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Abstract—Samples of hydroxy-terminated and amine-terminated (polytetrahydrofuran; PTHF) of various
molecular weights were prepared by the polymerization of tetrahydrofuran with boron trifluoride
ethereate in three steps. These PTHFs were characterized by molecular weight, hydroxyl number, amine
equivalent and i.r. They were then converted to isocyanate-terminate prepolymers and then cured with
diols and diamines. The resulting polymers were characterized by i.r., viscosity and density measurements.

INTRODUCTION

Polyurethanes have extensive and wide applications
in various fields. Property variation is possible by use
of reactants of different structures in their prepara-
tion. They are usually formed through the poly-
addition of diisocyanates to hydroxy-terminated
polyethers or polyesters. Polyethers are usually
favoured in urethane technology because of their
lower viscosity as well as good flexibility even at
low temperatures. While three principal types of
polyethers, viz. polyoxyethylene glycols, poly-
oxypropylene glycols and polyoxytetramethylene
glycols [also known as polytetrahydrofuran (PTHF)
glycols] find extensive application, the tetrahydro-
furan (THF) based polymers have shown themselves
to be superior to the others [1-4]. It has been shown
that the THF based polymers [5] had secondary
transitions operative well below the glass transition
temperature (7,) and hence make them useful far
below their observed T,.

In our earlier paper [6], we reported the prepara-
tion and properties of some chain extended THF-
based polyurethanes. We now report some novel
segmented copolyurethanes. Two different THF-
based polymers viz. tetrahydroxy-terminated PTHF
(PTHF 1 and 2) and amine-terminated PTHF (PTHF
3) were prepared and independently reacted with
excess toluene diisocyanate (TDI) to give isocyanate-
terminated prepolymers which were then cured
with diols and diamines (Schemes 1 and 2). The
prepolymers were characterized by hydroxyl num-
ber, amine equivalent, molecular weight and i.r.
spectra. Properties such as viscosity, thermal stab-
ility and 7, of these derived polyureaurethanes,
polyurethaneureas and polyureas are reported.

EXPERIMENTAL PROCEDURES

Methods and materials

The viscosity-average molecular weights of the PTHFs
were determined from the intrinsic viscosities measured in
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benzene at 30°C using the reported Mark-Houwink con-
stants [7]. The hydroxyl number and amine equivalents of
the PTHFs were estimated by standard methods {8, 9]. The
i.r. spectra of the polymers were recorded in a Perkin-Elmer
257 spectrometer (KBr pellets). Density measurements were
done with a pycnometer using hexane as non-solvent at
30°. The intrinsic viscosity measurements were made in an
Ubbelohde suspended level viscometer. The 7,s of the
polymers were determined by the dilatometric technique
{10]. The thermograms of the polymers were recorded in a
Stanton Thermobalance at a constant heating rate of 8°/min
in air.

Boron trifluoride-etherate (Fluka AG) and TDI (80/20
mixture of 2,4- and 2,6-isomers, Riedel) were distilled before
use. The THF, dioxane, isopropanol, triethylamine, ethyl-
ene glycol (EG) and diethylene glycol (DEG) (AR samples)
were purified by literature methods [11]. Hexamethylene-
diamine (HMDA, BDH) and bis(4-amino,3-chlorophenyl)-
methane (MOCA, prepared from o-chloroaniline [12]) were
freshly recrystallized and used as curing agents in the urea
and urea-urethane preparation. Commercially available
samples of polyoxyethylene glycol, with A, 6500, 1500 and
650 (PEG, Fluka AG) were used as such. Their hydroxyl
numbers were estimated before use; PEG 6500 (Exp. (OH)
16.8, cal. 17.3) PEG 1500 (72.7 and 74.8) and PEG 650
(168.1 and 172.6). They were employed in the NCO-
terminated prepolymer curing to obtain urethanes and
urethane-ureas.

Tetrahydroxyl terminated PTHF [6]

Dry THF (20 ml) was polymerized at —15° in a sealed
tube with BF, Et,O (3 ml). After 2 hr the polymerization
was terminated with HBr (3 ml 48%) and excess water was
added to precipitate the polymer which was filtered, washed
well with water and dried in vacuum. Bromine estimation
indicated the bromine content to be 1.91 equivalents mol~".
This bromine-containing PTHF was treated with mono-
sodium acetone ketal of glycerol in dioxan at 80° for
10 hr. Washing the resulting polymer at 5-10° with 2% HCL
for 2hr led to the hydrolysis of the ketal and forma-
tion of PTHF-1 as a white powder. It was washed well
with methanol to remove soluble low molecular weight
intermediates. #, 10,200 £ 100 i.r(CHCl,) 3240-3380 cm ™"
(OH).

PTHE-2 of M, 3500 + 50 was prepared similarly from
bromo-PTHF by terminating the polymerization of THF
(20 ml) and BF, — Et,0 (5.5 ml) after 1.5 hr with HBr (5 ml,
48%) Table 1.
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Synthesis of low T, PTHF polymers

Table 1

Hydroxyl No.

PTHF, M, Experimental Calculated
10,200 213 21.9
3500 61.8 63.2
Amine-terminated PTHF-3
Bromine-terminated high molecular weight PTHF

obtained earlier was converted to cyano-terminated PTHF
with aqueous KCN (15g, 50 ml water) in isopropanol as
reaction medium at 80°. Hydrogenation of cyano PTHF
in a autoclave with H, (20atm) at 60° in isopropanol
(200 ml) employing Raney Ni catalyst gave amine-
terminated PTHE. ir. (CHCJ;) 338040cm™' (NH; M,
10,200 + 100 and amine equivalent: 1.87 group/mol.

Polymerization

PTHF-1. To a solution of TDI (5 mmol) in dry DMF
(20 ml) warmed to 60°, a solution of PTHF-1 (1 mmol) and
triethylamine (catalyst) (4.5ml) in dry DMF (20 ml) was
added during 10 min under N, and stirred for 1 hr. Then one
of the curing agents (PEG, M,, 6500, 1500 or 650 was added
and the reaction mixture stirred at 60° for 3 hr. The solution
was then poured into water, the precipitated polymer was
filtered, washed with water and then hot acetone, and dried
in vacuum. The use of PEG gave poly THF (urethane) in
65-70% yield.

The same reaction was repeated, but curing with amines
(HMDA and MOCA) led to poly(THF-urethane-urea) in
70-74% yield.

PTHF-2. The reaction was performed as for PTHF-1
using PTHF-2 (1 mmol) to obtain the poly(THF-urethane)
and poly(THF-urethane (urea)s in 75% yield.

PTHF-3. The amine-terminated PTHF-3 (2 mmol) was
subjected to prepolymer-urea formation with excess TDI
(5 mmol) and the resulting-NCO terminated prepolymer
was cured with diols to give poly (THF-ureaurethane)s and
with amines to give poly(THF-urea)s. The yields were in the
range 65-85%.

RESULTS AND DISCUSSION

The i.r. spectra of the polymers showed charac-
teristic absorption around 328040cm~!' (NH—)
and an intense absorption around 1100cm™!
(—C—0—C—). The diol-cured poly (THF-
urethane)s had single carbonyl absorption around
1650 cm ™. In the diamine cured polymers, due to the
overlap of urea and urethane absorption, a broad
band was seen in the region 1700-1640 cm~".

The intrinsic viscosities were in the range
0.40-0.22 dl/g. The molecular weights of the poly-
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mers were calculated from the intrinsic viscosities
using Mark-Houwink constants K =2.27 x 10~*and
a = 0.412. These constants were computed from the
viscosity values of PTHFs having different molecular
weight, using DMF and benzene as solvents at 30°.
The T,s of the polymers were measured by dilato-
metry; they were in the range —40 to —70°. While
T, depended very much upon the nature of the
starting prepolymer, the nature of the cure agent also
influenced it. Increase in length of flexible ether links
both in prepolymer and curing diols lower the T, and
all diol-cured polymers had lower T, than amine-
cured derivatives. That flexible groups had signifi-
cant influence is also clear from the lower T,s of
HMDA derivates compared to the aromatic MCCA
derivatives.

Thermogravimetric analysis of the polymers
showed that they had decomposition temperature
(2% of weight loss was taken as the criterion for
decompositon temperature) around 250-300°.
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