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ABSTRACT

New polyurethanes are synthesized by polyaddition reaction of bis{4-
hydroxyethylenethio}diphanyl ether with mathylens bis(4-phenyl lsocyanate)
In optimal established conditions. Good results are obtained using a non-
reactive solvent such as benzens, dibutyitin dilaurate as a catalyst, ca. 15%
wt congentration of monomers and conducting the process at 80-80 'C for
1.5-2 h. Basic physicochemical properfes of the polyurethana cbtained are
defined. Tha thermal behaviour of the polymers is evaluated by means of
thertnogravimetry and differentlal scanning calorimetry. The structure of syn-
thesized polyurethane is determined by elemerttal analysis, FT-infrared and
IH NMFA spectroscoplas and X-ray analysis. Polyurethanes with 20 and 50%
molar 1,6-hexamethylenadiol in relation to bls{4-hydroxyethylenethioc)diphenyl
sther are oblained under the same conditions established earlier as optimal
for synthesis of these polymers from the above mantionad componds.
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INTRODUCTION

Among the large number of works related to poly-
urethanes (PU) synthesis, we have concentrated on
those concerning polyaddition reactions of diiso-
cyanates with diols [1—-11].

There are only some works that have been
devoted to the methods of preparation and proper-
ties of polyurethanes containing sulphur in their
structure.

In a very early paper Schonfeld [12] reported

the preparation of linear, hydroxy-terminated poly-
acetals containing sulphide linkages, and their
subsequent conversion into cross-linked urethane
elastomers.

In another work Zochruak [13] described the
synthesis and properties of polyurethanes based on
1,5-pentanediol dithioglycolate.

The present paper deals with the preparation
and properties of aromatic-aliphatic polyurethanes
containing sulphur in their structure employing
unknown bis(4-hydroxyethylenethio)diphenyl ether
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Polyurethabes 1. Praduct of Polyaddition

{4-1IETDE}.

Finally, altemps have been made 1o improve
some propertes of these polymers by hexancdinl as
a chain extender.

EXPERIMENTAL

Materials
4-HETDE, mp 93—4 'C, was obtained by rcaction
of bis(4-mercaplophenyllether  (4-MPE)  with
bromocthanol in an ethanolic solution of NaOH.
Methylene bis{4-phenyl isocyanate) (MDI)
[rom Fachenfabriken Bayer AG was purified by
vaceurm  distillation. The  distillation  fraction at
148—§50 "C/0.12 mm Hg was collected. Dibutyliin
dilavrate (DBTDL) from Merck was used as
purchased.
Tricthylamine (TEA, Fluka) was freshly
distilled vver anhydrous KGH.
1.6-Hexamcthylenediol  (L6-HMD}  [rom
Lobe-Chemie, Wicn-Fischamend was distilled, and
the fraction was coliected at 135 "'C/0.1 mm He.
Dimethyliormamide obtained (rom POCH-
Giliwice, Poland, was purified by distillation.

Monomer Synthesis

4-HETDE was obtained {rom 4-MPE and bromo-
ethanol as the tollowing procedore:

Into a 250 mL round-bottom flask equipped with
slitrer and reflux condenser was placed 0.05 M
{116 g) 4-MPE in 100 mL aqucous sodium hydr-
oxide solulion (2N NaOH). Afler thorough mixing
it was heated to retlux, and 0.1 M(12.5 g) bromo-
cthanot in 30 mL ecthanol was added dropwise
during |5 min, and the mixture was heated ai 80 °C
tor the lollowing 2 h.

Alter cooling, the resulting precipitate was
filtcred, washed with distilled water until newutral
and then dried in vacuum at 60 'C to constani
weight (yield 819%). By recrystallization from ben-
zene (1 g from 15 mL) the diol with mp 104-5 °C
was obtained. The purity of the compound obtain-
ed in this manner was checked by clemental anal-
ysis, Fl-infrared and 'H NMR spectroscopics as
detailed in the tollowing:
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Results of elemental analysis arc as tollows:

Culi0sS, | %C %H %S
Calculated 63.75 625 20,0
Found 63.20 594 1 196

IR (KBr}: 820 cm~!, 1043 em™?, 1093 cm™', 1283
em' 1, 1490 cm~1, 3290 cm—L.

'H NMR (DMSO-d): 4.9% ppma (1, —OH, 2H, T=
5.7 Hz); 3.00 ppm (t, —=CH>, 4H, I=6.6 Hz), 3.48—
3.66 ppm (m, CHa, —4HY; 6.98 ppm (d, Ar—H, 4K,
J=8.75 Hz). 7.47 ppm (d, Ar—H, 4H).

Polymer Synthesis
PU from 4-HETDE and MDI was preparcd in a
heat-dried five-necked round bottom flask fitted
with a condenser, mechanical stirrer, thermometer,
dropper and a nitrogen inlet tubc,

In a typical run, 0.01M(3.22 p} 4-HETDE in
50 ml. anhydrous benzene and 3 drops of DBTDL
were used. Then as temperature was raised o
80 'C, 0.0IM(2.5 g) MDI in 10 mL anhydrous
benzene was added dropwise to the solution.

After addition was completed, the heating
and stirring of the reaction mixture was continued
for 1.5 h as the reaction proceeded. The resulting
precipitate was filtered, washed with fresh acetone
and subsequently dried under vacuum at 90 "C for
70 h. The yvield was 5.49 g (96%).

Results of elemental analysis obtained are as
tollows:

Polymer a.C %H %N

Calculated | 65.01 4.93 489

Found 64.43 475 5.25
1

Polymer Churacterization

Spectral Analvsis
FT-Inlrarcd spectra were obtained with Perkin-
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Elmer 1725x FT-IR specirophotometer using KBr
discs or thin {ilmes, as appropriate. The 'H NMR
{DMSO-d;) spectrum of diol (4-HETDE) was
obtained with a Tesla BS-5767-17 spectrometer at
100 KHz using TMS as an internal refercnce.

Thermogravimetric Analysis

Measurementl of weight loss was conducted in a
MOM Budapest-3427 derivalograph (F. Paulik, J.
Paulik and L. Erdey) at a heating rale of 10 "C/min
in air.

Glass Transition Temperature (T,)

Ditterential scanning calorimeter {DSC} thermo-
prams were obtained using DuPont 2000 TA cal-
orimeter at a heating rate of 10 degimin for the
samples, and T, was detcrmined as the tempera-
ture of jnflection point on the curves describing
the rate capacity changes.

Viscosity

Reduced viscosity (dLfg) of 0.5% solution ot poly-
mers in a phenolitetrachloroethane mixture with
the weight ratio 1:3 was measured by a Ubbelohde
viscometer at 25 °C.
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X-ray Analysis

Diffraction measurements were performed using
DRON-3 X-ray apparatus (Buriewicstnik, USSR}
with a Cu tube acid Ni-filter.

X-Ray patterns of the investigated samples
were obtained by measuring the number of impul-
ses within a five degrec angle over 10 seconds. The
measurements were taken every .04 sec.

RESULTS AND DISCUSSION

Maonomer Synthesis

New polymer forming 4-HETDE was successtully
obtained from 4-MPE with bromocthanol in an
ethanolic solution of sodium hydrexide. The
chemical structure of the synthesized diol was
confirmed by means of elemental analysis, FTIR
and 'H NMR (Figurc 1) spectroscopic techniques.
The obtained data are in accordance with the
proposed structure of monomer.

Polymer Synthesis and Characterization
The synthesis of PU was performed by poly-
addition reaction, starting from 4-HETDE and

a b
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Figure 1. "H-NMR spectrum of 4-HETDE.
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Scheme 1

MDI (Scheme T} in a solution.

MDI was chosen because of its ready
availability and also the two isocyanate groups have
been shown to be nearly equal in their Teactivity.
Essentially cquimolar quaniities of diol and diiso-
cyanate [—OH: —NCO=1] must be used to obtain
high molecular weight and linear PU.

Polyaddition products isolated from solution
accrued 10 be hard, brittle dark brown solids.
nontusible below 300 "C and inscluble in common
organic solvents like benzene, chloroform, meth-
ylene chionde, dimethyl sulphoxide, dimethylform-
amide, nilrobenzene, and also in a mixture ol
phenol-tetrachlorocthane at room temperature,

They reveal chemical resistance to diluted
acids and alkalis after 120 h of exposurc. Only hot
voned nitric and sulphuric acids dissolve them with
decomposition. The influence of catalyst (DBTDL
or TEA), temperature, kind of organic medium
and concentration of monomers was invesligated.
[t is to be noted that the polyaddition reaction
without catalyst practically docs not take place.

Tt was experimentally affirmed that the most
advantageous results were obtained with the use ol
DBTDL as catalyst, benzene as an aromatic sol-
vent, with sbout 13% wt conceniralion of mono-
mers, with tempetature of the reaction 80--90 °’C,
and 1.5-2 h time of reaction.

PU obtained trom 4-HETDE and MDI was
stable up to 320 °C in air aimosphere. 5% Weight
loss was taken as the criteria for thermal stability.

The initial decompositiod began at 270 'C
and maximum velocity of decomposition at 380 °C,
and weight losses in these temperatures were 1%
and 20%, respectively.
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The drastic decomposition (50% weight loss)
occurred at 560 "C.

The results of thermogravimetric analysis are
presented in Table 1 and in Figure 2.

The miluence of 1,6-HMD on the properties
of polymers has been studied taking the same
concentration of MDI, equal 0.05 M, under the
established optimal conditions for PU obtained
from diisocyanate and 4-HETDE, but changing the
concentration of diol and glycol. The latter was
used in the amount of 20 and 50% molar in
relation to diol. The moditied polymers were partly
soluble in common organic solvents and completely
soluble in a mixture of phenol-tetrachlorocthane
and in m-cresol  Addition of 1.6-HMIDD causes
slightly smaller thermal resistance of the obtained
aromatic-aliphatic P

Their 5% weight loss oceur around 280-—
300 'C. As can be seen from the data summarized
in Table 2 and in Figure 3, PU obtuined from
4-HETDE and MDI exhibits the highest value of

Tahte 1, Thermsl properties of polyurethanss.

Woight loss [9)
Polymer | T¢* U T 5 10 20 50
(o ) (9

Temperature (]

PU-1 270 1 380 | 320 340 380 560
520
PUL (240 2 340 300 320 340 340
pPL-3 (220 1 300| 280 300 350 570

&: Temperature of initial decomposiion from TG curve,
b: Mass loss in temperatura T,

c: Tarnparature of max velocity of dacomposion rom DTG cunve.
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Table 2, The influence of the amount of 1,6-HMD in polyaddition of 4-HETDE with MDI.

Palyrmer T 1.6-HMD ‘ mp Readuced Viscosity Yield Te
% molar | 1c) faL/g) (%) (©)
: 1
PLU-1 o =300 - 93.15 51.87
PU-2 ) 20 ‘ 265280 .19 £9.39 29.35
FU-3 50 240265 0.43 g5.12 29.35
1 | |
T, The increasing tendency in T, is caused by analysis.

smaller rotation of tigid scgments of pelymer. Tn
the moditicd polymers the observed decrease of
this value is cawvscd by increase in the aumber of
tlexible groups {greuter ratation).

The structure of PU was confirmed by means
of clemental analysis, FTIR spcetra and X-ray
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Figure 2. TGA and DTG curves of {A): PU-1,(B): PU-2 and
) PU-3,
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Elemenial analysis values of PU are in good
agreement with values calculated for the proposed
structure {Scheme I).

The FTIR spectra presented in Figure 4
showed strong absorption at 1200-1700 cm™!
which is characteristic of the C=0 bond stretching
vibration (the amide I band); at 1600—1540 cm™!
which is characteristic for N—H bending vibration
of the urcthane group (the amide IT band), and
3520-3100 cm~? which is characteristic of the NH
bond stretching vibration.

X-ray diflraction patterns depicted in Figure
5 obtained for PV indicate amorphous character of
the examined polymers.

CONCLUSION

The new linear PU derived tfrom 4-HETDE and
MDI formed by polyaddition reaction proved to be

Heat flow [W/ig)

5187 C

L 1

—30

I} ) - | I H

—10 10 30 T 90
Tomperature { C)

Figure 3. DSC-thermogram of {4}: PU-1,{B}: PU-2 and (C):
FU-3.
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Figure 4, FTIR spectra of (A): HETDE and (B}: PU-1.

strong, brittle solids and nonfusible up to 300 °C.

Owing to the high aromaticity of the polymer
backbone they exhibit good thermal stability up to
320 °C, and are praciically insoluble in common
organic solvents, whereas those modified by means
of 1,6-HMD are better soluble than others, and
reveal also good thermal resistance.

Intensity
}m K

1 L 1 1
800 1200 1800 2000 2400 2800
28

Figure 5. X-Ray patterns of (A): METDE, (B). PU-1{C:
PU-2 and (D) PU-3.
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