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This invention relates to the catalytic reforming of
gasoline fractions, and ‘more particularly to the reform-
ing of a hydrocarbon feed boiling over the gasoline
range, in which that portion of the feed boiling in the
C5—C; range contains less than about 10% naphthenes,
and contains at least 80% or more C5;—Cq paraffins.

In the past a great deal of work has been done on proc-
esses for upgrading low octane number straight-run naph-
tha by contact with an appropriate hydrogenation-dehy-
drogenation catalyst in the presence of added hydrogen,
under conditions such that there is no net consumption of
hydrogen, to produce a product having a considerably
higher octane number than the original feed. Such proc-
esses have become known to the art as “Hydroforming,”
“Platforming,” “Houdriforming,” or “Catforming,” de-
pending on the particular catalyst used. - Catalysts par-
ticularly suitable for such processes are platinum sup-
ported on alumina, platinum on alumina containing 0.1
to 8% combined halogen, and molybdena or chromia
on alumina or other supports such as synthetic alumina-
silica cracking catalyst, naturally occurring clay, bauxite,
and the like. Process conditions usually are tempera-
ture—756°-1000° F.; pressure-——250-700 p.s.i.g.; Hy/hy-
drocarbon ratio—0.5:1 to 10:1; and liquid hourly space
velocity 0.5 to 5. Reactions taking place under these
conditions include dehydrogenation of naphthenes to aro-
matics, isomerization of paraffins to more highly branched
struciures, isomerization of cyclopentanes to cyclohex-
anes, dehydrocyclization of paraffins, and hydrocrack-
ing.

In commercial plants using reforming processes of the
type described above; the virgin naphtha feed, boiling
say from-140° F. to 420° F., may be fractionated into
two streams, for example a light naphtha cut boiling
from about 140° F. to 260° F.; which is separately proc-
essed to convert the naphthenes contained therein to
benzene, toluene, and xylenes, which are recovered by
solvent extraction or adsorption for use as chemical inter-
meidiates, and a heavy naphtha cut boiling from about 260°
F. to about 420° F., which is separately processed to
yield a high octane gasoline. The light naphtha cut
may be further divided into a 140° F.-210° F. cut,
which is processed to yield benzene and toluene, and a
210-260° F. cut, which may be processed to yield
xylenes, or which may be thermally reformed to yleld a
gasoline blending stream.

The raffinate separated from the aromatics is a highly
paraffinic stream with a low octane number, in the range
of 50 to 60 (F-1 clear), depending on the chemical
composition of the charge, which can be upgraded by
further reforming to some extent, but only in the range of
10 octane numbers or so without excessive loss to hy-
drocracking reactions. With the advent of high com-

pression automobiles, with high octane demands, -dis-’

posal of this stream presents quite a problem, since, al-
though a portion of it may be blended with high octane
cracked gasoline or alkylate, the quantity so used is
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necessarily limited by the octane number desired in the
blend.

The reformate from reforming the 260°-420° F.
naphtha has generally an octane number of 90-100 (F-1
clear) but octane numbers above 90 are only obtainable
when operating under severe. conditions so that a con-
siderable loss to hydrocracking reactions and coke forma-
tion is encountered. Normally, when operating under
conditions such that the reformate has an octane number
of 90, about 10% of the feed is lost, while, when operat-
ing under conditions such that the octane number is
raised to a higher value, losses may run to 20% to 25%.

We have now discovered that if a highly paraffinic
C;—C; fraction, such as the raffinate from the previously
described separation of aromatics, is added to the 260°—
420° F. feed prior to reforming, in amounts such that
the paraffinic fraction comprises from about 20% to about
80% of the total feed, the following unexpected ad-
vantages are obtained:

(1) The total reformate has a much higher yield-
octane relationship than when the two streams are re-
formed separately under the same conditions.

(2) The aromatic content of the 260° F.4 fraction
of the reformate is considerably higher than that of the
260° F.-+ fraction recovered from the reformate ob-
tained by processing a 260°-420° F. feed without the
addition of low-boiling paraffins, and the blending octane
number is also considerably higher.

(3) The reformate can be fractionated and blended
to yield a 100 blending octane number (F-1 clear) gaso-
line in yield of better than 100% based on the heavy
naphtha charged to the process, whereas a heavy naph-

-tha processed without the addition of light paraffins will,

on iractionation, yield 80% or less of 100 blending
octane gasoline, based on the naphtha charged.

The accompanying drawing is a flow sheet of a process
in which a full boiling range naplhtha is processed for
aromatic production and for the production of a high
octane motor fuel according to the present invention.

A feed in the 140°~-420° F. boiling range is introduced
through line 1 to a fractionator 2, from which a 140°-
210° F. fraction is taken overhead through line 3, an
intermediate fraction boiling from about 210° F. to
about 260° F. is withdrawn through line 4, and from
which a fraction boiling above- 260° F. is recovered
through line 5. )

it will be realized, of course, that the boiling point
of these particular fractions are merely selected for il
lustration, and that the initial boiling point of the heavy
naphtha fraction might be considerably lower if desired,
for instance, about 230° F. or 240° F. or the intermediate
stream may be eliminated, and all constituents of the
feed boiling below 260° F. may be taken off overhead.

The light fraction is mixed with hydrogen introduced
through hydrogen recycle line 6 and is passed to reformer
7 which contains a hydrogenation-dehydrogenation cata-
lyst such as platinum, molybdena, or chromia, supported
on alumina, naturally occurring clay, bauxite or other
suitable support. Reaction conditions in the reformer
may be as follows:

Temperature 750° to 1000° F., preferably 925° to
975° F

Pressure 250 to 760 p.s.i.g., preferably 300 to 400
p.s.ig,

Mol ratio of hydrogen to hydrocarbon 1:1 to 10:1,
preferably about 5:1 and space rate (liquid volume of .-
feed/volume of reactor/hour) from 1 to 5, and prefer-
ably about 3.

From reformer.7 the products are taken off through line
8 to separator 9 in which hydrogen and any non-con- -
densable hydrocarbons produced in the reaction are taken



2,088,445

off through line 6 for recycle, any excess hydrogen pro-
duced being removed from the system through hydrogen
bleed line 10. The C,+ hydrocarbons are removed from
separator 9 through line 11 and are taken to depentanizer
12 in which C4 and C; hydrocarbons are taken overhead
through line 13. The bottoms from depentanizer 12 are
passed through line 14 to soivent extraction tower 15 in
which the hydrocarbons are contacted with a suitable
solvent such as ethylene glycol-water or phenol. While
the aromatics-paraffin separation system is illustrated as a
solvent-extraction process, it will, of course, be understood
that any equivalent process may be used, such as adsorp-
tion. A C¢-Cy aromatic and solvent stream is removed
through line 16 for further processing to recover pure
aromatics and solvent for recycle, while a saturated Cg-
Cy stream is removed through lme 17. The C¢~Cq frac-
tion consists mainly of paraffins, although up to about 5
to 8% naphthenes, chiefly methyl cyclopentane may be
present. This stream is passed through line 17 and. is
mixed with'the heavy naphtha in line 5. Hydrogen is
added through hydrogen recycle line 18 and the mixture
is passed to reformer 19 which contains a hydrogena—
tion-dehydrogenation catalyst similar to that in reformer
7. Reaction conditions in reformer 19 may correspond
to the conditions in reformer 7, but preferably-the tem-
perature is from about 875° F. to 925° F., pressure from
400 to 600 p.s.i.g., hydrogen recycle 5 to 1, and space
rate 0.5 to 3.

Reaction products are removed from reformer 19
through line 20 and are taken to separator 21 in which
hydrogen is removed overhead for recycle to reformer 19,
any excess hydrogen produced being taken off through
hydrogen bleed line 22. The liquid reaction products
are then taken through line 23 to debutanizer 24 in which
a C4 fraction is removed overhead. The balance, con-
sisting of Cs- gasoline, is then passed through line 25 to
fracticnator 26 in which the products are fractionated to
take overhead a stream boiling below 260° F., while a
stream boiling above 260° F. is taken off as bottoms.
The overhead fraction is passed through line 27 to con-
denser 28 and the liquid products are passed to receiver
29. A portion of the liquid products from receiver 29,
sufficient to make a 100 blending octane number gasoline
blend with the bottoms from fractionator 26 is passed
through line 30 to line 31 where it is mixed with the
fractionator bottoms. The blend is then passed through
line 32 to storage.

As bas been previously pointed out the Cg—~Cy paraffins
from the solvent extraction tower are mixed with the
heavy naphtha feed prior to reforming. It is desirable
that these light paraffins should make up from 20 to 80%
of the total feed to reformer 19. Since ordinarily insuffi-
cient paraffins will be recovered from the solvent extrac-
tion tower to make up this concentration of paraffins in
the feed, a portion of the overhead from fractionator 26
is removed from receiver 29 and is passed through line
33 for admixture with the C4~Cy paraffins in line 17, in
an amount sufficient to make up the desired proportion
of low blending constituents in the feed. Any excess
over and above that required for balancing the feed is
taken off for disposal from receiver 28 through line 34.
In the event that the total amount of light paraffins avail-
able from receiver 29 and from the solvent extraction
tower is insufficient, make up Cg—Cy; paraffins may be
added from an extraneous source through line 35. Tt is
also contemplated that all of the light paraffins added to
the heavy naphtha may be recycled from receiver 29.

In order that those skilled in the art may more fully
understand the invention and the results produced thereby,
the-following éxamples are given:

Example 1

In this run a- 260° to 375° F. straight run naphtha
having an octane number of 39.2 was diluted with a:57.7
octane number Cg-Cy paraffin stream recovered from a
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solvent extraction process for the production of benzens
and toluene in the proportion of 30 volumes of naphtha
to 70 volumes of paraffins. This mixture was reformed
over a platinum catalyst, supported on alumina, at a tem-
perature of 896° F., pressure of 400 p.s.i.g., space veloc-
ity of 3, and a 5 molar ratio of hydrogen to oil. 91.5
volumes of Cs;+ reformate with 74.7 octane number
(F-1 clear) were recovered. This product was fraction-
ated to give 72.2 volumes of a C; to' 260° F. fraction with
66.2 octane number and 19.3 volumes of a 260° F.4-
fraction with a blending octane number of 119. When
“blending octane numbers” are referred to, it should be
understood to' mean the value determined by testing a
blend of 20% reformate and 80% of a 60 octane number
reference fuel composed of n-heptane and isooctane.
“Octane number” refers to the value determined by test-
ing the material unblended with reference fuel. The lat-
ter fraction amounted to 64.3% of the original naphtha.
10.9 volumes of the below 260° F. fraction was then com-
bined with the heavier fraction to give 30.2 volumes of
100 blending octane number gasoline, a yield of 100.7%
based on the original naphtha charge.

Example IT

In this run the same reforming conditions and catalyst
were used as in Example 1, but the feed to the reformer
was 60 volumes of 260°-375° F. naphtha and 40 volumes
of C¢-C; paraffins. 90.5 volumes of reformate of 85
octane number were recovered. This reformate was frac-
tionated into 51.9 volumes of a Cs to 260° F. gasoline
having an octane number of 67, and 38.6 volumes of a
260° F.-+ cut having a blending octane number of 120.
This heavy fraction contained 88% by volume aromatics.
23.1 volumes of the lighter cut was then blended with
the heavy fraction to yield 61.7 volumes of 100 blending
octane number gasoline, a yleld of 106% based on the
heavy naphtha charge.

Example 111

This run was made under the same conditions as Ex-
amples I and II, except that the feed was 80% naphtha
and 20% Cg—Cy paraffins. It was found that a yield of
102% of 100 blending octane number gasoline, based on
the heavy naphtha charged could be recovered by frac-
tionating and blending as described above.

Example IV

A further run under the same conditions was made
charging 100 volumes of 260°-375° F. naphtha alone.
89.8 volumes of 89.8 octane number gasoline were re-
covered which, on fractionation, gave 20.6 volumes of
Cs t0 260° F. reformate with a 67.8 octane number and
69.2 volumes of heavy reformate with 105 blending oc-
tane number and containing 75% aromatics. By combin-
ing the cuts a yield of 80 volumes of 100 blending octane
number gasoline was obtained, a yield of 80% on the
naphtha charged.

Example V

100 volumes of C¢—Cy paraffins having an octane num-
ber of 57.7 were reformed under the same conditions as
above. A vyield of 80.3% of a product having an octane
number of 67.4 was recovered. No 100 blending octane
number gasoline could be produced from this product.

As may be observed from the foregoing, when low-
boiling paraffins are added to the feed, the blending
octane number of the 260° F.4 fraction is greatly in-
creased, 119 O.N. for the product from the 70 paraffin/
30 naphtha blend, and 120 O.N. for the 40 paraffin/60
naphtha blend, as compared to only 105 blending octane
number for the 260° F.4- fraction obtained from the
heavy naphtha alone.

The yield-octane relationship is also favored by in-
clusion of low boiling paraffins in the feed. Thus, as
may be observed from Examples IV and V, reforming of
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heavy naphtha alone will given an 89.8% yield of 89.8
octane number gasoline, while reforming of the Cg—Cy
paraffin fraction will give a yield of 80.5% of 67.4 oc-
tane number product. It may be calculated that if 70
volumes of Cg-C; paraffins are reformed separately,
30 volumes of 260° F.-}- naphtha are reformed separately,
and the products are combined, a yield of only 83.2 vol-
umes of 75.7 octane number product .will ‘be obtained,
as compared to the yield shown in Example I of 91.5
volumes of 74.4 octane number product

It will be appreciated that, while in the foregomg de-
scription the source of the low-boiling paraffins used to

dilute the 260° F.} naphtha is the raffinate from a sol- -

vent extraction process for the recovery of benzene and
toluene, the invention is not so limited, and the paraffin
fraction may be obtained from any source, the essence
of the invention being the discovery that the production
of high blending octane fractions, can, in a reforming
operation, be substantxally increased if the heavy naphtha
feed to such a process is diluted with-paraffins boiling
below the boiling range of the naphtha treated. Thus,
the paraffins may be obtained as selected fractions from
highly paraffinic crudes, such as Pennsylvania and Kuwait
crudes, or they may be obtained by the solvent extrac-
tion of other crude fractions to remove aromatics and
naphthenes therefrom. It is importan only that the
paraffinic diluent should contain less than about 10%
naphthenes, and should contain at.least 80% paraffins.
In the specification and claims, whenever the term “par-
affinic fraction” is used it means a hydrocarbon fraction
containing at least 80% paraffins.’

We claim:

1. A catalytic reforming process which comprises
blending a straight run naphtha having a boiling range
of from about 260° F. to about 420°_F. with a normally
~ liquid hydrocarbon fraction boiling entirely below 260° F.
and comprising at least 80 percent paraffins by volume
in such proportions that the naphtha forms from 20 per-
cent to 80 percent by volume of the blend, subjecting the
blend together with added hydrogen to the action of
a refroming catalyst under reforming conditions of tem-
perature and pressure conducive to naphthene dehydro-
genation, and recovering and a liquid product having an
octane number higher than the blend.

2. The process according to claim 1 in which. the
catalyst comprises platinum, the reforming temperature
is from 750° F, to 1000° F., and the reforming pressure
is from about 250 p.s.i.g. to about 700 p.s.i.g.

3. A catalytic reforming process which comprises frac-
tionating a full boiling range straight run naphtha to
recover a fraction boiling from about 140° F. to about
210° F. and a fraction boiling between 260° F. and
420° F., subjecting the lower boiling fraction in the
presence of added hydrogen to the action of a reform-
ing catalyst under conditions such that the naphthene
content thereof will be converted to benzene and toluene,
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recovering a liquid reformate, treating the reformate to
recover an aromatic extract and a raffinate comprising at
least 80 percent by volume of paraffins, blending the
raffinate with the naphtha fraction boiling between 260°
F. and 420° F., subjecting the blend together with added:
hydrogen to the action of a reforming catalyst under
reforming conditions of temperature and pressure, and
recovering a liquid product having a higher octane num-
ber than the blend.

4. A catalytic reforming process which comprises frac-
tionating a full boiling range straight run naphtha, recov-

‘ering a fraction boiling from about 140° F. to about

210° F. and a fraction boiling between 260° F. and 420°

-F., subjecting the lower boiling fraction in the presence

of added hydrogen to the action of a reforming catalyst
under reforming conditions of temperature and pressure,
recovering a liquid reformate containing benzene and
toluene, treating the reformate to recover a fraction rich
in aromatics and a fraction comprising at least 80 per-
cent by volume of paraffins, blending at least a part of
the paraffinic fraction with the naphtha fraction boiling
between 260° F, and 420° F., and with a paraffinic hy-
drocarbon recycle stream, subjecting the blend to the
action- of a reforming catalyst under reforming condi-
tions of temperaiure and pressure conducive to naphthene
dehydrogenation, recovering a liquid product, separating
the product into a fraction boiling below 260° F. and a
higher boiling fraction, recycling at least a part of the
fraction boiling below 260° F, to admixture with the
naphtha fraction boiling between 260° F. and 420° F.
and with the paraffinic fraction from the aromatic sep-
aration treatment, the quantity so recycled being such
that the naphtha will comprise from about 20 percent
to about 80 percent by volume of the blend.
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