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ABSTRACT OF THE DISCLOSURE 

High aromatic content motor fuel is produced from 
C5-\CB+ naphtha by separating the naphtha into a C5-C6 
cut, a separate 0; cut and a C8+ cut; catalytically dehy 
drocyclizing the 0; cut; catalytically reforming the Ca+ 
cut; and thereafter combining the three fractions. In pre 
ferred modes of operation, the 0, cut is also subjected to 
catalytic reformation and the C5-C6 cut is isomerized be 
fore combination with the other hydrocarbon fractions. 

BACKGROUND OF THE INVENTION 

Field of the invention 

This invention relates to an improved process for pre 
paring high aromatic content hydrocarbon mixtures use 
ful as motor fuels from C5—C8+ naphtha. 

The prior art 

Gasoline range naphthas comprise blends of 5 to 8+ 
carbon atom para?ins and are major constituents of gaso 
line. These naphthas have the disadvantage as motor fuels 
of having low octane numbers. 
The formation of aromatic compounds from naphthas 

is known to increase the overall octane number. A great 
variety of processes involving catalytic reforming have 
been developed to increase the aromatic content of naph 
thas. In some of these reforming processes, such as the 
process disclosed in US. 2,918,422, issued Dec. 22, 1959 
to Evering et al., the naphtha is separated into two frac 
tions which are separately treated and then recombined. 

STATEMENT OF THE INVENTION 
It has now been found that the aromatic content of 

a C5-C8+ naphtha can be increased with improved ef 
?ciency when the naphtha is ?rst fractionated into three 
fractions which are treated separately and thereafter 
blended. The three fractions and their separate treatments 
are (A) a C7 fraction which is catalytically dehydrocy 
clized and then optionally catalytically reformed, (B) a 
heavy (03+) fraction which is catalytically reformed, and 
(C) a light (C5-C6) fraction which optionally is hydro 
genated and isomerized. This process has the advantages 
over prior processes of permitting the 0, fraction dehy 
drocyclization to be operated to maximize selectivity to 
aromatics without the usual risk of yield losses from 
C5-C6 cracking. Thus, both gasoline range hydrocarbon 
yield and aromatic selectivity can be optimized. 

DETAILED DESCRIPTION OF THE INVENTION 

The fractionation 

In accord with this invention a C5—C8+ naphtha is ?rst 
separated into three fractions (cuts). This separation is 
suitably carried out in distillation columns as is known 
in the art to give a fraction consisting entirely or sub 
stantially (at least 90%, preferably at least 95%) of C7 
hydrocarbons, a heavy fraction containing primarily C8+ 
hydrocarbons and a light fraction consisting essentially 
of C5-C6 hydrocarbons. 
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The C7 fraction dehydrocyclization 
The C7 fraction is dehydrocyclized, that is, it is con 

tacted with a catalyst which at elevated temperatures and 
in the presence of hydrogen causes para?‘ins having a 
chain of at least six carbon atoms to form into six car 
bon atom rings and thereafter causes these rings to de 
hydrogenate to aromatics. Very suitable catalysts for this 
reaction are nonacidic catalysts which contain on a non 
acidic carrier at least one noble metal of Group VIII 
of the Periodic Table and at least one additional metal 
which has an electronegativity of from 1.6 to 2.0 and 
which belongs to the ?fth or sixth periods of the Periodic 
Table. The Periodic Table referred to in this application 
is that found in the 43rd edition of the “Handbook of 
Chemistry and Physics” published by the Chemical Rub 
ber Publishing Company. 
The noble metals of Group VIII which may be pres 

ent in the catalysts used for the C7 fraction dehydrocy 
clization include platinum, palladium, rhodium, ruthe 
nium, iridium and osmium. If desired, two or more of 
these metals may be present. Platinum is a preferred noble 
metal. The quantity of noble metal is suitably from about 
0.01 to about ?ve percent by Weight, basis the entire cat 
alyst, preferably from about 0.05 to about two percent 
by weight. 

Metals found in the ?fth and sixth periods which have 
electronegativities of from 1.6 to 2.0 and which are use 
ful in these catalysts include silver, cadmium, mercury, 
indium, thallium, tin, lead, bismuth, molybdenum, tung 
sten, rhenium, and technetium. Electronegativity values 
for these metals are tabulated at page 78 of R. T. Sander 
son’s textbook “Inorganic Chemistry” (1967 edition, 
Reinhold). Preferred among these metals are tin and bis 
muth, with tin being most preferred. Combinations of 
these metals may be used. The amount of these metals 
added to the dehydrocyclization catalysts is suitably up 
to about ?ve percent by weight, preferably from about 
0.05 to about 2.5 percent by weight, basis the entire cat 
alyst. 
The support employed in these catalysts is preferably 

a porous nonacidic alumina often very suitably contain 
ing a small amount, for example, up to about one per 
cent by weight, of sodium or potassium. These catalysts 
and their preparation are described in detail in UK. pat 
ent application No. 39,408/69, ?led Aug. 6, 1969. 
The dehydrocyclization of the 0, fraction is prefer 

ably carried out at a temperature of from about 375° C. 
to about ‘650° C., a pressure of from about 0.1 to about 
ten kg./cm.2, a weight hourly space velocity of from about 
0.1 to about 19, and a hydrogen to feed molar ratio of 
from about 0.5 to about ?ve. Hydrogen should be added 
to stabilize the catalyst, but need not be pure. Hydrogen 
containing reforming e?luent gas may be used, for ex 
ample. ' 

The C8 fraction reformation 
The 08+ fraction is subjected to catalytic reforma 

tion, that is, it is contacted with a catalyst which, at ele 
vated temperatures and in the presence of hydrogen, 
causes the dehydrogenation of 08+ alkylcyclohexanes to 
alkylaromatics, the dehydroisomerization of C34“ alkyl 
cyclopentanes to alkylaromatics and the isomerization of 
parat?ns and aromatics. 

Suitable catalysts for this purpose are acidic noble 
metal catalysts such as platinum on an acidic alumina 
carrier. Such catalysts may contain more than one noble 
metal and additionally may contain other metals, pref 
erably transition metals, such as rhenium, tungsten, tin, 
bismuth and the like, and halogens such as chlorine or 
?uorine. Catalysts of this type are available commercially. 

Catalytic reformation of the C8+ fraction is suitably 
carried out at temperatures of from about 400 to about 
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600° 0., preferably from about 450 to about 550° C., 
pressures of from about ten to about ?fty kg./cm.2, weight 
hourly space velocities of from about 0.5 to about ten, 
preferably from one to ?ve, and a hydrogen to feed molar 
ratio of from ?ve to ?fteen. 

It is often desirable to subject the C7 fraction after de 
hydrocyclization to catalytic reformation in order to de 
hydroisomerize ethylcyclopentanes or dimethylcyclopen 
tanes present in the C7 fraction. These materials are ef 
fectively converted to aromatics by reformation. Dehy 
droisomerization of the dehydrocyclized 0, fraction may 
be carried out separately by a separate reforming opera 
tion, as described above, or by combining the dehydro 
cyclized C7 fraction with the C8+ fraction prior to its re 
forming. It is preferred to reform the dehydrocyclized C7 
fraction by mixing it with the C8+ fraction and together 
passing them over the same reforming catalyst. 

The C5—C6 fraction hydrogenation and isomerization 
Blending of the reformed C8+ fraction and the dehydro 

cyclized and optionally reformed 0, fraction with the 
previously separated C5-C6 fraction produces a useful high 
aromatic content motor fuel. An even higher octane prod 
uct is achieved if the C5-C6 fraction is isomerized before 
it is blended with the other fractions. This treatment may 
be carried out by contacting the C5-C6 fraction with, for 
example, a hexa?uoroantimony acid catalyst as described 
in British Pat. 981,311 or a platinum/mordenite catalyst 
as described in British Pat. 1,151,653. Treatment with a 
hexafluoroantimony acid catalyst is preferred. 

If the C5-C6 fraction is to be isomerized, it is desirable 
to carry out two prior preparatory steps to ensure the 
life of the isomerization catalyst. The C5-C6 fraction typ 
ically contains benzene and most likely also contains sul 
fur compounds. Both benzene and sulfur compounds have 
adverse effects on the isomerization catalysts and should 
be removed. Benzene is most easily removed by hydro 
genation using hydrogen and a Group VI or VIII catalyst 
such as an up to 65 percent by weight nickel on alumina 
or kieselguhr catalyst or a 0.1 to two percent by weight 
platinum on alumina catalyst. 
Any sulfur present is typically present in the C5-C6 

fraction primarily as mercaptans. These materials may be 
removed from the fraction by oxidative conversion to 
nonvolatile disul?des followed by distillation overhead of 
the C5-C6 fraction. This sulfur removal should be carried 
out prior to the benzene hydrogenation as the sulfur ma 
terials can harm the hydrogenation catalysts. The sulfur 
compound (mercaptan) oxidation may be simply e?Fected 
by contacting the mercaptans with air or oxygen, prefer 
ably in the presence of a metal (especially copper) cat 
alyst. Porous ion exchange resins containing from about 
?ve to about ten percent by weight of cupric copper are 
excellent mercaptan oxidation catalyst. This catalytic oxi 
dation is carried out, in a preferred modi?cation, prior to 
or during the initial naphtha fractionation. If a copper 
catalyst and oxygen (air) ar both present in the distilla 
tion column used to separate overhead the C5-C6 frac 
tion, any mercaptans present will be oxidized to disul?des 
and thus not taken overhead with the C5-C8 fraction, 
rather going into the C7 or C8+ fractions where they 
will have no adverse effect. 

The blending 

Following the above-described treatments, the C5-C6 
fraction, the C7 fraction, and the C8+ fraction are blended 
together to give the ?nal high aromatic content hydro 
carbon motor fuel. It is not essential to the practice of this 
invention that these fractions be blended in exactly the 
proportions they were separated. Amounts of one or more 
of these fractions may be omitted from the ?nal blend 
if desired. Generally, however, essentially all of each frac 
tion is blended. ' 
The following examples are provided to illustrate the 

process of this invention. They are not intended to be 
construed as limiting the scope of the invention. 
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EXAMPLE I 

A C5-C8+ naphtha was split by distillation into a C5 
C6 fraction, a 0; fraction and a C84“ fraction. The distil 
lation column contained a commercial porous ion ex 
changer (Amberlyst 15) on which 7.8 percent weight 
copper in the form of cupric ions had been deposited. 
During the distillation a small amount of air was added 
to the feed in order to oxidize the mercaptans present 
in the naphtha feed to disul?des. The compositions of the 
C7 and C81L fractions are given in Table I. 
The 0, fraction obtained was dehydrocyclized in a 

reactor I with the aid of a nonacidic catalyst which con 
tained platinum and tin on alumina as carrier, and the 
product obtained was dehydroisomerized in a reactor II 
with the aid of a catalyst which contained platinum on 
acidic alumina as carrier. In three adiabatic reactors IIIA, 
IIIB and IIIC, which were connected in series, the Cai 
fraction was reformed with the aid of a catalyst which 
contained platinum on acidic alumina as carrier. 
The products obtained from reactors II and III were 

combined. Table I gives the conditions in the reactors 
(pressures, temperatures, hydrogen/feed ratios, weight 
hourly space velocities), the yields of components 
which can be used as gasoline components, that 
is, the percentage of compounds with ?ve or more carbon 
atoms, and the percentages of parat?ns, naphthenes and 
aromatics therein (all percentages calculated on the quan 
tity of feed), the content of aromatics in percentages of 
the total quantity of compounds with ?ve or more carbon 
atoms, the ring retention and the selectivity. 

TABLE I 

Reactor 

Conditions: 
Weight hourly space velocity._ 
Pressure, kg./em.z .......... . 
Hydrogen/hydrocarbon 
molar ratio ............... . 

Temperature, ° 0 .......... .. 5 
Yield percent weight: 

.a E 
a, . 

NU! mil 

Hydrocarbons with ve or 
more carbon atoms (05*) - .. 

05+ parai?ne ............... .. 

Ring retention 9- _ 
Selectivity 3 .... _ _ 

Aromatics in 05*’, percent weight 6:6 
1 Average temperature of 3 reactors. 

percent weight of ring structures in productXlOO. 
’ Ring retention 

percent weight of ring structures in feed 

quantity of six-membered rings formed 
8 Selectivity 

quantity of converted para?ius plus cyclopentanesXlOO; 

EXAMPLE II 

The naphtha feed of Example I was fractionated in the 
manner of Example I. The 0, fraction was dehy 
drocyclized as described in Example I. The prod 
uct of this dehydrocyclization was passed together with 
the Ca+ fraction of the distillation into reactor IIIA of 
reactors IIIA, IIIB and IIIC in which the reforming was 
effected in the way described in Example I. The condi 
tions in the reactors and the quantity and compositions 
of the product obtained from reactor IIIC are given in 
Table II. 
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TABLE II 

Reactor. 

Conditions: 
Weight hourly space velocity ................. _. 
Pressure, kgJcrn.is ___________ __ 
Hydrogen/hydrocarbon molar r 
Temperature, ° C 

Yielltziffpercent weight: 
9 ____ __ 

C1-C4 paraf?ns _______________________________ __ 

Hydggcgrbons with live or more carbon atoms 
5 _ . . . _ _ _ . . _ . . . . . _ .. . .... _ 

05+ paraf?ns- _ 
05+ naphthenes._ 
05+ aromatics. 

Ring retention 2- _ __ 
Selectivity 3 _________________ ._ 

Aromatics in 05+, percent w ht 

1 3 8 See footnotes bottom of Table I. 

COMPARATIVE EXPERIMENT A 

For comparison, the naphtha feed of Example I was 
freed from the C5-C6 fraction by distillation. The resi 
due, which contained both the C7 and the 08+ fraction, 
was reformed in the three reactors, IIIA, IIIB and IHC, 
which were connected in series. The reaction conditions, 
the yield and the composition of the product obtained are 
given in Table III. 

TABLE III 

II 
Reacton- A, B, 0 

Conditions: 
Weight hourl space velocity ___________________ ._-..-_-.. 
Pressure, kg. cm.2 ____________________________________ _. 
Hydrogen/hydrocarbon molar ratio ___________________ _. 
Temperature, ° C _____________________________________ .. 

Yiellzcil, percent weight: 
7 

H 
to. 

C1-C4 paraf?ns _______________________________________ _. 
Hydrocarbons with five or more carbon atoms (05+)-..“ 
05+ para?ins- - 
05+ nanhthenes 
05+ aromatics 

Ring retention 9. 
Selectivity 3 
Aromatics in 05+, percent weight _________________________ .. 

13 3 See footnotes bottom of Table I. 

Comparison of the results of Example I and the Com 
parative Experiment A shows that at almost equal con 
tents of aromatics in 05+, the yield obtained according 
to the process of the invention is considerably higher than 
that obtained according to the conventional process. Com 
parison of the results of Example II and the Comparative 
Experiment A shows that at almost equal yields a much 
higher content of aromatics in the product (which is an 
improvement of the quality) is attained with the process 
according to the invention. 
We claim as our invention: 
1. A process for converting a C5 to C8‘!- naphtha into 

a high aromatic content hydrocarbon motor fuel which 
comprises: 

(a) separating the naphtha into a C5 to C6 fraction, a 
C7 consisting of at least 90% C1 hydrocarbons, and 
a C8‘!- fraction; 
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(b) subjecting the 0; fraction to catalytic dehydro 

cyclization; 
(c) subjecting the 08+ fraction to catalytic reforma 

tion; and 
(d) admixing C5 to C6 fraction, dehydrocyclized C1 

fraction and reformed C8+ fraction. 
2. The process in accordance with claim 1 wherein 

the dehydrocyclized C7 fraction is subjected to catalytic 
reformation prior to being admixed with the C5 to C3 
fraction and the reformed C8+ fraction. 

3. The process in accordance with claim 1 wherein 
the C5 to C6 fraction is freed of any sulfur contaminants 
and subjected to hydrogenation and isomerization before 
it is admixed with the dehydrocyclized C7 fraction and 
the reformed C8+ fraction. 

4. The process in accordance with claim 3 wherein the 
dchydrocyclized C7 fraction is subjected to catalytic re 
formation prior to being admixed with the hydrogenated 
and isomerized C5 to C6 fraction and the reformed 08+ 
fraction. 

5. A process for converting a C5 to C8+ naphtha into 
a high aromatic content hydrocarbon motor fuel which 
comprises: 

(a) separating the naphtha into a C5 to C6 fraction, a 
C7 fraction consisting of at least 90% C7 hydrocar 
bons, and a C8+ fraction; 

(b) subjecting the 0; fraction to catalytic dehydro 
cyclization; 

(c) admixing the dehydrocyclized C7 fraction with 
the C8+ fraction and subjecting the admixture to 
catalytic reformation; and 

(d) admixing C5 to C6 fraction and reformed C7 and 
08+ fractions. 

6. The process in accordance with claim 5 wherein 
the C5 to C6 fraction is freed of any sulfur contaminants 
and subjected to hydrogenation and isomerization before 
it is admixed with the dehydrocyclized and reformed 
0; fraction and the reformed 08+ fraction. 
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