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TREATMENT OF HYDROCARBONS 
William J. Mattox, Chicago, Ill., assignor to Uni 

versal Oil Products Company, Chicago, Ill., a 
corporation of Delaware 
Application August 12, 1940, Serial No. 352,230 

(C. 260-668) 8 Claimis. 

This invention relates to the treatment of ali 
phatic and naphthenic hydrocarbons for the de 
hydrogenation thereof in the presence of selected 
catalytic materials. It is more specifically cOn 
cerned with dehydrogenation reactions of Sufi 
cient extent to cause the cycling of aliphatic 
hydrocarbons to produce hydrocarbons of ring 
structure therefrom, principally aromatic hydro 
carbons. 
The process is more generally applicable to in 

dividual straight chain hydrocarbons having 6 
to 12 carbon atoms instraight chain arrange 
ment since beginning with hydrocarbons having 
10 carbon atoms in straight chain arrangement, 
there is an increasing tendency for the produc 
tion of poly-nuclear rather than mono-nuclear 
aromatic hydrocarbons which have higher boiling 
points and melting points than are desired in 
motor fuels. However, higher molecular weight 
aliphatic hydrocarbons may be treated if it is 
desired to produce these poly-nuclear compounds 
in substantial yields. 
The process is also applicable to the so-called 

"aromatization' of petroleum fractions of gaso 
line boiling range in which naphthenes are de 
hydrogenated prior to or concurrently with the 
dehydrogenation and cyclization of the aliphatic 
hydrocarbons in the mixture with them. 
The art is more or less familiar at the pres 

ent time with processes involving the catalytic 
dehydrogenation or dehydrocyclization of ali 
phatic hydrocarbons to produce aromatics there 
from. A wide variety of catalysts have been 
employed under varying conditions of operation 
among which may be mentioned reduced metals 
such as those of the iron group and more par 
ticularly nickel and a number of metal oxides 
Subject to alternate oxidation and reduction, in 
cluding oxides in the left-hand column of group 
VI of the periodic table comprising chromium, 
molybdenum, and tungsten and to a lesser ex 
tent, the corresponding oxides in group W and 
group IV in decreasing order of activity. While 
such catalysts have been found to function fairly 
Well under accurately controlled Conditions of 
operation depending upon the particular hydro 
carbon or mixture of hydrocarbons treated, dif 
ficulties are still encountered due to the fact 
that there is a gradual deposition of carbon on 
the surfaces of catalyst particles which necessi 
tates alternate periods of processing and reacti 
vation during which latter periods, the carbona 
ceous deposits are burned off with oxidizing gases 
to restore the original condition of the catalyst 
surfaces and hence their initial activity. The 

O 

present invention constitutes a marked improve 
ment in processes of this character and com 
prises a process of a basic character applicable 
to substantially all reactions involving catalytic 
dehydrogenation of hydrocarbons, 
In one specific embodiment the present inven 

tion comprises a process for the catalytic de 
hydrogenation of hydrocarbons and particularly 
the catalytic dehydrocyclization of aliphatic hy 
drocarbons by employing relatively high mass 
velocities above a critical value which is sub 
stantially above the mass velocities previously 
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used in reactions of this character. The mass 
velocities used are preferably above 5 mg. or 
more of hydrocarbon per square centimeter per 
second. Moderate amounts of hydrogen are pref 
erably also used in admixture with the vapors of 
hydrocarbons undergoing treatment. - 
I have determined as a result of a considerable 

number of experiments that the deposition of 
carbon on the surfaces of dehydrogenation or 
dehydrocyclization catalysts is markedly reduced 
as na SS Welocities (MI/A69 where M=mass, 
A=CrOSS-Sectional area, and 6 time, or the mass 
of hydrocarbon flowing past a unit cross-sec 
tional area per unit of time) are increased above 
a certain figure, while there is no decrease in 
the extent of the dehydrogenation or dehydro 
cyclization reaction. The extent of this decrease 
will be indicated in subsequent examples. Any 
mass velocity above the minimum figure stated 
may be employed although the upper limits will 
be determined to some extent by practical con 
siderations since at higher mass velocities there 
are greater pressure drops through catalyst beds 
and if very high velocities are to be used, spe 
cially designed equipment will be necessary which 
presents a large catalyst surface and a lower 
pressure drop. 

In general when employing aliphatic hydro 
carbons having 6 to 12 carbon atoms in straight 
chain arrangement, the liquid space velocity em 
ployed may be varied from 0.1 to 20 volumes. 
per hour per volume of catalyst, while the tem 
peratures are varied from approximately 450 
to 650 C., the pressure from atmospheric up to 
1000 lbs./sq. in. (although in specific instances 
a pressure of from about 25 to about 100 pounds 
per square inch is preferred) and the ratio of 
the volume of added hydrogen to the volume 
of hydrocarbon vapors varied from 0.5 to 40, 
though the preferred ratio usually varies from 
1 to 10. It will be obvious that by varying the 
particular combinations of mass velocities, space 
velocity, temperature, pressure, and type of 

: 

  



2 2,816,271 
charge that a large number of operations may 
be conducted which are all comprised within the 
scope of the invention. The process is particu 
larly applicable to the production of benzene, 
toluene, and xylenes, respectively from normal 
hexane, normal heptane, and normal octane or 
crude fractions of these compounds produced in 
the close fractionation of highly paraffinic petro 
leum cuts. Similarly, the corresponding 6, 7, 
and 8 carbon atom mono-olefins and di-olefins 
may be cycled or aromatized by the process with 
reduced carbon formation and greater Overal 
efficiency. The Only limitation upon the charg 
ing stock for the process is that the hydrocar 
bons charged should contain not less than 6 
carbon atoms in straight chain arrangement 
when dehydrocyclization reactions are desired 
since it has not been found possible to produce 
cyclo-pentadiene by dehydrocyclization reactions 
upon normal pentane or its alkylated deriva 
tives. Obviously when employing mono- or di 
olefins instead of paraffin hydrocarbons, condi 
tions of temperature, pressure, mass velocity, 
space velocity, and catalyst will require modifica 
tion if best results in respect to yield and quality 
of products and Carbon deposits are to be ob 
tained. Similarly, if simple dehydrogenation re 
actions are desired without substantial dehydro 
cyclization, conditions of less severity will be em 
ployed. 
The use as CatalystS of the Oxides of the elle 

ments in groups IV, V, and VII of the periodic 
table has already been mentioned. These oxides 
when used as catalysts in the present process 
are preferably employed on Irelatively inert Sup 
porting materials such as the oxides of alumi 
num, magnesium, or silica, or such supports as 
crushed firebrick, fuller's earth, clays, mont 
morillonite, bentonite, and in general refractory 
siliceous or aluminous supports. The use of 
chromium oxide On prepared alumina furnishes 
catalysts of Outstanding value and similarly alu 
mina supporting oxides of vanadium or molyb 
denum or Cerium are particularly useful although 
it should be stated that none of these Oxides 
should be considered as exactly equivalent in 
their dehydrogenating action on different hydro 
Carbons or mixtures of hydrocarbons, 
In operating the process, a hydrocarbon or 

mixture of hydrocarbons such as a gasoline frac 
tion is vaporized, mixed with regulated amounts 
of hydrogen and passed over beds of selected 
granular catalysts attemperatures and pressures, 
space velocities, and particularly mass velocities 
giving the Optimum conversions with minimum 
carbon deposition. After passage over the cata 
lyst the products are fractionated to separate 
products of the dehydrogenation or dehydro 
cyclization reactions or solvent extraction or 
chemical methods may be employed to remove 
the more reactive dehydrogenated materials and 
permit the recycling of the unconverted or in 
Sufficiently converted portions of the charge to 
further contact with the catalyst under the same 
or revised conditions. The passage of the mix 
ture of hydrocarbon vapors and hydrogen over 
the catalyst is continued until the conversion 
rate drops below a practical value at which time 
the stream of reactants is diverted to active cata 
lytic beds while the carbonized material is re 
activated. 

It is further gomprised within the scope of the 
invention to operate reaction chambers or any 
type of tubular reactors in such a way that an 

Out a given stationary bed. Normally in dehy 
drogenation or dehydrocyclization reactions, 
deposition of carbon increases toward the exit 
end of the reactor and to overcome this tendency, 
the temperature may be varied along the line of 
flow, different space velocities or mass velocities 
may be employed by changing the shape of the 

0. 

beds, different ratios of added hydrogen may be 
employed by injecting hydrogen along the line 
of flow or catalysts of varying activity may be 
positioned at different points in the reactor. 
Furthermore, operating conditions may also be 
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controlled by recycling unused hydrogen sepa 
rated in tie fractionation step following the 
reactor, which hydrogen may contain minor 
amounts of other gaseous products. 
The following examples are introduced to in 

dicate the effect on carbon formation of increas 
ing the mass velocity above values previously 
used in dehydrogenation and/or dehydrocycliza 
tion reactions. 

ExAMPLE 

A 92-207 C. boiling range Mid-Continent 
naphtha fraction was aromatized at 550° C., 0.5 
liquid space velocity, and 50 pounds pressure with 
an 8% Cr2O3-92%. Al2O3 catalyst and 4 moles of 
added hydrogen at mass velocities of 4 and 22 
mg. of hydrocarbon per sq. cm. per second. The 
variation in carbon formation under these con 
ditions is shown in Table 1. It will be noted 
that the grams of aromatics per gram of carbon 
formed has been increased by about 50% at the 
higher mass velocity. 

Bydrogen ratio, mols added R no charge : 4 
Catalyst: 8% CrO-92%. AlO, 4' pellets Temperature: 550 ? 

???? of processing period : 8 hours 
Charge stock: 92-207 C. Mid-Continent naphtha cut 

Pressure : 50 pound/sq. in. 

Ma88, yelocity, mg. Inaphtha/sq. cm./sec----------- 4.22 21.8 
Liquid space ???SLLMSSSLSSSLSSS LSSS S SSSSSSSSSSS SSS 0.51 0.50 
Yields: wt per cent of charge: 

Total hydrocarbon---------------------------- 82.3 79.9 
Gas, uncondensed.----------------------------- 15.7 15.6 

0.8 0.9 ??????????????????? ? ? ? ? ? ------------Ga8, CC 
Carbon, per cent of charge-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.---- 2.3 1.8 

Aromatic yield: 
Wt. per cent of charge------------------------- 47 
Grams, aromatics formed/gm. carbon--------- 20 g 

EXAMPLE I 
Experiments made under the same conditions 

as in Example I but with 8 moles of added hydro 
gen are Summarized in Table 2: 

Hydrogen ratio, mols added ? mo charge: 8 atalyst: 8% Cr2O-92%A0g, 6" pelets 
Temperature: 550° C. 

Length of processing period: 6 hours 
Charge stock: 92-207 C. Mid-Continent naphtha cut 

Fressure: 50 pound/sq. in. 

Mass yelocity, mg. naphtha/sq. cm/sec.---| 2.39 11.3 21,8 
Liquid space velihr.--------.......... 0.55 0.52 0.50 
Yields: wt. per cent of chg.: 

Total hydrocarbons-- 76.3 8.2.1 80.8 
Gas, uncondensed.--- 18, 7 6.3 15.6 
??? - O - -? ?? ?bargo. ?? 0.4 l, 09 GB0 ( 8------------ O 0.54 Aromatic }?: 
Wt. per cent of charge-.-.-.-.-.-.-.-.-.-.-.-.---- 47 45 46 
Grams aromatics formed/gram of car 

bon--------------------------------- 39 63 85 Composition of hydrocarbon recovery, 
‘"???: 20 zLSLL LLSLLLLLSLLLLLSLLLSLSLL LLSLLLLLSSSMSSSLSSS SSeeSLSeSSLLL LSLSLLSLSSLSLSSLSLSSLSLSSLLLSS 24 22 

Olefins----- 8 2. 2. Naphthernes O O 0 
Aromatics---------------------------- 62 5 57 

With 8 moles of added hydrogen at a mass ve 
even distribution of carh is obtained through- is locity of 22, the carbon formation was only 0.54% 
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and 85 grams of aromatics was formed for each 
gram of carbon deposited. 
The relationship of (1) mass velocity vs. car 

bon formation for 4 and 8 moles of added hy 
drogen and (2) mass velocity vs. grams of aro 
matics per gram of carbon are shown in the 
attached curves designated as FigS. 1 and 2 and 
drawn as a semi-logarithmic co-ordinate plot. 

From Fig. 1 it is seen that the grams of car 
bon deposited decrease progressively with in 
crease in mass velocity, the slope of the curves 
with 4 and 8 moles of hydrogen respectively 
being similar while the curve ShoWing the rela 
tionship when employing 8 moles of hydrogen is 
much lower to indicate a lower deposition of car 
bon. The extrapolation of the lower curve would 
apparently intersect the mass velocity coordinate 
at some point above 100 mg./sq. cm./sec., which 
would theoretically correspond to Zero deposition 
of carbon but which would undoubtedly also cor 
respond to a prohibitive velocity on account of 
the accompanying high preSSure drop. 

The curve:S shown in Fig. 2 indicate the rela 
tionship between the yield of aromatics per yield 
of carbon and indicate that there is a striking 
increase in aromatic production per unit Weight 
of carbon as a certain mass velocity is passed. 
The curve corresponding to the use of 8 moles of 
hydrogen is apparently asymptotic in character 
and indicates roughly that at a mass velocity of 
100 mg./sq. cm./sec. carbon deposition would be 
negligible so that aromatics would be formed 
without carbon deposition. However, this lacks 
experimental confirmation. 

I claim as my invention: 
1. A process for the production of benzene 

from hexane Which comprises passing the Vapors 
of said hexane mixed with hydrogen in the mol. 
ratio of 5-40 volumes of hydrogen per volume of 
said hexane over a stationary bed of granular 
catalyst comprising essentially chromium oxide 
and aluminum oxide at a temperature of from 
about 450 to about 650° C., a pressure of from 
approximately 25 to approximately 100 pounds 
per square inch, a liquid hourly space velocity 
of from 0.1 to 20 volumes per volume of catalyst 
and at a mass velocity greater than 5 milligrams 
per square centimeter per second. 

2. A process for the production of toluene from 
heptane which comprises passing the vapors of 
said heptane mixed with hydrogen in the mol 
ratio of .5-40 volumes of hydrogen per volume 
of said heptane over a stationary bed of granular 
catalyst comprising essentially chromium oxide 
and aluminum oxide at a temperature of from 
about 450 to about 650 C., a pressure of from 
approximately 25 to approximately 100 pounds 
per square inch, a liquid hourly space velocity 
of 0.1 to 20 volumes per volume of catalyst and 
at a mass velocity greater than 5 milligrams per 
square centimeter per second. 

3. A process for the dehydrogenation of hy 
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drocarbons having 6 to 12 carbon atoms to the 
molecule, which comprises combining vapors of 
Said hydrocarbons with hydrogen and subject 
ing the mixture to contact with a metal oxide 
dehydrogenating catalyst at a temperature of 
from 450 to about 650 C., a liquid hourly space 
Velocity of from 0.1 to 20 volumes per volume of 
catalyst, and at a mass velocity of at least 5 mil 
ligrams per square centimeter per second. 

4. A process for the dehydrogenation of hy 
drocarbons having 6 to 12 carbon atoms in 
Straight chain arrangement, which comprises 
combining vapors of said hydrocarbons with hy 
drogen and Subjecting the mixture to contact 
With a metal oxide dehydrogenating catalyst at 
a temperature of from 450° to about 650° C., a 
liquid hourly space velocity of from 0.1 to 20 
Volumes per volume of catalyst, and at a mass 
velocity of at least 5 milligrams per square cen 
timeter per second. 

5. A process for the production of aromatics 
from hydrocarbons having 6 to 12 carbon atoms 
to the molecule, which comprises combining va 
porS of Said hydrocarbons with hydrogen in the 
mol ratio of 0.5 to 40 volumes of hydrogen per 
volume of Said hydrocarbons and subjecting the 
mixture to contact with a metal oxide dehydro 
genating catalyst at a temperature of from 450 
to about 650° C., a liquid hourly space velocity 
of from 0.1 to 20 volumes per volume of catalyst, 
and at a mass velocity of at least 5 milligrams per 
Square centimeter per second. 

6. A process for improving the anti-knock 
value of gasoline comprising hydrocarbons hav 
ing 6 to 12 carbon atoms to the molecule, which 
Comprises combining vapors of said gasoline with 
hydrogen and subjecting the mixture to contact 
with a metal oxide dehydrogenating catalyst at 
a temperature of from 450° to about 650 C., a 
liquid hourly space velocity of from 0.1 to 20 
volumes per volume of catalyst, and at a mass 
velocity of at least 5 milligrams per square cen 
timeter per second. 

7. The process of claim 3 further character 
ized in that the metal oxide dehydrogenating 
catalyst comprises an oxide of an element ap 
pearing in the left hand column of group VI 
of the periodic table and selected from the class 
consisting of chromium, molybdenum and tung 
sten. 

8. A process for the dehydrogenation of hy 
drocarbons having 6 to 12 carbon atoms to the 
molecule, which comprises combining vapors of 
said hydrocarbons with hydrogen and subject 
ing the mixture to contact with a molybdenum 
Oxide dehydrogenating catalyst at a tempera 
ture of from 450 to about 650° C., a liquid hourly 
Space Velocity of from 0.1 to about 20 volumes 
per Volume of catalyst and at a mass velocity of 
at least five milligrams per square centimeter 
per Second. 

WILLIAM J. MATO 

  


