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ABSTRACT

A method of producing a hydroxy-terminated aliphatic
polyether utilizing a specific catalytic interaction to
enhance the solubility and resulting reactivity of an
azide moiety.

7 Claims, No Drawings
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1.

GLYCDYL AZDE POLYMER AND METHOD OF

re

PREPARATION

FIELD OF THE INVENTION

DESCRIPTION OF RELATED ART

y

.

whereinx is an integer having a value of from about 10

pyrotechnic materials and, more specifically, to ener
getic binders and plasticizers for solid propellant sys
tems.

CH2N3

5

This invention pertains to binders and plasticizers for

2

to about 60, R is the hydroxy-free residue of a mono
hydric alcohol, diol, triol, or polyol initiator, and y is an
10

integer having a value of 1 to about 4 indicative of the
number of hydroxy groups present in the initiator. For
example and without limitation, R may be CH2CH2,
CH2CHCH2 and C(CH2)4 from HOCH2CH2OH,
HOCH2CHOHCH2OH and C(CH2OH)4, respectively,
which are representative of initiator, residues which
provide multifunctional azidoalkyl polymeric ethers.
The glycidyl azide polymer (GAP) may be produced

Solid propellants may beformulated from an oxidizer
and fuel together with suitable binders and plasticizers
to impart physical integrity. Most highly energetic sys 15
tems utilize binders and plasticizers containing ener
getic moieties such as nitro (-NO2), or other groups. In
addition to the nitro-containing binders and plasticizers, in a solution of dimethylsulfoxide (DMSO) from the
azido-substituted binders and plasticizers are also uti azide ion, and polyepichlorohydrin (PECH), which is
lized because of their ability to impart substantial en 20 prepared by polymerization of epichlorohydrin (ECH)
ergy to propellants."
. .. .
.
using ethylene glycol or other polyol initiator and
One known azido binder is a hydroxy-terminated boron trifluoride catalyst.
aliphatic polyether having directly pendant azidoalkyl
A representative hydroxy-terminated aliphatic poly
groups such as disclosed and claimed in U.S. Pat. No. ether, for example, a glycidyl azide diol, is prepared
4,268,450. The present invention, while contemplating 25 from a diol polyepichlorohydrin (PECH) in accordance
the production of a polyether having a general struc with the present invention as follows:
tural formula such as described in U.S. Pat. No.
4,268,450, utilizes select reactants in preparing glycidyl
azide polymers at a substantially improved rate of pro
HOCH2CH2OH
duction.
30 CHgHCH2C-A
A Ge. chreochigh-oh
V /
BF3
CH2Cl

SUMMARY OF THE INVENTION

O
ECH

Accordingly, there is provided by the present inven
tion a family of compounds having the general formula

PECHOOL

35

R

chreochigh-oh
CH2N3

(OCH-H)-oh
CH2N3

Jy

l

GAPDOL

wherein x is an integer having a value of from about 10
to about 60, y is an integer having a value from 1 to
about 4, and R is the hydroxy-free residue of a mono
hydric alcohol, diol, triol, or polyol initiator. The novel

where x is an integer having a value of from about 10 to
60

method for production is hereinafter set out in greater
detail.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide a
new method of glycidyl azide polymer production.
It is yet another object of the invention to provide an
improved method of polymer production wherein the
rate of reaction of the polyepichlorohydrin precursor
with an azide ion in a solvent is enhanced utilizing select
catalysts.
These and other objects of the present invention will
be apparent from the following description of the pre

50
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catalyst to yield the desired polymer. The catalysts
useful for increasing the rate of reaction of PECH and
NaN3 are salts selected from the chlorides and bromides
of quaternary ammonium and lithium cations. The cata
lysts or reactants preferred for the present substitution

reaction include methyltrioctylammonium chloride,
dodecyltrimethylammonium chloride, lithium chloride,

ferred embodiment.

DESCRIPTION OF THE PREFERRED

and lithium bromide. It has been found that these cata

EMBODIMENT

lytic agents undergo metathesis with sodium azide to
produce an azide which is more soluble than NaNs in

In accordance with the present invention there is

provided a hydroxy-terminated aliphatic polyether hav
ing pendant azidoalkyl groups. These hydroxy-ter
minated aliphatic polyethers synthesized in accordance
with the present invention have the following generic
or general structural formula

GAP triol, GAP tetraol, and GAP polyols would be
prepared in analogous manner using triol, tetraol and
polyol initiators in the epichlorohydrin polymerization
step.
The rate of synthesis of said glycidyl azide polymers
may be enhanced by utilizing a heretofore unknown
catalytic interaction to enhance the solubility of the
azide in DMSO. The azide reacts at a more rapid rate
with the polyepichlorohydrin due to the presence of the
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the DMSO reaction mixture. The consequence of the
higher concentration of azide ion so produced is to

increase the reaction rate.
Solvents other than DMSO can be used for the reac

tion medium provided that they are good solvents for

4,937,361

4.

3
both PECH and azide ion. For example, solvents such
as dimethylformamide (DMF), dimethylacetamide
(DMAC), ethylene glycol, and hexamethylphosphoro

Catalyst

triamide (HMPTA) have been used and the rates of

Lithium chloride

TABLE 1-continued
Psuedo First Order Rate Constants at 100 C.

reaction for conversion of PECH to GAP in a given
solvent are increased in the presence of the said cata
lysts.
By way of example and not limitation, the improved

NaN3/Catalyst

K-hr

. 10.0

1.587

From Table 1, it is noted that the reaction rate is

substantially accelerated in the nucellophilic substitution
reaction wherein the presence of methyltrioctylam
synthesis according to the present invention may best be O monium chloride (78.8 percent) or lithium chloride
understood by the following examles.
(40.8 percent) at a N3/additive mole ratio of approxi
mately 30. The substitution reaction is further acceler
EXAMPLE.1
ated (increase of 141 percent) with lithium chloride
Reaction Using Methyltrioctylammonium Chloride 15 when the N3/additive ratio is decreased to about 10.
Obviously, numerous variations and modifications
To a stirred slurry of 37.25 g (0.573 mol) NaN3 in 25 may
made without departing from the present inven
g DMSO was added 7.5 g (0.0186 mol) methyltrioc tion. be
Accordingly, it should be clearly understood that
tylammonium chloride catalyst and the mixture was the form of the present invention described above is
heated to 100 C. A separate solution of 50 g (0.546 illustrative only and is not intended to limit the scope of
equivalents) PECH diol in 25g DMSO was also heated 20 this present invention.
to 100 C. prior to its rapid addition to the NaN3.
What is claimed is:
1. A method of producing hydroxy-terminated ali
/catalyst mixture. The resulting reaction mixture slurry
was maintained at 100 C. and periodically 5 ml aliquots phatic polyether having pendant azidoalkyl group and
having the following general structural formula
were withdrawn to determine the extent of reaction.
The aliquots were washed sequentially with 4x40 ml 25
H2O and 3X4 ml (CH3)2CHOH and then transferred
with the aid of 5 ml tetrahydrofuran (THF) to a rotary
th.N. y
vacuum evaporator where all volatile solvents were
removed. From the infrared spectrum of each of the 30
aliquots the fraction of PECH remaining was deter wherein x is an integer from about 10 to about 60, R is
mined (from the ratio of the intensities of the C-Cl the hydroxy-free residue of a monohydric alcohol, diol,
/C-H bands at 2875 cm land 747 cm, respectively) triol, or tetraol, and y is an integer from 1 to 4, and said
by comparison with a calibration curve obtained from method comprises:
known mixtures of the same PECH diol and the GAP 35 (a) preparing a NaN3, catalyst and solent mixture,
wherein said catalyst is selected from the group
prepared from it. A plot of the logorithm of the ratio of
consisting of methyltrioctyl ammonium chloride,
PECH concentration over initial PECH concentration
dodecyltrimethyl ammonium chloride, lithium
as a function of reaction time yields a straight line the
chloride, lithium bromide, NH4C1, and NH4Br;
slope of which is the rate constant for the reaction (See 40 (b) introducing a mixture of polyepichlorohydrin and
Table 1). Because of the exothermic nature of the substi
DMSO into said mixture of step (a); and
tution reaction, the procedure can be modified slightly
(c) reacting the mixture of steps (a) and (b) to produce
to permit facile management of the heat released. The
said aliphatic polyether.
2. The method of claim 1 wherein the NaN3, catalyst
modification consists of adding the PECH/DMSO mix
ture more gradually to the NaN3/catalyst/DMSO mix 45 and solvent mixture is initially heated to 100 C.
3. The method of claim 1 wherein the mixture of step
ture such that the reaction temperature is maintained at
(b) is heated to 100 C. prior to the addition thereof to
--5' C. of the reaction temperature of about 100' C.
the mixture of step (a).
EXAMPLE 2
4. The method of claim 1 wherein the polyepi
50 chlorohydrin and DMSO mixture is added to the NaN3,
Lithium Chloride
catalyst and solvent mixture such that the reaction tem
The experimental procedure and the quantities of perature is maintained at 5' C. of the reaction temper
reactants used were identical to those in Example 1 ature of about 100' C.
5. The method of claim 1 wherein said catalyst is
except that the catalyst LiCl (0.80 g, 0.0189 mol) was
substituted for the methyltrioctylammonium chloride. 55 selected from the group consisting of methyltrioctylam
moniom chloride, dodecyltrimethylammonium chlo
The reaction rate constant obtained is shown in Table 1.

r OH

ride, lithium chloride and lithium bromide.

As shown in Table 1 below, the effect of the NaN3.

6. The method of claim 1 wherein said catalyst is
selected from the group consisting of salts selected from
the chlorides and bromides of quaternary ammonium

/catalyst mol ratio on the reaction rate is indicated.
TABLE

and lithium cations.

Psuedo First Order Rate Constants at 100 C.

Catalyst
Control (no catalyst)
Methyltrioctylammonium
chloride
Lithium chloride

NaN3/Catalyst

K-hr

o
30.8

0.659
1.78

30.3

0.928

7. The method of claim 1 where said solvent is se

65

lected from the group consisting of DMSO, dimethyl
formamide, dimethylacetamide, ethylene glycol and
hexamethylphosphorotriamide.
k
.
.
.
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