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1 
This invention relates to the production of 

3 Claims. (CI. 260-61) 

highibolling solvent inaphthas. In a preferred. 
specific embodiment it relates to a process for. 
the treatment of a cracked naphtha fraction 
comprising aromatic and naphthenic constitu 
ents in admixture" with high-boiling olefins, and 
boiling in a range between about 250 and about 
500. F., wherein olefinist in said fraction are re--. 
moved in an alkylation step to provide residual 
naphthas in the same boiling range characterized 
by a high concentration of cyclic constituents and 
possessing: preferred solvent properties. 
In the manufacture of gasolines and motor. 

fuels; it has been found that high concentrations 
5 ... of aromatic constituents...have desirable effects in 

increasing octane rating and various processes: 
have been developed for the production of high 
aromaticity in such fuels. In some instances 
high-boiling-naphthas or gas-oils are subjected 
to ... controlled - temperature catalytic cracking 
treatment under conditions for the production 
of a motor fuel of substantial aromatic content. 

O 

Naphthas having a high degree of aromaticity 
are particularly desirable as solvents, but em 
ployment of the above-mentioned method for 
their manufacture provides products which con 
tain high-boiling olefins in relatively large pro 
portions. 

their presence, even in much. Smaller concentra 
tions, ina solvent material.leads. to many, diffi 

reactions, with the culties such as . Oxidation, 
soute, and.thelike. 

In recent years there. has been a constantly 
increasing, demand for hydrocarbon-solvents, not 
only for conventional uses such as in dry clean 
ing, the manufacture of paints, varnishes, Water 
proofing agents, etc., but also for newly developed 
products and processes involving specialized re 

25 

While these long, chain olefins - cora 
tribute desirable characteristics to the motor fuel, 
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quirements not met. by i ordinary. I commercially 40 
available'. Solvent materials. ... For example, the. 
production of insect-repellents and insecticides. 
has:created a need for an organic solvent, which . 
is-capables of "carrying...in solution a relatively. 
large: concentration of active substance, and is . .45 
at the same time free from color and objections. 
able odor, non-toxic: to man and animals, has.a. 
high flash point, and is relatively... non-volatile. 
The solvent value of a hydrocarbon fraction 

is;in a general sense, .determined by its content . 
of cyclic constituents. That is, for example, a 
paraffinic material such as n-heptane may be . 
said to have a relatively low solvent value in con 
parison with a cyclic material such as benzene Or 
cyclohexane, while a mixture, say... of benzene 
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a hydrocarbon mixture containing olefin, aro: 
20, - 

tionating a catalytically cracked-high-boiling 

within-heptane, will have an intermediate solvent. 
value, depending upon the relative...proportion of. 
its constituents. . . - . ? -- - - - 
We have now found that by contacting a frace. 

tion of catalytically cracked gas oil boiling in th 
approximate range 250 to 500°F. and comprising. 
aromatic and naphthenic constituents in admix 
ture with long. chain olefins, with a lower boiling. 
aromatic substance under alkylating conditions, 
said olefins are converted to high-boiling alkyl 
benzenes and residual naphthas of high solvent 
power can be obtained. : 
An object of our invention is to decrease the *. 

olefin content of a hydrocarbon-material con 
taining olefins as minor-constituents. . . . 
Another object of our invention is to produce:: 

a desirable hydrocarbon solvent. . . . . . . 
A further object of our invention is to treat '. 

matic, naphthene, and paraffin hydrocarbons it 
remove substantially all of the olefin hydroca 
bons. - . . . . . . . . . . 

Still a further object of the invention is to re-l. 
move olefin hydrocarbons from admixture with: 
aromatic and naphthene hydrocarbons. . . . . 
Other objects and advantages of our invention. 

will become apparent, to one skilled in the air 
from the accompanying description and discus 
sion. * * - - - - - - ? : '.' ; 

In a more general embodiment the process of: 
the present invention comprises the steps: (1) 
preparation of a feed stock. comprising aromatic: 
and naphthenic constituents in admixture wit 
long-chain- and branched-chain olefins by frac 

naphtha or gas oil to produce a cut boiling in the . 
approximate range 250 to 500 F.; (2) contacting 
said fraction with a molar excess of a lower-boil 
ing aromatic substance under alkylating cond 
tions whereby substantially all-olefins present are: 
converted to high-boiling alkylbenzenes; (3). 
stripping out unreacted low-boiling aromati 
substance for recycling to the reaction; (4) fra 
tionation of the effluent to separate napht 
boiling in the same range as the feedstock 
having preferred solvent value. . . . 
The feed stock employed comprises a relatively 

high..percentage of aromatic, naphthenic, an 
condensed ring cyclic constituents, generally sub 
'stantially more than 50 percent by volume, in 
admixture with a súbstantial per cent, by volume. 
of olefins ranging in carbon content from about 
seven to about sixteen carbon atoms to the mole 
cule and lesser amounts of paraffinic hydrocar 
bons, and may be prepared by catalytic cracking. 
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of high-boiling naphthas or gas oils, for example, 
by a 'Cycloversion' process, and fractionating 
the effluent to separate a cut having an initial 
boiling point not lower than about 250°F. and an 
endi point not greater than about 500° F". 
The aromatic substance employed may con 

prise benzene, benzene homologues, or mixtures : 
thereof, said aromatic substance being so chosen 
that its boiling point is in a range lower than 
that of the feed stock by an amount sufficiently 
great to permit stripping out unreacted portions 
subsequent to the alkylation operation. The pro 
portion of aromatic substance employed is in sub 

5 

0 

stantial molar excess of the olefinic content of . 
the feed stock, generally in a ratio of from about 
5:1 to 15:1. - ? ? ? 
The alkylation catalyst employed may be one 

of a variety of alkylating catalysts. 
erally prefer to use a catalyst comprising a 
liquid, and more particularly complexes or ad 
dition compounds of boron fluoride with water, 

We gen-, , . 
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phosphoric acid, or aqueous hydrogen fluoride, 
although other types and materials, such as sul 
furic acid, various sulfonic acids, hydrofluoric 
acid, and Solid catalysts such as an aluminum 
halide, alone or as a part of an organic or in 
organic complex “solid' phosphoric acid, silica 
alumina, etc., are not excluded. Also the em 
ployment of starting materials of a suitable 
nature produced by other-methods than the : 
aforementioned catalytic cracking process is 
within the scope of our invention. - - - - - - 
A most significant advantage of our preferred 

process lies in the superior solvent value of the 
naphtha produced. Aromatic, naphthenic, and 
condensed ring cyclic constituents from the feed 
stock are concentrated in the residual naphtha. 
when olefins are removed in the alkylation step. 

25 

The relatively high index of refraction and the 
high density and low aniline number of the 40 
product indicate aromaticity substantially above 
that of ordinary commercially available hydro 
carbon-solvents boiling in the same range. The 
Superior solvent properties of our product are 
further indicated by the unusually high kauri 
butanol and dimethylsulfate values, the low 
bromine number and satisfactory flash point. 
Other desirable properties are its excellent color, 
low odor, and substantial freedom from toxicity. 

In connection with this invention: the boiling 
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range, initial boilnig point, end point, and the . 
Hke are to be determined by the well-known 
A. S. T. M. procedures: -. The kauri-butanol. 
values are determined substantially as described. 
by Gardner in “Physical and Chemical Exami 
nation of Paints, Warnishes, Lacquers and 
Colors,"published by the National Paint, var nish and Lacquer Association. A high kauri 
butanol value-indicates: a high solvent. power. 
The dimethyl sulfate values are determined 
Substantially as described by the same author 
in the same publication, and give directly the 
percentage of aromatic constituents and un 
Saturated aliphatic, hydrocarbons of the olefin 
series. The value should be high for a good 
lacquer Solvent, although, as discussed herein, 
the olefin content should be low, as indicated 
by a low-bromine number. By the proper prac 
tice of our invention it is possible to reduce the 
olefin-content so that the bromine number is 
not greater than 1.0, and it will usually be some 
What less than this value. -. Since the total product from our process boils 
in a relatively broad range, selected fractions 
may be separated for various specific uses. For 

of the process through pipe - 5. 
(33) 
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4. 
example, a fraction boiling between about 400 
and 450° F. provides a Superior Solvent for in 
sect repellents and insecticides since it embodies 
substantially all the specific properties required 
for the preparation of highly effective solutions 
of these recently developed products which are 
non-staining, free from objectionable odor, and 
of excellent lasting quality. 
A fraction boiling between about 300 and 4.25° 

F. provides Stoddard solvent of Superior grade, 
suitable for employment in the dry-cleaning in 
dustry. Painters’ and varnish-makers' naphtha, 
is obtained in the cut boiling between about 250 
and 425 F. By suitable adjustment of the boil 
ing range solvents applicable to many other 
uses are available. 
A further advantage in the present process 

lies in the production of valuable alkyl benzenes 
as by-products from the alkylation step. Other 
advantages inherent in the invention will be 
evident from the description of the accompany 
ing sketch Which illustrates in diagrammatic: 
form one type of apparatus in which the objects". 
of our invention can be accomplished. . 

Referring now to the drawing, a high-boiling 
naphtha or gas oil is passed through pipe 0 to 
catalytic cracking unit A. A typical charge 
stock is a gas oil separated from a Mid-Conti- i. 
nent crude having an initial boiling point of 
about 250 to 300° F., a 90 per cent distillation; 
point of about 700° F., and a gravity of about . 
36° A. P. I. Catalytic Cracking unit Will Con-. 
tain one or more catalytic reaction chambers 
filled with a catalyst such as granular bauxite. 
The charge is heated to a temperautre between 
about 950 and 1050 F. and is then passed 
through the catalyst bed at a pressure between 
about 70 and about 100 pounds per square inch 
gage. The flow rate of the gas oil will be be 
tween about 5 and about 10 barrels of oil per 
ton of catalyst per hour. Tf desired steam or 
some other gaseous diluent may be added to the 
charge through pipe 2. If steam is used a suit 
able flow rate will be between about 0.2 and 
about 0.5 pound per pound of gas oil per hour : 
and the bed of catalyst can be used for between 
about 3 and about 8 hours before sufficient car 
bon has accumulated on it to require stopping 
of the flow of reactants and regeneration of: 
the catalyst bed. Reaction effluents pass through 
pipe í 3 to separating means 14, which will com 
prise suitable heat exchangers, fractionating 
columns, pumps, heaters, coolers, accumulators, 
and the like as can be supplied in any particular 
instance by one skilled in the art. In such a 
conversion substantial quantities of hydrocar 
bon products boiling in the gasoline range will 
be produced and can be recovered as a product 

Normally: 
gaseous constituents will also be produced and 
can be removed through pipe f3. Such products 
will comprise substantial amounts of olefin hy 
drocarbons which can be used as desired, for. 
example, for alkylation by reaction with iso 
butane to produce additional hydrocarbon ma-. 
terials. Suitable for inclusion in a gasoline 
product. Any undesired heavy products can be 
discharged through pipe . . . . . . . . . . . . . 
A hydrocarbon fraction boiling preferably 

above 250 F. and not higher than about 500°F. 
is removed through pipe 8 as a raw material 
for the production of a hydrocarbon solvent. 
This fraction will generally contain over 50 per 
cent of aromatic and naphthene hydrocarbons. 
It will contain a smaller but substantial quantity. 
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of olefan-hydrocarbons, such as between about 10. 
and-30 peri cent-by.volume. Generaliy:alsošits 
will containa, somewhat Smaller amount of par-3 
affin, hydrocarbons. ...This fraction is passed to . 
alkylation-step 9 wherein, it is, mixed. With a . 
suitable ... lower-boiling is aromatic. -hydrocarbon, , 
such-as-benzene, introduced through pipe. 20. 
This material-should beintroduced in an-amount. 
in-excess. of that molecularly-equivalent to the 
olefins present in the hydrocarbon-material pass 
ing through pipe. 18. - The resulting-hydrocarbon 
mixture is: intimately mixed-with an alkylations 
catalyst under alkylation's conditions which in-- 
clude-a reaction time-suficient for substantially: 
complete reaction of the olefins in the charge 
stock. A suitable reaction temperature between: 
about 50 and 1509. F. and sufficient pressure to. 
maintain-the-reactants in liquid phase is also: 
generally used. Effluents of the alkylation: are: 
passed through pipe 2 to separating means 22. 
which will also include suitable separation and 
fractional. distillation-... equipment. Unreacted 
benzene can be separated and returned to alkyl 
ation 19 through pipe-25: : Heavy hydrocarbons 
comprising primarily high boiling arOnnatic alkyl 
hydrocarbons produced in the alkylation Step 
are separated throught-pipes. 24. In many in 
stances these alkyl aromatic hydrocarbons can 
be readily sulfonated and the resulting sulfonic 
acids have excellent- detergent properties. An 
olefin-free hydrocarbon solvent which will have 
a high content of aromatic and naphthene hy 
drocarbons is recovered as a product of the proc 
ess-through pipe 23. 
As will be readily appreciated, each of the 

reaction units has been shown only diagram 
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matically. Each such unit involves processes 
which care not novel-to-the-present invention 
perse and operate- under conditions and in equip 
ment which can be readily determined and sup 
plied by one skilled in the art. Such equipment 
includes catalytic cracking reactors, heating fur 
naces, waste heat boilers, means for Supplying 
air for catalyst regeneration, means for Supply 
ing steam, or combustion gas or the like, as dil 
uent material both for the catalytic cracking . 
operation. when such is desired and for the cat 
alyst regeneration step. As previously mentioned 
separating means 4 and 22 will each comprise 
suitable fractional distillation equipment and 
associated heaters, coolers, pumps, and the like. 
Alkylation unit 9 will include alkylation re 
actors, catalyst separators, cooling equipment, 
pumps, and the like, ...: 
We have found that a particularly desirable 

solvent is ultimately obtained through pipe 23 
when the catalytic cracking carried out in crack 
ing unit f f is similar to that known to the art as 
“Cycloversion.' A more detailed discussion of the 
operation has been discussed by Schulze and Hel 
mers in the Oil and Gas Journal for April i3, i944. 
However, we have also determined that desirable 
solvent fractions can be produced by the practice 
of our invention from high-boiling hydrocarbon 
fractions obtained from effluents of any of the 
well-known commercial catalytic cracking opera 
tions such as those employing a so-called fluid 
cracking catalyst, the T. C. C. Catalytic Cracking 
process, and similar processes. 
containing cyclic hydrocarbons and Smaller quan 
tities of olefin hydrocarbons is available from any 
other source it may likewise be employed as a 
charge for the process of our invention. 

The following is an example of our invention. 

If a charge stock 
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6. 
A virgin gas oil obtained from a Texas Ranhandle: 
crudelioi. WaS. catalytically cracked in a Cyclose., 
version'...unit. This gas oil had a boiling range of 
450 to .750. F., an aniline point of .187.8°F, and 
a gravity of 36.5A, P.I.. It was cracked by being 
passed through: a fixed-bed of granular bauxite, ; 
at...a rate of 7.6, barrels perton of catalyst, per 
hour, in admixture with Steam passed at: a rate, 
of 40 pounds per barrel of gas oil. The tempera 
-ture at the inlet of the catalyst chamber"Was 
1015 F. and at the outlet was 940.F., and the . 
preSSure at: the inlet was 95 pounds per square... 
inch.gage. The unit was operated for periods. Of... . 
Six hours between catalyst regenerations. Ef 
fluents of the process. Were subjected to fractional. 
distillation, and there was separated a cut boil. 
ing in the approximaterange of 400 to 450: F". . 
This material had the properties shown incolumn: 
A of the following table, and had the following. 
approximate composition: 

Per cent". 
by yourne 

.25 ---------------------------------??---------???-:OlefinS 
30 ------------------------------------------------?: : ArOrmatiCS? 

Naphthenes ---------------------------- 35-40 
Paraîns ------------------------------- 5-10 
A Sample of this fraction Weighing 7,510 grams 
Was mixed. With 17,590 grams of benzene" and 
600 cc. of catalyst prepared by Saturating hydroe 

fluoric acid with boron fluoride. The mixture, 
was maintained at a temperature between 120. 
and 130 F. for one hour with mechanical stir 
ring. The "catalyst was separated by gravity, their 
effluent washed to remove traces of catalyst, dried 
over solid sodium hydroxide and unreacted ben 
zene removed by distillation. The product was 
then fractionated to yield 12.910 grams of oil 
boiling in the range of 400 to 450° F. Properties 
of the oil are shown in column B in the following 
table. For purposes of comparison, similar prop 
erties of a connercial hydrocarbon Solvent are 
shown in column C and of a typical Mid-Conti 
nent kerosene in column D. All values were ob 
tained on fractions boiling in the 400 to 450° E. 
range. 

A B . C. D. 
Gravity, ºA. P.I. Gà 60° F -----| - 39, 2 40, 5 46.9 
Index of Refraction G, 68° F. - 42.2 

(20° C1.42 1.441 }{1,46 462 ,1 - - - - - - - - - - - - - - - - - - - - - - ??? 
Bronine Nune- - 18.6 0, 6 3. (2) 
Aniline Point, C. (F.). 43.5 49, 3) 3, 6 67. ? 

2.5 164.5) (53.9 
Kauri-Butanol Value, cc-------| 42.3 ( 43.0 ( 28. p ( šiº 
Solvent pover, per centi ???0 15.4 2.0 6. 
Timethyl sulfate value------------...-- 16.0 3.0 4?{} ’ 
Saybolt color-------------------.------- --26 --3 --21 
Total Sulfur--------------------------- 0.013 0.044 0.02 
Flash Point, F--------------. 170 181 37 

1 Fased om benzene as 100 and n-heptane as zero. 
2 Less than . 

It Will be appreciated that warious modifications 
Of Our invention can be practiced without de 
parting from the scope and spirit of the dis 
cloSure and teachings, and without departing 
from the Scope of the claims. 
We cairn: 
1. An improved process for the production of 

an olefin-free, aromatic hydrocarbon fraction, 
which comprises Subjecting a gas oil petroleum 
fraction to catalytic cracking at an elevated ten 
perature to produce a hydrocarbon material boil 
ing between about 250 to about 500° F. contain 
ing at least 50 per cent by Volume of aromatic. 
and naphthene hydrocarbons and the remainder 
primarily olefin and paraffin hydrocarbons, said 
olefin hydrocarbons being 10 to 30 per cent by 

  



7 
volume of said hydrocarbon material, separating 
such a hydrocarbon material from effluents of Said 
catalytic cracking, adding to said material a low 
er-boiling aromatic hydrocarbon in an amount 
in excess of that molecularly equivalent to the 
olefin content of said hydrocarbon material Such 
that the ratio of said aromatic to the olefin will. 
be in the range 5:1 to 15:1, subjecting the result 
irag liquid mixture to the action of an alkylation 
catalyst under alkylation conditions for a time 
sufficient to react by alkylation substantially the 
entire olefin content of said mixture, and recoV 
ering from effluents of said alkylation an olefin 
free aromatic hydrocarbon material With an 
initial boiling point not less than about 250 F. 
and an end point not greater than about 500 F. 
containing the first said paraffin, naphthene, and 
aromatic hydrocarbons and also being free from 
reaction products of Said alkylation. 

2. An improved process for removing olefins 
from a hydrocarbon material boiling above 250 
F. and containing substantially more than 50 per 

O 

20 

cert by volume of aromatic and naphthene hy 
drocarbons and also 10 to 30 percent by volume 
of olefins as undesired constituents, which corn 
prises adding to said material a lower-boiling arO 
matic hydrocarbon in an amount greater than 
that molecularly equivalent to the olefin content 
of said hydrocarbon material such that the ratio 
of said aromatic to the olefin will be in the range 
5:1 to 15:1, subjecting the resulting liquid mix 
ture to the action of an alkylation catalyst con 
prising hydrofluoric acid saturated with boron 
trifluoride under alkylation conditions for a tine 
sufficient to effect substantially complete reaction 
of said olefins, and recovering from effluents of 
said alkylation a hydrocarbon fraction boiling 
above 250°... having a bronine number less thaa 
1.0 and containing Substantially all of the arG 
inatic and naphthere hydrocarbon S. present in 
said original hydrocarbon material and being free 
from reaction products of said alkylation. . . . 

3. An improved process for treating a hydro 
carbon mixture boiling between 400 and 450 F., 
obtained from effluents of a process for cracking 
heavier hydrocarbons to produce lighter hydro 
carbons and comprising paraffin, naphthene, aro 
matic, and 10 to 30 per cent by volume of olefin 
hydrocarbons, to produce a hydrocarbon mixture 
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boiling within the same range and Sufficiently 
free from olefin hydrocarbons as to have a bro 
mine number not greater than 1.0, which con 
prises adding benzene to said hydrocarbon mix 
ture in an amount at least five times the molecu- : 
lar equivalent of the olefins in Said mixture, Sub- : 
jecting the resulting liquid mixture to the action 
of an alkylation catalyst at a reaction tempera 
ture not greater than 150 F. while under a pres 
sure sufficient to maintain the reactants in liquid 
phase for a time sufficient to effect complete re 
action of the olefin content of said hydrocarbon - 
mixture by alkylation, and recovering from efflue 
ents of said alkylation a hydrocarbon mixture 
boiling between 400 and 450 F. and having a . 
bromine number not greater than 1.0 as a prod 
uct of the process, said product containing said 
paraffin, naphthene and aromatic hydrocarbons 
and being free from reaction products of Said 
alkylation. ? 

OYD C. MAIORRIS. 
FREDRICK. M. SMITH. 
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