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This invention relates to a process for recover 
ing benzene from mixtures containing it and 
other hydrocarbons. . 

Numerous hydrocarbon oils are known which 
contain benzene in varying proportions. Gas 
oline fractions obtained by the distillation of 
certain types of petroleum or recovered from the 
products of catalytic reformation processes, fre 
quently contain substantial proportions of ben 
zene, although mainly consisting of other hy 
drocarbons. Oils of petroleum origin having a 
considerable content of aromatics, including ben 
zene, may be treated by well known selective 
solvent processes to produce fractions rich in 
aromatics; for example, extraction of suitable 
fractions of suchpetroleum oils with sulfur dioxide 
may yield fractionsof high benzene content. In 
such cases benzene is accompanied by non 
aromatic hydrocarbons which may be largely 
oleiinic, paraiiinic, or naphthenic in character. 
A considerable proportion of these hydrocar 
bons cannot be completely _separated from the 
benzene by direct fractional distillation because 
of the closeness of their boiling points to that of 
benzene or because they form constant boiling 
mixtures with benzene. Furthermore, while or 
dinarily benzene is readily separable by direct 
fractional distillation from light oils produced 
by the gasification of coal, in some cases the 
benzene is accompanied by diflicultly separable 
non-aromatic hydrocarbons of the same general 
character 'as described, owing to carbonization 
conditions, type of coal used or other special cir 
cumstances. Also synthetic hydrocarbon oil 
mixtures produced by various catalytic processes 
may contain benzene which, when recovered, is 
accompanied by ̀ similar diiiicultly separable con 
stituents. 
By fractional distillation of these oils contain 

ing benzene, fractions relatively high in benzene 
content may be obtained. These benzene frac 
tions, however, will still contain large amounts 
of the other constituents of the oil having boil 
ing points in the neighborhood of the boiling 
point of benzene> or forming mixtures of constant 
boiling points in the range of temperatures at 
which benzene distills from the oil. (In this 
specification and claims, I refer to such diñicultly 
separable constituents, which distill out over the 
same temperature range as the benzene and from 
_which the benzene is not separable by a con 
ventional distillation, as “like-boiling, non-aro 
matic hydrocarbons”.) Accordingly, recovery of 
benzene of a relatively high purity from these 
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sources presents a diiiicult problem of great in 
dustrial importance. 
For many purposes to which benzene is put, 

it is desirable to use as pure a material as may 
be economically available. For example, benzene 
is used for the production of pharmaceutical 
chemicals, dyes and synthetic phenol. For these 
purposes a pure benzene is preferred. Direct 
fractional distillation, because of the difñculties 
pointed out above, will not effect a recovery of 
pure benzene separate from like-boiling, non 
aromatic hydrocarbons such as enumerated, and 
in many cases will‘not give fractions of suitably 
high benzene content or free from materials 
which even in small concentrations adversely af. 
fect the processes by which the benzene is treated 
or the products produced therefrom. 

It is an object of my invention to provide a 
process whereby benzene of any desired degree of 
purity may be recovered from hydrocarbon oil 
mixtures comprising non-aromatic hydrocarbons 
from which the benzene is not separable by a 
conventional distillation. 
In using my invention for the treatment of an 

oil in which the benzene concentration is low 
or when the oil is one containing materials of 
wide boiling range, I prefer first to fractionally 
distill the oil to recover therefrom an enriched 
benzene fraction. Although benzene`fractions 
having an end boiling point substantially above 
the boiling point of benzene (e. g., a boiling point 
up to about 85° C.) may be azeotropically dis-> 
tilled in the manner hereinafter described, I pre 
fer the benzene fraction treated by my process 
to be one having an end boiling point substan 
tially corresponding to the boiling point of pure 
benzene, e. g.. an end boiling point of about 80° 
C. Further, for the reasons which will be more 
specifically pointed out below, I prefer that a 
benzene fraction recovered by a preliminary dis 
tillation of a crude benzene oil be so cut as to 
exclude therefrom the forerunnings which do not 
contain substantial proportions of benzene; for 
example, to exclude substantial proportions of 
oils distilling below 65° C. 
In this speciñcation and claims, the term “ben 

zene fraction” is usedbroadly to designate any 
oil fraction containing both benzene and other 
hydrocarbons which, under the conditions main 
tained in direct distillation processes as common 
ly used for distilling oils, distill from the fraction 
within the same temperature range as does the 
benzene. ‘ 

I have discovered that benzene may be"sep 
arated from a benzene fraction such as described 



above by subjecting it to azeotropic distillation 
in the presence of butyraldehyde, either normal 
or iso-butyraldehyde. The non-aromatic hydro 
carbons. which in the absence ofthe butyralde 
hyde distill from the benzene fraction in the 
same temperature range as the benzene and 
hence are not separable therefrom by direct frac 
tional distillation, may be distilled from the ben 
zene fraction in the presence of the butyralde 
hyde to leave a residue containing benzene of any 
desiredv purity with respect to its content of these 
like-boiling, non-aromatic hydrocarbons. On 
fractionally distilling a mixture of the butyralde 
hyde with a benzene fraction, the material first to 
distill over is a mixture of low-boiling azeotropes 
`consisting chiefly of butyraldehyde and non-aro 
matic hydrocarbons (together with water if pres 
ent). On continued distillation, the non-aro 
matic hydrocarbons are selectively removed and 
a residue enriched in benzene is` obtained. 'I'he 
distillate will contain butyraldehyde and the non 
aromatic hydrocarbons distilled from the benzene 
fraction. It may contain benzene, the amount 
depending on the effectiveness of fractionation. 
The azeotropic distillation may be carried out 

either under anhydrous conditions or in the pres 
ence of substantial quantities of water. When 
water is present a part or all of the water, de 
pending upon the quantity present, is carried over 
in the distillate as an azeotrope of the water, 
butyraldehyde and nonaromatic hydrocarbons. 
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Water appears to aid in the production of a pure Y 
benzene product. By washing the distillate with 
an aqueous solution of sodium acid sulfite the 
butyraldehyde in the distillate may be separated 
in an aqueous phase from an oil phase contain 
ing the hydrocarbons carried over into the dis 
tillate. The aqueous phase may be treated to 
recover butyraldehyde therefrom for return to 
the distillation and reuse in the azeotropic dis 
tillation of additional benzene fraction. Butyral 
dehyde which may be left in the residue may be 
removed by washing the residue with sodium acid 
sulfite solution. The oil phase thus obtained, 
containing benzene which has been separated 
from non-aromatic hydrocarbons in the original 
benzene fraction, may then be washed with caus 
tic soda solution to remove any sulfur dioxide 
present and, if desired, may be given a conven 
tional acid wash and redistillation to further 
purify the benzene. ` 
My invention comprises, therefore, azeotropi 

cally distilling in the presence of butyraldehyde a 
benzene fraction containing non-aromatic hydro 
carbons which distill from said fraction in the 
absence oí an azeotropic agent, in the same tem 
perature range as the benzene, e. g., hydrocar 
bons which normally boil from mixtures thereof 
with benzene between 70° and 80° C. and from 
which the benzene is not readily separable by 
conventional distillation. 
The azeotropic distillation in the presence of 

the butyraldehyde should be carried out with 
effective rectification of the vapors. Sufficient 
butyraldehyde should be present ,to carryover 
as azeotropes the non-aromatic hydrocarbons so 
that the residue containing benzene is freed to 
the desired degree of these non-aromatic hydro 
carbons. The quantity of butyraldehyde thus 
required will, of course. depend upon the amount 
of benzene fraction distilled, the quantity of non 
aromatic hydrocarbons contained therein, etc. 
Any excess of butyraldehyde present> will not 
materially interfere with the separation of the 
non-aromatic hydrocarbons from the benzene, 75 
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although it is obvious that a large excess is un 
desirable in that it requires removal and recovery 
of the butyraldehyde from the benzene product 
of the process. 
As pointed out above, it is highly desirable to 

recover from benzene fractions a relatively pure 
benzene product and the process of my invention 
permits of obtaining an enriched benzene residue 
of any desired purity with respect to hydrocar 
bons which, in the absence of an azeotropic agent, 
distill from the benzene fraction in the same tem 
perature range as the benzene. My invention 
contemplates, therefore, continuing the azeo 
tropic distillation of the benzene fraction under 
the conditions described above until the distilla 
tion residue is enriched to a desired extent in 
benzene with respect to other like-boiling hydro 
carbons; i. e., hydrocarbons which will distill 
from the benzene fraction, in the absence of an 
azeotropic agent, in the same temperature range 
as the benzene distills therefrom. In practicing 
my invention the rectiñcation preferably is con-_ 
trolled to obtain a benzene residue which con 
tains at least 90 parts by weight of benzene to 
Il; parts of like-boiling, non-benzene hydrocar 

The benzene fraction treated in accordance 
with my invention preferably will contain little, 
if any, hydrocarbons distilling from the hydro 
carbon-benzene fraction at temperatures mate 
rially above those at which benzene distills there 
from. On the other hand, a small amount of high 
boiling materials may be left with the benzene 
residue at the conclusion of the azeotropic dis 
tillation of the benzene fraction under the con 
ditions set forth above to separate the benzene 
from the hydrocarbons of similar boiling range. 
Once this separation has been effected, the ben 
zene may be separated from the high boiling 
hydrocarbons by fractional distillation in the 
absence of an azeotropic agent. Whether or 
not high boiling constituents should be left in the 
benzene fraction to be azeotropically distilled or 
whether, if left in the benzene fraction, they will 
remain in the residue after azeotropic distillation, 
depends upon a number of factors, among which 
their boiling range and chemical characteristics 
are important. If the high boiling constituents 
form azeotropes with the agent used which have 

D boiling points close to the temperatures at which 
benzene distills over, it is preferable to separate 
such high boiling constituents from the benzene 
fraction by a direct fractional distillation before 
azeotropicaily distilling the benzene fraction. 
When pure benzene is to be recovered itis pre 

ferred the benzene fraction subjected to azeo 
tropic distillation in accordance with my inven-  
tion be a fraction boiling within the range of 65° 
C. to 80° C. Such a fraction may _be azeotropically 
distilled by my process and pure benzene obtained 
with a relatively small quantity of azeotropic 
agent present during the distillation. Pure ben 
zene may be obtained by distilling with an azeo 
tropic agent a wider boiling benzene fraction but 
the quantity of azeotropic agent present in the 
distillation of the benzene fraction of wider boil 
ing range must be substantially increased as com 
pared with the quantity which suñices for dis 
tilling the fraction of the narrower boiling range. 
Benzene of high purity is desired for nitration 

and other purposes and the process of my inven 
tion provides a method whereby a pure benzene 
of nitration grade may be economically recovered 
from benzene oils. The invention, however, is not 
limited thereto. Benzene products of lower purity 
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than nitration grade benzene are industrially .used 
for various purposes, e. g., as solvents. The proc 
ess of my invention may be used advantageously 
for recovering such products from hydrocarbon 
oils of lower benzene content. My process is par 
ticularly advantageous when the benzene is to be 
separated from most of the like-boiling, non 
aromatic hydrocarbons present in an oil fraction 
together with benzene, e. g., when a product is to 
be obtained containing benzene and no more than 
10 parts by weight of like-boiling, non-aromatic 
hydrocarbons for every 90 parts by weight of 
benzene. _ 

My invention will be more particularly described 
and illustrated by the following examples of proc 
esses for the azeotropic distillation of a benzene 
fraction ̀ in the presence of butyraldehyde. 
The apparatus used for carrying out the process 

of these examples, diagrammatically illustrated in 
the accompanying drawing, comprised a still l 
with heater 2 and rectification column 8 of con 
ventional design, the rectification column con 
taining suñicient liquid-vapor contact elements 
for it to effectively fractionate the vapors evolved 
in the still and passed therefrom through the 
rectification column. A condenser ¿l was provided 
to which the vapors from the top of the column 
were led and in which they were cooled and con 
densed. A pipe 5 was provided for returning con 
densate from the condenser to the top of the recti 
fication column to serve as reñux for the column. 
A second pipe 6 was also provided for drawing off 
from the condenser a portion of the condensate 
formed therein. Pipes l and 8 are provided for 
the introduction of liquids into still l. A pipe 9 
serves for withdrawal of residue from this still. 
Example 1.»-The above-described apparatus 

was employed for the distillation of a benzene 
fraction having a boiling range of about 75° C. to 
about 80° C. and containing 69% by volume of 
benzene. the remainder principally consisting of 
like-boiling parañins. 'i 

100 volumes of this benzene fraction, 100 vol' 
umes of N-butyraldehyde, and 10 volumes of water 
were charged into the still of the apparatus de 
scribed abc-ve. This charge was boiled in the still 
and the vapors passing therefrom to the fraction 
ating column were. rectiiied in this column. The 
vapors leaving the tcp of the column were con 

. densed, a part of the condensate was withdrawn as 
distillate through pipe 6, and the remainder of 
the condensate returned as reflux through pipe 5 
to the top 0f the fractionation column. Distilla 
tion started with the temperature of the vapors 
at the top of the fractionation column at about 57° 
C. and, as the distillation proceeded, the tempera 
lture rose to 67 .4‘J C. After taking 01T through pipe 
6 a total of 125 volumes of distillate and with the 
temperature at the top of the column at 67.4° C., 
a residue of '76 volumes was left in still l. '_I‘his 
residue was washed with a solution of sodium acid 
suliite, followed by washing with caustic soda so 
lut-ion and the oil separated from the aqueous 
solutions was analyzed for benzene. This oil was 
found-:to contain 98% benzene by the specific dis 
persion method for its analysis described in Indus 
trial & Engineering Chemistry, analytical edition, 
vol. 11, page 614, November 15, 1939. By the 
Kattwinkel Method of Analysis, Brennstoff 
Chem., vol. 8. page 353 <1927), it was shown as  
100% benzene. . 

The process of this example may be modified to 
carry out the distillation of the benzene fraction 
and butyraldehyde under substantially anhydrous 
conditions; i. e., without adding to the still charge 

3 
in the above example the 10 volumes of Water. 
Under these conditions distillation started at 
about 61.5° C. and, after a total of 125 volumes of 
distillate had been taken off through pipe 6, the 
temperature at the top of the rectification column 
had risen to 76.4° C. and the residue in the still 
amounted to 68 volumes. After washing this resi 
due with sodium acid sulflte and caustic' soda so 
lutions, analysis of the oil thus recovered showed 
it contained at least 93% benzene. 
Example Z.-The process of Example 1 above 

was modified to employ iso-butyraldehyde in the 
. azeotropic distillation of the benzene fraction. In 
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this example 100 volumes of the benzene fraction 
containing 69% benzene, 100 volumes of iso 
butyraldehyde, and 10 volumes of water were 
charged into still i and distilled with rectification 
ol' the vapors in column 3, condensation of the 
distillate and return of a portion of the distillate 
as reflux to column 3, with the remaining portion 
being withdrawn through pipe 6. In this case dis 
tillation started at a temperature of about 48° C. 
and, when a total of 125 volumes of distillate «had , 

- been taken ofi’ through pipe 6, the temperature 
had risen to 62.5° C. The residue of 73 volumes 
was washed with sodium acid sulñte and caustic 
sro-da solutions and the oil layer thus obtained 
analyzed 98% benzene by the specific dispersion 

 method and 100% benzene by the Kattwinkel 
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method. 
The procedure of this Example 2 may likewise 

, be modified to carry out the distillation of the 
benzenefraction under substantially anhydrous 
conditions. Thus, a charge of 100 volumes of 
the benzene fraction and 100 volumes of iso 
butyraldehyde introduced into still I was dis 
tilled. Distillation started with the temperature 
oi’ the vapors at thetop of the fractionation 
column at about 50° C. and, as the distillation 
proceeded, the temperature rose until, when 125 
volumes distillate had been taken off through 
pipe û`, the vapors at the top of the column were 
at 78.9° C. The .residue in the still, amounting 
to 63 volumes, was washed with sodium acid sul 
ñte and caustic soda solutions to give an oil 
which analyzed at least 93% benzene. 
While both of the examples described above 

employ a batch operation for the distillation of 
the benzene fraction, this distillation may be 
carried out continuously. For example, butyral 
dehyde and benzene fraction may be continuous 
ly supplied to a column still in which the benzene 
is concentrated and, flowing to the bottom of 
the still, is continuously lwithdrawn therefrom. 
The azeotropes of' butyraldehyde and non 
aromatic hydrocarbons are continuously va 
porized and withdrawn as distillate from the top 
of the distillation column. Suñicient butyralde 
hyde should be supplied to carry over as dis 
tillate all of the hydrocarbons to be distilled from 
the benzene fraction and separated from the 
benzene. By observation of the vapor tempera 
tures at a suitable point in the vapor rectifica 
tion column, one may ascertain whether ade 
quate butyraldehyde is present. Whenever these 
vapor temperatures tend to exceed 76° C. for 
normal-butyraldehyde and 64° C. for isobutyral 
dehyde under anhydrous conditions, or 671/2" C. 
for normal-butyraldehyde and 60° C. for iso 
butyraldehyde when water is present before the 
benzene has been separated to the _desired de 
gree from the like-boiling, non-aromatic hydro- ` 
carbons, by .supplying additional butyraldehyde 
(with or without water) to the still or rectiiìca 
tion column the desired separation of the ben 



' 4 

zene and like-boiling, non-aromatic hydrocar 
bons may be accomplished. This point of tem 
perature observation in the apparatus in which 

 the above examples of the process were carried 
out, is preferably the top of the rectification 
column. One skilled in the art of fractional 
distillation will recognize for any particular type 
of apparatus suitable points for this tempera 
ture control. , 
While in the examples given the benzene has 

been recovered as distillation residue, the dis 
tillation may be continued after the removal of 
non-benzene constituents so that an enriched 
benzene product is recovered as overhead. Fur 

, thermore, the distillation may be carried out as 
a continuous procedure instead of the batch 
procedure described above. In a continuously 
operating process enriched benzene products 
may be taken off from the bottom of the still 
or as one or more side streamsfrom the frac 
tionation column below the point of feeding the 
benzene fraction thereto. These modifications 
are within the scope of my invention. 
In this specification I have described the azeo 

tropic distillation as being carried out under 
substantially atmospheric pressure. The tem 
peratures as given herein are corrected tem 
peratures for 1 atmosphere absolute (760 mm. 
of Hg). When carried out under pressures other 
than atmospheric, the temperature conditions 
will diil'er from those given. In any given case, 
however, the temperatures will correspond to 
the change in boiling points of- the materials 
due to the diiference in pressure. 

I claim: 
1. The process for the recovery of benzene 

form a benzene fraction containing the same and 
- containing a mixture of like-boiling, non-aro 
matic hydrocarbons which comprises distilling 
said benzene fraction and rectifying the dis 
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tilled vapors in the presence of butyraldehyde - 
in an amount which selectively carries over' as 
distillate said like-boiling, non-aromatic hydro 
carbons and leaves a hydrocarbon residue of the 
distillation enriched in benzene. . 

2. The process for the recovery of benzene 
which comprises distilling a benzene' oil fraction ' 
boiling within the range of 65° C. to 80° C. and 
containing benzene and a mixture of like-boiling, 
non-aromatic hydrocarbons and rectifying the 
distilled vapors in the presence of butyraldehyde 
which selectively carries „over as distillate said 
like-boiling, non-aromatic hydrocarbons and 
leaves a hydrocarbon residue of the distillation 
enriched in benzene. - 

3. The process for the recovery of benzene 
from a benzene fraction containing the same 
and containing a mixture of like-boiling, non 
aromatic hydrocarbons which comprises distill 
'ing said benzene fraction in the presence of 
butyraldehyde and water, said butyraldehyde 
being present in an amount which selectively 
carries over as distillate said like-boiling, non 
aromatic hydrocarbons and leaves a hydrocarbon 
residue of the distillation enriched in benzene. 

4. The process for the recovery of benzene 
from a benzene fraction containing the same 
and containing a mixture of like-boiling, non 
aromatic hydrocarbons which comprises dis 
tilling said benzene fraction and rectifying the 
distilled vapors in the presence of normal 
butyraldehyde in an amount which selectively 
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carries over as distillate said like-boiling, non 
aromatic hydrocarbons and leaves a hydrocarbon 
residue of the distillation enriched in benzene. 

5. The process for the recovery of benzene 
from ’a benzene fraction containing the same 
and containimg a mixture of like-boiling, non 
aromatic hydrocarbons which comprises dis 
tilling said benzene fraction and rectifying the 
distilled vapors in the presence of normal-butyr 
aldehyde and Water, said butyraldehyde being 
present in an amount which selectively carries 
over as distillate said like-boiling, non-aromatic 
hydrocarbons and leaves a hydrocarbon residue 
of the distillation enriched in benzene. 

6. The process for the recovery of benzene 
from a benzene fraction containing the same and 
containing a mixture of like-boiling, non-aro 
matic hydrocarbons which comprises distilling 
said benzene fraction and rectifying the distilled 
vapors in the presence of normal-butyraldehyde, 
said butyraldehyde being present in amount such 
that at a point in the fractionation of the vapors 
evolved in distilling the benzene fraction the 
temperature does not exceed '76° C. for an 
hydrous conditions and does not exceed ST1/2° 
C. when water is present until said like-boiling, 
non-aromatic hydrocarbons have been vaporized 
leaving a hydrocarbon residue of the distillation 
containing benzene and no more than 10 parts 
by weight of like-boiling, non-aromatic hydro 
carbons for every 90 parts by weight of benzene. 

'7. The process for the recovery of benzene 
from a benzene fraction containing the same and 
containing a mixture of like-boiling, non-aro 
matic hydrocarbons which comprises distilling 
said benzene fraction and rectifying the distilled 
vapors in the presence of iso-butyraldehyde in 
an amount which selectively carries over as dis 
tillate said like-boiling, non-aromatic ‘hydro 
carbons and leaves a hydrocarbon residue of the 
distillation enriched in benzene. 

8. The process for the recovery of benzene 
from a benzene fraction containing the same and 
containing a mixture of like-boiling, non-aro 
matic hydrocarbons which comprises distilling 
said benzene fraction and rectifying the distilled 
vapors in the presence of iso-butyraldehyde and 
water, said butyraldehyde being present in an 
amount which selectively carries over as distillate 
said like-boiling, non-aromatic hydrocarbons 
and leaves a hydrocarbon residue of vthe dis 
tillation enriched i.i benzene. 

9. The process for the recovery of benzene 
from a. benzene fraction containing the same 
and containing a mixture of like-boiling, non 
aromatic hydrocarbons which comprises distill 
ihg said benzene fraction and rectifying the dis 
tilled vapors in the presence of iso-butyralde 
hyde, said butyraldehyde being present in 
amount such that at a point in the fractionation 
`of the vapors evolved in distilling the benzene 
fraction the temperature does not _exceed 64° 
C. for anhydrous conditions and does not exceed 
60° C. when water is present until said like 
boiling, non-aromatic hydrocarbonshave been 

` vaporized leaving >a hydrocarbon residue of the 
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distillation containing benzene and no more than 
10 parts by weight of like-boiling, non-aromatic 
hydrocarbons for every 90 parts by weight of 
benzene. 

RICHARD B. GREENBURG. 
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