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This invention relates to the treatment of hy 

drocarbon materials, and more particularly to 
hydrofluoric acid treatment of hydrocarbon ma 
terials containing gums, resins, sulfur com 
pounds, or other undesirable constituents, under 
such conditions as to remove substantially all of 
these constituents. It relates still more particu 
larly to the refining of hydrocarbon materials 
with used or spent hydrofluoric acid-containing 
catalyst obtained from the alkylation of alkylat 
able hydrocarbons. This application is a contin 
ulation-in-part of my copending application, 
Serial No. 395,280,'filed May 26, 1941. 

Heretofore, hydrocarbon materials containing 
unsaturated hydrocarbons, sulfur compounds, 
gum-forming compounds, and/or other undesir 
able constituents have been generally treated with 

stituents. For example, it has been a common 
practice to refine hydrocarbon oils by sulfuric 

0. 
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pended claims. 

Further objects and advantages of this inven 
tion will be apparent from the following descrip 
tion, the accompanying drawing, and the ap 

During the treatment in accordance with the 
present invention, the hydrocarbon material and 
the hydrofluoric acid are preferably in the liquid 
phase, although application of the invention is 
not to be limited to treating only in liquid phase; 
in some instances, as in the treatment of a four 
carbon hydrocarbon fraction or similar low-boil 
ing fraction, the hydrocarbon material may be 
at least partly in the vapor phase... Usually, how 
ever, the hydrocarbon material to be treated ac 
cording to the invention will be one or more hy 
drocarbon oils ordinarily susceptible to refining 
by acid treatment, such as petroleum oils, distill 

Sulfuric acid to remove such undesirable con 

20 
acid treatment. In many cases, this treatment 
is only partly successful, apparently because of 
the oxidizing action of the acid, which may be 
especially pronounced when highly concentrated 
sulfuric acid is used. This oxidizing action is of 
such a nature that substances are produced in 
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the main body of the hydrocarbon material which 
bring about an unstable condition in the ma 
terial with respect to color and odor. 
In accordance with this invention, hydrocar 

bon materials can be advantageously freed of 
substantially all unsaturated hydrocarbons, res 
ins, Sulfur compounds, color- and/or gum-form 
ing compounds, and the like by treating these 
hydrocarbon materials with substantial amounts 
of hydrofluoric acid, which is free from the oxi 
dizing action of sulfuric acid, and which has be 
come spent and comparatively ineffective for fur 
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ther use as a catalyst in the alkylation of alkylat 
able hydrocarbons with olefin hydrocarbons. 
One object of this invention is to remove un 

desirable constituents of the nature of sulfur 
compounds, color- and gum-forming compounds, 
and the like from hydrocarbon materials. 
Another object is to provide an improved proc 

ess for removing such constituents. 
Another object of this invention is the gainful 

use of hydrofluoric acid which has become spent 
as an alkylation catalyst, before it is subjected 
to treatment restoring it for reuse as an alkyla 
tion catalyst. 
Another object is to combine advantageously an 

acid treatment of hydrocarbon materials with 
an alkylation step using a hydrofluoric acid-con 
taining catalyst. 
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lates, lubricating oil, kerosine, naphtha, gasoline, 
or the like. Any well-known or preferred type 
of acid-treating equipment may be used. 
The hydrofluoric acid may be that which has 

become spent for the alkylation of alkylatable 
hydrocarbons, preferably isoparaffins, with al 
kylating agents, preferably olefins, without any 
intermediate treatment. However, an interme 
diate treatment with an alkylatable hydrocarbon, 
preferably the same alkylatable hydrocarbon as 
that being alkylated in the alkylation step, is ad 
vantageous, as thereby the spent hydrofluoric 
acid loses part of its content of acid-soluble or 
ganic compounds, and the alkylatable hydrocar 
bon becomes saturated with hydrofluoric acid. 
such intermediate treatment is further described 
hereinafter. - 

The amount of spent hydrofluoric. acid should 
be sufficient to form a distinct and appreciable 
liquid phase containing the major proportion 
of the acid under the conditions of the treat 
ment; it is preferably several times this amount. 
The exact amount that is necessary to effect a 
given extent of refining will vary with the nature 
of the hydrocarbon material being treated, es 
pecially with the content of constituents that are 
to be removed. Generally, it should not be less 
than that required to produce a substantially 
completely saturated hydrocarbon product. An 
amount of hydrofluoric acid equal to or perhaps 
several times the volume of the hydrocarbon ma 
terial to be treated may be set as about the maxi 
mum that may need to be used. However, an 
amount between 10 and 50 per cent by volume of 
the hydrocarbon material usually will be found 
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satisfactory. . --- 
Hydrocarbon materials consisting predomi 

nantly or entirely of acid-soluble compounds, 



2 
such as unsaturated hydrocarbons, are generally 
not satisfactorily treated by the present process; 
however, if for some reason it appears desirable 
to treat such materials with hydrofluoric acid 
to remove part or all of the acid-soluble corn 
pounds, this treatment is within the spirit of the 
invention. Furthermore, when acid-soluble Com 
pounds are the predominant constituents in a 
mixture containing also non-hydrocarbon con 
stituents substantially inert to and insoluble in 
hydrofluoric acid under the prevailing conditions, 
the invention will find particular application for 
removing substantially all of the acid-soluble 
Compounds therefrom. . 
The mutual solubility of liquid or liquefied hy 

drocarbons and of liquid hydrofluoric acid in 
creases appreciably with increase in temperature, 
and this effect of temperature should be taken 
into consideration in establishing the treating 
conditions in any particular case. Usually, how 
ever, the treatment may be satisfactorily con 
ducted at temperatures in the range from about 
-100 to about 300 F., although in most cases 
a range between about 0 and about 150° F is 
preferable. The pressure should be sufficient to 
insure proper flow through the apparatus; when 
liquid-phase operation is desired, it should be 
sufficient to insure the liquid phase at the tem perature of operation. 
In the treatment of normally liquid hydrocar 

bon materials, such as motor fuels, kerosines, fuel 
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of the acid by simple fractional distillation. In 
crease in temperature is undesirable because it 
promotes a tendency of hydrofluoric acid to re 
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oils, lubricating oils, and the like, a relatively 
low-boiling liquefied paraffin, such as propane or 
a butane, preferably normal butane, or a mix 
ture of relatively low-boiling liquefied paraffins, 
can be added to the normally liquid hydrocar 
bon material before, during, or after contacting 

... with the hydrofluoric acid. This low-boiling hy 
drocarbon material aids in subsequent removal 
of residual hydrogen fluoride dissolved in the 
hydrocarbon phase after physical separation of 
the hydrocarbon phase from the hydrofluoric 
acid phase. Thus in a preferred manner of ope 
erating, a normally liquid hydrocarbon material 
is treated with spent alkylation hydrofluoric acid; 
an acid phase is separated from a hydrocarbon 
phase containing the normally liquid hydrocar 
bons and dissolved hydrofluoric acid; and then 
a low-boiling liquefied paratin or mixture of 
Such paraffins is added to the hydrocarbon 
phase. Such addition is often preferable to 
having a low-boiling paraffin hydrocarbon pres 
ent while an acid phase is also present, as during 
the acid treatment of the normally liquid hydro 
carbons. Regardless of whether the low-boiling 
paraffin is present during the treatment or is 
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act with liquid hydrocarbons to form fluorine 
containing compounds. Nevertheless, if desired, 
simple fractional distillation of the dissolved hy 
drofluoric acid from the treated liquid hydrocar 
bon material, without prior addition of a rel atively low-boiling paraffin, may be practiced. 
The acid removed by either type of fractional dis 
tillation is suitable for re-use in the treatment 
of additional hydrocarbon material or in the 
alkylation of an alkylatable hydrocarbon. 
One embodiment of the invention will now be 

described with reference to the accompanying 
drawing, which forms a part of this specifica 
tion and which illustrates diagrammatically one 
specific arrangement of apparatus for carry 
ing out the process, the description serving to 
exemplify some of the many aspects of the in 
vention, - . . 
An alkylatable hydrocarbon, usually an iso 

paraffin of four to five carbon atoms per mole 
cule, such as isobutane, which is preferred, is 
admitted to alkylator f7, as through inlet i ; 
preferably, it is brought to the alkylator f7 by 
conduit'2, as will be indicated hereinafter. Si 
multaneously, an alkylating agent, such as one or 
more olefins having three to five carbon atoms 
per molecule, is admitted to alkylator through 
one or more inlets, such as inlet 3. Hydrofluoric 
acid, which catalytically promotes the alkyla 
tion of the alkylatable hydrocarbon by the al 
kylating agent, is also admitted to alkylator 7, 
as through inlet 5 and/or through conduit 58; 
the acid is advantageously as concentrated as possible, being preferably anhydrous, although it 
is known to promote alkylation, even when it. 
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subsequently. added, the hydrocarbon phase -is 
fractionally distilled to remove a low-boiling 
fraction in which, the distilled low-boiling par 
affin hydrocarbon carries with it the hydro 
fluoric acid that had been dissolved in the hy 
drocarbon phase. 
bons form minimum-boiling azeotropic mixtures 
with hydrofluoric acid. Under the proper con 
ditions, the low-boiling fraction will be such an 

Such low-boiling hydrocar 

azeotropic mixture; however, in actual plant, op- - 
erations, the control of conditions need not be . . 
so close that the low-boiling fraction is neces 
sarily solely an azeotropic mixture. Such treat 
ment removes hydrofluoric acid from the nor 

... mally liquid hydrocarbon phase without the loss 
i of this material that would occur if the removal were made by water-washing, alkali-washing, or 
the like and without the same increase in tem 

contains up to about 20 per cent of water. 
The conditions in the alkylator may be varied 

widely, but they are preferably so selected as to 
favor alkylation and to minimize side reactions 
such as reactions that consume the alkylating agent to produce relatively heavy unsaturated 
hydrocarbons or polymers and/or fuorine-con 
taining compounds. To this end, the instanta 
neous concentration of alkylating agent in the 
reaction mixture should below, so that the iso paratin is always in great excess; accordingly, 
multipoint addition of the alkylating agent to - 
the reaction zone is advantageous. The ratio of 
hydrofluoric acid to hydrocarbons should be high 
enough for easy maintenance of a large acid 
surface; a ratio between about 1:1 and 1:10 by liquid volume is generally satisfactory, but at 
times this ratio may be exceeded in either direc 
tion. The temperature may vary widely; a tem 
perature in the range of from about 70 to about 
130°F, is preferred, but it may be far out of this 
range in either, direction without making the 
alkylation inoperative. The reaction period or 
time of contact of the reactants with the hydro 
fluoric acid may vary from one minute or less 
to one hour or more, depending somewhat on the 
temperature; a time of contact of from about 1 
to about 4 minutes is usually satisfactory in the preferred temperature range. A high pressure 
may be used, but the pressure-need not exceed 

... that necessary to maintain the reactants in the 
liquid statentimate contacting of the reac 

... tants with the acid is desirable and may be ef 
fected by any suitable; means, for example, by 
mechanical agitation, such as agitation of the 
turbo-mixer type, which is preferred: 

perature that would be necessary for removal After a suitable reaction period, or time of 
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contact, the reaction mixture is passed from al 
kylator 7 through conduit f8 to separator 20, 
wherein it is separated, as by gravity and/or 
centrifugation, into a hydrocarbon phase, and a 
relatively dense acid phase. During the separa 
tion, elevated temperatures preferably should be 
avoided, since the mutual solubility of liquid. 
hydrofluoric acid and hydrocarbons increases 
with increase in temperature; for example, in 
the range of 32 to 140°F, the solubility of hy 

linearly from 0.3 to 0.9 per cent by weight, and 
the solubility of isobutane in hydrofluoric acid 
increases from 1.8 to 4.0 per cent. For improved 
Separation of the two phases, the temperature 
may be advantageously lowered somewhat be 
low the temperature preferred for alkylator , . 
preferably to a temperature in the range of from 
about 10 to about 50° F, more or less. 
The hydrocarbon phase separated from the al 

kylation mixture in separator 20 is passed 

3 
ent in the acid, whereby this material becomes 
relatively-resistant to reaction with the isobutane 

5 

. 
drofluoric acid in isobutane increases practically 

2 

through conduit 2 into fractionating means 23. 
In this fractionating means, it is fractionally dis 
tilled into the desired alkylation products, by 
products, and recycle fractions. For example, 
a low-boiling fraction comprising relatively inert 2 5 

gases such as propane, lighter hydrocarbons, and 
some hydrogen fluoride may be withdrawn 
through outlet. 24; if desired, this material may 
be treated, as in a cooler and separator (not 
shown in the drawing), to condense and recover 
the hydrogen fluoride which then may be re 
cycled to any appropriate step in the process. 
A fraction consisting predominantly of isobu 
-tane may be recycled directly to alkylator , as : 
through conduit 2, but preferably it is passed 
through line 28 to isobutane treater (3d. A frac 
tion comprising chiefly any normal butane may 
be withdrawn from the system, as through out 
let 29. A fraction comprising highly branched 
normally liquid hydrocarbons, which were formed 
by the alklation. and which are suitable for use 
in aviation gasoline, may be withdrawn through 
outlet 3. A relatively small high-boiling frac 
tion comprising heavy by-products may be with 
drawn through outlet 33. 
The -acid layer separated from the alkylation 

mixture in separator 28 may be recycled to al 
kylator , as through conduits 8 and 53. When 
it is spent to a desired degree, it may be passed 
through conduit 36, directly to contacting cham 
ber 5. Preferably, however, it is first given a 
treatment with isobutane in isobutane treater 4, 
whereto it is brought through conduit 38. Iso 
butane is admitted through inlet 39; ordinarily 
and preferably, such isobutane constitutes the 
major isobutane feed to the process; it is usually 
augmented by isobutane passing from fractionat 
ing means 23 through line 28. The isobutane 
and the hydrofluoric acid in treater 8 are in 
timately contacted together, whereby the isobu 

and produces heavy nonreactive carbonaceous 
compounds, some of which appear to be excep 
tionally high in fluorine, content; consequently 
contacting within 5 minutes or less after the separation is preferred. . . . . 
Treater & may comprise any suitable means 

for effecting intimate mixing and/or emulsifica 
tion of the isobutane with the used hydrofluoric 
acid; it may be a standard mixer having a me 
chanical stirrer, or it may be an arrangement or 
piping and/or jets wherewith turbulence is main 
tained by high fluid-velocity. Alternatively, it 
may be designed for effecting a countersecurrent 
contacting of the acid and the isobutane, as, for 
example, in a tower in which the isobutane rises 
through the down-flowing acid; but such counter 
current contacting is relatively less. Satisfactory 
because intinate contacting of the two liquid 
phases is not favored as much as it is by the fine 
subdivision and emulsification produced by a 
mechanical rhixer of the concurrent type, which 
accordingly is preferred. The treater 4 is pref 
erably, operated at atmospheric temperature, 
thoughs, at times some heating or cooling may 
be advantageous and may be used. The pressure 
should be sufficient to maintain the mixture in 

() 
the liquid phase. The treating time is not highly 
critical; usually a time in the range of from about 
5 minutes to about 2 hours is suitable; the time 

() 

required usually decreases with increase in tem 
perature, and the optimum time for a selected, 
set of conditions may be readily found by trial. 
For best results, the treating time generally must 
be longer than the time of contact in the alkyla 
tion step, since the reactivation reaction is con 
siderably slower than the alkylation reaction; 
for this reason, the treating time preferably may 
be at least twice as long 'as the time of contact 
in the alkylation step. However, in the present 
process, the best possible results usually are not 
necessary, so that a relatively short time , 
-shorter than the time required, for example, if 
the isobutane-treated acid. Were to be recycled 
directly to the alkylation step-is generally sat's- 

... factory. 
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tane becomes saturated with the acid, some addi 
tional alkylate is formed and/or extracted by 
the isobutane and the used acid becomes partly 
purified or reactivated, so that it becomes some 
what improved for subsequently effecting the re 
moval of undesirable constituents from hydrocar 
bon materials, - . . . . . 

Passing of the used acid to treater 4 f is prefer 
ably made as soon as possible, i.e. substantially 

35 

The resulting mixture is passed from treater 
if-through conduit 32 to separator 38, wherein it 
is separated, as by gravity and/or centrifugation, 
into an isobutane phase and a relatively dense hy 
drofluoric acid phase. The isobutane phase is 
passed through condits 65 and 2 to alkylator 

. The hydrofluoric acid phase is passed through 
conduits: 68 and 33 to contacting chamber 3 ; if 
desired, part of it may be recycled to treater is , , 
for additional treatment, with , isobutane, as 
through conduit 9, 

In contacting chamber 5?, the used hydrow 
fluoric acid, passed thereto either from separator 
20 throughline 36 or, after treatment with isobu 
tane in treater 4, from separator 44 through in 
48, is utilized for the refining of hydrocarbon ma 
terial containing gums, resins, sulfur compounts. 
or similar: undesired ac'd-soluble constituents. . . 
"This hydrocarbon material enters treater is 
through inlet 58. Ordinarily it is a normally 
liquid or a liquefied hydrocarbon material, but nr., 
occasion a low-boiling hydrocarbon material in 

b 
immediately, after separation of the arid from 
the hydrocarbon effluent from the alkylation step. 
Undue delay in effecting the contacting with iso 
butane, appears to produce undesirable chemical 
changes in the acid-soluble organic material pres 75 

YE phase may be treated with the acii 
n the liquid phase. The hydrocarbon matrral 
and the acid are intimately contacted in batch 
or continuous manner. If continuous, the ern tacting maybe concurrent, but usually it is pref 
erably countercurrent, so that fresh-acid comes 
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in contact with hydrocarbon material that has 
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already lost most of its content of undesirable 
acid-soluble constituents, in a manner known to 
the art. Sufficient hydrofluoric acid is admitted 
to treater 5 so that under preferred conditions 
of operation a liquid phase containing a major 
proportion of hydrofluoric acid and a minor pro 
portion of hydrocarbon and another liquid phase 
containing a major proportion of hydrocarbons 
and a minor proportion of hydrofluoric acid are 
present. The time of contacting in treater 51 
is not critical, provided that sufficiently intimate 
contacting is obtained to effect substantial ex 

0 

traction of acid-soluble compounds by the acid. . 
The resulting hydrofluoric acid extract, con 

taining acid-soluble compounds removed from 
the hydrocarbon material charged through inlet 

. 52, is passed from contacting chamber 5 through 
conduit 54 to separating means. 56, wherein the 
hydrofluoric acid is processed to free it from the 
acid-soluble' material contained in it. Ordinarily 
and preferably, separating means 56 consists of a 
fractionating column wherefrom purified hydro 
fluoric acid is distilled overhead. Although ordi 
narily this purifled hydrofluoric acid is recycled 
to alkylator, as through conduit 58, under some 
conditions of operation it preferably is used to 

5 

fortify the acid in contacting chamber 5 by being 
passed, at least in part, to this chamber through, 
conduits 60 and 36; if desired, part or all of this 
purifled acid may be withdrawn from the system 
through outlet 6. From the kettle of such a 
fractionating column 56 is withdrawn, as through 
outlet 63, a residue comprising chiefly the acid 
Soluble material removed from the hydrocarbon 
material treated in contacting chamber 5 and 
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some heavy acid-soluble by-products produced in 
the alkylation step. By maintaining the kettle 
temperature sufficiently high, usually not above 
about 300 F., any fluorine-containing compounds 
are decomposed, liberating hydrofluoric acid, so 
that the residue contains little or no fluorine; the 
resulting residue may be burned as fuel. . . 
The treated or extracted hydrocarbon material 

is passed from contacting chamber 5 through 
conduit 65 and is usually passed directly through 
lines 66 and 67 to fractionating means 68, where 
in it is freed by distillation from a minor pro 
portion of dissolved hydrofluoric acid. The re 
sulting purified and acid-free hydrocarbon ma 
terial is recovered as a product of the process 
through outlet 69. A low-boiling fraction.com 
prising the dissolved hydrofluoric acid may be 
withdrawn through outlet 7 f, but it preferably is 
recycled to alkylator T, as through conduit 73 
and through conduit 58, especially when it is rela 
tively free from low-boiling paraffins other than 
isobutane. 
When the hydrocarbon material treated in 

contacting chamber 5 is normally liquid and 
contains substantially no low-boiling paraffins 
such as propane, butane, or pentane, it is found 
desirable to conduct the distillationin fractionat 
ing means 68 in the presence of such a low-boil 
ing hydrocarbon as will form a low-boiling azeo 
tropic mixture with the hydrofluoric acid and 
thereby promote separation of the acid from the 
purified hydrocarbon product. An amount of 
low-boiling hydrocarbon sufficient to have this 
effect, preferably a slight excess, accordingly may 
be introduced into the system through inlet 75; it may be passed directly to conduit 67, or it 
may be introduced into fractionating means 68 
at an intermediate point, as through conduit 8. 
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hydrofluoric acid preferably may be recycled to 
alkylator 7 as already described, if the added 
low-boiling hydrocarbon is isobutane; otherwise, 
it may be recycled to contacting chamber 5, as 
through conduit-80 and through conduits 8 and 
36, or alternatively through conduit 83. 
However, in some instances it may be desired 

to separate the acid and the hydrocarbon in this 
low-boiling fraction. In such case any desired 
part or all of this fraction is passed through con 
duit 84 into separating means 86. From separat 
ing means 86 a hydrofluoric acid fraction, sepa 
rated in any desired nanner, may be removed 
through conduit 87; this fraction may be re 
cycled, through conduits 48 and 36 and/or 
through conduits 3 and 58, to contacting cham 
ber 5 and/or alkylator , in proportions con 
trolled by the valves in lines 87 and/or 89, re 
spectively; if desired, any part of this fraction 
may be removed from the system through outlet 
90. A suitable low-boiling paraffin fraction may 
be removed from separating means 86 and may 
be returned to the process through conduit 92, 
leading to inlet conduit 75. At times it may be 
found that the presence of a low-boiling paraffin 
in contacting chamber 5 will aid the separation 
of hydrofluoric acid and hydrocarbon phases in 
this contacting chamber 5, whereupon a part 
of the low-boiling paraffin in conduit 75 may be 
passed through conduit 94 to conduit 83 and con 
tacting chamber 5. 

In some instances the purification carried out 
in contacting chamber 5 will be at a tempera 
ture more or less elevated, and a preliminary 
separation of hydrofluoric acid dissolved in the 
hydrocarbon stream from this chamber may be 
advantageously effected by cooling this stream to 
atmospheric or subatmospheric temperature. 
Accordingly, any desired portion of this stream 
is passed from conduit 65 through conduit 96; 
is cooled in cooler 98 to a desired separation tem 
perature, preferably between about 10 and about 
50 F.; and is passed through conduit 99 to sep 
arator 00, in which separation occurs into two liquid phases. The relatively dense or hydro 
fluoric acid phase is passed from separator OC 
through conduit of to conduit 54 for subsequent 
treatment in separating means 56 as already 
described; if desired, any part or all of this phase 
may be discharged from the system through out 
let 03. The hydrocarbon phase is passed from 
separator 00 through conduit fo5 back to con 
duit 66.for subsequent treatment in the system 
as hereinbefore described. Separator OO will 
also be used when the contacting in chamber 5 

... is made in a concurrent manner instead of in the 
countercurrent manner specifically, indicated, or 
when the contacting is made in a batch-wise 
male. . 
Although the separation by fractional distilla 

tion in the presence of a low-boiling paraffin 
forms a distinct aspect or feature of the inven 
tion, the process should not be restricted to such 
separation in all cases; it is possible that other 

65 
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separation of dissolved hydrofluoric acid from 
the hydrocarbon stream passing in conduit 65 
may be effected in any way that is convenient 
or that is known to the art, as by washing with 
Water, an alkaline solution, or the like. Such 
other separation' may be effected in means such 
as separating means 86; that is, the purified hy 
drocarbon material may be passed from conduit. 
66 through conduit 107 to separating means 86, 
and the purified hydrocarbon product is recov 

... The resulting low-boiling fraction comprising 7s ered through outlet 109. 
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Relative to the purification of a liquid hydron 

carbon stock and to the separation of dissolved 
hydrofluoric acid from the purified material in 
fractionating means 68, an initial proportion of 
low-boiling paraffin. Such as normal butane may 
be added through inlet 75 at the start of the 
process, and thereafter this low-boiling paraffin 
may be recycled within the purification system as 
hereinbefore described, further additions of low 
boiling paraffin being made only to compensate 
for unavoidable iosses. When the hydrocarbon 
imaterial fed through inlet 52 contains such low 
boiling paraffin, it may be unnecessary to add 
additional paraffin through inlet T5; after a 
steady state of Operation has been reached with 
suitable recycle of the low-boiling parafin, the 
purified hydrocarbon material recovered through 
outlet. 69 will contain substantially the same pro 

5 
jectionable constituents of the nature of sulfur 
compounds and color- and gum-forming com 
pounds, which comprises; mixing in a contacting. 
chamber such hydrocarbon material with a used 
catalyst, obtained from the alkylation of at least 
one low-boiling isoparaffin with at least one olefin 

0. 
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portion of this paraffin as that present in the ma 
terial intrnduced through inlet 52. . 

Eacample -- 

The following example illustrates some of the 

20 

many aspects of the invention without neces- . 
Sarily initing it. A notor fuel having an unde 
sirable content of sulfur and gum-forming com 
pounds is agitated with about a fifth of its own 
volume of hydrofluoric acid spent for the alkyla 
tion of isobutane with butylene. After a thorough 
mixing, the mixture is allowed to separate. The 
hydrocarbon layer is separated from the acid 

containing three to five carbon atoms per mole 
cule in the presence of a concentrated hydrofluoric 
acid catalyst under alkylating conditions; passing 
the resulting hydrocarbon-containing mixture to 
a separating means; removing from said separat 
ing means a liquid phase containing normally 
liquid hydrocarbons substantially free from said 
objectionable constituents and containing dis 
solved hydrofluoric acid in an amount at least 
sufficient to form an azeotropic mixture with said 
dissolved hydrofluoric acid; admixing with said 
liquid phase a relatively low-boiling paraffinic ma 
terial passing the liquid phase and relatively low 
boiling paraffinic material to a fractional distilla 
tion means; separating from said distillation 
means a low-boiling fraction containing at least 
a portion of the low-boiling paraffinic material 
and substantially all of the dissolved hydrofluoric 
acid passing said fraction to a treating means 
from which hydrofluoric acid is removed; sepa 

30 

layer; a relatively small proportion of isobutane 
is added to the hydrocarbon layer; and the re 
Sulting mixture is freed from the dissolved acid 
and the added isobutane by fractional distilla 
tion. The thus purified motor fuel has a prace 35 
tically negligible or undetectable content of sul 
fur and gum-forming compounds. 
acid-and-isobutane mixture is passed to the al 
2xylation step. The acid layer is fractionally dis 
tilled to purify the hydrofluoric acid, which is 
also passed to the alkylation step. 

: Although, for the sake of simplicity and by Way . 

The distilled 
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of example, the description herein has. been de 
voted primarily to hydrofluoric acid used as an 
alkylation catalyst, it will be understood that 
other hydrofluoric acid-containing alkylation 
catalysts, such as mixtures of hydrofluoric acid: 
with sulfuric acid, with boron fluoride, with 
metalioid halides of the type of phosphorus 
pentafluoride, or with other promoters or modi 
fiers, may be used in substantially the Inanner 
herein described, with only minor modifications 
that will be obvious from the nature of the addi 
tional component or components of the catalyst. 

Numerous modifications of this invention will 
be obvious to those skilled in the art. The draw 
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rating also from the fractional distillation means 
a higher-boiling fraction containing saturated 
normally liquid hydrocarbons substantially free 
from said objectionable constituents and from 
hydrofluoric acid; and removing said higher 
boiling fraction from the process. 

2. A process of treating a hydrocarbon material 
containing normally liquid hydrocarbons and ob 
jectionable constituents of the nature of sulfur 
compounds and color- and gum-forming com 
pounds, which comprises contacting such hydro 
carbon material with a used catalyst, obtained 
from the alkylation of at least one low-boiling 
isoparaffin with at least one olefih containing 
three to five carbon atoms per molecule in the 
presence of a concentrated hydrofluoric acid 
catalyst under alkylating conditions, in a contact- . 
ing chamber and in sufficient amount to produce 
a liquid phase containing a major portion of the 
used hydrofluoric acid catalyst, passing a mixture 
of hydrocarbon material and used hydrofluoric 
acid catalyst to a first separating means and . 
separating therein said liquid phase from a phase 
containing normally liquid substantially saturated 
hydrocarbons substantially free from said objec 
tionable constituents and containing dissolved 
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ing is diagrammatic and does not show in des 
a many pieces of equipment, such as pumps, 
fractionating columns, and the like, that Inay - 
be desirable or necessary for obtaining the re 
suits indicated. 
well-known in principle and use, they anay be 
readily supplied by those skilled in the art. Suit 
able equipment and operating conditions for any 
particular application of the invention may be 
readily ascertained by one skilled in the art in 
tneight of the foregoing description and discuss 

hydrofluoric acid, passing at least a portion of 
the liquid phase containing a majorportion of the 
used hydrofluoric acid catalyst to a second sepa 
rating Eneans, recovering hydrofluoric acid from 
said second separating means and returning at 
east a part of said acid to the contacting cham 
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As such pieces of equipment are 
ber, admixing with the phase containing normally 
liquid substantially saturated hydrocarbons sub 

'stantially free from said objectionable constitu 
ents and containing dissolved hydrofluoric acid 
a relatively low-boiling parafiinic material, pass 

65 

sion. Because of the many modifications and 
variations of the invention that may be made 
without departing from the spirit and scope 
thereof, the invention should be limited only in 
accordance with the appended claims. 

a claim: : 
. A process of treating a hydrocarbon material 75 

containing normally liquid hydrocarbons and obe. 

ing this admixture to a fractional distillation. 
Eneans and separating therefrom a low-boiling 
fraction containing low-boiling paraffinic hydro 
carbon material and hydrofluoric acid, separating 

70 also a fraction containing Saturated normally 
liquid hydrocarbon material substantially free 
from said objectionable constituents and hydro 
fuoric acid and removing the saturated normally 
liquid hydrocarbon material substantially free 

t 

from said objectionable constituents from the 
process 



6 
. 3. A process of treating a hydrocarbon material 
containing normally liquid hydrocarbons and ob 
jectionable constituents of the nature of sulfur 
compounds and color- and gum-forming com 
pounds, which comprises admixing such hydro 
carbon material with a spent acid catalyst ob 
tained from the alkylation of at least one low 
boiling isoparaffin with at least one olefin con 
taining three to five carbon atoms per molecule 
in the presence of a concentrated hydrofluoric 
acid catalyst under alkylating conditions and said 

2,875,675 
centrated hydrofluoric acid catalyst, in a con 

catalyst being spent with respect to said alkyla 
tion reaction, in a contacting chamber, passing 
a resulting hydrocarbon-containing mixture to a 
separating means, removing therefrom a liquid 
phase containing normally liquid substantially 

tacting chamber and in sufficient amount to form 
a liquid phase containing a major portion of the 
Spent catalyst and a liquid phase containing a 
mixture of the hydrocarbon material and the 
remaining spent catalyst, passing said mixture 
of hydrocarbon material and remaining spent 
catalyst to a first separating means, removing 

- therefrom a liquid-phase containing hydrofluoric 
acid and passing said phase along with the liquid 
phase containing a major portion of the spent 
-catalyst to a second separating means wherein 
hydrofluoric acid suitable for reuse in the treat 

saturated hydrocarbons substantially free from 
said objectionable constituents and containing 
dissolved hydrofluoric acid, admixing with the 
liquid phase a relatively low-boiling parafiinic 

ment of additional hydrocarbon material is sep 
arated and returned to the contacting chamber; 
removing also from the first separating means 
a second phase containing substantially saturated. 
hydrocarbons and dissolved hydrofluoric acid, ad 
mixing with this second phase a relatively low 

20 
material, passing the liquid phase and relatively 
low-boiling paraffinic material to a fractional dis 
tillation means, separating from said distillation 
means a low-boiling fraction containing at least 
a portion of the low-boiling paraffinic material 25 
and substantially all of the dissolved hydrofluoric 
acid, passing said fraction to a treating means 
from which hydrofluoric acid is removed, circulat 
ing said hydrofluoric acid to the contacting cham 
ber, separating also from the fractional distilla 
tion means a higher boiling fraction containing 
saturated normally liquid hydrocarbons substan 
tially free from said objectionable constituents 
and hydrofluoric acid, and removing said higher 
boiling fraction from the process. 

4. A process of treating a hydrocarbon material 
containing at least some objectionable constitu 
ents of the nature of color- and gum-forming 
compounds, which comprises contacting the hy 
drocarbon material with a spent catalyst obtained 
froen the alkylation of at least one low-boiling 
isoparaffin with at least one olefin containing three 
to five carbon atoms in the presence of a con 

30 

35 

40 

boiling paraffinic material in an amount at least 
sufficient to form an azeotropic mixture with said 
dissolved hydrofluoric. acid, passing this second 
phase with admixed low-boiling paraffinic mate 
rial to a fractional distillation means, separat 
ing therefrom a low-boiling fraction containing 
at least a portion of the low-boiling paraffinic 
material and substantially all of the dissolved. 
hydrofluoric acid, passing said fraction to a treat 
ing means from which hydrofluoric acid is re 
moved and circulating said hydrofluoric acid to 
the contact chamber, and separating from the 
treating means the low-boiling paraffinic material 
and recirculating this material to the fractional 
distillation means, and separating also from the 
treating means and from the fractional distilla 
tion means higher boiling fractions containing 
saturated normally liquid hydrocarbons substan 
tially free from said objectionable constituents 
and substantially free of hydrofluoric acid, and 
removing said saturated hydrocarbons from the 
process. 
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