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The present invention relates to a novel fuel composi 
tion and more particularly to solid fuel compositions made 
from bituminous material. 
The fuel of this invention is best utilized as a smudge 

pot fuel. Smudge pots are used for the protection of crops 
from frost damage. The pots are placed at spaced intervals 
throughout the groves or ?elds to be protected and when 
the crop is threatened by frost, the fuel in the pots is 
ignited. The heat given oif by the burning fuel is sufficient 
to prevent frost damage. 

Asphalt is de?ned by the American Society for Testing 
Materials as “a dark brown to black cementitious mate 
rial, solid or semisolid in consistency, in which the pre 
dominating constituents are bitumens which occur in na 
ture as such or are obtained as residue in re?ning petro 
leum.” In addition, asphalts characteristically contain a 
bitumen fraction insoluble in para?in naphtha. This frac 
tion is called the asphaltenes. The solid or semisolid resi 
dues from re?ning operations are usually called “cracked 
asphalt,” “petroleum pitch,” “thermal pitch” or “crack 
ing-coil pitch.” 

Petroleum asphalts are derived principally from four 
types of processes. They are straight run asphalts, ob 
tained by atmospheric, steam, or vacuum distillation of 
lower boiling components of the oil; asphalts produced 
as the bottoms product from a combined distillation proc 
ess; asphalts separated by solvent extraction, e.g., the 
propane deasphalting process, and chemically treated 
asphalts, such as air blown, oxidized, sulfurized, and chlo 
rinated asphalts. 
The term “bitumens” is a more generic term than asphalt 

and, according to the American Society for Testing Ma 
terials, relates to “Mixtures of hydrocarbons of natural 
or pyrogenous origin; or combinations of both, frequent 
ly accompanied by their non-metallic derivatives, which 
may be gaseous, liquid, semisolid, or solid, and which are 
completely soluble in carbon disul?de.” In usual com 
mercial practice the term “bitumens” is restricted to the 
semisolid or solid bitumens which include asphalts and 
tars and pitches. The latter two are derived from stocks 
obtained by destructive heat action on crude oil fractions, 
coals or other organic raw materials. In this speci?cation, 
the term “bitumens” or the like will be restricted to this 
latter de?nition. 

Bituminous materials, particularly asphalts, alone Will 
not burn or Will give poor combustion when ignited at 
ambient temperatures. It has surprisingly been found that 
asphalt containing a minor amount of particulate poly 
styrene or rigid polyurethane when ignited will burn al 
most completely with little ash. These fuel compositions 
are prepared by simply heating the asphalt until it be— 
comes ?owable and adding, with agitation, the polymeric 
material in the form of small particles. The resulting 
composition, when cooled, is solid and is readily ignitable. 
When ignited, the composition burns slowly, giving off 
signi?cant amounts of heat for a sufficient period of time 
to make it quite suitable as a fuel for the prevention of 
frost in orchards. 

Either polystyrene or rigid polyurethane foams are suit 
able for adding to asphalt to prepare the compositions of 
this invention. A rigid urethane foam may be de?ned as 
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a stiff cellular urethane plastic which becomes permanent 
ly deformed when compressed beyond its yield point. Dif 
ferences in rigidity are indicated by the description of 
forms as rigid or semirigid. In this speci?cation the term 
rigid polyurethane excludes ?exible but includes semi 
rigid foams. 
A variety of organic polyisocyanates can be employed 

in producing the urethane foams used in this invention, 
although aromatic di-isocyanates are generally used. The 
di-isocyanates include 2,4- and 2,6-toluene di-isocyanates 
and mixtures thereof; 1,4- and LS-naphthalene di-iso 
cyanates; phenyl di-isocyanates such as 4,4’-di-phenyl~ 
methane, p-dixylyl-methane-4,4'-di-isocyanate; and tri-iso 
cyanates such as diphenyl-4,6,4'-tri-isocyanate. Side chain 
di-isocyanates like naphthylylene and xylylene di-isocy 
anates can also be used. 
The isocyanates react with any compound containing 

an active hydrogen (i.e., one connected to an atom more 
electro~negative than carbon). Polyols having a molecular 
weight ranging from about 500 to about 10,000 are com 
monly used as the source of active hydrogen. These in 
clude polyesters and polyethers. The polyesters are derived 
from polyfunctional acids and polyols such as the adipates, 
succinates, sebacates, azelates and phthalates of pentae 
rythritol, xylitol and sorbitol. Suitable polyethers include 
the condensation products of propylene oxide with poly 
functional alcohols and amines such as glycerol, penta 
erythritol, xylitol, sorbitol, a-methyl glucoside, and ethyl 
enediamine. 
The urethane foam may be prepared by batch, semi 

continuous or continuous methods using bench equipment, 
or commercial foam machines. These preparations are 
well known in the art, as for example, see Rigid Urethane 
Foams-II Chemistry and Formulation by C. M. Bar 
ringer, Polymer Chemicals Department, E. I. du Pont de 
Nemours and Company, Wilmington, Del. 
There are three forms of cellular polystyrenes all of 

which may be used in preparing the composition of these 
inventions; extruded preformed foam in the shape of logs, 
planks or boards, expandable polystyrene in the form of 
free ?owing beads containing an integral blowing agent, 
and self-expanding systems which are combinations of 
expandable polystyrene beads and a thermosetting plastic. 
These three types have quite similar properties. 

Polymerization of styrene proceeds readily, using all 
methods of polymerization, under the in?uence of heat 
and/or an initiator. Usually such processes as the emul 
sion process, suspension process or the mass process, all 
of which are well known are used. The commercial poly 
styrene produced by these processes is a clear, transparent 
thermoplastic material capable of transmitting slightly 
more than 90 percent of white light. 

Polystyrene soften slightly above 100° C. and becomes 
a viscous ?uid at temperatures around 185° C. It has a 
heat distortion temperature of 75° to 85°, a twenty-four 
hour Water adsorption of about 0.04 percent, and a ten 
sile strength of 6-,000 to 8,500 p.s.i. Its density of 1.05 
makes it one of the lightest plastics. 

Polystyrene, suitable for use in the composition of this 
invention, may be made by any of the procedures well 
known in the art. For example, see Polymers and Resins, 
Broge Golding, D. Van Nostand Company, Inc., New 
York, 1959. ' 

Mixtures of polymer and bitumen materials are known. 
For example, US. Patent No. 2,888,407 teaches a closed 
cell expanded material formed by mixing bitumen, a 
blowing agent and monomeric styrene, and heating the 
mixture so that the styrene is converted into a hard blown 
polymer. 
On the other hand, the compositions of this invention 

are produced by forming the expanded or expandable 
polymer additive free from the bituminous materials ‘by 
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one of the numerous methods known in the art as for 
example, US. Patent No. 2,986,537. The polymer ob 
tained is then divided into pieces ranging up to about two 
inches in diameter or larger. Hereinafter in this speci?ca 
tion particulate polystyrene or polyurethane will refer to 
polystyrene and polyurethane produced by one of the 
processes referred to above and reduced into particles 
ranging up to about two inches in diameter or larger. 
After the polymeric material has been particularized, it 
is mixed with the bituminous material. The bituminous 
material may be heated to facilitate mixing. The resulting 
composition differs from that of US. Patent No. 2,888, 
407 and from the art in general. Surprisingly the bitumi 
nous material-particulate foam polymer mixtures of this 
invention provide an excellent fuel for burning for the 
prevention of frost in fruit orchards. 
The compositions of this invention comprise bitumi 

nous material containing a minor amount of a particulated 
polymer selected from the group consisting of particulate 
polystyrene and particulate rigid polyurethane. Preferably 
the composition contains 0.05 to 10‘ weight percent of 
the polymer based on the weight of the total composition. 
The particulate expanded polystyrene or polyurethane 
comprises pieces ranging up to 2 inches in diameter, pref 
erably, 1%; to 1/2 inch in diameter, but particle size is not 
critical so long as the plastic material is at least some 
what particularized for dispersing throughout the bitumi 
nous material to form a mixture with a continuous 
bitumen phase and dispersed polymer particles. 
The compositions may be prepared by heating the bitu 

minous material to a temperature at which it will flow 
but below a temperature which would destroy the plastic. 
Usually this temperature is in the range of 85° to 175° 
F. The bituminous material is added to the divided poly 
mer and the mixture is stirred. The mixture is then cooled 
to give a solid fuel quite suitable for use as a smudge 
pot fuel. 
The fuel composition may be placed in a paper or ?ber 

board container, a metal can, or plastic bag and used as 
such or a combustion aid, such as a solvent spirit, may 
be added in weight percent of the total composition of 
up to about 10 percent. A particularly useful composition 
for use as a smudge pot fuel comprises asphalt, solvent 
spirits and the particulate polystyrene. This fuel can -be 
ignited and burned at 25n F. 
The following table gives characteristics of some typical 

petroleum solvent spirits which may be used in the com 
position of this invention. 

TABLE I 

\ 1 l 2 1 3 
l 

Speci?c Gravity at 60° F ....... __ 0. 864 0. 760 0. 704 
Distillation: 

Initial Boiling Point ("O ) 185 110 35 
10% distilling to (“ (3.). 193 117 62 
50% distilling to (° (3.)- 196 123 80 
90% distilling to (° C.)____. 201 137 95 
Final Boiling Point (“ O.)____ 210 160 115 

Flash-point (closed) (° F.) ______ ._ 154 below 73 below 73 
Aromatics (percent by weight)__.. 60 12 7 
Ksuri butanol number __________ _ _ 56 3 32 
Dilution ratio (butyl acetate). _ ._ . 1:65 1:25 1:22 

Naphthalene in any form may be added to the fuel 
compositions as an ignition aid. It may be added as a 
powder, sprinkled on the top of the fuel composition, or 
preferably wrapped in a plastic bag and merely set on 
top of the fuel. The naphthalene is not particularly nec 
essary with the polymer to make a suitable fuel for use 
in preventing frost but is desirable to aid ignition of the 
fuel when ignited with a gasoline torch. The naphthalene 
may be mixed with wax in from 0.5 to 30 Weight percent 
naphthalene per weight of naphthalene and wax and this 
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composition may be used as an ignition aid to the polymer 
containing fuels or it may be used as a suitable heat pro 
ducing fuel by itself. When used as an ignition aid with 
out wax, the naphthalene may be present in a minor 
amount compared to the asphalt but preferably the naph 
thalene is present in up to 10 weight percent ‘based on 
the total fuel composition weight. 

These fuel compositions containing naphthalene are 
particularly interesting since the naphthalene may be used 
alone in asphalt or in conjunction with the particularized 
polymers as an ignition aid and when either used alone 
or with the polymer, the naphthalene is effective in very 
small proportions and in any form. For example, asphalt 
containing only a pinch of powdered naphthalene, burns 
completely to give little ash even though the asphalt alone 
would burn unsatisfactorily or not at all. 
The asphalt-polymer fuel in its container may be ?tted 

with a suitable top such as a wax layer, a wax-rosin or 
asphalt-rosin mixture, a polyethylene disc or an asphalt 
polystyrene or asphalt-polyurethane top which has been 
formed by foaming polystyrene beads or polyurethane in 
place with the asphalt. These latter two tops are particu 
larly suitable since they Serve as an igniter for the fuel 
as Well as a seal to prevent cold ?ow. The wax-rosin tops 
prevent cold flow, strengthen the fuel containers to allow 
stacking and also serve as an igniter for the fuels. 
The drawing illustrates some of the compositions within 

the comprehension of this invention. FIGURE 1 shows a 
bituminous fuel composition containing particulate poly 
styrene or rigid polyurethane in a container with a Wax or 
polypropylene top; FIGURE 2 shows the same fuel con 
tained in a small one-gallon oil can with an aluminum 
foil outside lining, a metal end and a plastic lid ?tted with 
a naphthalene igniter; FIGURE 3 shows a container hold 
ing a naphthalene-asphalt fuel composition. 
The following examples illustrate the invention: 

Examples I and II 

The solid fuel units, of compositions and quantities in 
dicated in columns 1 and 2 of Table II, were prepared by 
the following procedure: 
The bottom of each container was fastened to the con 

tainer sidewall and the container ?lled approximately half 
full with particles of polystyrene foam in medium size 
ranging from % to 1/2 inch in diameter. A mixture of 
asphalt and petroleum spirits, as indicated in Table II, was 
heated to about 170° F. and stirred into the foam to ?ll 
the container to approximately one inch from the top. 
Stirring was continued for approximately 5 to 10 seconds. 
Asphalt of characteristics indicated in column 2 of Table 
III was then heated to 120° to 140° F. and added to the 
top of the foam-asphalt mixture to a depth of approxi 
mately one-quarter inch. The composition was then cooled 
and covered with a polyethylene disc cover. In run 2, 0.5 
pounds of naphthalene were sprinkled onto the top of the 
solidi?ed fuel. 

TABLE IL-COMPOSITION NUMBER 

1 2 3 4 5 6 

Totai Pounds/Container ____ ._ 30. O 30. 0 29. 5 29. 5 29.5 30. 0 
Pounds Asphalt A __________ _. 26. 0 26.0 __________ __ 27. 5 27.5 
Pounds Solvent Spirits. l. 4 1. 4 __________ __ 1. 5 1. 5 
Pounds Asphalt B _____ __ 2. 0 2.0 ____ __ 29. 0 ____ __ 0. 5 

Pounds Polystryene. O. 6 0.1 0.5 0. 5 0.5 0. 5 
Pounds Asphalt C_ _ ___________ _. 29. 0 ________________ __ 

Pounds Naphthalene“ _____ _. 0. 5 ______________________ ._ 

Container Deseriptioin (1) (1) (2) (2) (2) Bug 
Container Cover ________ __ (3) (3) (4) (4) (4) (5) 
Number 01’ Units Produced. _ _ 1, 200 155 ______________________ N 

l Cylindrical shape; metal bottom; kraft board walls; aluminum foil 
laminated to sides. 

2 Cardboard container with fire proof paint with wire screening inside 
container. ' 

*1 Polyethylene disc, 24" diameter. 
4 Wax covered lid. 
5 Tied with string. 
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Asphalt 

1 2 3 

A B C 

Conradson Carbon, percent ___________ __ 15 8. 5 11.0 
Flash Point (C00 1 °F.) ______________ __ 600 540 230 
Fire Point (COC 1 °F.)" _-_-_ 700 620 ________ __ 
Melt Point, °F _______ __ __ 128 __________________ __ 

Viscosity at 210° F. (SFS _ 2, 000 125 ________ __ 
Viscosity at 122° F. (SFS 2)_ ___________________ __ 122 
Density (lbs/gal.) ________ __ __ 7. 5 7. 5 ........ __ 

Sulfur Percent ________________________ __ 1. 2 0.75 2. 5 

1 COO-Cleveland Open Cup D92. 
2 SFS~Sabolt Furol Seconds. 

Examples III to VI . 

The fuel compositions numbers 3, 4, 5, and 6, of Table 
II were produced by mixing the bituminous material with 
polystyrene in the same manner that the fuels of Exam~ 
pics I and II were prepared. The compositions numbers 
3, 4, and 5 Were particularly interesting in that the screen 
ing material on the inside of the container prevented ash 
from the burning container from curling back onto the 
fuel. In some packages this ash smothered out the burning 
fuel. 

Examples VII and VIII 

A one-pint cardboard ice cream container was ?lled 
with an asphalt with the properties of an asphalt A of 
Table III. This fuel composition would not ignite. A sec 
ond composition was prepared by adding 1 percent by 
Weight of expanded polystyrene beads ranging in size from 
1/2 to 3%; inch in diameter. This second composition 
burned readily when ignited with a gasoline torch and did 
not go out until all the asphalt had been consumed. 

These two examples illustrate the unusual properties of 
the composition of this invention and the unexpected 
properties imparted to asphalt compositions by the addi 
tion of polystyrene. 

Examples IX and X 

Two fuel compositions were prepared according to the 
procedure of Example I except that one fuel contained 
particulate ?exible polyurethane foam instead of poly 
styrene and the second fuel contained rigid polyurethane 
foam. The ?rst fuel, when ignited, burned slightly, then 
smothered itself out. The second fuel burned well, giv 
ing results similar to those achieved with the polystyrene 
added fuels. 

In using the fuel compositions of this invention for 
the prevention of frost in fruit orchards the bituminous 
fuels containing the foam polymer may be placed in a 
container such as, for example, a metal can, a kraft paper 
carton or in a plastic bag which can then be buried in the 
ground at such a depth as to allow the top opening to 
be ignited. 

Examples XI and X11 

A commercial package of fuel was prepared as follows: 
A cylindrically wound cardboard carton, 13 inches high 
and 10.5 inches in diameter was ?lled With an asphalt 
having the properties of asphalt C of Table III mixed 
with one-half pound of ?aked napthalene. The entire 
package was coated with bituminous material. A molded 
polyethylene lid was ?tted over the top of the composi 
tion and secured with a weather resistant pressure sensi 
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tive tape to give a complete package weighing 30 pounds. 
The same fuel was added to a one-gallon cardboard oil 

can with aluminum foil covered sides and a metal end. 
A polyethylene lid was ?tted over the top of the can 
and secured with a pressure sensitive tape to give an 8 
pound fuel package. 
What is claimed is: 
1. A solid fuel composition comprising a major por 

tion of bituminous material and a minor portion of a 
particulate material selected from the group consisting 
of particulate polystyrene and particulate rigid polyure 
thane, said particulate material mixed with said bitumi 
nous material as dispersed particles in a continuous bitu 
minuous phase. 

2. A solid fuel composition of claim 1 in which the 
particulate material ranges from about 1A to about 1/2 
inch in diameter. 

3. A solid fuel composition according to claim 1 addi 
tionally comprising up to 10 weight percent based on the 
weight of the total composition of a petroleum solvent 
spirit. 

4. A solid fuel composition according to claim 1 in 
which the particulate material is particulate rigid poly 
urethane. ' Y 

5. A solid fuel composition comprising a major por 
tion of bituminous material and a minor portion of 
naphthalene. 

6. A solid fuel composition according to claim 5 addi— 
tionally comprising up to 10 weight percent based on the 
weight of the total composition of a petroleum solvent 
spirit. 3 

7. A solid fuel composition according to claim 5 ad 
ditionally comprising a minor portion of a particulate ma 
terial selected from the group consisting of particulate 
polystyrene and particulate rigid polyurethane, said par 
ticulate material mixed with said bituminous material as 
dispersed particles in a continuous bituminous phase. 

8. A solid fuel composition according to claim 7 in 
which the particulate material ranges from about 1A to 
about 1/2 inch in diameter. 
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