Polymer (Korea) Vol. 16, No. 5, pp 604 —608 (1992)

Segmented Polyurethane Ionomer el 4] Polyol &5
ul Z A ,,] o ‘6;]:

A &9 F-3 4 -4 04 H
B sty a3 st
(199243 5¢ 259 H%)

Effect of Polyol Type and Composition in Segmented
Polyurethane Ionomers

Tae Kyoon Kim, Sang June Kim, and Byung Kyu Kim
Dept. of Polvmer Science and Engineering, Pusan National University, Pusan 609-735. Korea
(Received May 25, 1992)

8 oF: 34 AE isocyanate?l isophorone diisocyanate(IPDI) 9}, poly(tetramethylene adipate) gl-
ycol(PTAd), polypropylene glycol(PPG), dimethylol propionic acid(DMPA)=%E polyurethane
(PU) ionomerE A%, ol & Bo Fata oy ¢tydd 4 PUE Az, polyol F7 &
ZXo] %354 2 emulsion cast film94 gA, 7|AA A vRE Q&S HESYT. PTAd
gtaro] 271842 g9 AL HEdow BAastgoen, Ax, soft segment T, 2 A AFE

F7tete ALE "}E}k‘lq'

Abstract | Segmented polyurethane(PU) ionomers were prepared from cycloaliphatic diisocyanate, i.
e. isophorone diisocyanate(IPDI), poly(tetramethylene adipate) glycol(PTAd), and polypropylene gi-
ycol(PPG) using anionic chain extender, viz. dimethylol propionic acid(DMPA). The effect of compo-
sition of soft segment on the emulsion properties, and thermal and mechanical properties of emulsion
cast film were investigated using Autosizer, Brookfield Viscometer, DSC, and Instron. With more in-
corporation of PTAd, particle size decreased monotonically, whereas emulsion viscosity, T, of soft se-
gment, and tensile properties increased.

INTRODUCTION ties at elevated temperature.? Soft segments, viz.

polyols affect low temperature properties and che-

Physical properties of polyurethane(PU) depend mical resistance, which are controlled by the type
on the type and content of soft and hard segments. and molecular weight of polyols.?™* Due mainly to
1 Diisocyanates and chain extenders form hard do- the strong interchain interactions of ester linkage,
mains, and these mainly affect mechanical proper- ester polyols provide PU with good tensile stre-
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ngth and thermal stability,* in addition to oil/sol-
vent and oxidation resistance. However, ester pol-
yols are subject to the poor resistance to hydroly-
sis.5® On the contrary, ether polyols in PU impart
the outstanding resistance to hydrolysis and fu-
ngus along with good low temperature properties.>
6 The drawbacks of polyether polyol include poor
high temperature properties and poor UV risista-
nce of thin films.

We prepared PU from polypropylene glycol
(PPG), poly(tetra-metylene adiphate) glycol
(PTAd), and dimethylol propionic acid(DMPA),
together with isophorone diisocyanate(IPDI). By
neutralizing the DMPA with triethylamine(TEA),
PU ionomer was obtained. The effects of type and
composition of soft segments on particle size and
viscosity of emulsion, thermal behavior, and me-
chanical properties of the emulsion cast film were
examined.

EXPERIMENTAL

Materials

PPG(M,=1000, Korea Polyol Co. Ltd.) and
PTAd(M,=1016, Dongsung Chemicals) were
dried at 80C under 0.1 mmHg until no bubble was
observed. TEA was used after treating over A mo-
lecular sieve for 3 days. Other extra pure grades
of DMPA(Aldrich), triethylene tetramine(TETA,
Junsei Chemical), N-methyl-2-pyrrolidone(NMP),
and IPDI(Huls AG) were used without further
purification. Extra pure grade of dibutyltin dilau-
rate(DBT, T-12) was employed as a catalyst.

Procedure

The content of DMPA and [PDI were fixed at 3.
5 and 24 wt% based on total soild, respectively.
Total amount of polyol added was about 68% on
the solid base, and 5 different polyol mixtures
(PPG/PTAd=100/0, 75/25, 50/50, 25/75, 0/100)
were employed. A 500 ml round-bottom, 4-necked
separable flask with a mechanical stirrer, thermo-
meter, condenser with drying tube, and a pipette
outlet was used as the reactor. Reaction was car-
ried out in a constant temperature oil bath. Poly-
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ols, DMPA, DBT(200 ppm based on total soild),
and NMP(solvent) (3wt% based on total emul-
sion) were charged into the dried flask. While sti-
rring, the mixture was heated at 90C for about 30
min, followed by adding IPDI to the homogenized
mixture. The mixture was heated for 3 hr to obtain
NCO-terminated prepolymers. The change of NCO
value during the reaction was determined using a
standard dibutylamine back titration.” Once the
theoretical NCO value is reached, the prepolymers
were cooled to 60C. TEA was added and the mix-
ture was stirred for 1 hr while maintaining 60C.

While stirring rapidly, demineralized water was
added to the solution to form water dispersion.
Chain extension reaction using TETA was carried
out for the next 2 hrs with mild agitation.

Characterizations

Average particle size of the dispersion was mea-
sured using an Autosizer(Malvern I C) after trea-
ting the samples with ultrasonic waves, The dispe-
rsion viscosity at 25C was measured using Brook-
field viscometer(DV-1, LV type). PU films were
cast from emulsion on a Teflon plate and dried at
80°C for 5 hrs. The remaining moisture was remo-
ved at 60C under 20 mmHg overnight. Thermal
properties of the films were determined from dif-
ferential scanning calorimetry(DSC, Du Pont 910),
and mechanical properties of films were measured
using an Instron tensile tester with a crosshead
speed of 200 mm/min.

RESULTS AND DISCUSSION

Particle Size

Fig. 1 shows that particle size increases monoto-
nically with PPG, i. e., from 0.05(100% PTAd) to
0.28 um(100% PPG) at the same solid content(30
% ). In aqueous dispersion of PU ionomer, the pa-
rticle size decreases with PU hydrophilicity, which
is governed primarily by the ionic content.* Howe-
ver, the ionic content was fixed at 3.5wt% throug-
thout the experiments, and hence the change of
particle size with PPG content should come from
the temperature sensitive hydrophilicity of polye-
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ther polyol® PPG is more hydrophilic than PTAd
at room temperature, however loses its hydrophili-
city at elevated temperature, almost completely at
about 65C. Therefore, at the stage of emulsifica-
tion(50C) PPG was less hydrophilic than PTAd,
which led to the increased particle size with PPG
content, as in Fig. 1.

Emulsion Viscosity

Fig. 2 shows the emulsion viscosity vs. soft seg-
ment composition, where a linear decrease of vis-
cosity with PPG is observed. The viscosity of emu-
Ision depends on a number of factors, such as par-
ticle concentration, particle size, particle size dist-
ribution, and particle-particle interactions as well
as on shear rate of emulsification stage.®!! Gene-
rally, larger particle with broad size distribution
and smaller interparticle interactions(Coulombic,
electrical double layer etc.) lead to lower emulsion
viscosity. Since the solid concentration and ionic
content are constant, the viscosity rise with PTAd
content should directly comes from the particle
size reduction with PTAd. With smaller particle,
the total hydrodynamic volume will increase to
give the increased viscosity.

Thermal Properties

In PPG, the pendant methyl groups disturb
chain fit, and hence the PPG segments in PU do
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Fig. 1. Average particle size of PU ionomer as a func-
tion of PPG fraction.
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not crystallize.'? On the contrary, depending on
the molecular weight of polyol and crosslink den-
sity of PU, PTAd segment is crystallizable. In the
present series of experiments, the prepolymer mo-
lecular weight was fixed at 4000, and T, (about 45
T) of soft segment was observed at 25/75 and 0/
100 composition.

The T, of PPG and PTAd in PU was —42T and
—39.47, respectly, and in the PU from mixed pol-
yols, T, of the soft segment increased monotonica-
lly with PTAd content(Table 1), and Fox equation
B(given below) closely fitted the experimental va-
lue.

11w, W

T

Tg Tg.l

g2

where W; and T,; respectively designate the

Table 1. Lower T, of Emulsion Cast Films

composition T.(T©)

(PPG/PTAd) experimental Fox equation
100/0 —42.8 ~42.8
75/25 —41.7 —420
50/50 —41.2 ~41.1
25/75 —40.2 ~403
0/100 -394 -394
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Fig. 2. Emulsion viscosity of PU ionomer as a function
of PPG fraction.
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weight fraction and T, of each polyol segment.

Mechanical Properties

Tensile modulus, strength and elongation at
break are shown in Fig. 3 to 6. As expected, modu-
lus(except at 100% elongation value), tensile stre-
ngth, and elongation decrease with PPG, due pro-
bably to the decreased interchain interaction.’? In-
terchain interactions, such as the hydrogen bon-
ding are much stronger with ester type than with
ether type polyol.™*1° It is noted that modulus inc-
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Fig. 3. Initial modulus of PU ionomer as a function of
PPG fraction.
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Fig. 4. Tensile modulus of PU ionomer as a function
of PPG fraction(@ : at 100% elongation, A ; 300%,
W500%).
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Fig. 5. Tensile strength of PU ionomer as a function
of PPG fraction.
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Fig. 6. Elongation at break of PU ionomer as a func-
tion of PPG fraction.

reases with elongation(except initial), indicative of
strain hardening(Fig. 4). Strain hardening effect is
most pronounced with PTAd. This imples that
PTAd PUs are strain crystallizable. During the te-

nsile experiment, stress whitening was observed
with PTAd PU.
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