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This invention relates to the treatment of hy 
drocarbon oils, and refers more particularly to 
the production of gasolines of superior value 
by cracking and synthetic reactions applied to 
the heavier and less valuable portions of crude 
petroleums and similar hydrocarbon mixtures. 
More specifically the invention has reference 

to a process for improving the anti-knock value 
of gasoline boiling fractions produced by crack 
ing while at the same time conserving the olefins 
which would either be lost in the stabilizing of 
the gasoline in respect to vapor pressure or with 
respect to gum-forming tendencies. However, 
other important refining effects are produced dur 
ing the course of the treatment. . 
The cracking process is quite generally used 

at the present time to meet the increasing de 
mands for motor fuel of a high anti-knock char 
acter. The superior anti-knock value of cracked 
gasolines compared to straight run gasolines of 
similar boiling range is apparently due to their 
higher content of cyclic and unsaturated straight 
chain hydrocarbons as well as to their content of 
iso-paraffins. The cyclic hydrocarbons and the 
iso-paraffins are not objectionable from the 
standpoint of stability, but an excess of olefins 
is to be avoided on account of the tendency of 
the more highly unsaturated members to poly 
merize whereby gums are formed and the gaso 
line is thrown of color and loses anti-knock 
value. . 
The most commonly used method in refining 

cracked naphthas to remove the more undesir 
able olefinic constituents which are the chief 
offenders in the matter of gum and color for 
mation is to treat in liquid phase at ordinary 
temperatures with sulfuric acid of commercial 
grade and redistill to produce a gasoline of de 
sired boiling range. Other processes which are 
used to some extent employ halides of the heavy 
metals such as those of aluminum, zinc, tin, iron, 
etcetera, and conduct treatments in either liquid 
or vapor phase. Furthermore, use has been made 
of adsorbent earths such as fuller's earth, clays, 
bentonite, bauxite, etc., either alone orin con 
junction with various polymerizing metals salts. 
While all of the treating methods thus briefly 

recounted may be used effectively to stabilize and 
refine cracked naphthas and gasolines, they are 
all open to the general objection that they re 
move compounds which have high anti-knock 
value so that losses are suffered both in respect 
to yield and also in respect to quality of product. 
These losses may be particularly severe in the 
case of Sulphuric acid treatments since this re 
agent is employed many times on high sulphur 
cracked naphthas to reduce their sulphur con 
tent to a permissible point, the amounts of acid 
necessary for this purpose reacting at the same 
time with the olefins so that valuable mono-ole 

istics. 

fins as well as unstable di-, and tri-olefins are 
removed. The present process is a distinct de 
parture from older and more generally established 
methods of treatment in that it converts the more 
unstable, high anti-knock olefins in cracked 
naphthas into stable hydrocarbons of increased 
anti-knock value by synthetic reactions which 
will be disclosed in detail in the following spec 
ification. - 
The cracking process as ordinarily practiced 

also produces a substantial amount of low boiling 
hydrocarbons of both an olefinic and a paraf 
finic character which are either gaseous at ordi 
nary temperature, and pressures or if liquids, 
have too high vapor pressure to permit their un 
limited blending with gasoline fractions. The 
present process as will be more specifically brought 
out in later paragraphs, also conserves the great 
er portion of theolefinic content of such gases by 
converting them into liquids of lower vapor pres 
sure and possessing high anti-knock character 

In one specific embodiment the present inven 
tion comprises the cracking of petroleum hydro 
carbon fractions to produce vapors of approxi 
mate gasoline boiling range, further controllably 
reacting the olefinic components of the vapors 
with cyclic compounds..therein present and with 
aromatic hydrocarbons added from outside 
Sources in the presence of metal salts capable 
of effecting desired condensation reactions, sep 
arating reaction products from spent reagents 
and fractionating the treated vapors to produce 
gasoline of desired boiling range and improved 
anti-knock characteristics. . . . 
The nature - of the invention may be conven 

iently developed in connection with the descrip 
tion of an operation comprised within its scope. 
To assist in this description the attached dia 
grammatic drawing has been provided which 
shows by means of conventional figures not drawn 
to scale an arrangement of elements in which the 
process may be conducted. . . 
Referring to the drawing the layout will be seen 

to consist of a cracking unit followed by a cata 
lytic treater and fractionating equipment. The 
particular type of cracking unit described does 
not limit the scope of the invention in this re 
spect since the method of conserving the olefins 
may be applied to the vapors from any type of 
cracking process. In the plant shown in the 
drawing, however, raw oil charging stock may be 
introduced into the cracking unit through a line 
containing a control valve 2 and pumped by a 

pump 3 through a line 4 containing control valve 
into a fractionator 6 whose function is to sep 

arate substantially all of the cracked components 
which are utilizable as motor fuel. The cold in 
coming raw oil contacts directly with the vapors 
undergoing fractionation, assisting in the frac 

0. 

5 

35 

40 

45 

50 

55 



0. 

O 

50 

55 

70 

5 

2 
tionating step by its cooling action and at the 
same time being stripped and preheated. 
Bottom refluxes from fractionator 6 compris 

ing intermediate insufficiently converted reflux 
ccindensates and preheated and topped raw oil 
may be withdrawn through line containing con 
trol valve 8 and pumped by pump 9 through a 
combined feed line 0 containing control valve 

into and through a heating element 2 of suit 
able design and capacity and disposed to receive 
heat from a furnace 3. The pressure and tem 
perature obtaining at the exit of the heating ele 
ment will depend upon the type of raw oil charg 
ing stock undergoing conversion and the yield 
and quality of product desired in conjunction 
with the secondary step to be later described. It 
may, however, be stated that as a rule that in 
most commercial cracking instalations the tem 
perature at this point is comprised within the 
approximate range of 850 to 1000 F., and that 
pressures of from 100 to 500 pounds per square 
inch are employed. 
The heated products may be transferred 

through a line 4 containing a control valve 5 
to an enlarged vaporizing and reaction zone 6 
in which time is given for the completion of con 
version reactions. The residual products accu 
mulating in reaction chamber 6 will vary from 
liquid to coke depending upon the intensity and 
extent of cracking conditions, line containing 
control valve f3 being shown as a means of Con 
tinuously withdrawing liquid residue if mild 
cracking conditions are employed. When more 
extensive conversion is practiced coke may be 
allowed to accumulate in the chamber and if 
necessary, other chambers may be cut in at in 
tervals to avoid interrupting the process. 
The vapors from the reaction chamber may be 

passed through a line 9 containing a control 
valve 20 and enter a fractionator 6 previously 
Imentioned, vapors of approximate gasoline boil 
ing range being evolved through line 2 and con 
trol valve 22. Fractionator 6 may be operated 
at substantially the same pressure as that used 
in reaction chamber 6 or may be operated un 
der reduced pressure, as desired. 
The vaporous materials passing through' line 

2 will consist of both fixed gases and oil vapors 
and will comprise members of the olefinic, paraf 
finic, naphthenic and aromatic series of hydro 
carbons, though the percentage of the last named 
group will be small unless conditions of great 
severity have been employed in the preceding 
heating and reaction zone. Cracked vapors thus 
produced practically always contain the lower. 
members of the olefinic or ethylene series of hy 
drocarbons such as ethylene, propylene, buty 
lenes, amylenes, etc. . Owing to the increasing 
number of possible isoners in olefins containing 
four or more carbon atoms, the positive identi 
fication of olefin compounds in the liquid gaso 
line fractions from cracking is very dificult. 
However, approximate analyses using reacfivity 
with oxygen, Sulphuric acid and halogens' as a 
basis for estimating indicates that a large per 
centage of these compounds are present. 
According to the process of the present inven 

tion a sufficient quantity of low boiling aromatic 
hydrocarbons is introduced from outside sources 
to combine with the lower boiling and more re 
active olefins to produce alkylated aromatics 
which have a greatly improved anti-knock value 
and which possess substantially no olefinic un 
satura*ion. Aromatic oil mixtures or individual 
aromatic hydrocarbons such as benzo) or top 

2,009,108 
may be introduced into the vapor stream in regu 
lated quantity from a source of Supply not shown 
by way of a line 23 containing control valve 24, a 
pump 25 and line 26 containing control valve 27 
and joining with line 2 f. 

Reactions of combination between olefins and 
cyclic compounds, particularly aromatics, are 
brought about in a treater 28 which preferably 
contains a stationary contact mass comprising a 
metal halide having catalytic properties, such a 
mass being formed, for example by impregnating 
a silicious carrier with such salts as anhydrous 
aluminum chloride or commercial zinc chloride. 
Sufficient condensing action may sometimes be 
obtained by merely employing an adsorbent earth 
such as a fuller's earth or a bentonite clay of 
proper particle size to expose a sufficient amount 
of active surface without introducing too great 
resistance to the flow of the vapors. The Solid 
contact masses may be supported upon screens 
or perforated false bottoms which are not shown 
ir the drawing. A considerable number of simple 
or compound catalyst mixtures may be used al 
ternatively in the treater, but obviously each will 
accelerate the condensation reactions to a degree 
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depending upon its own peculiar composition and 
not be identical nor equivalent in its action to the 
other alternative catalysts which may be en 
ployed. . . . . . 

The following equation shows a typical reaction 
which occurs between a low boiling olefin and an 
aromatic to produce an alkylated aromatic which 
has the high anti-knock characteristics already 
alluded to in previous paragraphs: 

- Catalyst 

CHI -- CH = CH3• CHy 
Propylene Benzol Iso-propyl benzol 

The mono - derivative formed - represents the pri 
mary stage of alkylation. Evidently the forma 
tion of poly-substituted compounds occurs to some 
extent in all cases though the formation of such 
compounds as are not utilizable in gasoline may 
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be minimized, by proper control of operating con 
ditions in respect to the amount of aromatic added 
from outside sources, the time of contact with the 
catalyst, etc. While a large portion of the reac 
tions which result when a cracked vapor-aromatic 
mixture is subjected to the action of condensing 
catalysts is of the type represented by the above 
equation, a varying amount of polymerization 
among olefins is unavoidable. However, it is ap 
parent from experiments that the polymers thus 
formed are substantially no higher than di- or 
tri-molecular so that they are still utilizable as 
constituents of motor fuel and do not then possess 
gummy or resinous characteristics of the higher 
polymers. 
The dimers of propylene, butylenes, amylenes 

and hexylenes all boil within the range of con 
mercial gasoline, that is, below 437 F. Apparent 
ly polymers thus formed are of an iso or branched 
chain character which possess greater anti-knock 
value than the corresponding hydrocarbons of 
normal structure. 
While pure aromatics such as benzol may be in 

troduced into the cracked vapors for the purpose 
described, it is not necessary that such compounds 
be chemically pure or even freed from gun-forn 
ing compounds by previous chemical or catalytic 
treatment. The light oil distillates produced in 
coal or shale distillation may be added at this 
point since these distillates contain large quan 
tities of aromatics such as benzol, toluol and the 
xylols, Obviously, the proportioning of the ... aro 
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densed with the gasoline fractions from the 
cracking plant) may be 1.249 referred to air as 
unity. . . . . . . ? -- 

It will be observed that in the fixed gases thus 
produced that olefins of 3, 4 and 5 carbon atoms 
constitute 52.5% by weight of the total gas mix 
ture, which corresponds to 6% by weight of the 
charging oil. . . . . , 

When operating according to the process of the 
present invention in contrast to the ordinary 
cracking operation just described, commercial 
benzol may be injected into the vapors from the 
fractionator of the cracking plant in an amount 

108 
I claim as my invention: 
1. A process for increasing the gasoline yield 

and quality of cracked distillate containing gaso 
line and low boiling olefins, which comprises add 
ing to the distiliate an aromatic hydrocarbon 
boiling within the gasoline range, and reacting 
such added aromatic with olefins contained in 
the distillate to form alkylated derivatives boil 
ing within the motor fuel range. 

2. In the cracking of hydrocarbon oils wherein 
there is produced an overhead distillate contain 
ing gasoline and gaseous olefins, the method of 
increasing the yield and quality of the gasoline 

roughly corresponding to that necessary for the produced by the cracking process, which comprises 
formation of mono alkyl derivatives from the ole 
fins of 3, 4 and 5 carbon atoms, this amount be 
ing roughly 10% by weight of the charging oil. 
The benzol thus injected may be warmed so that 
the temperature of the mixture entering the 
catalytic treater is approximately 350 F. under 
pressure of about 50 pounds per square inch. The 
catalytic material employed may be an inert sili 
cious carrier impregnated with approximately 
25% of commercial zinc chloride. w 
As a result of this operation there may be pro 

duced from the crude oil charging stock an amount 
of gasoline equal to 86% by volume, this gasoline 
having the following characteristics: 
Gravity A. P.I.-----55 ----?.------------------------ ?? 

. Initial boiling point.-------------------- 100 F. 
50%. over at-------------------------- 25 F. Final boiling point.--------------------- 4:10 F. 

40 

Octane number------------------------ 95 
The benefits gained by the operation described 
are readily apparent to those familiar with re 
fining petroleum and the value of gasoline as 
judged from its test data. Not only is the yield 
substantially improved by conserving the reac 
tive olefins but the anti-knock value expressed 
as octane number has been raised to a point far in 
excess of the demands of premiurn gasolines. 
The finished product may therefore be used as 
blending material to bring inferior stocks up to 
the required grade. 
The foregoing specification has disclosed the 

nature of the process and the single example has 
shown its commercial value but the invention is 
not confined to the exact details used in the de 
scriptive portion nor the figures shown in the ex 
annple. 

adding to the distillate an aromatic hydrocarbon 
boiling within the gasoline range, and reacting 
the added aromatic with gaseous olefins contained 
in the distillate to form alkylated derivatives 
boiling within the motor fuel range. . 

3. In the cracking of hydrocarbon oils wherein 
there is produced a vaporous mixture of gasoline. 
and normally gaseous olefins, the method of in 
creasing the yield and quality of the gasoline 
produced by the cracking process, which com 
prises adding to said vaporous mixture an aro 
matic hydrocarbon bolling within the gasoline 
range, reacting the aromatic with at least a por 
tion of said normally gaseous olefins to form 
alkylated derivatives boiling within the motor 
fuel range, condensing the gasoline boiling vapors 
containing the alkylated derivatives thus formed, 
and separating the resultant condensate from 
the remaining incondensible gases produced by 
the cracking. V- 

4. In the production of motor fuel, wherein 
hydrocarbon oil is cracked, the resultant mix 
ture of vapors and gases fractionated to condense 
and separate hydrocarbons heavier than gasoline, 
the fractionated mixture subsequently subjected 
to final condensation to condense the gasoline 
and the latter separated from incondensible 
gases; the improvement which comprises adding 
to the mixture of vapors and gases, intermediate 
said fractionation and final condensation, an aro 
matic hydrocarbon boiling within the gasoline. 
range, reacting the added aromatic with olefins 
contained in the fractionated mixture as a result 
of the cracking to form alkylated derivatives 
boiling within the motor fuel range, and recover 
ing the alkylated derivatives thus formed in the 
????? condensate formed by the final condensa O. 

GUSTAV EGLOFF. 
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