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This invention relates to improvements in catalytic re 
forming of hydrocarbon distillates boiling approximately 
in the gasoline range and is particularly concerned with 
the dehydrogenation, dehydroisomerization and isomeri 
zation of naphthene ring hydrocarbons and hydrocarbon 
fractions containing the same to form products of higher 
octane value. 
One of the principal objects of the invention is to pro 

vide a process for reforming naphthene containing hydro 
carbon distillates boiling approximately in the gasoline 
range to produce high yields of gasoline of desired en 
hanced octane quality and of good lead susceptibility 
while minimizing the occurrence or extent of other ac 
companying reactions, such as cracking, which tend to 
produce coke and low molecular weight hydrocarbon 
gases, at the expense of desired gasoline yields, while 
maintaining high catalyst activity. 
When employing reforming catalysts of the noble 

metal-alumina type in the reforming of hydrocarbon dis 
tillates boiling in the gasoline range, a gradual decline 
of catalyst activity is observed under operating conditions 
severe enough to give an octane level of at least 85 F-1 
clear in the reformed hydrocarbons. The decline in cat 
alyst activity has been attributed to catalyst poisoning as 
with by-products formed in side reactions occurring at 
such operating conditions and to the formation of coke 
deposits on the catalyst. Thus, while reforming does take 
place under such conditions, other simultaneous reactions 
occur to substantial extent, including cracking of parts of 
the charge with the formation of significant quantities of 
low molecular weight hydrocarbon gases, and may include 
deposition of coke in sufficient amounts to limit the prac 
tical on-stream operating period of the catalyst. 

In accordance with the present invention, the feed stock 
is first fractionated into a lower boiling fraction and a 
higher boiling fraction. The lower boiling fraction is 
then charged to a suitable catalytic reforming unit at rel 
latively severe conditions permitting dehydrogenation, de 
hydroisomerization and isomerization of the hydrocarbons 
with resultant good conversion to aromatics and other 
compounds of desirably high octane values. 
The higher boiling fraction is treated with a reforming 

catalyst under relatively milder conditions. This higher 
boiling fraction does not require extensive isomerization 
and primarily requires dehydrogenation which is a rela 
tively fast reaction. The higher boiling fraction is, how 
ever, less refractory than the lower boiling fraction and 
is, therefore, more susceptible to cracking and the forma 
tion of undesirable by-products which decrease catalyst 
activity. Accordingly, the present process enables the re 
forming of the high boiling fraction under conditicins 
which are relatively mild in respect to conditions required 
in conventional reforming of the base stock and in respect 
to conditions required for the reforming of the low boil 
ing fractions. 

In a naphtha charge boiling approximately in the 
range of gasoline (which may be a virgin naphtha or a 
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naphtha derived from thermal cracking or catalytic crack 
ing) the naphthene content will comprise (1) components 
which can be converted to benzene by dehydrogenation or 
dehydroisomerizationi (so-called benzene formers) and 
(2) higher boiling components which are converted to 
toluene, xylene, and to lesser extent to higher boiling 
alkyl aromatics. The cut point which will be selected in 
dividing the low boiling portion of the total charge from 
the higher boiling portion thereof will, of course, depend 
upon the particular naphtha being treated. As a general 
rule the cut point employed will be such that the lower 
boiling fraction will contain all of the toluene formers 
and may contain some of the lower boiling Xylene 
formers. However, most of the xylene formers and 
higher molecular weight components should always be 
in the higher boiling fraction. Both dehydrogenation and 
dehydroisomerization are favored at lower pressure from 
the standpoint of thermodynamic equilibrium yields, but 
pressure is a less important factor in the formation of 
toluene and xylene from the corresponding naphthenes 
than in the case of forming benzene. However, lower 
pressures and lower hydrogen partial pressures in the proc 
ess tend to produce greater quantities of coke, represent 
ing not only loss of charge but effecting rapid deactivation 
of the catalyst. Additionally, the higher boiling com 
pounds tend to produce coke more readily. 

In splitting the charge into two fractions, in accordance 
with the invention, therefore, the two-fold advantage is 
obtained in reducing the coking tendencies of the higher 
boiling fraction by operating at a higher pressure while 
ermitting the use of the lower pressure where most 

needed from equilibrium considerations, i. e. in the treat 
ment of the lower boiling fractions. 
The conversion of naphthenes to aromatics is in all 

instances favored by increase in temperature, but this is 
limited by the relative refractoriness of the components 
of the charge being treated, since at increasing tempera 
tures there is a greater tendency for the formation of coke. 
By treating the higher boiling components at the lower 
temperature, their coking tendency is thereby reduced. 
The higher temperature is employed with the lower boil 
ing materials having less tendency to coke with all of 
the needed advantages that the higher temperature con 
tributes to the conversion of these lower boiling materials . 
by dehydrogenation and dehydroisomerization. 
Change in space rate operates somewhat in the same 

manner, in that the lower the space rate (greater severity), 
the greater is the tendency toward cracking the lower 
molecular weight gaseous compounds and the concom 
itant production of coke. 
The cut point for naphthas boiling from about 180 

400 F. is preferably in the range of from about 260 to 
300 F. The relatively severe conditions under which 
the lower boiling fraction is reformed preferably com 
prise pressures of the order of about 150-500 p.s. i. g., 
temperatures of about 900-1050 F., space rates of about 
0.5 to about 4 and hydrogen to oil mol ratios of about 
3:1 to about 10:1. 
The relatively milder conditions under which the 

higher boiling fraction is reformed preferably comprise 
pressures of the order of about 400-700 p.s. i. g., tem 
peratures of about 800-950 F., space rates of about 3 
to about 10 and hydrogen to oil mol ratios of about 3:1 
to about 10:1. For any given degree of severity or rela 
tive mildness, as the case may be, higher temperatures 
should be compensated by higher space rates and/or 
higher pressures as is well known in the hydrocarbon re forming art. 

Both the relatively severe and the relatively milder re 
forming operations are preferably performed in the pres 
ence of the same type of reforming catalyst, such as a 
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noble metal-alumina catalyst. The preparation of a pre 
ferred type of reforming catalyst is set forth in the fol 
lowing example: 

Example I 
Commercial activated alumina pellets (Harshaw) were 

treated with 10% acetic acid solution for one hour, de 
canted, and the treatment repeated for another hour 
with fresh acid of the same concentration, an amount 
of acid being employed just sufficient to cover the pellets. 
The treated pellets were then washed a number of times 
with water, dried at 200" F. and calcined in air at 900 
F. As explained in U. S. Patent 2,723,947, such acetic 
acid treatment of the activated alumina particles imparts 
advantageous characteristics to the alumina so that such 
particles are superior carriers in a reforming catalyst. 
The calcined pellets were then dipped for 4 hour in a 
chloroplatinic acid solution of sufficient strength to give 
about 0.6% platinum on the finished catalyst. The im 
pregnated catalyst was then dried at 200 F. and calcined 
at 1050 F. in air for 2 hours. On analysis the finished 
catalyst was found to contain 0.5% by weight of platinum. 
The platinum-acetic acid treated alumina catalyst pref 

erably contains from about 0.05 to 2% platinum for op 
timum reforming of naphthas. The preferred concentra 
tion is in the range of 0.1 to 0.6% platinum. - 

Another preferred type of reforming catalyst for use 
in the present invention comprises platinum on alumina 
which has had any cracking activity substantially curtailed 
or "inactivated' with a small amount of an alkaline earth 
metal oxide. The preparation of such a catalyst suitable 
for use in the present invention is set forth in Example II. 

Example II 
Commercial activated alumina tablets (Harshaw) were 

treated with about 5 times their volume of a 20% aqueous 
solution of MgCl, passed over the tablets at the rate of 
about 25 milliliters solution per liter of tablets per minute. 
The first fifth of the effluent was discarded and the re 
mainder recycled twice over the tablets. The thus treat 
ed tablets were then washed in water until free of chlo 
ride ion and dried overnight at 180° F. 
An aqueous solution comprising 26.7 grams of chloro 

platinic acid (H2PtCls) per liter was then poured over 
the dried tablets, employing the stated solution in an 
amount furnishing 24.8 grams of chloroplatinic acid per 
kilogram of the tablets. The mixture was let stand for 
% hour and excess liquid drained. The thus wetted 
tablets were then dried in an oven at 180°. F. overnight 
and subsequently treated in a muffle furnace at 1050 
for 2 hours to drive off HCl, followed by an additional 2 
hour heat treatment in flowing air at the same tempera 
ture. 
The catalyst thus prepared contained by weight of 

total catalyst 0.56% MgO and 0.55% Pt (on 105. C. 
dry basis). 

Further types of reforming catalysts suitable for use 
in the present invention include palladium or other noble 
metals on alumina on acetic acid treated alumina or on 
magnesium oxide "inactivated' alumina. 
The reforming process of the present invention may be 

carried out by first fractionating the base stock into its 
low boiling and high boiling fractions; then charging the 
lower boiling fraction to one set of catalytic reactors 
under relatively severe conditions; and charging the higher 
boiling fraction to a separate set of reactors under rela 
tively milder conditions. The resultant upgraded products 
may then be blended with the required lighter hydro 
carbons from any suitable source to obtain a full boiling 
range gasoline of improved high octance value. 

Alternatively, the lower boiling fraction is charged to 
the first of a series of three or more conventional reac 
tors under relatively severe reforming conditions and the 
higher boiling fraction is charged only to the second or 
third reactor in the series used for reforming of the low 
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4. 
severe conditions obtain. Thus, this modification in 
effect enables blending of the high and low boiling frac 
tions under reforming conditions in the second and/or 
third reactors in the series. The product from this modi 
fication of the process is a gasoline of high octane value. 
It has also been found suitable to charge the low boiling 
fraction to the first one or more of a series of reactors 
under relatively severe conditions and to treat the high 
boiling fraction under selected relatively milder conditions 
in a separate reactor, thereafter treating the respective 
effluents in common remaining reactors of the series. 
The product from the afore-described reactions are 

condensed and scrubbed in the conventional manner and 
the effluent hydrogen may be recycled. 

Deactivation of the reforming catalyst may occur after 
relatively long continuous use and if desired the catalyst 
may then be regenerated or reactivated by suitable treat 
ment such as by treatment thereof with hot air suitably 
diluted with flue gas. In a series of reactor operations 
as afore-described, the catalyst in one or more of the re 
actors may be subjected to regeneration without inter 
rupting the continuous on-stream use of the remaining 
reactors. The following examples set forth preferred embodi 
ments of the present invention and are not to be con 
strued as limiting same. 

Example III 
An East Texas naphtha was reformed under the fol 

lowing conditions and with the following result: 
Catalyst: Pt on acetic acid treated alumina, 0.5% Pt 
Charge: 

B. P., F---------------------------- 188-368 
Mol wt.---------------------------------- 110 
Sp. gr.-------------------------------- 0.7575 
Octane F-1 clear------------------------- 48.3 

Run No. Run No. 
1. 2 

tin ditions: opertigestions. 950 950 
Pressure, p.s.l. 600 600 
LSV (vol.I.hr/vol.)- -- 2 4. 
H2: oil, mols---------------------------------- 6 8 Yield, Cs -- vol. percent-------------------------- 83.0 86.0 

Octane F-1 clear---------------------------------- 90.0 85.3 

Example IV 
A naphtha fraction charge as set forth in Example III 

was fractionated into two fractions having the following 
properties: 

60.2% 39.8% ow high 
boiling boiling 

.P., of 188-270 270-368 
Mowt- 102 13. 
Sp. gr.-- 0.7499 0.7809 
Octane F-1 clear----------- 64.5 33.3 

These two fractions were then separately reformed in 
the same reactor unit and with the same catalyst as that 
set forth in Example III, the charging amounts correspond 
ing to the relative volumes of each fraction. The prod 
ucts were then blended, as below: 

Low High 
Boiling Boiling 

{Operating conditions: p ising F---------------------------------- 950 950 
Pressure, p.s.l.g. 450 600 
LSW (vol.fhr.?vol.) 2 4 
H2: oil, Inols----- 6 6 Yield, Cs--vol. perce 84.3 90.2 

(Overallyield, Cs--vol. percent. - a - - 86.6 
Coctane F-1 clear, combined----------------------- 89.3 
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Separate treatment at space rates of 2 and 4 and pres 

Sures of 450 and 600 p.s. i. g. for the low and high boil 
ing fractions respectively, gave a yield advantage of 3.5 
Vol. percent at the same octane level or an octane ad 
vantage of 4 numbers at the same yield level when com 
pared with the conventional treatment of the unfraction 
ated charge as set forth in Example III. 

Example V 
A naphtha fraction charge as set forth in Example III 

was reformed with a Pt on MgO inactivated alumina 
catalyst containing 0.56% MgO and 0.55% Pt under 
the following conditions: 

Run No. Run No. 2 

Operating Conditions: 
Temp., F------------------------------------ 950 950 
Pressure, p.s. i. g---------------------- 550 550 
LSW (vol./hr.?vol.)-- 2 4 
H2:oil, Inols------ 6 6 

Yield, Cs--vol. percen 8.8 87.0 
Octane F-1 clear----. 89.2 84.8 

Obviously many modifications and variations of the in 
vention as hereinbefore set forth may be made without 
departing from the spirit and scope thereof and there 
fore only such limitations should be imposed as are in 
dicated in the appended claims. 
What is claimed is: 
1. A process for reforming a naphthene containing 

hydrocarbon distillate fraction boiling within the gasoline 
range to increase the octane value thereof, which com 
prises fractionating said hydrocarbon distillate at a cut 
point in the range of 260 to 300 F. into a relatively low 
boiling fraction and a relatively high boiling fraction, 
subjecting said low boiling fraction to relatively severe 
reforming conditions in the presence of hydrogen and a 
dehydrogenation-promoting reforming catalyst compris 
ing about 0.5% platinum supported on acetic-acid treated 
activated alumina particles, subjecting said high boiling 
fraction to relatively milder reforming conditions in the 
presence of the same kind of reforming catalyst, and 
blending said reformed fractions to produce a reformed 
hydrocarbon product of increased octane value and boil 
ing within the gasoline range; said relatively severe re 
forming conditions including a temperature in the range 
of about 900-1050 F., a pressure in the range of about 
150 to 400 pounds per square inch and a space rate of 
about 0.5 to 4 volumes of hydrocarbon fraction per hour 
per volume of catalyst and said relatively mild reforming 
conditions including a temperature in the range of about 
800-950 F., a pressure in the range of about 400-700 
pounds per square inch and a space rate of about 3 to 10 
volumes of hydrocarbon fraction per hour per volume 
of catalyst; said reforming of the high boiling fraction 
being effected at a pressure substantially above and at a 
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space rate substantially greater than that at which said 
low boiling fraction is reformed. 

2. The method of upgrading naphtha to achieve a sig 
nificant yield-octane advantage comprising the steps of: 
distilling such naphtha into a low boiling fraction having 
a boiling point range from about 188 to about 270 F. 
and a high boiling fraction having a boiling point range 
from about 270 to about 368 F.; reforming each frac 
tion separately; maintaining relatively severe conditions 
comprising a pressure of about 450 p.s. i. g. and a vol 
ume hourly space rate of about 2 for reforming the low 
boiling fraction; maintaining less severe conditions com 
prising a pressure of about 600 p.s. i. g. and a volume 
space rate of about 4 for reforming the high boiling 
fraction; maintaining constant conditions comprising the 
presence of catalyst particles consisting of about 0.5% 
platinum supported on acetic-acid treated activated alu 
mina particles, a hydrogen to hydrocarbon ratio of about 
6, and a temperature of about 950 F. for reforming 
each of said fractions; and blending said reformed frac 
tions to produce a reformed hydrocarbon product of in 
creased octane value and boiling within the gasoline 
range. 

3. A process for reforming naphthene containing dis 
tillate to increase the octane value thereof which com 
prises: fractionating said hydrocarbon distillate into a 
relatively lower boiling fraction having an end boiling 
point within the range from 260 to 300 F. and a rela 
tively high boiling fraction having an initial boiling point 
within the range from 260 to 300 F.; subjecting each 
fraction separately to reforming conditions in the pres 
ence of reforming catalyst particles consisting essentially 
of about 0.5% platinum on acetic-acid treated activated 
alumina particles and several mols of hydrogen per mol 
of hydrocarbon at an aromatizing temperature; subject 
ing said low boiling fraction to relatively severe reform 
ing conditions comprising a relatively lower space rate 
within the range of about 0.5 to about 4 liquid volumes 
of hydrocarbon fraction per hour per volume of catalyst, 
and at a relatively lower pressure within the range of 
about 150 to about 400 lbs. per sq. in; subjecting said 
higher boiling fraction to less severe reforming condi 
tions comprising a relatively higher space rate within 
the range from about 3 to about 10 liquid volumes of 
hydrocarbon fraction per hour per volume of catalyst. 
and a higher pressure within the range of about 400 to 
700 lbs. per sq. in...; and blending said reformed fractions 
to produce a reformed hydrocarbon product of increased 
octane value and boiling within the gasoline range. 
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