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This invention relates to the production of para-di 
tertiary-butylbenzene. More particularly the invention 
relates to the production of p-di-tert-butylbenzene by 
an alkylation process involving benzene, C6 olefins and 
isobutane. The invention also relates to an improved 
motor gasoline composition containing motor alkylate 
derived from the alkylation of Ca olefins and isobutane. 

In recent years the motor car manufacturers have 
striven for increased horsepower without increase in 
engine size. This result has been obtained by increasing 
the compression ratio at which the engine operates. As 
a result of this increased compression ratio the octane 
number demand of present-day engines has increased 
markedly. Furthermore, these engines have introduced 
a relatively new problem to the motor gasoline pro 
ducer. It has been noticed that these high horsepower, 
high compression ratio engines have a tendency to knock 
at high speed, i. e., under conditions where the engine 
is operating at substantially maximum horsepower out 
put. Previously the point of maximum octane number 
demand was in low speed operation, i. e., when the 
motor car had just begun to move from standstill. 
Low speed octane number demand of motor car en 

gines can be very readily met by the addition of aromatic 
hydrocarbons such as benzene or toluene, or by the 
addition of alkylate. Unfortunately the effective octane 
number of aromatic hydrocarbons principally and of 
isobutane-butylene alkylate at high speed performance 
is markedly lower than the effective octane number at 
low speed performance. An additional complication is 
introduced into the picture by the fact that motor gaso 
line not only must boil over the range of about 100 
to about 400 F., but also must provide sufficient vola 
tility for easy starting of the engine and yet not so much 
volatility as to incur vapor locking and excessive vaporiza 
tion losses from the gas tank. Therefore, the require 
ments of present day high compression motor car engines 
need a motor gasoline that is of relatively high effective 
octane number throughout the boiling range. The oc 
tane number of gasolines is determined by three tests. 
Two of these tests are laboratory procedures using a 
standard one-cylinder engine. These tests are known as: 
F-1 which is also known as the CFR-research method; 
F-2 which is also known as the CFR-motor method; 
the third test uses a motor car under specified operating 
conditions on the road; this method is known as the 
F-27 method. It has been found that the F-2 method 
octane number is indicative of the high speed perform 
ance of the fuel in a motor gasoline engine; and the 
F-1 method is indicative of the low speed performance. 
The difference between the F-1 number and the F-2 
number is known as the sensitivity of the gasoline. Low 
sensitivities are desired. 
An object of the invention is the production 

p-di-tert-butylbenzene. A specific object of the inven 
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tion is the recovery of p-di-tert-butylbenzene from the 
alkylate produced in the alkylation of a cracked naphthal 
boiling in the C6 range with isobutane. Another object 
is a motor gasoline of improved octane number in the 
higher boiling portion thereof. Still another object is 
a motor gasoline of improved octane number sensitivity. 
Other objects will become apparent in the course of the 
detailed description of the invention. 

It has been found tht p-di-tert-butylbenzene is formed 
when a cracked naphtha boiling in the C6 range and iso 
butane are contacted under strong acid catalyzed alkyla: 
tion conditions. The hydrocarbons are separated from the 
alkylation catalyst and p-di-tert-butylbenzene is crystal 
lized from the hydrocarbons; preferably the crystallization 
is carried out on a heart cut obtained by distillation of the 
total hydrocarbons from the alkylation step. 
An improved motor gasoline composition boiling be 

tween about 100 and 400 F. is obtained by blending 
hydrocarbons boiling over the range of about 100 and 
400 F. and between about 10 and 25 volume percent, 
based on gasoline, of a motor alkylate which boils be 
tween about 185° and 410. F. that has been derived 
from the strong acid catalyzed alkylation of butane and 
a cracked naphtha boiling in the C6 range. 
The strong acid catalyzed alkylation process utilized 

in this invention is well known to the art. The strong 
acids may be sulfuric acid, hydrofluoric acid, hydrofluric 
acid and BF3, or a BF3 hydrate. The conditions neces 
sary to obtain optimum yields of alkylate are set forth 
in numerous literature articles and patents. A particu 
larly good summary of strong acid catalyzed alkylation 
is set out in "Progress and Petroleum Technology-Com 
mercial Alkylation of Isobutane' by A. V. Mrstik et al., 
pp. 97-108 (Advances in Chemistry Series No. 5, Ameri 
can Chemical Society). Although certain preferred 
conditions are described herein, it is intended that the 
term "alkylation conditions” shall be construed broadly 
in light of the knowledge of the art. 
The naphtha feed to the alkylation process utilized 

herein is a cracked naphtha boiling in the C6 range which 
contains appreciable amounts of benzene, i. e., between 
about 120° and 185 F.; preferably the naphtha feed 
comprises a mixture of C6 aliphatic hydrocarbons boiling 
over the entire range of about 120° to 185° F. such 
as is obtained by fractional distillation of a wide boiling 
cracked naphtha. The cracked naphtha may be ob 
tained from either a thermal cracking operation such as 
cracking of gas oil or reduced crude, or from a catalytic 
cracking operation such as Houdry fixed bed, Houdri 
flow and TCC moving bed, fluid catalytic cracking, etc. 

Thermally cracked naphtha is the preferred feed be 
cause of the larger upgrading of the octane number. 
The isoparaffin used in the alkylation process is iso 

butane. 
Surprisingly, it has been found that sulfuric acid hav 

ing a strength of between about 85 and 92% produces 
from thermally cracked naphtha feed a motor alkylate 
of very low sensitivity as compared with alkylate de 
rived from the alkylation of isobutane and butylene. 
These particularly desirable results are obtained when 
operating under "cold acid conditions," i. e., contactor 
temperatures of between about 40 and 50 F. 
The improved motor gasoline composition of the in 

vention contains between about 10 and 25 volume per 
cent of the motor alkylate produced in the alkylation of 
the cracked naphtha feed and isobutane under strong 
acid catalyzed alkylation conditions. The motor alkylate 
boils between about 185 and 410 F. Inclusion of the 
Cs "paraffins,” which are of relatively low octane num 
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ber, is avoided by utilizing this boiling range. The "paraf 
fins' are the C6 boiling range material present in the 
cracked naphtha feed which do not undergo the alkyla 
tion reaction, i. e., paraffins, naphthenes and possibly 
some benzene. 
The C7 boiling range cracked naphthas are not a suit 

able source of motor alkylate for improved sensitivity 
motor gasoline because of the relatively low effective 
octane number of the product and the relatively low 
yields of motor alkylate obtainable; and this only at the 
cost of enormously higher catalyst consumption. 

It has been found that the benzene present in the 
cracked naphtha feed is alkylated to para-di-tertiary 
butylbenzene. This product is found in the alkylate resi 
due, i. e., the hydrocarbons from the alkylation process 
which boil above about 410 F. The p-di-tert-butyl 
benzene can be recovered to an appreciable extent from 
the total hydrocarbons from the alkylation process. 
However, better yields are obtained by working with the 
alkylate residue and preferably with a heart cut boiling 
about the boiling point of p-di-tert-butylbenzene. The 
high melting point of the p-di-tert-butylbenzene permits 
the material to be separated from the other hydrocar 
bons by crystallization at moderate temperatures. Ap 
preciable yields of high purity material may be obtained 
by crystallization at temperatures of about 40° F. In 
general Suitable operating temperatures for the crystal 
lization procedure are between about 0° and 40° F. 
The results obtainable from the process of this inven 

tion are illustrated by the following experimental data. 
The alkylation was carried out in a small continuous 

flow unit having a one-gallon capacity reactor section. 
The particular naphtha feed and the isobutane were 
passed into the reactor where they were contacted with 
the catalyst. Intense agitation was provided in the re 
actor by means of an air motor driven paddle stirrer. 
The reactor was maintained at the desired temperature 
of operation by means of a refrigerant circulated in a 
jacket. The acid-hydrocarbon was continuously with 
drawn from the reactor and passed to a settler where 
the hydrocarbons were separated from the spent catalyst. 
The product hydrocarbons were separated from the ex 
cess isobutane by distillation. The product hydrocarbons 
were then separated by distillation into a fraction boil 
ing in about the same range as the naphtha feed, a 
motor alkylate fraction boiling from above the maximum 
boiling temperature of the naphtha feed to about 410 
F., and an alkylate residue boiling above about 410° F. 

Except as noted otherwise, the ratio of isobutane to 
olefins present in the naphtha feed was maintained at 
between about 7-9:1. When using sulfuric acid cata 
lyst the reactor temperature was maintained between 
about 40 and 50 F., i. e., cold acid conditions. In 
all runs the ratio of sulfuric acid to hydrocarbon was 
about 1.3. The reaction time varied between about 25 
and 30 minutes. Sufficient pressure was maintained on 
the system to keep the feed and isobutane in the liquid 
State. 

For purposes of comparison runs were made using BF3 
hydrate catalyst. This catalyst consisted of about 75 
weight percent BF3 and the remainder water. 
The octane numbers were obtained according to the 

F-1 and F-2 methods. A differential technique was 
used and duplicate runs were made in order to improve 
accuracy. Blends of motor alkylate in a typical pre 
mium gasoline base stock were made and the blending 
octane number of the motor alkylate was calculated from 
the octane number of the blend and the octane number 
of the base stock. 

Various naphtha feeds were tried. For example, the 
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4 
Cs boiling range fraction of naphtha derived from the 
thermal cracking of gas oil and from the fluid catalytic 
cracking of gas oil, also the C7 boiling range cracked 
naphthas of the above types. For purposes of compari 
son an alkylation was carried out utilizing ordinary 
refinery mixed butylenes as the feed. Still another ex 
periment was made using the "paraffins' from a thermal 
C6 naphtha alkylation as the isoparaffins and butene-2 
as the olefin. 

In general the C6 boiling range naphthas boil between 
about 120 and 185 F. and the C7 boiling range naph 
thas boil between about 185 and 216 F. A detailed 
inspection of typical thermal C6 naphtha and catalytic 
Ce naphtha is set out below: 

Thermal Catalytic 
Ce naptha | C6 maptha 

API----------------------------------------- 745 71.0 
Octane number: 

Fil-------------------------- 84.5 94.3 
F2--------------------------------------- 72.9 80,4 

Chromatographic analysis: 
Benzene----------------------------------- 2.0 2.5 
Olefinis---- 53.6 52.5 
Paraffins--- 44.4 45,0 

Bromine number.--- 90 93 
ASTM distillation, 34 110 

38 26 
148 40 
156 160 

186 

The base stock used in these experiments was a typical 
premium gasoline boiling between about 100 and 400 
F. This gasoline was a mixture of aromatics and cata 
lytically cracked naphthas. The octane numbers of this 
base stock were F-1, 91.1 and F-2, 79.6.. The sensi 
tivity of this base stock was 11.5. 
The results of these tests are presented in Runs A 

through I set out in Table 1. Runs A, B and C show 
Sulfuric acid catalyzed alkylation of a thermal naphtha 
boiling in the C6 range. Run D shows a BF3 hydrate 
catalyzed alkylation of this thermal C6 naphtha. Runs 
E and F show the results of the alkylation of a thermal 
naphtha boiling in the C7 range using sulfuric acid and 
BF3 hydrate catalyst, respectively. Run G shows the 
results of sulfuric acid catalyzed alkylation of catalyti 
cally cracked naphtha boiling in the C6 range. 
The data show that BF3 hydrate does not produce as 

good an octane number product as does sulfuric acid. 
This product is of entirely acceptable quality. 

Runs E and F show that no advantage in terms of 
F-1 octane number improvement of the motor alkylate 
over the naphtha feed is obtained by the use of thermal 
cracked naphtha boiling in the C7 range. 

Run G shows that in terms of blending octane number 
(BON) by the F-1 method a loss of quality is obtained 
when catalytically cracked naphtha in the Ca boiling 
range is used as the feed to the alkylation process. 

Runs A, B and C show a significant beneficial effect 
of the use of C6 range thermally cracked naphtha feed. 
Surprisingly these runs show that when using 86% and 
91.6% sulfuric acid as the catalyst, the BON-F-1 num 
ber is as good as the same number for the 98.5% acid 
run and the BON-F-2 numbers are about three units 
higher than Run C. Thus the motor alkylate from Runs 
A and B have a sensitivity very markedly lower than 
the motor alkylate from Run C or from Run G. Thus 
by the use of C6 range thermally cracked naphtha feed 
and sulfuric acid of about 85 to 92% strength, it is pos 
sible to produce a motor alkylate of improved blending 
octane number in both F-1 and F-2 methods and of 
extremely low sensitivity. 
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conclusively establish the identity of the crystalline prod 
uct from the cooling of the alkylate residue as essentially 
pure para-di-tertiary-butylbenzene. 
The annexed drawing which forms a part of this speci 

fication illustrates one embodiment of a process for pro 
ducing p-di-tert-butylbenzene from a cracked naphtha 
boiling in the C6 range. Variations of this process may 
be readily arrived at by those skilled in this art and it 
is to be understood that these modifications are consid 
ered to be within the scope of the invention. 

In the drawing the feed to the process is a thermally 
cracked naphtha boiling between 122 and 180° F. which 
contains about 3% of benzene and about 50% of olefins. 
Feed from source 11 is passed by way of line 12 into 
line 13. 

Isobutane from source 14 is passed into line 13 where 
it meets the feed. In this embodiment nine parts of iso 
bufane are present in the reaction zone per part of olefin 
present in the feed. 
The feed contains H2S and mercaptains. These sulfur 

compounds preferably are removed prior to contacting 
the feed with sulfuric acid. In this embodiment the con 
tents of line 13 are introduced at a lower portion of vessel 
16. Vessel 16 is a vertical cylindrical vessel adapted to 
provide intimate intermingling of two immiscible liquids. 
Aqueous caustic from source 17 is passed by way of line 
18 into an upper part of vessel 16. Herein the aqueous 
caustic solution is a 20% solution of NaOH in water. 
Herein 5 volume percent of aqueous caustic solution is 
used. The aqueous caustic, feed and isobutane are inter 
mingled in vessel 6. An aqueous phase consisting of 
water, caustic mercaptides and sodium sulfide is with 
drawn from the bottom of vessel 16 by way of line 19. 

Essentially H2S-free-naphtha-isobutane is withdrawn 
from the upper part of vessel 16 by way of line 2 and 
is introduced into vessel 22. Vessel 22 is similar in con 
struction to vessel 16. Water from source 23 is passed 
by way of line 24 into an upper part of vessel 22. The 
water removes from the naphtha-isobutane the occluded 
aqueous caustic solution. Herein about 10 volume per 
cent of water is used. An aqueous phase is withdrawn 
from the bottom of vessel 22 by way of line 26. 
The washed naphtha-isobutane is withdrawn from ves 

sel 22 and is passed by way of line 28 into heat exchanger 
29. In heat exchanger 29 the temperature of the naphtha 
isobutane is lowered to about that of the reactor, i. e., 
about 40 F. The cold stream is passed by way of line 
31 into reactor 32. 

Reactor 32 is shown schematically herein. The reactor 
may be any form of vessel such as is conventionally used 
in this art. In reactor 32 the naphtha and isobutane are 
contacted with sulfuric acid having a concentration of 
90%. About 1.5 parts of acid are present per part of 
naphtha-isobutane. The emulsion of isobutane product 
hydrocarbons and acid is withdrawn from reactor 32 by 
way of line 34 and is introduced into acid separator 36. 

Acid separator 36 is shown herein as an inclined cylin 
drical vessel. However, any conventional form of liquid 
liquid separator may be used. The acid phase is with 
drawn from separator 36 by way of line 38 and is recycled 
to the reactor by way of line 39. The phase may be with 
drawn from the system by way of valved line 41. Fresh 
makeup acid from source 43 is passed by way of valved 
line 44 into line 39. 

Although in this illustration 90% fresh sulfuric acid is 
used, it is to be understood that motor alkylate of satis 
factory octane number quality may be obtained by using 
spent alkylation acid as long as the spent acid has an 
effective acid confent of at least about 85%. 

Isobutane and product hydrocarbons are withdrawn 
from acid separator 36 by way of line 46 and are intro 
duced into vessel 47. Vessel 47 is similar in construction 
to vessel 6. Aqueous caustic solution from source 48 
is introduced by way of line 49 into an upper part of 
vessel 47. An aqueous phase is withdrawn from the bot 
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tom of vessel 47 by way of line 5. Substantially neutral 
isobutane and product hydrocarbons are withdrawn from 
vessel 47 by way of line 53 and are introduced into frac 
tionator 54 which is provided with reboiler 56. 

In fractionator 54 the unreacted isobutane is with 
drawn overhead and is recycled to the reactor by way of 
lines 58 and 13. The debutanized hydrocarbons are with 
drawn from fractionator 54 by way of line 61 and are 
passed into fractionator 62 which is provided with re 
boiler 63. 

Under the conditions of alkylation described herein 
above, apparently only the C6 olefins and benzene react. 
The unreacted materials from the C6 feed-"paraffins'-- 
are taken overhead from fractionator 62 and are passed 
to storage not shown by way of line 64. The hydro 
carbons boiling above about 185 F. are withdrawn from 
the bottom of fractionator 62 by way of line 66. 
The total alkylate in line 66 is introduced into fractiona 

tor 68 which is provided with internal heat exchanger 69. 
In fractionator 68 a motor alkylate fraction boiling be 
tween about 185 and 410 F. is taken overhead and is 
passed to storage by way of line 7. This motor alkylate 
is blended with premium quality gasoline base stock to 
produce a motor gasoline of improved octane sensitivity. 
In this instance 20 volume percent of motor alkylate is 
present in the motor gasoline. 

Hydrocarbons boiling above about 410-alkylate res 
idue-are withdrawn as the bottoms fraction from frac 
tionator 68 by way of line 73. The alkylate residue is 
passed into fractionator 76 which is provided with inter 
nal heater 77. In fractionator 76 a heart cut of hydro 
carbons boiling closely about the boiling point of p-di 
tert-butylbenzene is produced and is withdrawn therefrom 
by way of line 78. This heart cut boils between about 
438 and 475 F. Lower boiling hydrocarbons are taken 
overhead and are passed to storage not shown by way of 
line 81. A higher boiling fraction is produced as a bot 
toms product and is passed to storage not shown by way 
of line 82. 
The heart cut is introduced by way of line 78 into chiller 

84. Chiller 84 is schematically represented herein and 
may be any conventional form of cooler which permits 
the formation of crystals therein. In this embodiment the 
temperature of the heart cut is reduced to about 15 F. in 
chiller 84. The chilled oil-crystal mixture is introduced 
by way of line 86 into crystallizer 87. 

Crysfallizer 87 may be any form of conventional appa 
ratus permitting separation of crystals from a mother 
liquor. Herein a crystallizer is schematically illustrated 
which permits withdrawal of substantially oil-free crystals. 
Mother liquor is withdrawn from crystallizer 87 by way 
of line 88. The mother liquor may be given further treat 
ment if the absolute maximum yield of the p-di-tert 
butylbenzene is desired. Product p-di-tert-butylbenzene 
is withdrawn from crystallizer 87 by way of line 89. 

If essentially pure crystalline material is desired the 
product from line 89 may be given further treatment to 
remove occluded oil. 
Thus having described the invention, what is claimed is: 
A motor gasoline of improved octane in the higher 

boiling range which contains between about 10 and 25 
volume percent of a motor alkylate boiling between about 
185 and 410 F. that has been obtained by the “cold 
acid alkylation” of isobutane and a thermally cracked 
naphtha boiling over the range of about 120 and 185 
F. using sulfuric acid of a strength between about 85 and 
92% as the alkylation catalyst. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,421,331 Johnson --------------- May 27, 1947 
2,433,020 Becker ---------------- Dec. 23, 1947 
2,579,421 Egan -------------------- Dec. 18, 1951 
2,653,980 COndOn ---------------- Sept. 29, 1953 
2,659,761 Frevel et al. –----------- Nov. 17, 1953 
2,665,316. Bennett ----------------- Jan. 5, 1954 


