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lyst in gasiform material exists in the reactor 
above the level L. The reaction vapors, before 
issuing from the reactor 2, are forced through 
one or more gas-solids separating devices 3, 
for the purpose of separating entrained cata 
lysts, this entrained catalyst being withdrawn 
through one or more dip pipes d from the Sep 
arating device and returned to the bed of cata 
lyst C. The reactant products are withdrawn 
from the reactor 2 through line f4 and pref 
erably are passed through conventional oil 
Scrubbing means 5 in which catalyst still Con 
tained in the vapors is removed and returned 
via line 6 to the bed of catalyst C. An alterna 
tive method of removing these last traces of 
catalyst is to effect a partial condensation of 
the vapors in S whereby the entrained catalyst 
is washed out of the said vapors to form an oil 
and catalyst slurry, which is then returned to 
the reactor 2 as previously noted. The prod 
uct Substantially free of catalyst, passes from 
S via line in a high pressure separator 8. 
A gas rich in hydrogen is recovered overhead 
Via line 9 from separator 3 and recycled to 
hydrogen Supply line 5 for further use in the 
process. A portion of the recycled gas may be 
continuously or intermittently bled from the 
System through line 2). Referring again to high 
preSSure separator 3, the crude liquid product 
is withdrawn from 8 via line 2 and forced 
through pressure reducing valve 22 and there 
after introduced into fractionating tower 23 
Where it is Subjected to fractionation and distill 
lation to recover the desired product. Light 
material, that is to say, low boiling material is 
Withdrawn from the fractionator 23 through 
line 24 and rejected from the system. The hy 
droformed product is recovered from fractionator 
23 through line 25 and collected in receiving 
dir"um 26. 

It will be understood that a petroleum en 
gineer would understand that in a commercial 
plant a great deal of accessory apparatus not 
shown in the drawing would be required for ef 
ficient Operation. Thus, the drawing does not 
include Such devices as would ordinarily be used, 
Such as flow meters, temperature recording de 
Vices, filtering devices, etc. 

In order further to illustrate the present in 
vention the following specific examples are set 
forth. 
There is set forth below, an inspection of the 

naphtha, which was used in these runs. 
Feed inspection ------ West Texas heavy naph 

tha, approximately 
200-430° F. Boiling 
range 

A. P. T. gravity ------ 53.3 
Octane No., CFRR, 43 
Reid vapor pressure -- 0.7 lbs. 
Aromatics ----------- 8.2 Vol. per cent 
Naphthenes ----------- 47.6 vol. per cent 
Paraffins ------------ 49.2 vol. per cent 
Sulfur -------------- 0.113 wit. per cent 
Aniline point -------- 128° F, 

EXAMPLE I 
60-3 ---------------------------un No??F 

Catalyst 8.5 wt. per cent MoO3 on alu 
mina. 

Temperature, F---------------- -- -- - 950 ?? 
Pressure, p.s. i. g------------------- 750 
Feed rate, W/hr./w----------------- 0.5 
Recycle rate, SCF/bbl ------------- 6500-7000 
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Hydrogen concentration in recycle 
gas, vol. percent---------------- 70-75 

Hydrogen partial pressure in reactor, 
p. S. i. g------------------------- 460 

Hydrogen consumption SCF/bbl ---- (250-380) 
Length of run, hours.------------{210 ?-- ????? ?? ?? 
Deactivation rate, A. O. N./hr.-------- 0.0 

Prepared by co-precipitation of (NHA). MoC) in aque 
ous solution with AlCl3. 
An inspection of the product revealed the fol 

lowing: 
Product 

A. P. T. gravity---------------------- 62.2 
Yield in Vol. per cent C4------------- 85.8 
Octane No., CFRR,------------92.0 -- -- -- -- -- --? 
Reid vapor pressure------------------ 16.00 
Aromatics, Vol. per cent--------------- 28.00 
Olefins, Vol. per cent.------——————————— 2 
Sulfur ------------------------------ ace 
Naphthenes --------------2.5 ?? ??? ?? ?? ?? ?? ?? - ? ???% 

Fa1"afiinS --------------------------------- 65-70% 
In the below Examples III and III, the Same 

feed was employed, as noted above, as in Ex 
ample I, but it will be noted that in these ex 
amples the catalyst became deactivated since 
the octane number decreased 0.061 in Run No. 
60-4 (Example III) and 0.065 octane number per 
hour in Run No. 61-3 (EXample III) . 

EXAMEPE 
60-4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - N0 11????R 

Catalyst 8.5 wt. per cent MoO3 on alu 
mina. 

Temperature, F------------------- 950 
PreSSure, p. S. i. g.------- - min - - v - - - - - 750 

Feed rate, W/hr./w------------------ 0.5 
Recycle rate, SCF/bibl.-.-.-.-.-.--------- 4000?4500 
Hydrogen concentration in recycle 

gas, Vol per cent.--.--------------- 68-72 
Hydrogen partial pressure in reactor, 

R. S. i. g - - - - - - - - - - - - - - - - - - - - - - - - - - 410 
Hydrogen consumption, SCF/bbl --- (230-280) 
Length of run, hours---------------- 200 
Deactivation rate, A O. N./hr.------- 0.061. 

Prepared by co-precipitation of (NH), MoC) in aque. 
ous solution with AlCl3. 

EXAMPILE LI 
Run No.--------------------------- 61-3 
Catalyst 8.5 wt. per cent MoO3 on alu 
mina. 

Temperature, F------------------- 930 
Pressure, p. S. i. g------------------- 500 
Feed rate, W/hr./W----------------- 0.25 
Recycle rate, SCF/bibl.------------- 6000-7000 

* Hydrogen concentration in recycle 
gas, Vol. per cent.----------------- 60-65 

Hydrogen partial pressure in reactor, 
270 - - - - - - - - - - - - - - - - - - - - - - - - B .? .S .19 

Hydrogen consumption, SCF/bbl --- 2 10-(60) 
Length of run, hours---------------- 20 
Deactivation rate, A. O. N./hi------- 0.0?8 

Prepared by co-precipitation of (NH), MoC) in aque 
Oussolution with AlCls. 

Some hydrogen was produced in this run. 
It Will be noted that in Run 60-3 (Example II), 

the hydrogen partial pressure was 460 p.s. i. g. 
and under these conditions the activity of the cat 
alyst was maintained or, in other words, the proc 
eSS of hydroforming was continuous, not requiring 
interruption to regenerate the catalyst. How 
ever, in Run 60-4 (Example II) where the hy 
drogen partial pressure was 410 p. S. i. g., the 
Octane number of the product decreased at a 
rate of 0.061 number per hour which, of course, 
means that the catalyst continuously deactivated. 
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In Run 61-3 (Example III) where the hydrogen 
partial pressure was 270 p.s. i. g., the Octane 
rating fell off 0.065 number per hour showing 
that the process was not continuous and would 
require intermittent regeneration of catalyst to 
naintain its activity. 
The data also showed that it is not possible to 

operate effectively at hydrogen partial pressures 
above 460 for the yield in desired products de 
creased. Thus, the data show that hydrogen par 
tial preSSures of 450–460 p. S. i. g. are Critical in 
that the activity of the catalyst is maintained 
and the yields are high. In other Words, hydro 
gen partial preSSures within the restricted range 
indicated, result in a process in which the yield 
Octane number relationship is good, and this re 
Sult is attainable in ContinuouS on-Stream Opera 
tion. 
The conclusion to be drawn from these runs, 

therefore, is clearly that there is a critical hy 
drogen partial pressure which will enable opera 
tion of the process continuously while maintain 
ing the process so as to produce a good yield of a 
high octane product. 

It will be understood that the foregoing exam 
ples are merely illustrative of the present inven 
tion and do not impose any limitation thereon. 
For example, the temperatures set forth in the 
above examples referred to catalyst bed tempera 
ture. This temperature range may vary within 
the limitations of from about 875-950 F.; a 
total pressure in the reaction zone may vary 
Within the limitation of from about 600-1000. 
The amount of hydrogen per barrel of oil feed to 
the reaction zone varies according to the total 
pressure, and is so adjusted that the hydrogen 
partial pressure maintained in the reactor is of 
the order of about 450-460 p.s. i. g. It has been 
noted that this range is critical to Secure best 
results. Continuous operation without catalyst 
regeneration has been shown to be possible at 
hydrogen partial pressure levels within the ap 
proximate range of from about 450-460 p.s. i. g. 
However, at hydrogen partial pressures above this 
critical pressure range of 450-460 p.s. i. g., the 
octane value of the product is lowered and this 
value decreases as the hydrogen partial preSSure 
increases. The hydrogen production likewise de 
creases with increasing hydrogen partial pres 
sures above said critical range, thus making it 
necessary to supply additional extraneous hydro 
gen to the processes, and thereby increasing the 
cost of producing the product. At hydrogen par 
tial pressures below the said critical range the 
catalyst tends to become deactivated and this 
condition worsens as the hydrogen partial pres 
sure decreases and the production phase of the 
process must be interrupted periodically to re 
generate the catalyst. Thus, the operation should 
be carried out at the lowest hydrogen partial 
pressure commensurate with obtaining continu 
ous operation, this hydrogen partial pressure 
being substantially within the said critical 
450-460 p.s. i. g. range, herein disclosed. 
With respect to the catalyst, although molyb 

denum oxide on alumina gel is preferred, many 
difficulty reducible oxides, such as the oxides of 
the IV, VT and VIII groups of the Periodic Sys 
tem may be used in lieu of molybdenum oxide. 
Instead of using a gel alumina carrier, any ac 
tive and/or high surface form of alumina may be 
used, such as calcined and low Soda alumina, 
various clays, active carbon, etc., which carriers 
also possess good mechanical strength. The car 
rier may also contain up to 10 weight percent of 75 2,490,287 
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6 
silica, preferably in the form of a gel, where alu 
mina constitutes the remainder of the carrier. 
The inclusion of 0.1 to 5% by Weight of the total 
Catalyst of boron oxide may be included in the 
catalyst composition for the purpose of impart 
ing to the catalyst composition, the faculty of 
isomerizing the olefins and paraffins in the origi 
nal feed. 

It is to be noted that although the continuous 
hydroforming operation given as Example I was 
carried out at 6500-7000 SCF/bbl recycle rate 
and 70-75 vol. percent hydrogen Concentration 
in the recycle gas, these variables are not lim 
ited to these precise ranges. Recycle rates of 
5500-7500 SCF/bbl. and hydrogen concentrations 
from 55-75 vol. percent may be used provided the 
operation is carried out at an appropriate pres 
sure level between 750 and 1000 p.s. i. g. which 
will result in a hydrogen partial pressure in the 
reaction zone of 450-460 p.s. i. g. it is also pos 
sible to operate at total pressures as low as 600 
p. S. i. g., provided steps are taken to increase the 
hydrogen Concentration in the recycle gas to 
85-90% and thus produce the Critical 450-460 
p.s. i. g. hydrogen partial preSSure. 
Numerous modifications of the invention may 

be made without departing from the Spirit there 
??. 
What is claimed is: 
1. The method of hydroforming naphtha con 

taining a Substantial amount of naphthenic hy 
drocarbons which Comprises feeding the said 
naphtha to a reaction zone simultaneously feed 
ing to said reaction zone a hydrogen-containing 
gas, the amount of hydrogen-containing gas 
being from about 5500-7500 cu. ft. per barrel of 
oil, the said hydrogen-containing gas having a 
concentration of from 55-75% hydrogen, main 
taining in Said reaction zone a fluidized bed of 
hydroforming catalyst comprising eSSentially a 
difficulty reducible heavy metal oxide of a metal 
Of the IV and VI groups of the Periodic System, 
maintaining a temperature in the Said reaction 
ZOne of from about 875-950 F., maintaining a 
hydrogen partial preSSure within the Said reac 
tion zone of from about 450-460 p.s. i. g., permit 
ting the reactants to remain resident in the re 
action zone for a Sufficient period of time to effect 
the desired conversion and recovering from Said 
reaction zone a product of increased aromaticity. 

2. The method set forth in claim 1 in which 
the catalyst is molybdenum oxide On active alu 
mina. 

3. The method set forth in claim 1, character 
ized in that the hydroformed product of high oc 
tane value is obtained With a minimum amount of 
hydrogen consumption during the proceSS by 
correlating the hydrogen partial pressure respon 
sive to the amount of hydrogen fed to the reac 
tion zone per barrel of liquid oil feed. 

4. The method set forth in claim 1 in which 
the total pressure in the hydroforming ZOne is 
from 600 to 1000 p.s. i. g. 

5. The method set forth in claim 1 in which 
the hydrogen-COntaining gaS fed to the reaction 
ZOne Contains up to 85-90% hydrogen. 

ROBERT E. MACPHERSON, JR. 
OTTO SCHRICKER, JR. 
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