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The present invention 
conversion of hydrocarbons, and more particular 
ly, to the conversion of straight chain hydrocar 
bons and mixtures thereof to aromatic hydrocar 
bons by contacting the straight chain compounds 
under suitable reaction conditions with a catalyst 
capable of dehydrogenating and cyclicizing them 
'to aromatic compounds. In its preferred aspect, 
the invention relates particularly to improve 
ments in the treatment of low anti-knock naph 
tha fractions having a large proportion of straight 
chain hydrocarbon compounds boiling within the 
motor fuel range to convert such compounds to 

increase the anti-knock quality of the naphtha. 
Heretofore, a dehydro-aromatization process of 

aromatic hydrocarbons and thereby considerably 
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: considerable commercial interest and merit for 
the conversion of low anti-knock naphtha frac 

'tions boiling within, and slightly above, the mo 
itor fuel range, to motor fuel of high aromatic 
content has been developed. Pursuant to this 
process, a suitable charging stock, for example 
a paraffinic naphtha of low anti-knock quality, is 
mixed with hydrogen and contacted in the vapor 
phase with a suitable catalyst and under suitable 
reaction conditions for the desired dehydro-aro 
matization reaction. By means of this reaction, 
a large proportion of the straight chain hydro 
carbons is converted by dehydrogenation and 
cyclization to corresponding aromatic compounds 
and is attended by a net production of hydrogen. 
Also, it has been proposed to effect this type of 
conversion by either contacting the hydrocarbons 
in a reaction Zone containing a stationary mass 
or bed of the catalyst, or by an alternative pro 
cedure of suspending the catalyst in the vapors 
undergoing treatment, passing the suspension 

... through the reaction zone, and thereafter sep 
arating the suspended catalyst from the vaporous 
reaction products. . . . . ": : r, , 
The latter type of operation, while having cer. 

, tain inherent advantages such as the high degree 

... duly expensive and impractical. . . . . . . 
20: 

(a) Necessity of supplying a considerable en 
dothermicheat of reaction to the conversion Zone, 

; (b). Difficulty of securing, satisfactory, yields 
and qualities of conversion products with avail 
able catalysts when utilizing equipment of a com 

... mercially, feasible size and proportions Of react 
ants and catalyst, , ! ''' | ''' 

(c) Difficulties arising out of the tendency of 
isome of the otherwise more effective catalysts, 
such as those comprising molybdenum com 
pounds, to undergo reduction during the conver 
generation stage. . . . 
One of the objects of my 

sion stage and oxidation during the catalyst re 
invention is the pro 

vision of a method for supplying the required 
endothermic heat of reaction without utilizing 
conventional methods of heat exchange or heat 
transfer which have been ascertained to be un 
Å further object of my invention is the pro- i 

vision of a method for securing a satisfactory 
degree of conversion both with respect to quantity 
and quality of conversion products without resort 
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.ing to inordinately large equipment or propor 
tions of reactants and catalysts at any stage of . the process. 
Än additional object of the invention is the 

provision of an improved method for precondi 
'tioning the catalyst, particularly catalysts of the 

30. 

... during the conversion stage and oxidized during 
type exhibiting a tendency to become reduced 

: the regeneration stage of the process whereby the 
disadvantages arising from such reactions are 

is largely obviated. 
35 various other objects, features, and advantages 

of my invention will be apparent from a consider 
ation of the following detailed description thereof 
given in connection with the appended drawing, 
wherein. I have illustrated diagrammatically, a . 

40 
s: for the practice of the invention, e.g.: 

of intimacy of contact between the vapors and 
finely divided suspended catalyst, is subject to 
various difficulties and disadvantages which have 
precluded its utilization on a practical or com 
mercial scale. A general object of my invention 
is the provision of a process whereby these dif 
ficulties and disadvantages are largely eliminated. 
Among the more important obstacles which 

is have been encountered in attempts to practice a dehydro-aromatization process by a procedure 
| wherein the catalystºis suspended in the hydro- ž: 
carbon vapors passing through the conversion 
Zone are the following: . . . . .." 
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suitable arrangement of apparatus and flow plan 
Referring to the exemplary process-flow illus 

trated, the charging stock introduced through 
is line is suitably a naphtha fraction having a 

large proportion of straight chain hydrocarbons 
of low: anti-knock i quality, that is, aliphatic hy 
drocarbons having from 6 to 14 carbon atoms in 
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the carbon chain. The naphtha is charged by . . . 
pump 2 through a heating coil 3 in furnace 4 
wherein it is vaporized and heated to a tempera 

...ture suitable for the subsequent conversion stage. 
Hydrocarbon vapors are withdrawn from the fur 
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nace through transfer line 5 and mixed with re- . * : cycle gas containing a large proportion of hy 
drogen introduced through recycle line 6, and the 
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vapor mixture then passed into the bottom of 
conversion chamber 7. 
A supply of a suitable active, catalyst, for ex 

ample molybdenum or molydenum oxide sup 
ported on alumina, heated to an elevated tem 
perature approximating the desired conversion 
temperature is maintained in collecting or surge 
drum 8. Hot catalyst is fed from drum 8 by an 
adjustable screw feeder 9 into the lower part of 
the reactor where it is picked up and Suspended 
in the incoming vapor stream of naphtha and 
recycle gas and then passes upwardly through 
the conversion chamber. The quantity of cata 
lyst introduced into the reaction zone is prefer 
ably maintained within definite limits pursuant 
to my invention as described in detail hereinafter. 
In passing upwardly through the reactor the 
straight chain hydrocarbons undergo a dehydro 
genation and cyclization reaction and are largely 
converted to aromatic compounds, and altered 
hydrocarbon compounds generally, of enhanced 
anti-knock quality. I have ascertained that the 
extent and effectiveness of the conversion is 
largely dependent upon the concentration of 
catalyst in the reactor and this concentration is ; 
preferably maintained within definitely pre 
scribed limits pursuant to my invention as here 
inafter described. 

0. 

4 
gaseous product including a large proportion of 
hydrogen and light hydrocarbon gases, such as 
methane and ethane, is withdrawn overhead 
through line 5. 
Used catalyst is withdrawn from drum by. 

feeder 8 and introduced into a suitable means 
for purging it of hydrocarbon vapors, entrained 
therewith, such as stripping tower 9. Tower 9 
may be provided with suitable baffles or the like 
to facilitate intimate contact between the purg 
ing medium and the catalyst passing downwardly 
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therethrough. A suitable purging medium such 
as steam is introduced at the base of tower 9, 
through line 20 and passes upwardly through the 
tower and exits from the top through line 2. 
The purging medium is passed from line 2f into 
a separator 22, wherein any entrained catalyst is 
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separated. Catalyst thus separated is passed by 
line 23 into a collecting or surge drum 24. The 
purging medium is Withdrawn from the top of 
separator 22 by line 25 and suitably may be treat 
ed to recover its hydrocarbon content, for ex 
ample by introduction of the mixture into line 7. 
i. Stripped catalyst is withdrawn from the bot 
tom of stripping tower. 9 by line 26 and passed 
to a stripped, used catalyst collecting or surge 

The conversion products are withdrawn from ... 
the top of reactor 7 through line 0 and passed 30 
to a collecting or surge drum wherein most of 
the suspended used catalyst settles out of the gas 
stream and collects in the bottom portion of the 
drum. The vapor stream is withdrawn from the 
upper part of drum through line 2 and passed 
to a suitable gas-Solid separator such as cyclone 
f3 wherein residual suspended catalyst is sepa 
rated and returned to the drum through line. 4. 
Vaporous conversion products are withdrawn 
from separator 3 and passed to the products' 
recovery system through line . If desired, a 
part of the used catalyst may be withdrawn from 
drum i? through pipe 5 and recycled to reactor 
7 by screw feeder 6 for reuse in the mixture 
undergoing conversion. 
The vaporous reaction products withdrawn 

through line 7 are cooled to a temperature suit 
abletor the separation of their condensible.com 
ponents from the hydrogen and normally gaseous 
hydrocarbons contained therein. This cooling 
may suitably be effected by passing the stream 
through heat exchanger 60 in heat exchange re 
lation with the cooler recycle gas stream in line 

drum 24 by screw feeder 27. Catalyst is with 
drawn from the bottom of drum 24 and intro 
duced into regeneration chamber 29 by screw. 
feeder 28. A suitable regeneration medium such 
as air, or a mixture of air and flue gas, is intro 
duced into the bottom portion of regeneration 
chamber 29 through line 30 by pump-3 ... Used 
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catalyst is picked up and suspended in the re 
generation medium and passes upwardly through 
the regeneration chamber during which travel 
combustion of its carbonaceous content is effected 
and the catalyst thereby regenerated. The re 
generation products are withdrawn from the top 
of the regeneration chamber through line 32 and 
all or a portion thereof passed by line 33 to a 
regenerated catalyst collecting or surge drum 34 
wherein most of the suspended catalyst is settled 
out of the gas stream and collected in the bottom 

45. 
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6, and then further cooled in additional heat 
exchangers or cooler 6. From the final cooler 
6, the stream is passed into a high pressure gas 
separator 63 by line 62. The desired licuid prod 
uct is withdrawn from the bottom of gas sepa 
rator 63 by line 65, and may thereafter be treated 
in accordance with conventional practice of stan 
bilization and the like to produce a commercial 
gasoline of exceptionally high anti-knock chair 
acteristics, or in any other desired manner. 
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portion of the drum. Combustion or fue gases 
are withdrawn overhead throughline 35 and pass 
to a suitable separating system such as cyclone 
36 for separation of residual catalyst entrained 
in the gas, the catalyst thus separated being re 
turned to drum 34 through line 38. The sepa 
rated flue gas passes overhead from cyclone 36 
and is withdrawn from the process through 
line. 39. 
To assist in the maintenance of the tempera 

ture of the regeneration Zone within required 
limits, it has been found highly desirable under 
certain: conditions to recycle cooled regenerated 
catalyst to this Zone: for absorbing a portion of . 
the heat of regeneration thereby preventing the 
temperature in the Zone from exceeding the max 
imum or allowable safe regeneration temperature. 

Gaseous constituents are withdrawn overhead 
from separator 63 through line 66, and are com 
pressed to a pressure suitable for the separation 

65 

and recovery of low boiling hydrocarbons, such 
as propane and butane, present therein by com 
pressor 67 and then passed to absorbing tower 
50. In tower 50 the gas is passed in counter 
current flow with an absorbing oil, Suitably the 
naphtha which is to be introduced through line 
f, supplied at the top of the tower through line 
68. Enriched absorbing oil is withdrawn from 
the bottom of the tower through line 69, and a 

In such cases the regeneration products with 
drawn through line: 32 may be split, a suitable 
fraction thus being by-passed through line, 70 by 
suitable adjustment of valves 7 and 72. The 
by-passed stream is passed through a suitable 
cooler or heat exchanger 73 wherein its tempera 
ture is reduced to a suitable degree. From cooler 
73 the cooled stream is passed by line. T4 to sepa 
rator 75 wherein the suspended catalyst is sepa- - :? 
rated from the flue gas, which passes overhead 
through line 76. Catalyst is withdrawn from the 
bottom of separator. 75 by line TT and introduced 
into the cooled regenerated catalyst collecting or 
surge drum 78. From drum 78 the cooled catalyst : 
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version temperature in vapors of the aliphatic 
hydrocarbons, passing the suspension upwardly 
through a conversion zone at a velocity within 
the range of about 1 to 3 feet per Second under, 
superatmospheric pressure and at elevated tem 
peratures suitable to largely dehydrogenate and 
cyclicize the aliphatic hydrocarbons to aromatic 
compounds, and maintaining the proportions of 
heated catalyst and hydrocarbons, introduced to 
the conversion zone within limits in terms of 
catalyst-to-hydrocarbons, by weight, of about 
2-20 to 1 so as to supply the endothermic heat of 
reaction without supplying extraneous heat to 
the reaction mixture to any substantial extent. 

2. A process for the conversion of aliphatic hy 
drocarbons to aromatic hydrocarbons which com prises suspending a powdered dehydrogenating 

O 

s 

and cyclicizing catalyst of sufficient fineness that 
most of it passes a 200-mesh screen previously 
heated to a temperature approximating the Con 20 version temperature in vapors of the aliphatic 
hydrocarbons, passing the suspension upwardly 
through a conversion zone at a velocity within the 
range of about 1 to 3 feet per second under super 
atmospheric pressure and at elevated tempera 
tures suitable largely to dehydrogenate and cycli 
cize the aliphatic hydrocarbons to aromatic com 
pounds, and maintaining the proportions of 
heated catalyst and hydrocarbons introduced to 
the conversion zone within limits in terms of 
catalyst-to-hydrocarbons, by Weight, of about 
4-10 to 1 so as to supply the endothermic heat of 
reaction without supplying extraneous heat to 
the reaction mixture to any substantial extent. 

3. A process for the conversion of aliphatic hy 
drocarbons to aromatic hydrocarbons which con 
prises suspending a powdered dehydrogenating 
and cyclicizing catalyst of sufficient fineness that 
most of it passes a 200-mesh screen and previous 
ly heated to a temperature approximating the 
conversion temperature, in vapors of the aliphatic 
hydrocarbons, passing the vapors upwardly 
through a conversion Zone at a velocity within 
the range of about 1 to 3 feet per second under 
superatmospheric pressure and at elevated ten 
peratures suitable to largely dehydrogenate and 
cyclicize the aliphatic hydrocarbons to aromatic 
compounds, and maintaining the proportions of 
heated catalyst and hydrocarbon reactants intro 
duced to the conversion zone within such limits 
as to supply the endothermic heat of reaction 
without supplying extraneous heat to the reaction 
mixture to any substantial extent and within the 
range of about 2-20 parts of catalyst to 1 part 
of Said reactants by Weight, the Said maintained 
velocity of the hydrocarbon vapors through said 
conversion zone being such as to produce a rela 
tively great concentration of catalyst in said Zone. 

4. A process for the conversion of aliphatic hy 
drocarbons to aromatic hydrocarbons, which 
comprises suspending a powdered dehydrogenat 
ing and cyclicizing Catalyst of Sufficient finenesS 
that most of it passes a 200-mesh screen and pre 
viously heated to a temperature approximating 
the conversion temperature in vapors of the 
aliphatic hydrocarbons, passing the vapors up 
wardly through a conversion zone within the 
range of about 1 to 3 feet per second in the pres 
ence of added hydrogen and under SuperatinoS 
pheric pressure and elevated temperatures suit 
able largely to dehydrogenate and cyclicize the 
aliphatic hydrocarbons to aromatic compounds 
and hydrogen, the proportions of heated catalyst 
and reactantS introduced to the conversion Zone 
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being maintained within such limits as to supply 
the endothermic heat of reaction without supply 
ing extraneous heat to the reaction mixture to 
any substantial extent and within the range of 2 
to 20 parts of catalyst to 1 part of reactants by 
weight, withdrawing the conversion products and 
separating the used catalyst and hydrogen pro 
duced, from the other components of the con 
version mixture and each other, splitting the 
stream of hydrogen and utilizing one portion to 
precondition the used catalyst for reuse and the 
other portion as the added hydrogen present in 
the conversion stage. : 

5. A process for the conversion of aliphatic hy 
drocarbons to aromatic hydrocarbons which com 
prises heating and vaporizing said aliphatichy 
drocarbons to a temperature suitable for conver 
sion, suspending a powdered dehydrogenating 
and cyclicizing catalyst of sufficient fineness that 
most of it passes a 200 mesh screen and previously 
heated to a temperature approximating the con 
version temperature in said vapors of the ali phatic hydrocarbons, passing the vapors upward-, i. 
ly through a conversion zone at a velocity within 
the range of about 1 to 3 feet per second under 
superatmospheric pressure and at elevated tem 
peratures suitable to largely dehydrogenate and 
cyclicize the aliphatic hydrocarbons to aromatic 
compounds, and maintaining the proportions of 
heated catalyst and hydrocarbon reactants intro 
duced to the conversion zone within such limits 
as to supply the endothermic heat of reaction. 
without supplying extraneous heat to the reaction. 
mixture to any substantial extent and within the 
range of about 2-20 parts of catalyst to 1 part of 
Said reactants by Weight, the said maintained 
velocity of the hydrocarbon vapors through said 
conversion zone, being such as to produce a rel 
atively great concentration of catalyst in said 
?????. 

6. A process for the conversion of aliphatic 
hydrocarbons to aromatic compounds, which 
comprises suspending a powdered dehydrogenat 
ing and cyclicizing. catalyst of sufficient fineness . 
that most of it passes a 200 mesh screen and pre 
viously heated to a temperature approximating 
the conversion temperature in a mixture of added 
hydrogen and vapors of the aliphatic hydrocar. , 
bons, the feed weight ratio of the hydrocarbon 
reactants to the catalyst being maintained within 
Such limits as to supply the endothermic heat of 
reaction. Without supplying extraneous heat. to 
the reaction mixture to any substantial extent 
and Within the range of about 2-20:1, passing the 
gases upwardly through a conversion zone at a 
velocity within the range of about 1 to 3 feet per 
Second under superatmospheric pressure and at 
an elevated temperature suitable largely to de 
hydrogenate and cyclicize the aliphatic hydro 
carbons in said conversion zone and within lim 
its sufficient to produce a concentration of cata 
lyst in said Zone of between about 2 to 25 pounds 
per cubic foot of conversion space. 

7. A continuous process for the conversion of 
a low octane naphtha to a highly aromatic high . 
octane motor fuel, which comprises introducing 
a mixture of added hydrogen and vapors of said 
low octane naphtha and a finely divided dehy 
drogenating and cyclicizing catalyst of sufficient 
fineness that most of...it passes a 200 mesh screen 
and previously heated to a temperature approxi 
mating the corversion temperature in a feed 
Weight ratio of about 2 to 20 parts of catalyst to 
1 part of naphtha into a catalytic conversion 
Zone maintained under Superatmospheric pres 
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sure and at an elevated temperature, and passing 
the vaporous reactants upwardly through said 
conversion zone at a velocity maintained within 
the range of about 1 to 3 feet per second to pro 
vide a concentration of said finely divided cata 
lyst in said conversion zone of not less than six 
pounds per cubic foot, the feed Weight ratio of 
the hydrocarbon reactants to the hot catalyst 
being maintained within the above limits at a 
value effective to supply the endothermic heat 
of reaction without supplying extraneous heat to 
the reaction mixture to any substantial extent. 

8. In a process continuous for dehydrogenating 
naphtha in the presence of a catalyst comprising 
an oxide of a metal included in the left-hand 
column of group VI of the periodic table to con 
vert constituents of said naphtha to aromatic 
compounds, the improvement which comprises 
flowing the naphtha in the vapor phase at a 
relatively low velocity within the range of about 
1 to 3 feet per second upwardly through a cata 
lytic conversion Zone maintained at an elevated 
temperature suitable for the desired conversion, 
continuously introducing said catalyst in pow 
dered condition of sufficient fineness that most 
of it passes a 200 mesh screen and previously 
heated to a temperature approximating the con 
version temperature into said conversion zone at 
a rate in proportion to the hydrocarbons intro 
duced within the range of about 2 to 20 parts of 
catalyst to 1 part of naphtha by weight whereby 

0. 
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the catalyst particles are circulated in the vapors 
undergoing conversion through the conversion 
zone and a relatively high concentration of cata 

12 
lyst particles is maintained in sad Zone, the 
feed weight ratio of the hydrocarbon reactants 
to the hot catalyst being maintained within the 
above limits at a value effective to supply the 
endothermic heat of reaction without Supplying 
extraneous heat to the reaction mixture to any 
Substantial extent. ARNOLDBELCHETZ. 
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