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[57) ABSTRACT

Disclosed are combustible gels comprised of an ali-
phatic alcohol and a crosslinked olefin-modified hy-
droxyalkyl cellulose. These gels find utility as fuels for
chafing dishes and the like, as flares, and for decorative
lighting purposes. Color producing inorganic materials
can be added for pyrotechnic applications.
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1
GELLED FUEL COMPOSITIONS

This invention relates to gels based on an alcohol and
an alcohol-soluble cellulose derivative. In a specific
embodiment it relates to a gelled fuel based on such in-
gredients.

A well-known, commercially available gel fuel widely
used today is based on a lower molecular weight alco-
hol such as ethanol or methanol gelled by special, pro-
prietary techniques with, e.g., nitrocellulose. While ma-
terials of this type have enjoyed considerable commer-
cial success, there is some room for improvement over
them. One obvious shortcoming of these materials is
the use therein of nitrocellulose with the attendant han-
dling problems due to its flammability. Another short-
coming of the prior materials is that they exhibit syn-
eresis upon standing for an extended time period. Thus,
a freshly opened can of gelled fuel may contain a layer
of free liquid alcohol on its surface which must be dis-
carded prior to igniting the fuel or a hazardous flare-up
will be experienced. Another disadvantage of the prior.
art gelled fuels is that water must be added to the mix-
tures to promote gelation. The product which results is
highly corrosive to metal and must be packaged in rust-
proof cans.

According to this invention a new and improved
gelled fuel composition has been discovered which sub-
stantially avoids the problems mentioned above. Spe-
cifically, the invention is a gelled fuel composition
comprised of a lower aliphatic alcohol containing
about 0.2 to 2% by weight of crosslinked olefin-
modified hydroxyalkyl cellulose. The precise concen-
tration selected can vary depending on the characteris-
tics of the olefin-modified hydroxyalkyl celiulose and
the degree of crosslinking effected. Gelled fuels of the
type contemplated herein are normally employed in the
form of relatively stiff, relatively non-flowable gels.

The olefin-modified hydroxyalkyl ceilulose which is
employed to gel the alcohol according to this invention
is hydroxyethyl or hydroxypropyl cellulose or a mixed
ether based on these hydroxyalkyl substituents with
each other or with a hydroxybutyl substituent and
therein a small amount of olefin functionality.

The table below lists broad and preferred hydroxyal-
kyl M.S. ranges for typical hydroxyalkyl substituents
useful in preparing gels according to this invention.
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In all cases, the D.S. of the olefin functionality is
more critical than the hydroxyalkyl M.S. and shouid be
about 0.02 to 1 and preferably about 0.05 to 0.4. The
hydroxyalkyl substitution is chosen to give a product
soluble in the alcohol fuel. Pure HEC is not soluble in
alcohol of greater than 80% concentration.

These mixed ethers are known materials which can
readily be prepared according to methods taught, e.g.,
in U.S. Pat. Nos. 3,251,825 and 3,143,516. In general,
the process comprises treating alkali cellulose with a
mixture of hydroxyalkylation agents and an unsatu-
rated alkylating agent for a time sufficient to effect the
desired amount of substitution. Useful hydroxyalkyla-
tion agents are, e.g., ethylene oxide, propylene oxide,
and 1,2-butylene oxide and ethylene chlorohydrin or
propylene chlorohydrin.

The sources of unsaturation can be any compounds
having ethylenic unsaturation and either epoxide or ha-
lide groups. Several such compounds and the derivative
formed by them are listed in the table below:

Reagent Group added to cellulose
allyl halides allyl-

methallyl halides methallyt

vinyl benzyl halides vinyl benzyl-

2-hydroxy-3-butenyi-
2-hydroxy-3-alloxy-n-propyl-

butadiene monoxide
allyl glycidyl ether

This list is exemplary but by no means exhaustive.

In order to form a sufficiently rigid gel for the pur-
poses of this invention, the olefin-modified hydroxyal-
ky! cellulose must be crosslinked. A variety of tech-
niques are known to the art for effecting crosslinking
through the olefin group. Substantially any of these
crosslinking techniques can be employed which are
adaptable to a solvent system. For example, solutions
of allyl hydroxyalkyl cellulose can be gelled by the ad-
dition of free radical type polymerization catalysts such
as benzoyl peroxide, cumene hydroperoxide, tertiary
butyl hydroperoxide etc. Such methods are described
in U.S. Pat. No. 3,251,825 and U.S. Pat. No.
3,071,572,

A preferred crosslinking technique is the use of a
polyfunctional nitrile N-oxide or nitrile imine. Com-
pounds of this type and the appropriate crosslinking
techniques are taught in e.g., U.S. Pat. Nos. 3,576,908,
and 3,390,204, The preferred crosslinkers are the ni-
trile N-oxides. As most of these materials are unstable,

50 they are normally prepared in situ by treating a precur-

sor material such as the corresponding hydroximoyl ha-
lide with an alkaline material. Typical hydroximoyl ha-
lides which can be employed and their corresponding
nitrile N-oxides include those in the following table.
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A preferred crosslinker is that represented by number
1 in the table above, cyanogen N,N’-dioxide.

A number of alkaline materials can be employed to
1 the nitrile oxide precursor to a nitrile oxide, e.g., inor-
ganic bases such as hydroxides, carbonates, and bicar-
bonates of sodium, potassium, etc.; organic bases such
as primary, secondary or tertiary amines and quater-
nary ammonium hydroxides; epoxides which can add
hydrogen chloride such as propylene oxide, butylene
oxide and butadiene monoxide; and salts of lead, silver,
and mercury which form insoluble halides such as their
nitrates. Apparently the basic compound acts as a HC1
acceptor and promotes dehydrohalogenation of the hy-
droximoyl halide and an immediate reaction takes
place, tying up the liberated hydrogen halide. This re-
action, in most cases, takes place at relatively low tem-
peratures, i.e., about 0° to 150°C. and preferably be-
tween about 20° and 100°C.

Crosslinking of the olefin-modified hydroxyalkyl cel-
lulose is carried out by adding the nitrile oxide precur-
sor to a solution of the cellulose derivative in the alco-
hol to be gelled. Base is added to this solution with stir-
ring to effect crosslinking. The base can be added be-
fore, after or at the same time as the nitrile oxide pre-
cursor is added. Gelation of the solution takes place
substantially simultaneously with crosslinking. The rate
at which crosslinking and gelation take place can be
varied from a few seconds to several days by varying
the concentration of cross-linker, bases and tempera-
ture. In most cases, a crosslinker concentration of
about 0.2 to 10 percent based on the weight of the cel-
lulose derivative will be employed.

Gels according to this invention can be prepared
from any of the lower aliphatic alcohols having one to
about five carbon atoms, e.g., methanol, ethanol, pro-
panol, isopropanol and n-butanol. Methanol and etha-
nol are preferred on the basis of their price and avail-
ability. Other organic materials mixed with the alcohol
in limited quantities such as heptane, toluene, benzene
or acetone employed as a denaturant for ethanol are
not harmful. Up to about 25 percent water can also be
present if desired to increase the solubility of some of
the cellulose derivatives and to lower the burning rate.

The gelled alcohol compositions find utility as solid
or semi-solid fuels for use with, e.g., warming trays or
chafing dishes. Due to the gelling, the burning rate of
the alcohol is significantly lowered, without reducing
its heat of combustion. Moreover, the presence of the
olefin-modified hydroxyalkyl cellulose which is sub-
stantially completely combustible adds to the heat of
combustion of the composition. The compositions are
easily extinguished. by simply cutting off their oxygen
supply.

The gels can also be employed for low level lighting
in applications where candles or alcohol lamps are
presently employed. Another use is in flares, They can
also be employed for decorative purposes where one
simply wishes to have a controlled, low level flame and
is not concerned with the amount of light created.

In connection with the latter utility the decorative
quality can be enhanced by adding to the gels small
amounts of chemicals which form colored flames on
burning. Normally, this effect is created by means of
inorganic compounds such as salts or by organometal-
lics. For example, a boron salt will produce a brilliant
blue flame, a strontium or lithium salt will produce red,
a barium salt will produce green and a sodium salt will
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produce yellow. The inorganic compound can be
added in concentrations of up to about 10% based on
the weight of the alcohol. ’

In addition to eliminating the hazards involved in
handling nitrocellulose, this invention also makes it fea-
sible to prepare gels with significantly less thickener
than has been the case in the prior art. Using nitrocellu-
lose as the thickener, a la the prior art, a concentration
of at least about 2% thickener was found necessary. As
indicated hereinabove, substantially lower concentra-
tions of the crosslinked cellulose denvatlve are suffi-
cient according to this invention.

A further advantage of the gelled fuels according to
this invention is that they are extremely stable. Upon
sitting for several months, even at low temperatures
these gels exhibit no syneresis. Accordingly, there is no
waste of the alcohol and more importantly, no flash
hazard as no free alcohol is squeezed out of the gel on
sitting.

Yet another advantage of these gels is the substantial
absence of noxious or unpleasant combustion products.
This is in contrast to more conventional gel fuels based
on nitrocellulose which produce oxides of nitrogen on
burning.

The invention is illustrated by the following example.
Parts and percentages are by weight unless otherwise
indicated.

EXAMPLE 1 TO 3

Three solutions were prepared by dissolving, in about
80 parts of methanol, 1 part of allyl hydroxypropyl cel-
lulose having a hydroxypropyl M.S. of about 4 and an
allyl D.S., respectively, of 0.165, 0.255, and 0.315. To
each of these three solutions was added about 0.02 part
of dichloroglyoxime with stirring to effect complete
and unfirom dissolution. When dissolution was com-
plete, about 0.05 part of sodium bicarbonate was
added. The three solutions were poured into metal cups
and set to firm gels within 30, 7, and 7 minutes, respec-
tively. The three gels were of about the same consis-
tency, i.e., rubbery.

These gels were ignited. Each burned smoothly with
a substantially soot and smoke-free flame, leaving very
little residue after burning.

EXAMPLE 4

Using the allyl hydroxypropyl cellulose of Example 3
(hydroxypropyl MS = 4, allyl D.S. = 0.315) one part
thereof was dissolved in about 80 parts of 95 percent
ethyl alcohol. To this was added with moderate agita-
tion, about 0.02 parts of sodium bi-carbonate. With
continued agitation about 0.01 part of dichloroglyox-
ime was then added. Gelation occurred in about 10
minutes. The gel were clear, stiff and rubbery.

EXAMPLE 5

The procedure described in Example 4 was repeated
using methanol as the solvent and about 1.0 part of tri-
ethyl borate was also added. Here again, gelation oc-
curred in about 10 minutes to form a rigid gel. This gel
burned with a brilliant blue, smoke- and soot-free
flame.

When lithium chloride was added in place of the tri-
ethyl borate, similar gelling results were observed. This
composition burned with a brilliant red flame.

EXAMPLE 6

In this example, a gel was prepared using allyl-
modified hydroxyethyl cellulose having an allyl D.S. of
0.15 and a hydroxyethyl M.S. of 2.7. To 50 cc of a 1
percent solution of the modified hydroxyethyl cellulose
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in 80 percent methanol was added 0.005 gram of di-
chloroglyoxime and 0.01 gram of sodium bicarbonate
(as a 5% aqueous solution). Within 30 minutes a stiff,
rubbery gel had formed. This gel burned readily with a
colorless, soot-free flame. Substantially no residue re-
mained on completion of burning.

EXAMPLE 7

In this example a gel was prepared using vinylbenzyl-
hydroxypropyl cellulose having a vinylbenzyl D.S. of
about 0.25 and a hydroxypropyl M.S. of about 4. A 1
percent solution of the vinylbenzyl hydroxypropyl cel-
lulose was prepared in 95 percent ethanol and to 50 cc
of this was added with stirring 0.005 gram of dichloro-
glyoxime and 0.01 gram of sodium bicarbonate (5 per-
cent aqueous solution). Gelling took place within about
30 minutes to form a dry, rubbery gel. This gel burned
readily with a colorless, soot-free flame leaving sub-
stantially no residue.

EXAMPLE 8

One-half gram of allyl HPC, allyl D.S. 0.20, hydroxy-
propyl M.S. 4.0 in 40.5 g 92 percent ethanol (by
weight) was stirred at room temperature. To this was
successively added 0.4 ml 5 percent aqueous NaHCO;

- and 0.0075 g terephthal-bis (hydroximoyl chloride) as
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a solution 0.1 g/ml in tetrahydrofuran. On standing
overnight (16 hours) without agitation, a rigid gel was
obtained. This gel burned quite readily with a smoke-
free flame.

What I claim and desire to protect by Letters Patent
is:

1. A gelled composition comprising an aliphatic alco-
hol having about one to five carbon atoms and contain-
ing about 0.2 to 2 percent by weight of an olefin-
modified hydroxyalkyl cellulose which has been cross-
linked through the olefin group.

2. The gelled composition of claim 1 wherein the ali-
phatic alcohol is selected from the class consisting of
methyl and ethyl alcohol.

3. The gelled composition of claim 2 where the ole-
fin-modified hydroxyalkyl cellulose is allyl hydrox-
yethyl cellulose.

4. The gelled composition of claim 2 where the ole-
fin-modified hydroxyalkyl cellulose is allyl hydroxypro-
pyl cellulose.

5. The gelled composition of claim 1 including about
1 to 10% by weight of an inorganic compound which
produces a colored flame.

6. A gelled composition comprising an aliphatic alco-
hol having one to five carbon atoms and containing
about 0.2 to 2 percent by weight of an olefin-modified
hydroxyalkyl cellulose which has been crosslinked with
about 0.2 to 10 percent based on the weight of said cel-
lulose of a polyfunctional nitrile N-oxide.

7. The gelled composition of claim 6 wherein the ni-
trile N-oxide is cyanogen N,N’-dioxide.

8. The gelled composition of claim 7 wherein the ole-
fin-modified hydroxyalkyl cellulose is hydroxypropyl
cellulose and the aliphatic alcohol is selected from the
class consisting of ethyl and methyl alcohol.

9. The gelled composition of claim 8 wherein the ole-
fin-modified hydroxypropyl cellulose is allyl hydroxy-
propyl cellulose.

10. The gelled composition of claim 6 including
about 1 to 10 percent by weight of an inorganic com-

pound which produces a colored flame.
* * * * #



