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1
The invention -described heléln if ‘patented,
may- be manuractured and used by or for the
Government for governmental purposes, without
the payment to us of any royalty théreon.

This invention relates to moisture control of
solidified fuel, and more particularly to %the
stabilization: of a solidified -gel. structures con-
tammg dispersed hydrocalbon droplets.

The solidification of 11qu1d hydrocarbon fuels
by emulsifying the sarme in alginic “a¢id or in
a water-soluble salt of ‘algiiiic acid, Tollowed by
congealing in an aqueous solution of a calcium
‘salt has been deséribed in the foreign patent
hteratuxe e. g. in British Patént No. 450,208,
De Granville, and  British ‘Patént No. 481,392,
Pouettre. The sohdlﬁed bodies obtsined by the
methods set forth in these patents burn with
a slow flame without exploding, and are recon-
verted into liquid hydrocarbon fuel by squeezing,
‘shredding, or similar meéchanical operations.

Alginie "acid “is a polytieric ‘substance found
in nature and has ‘up "to now defied synthesis.
The solidified "gel structiire in which the liguid
hydrocarbon fuel is dispersed ‘as tiny droplets
consequen’cly is ‘postuldted to be a water-in-
‘soluble polyineric calcidm complex.  This cal-
cium complex is forined in ancordance with the
above cited patent 11terature by the reaction of
alginic acid or sodiuth alginate (which forms the
continuoiis phase of the hydrocarbon emulsion)
With & caleium salt such as calcium chlorlde or
caléiuin nitrate.
our co-pendmg application Serial Wo. 99,107,
filed concurrently, ‘éntitled “Solidification of
Liquid Fuel,” describes the formation of a solidi-
fied hydrocarbon gel by emulsifying liquid hy-
drocarbon fuel in an agueous solution of a-water-
“soluble ‘Polymeric substan"e characterized by re-
peating vmyl (CH2:CH=) - ‘groups (such. asg
alkali and other monovalént salts of polyacrylic
‘ac1d ‘polyitieric crotonicacid’ or polymeric mel
actic acid, e. g., sodiiin ‘polyacrylate, potassium
polyacrylate, ‘ammonium polyacrylate, -sodium
polyvinyl acetate, ‘sodium - polycrotonate) ; the
-dispersant phase of the ‘thus formed emulsion
“i5 “Solidified -and rerndered substantially water-
‘ingoldble by intfoducing it (preferably dropwise)
“initp. @ ‘eongealing” bath -corsisting, “e::g. of a
“109% ' (or/gtrongeér). aqueous. solutidnof calcium

chlor1de The - cor!gealing ‘bath. converts the
‘dispersant - outer iphase of “the ‘emulsion into
pellet-shaped gels whose outer phase is postulated
‘to. beia substantially - hydrocarbon-insoluble -and
~water-insoluble calcium ‘complex formed by re-
rplacentent vof - the : ionovalent, e. :g. -sodium or

“pmunieriium: ions with ‘caleium ions. )
A drawback of the solidified hydrocarbon fuels
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brepared in accordance with the-above-summa-
rized procedurss is that in the-. course of prolonged
storage, they liberate liquid, chleﬂy water. When
the moisture loss pregressess too far, hydrocar-
bon - vapors are then released in cossiderable
quantity; and this causes o .substanfial otorage
loss factor.

The explanation for this phenomenun is be-
lieved to be that increase.in. dehydratwn of the
solidified fuels causes deformation of the spheric
cells of the solidified emulsmn Vonsequeaﬂj,
a larger surface is required for the incasing shells.
which to a certain extent-can be provided by
elastic elongation. There exists a critical litnit
beyond which the cell walls cainot take the
stress, resulting in a breakdown -of -the closed

.cell structure, which now.prévides an open out-

let for the hydrocarbons through eracks and
fissures. . A certain minimum quantity of water
must therefore he maintained in the gels to keep
them gasoline-tight.

We -have found, that -certain water-soluble
and highly hygroscopic organic  compounds are
capable of imparting to the.géls the proparty of
retaining a-controlled amount of moisture. -Such

;substances . are the water-soluble . hygroscopic

(and their water-soluble
e. g. glycol, glycerol, di~
“Carbitols”  (diethylene~

polyhydric. alcohols
hygroscopic ethers),
ethylene-glycol, the

‘glycol alkyl monoethers, such as diethylene-

glycol - -incnomethyl . ether, ' diethylene-glycol
monoethyl -ether, ‘diethylene=glycol butyl ether,
ete.),  1,1,1-trimethylolethiane, i1,1;I-trimethylol-
propane, hexanetriol, butanediol, tetrahydroxy-
butane ¢in solution), pentaerythrite.

~The ‘hygroscopic polyhydtric “alcohols retard
evaporation of water from the gasoline-retaining
solidified gel structure, by lowering the vapor
pressure and eausing stronger-adsorption:of ths
water in-the gel ‘structure.. ‘They -dlso lirait
evaporation to the percentage at which vapor
pressure is in'equilibrium with the humidity of the
surrounding atmosphere. ‘The optimum amount
of ‘polyhydric alcohol to beiricorporated in the
gel structure therefore varies with the climatic

.conditions of the area where ‘the solidified. fuel

is expected to be stored; thus, whére storage is
expected to take place in a wet -dnd/or cold
climate, less polyhydric alcohiol need be added
than for a dry and/or hot climate.
”‘hus it is an objeect of our inverntion to provide
stabilized. solidified.’ hydrogarbonifuelscontain-

mg gel str ucture whose moisture ¢oritent is con-

trolled: for optimum stablhuy chdracteristics.
Another obJect of -our invéntioh ‘is a method
whereby a stabilizer ‘may be 1nc01porated in“a
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liquid-hydrocarbon-supporting solidified gel for
storage in the open under rigorous climatic con-
ditions.

A further object of our invention is the pre-
vention of the evaporation-caused breakdown of
gasoline-containing cells in a solidified fuel, by
the addition of inexpensive industrial organic
compounds.

Still another object is the provision of a mois- -

ture-stable solidified dispersed-hydrocarbon-con-
taining gel structure, capable of retaining a high-
er percentage of dispersed hydrocarbon than has
been heretofore possible. .
Other objects and advantages of our invention

will appear from the following detailed descrip-

tion of a preferred manner carrying the same
into practice. )

“We prefer to add the hygroscopic polyhydric
alecohol stabilizer prior to the solidification of
the gel structure (which solidification, as has
been pointed out above, takes place by congealing
in a calcium salt bath). Thus, it is advantageous
to add an appropriate amount of hygroscopic
polyhydric alcohol to the liquid emulsifying sub-~
stance such as sodium alginate or sodium acrylate
(or other water-soluble alkyl metal salts char-
acterized by repeating vinyl groups), and there-
after dispersing therein a liquid hydrocarbon;
the liquid emulsion is then solidified by precipi-
tation in the calcium salt bath (e. g. 10% solu-
tion of calcium chloride) whereby the outer phase
of the dispersion is converted into a stabilized
water-insoluble and substantially hydrocarbon
insoluble complex in pellet form or other desired
ghape. . :

The following specific examples further illus-
trate methods of carrying our invention into
practice by adding hygroscopic polyhydric alco-
hols (or their water-soluble hygroscopic ethers)
to the hydrocarbon-emulsifying substances for
the purpose of controlling the moisture evapora-
tion characteristics of the subsequently stabilized
gel structure; it will be understood, however, that
our invention may be carried out by the use
of other chemicals, as are set forth in this speci-
fication, than those specifically mentioned in
the examples. | :

' Example 1

To s 2% aqueous solution of a sodium poly-
aerylate (e. g., the commercial compound sold by
Rohm and Haas under the name of “RHotex”)
is added approximately 5% of glycerol. An ap-
proximately equal volume of commercial gasoline
(e. g. a hydrocarbon mixture whereien heptane
predominates) is then emulsified therein by stir-
ring; and the resulting emulsion is introduced
in a rapid succession of drops into a 10% aqueous
solution of caleium chloride, wherein it immedi-
ately gels in the form of pellets of substantially
uniform size. The pellets are thereupon sub-
jected to “aging” that is, they are permitted to
give off an initial amount of moisture and gaso-
line vapor in an enclosed chamber equipped with
gasoline vapor recovering means, and then are
ready for open air storage. The loss of addi-
tional moisture and gasoline vapor after “aging”
is quite small. .

Example ' _2 ' )

A 5% amount of “Carbitol” (diethylene-glycol
monoethyl ether) is added to a 2% agueous solu-
tion of sodium alginate (e. g. a 60:40 mixture of
a high molecular weight sodium alginate sold
under the name of “Kelgin” and of a low mole-

cular weight sodium alginate sold under the-
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name of “Kelgum”). An approximately equal
volume of commercial gasoline is then emulsified
in this liquid, and the emulsion is congealed, as
described in Example 1. 'The resulting gel is sub-
jected to “aging” and thereafter possesses the
same stability characteristics as the gel pro-
duced in accordance with Example 1.

Example 3

Glycerol is used in the procedure of Example
2, instead of “Carbitol,” in an amount of approxi-
mately 5% of.the aqueous solution of sodium
polyacrylate. The stabilization of the hydrocar-
bon-containing solidified gel proceeds as in Ex~
ample 2: and the results are substantially the
same. .

The percentage figures of the hygroscopic sta-

bilizers mentioned in the preceding examples
are suitable for average climatic conditions;
where storage in dry climates is contemplated, it
may be necessary to increase the amount -of
stabilizer; thus, for storage in hot and dry re-
gions 10-15% glycol instead of the 5% of Example
1 may be added to the emulsifying solution. - Con-
versely, for storage of the solidified gel in wet
climates, a smaller amount of stabilizer will-still
result in the formation of a gel that remains
stable in open air storage.

Likewise, the concentration of the polyvinyl
compound (e. g. polyacrylate) or alginate solu-
tion prior to addition of the stabilizer may be
suitably varied, e. g. in the case of sodium poly-
acrylate a 1% solution may be used, and in the
case of sodium alginate solutions within the range
of %%-3% have given good dispersion results.
The relative proportions by volume of emulsify-
ing solution angd liquid hydrocarbon are likewise
susceptible -to suitable variations. By adding
polyhydric hygroscopic alcohol stabilizers in ac-
cordance with the present invention, a stable gel
containing as much as 75% (by volume) dis-
persed liquid hydrocarbon can be obtained.

The -term “water-soluble hygroscopic  poly-
hydri¢ alcohol” as used by us herein, is deemed
to encompass also the water-soluble hygroscopic
ethers of polyhydric aleohols.

Variations from and modifications of the ex-
amples of our invention, above set forth, will
readily occur to the expert without, however,
departing from the spirit of our invention, Such
variations and modifications are therefore to
be deemed with the scope of our invention, which
we define by the appended claims.

We claim:

1. The process of making a stable solidified hy-
drocarbon gel, comprising emulsifying liquid hy-
drocarbon in an agueous solution of (1) a water-
soluble substance selected from the group con-
sisting of water-soluble salts of alginic acid and
water-soluble salts characterized by repeating
—CHs.CH< groups and (2) in an amount of from

about % % to about 15% of said aqueous solution,

a substance selected from the group- consisting
of a water-soluble hygroscopic polyhydric alcohol
and a water-soluble hygroscopic ether of a poly-
hydrie aleohol, and reacting the dispersant phase
of said emulsion with an aqueous solution of a
calcium salt to convert said phase into a water-
insoluble and. hydrocarbon-insoluble ' stabilized
calecium complex. :

2. The process of making a stable solidified hy-
drocarbon gel, comprising emulsifying liquid hy-
drocarbon in-a solution of (1) a water-soluble
substance selected from the.group consisting of
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water-soluble salts of alginic acid and water-
soluble salts characterized by repeating

—CHz2.CH<

groups and (2) in an amount of about 5% -of said
aqueous solution, a substance selected from the
group consisting of a water-soluble hygroscopic
" polyhydric alcohol and a water-soluble hygro-
scopic ether of a polyhydric alcohol, and reacting
the dispersant phase of said emulsion with an
aqueous solution of a calcium salt, to convert
said phase into a water-insoluble and hydrocar-
bon-insoluble stabilized calcium complex.

3. A stable solidified hydrocarbon body com-
prising a dispersion of a liquid hydrocarbon in a
gelled dispersant phase essentially comprising a
substantially hydrocarbon-insoluble and water-
insoluble calcium complex and g stabilizing sub-
stance selected from the group consisting of a
water-soluble hygroscopic polyhydric alcohol and
a water-soluble hygroscopic ether of a polyhydric
alcohol.

4. A stable solidified hydrocarbon hody com-
prising a dispersion of a liquid hydrocarbon in a
gelled dispersant phase essentially comprising a
water-soluble hygroscopic polyhydric aleohol and
a substantially hydrocarbon-insoluble and water-
insoluble calcium complex.

5. A stable solidified hydrocarbon body com-
prising & dispersion of liquid hydrocarbon in a
gelled dispersant phase essentially comprising a
water-soluble hygroscopic ether of a polyhydric
alcohol and a substantially hydrocarbon-insolu-~
ble and water-insoluble calecium complex.

6. A stable solidified hydrocarbon body com-
prising a dispersion of a liquid hydrocarbon in a
gelled dispersant phase essentially comprising a
substantially hydrocarbon-insoluble and water-
insoluble caleium alginate complex and a stabiliz-
ing substance selected from the group consisting
of a water-soluble hygroscopic polyhydric alcohol
and a water-soluble hygroscopic ether of a poly-
hydric aleohol. :

7. A stable solidified hydrocarbon body com-
prising a dispersion of a liquid hydrocarbon in a
galled dispersant phase essentially comprising a
substantially hydrocarbon-insoluble and water-
insoluble calcium complex characterized by re-
peating —CH2.CH< groups and 2 substance se-
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lected from the group consisting of a water-solu-
ble hygroscepic polyhydric alcohol and a water-
soluble hygroscopic ether of a polyhydrie alcohol.

8. A stable solidified hydrocarbon body com-
prising a dispersion of a liquid hydrocarbon in a
gelled dispersant phase essentially comprising
glycercl and a substantially hydrocarbon-insolu-
ble-and water-insoluble calcium complex,

9. A stable solidified hydrocarbon body com-
brising a dispersion of a liquid hydrocarbon in a
gelled dispersant phase essentially comprising
glycol and a substantially hydrocabron-insoluble
and water-insoluble calcium complex,

10. A stable solidified hydrocarbon body com-
prising a dispersion of a liquid hydrocarbon in a
gelled dispersant phase essentially comprising a
diethylene-glycol alkyl ether and g substantially
hydrocarbon-insoluble and water-insoluble cal-
cium complex.

11. A stable solidified hydrocarbon body com-
prising a dispersion of a liquid hydrocarbon in a
gelled dispersant phase essentially comprising di-
ethylene-glycol ethyl ether and a substantially
hydrocarbon-insoluble and water-insoluble cal-
cium complex characterized by repeating

CHa.CH<
groups.
KARL A. FISCHER,
OTTO F. HECHT.
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