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This invention is concerned with fuel composi 
tions designed especially for use at extremely 
iow temperatures. More particularly, this inven 
tion is directed to fuel oils or compositions Suit 
able for use in jet engines and in diesel engines, 
especially under arctic conditions. 
The fuels presently available in Substantial 

amounts are suitable for use only under operat 
ing conditions normally encountered in the more 
temperate climates. Fuels which are suitable 
for use in jet-propelled aircraft or in diesel 
powered equipment have heretofore been limited 
by the inherent characteristics which they neces 
Sarily possessed, due to the mixture of compo 
nents present therein. While artificially blended 
fuels have been prepared from time to time, 
which fuels have properties which permit, their 
use under low operating temperatures, these 
have been mere laboratory curiosities since it 
has heretofore been impossible to produce them 
in any effective quantities. In the event of a na 
tional energency and due to the rapid develop 
ment of jet engines, an enormous demand may 
be expected to develop for jet and diesel-engine 
fuels for use under frigid conditions. 
The most serious shortcoming of the usual jet 

and diesel fuels, When low operating conditions 
must be considered, is their low temperature sus 
ceptibility. The high pour point of the fuel 
Stocks available precludes their use at tempera 
tures substantially below about -30°F; however, 
it has been recently recognized that the pour 
point of a given material is not strictly indica 
tive of its performance at low operating tempera 
tures. It has been found that if stocks of a given 
pour point are held at about their low pour tem 
perature (even above their pour points), certain 
components therein eventually commence to crys 
tallize. This becomes apparent by the appear 
ance of a cloud or haze in the fuel. Under more 
stringent temperature conditions, the fuel even 
tually solidifies or freezes. 
Even at the temperatures at which the cloud 

first appears, i. e., the cloud point, the technical 
consequences commence to become extremely 
serious. Jet and diesel engines, the fuel lines 
of which are exposed for any Substantial period 
to temperatures below the cloud-point tempera 
ture of the fuel contained in Said lines, will be 
found to be impossible to operate due to plugging 
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of the lines because of components which have 
crystallized therein from the fuel. A more sensi 
tive but necessary part of jet engines is the filter, 
through which all the fuel must pass from the 
feed line into the combustion chamber. Any 
crystallization of fuel components will rapidly 
cause this filter to become clogged, thus cutting 
off the fuel supply to the engine. 
While the pour point of some fuel stocks is 

related in a general way to the cloud point and 
freezing point thereof, this relationship is neither 
universal nor uniform. Some stocks which have 
relatively loW pour points have been found un 
Suitable for use in cold climates because of their 
unaccountably poor cloud points. 
An effort to Overcome these difficulties has 

been made by employing more volatile fuels hav 
ing lower pour points. In such circumstances, 
however, it has been found that the fuels are 
relatively volatile and, consequently, are a fire 
hazard, particularly when used in various air 
Craft engines. 
The conventional methods for the preparation 

of fuels from petroleum Sources do not permit the 
preparation of fuels having suitable properties 
for uSe under frigid conditions. It is well known 
that petroleum distillates contain a number of 
types of configurations, including substantially 
straight-chained paraffin hydrocarbons, isopar 
affins, naphthenes and aromatics. If the fuels 
are prepared from Cracked stocks, the mixtures 
of hydrocarbons also contain acyclic unsaturated 
materials such as olefins. Fractional distillation, 
the normal means of treating petroleum stocks, 
has Substantially no effect upon the composition 
of the distillate except in regard to boiling point. 
Therefore, any of the distillates may, and usually 
do, contain a mixture of all of the components 
listed above. 
AS pointed out hereinbefore, these hetero 

geneous fuel mixtures are unsuitable for use in 
cold climates because of one or more components 
present in the fuel. Probably the worst offend 
ers in this regard are the substantially un 
branched hydrocarbons, hereinafter referred to 
as the "normal hydrocarbons.' Another class of 
constituents of the usual fuels which tends to 
have adverse operating characteristics includes 
the aromatics, since these have relatively poor 
cetane numbers, 
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Recently a method has been developed for the 
fractionation of mixtures of organiac comot?Índis 
according to structural type. As more particl:- 
larly described hereinafter, this method goal 
prises treatment of the mixture With a complex 
forming agent having the general coil figuitation: 

HN 
N 
C-X 

HN 

wherein X is an element selected from the right 
hand side of groups 6 of the periodic table, and 
preferably having an atomic weight of less than 
about 128. Compounds failing Within this class 
include especially urea, thiourea, Seienourea als 
telluourea. Also, the acid Salts of tinese (30ria 
pounds, such as the hydrochlorides or acetates, 
are suitable as the complex-forming agentS. 
The complexes appear to fall within the geiei'ai 
classification known as "clathrate coin pounds. 
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about 660°. F. It has also been found that the 
Inixture of non-norina hydrocarbons boiling 
Within the l'aige 415°-660° F. i may be used With 
out Substantial aodification as an arctic diesel 
or jet engine fuel, even in the absence of the 
above-mentioned iower-boiling normal hydro 
carbons. 
A still more highiy preferredi fuel for use un 

der arctic conditions CompriseS the combination 
of a relatively (hinor annount of Ornal hydro 
carbons boiling Within the range 25-425 F. 
and of a major amount of isoparafins and/or 
naphthenes boiiing withiin the range 45°-660° 
if., said Cornpositich containing ino appreciable: 
announts of aromatics. 
Again in accordance with this is vention, it has 

been found that fuels such as those described 
above taay be prepared by use of the extractive 
crystalization methods referred to hereinbefore. 
C?he Of Such :(nethods co?íapiriSeS the treatment of 
a petroieu. In distillate having a boiling range It has been found that fractionation by Yaeans - 

of complex formation with urea reSults in ih še 
formation of crystalline complexes of Area. Wits 
normal, i. e., straight-chained, organic coiri 
polünds. Furthermore, it has ?een noted thatë, 
urea will not usually for in conpiexes With 
branched or cyclic compounds. Hence, it is pos 
sible, by the use of this agent, to separate St 
stantially unbranched materials fronin their imi::- 
tures with branched and/or cyclic Substances. 
Chiou rea, on the other hand, has been found to 
form crystalline complexes with highly braiciled 
derivatives and with naphtheles, but agpears to 
be substantially inert toWaid nornal (straight 
chained) compounds and aromatics. Selenourea ; 
has a more general complex-forning action and 
appears to form crystailine complexes with 2, 
wide variety of structural Configuraticas. 
Up to the present time, this method has been 

used simply for the separation of a particular 3. 
fraction from its mixtures. No particular use 
has been advanced for the rafiinate in any in 
stance. Throughout the present specification and 
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claims, the term “rafiinate' will refer to that..: 
portion of a mixture of organic compounds which 
is substantially inert toward a complex-forming 
agent under the conditions employed. ihe tern 
“extract” is meant to include that portion of 
the mixture of organic compounds forming a . 
complex with the agent and thereby extracted 
from the mixture. " . 

It is an object of the present invention to 
provide a novel fuel especially suitable for use 
under frigid (very low temperature) operating 
conditions. 
tion to provide a fuel particularly designed for 
use in jet engines and diesel engines. It is a 
further object to provide a method for the prep 
aration of fuels having desirably low cloud 
points and freezing points. It is still another 
object to provide a method for the preparation 
of a blended fuel having improved low-termpera 
ture startability as well as Superior low-temper 
ature operating characteristics. Other objects 
will become - apparent during the following diis 
cuiSSion. 
Now, in accordance with this invention, it has 

been found that a highly improved fuel, especially 
suitable for use under frigid Operating condi 
tions, comprises a minor amount of Substantially 
normal hydrocarbons boiling within the range of 
from about 275° F to about 425°. F., blended With 
a major proportion of substantially non-normal 
(i.e., non-straight-chained) hydrocarbons boil 
ing within the range of from about 415° F. to 

It is another object of this inven 

(3) 

5 tiilate, 

may be effected by t 
having a boiling rang 
660 F. by the Edeieanu process, or its equiv 

least a large p 

within the limits 415°-660° F. with a complex 
forning agent such as ui'ea, whereby the nor 
inal hydrocarbons are extracted froin the dis 

she rafilaates so produced have been 
iound to have exceptionally low cloud and freez 
ing points and to be suiitable without substam 
tial modification for use as a fuel under frigid 
coditions. . . 
An improvement upon said fuel comprises the 

separate treatment of a petroleum distillate hav 
igg. a. inoiling rainge Within the limits 275-425 
F. With 2, compiex-forming agent such as urea, 
for the purpose of separating the substantially 
normal hy diirocaliforns therefirom. minor 
amount of the hydrocaibons extracted is con 
bined with a Himajor proportion of the first hy 
drocarpon raffinate for the preparation of an 
arctic diesel or jet Flavilig ülilie a dided prop 
erty of improved startability and a higher cetaine 

A. 

ge. 
A stili greater improvenient in the basic fuel 

ireatinent of the rafiinate 
within the inits 45 

Ose of renoving therefrom at, alent, for the p 
idportion of the aroratics. She 

optimum fuel, therefore, comprises a mixture 
of 5-15% inorinal parains boiling within the 
range 275°-425° F. and at least 85% of a mix 
ture of isoparaffins and naphthenes joiling with 
in the range 45°-630 F. Heretofore, it has baen 
impossible to produce such a fuel except on a 
ery small scale, coimpletely inadequate for prac 

tical use. 
The stocks to be treated in accordance with 

the present invention are pieferably straight 
ruin distillates since they contain practically ino 
olefins. However, cracked stocks inay be used, 
especially if they are hydrogenated for the pur 
pose of converting the oie?ins to paraffins. The 
stocks 1 Yhay be ?i?epared orº minoj 7 ä5ny ºf 

75 

the norial conversion procedures such as alkyla 
tion, hydro-forming or siriilar procedures. In 
the case of the bleided fue cribed above, it is te 
preferaile to cinoose two stocks; the first of which 
has a high normal paraffin content while the 
higher-boiling stock has a relatively high pro 
portion of isoparaffins or naphthenes. 
The process of the present inventioi connprises 

treatment of the selected stock with the com 
plex forming agent, separation of the complexes 
so forined from the unaffected portions of the 
Stock and utilization of the fractions, so produced. Typical procedures illustrating the various al 
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ternatives which may be employed are outlined 
in the accompanying diagram. In the diagram 
the term "heavy distillate feed' refers to a petro 
leum distillate falling within the range 415°-660° 
F. The term “light distillate feed' refers to a 
petroleum distillate falling within the range 275° 
425 F. As shown in the diagram, the heavy dis 
tillate feed enters a reactor 2 together with 
urea, 6. Under the conditions to be described 
hereinafter, crystalline complexes are formed 
between urea and the normal hydrocarbon por 
tion of the distillate. The slurry containing the 
Crystalline complexes and the remaining liquid 
portions of the reaction mixture are sent to a 
Separator 3, wherein the crystalline complexes 
are Separated from the liquid components by 
such means as filtration or centrifuging. The 
complexes 4 are further processed to remove the 
normal hydrocarbons for further utilization. 

* The heavy isoparaffins aand naphthenes 5, which 
comprise the liquid components remaining from 
the original feed, are blended with the lighter 
normal hydrocarbon products as follows: 
The light distillate feed 7 is treated with urea 

6 in a similar reactor 8 to produce a slurry con 
taining urea, complexes of the normal hydro 
carbons Suspended in the liquid components 
which are not affected. The slurry is conducted 
to separator 9 where the liquid isoparaffins and 
cyclic hydrocarbons í0 are removed and utilized 
for other purposes. The complexes of the nor 
mal hydrocarbons are transferred to a re 
generator 3, preferably together with a suitable 
quantity of water 12. The complexes, when 
heated in the presence of Water, decompose and 
thus permit regeneration of the light normal hy 
drocarbons 5 therefron. The urea, simulta 
neously regenerated dissolves in the water which 
is present and separates from the hydrocarbons 
in the form of an aqueous solution. For the pur 

' pose of producing the blended jet fuel described 
hereinbefore, a minor amount of the light nor 
mal hydrocarbons 5 is combined with the heavy 
non-normal hydrocarbons 5 to give the blend 6. 

* - Two alternative procedures also are illustrated 
in the diagram. The heavy non-normal hydro 
carbons 5 may be combined with light normal 

- hydrocarbons produced in the following manner: 
"A light distillate feed T is treated with thiourea, 

' 8 in a reactor 9. The isoparaffin and naph 
thene portions of the feed form complexes with 
thiourea, while the substantially normal hydro 
carbons are not affected. The Silurry so pro 
duced is conducted to a separator 20 wherein the 
unwanted thiourea, complexes 2 are separated 
from the desired liquid normal hydrocarbons 22. 
The latter are then combined in their proper 
proportion with the heavy non-normal hydrocar 
bons 5 to give the blended fuel 23. 
The choice of the complex-forming agent to 

be employed will depend, in a major extent, upon 
the feed to be treated. At times it is advan 
tageous to isolate the heavy non-normal fraction 
by a thiourea treatment as follows: The heavy 
distillate feed 24 is treated with thiourea 25 in 
a reactor 26. The mixture so produced is con 
ducted to a separator 27, wherein the unaffected 
normal hydrocarbons 28 are separated from the 
thiourea, complexes of isoparaffins and naph 
thenes 29. The complexes are conducted to a re 
generator 31, where they are mixed with water 
30 and heated to the decomposition temperature. 
The thiourea regenerated from the complexes by 
this treatment dissolves in the water and is re 
moved in the form of a solution 32. The regen 
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amount of aromatic hydrocarbons. 
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6 
erated heavy isoparaffins and naphthenes 33 may 
be combined in a major proportion with the light 
normal hydrocarbons 5 to give the blended jet 
engine fuel 34. 
As pointed out hereinbefore, the Superior arctic 

diesel or jet fuel forming the essence of this in 
wention comprises at least about 85% of a mix 
ture of non-normal hydrocarbons having a boil 
ing range within the limits 415-660. F. This 
fuel comprises isoparaffins and/or naphthenes 

1 and may contain a minor proportion of aro 
matics. Within the same boiling range. Prefer 
ably, however, the stock contains a minimum 

Still more 
preferably, the boiling range of the hydrocar 
bons should be within the range 425°-650° IF. It 
has been found that Such a mixture has the un 
expected advantage of remaining completely 
fluid at temperatures lower than -76 F. as in 
dicated by both the pour and cloud points. Sim 
ilar stocks containing the unbranched paraffins 
normally present are found to have cloud points 
as high as from -5 to -10° F., respectively. 
While the hydrocarbons are preferably isolated 
from petroleum distillates, they may be obtained 
from other large-volume sources such as poly 
merized hydrocarbon gases or from synthetic 
Coal hydrocarbons. 

In the preparation of fuels having improved 
startability at low temperatures, the normal hy 
drocarbons to be added to the above fuel should 
comprise 5-15% by volume having a boiling 
range within the limits 275-425 F. More pref 

40 

erably, however, the normal hydrocarbons should 
boil within the range 300-400 F. An optimum 
blend is obtained when the composition contains 
a minimum of 10% of the described normal hy 
drocarbons together with at least 85% of the 
isoparaffins or naphthenes discussed above. Fuels 
for use at extremely low temperatures should be 

... modified by the addition of correspondingly 
'greater amounts of the lower-boiling normal hy 

: drocarbons. 

45 
It has been discovered that the blends de 

Scribed above have a characteristic of prime in 
portance in jet-engine Operation: The lean blow. 

... out characteristics have been found to be highly 

50 

Satisfactory as compared With Other fuels con 
taining a higher proportion of normal paraffins, 
even though the boiling range of the other 
blends is similar. Optimum lean blow-out chair 
acteristics will vary with the airspeed and With 
the operating altitude, but it has been noted that 

55 
the present fuel shows little susceptibility to 
change inder these two variables. 
The fuels described may be modified by the 

addition of suitable improving agents such as 
amyl nitrate or ditertiary butyl peroxide for the 

60 
improvement of cetane number. Wiscosity index 
improving agents also may be added, such as 
polymers of the methacrylic esters, or poly 
merized isobutyene. Anti-oxidants may be em 

i ployed if desired, such as para-phenyene di 

70 

1 alcoholic in character. 

amine. However, the proportion of sich addi 
tives should be held to a minimum so that conn 
bustion residues will not be unduly large. 

In the preparation of the present fuels by ex 
tractive crystallization, advantage may be taken 
of numerous operating conditions. For example, 
the complex-forming agent may be used in the 
form of a solid or of a solution. The preferred 
Solvent is one which is largely aqueous or aqueous 

The alcohols which may 
be employed include especially the lower alcohols, 

75. Such as methyl and ethyl alcohol...The agentor 
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solution thereof should be present in the reactor 
in Substantial excess of the amount necessary for 
maximum complex formation. 

It has been found that the extent of such forma 
tion is dependent, in part, upon the concentra 
tion of the complex-forming agent in its Solvent. 
in order to inaintain a high degree of complex 
formation, the Solution of the agent should be 
kept near the Saturation point at all times. How 
ever, circumstances may arise where the max 
inum, CG?mplex formation Would be undesirable. 
For example, a stock having an initial boiling 
point below the linimum desil'ed inay be treated 
in such a way as to permit only the higher molec 
ularyweighthydrocarbons to form crystalline com 
plexes. This is effected by adjusting the concen 
tration of tine conplex-forining agent in its sol 
vent So as to permit selective formation. It has 
been noted that each hydrocarbon requires a 
Critical minigun concentration of the agent for 
any givei teiperature before COriplex formation 
is possible. Hence, by adjusting the concentra 
tion Gif the agent to a point below this critical 
inini;alth for the lighter hydrocarbons present, 
it is possible to cause the heavier hydrocarbons to 
for in crystalline complexes while the ighter ma 
terials are unaffected. 
The mixtures of hydrocarbons to be treated 

inlay be contacted with the complex-forming 
agert Without Substantial modification or, if it is 
die Sired, in the form of a diluted solution, "The 
diluent for the hydrocarbon mixture should be 
one which is Substantially inert toward the con 
piex-formirig agent under the conditions em 
gloyed. A Suitable non-polar solvent for this 
pullipose is peintaine, which may be used at the 
usual beinpei'atures at which complex formation 
is carried out. Certain polar solvents have been 
found particularly Suitable due to their special 
Solubility characteristics. Miethyi isobutyl icetone 
is a particularly Outstanding example of this type 
of iaediurn. It has been found that this solvent 
perinitS Cptinum crystal structure in the complex 
and ailCWS the formation to proceed at a max 
intain rate. These properties appear to be due to 
the fact that the solvent is completely Iriscible 
With the petroleum fraction arid, in addition 
thei'eto, dissolves to a certain extent in the aque 
CuS Sciution of the complex-forning agent which 
is uSeti. Methyl isobutyl ketone may be employed 
Whell urea, is the complex-forming agent. At low 
temperatures the Solvent will form a cornplex with 
thiou rea, apparently due to its isoalkyl sub 
stituents. it is preferred practice to use methyl 
ethyl ketone as the solvent medium when thio 
urea is present as the complex-forning agent. 
This material appears to be substantially inert 
toward thiou rea, probably because of its un 
branched alkyl groups. 
A Special group of solvents which may be profit 

ably epiployed in the present process comprises 
those Which will dissolve both the complex-form 
ing agent and simultaneously extract the aro 
natic fraction from the petroleum distillate which 
is being treated. A suitable solvent of this type is 
liquid Stiftir dioxide. In effect, the use of this 
type of mediura enables what Inay be regarded 
as a coinabi:led Edeleanu treatinent and an extrac 
tive crystallization treatment. This is partic 
ularly desirable when it is preferred to eliminate 
aromatics from the fuel being prepared. 

ine agent anäthe petroleum distillate arenor 
nally contacted by rapid mixing at about room 
temperature or below. Higher temperatures may 
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8 
be employed as the molecular weight of the hy 
drocarbons is increased. A continuous process of 
complex formation has been found especially 
effective as opposed to a batch process. 
The crystalline complexes are usually formed 

after a period of apparent inactivity. The period 
between initial contact of the agent and the hy 
drocarbons before the first crystals become appar 
ent is usually called the “induction period.' This 
period may be only a matter of Seconds but, at 
tiraes, lay be as long as several minutes or even 
aS Inuch as two to four hours. The combination 
of high agent concentration and low reaction 
temperature encourages short induction periods 
Once the complex has commenced to form, the 
reaction appears to proceed rapidly to completion. 
If a large arrilhount Of the comple:K is formed rela 
tive to the aimount of the liquid components pres 
ent, the reaction mixture may be difficult to 
handle; hence, it is advisable to maintain at least 
a. Stifficient annount of liquid components in the 
eaction mixture to enable facility in transport 
ing and otherwise handling the material. 
The design of the reactor should be such as to 

perfait the hydrocarbon feed and the complex 
forraing agent to be introduced at the bottom 
thereof and to continuously iow upwards in such 
a manner that the reaction is complete at the 
exit near tie top. The take-off is lied to a separa 
tion area whereii) the crystalline complexes are 
Separated from the liquid conponents of the reac 
tion mixture. Suitable methods of separation 
Coriprise basket Centrifuges or rotary filters. The 
CoilipieXes may be purified to a certain extent by 
Washing With a Selective Solvent such as pentane. 
'I his Step has been found to be of some importance 
Since the Surfaces of the crystals are easily wet by 
the liquid hydrocarbons present. in order to ob 
tain cleail fractionation and to avoid contamina 
tion of the coin-plexes by the remaining liquid 
fractions, the Washing step appears to be partic 
ularly desirable. 
The Crystalline complexes have been separated 

from the liquid fraction of the distillate, the step 
leihains of regenerating hydrocarbons therefrom. 
The regeneration preferably comprises the appli 
cation of heat, preferably in the presence of a 
Solvent, either for the hydrocarbons or for the 
complex-forming agent. For example, if a crys 
talline complex of a normal hydrocarbon and 
urea is heated in the presence of water to a tem 
perature above about 80° C., the complex de 
Composes to yield the hydrocarbon and the com 
plex-forming agent. The latter dissolves in the 
Water which is present and forms a solution 
Which is immiscible with the hydrocarbon. Al 
ternatively, a dilute solution of the complex 
forming agent may be heated with the COmplexes. 
Under these circumstances, the complex decom 
poses to yield the regenerated hydrocarbon and 
a Solution of the agent whose concentration has 
been incurred by the addition of the regenerated 
complex-forming agent. The augmented solu 
tion may be used Subsequently in the formation 
of additional complexes. 
The arctic diesel or jet fuels which may be pre 

pared by the method of the present invention 
Will have the following critical characteristics: 
Cloud point, F., maximum----------- 75"-? 
Freezing point, F., maximum--------- -76 
Viscosity centistokes at -65° F., maximum 50 
Wiscosity centistokes at 100°F., minimum 0.7 
ASTM initial boiling point, F., minimum 275 
ASTM final boiling point, F. maximum 660 

  



2,630,405. 
9. 

The process of the present invention may be 
illustrated by the following example: . . . . 
A 50 cetaine diesel fuel was prepared by 

Edeleanutreatment of a fraction of a Los Angeles 
basin crude, the fraction boiling between 415 F. 
and 660 F. The rafiinate from said treatment, 
which constituted the diesel fuel, contained 5% 
aromatics 3.5% straight-chain hydrocarbons, 
the remainder being a mixture of branched-chain 
hydrocarbons and naphthenes. 
The rafiinate described above was diluted with 

an equal volume of methyl isobutyl ketone and 
imiXed at 70° F. with a Saturated, aqueous Solu 
tion of urea. The crystalline complexes which 
formed between the straight-chain hydrocarbons 
and urea were removed by filtration, leaving a 
rafiinate containing less than 1% straight-chain 
hydrocarbons and having the following proper 
ties: 

Cetane number-------------------------- 45 
Wiscosity, centistokes at 100° F------------ 3. 
Wiscosity, centistolkes at -65 F---------- 299 
Initial boiling point, F----------------- 415 
Final boiling point, F------------------ 650 
Pour point, F--------------- lower than -76 
Cloud point, F-------------- lower than -76 
I claim as my invention: 
1. The method of operating an aircraft turbine 

engine which comprises burning therein a fuel : 
having 5-15% substantially normal hydrocarbons 
with a boiling range within the limits 275-4.25° 
F., and at least 85% of substantially non-normal 
hydrocarbons with a boiling range within the lim 

."H? 9660 415 its 
2. The Process for the preparation of an en 

gine fuel having ?mproved startability, high end 
point and low pour point comprising separately 
treating two petroleum distillates, the first of 
Which has a boiling range within the limits 
275-425 F., and the second of which has a boil 
ing range within the limits 4159-660° F., with at 
least one complex-forming agent having the gen 
eral configuration 

HANS 
CE 

N 

wherein X is an element selected from the right 
hand Side of group VI of the periodic table, 
whereby complexes are formed between the agent 
and a fraction of each distillate, said complex for 
nation in each case causing separation of nor 
Mnal hydrocarbons of each distillate from the non 
norrlal fractions theireof, and subsequently blend 
ing 5-15% of the substantially normal hydrocar 
bons of the first distillate With 85-95% of the 
no-normal hydrocarbons of the second distillate. 

3. A novel engine fuel having improved starta 
bility, high end-point and low pour point con 
sisting essentially of 5-15% of substantially nor 
mal hydrocarbons having a boiling range within 
the limits 275-425° F., and 85-95% of substan 
tially non-normal hydrocarbons having a boiling 
range within the limits 415°-660°F. 

4. A fuel composition according to claim 3, 
wherein a preponderant proportion of the non 
normal hydrocarbons are isoparaffins and naph 
thenes. 

5. The process which comprises separately con 
tacting urea with two petroleum distillates, the 
first of which has a boiling range within the 
limits 275-425 F., and the second of which has 
a boiling range within the limits 415-660 F., 
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10 
whereby crystalline urea complexes of the sub 
stantially normal hydrocarbons present in each 
distillate are formed, the non-normal fractions 
thereof being unaffected, separating said com 
plexes from the non-normal fractions, regenerat 
ing the normal hydrocarbons of the first distil 
late from their urea, complexes, and blending said 
regenerated normal hydrocarbons. With the non 
normal hydrocarbons of said second fraction, so 
that the resulting blend contains 5-15% of nor 
mal hydrocarbons. 
6. A novel engine fuel having a high end-point 

and a low pour point comprising a straight-run 
stove oil having a boiling range within the limits 
415 F-660 F. being substantially free from 
straight-chain hydrocarbons, said fuel having a 
pour point Substantially below about -30° F. 

7. A novel jet-engine fuel having improved 
startability, high end-point and low pour point 
consisting essentially of 5-15% of Substantially 
Straight-chain hydrocarbons obtained from 
straight-run gasoline having a boiling range 
Within the limits 275 F-425°. F., together with 
85-95% of a straight-run petroleum distillate 
having a boiling range within the limits 415 F 
660 F., from which the substantially straight 
chain hydrocarbons have been renoved. 

8. The process for the preparation of novel en 
gine fuels comprising contacting a straight-run 
petroleum distillate having a boiling range with 
in the limits 415°-660° F. with liquid sulfur di 
oxide to produce an extract phase and a raffinate 
phase, contacting said rafiinate phase with urea, 
whereby the substantially normal hydrocarbons 
present therein form crystalline urea, complexes, 
separating Said complexes from the remaining 
liquid fraction of said rafiinate and blending the 
remaining liquid fraction with normal hydrocar 
bons obtained by urea extraction of a petroleum 
distilla, te having a boiling range within the limit:S 
275-425 F. so that the resulting blend contains 
5-15% of normal hydrocarbons. 

9. The process which comprises contacting a 
first petroleum distillate having a boiling range 
within the limits 275-425 F. and having a high 
normal paraffin content with thiourea, whereby 
the non-normal hydrocarbons present therein 
form crystalline thiourea complexes, separating 
said thiourea, complexes from the Substantially 
normal hydrocarbons of the first distillate, con 
tacting a second petroleum distillate having a 
boiling range within the limits 415-660 F, and 
having a relatively high proportion of isoparaffins 
and naphthenes with urea, whereby the Substan 
tially normal hydrocarbons present therein form 
crystalline urea complexes, separating Said urea, 
complexes from the isoparaffins and naphthenes 
of the second distillate, and blending the normal 
hydrocarbons of the first distillate with the iso 
paraffins and naphthenes of the second distillate 
so that the resulting blend contains 5-15% of 
normal hydrocarbons. 

10. A novel engine fuel having improved start 
ability, high end-point and low pour point con 
sisting essentially of 5-15% of substantially nor 
mal hydrocarbons having a boiling range within 
the limits 300-400 F., and 85-95% of substan 
tially non-normal hydrocarbons having a boiling 
range within the inits 425-650 F. 

LLOYD C. FETTERLY. 
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