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Synopsis 

The dependence of thermal stability of poly(ester-urethane) elastomers on their composition 
was investigated. For polyurethanes of hard segment content above 3070, hydroquinone di(b-hy- 
droxyethyl) ether (HQEE) is the choice for good thermomechanical stability while the stability of 
bisphenol-A-based polymers is rather poor. The temperature sensitivity of modulus was essential 
in the range of -30-24OC, while in the range of 24-70°C it  is moderate. The modulus in the low 
temperature region depends on the nature of polyesterdiol. Its drop with temperature is lower for 
poly(hexamethy1ene carbonate) glycol (PHC)-based polyurethanes than poly(ethy1ene-adipate) 
glycol (PEAd)-based ones. In the high temperature region it also depends on the nature and amount 
of hard segments. The thermal stability of 4,4’-dicyclohexylmethane diisocyanate (SMD1)-based 
polyurethanes is inferior to the one for 4,4’-diphenylmethanediisocyanate (MD1)-derived poly- 
mers. 

INTRODUCTION 

The thermal stability of polyurethanes depends on the chemical composition 
of the materials used in polyurethane formulations. It is true not only for the 
thermal stability in the physical meaning of the term, i.e., the stability that is 
reflected in such reversible transitions as melting or softening, but also in the 
chemical stability that is connected with the dissociation of urethane linkages 
which takes place in the range of 200-250OC. To a certain degree the nature of 
the soft segment (ether or ester groups) also effects the chemical stability of these 
polymers. 

The melting point of linear polyurethanes can in some cases exceed 200°C. 
It depends not only on the nature and molar ratios of the components, but also 
on the way in which the synthesis is carried out since the existence and magnitude 
of microcrystalline domains formed by hard segments is influenced by the syn- 
thesis  condition^.^,^ The degree of crystallinity of polyurethanes and the melting 
point thereof are also determined by the processing parameters, e.g., the higher 
the processing temperature is, the lower the ultimate properties.3~4 

In this work, however, the attention is focused mainly on the chemical com- 
position and on how the composition effects the ultimate properties and thermal 
stability. 

EXPERIMENTAL 

Materials. The materials used in this study are listed in Table I. Hy- 
droxy-terminated polyesters were dried at  100-110°C under vacuum of about 
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0.6 kPa for 3 h. Butanediol was dried by azeotropic distillation with ben- 
zene. 

Synthesis. All syntheses were carried out by the one-step method. The 
temperatures of the starting materials were 125°C for the diol mixtures and 65°C 
for MDI, and the catalyst concentration was kept at 0.01-0.05% (by weight). The 
polyurethanes obtained in this way are denoted as PUT. 

In the case of bisphenol A as a chain extender the temperature of the diol 
mixture was 150°C. The volatility of SMDI made it necessary to keep the 
temperature of diols and diisocyanate at 85°C. It was also necessary to increase 
the catalyst concentration up to 0.05%. 

To complete these reactions, the obtained polymers were heated at 100°C for 
14 h. Only in the case of SMDI-based polyurethanes did reaction occur by 
heating for 1 h at  85°C. 

The ratio of isocyanate to hydroxyl groups was kept as 1.1:l .O in all these 
preparations. 

Measurements. The samples for the thermomechanical and tensile strength 
measurement were injection-molded (Monomat 80, F0200180 machine). The 
tensile strength measurements a t  room temperature were obtained with the 
ZE400 (VEB Thuringer Ind.) Dynamometer with the crosshead speed of 0.83 
cmls. For the temperature dependence of the strength of the investigated 
polyurethanes an Instron instrument was used and the data were taken at -30°C' 
24"C, and 70°C with the crosshead speed of 0.33 cmls. 

Differential, thermal analysis (DTA) and thermogravimetry (TGA) data were 
obtained by means of a Derivatograph OD104 MOM, Budapest, apparatus on 
nonprocesed sample. The heating rate was 12 deglmin for DTA and 6 deglmin 
for TGA. 

Thermomechanical analysis was carried out in tension with a TMA-Poli- 
technika Lodz analyzer. The samples of dimensions 1 X 10 X 25 mm were loaded 
with a force of 1 N and the heating rates were 2.5 deglmin. 

The softening temperature was determined on a Vicat's Analyzer according 
to the Polish Standard 69lC-89024. 

RESULTS AND DISCUSSION 

At room temperature the stress a t  100% elongation (aloe) is greater for poly- 
urethanes with higher hard segment concentration and depends on the nature 
of chain extenders and diisocyanates (Table 11). 

From among the polyurethanes of hardness of 85-90"Sh the highest value of 
GIOO is noticed for PUT V (HQEE extended), although the hard segment content 
is, in this case, lower than for 1,4-BD or bisphenol A extended polymers (PUT'S 
I11 and IV). The results for PUT'S VII and VIII indicate, however, that at lower 
segment concentration the beneficial effect of HQEE is not evident. 

The SMDI-based elastomer of the highest hard segment content (PUT VI) 
shows lower values of ~ 1 0 0  and cr in relation to PUT derived from MDI (PUT 
111). 

The stress-strain relations taken from the Instron dynamometer (Fig. 1 and 
Table 111) indicate that G ~ O O  in the temperature range of 24-70°C is less sensitive 
to  temperature than in the range of -3OoC-24"C. The ratio of 6100 at  -30°C 
to u100 at  70°C that can be taken as a measure of thermomechanical stability of 
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Fig. 1. 
( - - - ) .  

Strain L 

Stress-strain relations for investigated polyurethanes at -30°C (-1 and at +70°C 

polyurethanesJ is the highest (the least beneficial) for polyurethanes obtained 
from SMDI. In the case of MDI-based elastomers, the ratio is better for PHC 
than for PEAd polymers. It must be added, however, that (~100 for the latter 
polymers in the range of 24-70°C shows a little smaller change. 

For polyurethanes of similar hard segment concentration obtained in similar 
conditions the decrease in mechanical properties in the low temperature region 
is determined by the nature and regularity of the structure of polyesterdiols, i.e., 
by the glass transition of the soft phase. 

The stress-strain curves for the polyurethanes investigated at -30°C exhibit 
the characteristic yield point typical of plastics. On the other hand, the 
stress-strain curves taken at  24°C or 70°C show transitions typical of elastic 
properties.6 

The HQEE extended polyurethan (PUT V) exhibits the higher a, and the 
lowest €r  value at  -30°C and the maximum value of (J, and E,  at 7OoC when 
compared with other polymers based on MDI or SMDI of greater hard segment 
concentration. 
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TABLE I11 
Effect of Composition Investigated Polyurethanes on 0100 at Various Temperatures 

PUT I 111 V VI VII VIII 

Polydiols, PEAd PHC PHC PHC PEAd PEAd 
hard segment MDI-BD MDI-BD MDI-HQEE SMDI-BD MDI-BD MDI-HQEE 

content 36.9 37.9 33.6 38.7 31 26.8 

o1oo (MPa) 
Temp -30°C 33.5 38.8 39.8 36 23.5 24 

24°C 5.5 9.9 10.5 9.5 3.8 3.6 
70°C 4.1 7.0 6.7 2.5 3.4 2.8 

~1oo--3o~C/~10024-c 6.1 3.9 3.8 3.8 6.1 6.6 
~1ooz4.c/~looro.c 1.3 1.4 1.5 3.8 1.1 1.3 
aloo-~-c/@lmo.c 8.1 5.5 5.9 14.4 6.9 8.5 

At 24°C there were no remarkable differences between PUT 111, V, VI as far 
as the tensile strength was concerned. Application of SMDI is not recommended 
as far as stability of mechanical properties a t  elevated temperature is concerned 
based on data collected at  70°C. PEAd based polyurethanes of lower hard 
segment concentration exhibit higher or values when 1,4-BD was used as a chain 
extender: HQEE-extended polyurethanes are of lower strength (Fig. 1, PUT’s 
VII, VIII). 

From DTA measurements, the melting point of hard segments strongly de- 
pends on the nature of diisocyanate and chain extender and on their concen- 
tration in the reaction mixture (Table IV). 

The lowest softening point (TMA) exists for PUT extended with bisphenol 
A (PUT IV). At room temperature, its properties are leatherlike and at  tem- 
peratures about 80°C the elongation is rapidly increased. This is due to the chain 
extender structure. The methyl groups in bisphenol A provide steric hindrance 
and, as a consequence, do not allow for ordering of the hard segments and for an 
increase in molecular interactions. 

The best thermomechanical stability is observed for HQEE extended elasto- 
mers (Fig. 2). An increase in elongation with temperature for this polymer occurs 
in temperature as high as 7OoC, while the increase reflecting the region of flow 
of viscoelasticity occurs at 170°C. For comparison, 1,4-BD extended PUT’s (I, 
11,111; Fig. 2, Table IV) show the region of flow in temperatures about 145-154. 
However, the beneficial effect of HQEE on the thermomechanical stability is 
not observed if the hard segment concentration is lower than 30% (Table IV; 
PUT’S VII, VIII). 

PUT derived from SMDI shows a lower softening point in comparison with 
MDI-based polymers (shown with both TMA and Vicat’s measurements (Table 
IV; Fig. 2)). The cyclohexane ring in the structure of the diisocyanate is re- 
sponsible for the increased mobility within the hard segments leading to easier 
deformability of the polymers. SMDI has three isomers: does not crystalize, 
and the polymers formed from this diisocyanate are of low modulus and softening 
temperature. Polymers based on SMDI show the greatest elongation at  70°C. 
Thus, the thermomechanical stability of the SMDI based polyurethanes is lower 
than MDI-derived elastomers. 
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N 1 
W 70 80 90 fCU tK7 i20 f30 140 f50 160 

Temperature, "C 

Fig. 2. Thermomechanical curves for the investigated polyurethanes (load 0.1 MPa). 

Injection molding of PUT VI requires higher temperatures (170-185"C, screw 
speed 80-100 rpm) than PUT I11 (155-17OoC, screw speed 140 rpm). The 
samples for TMA molded in this way are transparent in the case of PUT VI while 
PUT I11 samples exhibit a milky appearance, indicating the presence of pseu- 
docrystalline ordering that is responsible for the observed good thermomecha- 
nical stability of the polyurethane in question. In addition to PUT 111, 
HQEE-extended polymers (PUT V) show, to an extent, the presence of crys- 
talline phase which can be noticed even on samples that were processed twice 
(165-18OoC, screw speed 80-100 rpm) before measurements. 

The catalyzed reactions favor formation of longer hard segments that are more 
stable. Thus, the presence of the catalysts results in an elevation of the softening 
temperature as measured by TMA or Vicat's method in the comparison between 
PUT I and PUT 11. The data obtained from the Vicat's instrument confirms 
the ones from TMA. The unusually high softening temperature of PUT I11 most 
probably stems from the higher hard segment concentrations and the best de- 
veloped crystallinity of PUT I11 as compared to other polymers studied. 

TG measurements (up to 600°C; Fig. 3) show that the decomposition tem- 
peratures of the investigated polymers are rather close, because the decompo- 
sition results from the disruption of urethane groups that are the least thermally 
stable chemical groups in these systems.l From the TGA curves taken at the 
same heating rate one can extract some information on the decomposition ki- 
netics as well. The 50% weight loss is for PHC polyurethanes observed at  
360-370°C, while in the case of PEAd-based polymers at 4O542O0C it depends 
on soft segment content. It should not be surprising since PHC polyols were 
developed not for thermal, but for hydrolytic stability. The above given data 
show, however, to what extent the thermal stability is diminished if PHC is used. 
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50 IW 150 2do 250 ‘3W 5.30 400 450 5a, 550 
lemperature, “C 

Fig. 3. Thermogravimetric traces for the investigated polymers. (-1 11; ( - - - )  111; (-.-I V; (. 
VI; (A) VII; (x) VIII. 

The rate of the decomposition and the decomposition temperatures are not es- 
sentially influenced by the nature of chain extenders (PUT’S, VII, VIII; Fig. 
3). 

CONCLUSIONS 

Application of HQEE instead of an aliphatic glycol chain extender results in 
better strength of the obtained polyurethanes and good thermal stability. This 
effect operates only for polymers of hard segment concentrations above 30%. 

Bisphenol A and SMDI are not recommended for applications requiring di- 
mensional stability and stability of mechanical properties a t  elevated temper- 
atures. 

Polyurethanes based on PHC undergo easier thermal decomposition than 
those based on PEAd, but their thermomechanical stability in the range of 
-30-24°C is better. 

The observed drop in mechanical properties of the polyurethanes based on 
MDI is more pronounced in the range of -30-24°C than in the range of 24- 
7OOC. 

The author is grateful to Dr. A. Galeski from the Polish Academy of Science, Lodi,’for help in 
Instron measurements and to J. HordyAski for technical assistance. 
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