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This invention is concerned with the interac 
tion of branched chain paraffinic hydrocarbons 
with alkyl fluorides in the presence of a catalyst. 
It is more specifically concerned with a simple 
and easily regulated process involving the use of 
a liquid catalyst which is altered only slightly in 
the course of the reaction but which catalyzes 
She desired reactions with a maximum of effi 
ciency. 

Processes for the formation of higher molecu 
lar weight branched chain paraffins from lower 
boiling less highly branched chain paraffins are 
of importance from the standpoint of the motor 
fuel industry which demands increasing quanti 
ties of substantially Saturated hydrocarbons boil 
ing within the range of gasoline and particularly 
saturated motor fuels of high antiknock value. 

In one specific embodiment the present inven 
tion comprises a process for alkylating branched 
chain parafiinic hydrocarbons by alkyl fluorides 
in the presence of liquid hydrogen fluoride to 
form higher boiling branched chain parafiinic 
hydrocarbons of motor fuel boiling range and 
high antiknock value. 
Considerable quantities of branched chain bu 

tane, pentanes, and higher boiling paraffins are 
available in the gaseous and lower boiling prod 
ucts resulting from the distillation and/or crack 
ing of petroleum oils and of other hydrocarbon 
aceous oils. 
and other methods makes available substantial 
amounts of isoparaffinic hydrocarbons which may 
be alkylated by alkyl fluorides in the presence of 
catalysts to give higher boiling and more highly 
branched paraffinic hydrocarbon of improved 
antiknock value. In accordance With the present 
invention interaction of isoparaffinic hydrocar 
bons with alkyl fluorides is brought about in the 
presence of substantially anhydrous hydrogen 
fluoride. This reaction forms substantially sat 
urated hydrocarbons of higher boiling range and 
simultaneously produces hydrogen fluoride which 
may be utilized further as catalyst for alkylating 
a further quantity of the isoparafiinic hydrocar 
bon, charged. 
Alkyl fluorides used as alkylating agents in the 

process of this invention may be formed by the 
addition of hydrogen fluoride to mono-olefinichy 
drocarbons at a temperature within the approxi 
mate range of -60 to --100° C., and more pref 
erably at a temperature of the order of -30 to 
0 C., and under a pressure sufficient to maintain 
in liquid phase a substantial proportion of the 
reaction mixture. At the higher temperatures 
polymerization tends to occur which interferes 
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With the direct conversion of the original olefin 
into alkyl fluorides. Such a formation of alkyl 
fluorides may be brought about by the use of 
Substantially anhydrous hydrogen fluoride or by 
employing a portion of the hydrogen fluoride ob 
tained as a by-product of the present isopar 
affin alkylating process. 

Substantially anhydrous hydrogen fluoride uti 
lizable as catalyst in the process of this invention 
is a liquid boiling at about 20° C. and accordingly 
it can be used in apparatus which is cooled to 
maintain temperatures below this point or it can 
be used at higher temperatures if sufficient pres 
Sure is maintained upon the apparatus. By 
maintaining an excess of isoparaffin at all times, 
generally up to approximately 20 times the mo 
lecular proportion of alkyl fluoride present, 
formation of olefin polymers is avoided with the 
result that there is a relatively high conversion 
of alkyl fluorides into alkylated paraffinic hydro 
carbons. Also formation of hydrogen fluoride 
occurs during the alkylation reaction. The re 
Sulting. hydrogen fluoride may be employed as 
alkylating catalyst or it may be utilized in the 
production of a further quantity of alkyl fluoride 
to be returned to the process. 

In Operating the present process a preferred 
procedure is to agitate a mixture of liquid hy 
drogen fluoride and an isoparaffin and gradually 
introduce thereto a mixture of an alkyl fluoride 
and an isoparaffin suitably below the surface of 
the hydrogen fluoride-isoparaffin mixture. In 
the batch Operation of this process, the agitation 
may be stopped and the upper hydrocarbon layer 
removed and fractionated to recover unchanged 
paraffins and the desired alkylated products. Ob 
viously the process may be made continuous by 
providing a mixing Zone, as a reactor containing 
baffles and/or orifices, in which sufficient time 
may be given generally in the approximate range 
of 1-10 minutes for the completion of the desired 
alkylation reaction followed by a settling zone 
from which a hydrocarbon layer may be with 
drawn and fractionated to recover desired al 
kylated products and unconverted isoparaffins 
for recycling, while the lower hydrogen fluoride 
layer may be pumped back to the alkylation step 
for further separation. The aforementioned re 
action of an isoparaffin with an alkyl fluoride 
may be carried out at a temperature in the ap 
proximate range of -10 to 75° C. but preferably 
at a temperature of approximately 20° C. Pres 
Sure has been found to have little effect on the 
reaction but it should preferably be sufficient to 
compensate for the vapor pressure of the re 
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actants. Reaction may be attained to advantage 
by contacting the isoparafiinic hydrocarbon, al 
kyl fluoride, and hydrogen fluoride in the liquid. 
phase. 
For the purpose of illustrating a characteristic 

apparatus in which the process may be con 
ducted, the attached drawing shows diagram 
matically in general side elevation and by the 
use of conventional figures an arrangement of 
interconnected units suitable for continuous Op 
erations. It is understood that minor features 
of apparatus construction may be modified with 
out departing essentially from the generally broad 
scope of the invention. Referring to the drawing a liquid isoparaffin 
hydrocarbon fraction may be introduced through 
line containing waive-2-to-line 3-containing valve 
4 to pump 5 while hydrogen fluoride is introduced 
to line 3 by way of line 6 containing valve . 
Pump 5 discharges through line 8 and valve 9. 
The mixture of isoparaffin and hydrogen fluoride 
being conducted through line 8 is therein Con 
mingled with a regulated and continuous stream 
of an alkylfluoride or of an alkyl fluoride-isopar 
affin mixture introduced through line fo and 
valve to pump 2 which discharges through 
line i3 and valve 4 to line 8, already mentioned, 
from which the commingled mixture passes to 
coil 5 contained in cooler 6 of any suitable con 
struction and capacity for maintaining the tem 
perature of reaction below any desired level While 
simultaneously permitting sufficient time of con 
tact for completion of the desired reactions. 
From coil 15 the reaction products follow line 1 
containing valve f8 to separator 9 in which is 
effected a separation of hydrogen fluoride and 
hydrocarbons. The hydrogen fluoride layer is 
withdrawn from separator 9 through line 20 
containing valve 2 to pump 22 which discharges 
through line 23 and valve.24 into line 3 leading 
to the suction side of pump 5 so that the hydro 
gen fluoride catalyst may be recycled. If desired, 
a portion of the hydrogen fluoride being dis 
charged by pump 22 through line 23 may be con 
ducted therefrom through line 26 and valve 21 
to storage or to other use such as the preparation 
of additional alkyl fluorides by reaction of hy 
drogen fluoride with a mono-olefin. The hydrocarbon layer in the upper portion 
of separator 9 may be passed through line 28 
and valve 29 to fractionator 30 containing reboiler 
coil 3 and provided with vapor line 32 and valve 33 through which lower boiling hydrocarbons 
may be released as an overhead fraction while higher boiling alkylated products may be with 
drawn from the bottom of fractionator 30 
through line 34 containing valve 35 to further 
cooling, not shown, and to storage. 
The unconverted lower boiling hydrocarbons 

passing through line 32 may be conducted 
through condenser 36 and run-down line 3 con 
taining valve 38 to receiver 39 equipped with Con 
ventional gas release line 40 containing valve 4 
and with a liquid draw-off line 42 containing 
valve 43 leading to pump 44 which discharges 
through line 45 containing valve 46 to storage if 
desired, but ordinarily through line 25 containing 
valve 47 and leading to the suction side of pump 
5, already mentioned, to permit recycling of un 
converted isoparaffins to further alkylation. 
The exact temperature and pressure to be em 

ployed when alkylating various isoparaffins With 
various alkyl fluorides will depend upon the activ 
ity and physical characteristics of the reactants 
involved so that best results will be obtained when 
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2,307,799 
conditions are first determined on small scale 
apparatus. As a rule excessively elevated tem 
peratures are neither necessary nor desirable and 
only sufficient pressure should be used to prevent 
excessive evaporation of the catalyst or of the iso 
paraffin and alkyl fluoride. - 
The following specific examples are introduced 

as representative of results obtainable by the 
process described, although with no intention of 
unduly limiting the generally broad scope of the 
invention; 

EXAMPLE I 
A pressure autoclave equipped with a mechani 

cal stirrer was charged with 100 parts by weight 
Of anhydrous hydrogen fluoride and 200 parts by 
Weight (3.5 molecular proportions) of isobutane. 
The autoclave was maintained at 20° C. while 124 
parts by weight (2.0 molecular proportions) of 
isopropyl fluoride was introduced thereto over a period of 1 hour during which time the reaction 
was accompanied by an evolution of heat. 
The reaction mixture recovered was separated 

into 135 parts by weight of hydrogen fluoride, 
102 parts by weight of isobutane, and 170 parts 
by weight of a colorless and substantially saturat 
ed liquid hydrocarbon mixture which was found 
to contain substantially no fluorine. Fractional 
distillation of the liquid hydrocarbon mixture ob 
tained showed it to have the composition given 
in Table I: 

TABLE I 

Distillation of liquid product formed from isobu 
tane and isopropyl fluoride in the presence of 
hydrogen fluoride 

Fraction: Wolume per cent 
Pentanes----------------------------- 7 
Hexanes ----------------------------- 15 
Heptanes ---------------------------- 45 
Octanes ----------------------------. 10 
Nonanes ----------------------------- 5 
Nonane to 200 C. boiling pt--------- 10 
Fraction boiling above 200° C. ----- 8 

EXAMPLE I 
A mixture of 112 parts by weight of isopentane, 

105 parts by weight of hydrogen fluoride, and 79 
parts by weight of isopropyl fluoride was agi 
tated for 2.5 hours at 35° C. in a pressure auto 
clave similar to that indicated in Example I. 
The reaction mixture recovered contained 9 parts 
by weight of propane, 10 parts by weight of iso 
butane, 18 parts by weight of unconverted isopen 
tane, and 113 parts by weight of a higher boil 
ing substantially saturated hydrocarbon mixture. 
A distillation of the substantially saturated hy 
drocarbon mixture showed it to have the com 
position indicated in Table II. 

TABLE I --- 

- Distillation of liquid product formed from 
isopentane and isopropyl fluoride in the presence 

of hydrogen fluoride 
Boiling range of fraction, C. Volume per cent 

50-75--------------------------------12 
3-95-------------------------------- 10 
9-125------------------------------- 23 
125-50------------------------------- 13 
150-175------------------------------- 12 
17-225------------------------------- 21 
Above 225 ---------------------------- 9 

These results indicate that approximately equal 
molecular proportions of isopentane and isopro 
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pyl fluoride reacted to produce the substantially 
Saturated hydrocarbon mixture of a composition 
indicated in Table II. 
The character of the process of the present in 

vention and particularly its commercial value are 5 
evident from the preceding specification and ex 
amples given, although neithersection is intended 
to be unduly limiting in its generally broad Scope. 
I claim as my invention: 
1. A process for producing alkyl derivatives of 10 

a branched chain paraffin which comprises sub 
jecting said branched chain paraffin to contact 
with an alkyl fluoride in the presence of hydrogen 
fluoride. 

2. A process for producing alkyl derivatives of 15 
a branched chain paraffin which comprises sub 
jecting a molal excess of said branched chain par 
affin to contact with an alkyl fluoride in the pres 
ence of hydrogen fluoride. 

3. A process for producing alkyl derivatives of 20 
a branched chain paraffin which comprises Sub 
jecting a molal excess of said branched chain 
paraffin to treatment with an alkyl fluoride in the 
presence of hydrogen fluoride at a temperature 
between about -10 and about --75° C. under suf- 25 
ficient pressure to maintain substantially liquid 
phase conditions. 

4. A process for producing isomeric Octanes 
which comprises subjecting isobutane to treat 
ment with a butyl fluoride in the presence of 30 hydrogen-fluoride. 

5. A process for producing isomeric octanes 
which comprises subjecting a molal excess of iso 
butane to treatment with a butyl fluoride in the 
presence of hydrogen fluoride. 35 

6. A process for producing isomeric Octanes 
which comprises subjecting a molal excess of iso 
butane to treatment with a butyl fluoride in the 
presence of hydrogen fluoride at a temperature 
between about -10 and about --75 C. and under 40 
sufficient pressure to maintain Substantially liq 
uid phase conditions. 

7. A process for alkylating a liquid isoparaffin 
hydrocarbon which comprises intimately mixing 
said hydrocarbon with liquid hydrogen fluoride; 45 
introducing an alkyl fluoride to the mixture; cool 
ing to maintain the reaction mixture at a tem 
perature between about -10 and about. --75 C., 
separating products of the reaction into uncon 
verted isoparaffin and alkyl fluoride, alkylated 50 
products, and hydrogen fluoride; and returning 
unconverted isoparaffin, alkyl fluoride, and hy 
drogen fluoride to further reaction. 

8. A process for producing alkyl derivatives of 
an isoparafin which comprises subjecting an iso 

paraffin in admixture with normal paraffins to 
treatment with an alkyl fluoride in the presence 
of hydrogen fluoride. 

9. A process for producing alkyl derivatives of 
an isoparaffin which comprises subjecting a molal 
excess of an isoparaffin in admixture with normal 
paraffins to treatment with an alkyl fluoride in 
the presence of hydrogen fluoride. 

10. A process for producing alkyl derivatives 
of branched chain paraffins which comprises sub 
jecting a molal excess of branched chain paraf 
fins in admixture with normal paraffins to treat 
ment with an alkyl fluoride in the presence of hy 
drogen fluoride at a temperature between about 
-10 and about --75° C. under sufficient pressure 
to maintain substantially liquid phase conditions. 

11. A process for producing a substantially sat 
urated alkylation product which comprises sub 
jecting a mixture of isobutane and normal bu 
tane to treatment with an alkyl fluoride in the 
presence of hydrogen fluoride, at a temperature 
between about -10 and about --75° C. under suf ficient pressure to maintain substantially liquid 
phase conditions. 

12. A process for producing a substantially Sat 
urated alkylation product which comprises Sub 
jecting a mixture of isopentane and an alkylflue: 
oride to contact with hydrogen fluoride at a ten-. 
perature between about -10 and about 75° C. 
under sufficient pressure to maintain substantial 
ly liquid phase conditions. | 

13. A process for producing isomeric heptanes 
which comprises subjecting a molal excess of iso 
butane to treatment with a propyl fluoride in the . 
presence of hydrogen fluoride at a temperature 
between about -10 and about 75 C. and under 
sufficient pressure to maintain substantially liquid 
phase conditions. 

14. A process for producing isomeric octanes 
which comprises subjecting a molal excess of iso 
pentane to treatment with a propyl fluoride in 
the presence of hydrogen fluoride at a tempera 
ture between about -10 and about 75° C. and 
under sufficient pressure to maintain substan 
tially liquid phase conditions. 

15. A process for synthesizing hydrocarbons 
which comprises reacting a branched chain paraf 
fin with an alkyl fluoride in the presence of sub 
stantially anhydrous hydrogen fluoride. 

16. A process for synthesizing hydrocarbons 
which compriseS reacting a branched chain par 
affin with an alkyl fluoride in the presence of . 
a liquid alkylating catalyst consisting essentially 
of hydrogen fluoride. i 
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