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This invention relates to the catalytic treatment of a
natural or straight-run gasoline or a component thereof.
In one of its aspects the invention is concerned with a
multi-stage reforming process in which isopentane or a
fraction; say, an isopentane containing fraction, such as a
straight-run gasoline or a Cg-Cy fraction from such a

-gasoline is catalytically isomerized, and isopentane or

a fraction containing the same is removed from the cata-
Iytically isomerized gasoline, following which the re-
maining- gasoline is further catalytically ‘treated, or re-
formed, obtaining, upon the combination of said fraction
and said forther treated gasoline, a product of improved
characteristics.

Thus, it-is among the objects of this invention to pro-
vide an’improved gasoline product from a natural or
straight-run gasoline or a- component thereof; to provide
said improved gasoline by advantageous combination of
a series of steps in a process for the treatment of a natural
or straight-run gasoline or a component thereof in pres-
ence of a catalyst in said steps; and to accomplish a higher
octane value product by obtaining during the processing
of said natural or straight-run gasoline, or its component,
as defined herein, of at least one fraction having a desir-
able blending value; a more specific object being the

‘recovery of higher yields of isopentane in a final product

gasoline. Other objects, aspects, and advantages of the
invention are apparent from a study of this disclosure,
drawing and the appended claims.

The term “reforming” is well known in the petroleum
industry and refers to the treatment of gasoline or frac-
tions thereof to improve their anti-knock characteristics.
The reforming process involves many reactions not all
of which are entirely understood or even known. The
primary known. reactions comprise controlled or selective
cracking and aromatization, the latter including dehydro-
genation of Cg naphthenic hydrocarbons to aromatics and
the cyclization of straight chain or mildly branched chain
aliphatic' hydrocarbons of at least six carbon atoms to
form aromatics. Other reactions occurring during reform-
ing include isomerization, both of aliphatic hydrocarbons
and of naphthenic hydrocarbons containing 5 and 6 car-
bon atoms in the ring; hydrogen transfer reactions, alkyl
transfer reactions; etc. )

According to the invention a natural gasoline, or a
component thereof, or the- like, is subjected to condi-
tions favoring paraffin isomerization reactions, thus pro-
viding for the formation of improved yields of isopentane
at least some of which, then, is removed; remaining
gasoline or remaining gasoline component is then sub-
jected to reforming under conventional reforming com-
ditions, resulting -in an ‘improved operation because of
better yields of desired products from each of the reac-
tions; and finally, when desired, an improved product is
obtained by blending isopentane with the remaining gaso-
line after it has been reformed.

This invention in one of its forms accomplishes the
reforming of natural gasoline in the presence of hydro-
gen and a platinum-containing catalyst.

Also, according to this invention; there is provided a
process which comprises separating a natural gasoline
charging stock into at least two fractions and processing
each fraction under particular conditions of operation es-
pecially suitable for that material, as later described, to
obtain an improved final product.
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Usually, the natural gasoline has been debutanized, as
well as deisopentanized, but will contain normal pentane
in substantial proportions. Also, Cg and heavier hydro-
carbons have been removed to deoil the gasoline. Thus,
in one embodiment, the present invention relates to a
process for reforming natural gasoline which comprises
subjecting this gasoline after it has been debutanized,
deisopentanized and deoiled, to conversion under paraffin
isomerization conditions in the presence of a platinum
reforming catalyst and then to conversion at conventional
reforming conditions in the presence of a platinum re-
forming catalyst.

According to one concept of the present invention,
the platinum reforming catalyst used for the paraffin isom-
erization can, and usually will, be a more active catalyst
than the conventional platinum reforming catalyst. -Ac-
cording to another concept of the invention, the platinum
reforming catalyst is . made more active by increasing the
platinum content thereof to above that found in conven-
tional platinum catalysts.

Another manner of increasing the activity of the cata-
lyst is adding more fluorine thereto or by providing a
more active silica-alumina base when one is employed.
A combination of two or more of these means to increase
catalyst activity can be used according to the invention.
A greater amount of isopentane is produced by the proc-
ess described in this embodiment than is normally pro-

“duced at conventional reforming conditions. Also, it is

possible to use rather low temperatures which, relatively
speaking, areé mild when compared with prior art opera-
tion.

In a second embodiment, the invention provides a proc-
ess which comprises fractionating a debutanized, deiso-
pentanized, deoiled natural gasoline into'a normal pentane
fraction and ‘principally a Cg and heavier fraction; isom-
erizing the normal pentane using a more active than
normal reforming platinum-containing catalyst at a reac-
tion temperature of approximately 700-800° F.; deiso-
pentanizing the effluent; recycling the normal pentane to
the isomerizer; reforming the Cg and Cj fraction under
conventional platinum reforming conditions and combin-
ing the reformed fraction with the isopentane obtained
from the isomerizer. The minimum platinum content of
the catalyst will be about 0.6 percent. Preferably at least
-about 0.8 percent by weight of the catalyst will be
platinum. The temperature with such a catalyst will not
be in excess of about 800° F. when pentane or a pentane-
containing stream is isomerized.

Another embodiment of this invention relates to a
process which comprises fractionating a debutanized, de-
isopentanized, deoiled mnatural gasoline into a normal
pentane-hexane fraction and principally a C; fraction,
isomerizing the normal pentane-hexane fraction as de-
scribed in-the previous paragraph, for normal pentane
alone, - and reforming the C; fraction by conventional
means. The reformed gasoline can be blended with the
isopentane thus produced.

Thus, it will be seen that one of the features of the
present invention involves separating out isopentane or
a fraction containing the same before the remainder of
the gasoline or fraction thereof is subjected to further
conversion. or reforming.

The hydrocarbon stocks that will be converted in ac-
cordance with-my process comprise hydrccarbon fractions
containing naphthenes and paraffins. This preferred class
includes straight-run. gasolines, natural gasolines, and the
like. - The gasoline may be full boiling range gasoline hav-
ing an initial boiling point of from about 50° to about
100° F., and an end beiling point within the range of
from about 325° to about 425° F., or it may be a selected
fraction thereof. The preferred fraction of natural gaso-
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line is one containing principally normal pentane, and
‘hexane and heptane fractions.

The use of a more active catalyst in the first step of the
process permits the use of lower temperatures. The for-
mation of isopentane by the isomerization of normal
pentane is thermodynamically favored by the use of the
lower temperatures. Therefore, the invention, which pro-
vides for lower temperatures in the first step, with removal
of isopentane following said step, results in increased iso-
pentane which, when blended together with the remainder
of the gasoline, when it has been reformed, will increase
‘the qiality of the final product. The removal of iso-
pentane intermediate the steps of the process is an im-
portant feature of the present invention. This isopentane
is not desirably passed into the reforming of the said re-
mainder of gasoline.

Any conventional platinum or palladium reforming
catalyst can be used in the first reactor. Such a catalyst
can also contain a halogen such as chlorine or fluorine
and can be prepared by combining a halogen with, say,
alumina, in, say, a proportion of about 0.1 percent to
about § percent by weight of said alumina, on a dry basis,
commingling a platinum-containing solution with the hal-
ogen-containing alumina and calcining. A preferred cat-
alyst for use in isomerization step of the invention will
contain more than about 0.6 weight percent of platinum,
but usually are not more than about 1.5 weight percent;
from about 0.4 to 2 weight percent fluorine and the re-
mainder of the catalyst will be said more active base.
This base usually is a synthetically produced hydrocarbon
cracking catalyst or a component thereof.

The preparation of the base or cracking catalyst or
component can be variously accomplished. Such prep-
arations are described in the prior art. The cracking
component may comprise any suitable cracking catalyst,
natural or synthetic, and includes various aluminum sili-
cates. which can be acid-treated or synthetically produced
cracking catalysts such as silica-alumina, silica-alumina-
zirconia, silica-zirconia, and combinations of silica with
magnesia, alumina, thoria, boria, etc. The specific steps
of preparation may include separate sequential or co-
precipitation operations which are also described in the
art. One such operation is accomplished by commingling
an acid such as hydrochloric acid with commercial water
glass to precipitate silica, washing with acidulated water
to remove sodium and commingling with, say, aluminum
sulfate following which ammonium hydroxide is added
and the mass thus obtained dried and thermally decom-
posed to obtain the desired oxide or oxides. As noted,
other methods can be employed to prepare the cracking
component which ordinarily is calcined at a temperature
within the range of from about 500 to 1400° F. before
the platinum or palladium is admixed therewith.

In the second step, or steps in which the gasoline, from
which a substantial proportion of isopentane has been
removed, is reformed, the catalyst can be a conventional
reforming catalyst, as already described, or as available in
the art. A catalyst for reforming the gasoline or fraction
from which the isopentane has been removed, according
to this invention, will be one which contains from about
0.01 to about 1 weight percent platinum and from about
0.1 to about 8 percent fluorine or chlorine upon an active
silica-alumina base or a cracking catalyst component.
However, here, as before noted, the active base or the
cracking component of the catalyst can be either a nat-
urally occurring or synthetically produced material.
Thus, naturally occurring cracking catalysts include vari-
ous silicates such as aluminum silicates, which may have
been acid treated to increase their activity.  Also, the
cracking component can be a silica-alumina, silica-alu-
mina-zirconia, a silica-zirconia, silica-magnesia, silica-
magnesia-alumina, silica-alumina-thoria, alumina-boria,
etc., which have been synthetically produced by known
methods: Such methods include successive impregnation,
coprecipitation, trituration, etc,
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In the lieu of platinum in the catalyst, palladium can
be employed. . Also, mixtures of platinum and palladium
can be employed. Ordinarily, the cracking component is
dried at a temperature of from about 350 to about 500°
F., and is then calcined at a temperature of from about
500 to about 1400° F., before admixing or otherwise add-
ing the platinum thereto. One method of adding the
platinum or palladium to the cracking componerit is to
add it to the dry cracking component in the presence of
ammonium hydroxide, say, by commingling chloroplatinic
acid with ammonium hydroxide to form a mixture of
pH within the range of from about 5 to about 10 and
then commingling this mixture with the preformed par-
ticles of the cracking component or base. Other meth-
ods of forming the catalyst, as described in the art, can
be employed.

The reforming reactions of the invention are gener-
ally endothermic; therefore, the reaction streams passing
between the reaction zones are reheated to a desired tem-
perature.

The operating conditions in the first reactor, as noted,
are maintained favorable for paraffin isomerization with
little naphthene dehydrogenation. The conditions in the
isomerization step of the process usually will be: a tem-
perature from about 700° to about 800° F., a pressure of
from about 100 to about 750 p.s.i.g., a liquid hourly
space velocity of from about 0.2 to about 20, and a hydro-
gen to hydrocarbon ratio of from about 0.2 to 5 to 10 or
more mols of hydrogen per mol of hydrocarbon. Condi-
tions outside the ranges here given are within the scope
of the invention to the extent that they function in a com-
bination of steps here claimed to provide the beneficial
results here set forth.

Reforming operations in the second and third reactor
ordinarily will be conducted at temperatures of from
about 800° to about 1000° F., preferably 850°-975° F,,
pressures within the range of from about 100 to about
1000 p.s.i.g., preferably about 200-700, with a liquid-
hourly space velocity of from about 0.2 to about 20.
The amount of hydrogen charged along with the hydro-
carbons usually will be from about 0.5 to about 15 mols
per mol of hydrocarbon and preferably 6 to about 10
mols hydrogen per mol of hydrocarbon.

According to the invention, the isomerization is oper-
ated at a lower temperature (700-800° F.) than the
reforming (800-1000° F.) and, as noted, a more active
catalyst is used for isomerization than the conventional
reforming catalyst. This use of a more active platinum
reforming catalyst in the isomerization step permits an
increase in the isomerization of the normal pentane
obtained and permits the use of lower temperatures.

In Figure 1 of the drawings there is shown diagram-
matically an embodiment of the invention in which in
the first step only one reactor is employed and in which
the second step or stage is conducted in two reactors in
series- arrangement. A fractionator is shown for the
intermediate removal of the isopentane, according to the
invention. In Figure 2, a normal pentane-containing
stream and a hexane- and heptane-containing stream,
which can be obtained by fractionating a single feed to
the unit according to the invention, are, respectively,
isomerized and reformed, the products of the two steps
being then blended together.

Referring now to Figure 1 of the drawing, a natural
gasoline which has been debutanized, deisopentanized
and deoiled is passed through a heater (not shown)
wherein it is raised to a temperature of about 750° F.
Hydrogen is mixed with the heated gasoline in the ap-
proximate mol ratio of 1:1 and the mixture is passed
through lines 11 and 12 into the isomerization reactor
13 which contains the catalyst which has approximately
the following composition by weight: 0.7 platinum, 0.8
fluorine and the remainder conmsisting essentially of the
silica-alumina base, as described, for isomerization. This
catalyst, as noted, can be a conventional platinum Té-
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‘forming catalyst or, as preferred, according to the inven-
tion, is a more active platinum reforming catalyst, also
as previously described. The gasoline along with hy-
drogen is passed through the reactor 13. In the example
here illustrated, the catalyst is deposited as a fixed bed
in reactor 13. It is to be understood that any other
suitable manner of intimately contacting the reactants
with - the catalyst can be employed. The pressure in
reactor 13 is about 300 p.s.i.g. and liquid hourly space
velocity is about 0.3. The effluent from reactor 13
is passed through line 14 to hydrogen separator 15
" 'wherein ordinarily all the hydrogen is removed through
line 16 and recycled to reactor 13. The balance of
the efffuent is passed through line 17 to a fractionator
18, wherein the cffluent is deisopentanized. The isopen-
tane is removed through line 19 for outside use such
as blending with a reformed gasoline, in this instance the
reformed gasoline of the embodiment, in a blending
vessel not shown. The bottoms from fractionator 18
is removed through line 26 and the temperature raised
to about 850° F. in a heater (not shown) and passed
together with hydrogen from line 21 to reactor 22. The
reformed gasoline from reactor 22 is passed through line
23, heated, and into reactor 24. - The reforming catalyst
deposited in reactor 22 and 24 has the following com-
position: 0.41 weight percent platinum, 0.24 weight per-
cent fluorine, 0.23 weight percent chlorine, about 0.10
weight percent silica, and ‘the balance alumina. In the
case here illustrated, the catalyst is deposited as a fixed
"bed in reactors 22 and 24 but it is- understood that any
other suitable manner of intimately contacting .the re-
actants with the catalyst may be used. A pressure of
about 280 p.s.ig. and a liquid hourly space velocity -of
-about 'G.3 are employed in reactors 22 and 24. The
amount of hydrogen charged along with- the hydrocar-
bons is maintained in the range of 6 to about 10 mols
bydrogen per mol of hydrocarbon, though in some in-
stances, this ratio can vary in the range of from 0.5 to
about 15. . ‘ .

The distribution of hydrogen to reactors 13, 22, and
- -24 is' controlled  to maintain the desired hydrogen con-
centration in each of these reactors.  Preferably a greater
hydrogen concentration is maintained in reactors 22 and
24 than in reactor 13. When the supply of. hydrogen
in the process is not sufficient, additional hydrogen is
introduced from' an extraneous source through line 25.
When the amount of hydrogen produced in the process
is in~excess of that desired, the excess. hydrogen is re-
moved from the process by way of line 25.

Ordinarily little or no hydrogen will be made in Te-
actor 13 and for this reason, all of the hydrogen from
separator -15 will be recycled through line 16. Since,
ordinarily, the hydrogen from reactors 22 and 24 will be
sufficient to supply the hydrogen for reactor 13, the make-
up hydrogen: for reactor 13, when supplied. through line
25, can come. from the separation of hydroger from
“the reformate, now mentioned:

The reformate is removed from reactor 24 through
line 26 for subsequent separation and recovery (not
shown). -Usually this separation will include stabiliza-
‘tion of the gasoline to produce a final gasoline of . de-
sired 'vapor pressure.

When isopentane is to be blended with the reformate,
it cen be introduced into admixture therewith by way-of
line 27 to the extent or-inm proportion, as desired.

By operating according to the process of the present
invention, that is, by first isomerizing followed by re-
forming, with intermediate removal of isopentane, as
described herein, a greater amount of isopentane is pro-
duced than by conventional reforming.

A debutanized deoiled natural gasoline is fractionated
into a C; and a Cy—Cy fraction. The C; fraction is isom-
erized over:a more active than usual platinum catalyst
-as described herein, and the Cs reformate thus obtained
is. fractionated ‘into-iso- and normal pentane, ‘The iso-
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pentane is blended with a:C¢—C; reformate obtained from
said  Cg—Cy fraction -over a  conventional platinum-
reforming catalyst. .

The following data show the gain obtained upon in-
creasing the platinum content of the catalyst from 0.4
to 0.8 weight percent platinum.

A conventional catalyst of the platinum-reforming type
contains about 0.4 to about 0.6 weight percent platinum.

Platinum, wt. percent . 0.4 0.8
Pressure, p.s.i.g__ 150 150
Temperature, ° F. 820 820
LHSV . o 3 3
Hy/HC, mol..._. 3 3
n-Cs conversion, wit. percent 51 54
Seleetivity, wt. percent - 88 a0
Yield of i-Cs, wt.-percent : 45 49

From the foregoing data, it will.be noted that the con-
version of normal pentane, the selectivity and the yield
of isopentane obtained with the catalyst containirg 0.8
weight percent platinum are considerably and importantly
higher than those obtained with the catalyst containing
0.4 weight percent platinum.

The foregoing data illustrate the importance of increas-

:ing the platinum content in the catalyst in the first step.

The following illustrates the results which can be ob-
tained according to the second step of the combination
of steps of the invention.

A sample of deoiled, debutanized natural gasoline,
see Table I, column 3, was fractionated to  remove
isopentane, and the normal pentane and heavier material
were reformed. at.normal reforming conditions as in the
embodiment. just described. . The Cs;- liquid volume
percent. yield from the reforming operation was 93.6 and
the octane. ratings of the natural gasoline, reformer feed,
and Cs+ reformate were:

Research-+f{ Research
TEL Clear
Natural Gasoline. .. .. _ L io il il n miois 90.9 72.7
Feed, Deisopentanized Natural Gasoline_____. 84.0 65.1
Cs-1- Product (93.6 vol. percent yiold)_ . ______ 92:6 8.6

‘Blending the isopentane from the fractionation back with
the Cs- product gave a 95.4 overall liguid volume per-
cent yield of product having a Research --3 TEL rating
of 96 (calciilated). “Data for this work.are in Tables I
and 11 hereinafter. .

TABLE I
Deisopentanization of natural gasoline
Normal
Fraction Iso- Pentane | Natural
pentane and
Heavier
LV Percent of Natural Gasoline.___-.__ 27.8 72.2 100.0
Composition, wt. percent:
Rutane 7.8 0.0
Tsopentane_ ______.__...____._______ 87.0 2.1
Normal Pentane......_.__...__._.._ 5.2 36.4
oo - 0.0 61.5
Total. o oo 100.0 106.0 i ion
API Gravity (60° F.) ..ol o oo 986. 4 78.3 82.8
RVP. FE S T AU 22.20 9. 50 12.95
ASTM Distillation:
IBP. 79 108 95
79 119 103
79 123 106
79 125 109
&n 129 112
81 133 115
82 139 122
83 146 130
84 155 139
85 169 155
87 186 181
87 200 199
137 246 254
96.2 98.2 98.0
Residue, percent. - —— 0.4 0.4
L0SS, POTCEN o v 3.8 1.4 16
~Octane Rating: , '
Research-+3 ml. TEL. 104.0 84.0 90.0
Research, Clear. 92,1 65.1 72.7
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TABLE II

Reforming of deisopentanized natural gasoline
Process conditions:

Temp., ° F.: ’
AVErage e e i 877
Preheat .l 888
Bottom of bed . 887
Liquid sp. vel., vol./cat. vol./hr, . ________ 3.1
Hydrogen/naphtha, mol ratio - ________ 6.5
Pressure, p.Sig. oo 500
Product yields, wt. percent of feed:
H, i i e S e 0.1
CHy e 0.5
Cz’S _________ 0.5
Cg’S e e e s e tn e m m  m n mn e e e 7 i B o e ot 1.8
C4’S ________ 3.0
iCs ——— -- 20.6
NGy e 21.8
Cot e 51.7
Total ot r e —— 100.0
Cs-- Product:
Yield, LV percent e 93.6
API gravity (60° F.) o 77.4
RV i 10.75
ASTM distillation—
IBP e 101
5% e 114
10 i —— 116
20 e —— 120
30 —- 124
40 —— 128
50 ——— 134
60 — - 140
0 e e e 151
80 - 164
90 - 185
95 —— - 206
BP 266
Recovered percent — e 97.7
Residue percent - 0.5
Loss percent - —— - 18
Octane rating—
Research +3 ml TEL e 92.6
Research, clear o oo 78.6

It will be apparent to one reading this disclosure that
the catalysts employed in the several steps of the process
can bé various and different and, therefore, in respect of
the combination of steps claimed, it is not limited to any
particular catalyst except as in the claims._ However,
the now preferred catalysts have been described and to
this extent, their combination with the remainder of the
steps is a part of the claimed invention.

Although the preferred catalyst for the first step of
the invention will usually contain more than about 0.6
weight percent of platinum, it is possible, in a broader
view of the operation to employ in said step a catalyst
containinig from about as low as 0.01 percent platinum to
about 1 percent platinum by weight of the final catalyst
as used. )

Referring to Figure 2 of the drawing, a heated mixture
of hydrogen and normal pentane is passed through line .30
into the isomerization reactor 31, Reactor 31 contains
a catalyst comprising about 0.6 weight percent platinum
and 0.6 weight percent fluorine on alumina. The_ oper-
ating conditions are a total pressure of 500 p.s.ig., a
liquid hourly space velocity of 4 and a temperature of
700-800° F.

The effluent from reactor 31 is withdrawn through line
32 to a hydrogen scparation zone 33. Hydrogen is re-
moved through line 34 and recycled to reactor 31. The
balance of the effluent is removed through line 35 to
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fractionator 36 wherein isopentane is removed overhead
through lines 37 and 38 to be blended with normal pen-
tane and the C; and Cg reformate. Normal pentane is
removed from the fractionator 36 through lines 39 and
30 back to the isomerization reactor 31 or part of the
normal pentane may be removed if desired through lines
39, 40 and 38 to be blended with isopentane and the Cg
and Cy reformate. A heater (not shown) is required to
heat the recycle normal pentane to the reactor 31.

The Cg and C; fraction is passed through line 41 and
is joined by a stream of recycle hydrogen flowing through
line 42. The commingled streams are passed through a
heater (not shown) wherein they are heated to the
desired temperature and through line 43 into reactor 44.

Reactors 44 and 45 each contain a bed of platinum
reforming catalyst comprising about 0.3 percent platinum
and 0.1 percent fluorine on alumina and the conditions
therein are a pressure usually in the range 300-700
p.s.i.g., a hydrogen/hydrocarbon ratio of 5:1, a tempera-
ture in the range from about 850 to about 975° F., and
a liquid hourly space velocity of about 4.

The effluent from reactor 44 is withdrawn through line
46 through a heater (not shown) into reactor 45. The
operating conditions in reactors 44 and 45 are approxi-
mately the same. The effluent from reactor 45 is with-
drawn through line 47 to a hydrogen separation zone
48, wherein hydrogen is removed through line 49 and
recycled to reactor 44 or a portion transferred through
lines 49, 34 and 30, to reactor 31. When the supply of
hydrogen in the process is not sufficient, additional hy-
drogen may be introduced from an extraneous source
through line 56. On the other hand, when the amount of
hydrogen produced in the process is in excess of ‘that
desired, the excess hydrogen may be removed from the
process by way of line 50.

The Cg and C; reformate is withdrawn from zone 48
through line 51 for subsequent separation and recovery
(not. shown). Usually this separation will include
stabilization of the gasoline to produce a final gasoline
of desired vapor pressure.

As noted earlier herein, the respective feeds to reactors
31 and reactor 44 can be a pentane-containing stream
and a hexane- and heptane-containing stream obtained
by way of a fractionation of a single feed to the unit.
Such a fractionation is not shown in the drawing for
sake of simplicity. Clearly, it is the essence of the in-
vention to treat separate streams, as described, derived
from a natural gasoline in a manner as described herein
and as set forth in the drawings.

An embodiment of this invention is, as noted, a process
which comprises fractionating a debutanized, deiso-
pentanized, deoiled natural gasoline into a normal pen-
tane-hexane fraction overhead and principally a heptane
bottom fraction, isomerizing the normal pentane-hexane
portion and reforming the heptane fraction by conven-
tional means, . :

In the reforming of natural gasoline one of the prin-
cipal desirable reactions is isomerization of the normal
pentane and normal hexane. When platinum-containing
catalysts are used, increased isomerization of the normal
pentane and normal hexane can be obtained by segregat-
ing a normal pentane-hexane fraction and a heavier frac-
tion, contacting the normal pentane-hexane fraction with
a higher acidity platinum catalyst and the heavier frac-
tiqn with a lower acidity catalyst. The use of a higher
acidity catalyst gives isomerization of the normal pen-
tane-hexane because the catalyst is more active and
tends to give more isomerization at any temperature and
also because the more active catalyst permits the use of
lower temperatures at which the formation of branched
pentane and hexane hydrocarbons is thermodynamically
favored. The lower acidity catalyst is desirable with
the heavier fraction because it gives more efficient con-
version of naphthenic hydrocarbons to aromatics. When
platinum-fluorine-alumina catalysts are used, it is prefer-
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.able to have about 0.4 to 1.0 percent fluorine in the

high acidity catalyst and 0.1 to 0.3 percent fluorine in
the lower acidity catalyst.

A 150-270° F. naphtha was contacted with two plati-
num-halogen-alumina catalysts having the following
compositions:

Catalyst_.. 1 2
Composition; wt. percent:
Platinum . .. 0.4 0.4
Fluorine. 0.6 0.2
Chlorine... 0.0 0.2
Alumina. . 99.1 99.2
L R A 100.0 | 100.0

The compositions of the xylene-ethylbenzene fractions
of the products are an index of the isomerization activity
of the -catalysts. Catalyst -1 - (higher- fluorine) gave a
larger amount of isomerization, even at lower- tempera-
ture, as is-shown by the following data.

'Catalyst_.. 1 2 2
Run No___. R A B C
Temp., °F 876 876 . .888
Pressure, PuSdiBu oo ae 415 415 415
LHSV 3.6 3.7 3.6
H,/HC._. - 7.5 7.5 6.7
Xylene-ethylbenzene fraction, wt. percent:
pxylene. .. oo . 19.2 17.3 17.8
m-xylene.. . 42.7 37.3 36.7
o-xylene.._. 18.7 21.1 19.7
Ethylbenzene. - ococcmcmcammoooianns 19.4 24.3 25.8
100.0 | 100.0 100.0

The data show that catalyst 1 gave higher isomerization
of ethylbenzene to xylenes. ’

Reasonable variation and modification are possible with-
in the scope of the foregoing disclosure, drawings and the
appended claims to the invention, the essence of which is
that a natural or straight-run gasoline or a component
thereof, specifically a pentane-containing stream, is sub-
jected to conditions favoring isomerization of paraffin hy-
drocarbon therein; in one form of the invention, the re-
forming of pentane in a stream containing it being accom-
plished employing a more active platinum reforming
catalyst, as described, at a temperature not in excess of
about 800° F.; preferably after debutanization, deiso-
pentanization and deoiling; the isomerized gascline or
component thereof constituting said stream is fractionated
to remove isopentane therefrom and the remainder of the
gasoline or component thereof is reformed in at least one
embodiment of the invention, the isopentane and reformed
remainder are blended together in a proportion, as desired,
to obtain, from the process, improved yields of isopentane
from at least one of the isomerization and the reforming
steps and an improved product; as described. Herein and
in the claims, platinum and palladium are considered to be
functionally interchangeable.

I claim:

1. A process for up-grading a natural gasoline contain-
ing pentane in which process it is desired to obtain high
octane value reformed gasoline product formed in a re-
forming zone in the absence of substantial amounts of
normal pentane contained in said gasoline which com-
prises in a first step subjecting the gasoline to conditions
favoring paraffin isomerization reactions thus providing
for the formation therein of improved yield of isopentane
from normal pentane contained therein thus substantially
reducing the normal pentane content of said natural gaso-
line, removing a substantial portion of isopentane from
the thus freated gasoline thus obtaining a remaining
gasoline substantially freed from normal pentane and iso-
pentane and then subjecting the remaining gasoline to re-
forming conditions to reform the same.

2. A process according to claim .1 wherein at least a
portion of the removed isopentane and at least a portion
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of the said remaining gasoline  which has been reformed
are blended to produce a gasoline product.

3. A process for up-grading a gasoline selected from
the group consisting of natural and straight-run gasolines
in which process it is desired to obtain high octane value
reformed gasoline product formed in a reforming zone in
the absence of substantial amounts of normal pentane con-
tained in said gasoline which comprises debutanizing, de-
isopentanizing and deoiling said gasoline, then -subjecting
said gasoline to conditions favoring isomerization of
normal pentane therein so as to isomerize a substantial
portion of said pentane to isopentane thus substantially
reducing the normal pentane content of said natural
gasoline, separating a substantial quantity of said iso-
pentane from said gasoline thus obtaining a remaining
gasoline substantially freed from normal pentane and iso-
pentane, subjecting the remainder of the gasoline to re-
forming conditions so as to reform the same thus obtain-
ing as products of the process isopentane and a reformed
gasoline which can be blended together to give an im-
proved gasoline product.

4. A process according to claim 3 wherein in the first
treating step a temperature in the approximate range 750
to 800° F., a pressure in the approximate range of 250 to
750 ps.i.g. and a liquid hourly space velocity of 0.2 to
about 5 are employed in the presence of a catalyst which
will favor isomerization of pentane to isopentane under
the said conditions.

5. A process according to claim 4 wherein hydrogen
is employed in a molar ratio of hydrogen to hydrocarbon
of from about 0.2 to about 5 mols of hydrogen per mol
of hydrocarbon.

6. A process according to claim 5 wherein the catalyst
in said step wherein pentane is isomerized to isopentane
contains from 0.6 to about 1 weight percent platinum,
and from about 0.4 to about 2 weight percent fluorine
upon an active silica-alumina base,

7. A process according to claim 3 wherein in said re-
forming step a temperature in the range of from about 800
to about 1000° F., a pressure within the approximate
range of 250 to 1000 p.s.i.g., a liquid hourly space velocity
of 0.2 to about 20 and a mole ratio of hydrogen to hydro-
carbon of from about 0.5 to about 15 are employed.

8. A process according to claim 7 wherein in said re-
forming step a catalyst containing from about 0.01 to
about 1 weight percent platinum and from about 0.1 to
about 8% fluorine upon an active silica-alumina base is
employed.

9." A process for upgrading a natural gasoline in which
process it is desired to obtain high octane value reformed
gasoline product formed in a reforming zone in the ab-
sence of substantial amounts of normal pentane contained
in said gasoline which comprises subjecting said gasoline
to isomerization conditions thus isomerizing its pentane
content therein to isopentane thus substantially reducing
the normal pentane content of said natural gasoline, re-
forming a fraction of said gasoline which contains hy-
drocarbon higher boiling than pentane and from which
substantially all pentane has been removed and blending
together the isopentane and reformed product thus ob-
tained.

10. A process for upgrading the gasoline selected from
the group consisting of a natural gasoline and a com-
ponent thereof which comprises in a first step subjecting
the same to conditions favoring paraffin isomerization
reactions thus providing for the formation of improved
yield of isopentane ‘from normal pentane therein con-
tained, removing the isopentane from the thus obtained
product and then subjecting the remainder of the product
to reforming conditions to reform the same.

11. A process according to claim 10 wherein at least
a portion of the removed isopentane and at least a por-
tion of the remaining product are blended to produce a
final product.

12, In a hydrocarbon conversion operation in which a
fraction containing normal pentane is first isomerized
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“and the fraction then reformed, the improvement which
comprises substantially removing isopentane produced in
said isomerization before conducting the reforming and
then conducting the said reforming upon the remainder
of said isomerized fraction.

13. A process for the improvement of a gasoline se-
lected from the group consisting of a debutanized natural
gasoline and a straight run gascline which contain normal
pentané comprising contacting said gasocline at a tempera-
ture in the range of 700° F. to 800° F. with a supported
platinum isomerization catalyst containing at least about
0.6 percent platinum by weight of the catalyst and a
halogen selected from the group consisting of chlorine
and fluorine ‘in the range:of 0.1 to 8 percent by weight
of the support, separating the isopentane from the effluent,
contacting any unconverted normal pentane and higher
boiling gasoline components remaining after the separa-
tion of isopentane with .a platinum-containing reform-
ing catalyst under reforming conditions including a higher
temperature in the range of 800° to 1,000° F. whereby
additional isopentane is produced and the octane number
of the higher boiling fraction is increased.

14. A process according to claim 1 wherein in the first
step -the ' catalyst is a platinum catalyst containing at
least about 0.7 percent by weight platinum, about 0.8
percent by weight fluorine, the remainder consisting ‘es-
sentially of a hydrocarbon cracking catalyst base.
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15. A process according to claim 14 wherein the plati-
num-contfaining catalyst in the reforming step contains
0.01-1 percent by weight of the catalyst of platinum and
0.1-8 percent by weight of said halogen upon an active
cracking catalyst component. :

16. A process according to claim 1 wherein the isom-
erization conditions include a temperature in the range
700° F.-800° F. and the reforming step is conducted at
a temperature in the range 850° F.-975° F. at a pres-
sure in the range 100-1,000 p.s.i.g., a liquid hourly space
velocity of 0.2-20 and 0.5-15 mols hydrogen per mol of
hydrocarbon is present..
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