEA-TMP). (a) OCN-MDEA-NCO, (b) PEO-MDEA-

NCO, and (c) PEO-MDEA-TMP.
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Table 1. The Component Ratio of UP/PS IPN

PU/PS N-MDEA sample
wit% wt% in PU name

prepolymer chain extender

(mole) MDEA BD ™

6 - 3 2 50/50 0 IPNO
PU 6 15 15 2 50/50 29 IPN3
6 3 - 2 50/50 57  IPN6
chain extender PEQside
prepolymer PEQside BD TMP P:;’:S chain san;n‘:ie
chain wt% in PU
6 - 3 2 50/50 0 IPNO
PUg 6 15 15 2 5545 200 IPN-g20
6 3 - 2 60/40 333 IPN-g33
PS styrene monomer DVB benzoin
387 1 1wt% of SM
Ciis C/C\/\oo (!3()
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Figure 2. Ammonium sulfonation reaction.
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Figure 3. 'H-NMR spectra of each step product in the synthesis of PEO side chain. (a) OCN-MDEA-NCO, (b)
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Figure 4. ATR-FTIR spectra of PU/PS IPNs. (a) sul-
fonated PU/PS IPN and (b) sulfonated PEO-grafted
PU/PS IPN.
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Figure 7. Morphology of the fractured surfaces of the
PEO-grafted PU/PS IPNs with varying the amount of
grafted PEO side chain in PU. (a) IPNO, (b) IPN-g20,
and (c) IPN-g33.
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Table 2. Swelling Ratio of PU/PS IPN in Water
and Interfacial Energy between Water and PU/PS
IPN Surfaces

swelling water-octane- water-air-sur-  Ysw

k|

Table 4. The Mechanical Properties of PU/PS
IPNs

tensile modulus tensile strength  elongation at

sample raic  surface(deg) face(deg) (dyne/cm)
IPNO 0246 6821325 6471294 928
IPN3 0.350 6374525  60.3£374 745
IPN3-S0;~ 0412  619%255 585409  6.75
IPN6 0.383 622+412  59.1%293 6.96
IPN6-SO;~ 0.597 583=487  54.1%1.74 5.30
IPNO 0.246 682=325  64.7%294 9.28
IPN-g20 0.334 619=303  59.1%224 6.92
IPN-g20-SO;~ 0440 599=324 555+2.35 598
IPN-g33 0.356 606=289 578%102 6.45
IPN-g33-S0;~  0.588 555=178  517%32% 448

Table 3. The Mechanical Properties of PS and PU

tensile modulus  tensile strength  elongation at

sample

(MPa) (MPa) break (%)
PS 625.8+230 6751023 153+ 88
PLO 214009 2301023 1420+ 88
PLU3 1.72£0.05 2.0410.02 1570+ 24
PU6 154002 1.78%£0.07 162.5% 56
PLO 2142009 2.30+0.23 1420+ 88
PU-g20 1.3620.05 1.67£0.04 1350+ 89
PU-g33 1.2610.03 141015 1266%11.2
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A1 1= X .

Z|AX 4. Table 37} Table 49 PS, PU, PU/
PS IPN9| <1 &4 &, dF 2=, &8 vehiigl
th PSo| A4 A% @48 JF 2 e ¥
U} Ago| 15% B2 w$ FHsln PUs
7143 B4l HoAWUA Rtk ¥y PU/PS
IPN& ui$ Hold 71412 848 Holx o <
T EAED AF BE, AWM 25 AP B
4 4g Holn 9lth. N-MDEAS] <)o} Zrld
& PU/PS IPN9] 13 &4 E" A3 A=s A

924

sample (MPa) (MPa) break (%)
IPNO 465144 32535 7210465
IPN3 323430 242406 91004256
IPN6 284123 219+21  9810+197
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