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Abstract : Segmented polyurethane(PU) ionomers were prepared from isophorone diisocyanate
(IPDI), poly(tetramethylene adipate) glycol(PTAd), and dimethylol propionic acid(DMPA) as an
anioic center, The effect of prepolymer molecular weight(2000~6000) on the emulsion properties,
and thermal and mechanical properties of emulsion cast film was investigated. Particle size and ten-
sile properties(modulus and strength) showed a rapid drop followed by a mild increase with increase
of prepolymer molecular weight. Emulsion viscosity and elongation at break showed opposite tende-
ncy to the above. Melting temperature(Ty) and glass transion temperature(T,) of the soft segment

moved toward higher temperature with the increase of prepolymer molecular weight.

INTRODUCTION of segmented polyurethane(PU).! Properties of

these materials basically depend on the phase mo-

Considerable efforts have been made to eluci- rphologies which result from thermodynamically
date the diverse structure-property relationships incompatible nature of the soft and hard segments.
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Factors affecting the microphase separation inc-
lude composition of soft/hard segment, type and
molecular weight of soft segment, segment compa-
tibility, and preparation method.?™*

In segmented PU ionomers, the molecular wei-
ght of the prepolymer plays an important role in
determing the dispersion characteristics and phy-
sical properties as well. This paper describes such
effects with regard to the structure-property rela-
tionship of PU ionomers.

EXPERIMENTAL

Materials

Poly(tetramethylene adipate) glycol(PTAd, M,
=1016, Dongsung Chemicals) was dried at 80C
under 0.1 mmHg until no bubble was observed.
Triethylamine(TEA) was used after treating over
A molecular sieve for 3 days. Other extra pure
grades of dimethylol propionic acid(DMPA, Ald-
rich), triethylene tetramine(TETA, Junsei Chemi-
cal), N-methyl-2-pyrrolidone(NMP), and isopho-
rone diisocyanate(IPDI, Huls AG) were used wi-
thout further purifications. Extra pure grade of di-
butyltin dilaurate(DBT, T-12) was employed as 4
catalyst.

Procedure

A 500 ml round-bottom, 4-necked separable flask
with a mechanical stirrer, thermometer, condenser
with drying tube, and a pippet outlet was used as
the reactor. Reaction was carried out in a constant
temperature oil bath. PTAd, DMPA, NMP, and
DBT were charged into the dried flask. While stir-
ring, the mixture was heated to 80C for about 30
min, followed by adding IPDI to the homogenized
mixtures. The mixture was heated to 80C for
about 3 hrs to obtain NCO-terminated prepoly-
mers. The change of NCO value during the reac-
tion was determined using a standard dibutyla-
mine back titration method.® Upon obtaining the
theoretical NCO value, the prepolymers were coo-
led to 60T, and triethylamine(TEA) was added
and stirred for 1hr while maintaining 60C. The
number average molecular weight of NCO-termi-
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nated prepolymer with theoretical NCO value,
which is determined by the formulation, will be
referred to M.,

While stirring rapidly, demineralized water was
added to the solution to form water dispersion.
TETA dissolved in water was then fed to the emu-
Ision for a period of 40 min, and chain extension
was carried out for the next 2 hrs. The resulting
dispersion with a solid content about 30 wt% was
stable over six months at room temperature.

Tests

Average particle size of the dispersion was mea-
sured using an Autosizer(Malvern II C) after trea-
ting the samples with ultrasonic waves. The visco-
sities of emulsion at 25C were measured using
Brookfield viscometer(DV-1, LV type). Thermal
properties of the emulsion cast films were deter-
mined from differential scanning calorimetry(DSC,
Du Pont 910), and mechanical properties were
measured using an Instron tensile tester with a
crosshead speed of 200 mm/min.

RESULTS AND DISCUSSION

Particle Size and Viscosity of Emulsion

Fig. 1 shows that particle size decreases rapidly
with M, up to 4000, and further increase of M, gi-
ves a mild increase in particle size. Essentially
identical trend was observed in other systems.

Particle size of PU emulsion is primarily gover-
ned by the hydrophilicity of PU, i. e., particle size
decreases with increasing hydrophilicity.s'7 In PU
ionomer of the present system, the hydrophilicity
is mainly controlled by the ionic content,”® which
was fixed at 3.5wt% on total solid. As the M, inc-
reases, the amount of isocyanate incorporated is
reduced, resulting in substantial reduction of hyd-
rophilic urethane linkage.

The finer particle obtained at higher M, should
be related to the viscosity of prepolymer solution.
With the increase of M, the solution viscosity
should increase. Emulsification was done by ad-
ding water to the prepolymer solution with rapid
agitation, and eventually phase inversion and
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Fig. 1. Average particle size of PU ionomer as a func-
tion of M,.

breakup of the organic phase occurred. At the
stage of breakup, the viscosity of dispersed phase,
or more precisely the viscosity ratio of the two
phases should take a critical role in determining
the particle size. It was observed that finer brea-
kup was obtained when the viscosity of organic
phase was significantly higher than water. Appare-
ntly, this makes a contradiction to what we believe
in continum mechanic, i. e., upon assuming the st-
ress continuity. At the interface, shear stress is as-
sumed continuous and hence finer breakup is ob-
tained with smaller dispersed phase viscosity.”
The results shown in Fig. 1 may need further in-
vestigations.

Fig. 2 shows the viscosity of emulsions(solid co-
ntent=30wt% ) as a function of M. Emulsion vis-
cosity is governed by a number of factors such as
concentration, size, and size distribution of partic-

J10~12 and it is of practical significance in proce-

les
ssing and various application areas.”® A number of
theoretical and emperical approaches have become
available and these are reviewed by Rutgers,'” and
Saunders.* Generally, larger particles with broad
size distribution give lower emulsion viscosity at
the same solid content. Our results indicate that
viscosity increases over 3 times when the M inc-

reases from 2000 to 4000, beyond which it decrea-
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Fig. 2. Emulsion viscosity of PU ionomer as a function
of M,.

ses a bit. It seems that viscosity variation is gover-
ned by the variation of particle size(Fig. 1). In io-
nomer emulsion, particles are stabilized by the fo-
rmation of electrical double layers.®” formed by
anionic centers which are preferentially located at
the surface of particles surrounded by the counter
ions. These layers augment the interparticle attra-
ction via Coulombic force and hydrodynamic vo-
lume under motion. This phenomenon known as
electroviscous effect, causes increase of viscosity
and this effect should be greater for smaller parti-
cles.

Thermal Properties

The results from DSC measurement are given
in Table 1, where melting peak was observed only
for Mpg4000(with slight increase with Mp), and
T, monotonically increased with M. With the inc-
rease of M, more of polyols and less of isocyanate
is incorporated in PU structure, with substantial
reduction in hard fraction and crosslinking as well.
Ester type polyols form hydrogen bonds between
the NH of urethane and the carbonyl of polyester
segments,'® and hence higher degree of phase mi-
xing is obtained with PU from PTAd. In addtion,
crosslinkings also prevent phase separation into
soft and hard segments. Crystallization is possible

only with certain level of phase separation'!
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Table 1. T, and T, of Emulsion Cast Films
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Fig. 4. Modulus of PU ionomer as a function of M,
(100% : A, 300% ; W).
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Fig. 3. Initial modulus of PU ionomer as a function of
M,.

which is favored with higher M from two aspects,
i. e., increased soft segment fraction and reduced
crosslinkings. Therfore, the T, appeared for M 2
4000 seems reasonable. Though marginal, the mo-
notonic increase of T, with M, implies higher do-
main purity with the increase of M,

The increase of T, of soft segment with the inc-
rease of M, makes an apparent contradiction with
the crystalline behavior. However, with soft seg-
ment crystallization at higher M,, the concentra-
tion of hard segments in amorphous mixed do-
mains should become greater, and this provides
soft segment with rigidity and higher T

Mechanical Properties

Figs. 3 and 4 show a drastic drop of modulus at
Mp=4000, followed by a mild rise. In general, mo-
dulus reflects the rigidity of materials, and this
property in PU is attributed to the hard segment
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Fig. 5. Tensile strength of PU ionomer as a function
of M,.

fraction, crystallinity and crosslink density. With
the increase of Mp, hard segment as well as cross-
linking is reduced yet with on crystallinity. With
further increase of Mp, the soft segments start to
crystallize in such a way that modulus reduction
due to the decreased hard fraction and crosslin-
king is overcome to some extent. This M, may co-
rrespond to 4000 for the present system. As the
M, increase, the orientation of crystalline phase
under strain due to phase separation seems more

feasible, and strain hardening is observed(com-
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Fig. 6. Elongation at break of PU ionomer as a func-
tion of M,.

pare modulus of 100% with that of 300%).
Tensile strength(Fig. 5) shows essentially iden-
tical trend with modulus. A sharp drop at M =
4000 may be related to the phase separation of
amerphous soft-hard segments, in addition to the
reduction in hard fraction and crosslinking.!”® Cry-
stallization observed for M 24000 should be res-
ponsible for increased strength. Elongation at
break generally increases with M, due to the inc-
rease of soft segment and reduced crosslinking.
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