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The present invention is directed to a method for con 
verting hydrocarbons. More particularly, the invention 
is directed to a method of producing high yields of high 
octane number hydrocarbons. In its more specific as 
pects, the invention is directed to converting naphthenic 
hydrocarbons in admixture with other hydrocarbons in 
high yields of high octane number materials. 
The present invention may be briefly described as a 

method for producing enhanced yields of high octane 
number hydrocarbons in which a naphthenic hydrocarbon 
fraction is charged in series to a plurality of reaction 
zones, each containing a bed of supported platinum cata 
lyst and maintained at hydrocarbon conversion condi 
tions. The specific feature of the present invention in 
volves adding a normal paraffin in a sufficient amount 
to the naphthenic hydrocarbon feed at least to the lead 
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reaction zone of said plurality of zones and adding an 
iso-olefin in a sufficient amount to the converted hydro 
carbon charged to the tail reaction zone of the plurality 
of zones such that the normal paraffin is contacted with 
the catalyst for a time within the range from about 10 to 
about 20 seconds and such that the iso-olefin is con 
tacted with the catalyst for a time within the range of 
about 2 to about 5 seconds whereby enhanced yields of 
high octane number hydrocarbons are obtained. While 
it is preferred to add the normal paraffin to the lead re 
action zone, under some conditions, the normal paraffin 
may be added to the other of the plurality of Zones 
depending cn reaction conditions therein. 
The naphthenic hydrocarbon fraction which may be 

employed as the feed may boil in the range from about 
100 to about 400 F. and suitably may contain naph 
thenic hydrocarbons and paraffinic hydrocarbons and 
some aromatic hydrocarbons. It will be preferred, how 
ever, to maintain the amount of aromatic hydrocarbons 
at a minimum since these hydrocarbons do not undergo 
conversion in the reaction and since they already have 
high octane number values. 
The normal paraffin added to the lead reaction Zone 

may suitably include normal paraffins having from 5 to 
8 carbon atoms and may include normal pentane, nor 
mal hexane, normal heptane and normal Octane. 
The iso-olefin added to the tail reaction Zone may suit 

ably include either iso-mono-olefins or iso-diolefins such as isopentylenes, isohexylenes, isoheptylenes and iso 
octylenes, 2-methyl-butadiene-1,3, and the like, such 
as the diolefins corresponding to the iso-mono-olefins 
given by way of example. Normal pentane and iso 
pentylenes comprise preferred normal paraffins and iso 
mono-olefins to be introduced into the operation. Suit 
able diolefins may be obtained from the C6 fraction of 
catalytic naphthas such as catalytically cracked naphthas. 
The amounts of normal paraffin and the iso-mono 

olefin employed may range from about 10 to about 60 
percent by volume of the naphthenic hydrocarbon feed. 
The catalyst employed in the present invention is a 

platinum catalyst and preferably is a Supported platinum 
on alumina catalyst. The amount of platinum on the 
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catalyst is preferably about 0.6% by weight but amounts 
of platinum in the catalyst from about 0.1% to 2.0% by 
weight may be employed. in some cases as much as 
4.0% by weight may be used although the lesser range 
is preferred. The support is preferably highly purified 
aluminum oxide. The aluminum oxide may suitably be 
a gamma alumina or an eta alumina derived from con 
ventional sources of alumina hydrates or from specially 
derived alumina hydrates, such as those obtainable from 
aluminum alcoholates, phenolates, etc. 
Temperatures employed in the practice of the present 

invention in the several reaction zones may range from 
about 800 to about 1000 F. The temperatures may 
progressively increase from the lead to the tail reaction 
zone within this range. The temperatures may increase 
incrementally from one reaction zone to another reaction 
zone from about 10 to about 100 F. However, the 
temperatures in the several zones may be approximately 
equal. Also, the temperatures in the lead Zones may be 
greater than the temperature in the tail reaction zone. 

Pressure employed in the practice of the present inven 
tion may range from about 200 to about 500 pounds 
per square inch gauge. A suitable and preferred pressure 
is about 300 pounds per square inch gauge. 
The space velocity is preferably about 2.0 volumes of 

total feed hydrocarbon per volume of catalyst per hour 
entering the lead reaction zone. However, space veloci 
ties in the several zones may range from about 0.5 to 
about 5.0 v./v./hr., the space velocity in the tail Zone 
increasing as hydrocarbon is added thereto. 
The presence of hydrogen is required in the practice 

of the present invention and a preferred amount of hy 
drogen is about 4000 standard cubic feet of hydrogen per 
barrel of total feed. The amount of hydrogen may range 
from about 2000 to 6000 cubic feet per barrel of feed. 
The reaction is preferably conducted in a plurality of 

reaction Zones with the supported catalyst arranged in 
beds therein. However, it is to be understood that the 
operation may be conducted with a fluidized type opera 
tion wherein a fluidized powdered catalyst of the nature 
described is suspended in the vaporized hydrocarbon. 
Addition of iso-olefins to fluidized systems should al 
leviate the difficult heat supply problem inherent therein. 
The reaction may be conducted under adiabatic or iso 

thermal conditions. 
Of importance in the practice of the present invention 

is the contact time. Specifically, the normal paraffin 
should contact the catalyst in the several reaction zones 
for a time within the range from about 10 to about 20 
seconds. The iso-mono-olefin should contact the cata 
lyst in the last or in several reaction zones for a time 
within the range from about 2 to about 5 seconds. By 
employing such contact times, the normal paraffin is iso 
merized selectively to isoparaffin and the iso-mono-olefin 
is hydrogenated selectively to the corresponding iso 
paraffin. Such reactions result in the enhancement of 
the quantity of isoparaffins in the product and result in 
a product which has an increased yield of isoparaffins 
as well as containing increased yields of aromatics pro 
duced from the reforming of the naphthenic hydrocar 
bons. 

It is to be emphasized that the nephthenic hydrocarbon 
fraction which normally contains paraffins will have some 
of the paraffins isomerized to isoparaffins. - 
The present invention will be further illustrated by 

reference to the drawing in which: 
Fig. 1 is in the form of a diagrammatic flow sheet of 

a preferred mode; and - 
Fig. 2 is a graph of data showing the relationship be 

tween the research clear octane number and the yield 
obtainable in the several examples. 

Referring specifically to the drawing, numeral 11 des 
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EXAMPLE 3 

The same crude virgin naphtha of Example 1 was re 
formed under the same conditions of Example 1 with re 
actor inlet temperatures of 924, 935, 934 and 934, 
respectively, in the four reactors in series. The average 
catalyst bed temperatures corresponding to these inlet 
temperatures were 830, 867, 879, and 896 F., re 
spectively. The yield octane relationship obtained in the 
product from this run was as follows: 

105 F. and heavier product yield, vol. percent on 
feed ------------------------------------- 86.2 

105 F. and heavier product, Research clear octane 
number 85 

It will be seen that these values are approximately 
the same as those obtained in Example 1. In this ex 
ample, the contact time was a total of about 16.8 seconds, 
whereas the contact time in the last reactor was about 
4.10 seconds. 

EXAMPLE 4 

Immediately following Example 3 with the same reac 
tor inlet temperatures on the same virgin crude naphtha, 
catalytic pentylenes, the analysis of which follows, were 
charged to the inlet of the fourth or last reactor at a 
rate of 20 volume percent of the total virgin crude naph 
tha feed to the lead reactor. The hydrogen recycle gas 
rate was increased so that a rate of 4,000 standard cubic 
feed of hydrogen per barrei of total feed to the reactor 
system was maintained. The reactor inlet temperatures 
were 926, 937, 933 and 931 F. prevailing for the 
several reactors in series at corresponding average cata 
lyst bed temperatures of 835°, 872°, 881° and 939° F. 
The increase in the average temperature in the last re 
actor was occasioned by the exothermic nature of the 
hydrogenation reactions involving the pentylenes, it being 
understood that the reactions in reforming are normally 
endothermic in nature and require reheating between 
reactOS. 

Table Ii.-Catalytic pentylenes analysis 

Compound: Wt. percent 
i-Pentane ------------------------------- 30.2 
n-Pentane ------------------------------ 2.8 
Pentene-1 ------------------------------ 0.3 
Trans-pentene-2 ------------------------- 11.4 
Cis-pentene-2 --------------------------- 9.5 
2 M-butene-1 --------------------------- 12.0 
2 M-butene-2 --------------------------- 20.6 
105 F. and heavier ---------------------- 3.2 

The 105 F. plus product yield based on the virgin 
crude naphtha charged in this example was 85.6 volume 
percent with a research clear octane number of 89.3. This 
represents a yield advantage of about 1.9 volume percent 
at the 89.3 octane level over that shown in Example 1 
for operations with the same virgin crude naphtha alone. 
The higher octane number level in this example over 
Example 3 at the same inlet reactor temperatures was ob 
tainable by the higher average reactor temperature in 
the fourth or tail reactor. In Example 4 herein the over 
all contact time was 14.1 seconds whereas the contact 
time in the last reactor was 3.3 seconds. 

In addition to the increase in the iO5 F. plus product 
from the virgin naphtha the yield of iso plus normal 
pentane from the pentylenes added to the last reactor 
was 81.1 mol percent of that which would have been 
obtained by hydrogenation alone. The mol ratio of iso 
pentane to normal pentane in the product from pentylenes 
was 1.94 compared to 1.83 for the pentylenes introduced 
into the last reactor Zone. This showed that isopentane 
would not isomerize to normal pentane after it has been 
formed by hydrogenation. 
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6 
EXAMPLE 5 

The conditions of Example 4 were maintained and an 
additional 20 volume percent, making a total of 40 vol 
ume percent of a catalytic pentylenes based on the total 
virgin naphtha feed, were added to the last reaction zone 
feed. Reactor inlet temperatures of 924, 934, 936 
and 866 provided average reactor or catalyst tempera 
tures of 834, 871, 887 and 940 F. in this example. 
Again the recycle gas rate was increased to maintain a 
rate of 4,000 standard cubic feet of hydrogen per barrel 
of total feed to the reactor system. Under these condi 
tions, the yield of 105 F. and heavier materials based 
on the virgin crude naphtha was 86.4 volume percent for 
a research clear octane number of 88.1. This represents 
a yield advantage of about 1.9 volume percent at the 
88.1 octane level over that shown for Example 1 for op 
erations with the virgin crude naphtha alone. In this 
run the total contact time was 12.4 seconds and the con 
tact time in the fourth reactor was only about 2.8 sec 
onds. The yield of iso plus normal pentanes was 92.4 
mol percent of that which would have been made by hy 
drogenation alone with no loss. The mol ratio of iso to 
normal pentane in the pentylenes product was 1.93 com 
pared to 1.83 for the pentylenes feed. The yield of iso 
pentane was 94.1 mol percent of that available from the 
pentylene feed. The similar yield for normal pentane 
was 89.3 mol percent. This example conclusively shows 
that the yield-product distribution relationships were bet 
ter from the standpoint of pentylenes alone at 40 volume 
percent level in the last reactor than at the 20 volume 
percent level. 

EXAMPLE 6 
Example No. 4 was repeated except that 20 volume 

percent of the crude virgin naphtha of a normal pentane 
rich fraction were added to the fourth reactor instead 
of the catalytic pentylenes. With reactor inlet tempera 
tures of 923, 934, 934 and 933 the average reactor 
temperatures were 831, 870, 882, and 903 F. The 
composition of the pentane feed is given in Table III: 

Table III 
Component: Vol. percent 

Isopentane ------------------------------ 20.2 
NOTmal pentane --------------------------- 76.6 
Pentylenes ------------------------------ 1.8 
105 F. and heavier ---------------------- 1.4 

In this operation the contact time in the fourth reactor 
Was about 3.4 seconds. 
Under the conditions of this example the yields of 

105 F. and heavier material produced from the virgin 
crude naphtha was 88.7 volume percent and the octane 
number was 84.3 research. This represents a yield ad 
vantage of 1.7 volume percent of 105 F. and heavier 
fraction i at 84.3 research octane number over that ob 
tained with the virgin crude naphtha alone with the same 
octane number. The yield of iso plus normal pentanes 
was 100 mol percent of that from the feed pentanes. The 
mol ratio of iso to normal pentane was 0.39 compared to 
0.26 for the feed. The isopentane yield based on feed 
isopentane was 139.2 mol percent indicating that some 
isomerization of normal pentane to isopentane occurred. 
The data in these several examples are presented in 

Fig. 2 graphically and show conclusively an improved 
yield for the presence of catalytic pentylenes in the last 
reaction zone. 
From these examples it is clear that it was desirable 

to add the normal paraffins to the lead reaction zone of 
a plurality of reaction zones to enhance the isomeriza 
tion thereof by providing the extended contact time 
whereas it is desirable to add the iso-mono-olefin to the 
tail reaction zone such that the iso-mono-olefin is only 
hydrogenated but is not further converted. 
The present invention is of great value and utility in 

that enhanced yields of high octane number material are 
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possible by operating the reforming zone employing a 
platinum catalyst in which the paraffin is subjected to a 
relatively long reaction time and the iso-mono-olefin is 
subjected to a relatively short reaction time. 

It is contemplated that the present invention may be 
operated by providing an elongated reaction Zone con 
taining a bed of supported platinum catalyst maintained 
at hydrocarbon conversion conditions such as described 
herein with the paraffinic hydrocarbon being charged to 
the feed to said reaction zone and with the iso-mono 
olefin being charged into the reaction zone at a selected 
intermediate point therein to provide the relatively long 
contact time for the normal paraffin and the relatively 
short contact time for the isoparaffin. 
The nature and objects of the present invention hav 

ing been completely described and illustrated, what we 
wish to claim as new and useful and to secure by Letters 
Patent is: 

1. A method for producing enhanced yields of high 
octane hydrocarbons in which a naphthenic hydrocarbon 
fraction is charged in series to a plurality of reaction zones 
each containing a bed of supported platinum catalyst and 
maintained at hydrocarbon conversion conditions which 
comprises adding a normal paraffin in a sufficient amount 
within the range from about 10 to about 60% by volume 
of the naphthenic hydrocarbon to the naphthenic hydro 
carbon feed to the lead reaction zone of said plurality of 
zones and adding an isoolefin in a sufficient amount with 
in the range from about 10 to about 60% by volume of 
the naphthenic hydrocarbon to the converted hydrocar 
bon charged to the tail reaction zone of said plurality of 
zones such that the normal paraffin is contacted with the 
catalyst for a time within the range from about 10 to 
about 20 seconds and such that the isoolefin is contacted 
with the catalyst for a time within the range from about 
2 to about 5 seconds whereby enhanced yields of high 
octane hydrocarbons are obtained. 

2. A method in accordance with claim 1 in which the 
normal paraffin is normal pentane and the iso-olefin is an 
isopentylene. 

3. A method in accordance with claim 1 in which the 
plurality of reaction zones comprise four reaction zones 
maintained at conversion conditions including a progres 
sively increasing temperature from the lead to the tail 
reaction zone within the range from about 800 F. to 
about 1000 F. 

4. A method in accordance with claim 1 in which the 
iso-olefin is an iso-mono-olefin. 

5. A method in accordance with claim 1 in which the 
iso-olefin is an iso-diolefin. 

6. A method for producing enhanced yields of high 
octane hydrocarbons in which a naphthenic hydrocarbon 
fraction boiling in the range from about 100 to about 
400 F. is contacted in the presence of a free hydrogen 
containing gas in series with a platinum catalyst in a plu 
rality of reaction zones each containing a bed of sup 
ported catalyst containing from about 0.1% to about 
4.0% by weight of platinum on purified alumina and 

8 
maintained at hydrocarbon conversion conditions which 
comprises adding a normal paraffin containing 5 to 8 car 
bon atoms in a sufficient amount within the range from 
about 10 to about 60% by volume of the maphthenic hy 

5 drocarbon to the naphthenic hydrocarbon feed to the lead 
reaction zone of said plurality of zones and adding an iso 
mono-olefin containing 5 to 8 carbon atoms in a sufficient 
amount within the range from about 10 to about 60% by 
volume of the naphthenic hydrocarbon to the converted 

10 hydrocarbon charged to the tail reaction zone of said plu 
rality of zones such that the normal paraffin is contacted 
with the catalyst for a time within the range from about 
10 to about 20 seconds and such that the iso-mono-olefin 
is contacted with the catalyst for a time within the range 

15 from about 2 to about 5 seconds whereby enhanced yields 
of high octane hydrocarbons are obtained. 

7. A method in accordance with claim 6 in which the 
normal paraffin is normal pentane and the iso-mono-olefin 
is an isopentylene. 

20 8. A method in accordance with claim 6 in which the 
plurality of reaction zones comprise four reaction zones 
maintained at conversion conditions including a progres 
sively increasing temperature from the lead to the tail 
reaction zone within the range from about 800 F. to 

25 about 1000 F. 
9. A method in accordance with claim 6 in which the 

conversion conditions in said plurality of reaction zones 
includes a temperature increasing incrementally from one 
reaction zone to another by about 10 F. to about 100 F. 

80 10. A method in accordance with claim 6 in which the 
conversion conditions include a pressure within the range 
from about 200 to about 500 pounds per square inch 
gauge and a space velocity in the range from about 0.5 
to about 5.0 volumes of hydrocarbon fraction per volume 

35 of catalyst per hour. 
11. A method for producing enhanced yields of high 

octane hydrocarbons in which a naphthenic hydrocarbon 
fraction is charged to a reaction zone containing a bed 
of supported platinum catalyst and maintained at hydro 

40 carbon conversion conditions which comprises adding a 
normal paraffin in a sufficient amount within the range 
from about 10 to about 60% by volume of the naphthenic 
hydrocarbon to the naphthenic hydrocarbon feed and 
adding an iso-olefin to said reaction zone in a sufficient 
amount within the range from about 10 to about 60% 
by volume of the naphthenic hydrocarbon at a selected 
point such that the normal paraffin is contacted with the 
catalyst for a time within the range from about 10 to 
about 20 seconds and such that the iso-olefin is contacted 
with the catalyst for a time within the range from about 
2 to about 5 seconds whereby enhanced yields of high 
octane hydrocarbons are obtained. 
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