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1. 

This invention relates to the synthesis of hydro 
carbons of a saturated nature from lower-boil 
ing Saturated and unsaturated hydrocarbons. It 
relates especially to the synthesis of saturated hy 
drocarbons of suitable boiling point for use as 
COnStituents of notor fue. 
More specifically the invention relates to a 

chemical process carried on under controlled con 
ditions involving the catalytic combination of un 
Saturated aliphatic hydrocarbon compounds with 
aromatic or isoparaffinic hydrocarbon compounds 
to form Synthetic derivatives of a mixed or 
branched chain character. 
Many processes have been proposed for con 

Verting normally gaseous hydrocarbons into hy 
drocarbons having higher molecular weights, such 
as notor fuel and lubricants. Some of these proc 
esses are dependent upon having olefin hydro 
carbons present in large proportions in the charge 
stock such as in well-known thermal and cata 
lytic polymerization processes for producing no 
tor fuel and other liquid hydrocarbons from re 
finery gases containing unsaturated components 
from cracking stills. Still other processes are 
adapted to produce motor fuel stocks from nor 
mally gaseous paraffins, such as unitary thermal 
Conversion processes, or a multistage process em 
ploying a dehydrogenation step as a first part of 
the process, followed by a conversion of olefins 
So produced. Still other processes have been pro 
posed wherein a paraffinic hidrocarbon stream 
and an olefinic hydrocarbon stream are charged 
to a process, and the paraffins and olefins are 
caused to interact, or as it is generally stated, 
the paraffins are alkylated by the olefins to form 
paraffins having higher molecular weights. The 
olefins may be in the simple normally gaseous 
or liquid form or they may be in the form of 
higher molecular weight polymers. 
This invention comprises treatment of reactive 

hydrocarbons of an alkylatable non-olefinic na 
ture, particularly aromatic hydrocarbons, and/or 
low boiling isoparafiinic hydrocarbons, with sim 
ple olefinic hydrocarbons and/or their polymeric 
counterparts, in the presence of sulfuric acid and 
an emulsifier to produce hydrocarbon compounds 
of a Character and boiling range suitable for use 
as gasoline and/or as antiknock constituents of 
gasolines. The reaction between isoparaffins and 
olefins, or aromatics and olefins in the presence 
of an alkylating catalyst of the type of sulfuric 
acid is presumably of a simple character. For 
example, the alkylation reaction can be expressed 
by the following general equation: 

(ISO) 
awal x REI -- (CFI). XR-CI2+t 

where R represents an aryl, aralkyl or alkyl radi 
cal and (CnH2n) is a simple olefinic hydrocarbon 
or polymer thereof, with aca, relatively small whole 
number. An equation for the reaction of spe 
cific reactants such as isopentane and propylene 
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in the presence of sulfuric acid may be expressed 
aS ... ---- - - - . . . 

(HSO) 
Cs2 - C3H8 - Css 
Isopentane Iso 
propylene Octane 

In this and similar alkylation reactions we have 
found that certain organic materials will act as 
emulsifiers in a mixture of sulfuric acid and hy 
drocarbons, that their presence is accompanied 
by a more intimate rxture of the components, 
and that the result of their use is that during an 
alkylation reaction a better yield of heavier hy 
drocarbons, and especially of desirable hydro 
carbons, is obtained than if no such emulsifying 
material had been added, other conditions being 
equal, or that less stringent or drastic operat 
ing conditions are necessary to produce similar 
results. Heretofore, sulfuric acid alkylation re 
actions have been performed in reactors wherein 
violent mechanical agitation was necessary to 
keep reactants and catalyst in intinate contact. 
When 90-97 per cent sulfuric acid is employed as 
substantially the only constituent of the catalytic 
material long reaction times are required to in 
Sure a maximum yield of product in view of rela 
tively low temperature conditions which are nec 
essary to prevent decomposition of parts of the 
reactant material. Birch et al. in an article ap 
pearing in Ind. Eng. Chem. 31, 884, 1079 (1939), 
apparently tried to overcome these difficulties by 
employing high acid-hydrocarbon ratios in addi 
tion to violent agitation. In this article it is 
stated that a high acid-hydrocarbon ratio is es 
sential in sulfuric acid alkylation reactions; with 
out it the intimacy of mixing necessary for suc 
cessful operation is not possible. Also, it is stated 
that unsatisfactory agitation, especially when ac 
companied by a low acid-hydrocarbon ratio leads 
to olefin polymerization without addition or al 
kylation. We have found that We can nake less 
rigorous the requirements of high acid-hydro 
carbon ratios, long reaction times and/or violent 
agitation deemed as necessary by prior art in the 
sulfuric acid alkylation of Saturated or aromatic 
hydrocarbons by unsaturated hydrocarbons, by 
the practice of our present invention. 
One object of our invention is to effect an al 

kylation of hydrocarbons of a Saturated nature 
to produce alkyl derivatives thereof. 
Another object of our invention is the pro 

duction of hydrocarbons which can be used as high 
antiknock constituents of motor fuel. 
Another object of our invention is to produce 

an increased yield of a premium liquid motor 
fuel having high antiknock qualities from normal 
ly gaseous hydrocarbons. 
A further object of our invention is to produce 

an increased yield of motor fuel and/or motor 
fuel constituents, having a high octane number 
and boiling Within the gasoline range, by alkylat 
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ing isoparaffins and/or aromatics with mono-ole- Oleic, ricinoleic and like acids to be satisfactory 
fins either in the form of monomers or polymers emulsifiers. As other organic acids for the pur 
in the presence of novel alkylation catalysts, poSeS Of this invention. We include those acidic 
A still further object of our invention is to pro- Organic compounds such as sulfonic acids and al 

vide a process wherein the alkylation reaction 5 kyl hydrogen sulfates of which naphthalene-6- 
shall be favored in preference to the Sinaple poly- Sulfonic acid and lauryl hydrogen sulfate are rep 
merization of the olefins introduced into the ie - resentative examples, respectively. Also, impor 
action zone for the purpose of combining with tant in this classification are hydrolyzable metal 
the isoparafiinic or other alkylatable hydrocai'- SaltS Of Said fatty acids, sulfonic acids and alkyl 
bOns. l0 hydrogen sulfates. Especially the alklali metal 

Still another object is a reduction in the time Salts of alkyl hydrogen sulfates have been found 
and/or acid-hydrocarbon ratio, and/c Severe to Create desirable emulsion conditions in mix 
mechanical agitation formerly employed in al- tures of sulfuric acid and hydrocarbons wherein 
kylating hydrocarbons with olefins in the pre- the alkyl group includes lauryl, myristyl, palmityl, 
ence of Sulfuric acid. . 5 Oleyi, Stearyl and the like radicals and the alkali 
Other objectS and advantages of Our invention metal group includes sodium and potassium. 

can be found from the accompanying disclosure Preparations containing these latter organic com 
and discussion. pounds or mixtures of same are available commer 
We have found that when small amounts Cf cially. Presumably, when esters or hydrolyzable 

an organic compound of relatively high molecular 20 Salts of such organic acids are added to the re 
Weight and capable of acting as an emulsifying action mixture, it is actually the corresponding 
agent for a mixture of low boiling paraffins and Organic acid. Which is producing the desirable ef 
concentrated Sulfuric acid is contained in an alkyl- fect Which results, although we are unable defi 
ation reaction mixture wherein sulfuric acid con- nitely so to state. However, the results indicate 
prises Substantially the entire catalytic material 25 such a mechanism, so that when we state that 
and the reactants comprise isoparafiinic hydro- the reaction is carried out in the presence of a 
carbons and olefins or aromatic hydrocarbons and Suitable Organic acid it is to be understood that 
olefins, Said mixtures are more easily and/or more the acid may have been added as such or may 
completely reacted. Also, in general, as a result have been added as an ester or hydrolyzable metal 
of the addition of said organic compounds which 30 salt. s 
act as ennulsifiers of the constituents of the al- Table I shows the amount of time necessary for 
kylation reaction mixture, the acid-hydrocarbon a paraffin-sulfuric acid emulsion to break con 
ratio can be decreased to a lower Value than When pletely, if at all, into distinct liquid phases, when 
sulfuric acid is used as a catalyst in the absence using various organic emulsifying agents repre 
of such organic emulsifiers. We have further 35 sentative of ones discussed herein. In each of the 
found that such organic compounds of acidic examples recorded in this table a standardized 
characteristics are particularly useful, such as procedure was used. Twenty-five cubic centine 
Certain organic acids, hydrolyzable metal salts of ters of 96 per cent sulfuric acid were charged to a 
said acids, and esters of said acids. Previously, 100-cc. graduated mixing cylinder which con 
relatively large quantities of acid were needed to 4) tained the tabulated quantities of promoter or 
insure intinate contact of reactants and catalysts, emulsifier. The contents of the cylinder were 
but this feature is no longer necessary in View then agitated until the emulsifying agent dis 
of the present invention. Furthermore, as a re- Solved or until it was considered that the system 
sult of Our invention the percentage yield of prod- Was at equilibrium. Fifteen cubic centimeters of 
uct, especially of desirable material, from sulfuric isopentane were then added and the mixture agi 
acid alkylation reactions wherein a small amount tated for two minutes. The cylinder plus con 
of an organic emulsifier is present has been found tents Was then set aside and at intervals the 
to be greater than When Sulfuric acid is not ac- volume of separated isopentane was noted. These 
companied by such an agent. values in cubic centimeters appear in Table I. 

-: Tiple I 

Cubic centimeters of i-pentanc separating after mixture is allowed to set 

Emulsifier in 25 cc.96% H2SO4 and 15 cc. i-pentane 
Y. 0.50 0.75 1.00 1.25 50 .75 2.00 3.00 4.00 6,008.00 

min. Inin. Inin. min. min. min. min. min. min. min. nin. Wariant, 

None--------------------------------------- - - - - - - 1.0 - - - - - 13.0 - - - - - . 15.0 - - - - - - - - - - - - - - - - - - 
Naphthalene-3-Sulfonic acid (1.1%). 8.) 5.0 (). () ----- 15.0 ------------ 
Naphthalene-3-Sulfonic acid (1.9) 1. () 3. 8.0 10.0 - 
Stearic Acid (1.1%)2. 
Fatty alcohol Sulfate (1.1%) ----...----------. . . . . . . . . ! ------- m - - - () 2.0 
Hiltyl Ricinoleate ... ------------. . . . . . . . . . . . . . . . 7. ) . . . . -- 7.5 .----. 7.5 . . . . . . . . ... ---------...- 7.5 ------ 8.0 at 2.0 Illii. 

8.0 at 5 hrs. 
a. 

- --m-m- -----ma-a- - -m-m---- v-m-m- - - - - sa - - - - 

1 In this experinent only 10cc. of i-pentane was mixed with the 25 cc. of 96 sulfurie icid. 
There was no separation of an i-pentane layer even after 35 minutes. 

In preliminary experiments we have found that 35. Of the materials listed in Table I, stearic acid 
Small amounts of organic acids, especially of high produced the most persistent emulsion between 
molecular Weight fatty acids of at least ten car- Sulfuric acid and isopentane. No isopentane Sep 
bOn atoms per molecule such as lauric, myristic, arated even after allowing this mixture to remain 
palmitic, Stearic, oleic, ricinoleic and the like pro- undisturbed for a relatively long period of time. 
mote an emulsion with a satisfactory breaking 70 The relative emulsification effectiveness of other 
Out time after being agitated in a mixture of sul- materials appearing in Table I is readily apparent 
furic acid and hydrocarbons. Also we have found to anyone familiar with emulsification experi 
esters of Said fatty acids such as butyl ricinoleate, ments. 
and/or methyl, ethyl, propyl, butyl, amyl and The effectiveness of previously mentioned or 
the like esters of lauric, myristic, palmitic, stearic, 75 ganic compounds and materials in sulfuric acid 
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alkylation reactions wherein hydrocarbons con 
prise the reactants has been found to relate more 
or less directly to the emulsifying ability of said 
materials in said alkylation reactions, and the 
amounts and types of compounds to be used in 
any particular case may be readily determined 
in most instances by means of correlation with 
simple emulsification tests such as are outlined 
herein. It has been found that the better the 
emulsifying ability of the added agents the 
greater the yield of alkylated material and espe 
cially of desirable material, and within reason 
able limits the less the acid-hydrocarbon ratio 
can be without excessive adverse effects in sul 
furic acid alkylation reactions. In general, the 
organic compound should be present in an 
amount of at least about 0.1 per cent by weight 
of the concentrated sulfuric acid, and in few if 
any cases need exceed about 10.0%. For most 
of the organic compounds disclosed we have 
found that between about 0.5 and 5.0 per cent is 
Sufficient. 

In order to show clearly the advantages of 
using an organic compound which acts as an 
emulsifier in connection with alkylation proc 
esses, Table II is presented containing data ob 
tained from two sulfuric acid alkylation runs. 

Table II 

Run ------------------------------- A. B 

Olefin-...------- - Propylene...-- Propylene. 
Paraffin------- ---. Isopentane.----. Isopentane. 
Weight olefin- --grains-- - 
Weight paraffin.---- ----do. --- 288. 
Emulsifier------------------------- None. 
Volume HSO4,cc. (96%).------- 500. Mol ratio, Paraffin to Olefin......- 2. 
Vise Ratio, Hydrocarbons to 1.25:1. acci. 

: Pressure--------------------------- Atmospherie. Temperature----- 68°F. 
Time of Addition.------minutes. 76. 
Additional Reaction Time-do---- 
Total Reaction Time--- 

. Increase in Acid Volume 
Volume Product. ------------- CC.. 
density Total Product at 68 F 

no Total Product----------- Per Cent Olefin in Total Product 
Weight Per Cent Yield Based on 
Olefin (86-410 F.) ------ 

30. 
106. 
20. 
233. 
0.709. 

- 1.4013. 
0.0. 
87.7. 

... (Total)----------- - - - - ... 96.. Weight Per Cent Theoretical 75.6----------- 69.2. Yield (86-410° F.). 
(Total)------------------------ 77.3----------- 2.3. 

Wolume Per Cent 86-410 F. of 98.2.--------- 95.7. Total Product. 
Volune Per Cent: 

Cs Fraction------------------- 0.6 9.6 
... C. Fraction---- 5.9 {5.7 
Cs Fraction--- 61.0 51.5 
-C Fraction.---- 7.5 8.2 
Cio Fraction-...-- 7.2 8.2 
C1-C1, Fraction.-- 6.0 1.5 
Heavier than C12.-- - - - - 1.8 4.3 

100.0 100.0 
Density at 68° F.: 

Co Fraction.------------------ 0.6539 (). (493 
C Fraction 0, 6805 0.6791. 
C8 Fractio 0.7010 0.704 
C Fractio 0.7232 0.72). 
C10 Fraction.------- - 0.7384 (.7356 
C1 and 912. Fraction--------. 0.7498 0.7476 np20: - 

Cs Fraction.------------------. 1.378 1.3699 
C Fraction. 1.386 1.3859 
Cs Fraction. 3963 1.3972 
C Fraction 1. 4072 4059 
C10 Fraction. 1.454 1.4.139 
C1 and C2 Fraction. 1.4211 4209 

The sulfuric acid catalyst of run. A contained 
1.0 per cent by weight of organic emulsifier and 
run B contained no organic emulsifier. The 
emulsifier chosen for run A was stearic acid and 
the reactants in both runs were propylene and 
isopentane. The runs were made by placing iso 
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pentane and sulfuric acid in a reaction vessel 
equipped with a stirrer capable of effecting thor 
ough and intimate mixing of the reactants, and 
adding the propylene to the mixture as it was 
stirred. Conditions of agitation, quantity and 
quality of reactants and catalyst and temperature 
and pressure of the reaction were maintained as 
near alike in each run as was possible within ex 
perimental error. A small difference between 
the two runs existed in the period used for the 
addition of the olefin to the paraffin. Previous ex 
perimentation, however, had shown that varia 
tion of such a magnitude would cause no signifi 
cant difference in the ultimate yield or character 
of product and could well be considered as being 
within the experimental error of the technique employed. 
By an inspection of the data in Table II it is 

readily apparent that the run containing the or 
ganic emulsifier yielded a larger amount of prod 
uct (251 cc. or 210 per cent of the weight of the 
olefin) than did the run containing no emulsi 
fier (233 cc. or 196 per cent of the weight of the 
olefin). Also, the amount of useful material ob 
tained in run A is a greater percentage of the 
total product than that obtained in run B. By 
useful material we refer to that part of the prod 
uct boiling between 86 F. and 410 F. and espe 
cially the iso-octanes and branched pentanes, 
hexanes and heptanes. For example, the C8 
fraction of run A is 18 per cent larger than the 
Ca fraction of run B, and in run. A there is 25 
per cent less material boiling in the C3-C12 range 
than there is in run B. 

Furthermore, the quantity of material boiling 
above the C12 range of hydrocarbons was almost 
60 per cent less in run. A than in run B. These 
differences in favor of run. A constitute some of 
the biggest advantages obtained by the use of a 
promoter which acts as an emulsifier such as 
Stearic acid, for example, in sulfuric acid alkyla 
tion reactions, and show some of the advantages 
which result from our invention even when the 
other reaction conditions are similar to those used 
in the art. 
Run A is intended to be but illustrative of the 

invention and is not to be considered as necessar 
ily limiting the scope of the invention. Other 
enulsifiers, which may be chosen on the basis of 
emulsification tests such as recited herein, may be 
substituted for stearic acid with similar results. 
In carrying out the invention the apparatus used 
and the conditions of operation chosen in respect 
to temperature, pressure, proportioning of the 
reacting constituents, choice of acid strength and 
of the promoters, etc., will be varied to suit the in 

Thus, although the alkylation re 
action specifically described in the example was 
realized at substantially atmospheric tempera 
ture and pressure, under certain conditions lower 
or higher temperatures and/or pressure may be 
employed. The reaction is preferably carried out 
at temperatures ranging from between about 0. 
F. and 120 F. and under pressures ranging from 
about atmospheric to about 1200 pounds per 
square inch. However, it is desirable to employ 
a pressure which is sufficient to maintain the re 
actants in the liquid state, and in most cases the 
pressure need not be greatly in excess of such a 
value. 

Also, the reaction time need not be limited to 
that shown in Table II. Although an object of 
the invention is to materially reduce the reac 
tion time cf those sulfuric acid alkylation reac 

75 tions wherein no emulsifier is used, the reaction 
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time when practicing my invention may be be 
tween about 5 minutes and 3.5-hours, as may be 
found by trial to be best suited for any particu 
Iar case. ... - 
As reactants it is desirable to use isobutane, iso 

pentane and similar isoparaffins, benzene, tolu 
ene, xylenes or such substituted derivatives of 
said hydrocarbons as will be normally alkylated 
by olefins in the presence of sulfuric acid alone 
providing sufficient agitation, reaction time and 
catalyst are employed. However, our invention 
gives the best results when applied to the alkyla 
tion of nonaromatic hydrocarbons. As the ole 
finic reactant, ethylene, propylene, n-butylenes, 
isobutylene, pentenes, hexenes and similar hydro 
carbons are desirable; although ethylene is gener 

0. 

15 

ally not very suitable in the absence of other ole 
fins. In place of the monomeric mono-olefins, the 
dimers, trimers, tetramers, and higher polymers 
of these mono-olefins, the co-, croSS- and inter 
polymers and analogous condensation products 
of these mono-olefins may also be used. 
The molecular proportions of isoparaffin to 

olefin or aromatic to olefin may vary Widely, i.e., 
say from about an equimolecular ratio to a ratio 
of about 100 to 1 or more. The acid-hydrocar 
bon ratio can often be less when such an organic 
emulsifier is used than when such emulsifier is 
absent, although, as shown, beneficial results are 
realized when the conditions are otherwise the 
same as those used heretofore. The quantity of 
the emulsifier, as well as the concentration and 
quantity of the sulfuric acid catalyst, may be in 
creased or decreased from amounts specifically 
recited in various examples herein, as is well ap 
preciated by anyone skilled in the art. 

In the example the reaction was conducted in 
batch operation. It is, however, expressly within 
the scope of the present invention to carry out 
alkylation processes in a continuous manner. It 
is also to be appreciated that if, after the alkyla 
tion reaction is completed, the emulsified condi 
tion of liquid effluent persists, a small amount of 
a demulsifying agent can be added to the effluent 
to facilitate and hasten the breaking out. ... We 
have found that small amounts of formamide or 
the commercial products containing sulfonated 
hydrocarbons and their alkali metal Salts act as 
demulsifiers under the conditions existing after 
said alkylation reaction in presence of an emulsi 
fier. In choosing an emulsifier from the group 
of organic compounds as disclosed, it may at 
times prove expedient to choose one which does 
not have an exceedingly long breaking out time 
as Stearic acid and the like, but rather one Which 
when steadily agitated in an alkylation reaction 
mixture will provide intimate contact between 
reactants and which after the reaction is con 
sidered complete and agitation is stopped, will 
break out more or less completely in from 2 to 30 
minutes, of its own accord, Without the use of a 
demulsifying agent. The use of such an emulsi 
fier may preclude the use of a demulsifier after 
said alkylation reaction is complete. 

In view of many possible modifications of the 
process that Will be obvious to those skilled in the 
art, the invention should not be limited unduly 
by the foregoing Specification and examples. 
We claim: 
1. In a process of reacting isoparaffinic hydro 

carbons with olefinic hydrocarbons to produce 
alkylated isoparaffinic hydrocarbons, the step of 
conducting Said alkylation reaction in the pres 
ence of a catalyst containing concentrated sul 
furic acid and relatively small percentages of a 
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8 
higher fatty acid of at least ten carbonatoms per 
molecule. Y... . 

2. A process according to claim 1 wherein the 
Organic acid is stearic acid. 

3. In a process for reacting a low boiling iso 
paraffin with an olefin in the presence of concen 
trated sulfuric acid to form a heavier paraffin product in the boiling range of gasoline, the im- . 
provement which comprises conducting the reac 
tion in the presence of stearic acid in an amount 
about 1 per cent by weight of the sulfuric acid. 

4. In a process for reacting an alkylatable hy 
drocarbon with an olefin hydrocarbon to produce 
a higher-boiling hydrocarbon, the step of con 
ducting said alkylation reaction in the presence of 
a catalyst containing concentrated sulfuric acid 
and a relatively small percentage of a higher fatty 
acid of at least ten carbon atoms per molecule. 

5. An improved process for reacting a low-boil 
ing alkylatable hydrocarbon with an olefin in the 
presence of concentrated sulfuric acid as alkyla 
tion catalyst, which comprises conducting Said 
reaction in the presence of between about 0.1 and 
about 10 per cent by Weight, of the sulfuric acid, 
of a fatty acid having 10 to 18 carbon atoms per 
molecule. 

6. An improved process for reacting a low-boil 
ing isoparaffin hydrocarbon with an olefin in the 
presence of concentrated sulfuric acid as alkyla 
tion catalyst, which comprises conducting said re 
action in the presence of between about 0.1 and 
about 10 per cent by Weight, of the sulfuric acid, 
of a fatty acid having 10 to 18 carbon atoms per 
molecule. 

7. An improved process for reacting a low-boil 
ing aromatic hydrocarbon with an olefin in the 
presence of concentrated Sulfuric acid as alkyla 
tion catalyst, Which comprises conducting said re 
action in the presence of between about 0.1 and 
about 10 per cent by weight, of the sulfuric acid, 
of a fatty acid having 10 to 18 carbon atoms per 
molecule. 

8. In a process for reacting a low-boiling al 
kylatable hydrocarbon with an olefin in the pres 
ence of concentrated sulfuric acid to form a 
higher-boiling hydrocarbon product, the improve 
ment which comprises conducting the reaction in 
the presence of Stearic acid in an amount be 
tween about 0.5 and 5 per cent by weight of the 
sulfuric acid. 

9. In a process for reacting a low-boiling aro 
matic hydrocarbons with an olefin in the pres 
ence of concentrated sulfuric acid to form a high 
er-boiling hydrocarbon product, the improvement 
which comprises conducting the reaction in the 
presence of Stearic acid in an amount between 
about 0.5 and 5 per cent by weight of the sulfuric 
acid. . 

JAMES D. GIBSON. 
RALPH. C. COLE. 
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