
4                                          940,667    spheres are subjected
to high temperature  comprises chromia impregnated on high sur-
calcination initially at an elevated tempera-  face area alumina, said
chromia being present      ture of from about 454[err]C. to about
556[err]C.  in an amount of from about 15 to about 20%      This initial
calcination procedure is effected  or more.  5  for a period of at least
about one hour, after   The catalyst for the hydrodealkylation re-  70
which the temperature is increased to a level  action may be prepared in
any suitable man-     of about 593[err]C to about 760[err]C., and the  ner.
According to one preparation the desired     spherical alumina particles
are further calcined  refractory oxide base is first dried in order
until the volatile matter content thereof is  to reduce the volatile
content of said base to 10  decreased  to  a level below about 2.0%  by  a
minimum. The dried base is then pilled to   75     weight. The calcined
spheres are then in-  a desired crushing strength and calcined at a
timately commingled with an aqueous solu-  relatively high temperature of
from  about     tion of chloroplatinic acid in an amount  540[err] to about
700[err]C Following this the base     producing a final catalytic composite
com-  is impregnated with a compound  of the 15  prising from  about 0.01%
to about 5.0%   active metal component, for example by treat-  80     by
weight of platinum. The impregnated  ing the base with a solution of the
compound     catalyst is dried at a relatively low  tem-  of the metal. The
composite is then dried     perature to remove excessive water therefrom,
and oxidized at a relatively high temperature     and the temperature is
then increased to  of from about 650[err] to about 760[err]C. for a 20
204[err]C. to 316[err]C., and  the composite is  period of about three
hours.               85     calcined at this temperature  for a time    In
carrying out the process of the invention,     sufficient to decrease the
volatile matter con-  the hydrodealkylation zone preferably is main-
tent thereof below  about 5.0%  by weight.  tained at a temperature ranging
from about     The calcination temperature is increased to  540[err] to
about 820[err]C. and under an imposed 25  371[err]C. to 538[err]C., and the
procedure con-  pressure in the range of from  about 20 to  90     tinued
for a time sufficient to further decrease  about 68 atmospheres or more.
Especially     the volatile matter content to a level below  suitable
pressures lie in the range of from     about 2.0%  by weight. The final
catalytic  about 34 to about 41 atmospheres. Liquid     composite will
contain combined chloride,  hourly space velocities will desirably lie
within 30  calculated as the element, in an amount be-  the range from
about 0.1 to about 10.0 and  95     tween 0.75%  to  1.5%  by weight, which
preferably within a range of from about 0.5     combined chloride is the
sole halogen com-  to about 5.0.     ponent of the catalytic composite. In
addition    The process of the present invention may     to possessing an
unusual degree of activity  be effected in any suitable manner and may 35
while effecting the reforming of hydrocarbons  comprise either a batch or a
continuous type  100     and mixtures of hydrocarbons, particularly
operation. For example a charge stock may     those boiling at a
temperature above the  be continuously charged to a reforming zone
normal gasoline boiling range, the all-chloride  containing the desired
catalyst and which is     catalyst, prepared as hereinabove set forth,
maintained at the proper operating conditions, 40  possesses a physical
and/or chemical structure  hereinbefore set forth, of temperature and  105
such that the greater proportion of the com-  pressure. Following the
reforming the result-     bined chloride tends to remain composited  ing
catalytically reformed product is passed,     with the catalyst during
processing.        in its entirety, into a separation zone wherein
The hydrodealkylation step of the present  a hydrogen-rich gaseous phase is
removed and 



45  process may be effected either thermally or  recycled to combine with
the original liquid 110     by catalysis. A suitable dealkylation catalyst
hydrocarbon charge. This gaseous recycle is     may contain a noble metal
of Group VIII  of an amount such that the mole ratio of     of the Periodic
Table such as platinum, pal-  hydrogen to hydrocarbons, entering the re-
ladium, rhodium, ruthenium, osmium  or  action zone, is within the range of
from about 50  iridium, composited on a suitable refractory  2: 1 to about
20:1 or more. The hydrocarbon-     oxide carrier. The catalyst may also
contain  rich liquid product is recovered and a fraction     metal oxides
of elements such as vanadium,  boiling at a temperature below  the initial
chromium,  manganese,  molybdenum   and  boiling point of said hydrocarbon
charge and     tungsten, composited on a suitable refractory a fraction
comprising polynuclear alkylaro- 55  oxide. It is also contemplated that
combina-  matic hydrocarbons boiling at a temperature  120     tions of the
latter class of metal oxide com-  in excess of the normal gasoline boiling
range     ponents may be utilized by themselves or with  are separated
therefrom. The former is re-     a noble metal of Group VIII of the
Periodic  covered and purified by conventional means     Table. Suitable
refractory oxides which may  while the latter is then passed to a hydro- 60
be used include alumina, particularly aluminas  dealkylation  zone, where
the  polynuclear 125     containing a relatively high surface area such
alkylaromatic  hydrocarbons  are  hydrode-     as gamma-alumina,
eta-alumina and theta-  alkylated in the presence of hydrogen in either
alumina, silica,  zirconia,  silica-alumina,  a thermal or catalytic
process at appropriate     alumina-boria and silica-zirconia-alumina, A
conditions of temperature and pressure. The 65  particularly  effective
dealkylation  catalyst  reactor effluent from  the dealkylation zone 130
940,667                                       5           is withdrawn and
passed to a high pressure  catalyst prescribed for use in accordance with
65           separator or flash drum which is maintained  the invention.
at a pressure in the range of from about 34                  EXAMPLE I
to about 41 atmospheres. In this separator    A catalyst was prepared
utilizing 1/16-inch       5  the hydrogen-rich gaseous phase which has
alumina spheres, manufactured in accordance           a purity in excess of
60%  is separated and  with U.S. Patent No. 2,620,314 and contain-  70
recycled to the hydrodealkylation zone. The  ing 0.35%  by weight of
combined chloride.           liquid hydrocarbon fraction comprising poly-
The spheres were intimately commingled with           nuclear aromatic
hydrocarbons and unreacted  a sufficient quantity of an aqueous solution
10  polynudear alkylaromatic hydrocarbons along  of hydrogen fluoride to
composite therewith           with  some  light hydrocarbons  such  as
about 0.35% by weight of combined fluoride. 75           methane, ethane
and propane is withdrawn  The spheres were then dried, and subjected
as bottoms and passed to a second separator  to a single calcination
procedure at a tem-           or flash drum which is maintained at a con-
perature of about 482[err]C. The calcined spheres           siderably lower
pressure. It is contemplated  were impregnated with an aqueous solution
that the second separator or flash drum may  of chloroplatinic acid in an
amount to yield  80 be maintained at a pressure in the range of  a final
catalyst containing 0.75%  by weight from about 3.4 to l0.4 atmospheres
gauge in  of platinum, calculated as the element thereof.           the
event that a third separator or flash drum   The impregnated spheres were
dried at a       20  is used. However, if only two separators are
temperature of about 150[err]C, and thereafter 



used, the second separation zone is maintained  calcined, in an atmosphere
of air, at a tem-  85           at approximately atmospheric pressure. In
this  perature of about 482[err]C., for a period of           second
separation zone or flash drum the light  about 2 hours until such time as
the volatile           gaseous hydrocarbons are withdrawn  and  matter
content of the catalyst was below a      25  passed to a gas absorber
wherein any desired  level of about 2.0%  by weight This catalyst
polynuclear aromatic hydrocarbon or poly-  is an example of the
present-day, reforming-  90           nuclear alkylaromatic hydrocarbon
which has  type catalysts containing platinum and com-           flashed
overhead with the light hydrocarbons  bined halogen. This catalyst was
designated           are absorbed in the absorber oil and passed to  as
catalyst "A", and was compared with the      30  a stripper, while the
light gaseous hydro-  all-chloride catalyst prepared as set forth
carbons such as methane, ethane and propane  below.
95           are utilized for fuel. The liquid hydrocarbon    A  second
catalyst, designated as catalyst           fraction from  the last flash
drum  is with-  "B", was also prepared using alumina spheres
drawn, a portion of this fraction going to  formed by the oil-drop method.
The spheres      35  clay treaters wherein said fraction is treated  were
dried at 204[err]C., and calcined in air for           to remove impurities
and from thence to a  one hour at 510[err]C. The calcination tem- 100
separator wherein the desired  polynuclear  perature was then increased to
685[err]C., and           aromatic hydrocarbon is withdrawn to storage  the
calcination continued for two hours, until           while any unreacted
polynuclear alkylaromatic  the volatile matter content of the alumina
40  hydrocarbon is recycled to form  a portion  spheres had decreased to a
level of 1.98%           of the feed stock. A second portion of the  by
weight. The calcined spheres were then  105           liquid hydrocarbon
fraction from  the last  commingled, in a rotating evaporator, with
flash drum  is recycled, one portion of this  water, hydrochloric acid, and
sufficient chloro-           fraction  being admixed  with the reactor
platinic acid to composite 0.375%  by weight      45  effluent in the
dealkylation zone thereby effect-  of platinum therewith. On the basis of
about           ing a quench of the reactor effluent, while the  272
kilograms of the 1.59 mm  (average 110           other portion of this
fraction is admixed with  diameter) calcined spheres, 515 liters of water
the reactor effluent subsequent to withdrawal  and 15.7 kilograms of a
34.6%  by weight           from the dealkylation zone and prior to entry
of hydrochloric acid were added to the ro-      50  into the high pressure
separator or flash drum,  tating evaporator. The alumina spheres were
thereby tending to absorb any light hydro-  dried within the rotating
evaporator at a 115           carbons such as methane, ethane and propane
steam pressure of about 3.4 atmospheres for           which are present in
the reactor effluent and  a period of six hours. The dried spheres were
allowing the recovery of the hydrogen in the  then subjected to
high-temperature calcina-     55  hydrogen-rich gaseous fraction which is
flashed  tion, or oxidation, at a temperature of 288[err]C.,
overhead from  the high pressure separator  for a period of one hour until
the volatile 120           in a relatively purer state, said purity of the
matter content was 4.5%  by weight. The           hydrogen stream being in
excess of about 60%   temperature was then increased to a level of
(the purity being expressed as the mole ratio  500[err]C., and further
calcination was effected      60 of hydrogen to hydrogen plus impurities).
for a period of two hours, until the volatile             The following
examples are given to further  matter content had decreased to a level of
125           illustrate the process of the present invention.  1.7%  by
weight. As indicated in Table I,           The first two examples
illustrate the unex-  this catalyst was fluoride-free, and contained
pected activity and stability of the reforming  0.375% by weight of
platinum and 0.95% by      



6                                        940,667     weight of combined
chloride, calculated as  standard hydrocarbon charge stock, having a  15
elemental chlorine.                           boiling range of about
93[err]C to about 204[err]C.,       A third catalyst, designated as
catalyst "C",  through the catalyst at a liquid hourly space     was
prepared in the same manner as catalyst  velocity of 2.0, in an atmosphere
of hydrogen 5  "B", with the exception that sufficient chloro-  present in
a mol ratio of hydrogen to hydro-     platinic acid was employed during the
im-  carbon of 14:1, for a period of 14 hours.  20     pregnating technique
to composite 0.750%   The reaction zones were maintained at a tem-     by
weight of platinum therewith. This catalyst  perature of 500[err]C., and
were under an im-     was also fluoride-free, containing 0.95%  by  posed
pressure of 34 atmospheres. The liquid 10  weight of combined chloride as
the sole halo-  product, from  each reaction zone, over the     gen
component thereof.                        entire. 14 hour period of the
test, was analyzed  25       The three catalyst portions were then sub-
for its octaine rating (F-1 Clear). Results     jected, individually, to a
reforming activity  are given in the following Table I:     and stability
test which comprises passing a
TABLE I:                                    Standard Relative Activity Test
Catalyst Designation                     A              B              C
Analysis, wt. %               Platinum                              0.750
0.375          0.750               Fluoride
0.350           0              0               Chloride
0.350          0.95           0.95               Total Halogen
0.700          0.95           0.95             Octane Rating of Product,
F-1 Clear    94.9        96.4          96.8             Excess Receiver
Gas, Liters/Liter       147            153            163
Excess Debutanizer Gas, Liters/Liter    79              82             79
Total Excess Gas, Liters/Liter          227            235            243
Debutanizer Gas Ratio                   0.351          0.350          0.326
Activity Ratings              Debutanizer Overhead                 At same
Octane                      100             98-            93 



At same Total Gas                   100             98             89
Octane Number - Space Velocity          100            112            119
For the purpose of obtaining a clear under-  light paraffins, methane,
ethane, propane and 30  standing of the data, definitions of the terms
butane, along with some hydrogen, and re-      employed in Table I are
given below:        suits primarily from  the hydrocracking re-        1.
The excess receiver gas is that quantity  actions -being effected within
the reaction zone.  45      of gas in excess of the amount required to
3. The debutanizer gas ratio is the ratio of      maintain the desired
pressure within the re-  excess debutanizer gas to the total excess gas, 35
action zone. Analyses have indicated that this  on a volume basis, and is
indicative of the rela-      gas is, for all practical purposes,
substantially  tive yield of desirable liquid product within      pure
hydrogen (approximately 90-95 mol %   the effluent from the reaction zone;
it is, to a  50      throughout the 14 hour period of the standard  certain
extent, an indication of the relative      activity test).
stability of the catalyst. The lower the debu- 40    2. The excess
debutanizer gas is that gase-  tanizer gas ratio, the more active the
catalyst      ous product which is composed primarily of  for the purpose
of effecting the reforming
940,667                                        7       of hydrocarbons, and
greater is the stability to expectations, should have resulted in a  of the
catalyst.                              greater degree of hydrocracking, in
turn result-             4. The activity ratings are employed on a  ing in
a higher debutanizer gas ratio. Unex-           comparative basis with
respect to the standard  pectedly, however, the activity ratings relative
5  catalyst, namely catalyst "A"; they are first  to. excess debutanizer
gas production indicate  40           compared at identical octane ratings
and total  the contrary.           excess gas production, and at equivalent
liquid    The same three catalysts were subjected,           hourly, space
velocities. In the latter instance,  to a second standard test procedure
designed           the larger the number, the more active the  to evaluate
the stability of the catalyst over       10  catalyst; in the former
instances, the smaller  an extended period of time. This secondary  45
the number, the greater the yield of high  evaluation test procedure
involves the utiliza-           octane product.
tion of a light naphtha having a boiling range             The data given
in Table I clearly indicates  from  about 71[err] to about 127[err]C., and
is           the benefits afforded the catalytic reforming  effected at
operating conditions specifically       15  of hydrocarbons through the
utilization of the. designed to induce a slight instability to the  50
catalyst constituted in accordance with the. operation. The. catalyst is
maintained at a           prescription of the present invention. Both
pressure of 20.4 atmospheres and the charge           of the fluoride-free,
all-chloride catalyst ("B"  is passed therethrough at a liquid hourly space
and "C") resulted in a lesser quantity of  velocity of 1.5, in the presence
of hydrogen 20  excess debutanizer gas than the standard  in an amount to
yield a mol ratio of 12:1.  55           catalyst, when compared at the
same octane  The test procedure is effected for a period of
rating and at the same total excess gas pro-  approximately 150 hours or
more, varying the 



duction. Similarly, these catalyst's indicated  operating temperature to
maintain an octane           greater than 10%  increase in space velocity
rating of .100 (F-1 Clear), on the pentanes-       25  activity Upon
comparing catalyst "C" with  and-heavier portion of the product effluent.
60           catalyst "A", both of which contain the same  The various
results are plotted against time,           quantity of platinum, it is
seen that catalyst  and the relative activity and stability is de-
"C" resulted in 7%  less excess debutanizer  termined by comparing the data
to that result-           gas, compared at the same octane rating, and  ing
from the reference catalyst. The relative       30  exhibited a
significantly lower debutanizer gas  stability of the catalyst is
determined by com-  65           ratio, while at the same time producing a
paring the slope of the various plots at 100           liquid product
having a significantly greater  hours, to the slope of the reference
catalyst           octane rating. It is further significant that at 100
hours. The data resulting from the           catalyst "C" contained
approximately 0.25%   extended stability test are given in the follow-
35  by weight additional halogen which, according  ing' Table II:
70                                                   TABLE II:
Extended Stability Test, Stability @  100 Hours                 Catalyst
Designation                                A            B            C
Block Temperature, [err]C.             550                      538
536                 Excess Receiver Gas, Liters/Liter of Charge      198
210          225                 Excess Debutanizer, Gas, Liters/Liter of
Charge    82            75           64                 Total Excess Gas,
Liters/Liter of Charge           280          286          289
Debutanizer Gas Ratio.                             0.293        0.264
0.220                 Yield, Pentanes and Heavier Vol. %
57.2       59.1           61.8                Here again, comparing
catalyst "A", and  however, is the lower debutanizer gas ratio  80
"C", the benefits to be afforded the catalytic  exhibited by the
all-chloride catalyst, com-            reforming of hydrocarbons is clearly
ascer-  pared to the catalyst containing combined       75  tained. The
all-chloride, catalyst at the 100-  fluoride. The results of the extended
stability           hour comparison, required 14[err]C. less operat-  test
are unusual, and totally unexpected from           ing temperature while
producing better than  the teachings and results indicated within the  85
4.0% greater volumetric yield of pentanes and  prior art.           heavier
hydrocarbons. Of greater significance,           8
940,667 



EXAMPLE II                   76[err] to 135[err]C., and contained 76.0%
paraffins,       A second extended stability test procedure  17.0%
naphthenes and 7.0% aromatics, on a     was  performed, comparing  the
standard  volumetric basis. The operating temperature
platinum-chloride-fluoride  catalyst with  a  was subjected to change,
throughout the total 20 5  catalyst containing 0.81%  of chlorine by
period of 185 hours, for the purpose of main-     weight, as the sole
halogen component thereof.  taining an octane rating, on the debutanized
This catalyst is designated in the following  liquid product, of 100.0 (F-1
Clear).     table as catalyst "D", and differs from catalyst    The two
catalysts "A" and "D", were com-     "C" only in the slightly lower
concentration  pared during the initial portion of the extended  25 10  of
combined chloride. The extended stability  stability test, that is, at 41
hours, and at the end     operation was carried out for a total period  of
the extended stability test, at 185 hours. The     of 185 hours at a liquid
hourly space velocity  data obtained are presented in the following     of
1.5, and an operating pressure of 20.4  Table III and indicate the benefits
afforded the     atmospheres, at a hydrogen to hydrocarbon mol  catalytic
reforming of hydrocarbons, utilizing  30 15  ratio of about 7.5. The charge
stock was a  an all-chloride catalyst free from  combined     light naphtha
having a boiling range from  fluoride.
TABLE III:                      Extended Stability Test -  185 Hours at
100.0 F-1 Clear          Catalyst Designation                         A
D         A          D          Period Duration, Hours
41         41       185        185          Block Temperature, [err]C.
552        549       557        547          Severity Differential,
[err]C./Hr.           -          -        0.065     0.0039          Excess
Receiver Gas, Liters/Liter of Charge   229   245       179       215
Excess Debutanizer Gas, Liters/Liter of Charge 72    63        92        76
Total Excess Gas, Liters/Liter of Charge  301       308       271       290
Debutanizer Gas Ratio                       .240       .204       .336
.261          Yield, Pentanes and Heavier, Vol. %       60.1      61.8
55.2      59.0          Carbon Deposition, Wt. %                     -
-        5.39       3.59         The severity differential was obtained by
dard catalyst exhibited a carbon deposition  55 35  computing the average
slope of the tempera-  of 5.39% by weight. Other comparisons may
ture-time plot over the entire period of opera-  be made from the data
presented in Table     tion. This differential is indicative of the  III,
and these comparisons will indicate the     prospective catalyst life to be
expected in  greater degree of stability and activity pos-     terms of the
stability of the catalyst.   sessed by the all-chloride catalyst         60



40    From  the foregoing data, it is seen that     the all-chloride
catalyst possesses a substan-           EXAMPLE III     tially increased
activity and stability. This    The catalyst employed in this example
is indicated by the severity differential of  utilized 1.59 mm. alumina
spheres, prepared     0.0039[err]C. per hour for the  all-chloride  as
described in Examples I and II, as the 45  catalyst, as compared to a
temperature differ-  carrier material for 0.750%  by weight of  65
ential of 0.065[err]C. per hour. Furthermore, the  platinum and 0.90% by
weight of combined     volumetric yield of pentanes and heavier  chloride,
calculated as the element thereof.     hydrocarbons decrease to the extent
of about  The hydrocarbon charge stock employed was     5.0%, and only 2.8%
for the all-chloride  a heavy naphtha having an initial boiling point 50
catalyst. In addition, and of greater signifi-  of 104[err]C. and an end
boiling point of about  70     cance, is the fact that all the all-chloride
230[err]C  and containing 89.9%  by volume of     catalyst indicated a
carbon deposition, as a  paraffins and naphthenes. Other properties of
result of the extended period of operation,  this charge stock are given in
the following     of only 3.59%  by weight, whereas the stan-  Table IV:
940,667                                      9
TABLE IV:                                      Charge Stock Properties
Specific Gravity (15.6[err] C.)               0.7711
ASTM 100 ML. Distillation (D86)[err]C.                         Initial
Boiling Point                       104                      5%
117                         10%                                         123
30%                                         139                         50%
154                         70%                                         176
90%                                         201                         95%
211  



End Boiling Point                           230
Sulfur, Wt. %                                 0.012
Total Nitrogen, Parts per milion              0.14
Hydrocarbon Type Analysis, Vol. %                         Aromatics
9.6                         Olefins                                     0.5
Paraffins Plus Naphthenes                     89.9        Of the 10.1%
aromatics and olefins, boiling  the total reformed product effluent and
sub-  15      at a temperature in excess of the normal  jected to
hydrodealkylation to produce a sub-      gasoline boiling range, 0.26%  by
volume  stantially pure naphthalene concentrate and  5  (based upon the
total charge stock) were  the saturated hydrocarbon corresponding to
alkylnaphthalenes. As hereinafter shown, the  the alkyl group which is
removed from the      utilization of the all-chloride catalyst for the
naphthalene molecule.                20      reforming  of this particular
hydrocarbon    A total of eight test periods was performed,      charge
stock, results in a net production of  varying the catalyst bed
temperature, the re-  10  hydrocarbons boiling  below the initial boil-
action zone pressure and the recycle hydrogen      ing point of 104[err]C.,
and further reforms the  to hydrocarbon mol ratio. The various operat-
heavier portion of the charge stock to in-  ing conditions for these eight
periods are  25      crease the yield of alkylnaphthalenes. The  given in
the following Table V:      resulting alkylnaphthalenes are separated from
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[err]                          the normal gasoline boiling range, contained
at 497[err]C  and three hours at 650[err]C. The                over 90.0%
by volume of aromatic hydro-  average crushing strength of the calcined
pills                carbon.                                      was 2.6
kilograms and the Apparent Bulk                             EXAMPLE IV
Density was 0.80 gm/ml. The calcined base             A  dealkylation
catalyst was prepared by  (20.4 kg.) was impregnated with a chromic -20
drying alumina powder containing 38.3%   acid solution containing 9.3
kilograms of       volatile matte for a period of four hours at  chromic
acid and 18.4 liters of water, said                a temperature in the
range of from 316[err] to  impregnating time being 0.5 hours. 56.3%
343[err]C. (Volatiles=14.2%). The dried base  of the solution was absorbed
on the base. The            10 was lubricated with 5%  by weight of poly-
resulting composite was dried for a period  25                vinyl alcohol
and pilled. The powder was  of three hours at 149[err]C. following which
the                pilled to a crushing strength of between 4.5  dried
composite was oxidized in a belt oxi-                and 7.3 kilograms, the
size of said pills being  dizer for 1.5 hours at 427[err]C. followed by
of 3.18 mm. dimeter. The catalyst base pills  three hours at 704[err]C  The
finished catalyst            15 were then calcined for a period of 1.5
hours  had the following characteristics:       30  



Weight % Cr[err]O[err]                         17.6  Volatile Matter at 900
C., Weight %            1.04                                  Amount Bulk
Density, gms./ml.                   0.94
Surface Area, M2/gms.                           1.06
Pore Volume, cc/gms.                            0.16
Pore Diameter, A                               60                     The
polynuclear alkylaromatic hydrocarbons  actor near its outlet whereby it
served as a  65                 recovered from the reforming operations set
quench to lower the temperature of the                 forth in the above
examples were separated  effluent prior to discharge of the latter from
35  by fractionation from the other reaction pro-  said reaction zone. A
third portion (32%) of                 ducts and charged to a reaction zone
con-  the low pressure separator liquid was admixed                 taining
the above catalyst. T  reactor was  with the reactor effluent after its
withdrawal 70                 maintained at a temperature from  621[err] to
from  the reaction zone and prior to entry                 677[err]C. and a
pressure of 41 atmospheres.  into said high pressure separator, thereby
40  The polynuclear alkyl-aromatic fraction was  absorbing a relatively
large portion of the                 charged to the reactor at a liquid
hourly  light hydrocarbons such as methane, ethane,                 space
velocity of about 3. Hydrogen is also  and propane which are in the reactor
effluent. 75                 charged to the reactor at a rate of about
Analysis of the product showed that the                 267 liters per
liter of charge. The reactor  naphthalene recovered amounted to 98%  of
45  effluent is withdrawn and passed to a high  the theoretical yield based
upon the concen-                 pressure separator (34 atm.) wherein a
hydro-  tration of alkyl naphthalene in the feed.                 gen-rich
gas fraction is separated and re- cycled to the reaction zone, the purity
of said    WHAT WE CLAIM  IS: -                  80
hydrogen  being in excess of 60%. The    1. A hydrocarbon conversion
process which             50  liquid hydrocarbon fraction from the
separator  comprises subjecting normally liquid hydro-                 was
passed to a low pressure separator (5  carbon charge containing
hydrocarbons boiling                 atm.) where methane, ethane and
propane  above the normal gasoline boiling range in a                 were
removed and passed to a gas absorber.  first reaction zone to a reforming
reaction in  85                 The bottoms from the low pressure
separator,  the presence of hydrogen and a fluoride-free             55
comprising naphthalene and alkyl naphtha-  catalytic composite containing a
refractory                 lenes, was withdrawn at a temperature of
inorganic oxide, a platinum group metal in                 60[err]C. a
portion thereof (40%) was passed to  an amount of from 0.01 to 5%  by
weight,                 a fractionator wherein naphthalene product  and
combined chloride in an amount of from  90                 was separated
overhead and passed to storage.  0.75 to 1.5%  by weight, calculated as
ele-             60  The fractionator bottoms stream comprising  mental
chlorine, at superamtospheric pressure,                 unreacted alkyl
naphthalenes was recycled to  at a temperature substantially in the range
the dealkylation zone. A second portion (28%)  of from 454[err] to
566[err]C. and at a liquid hourly                 of the liquid from the
low pressure separator  space velocity in the range of from 0.1 to 10  95
was recycled to the reactor, entering the re- at which hydrocarbons boiling
below the   



940,667                                      13  the normal gasoline
boiling range, contained  at 497[err]C  and three hours at 650[err]C. The
over 90.0% by volume of aromatic hydro-  average crushing strength of the
calcined pills       carbon.                                      was 2.6
kilograms and the Apparent Bulk                      EXAMPLE IV
Density was 0.80 gm/ml. The calcined base    5    A  dealkylation catalyst
was prepared by  (20.4kg.) was impregnated with a chromic  20       drying
alumina powder containing  38.3%   acid solution containing 9.3 kilograms
of       volatile matter for a period of four hours at  chromic acid and
18.4 liters  of water, said       a temperature in the range of from 316 to
impregnating time being 0.5 hours. 56.3%       343[err]C. (Volatiles =
14.2%). The dried base  of the solution was absorbed on the base. The   10
was lubricated with 5%  by weight of poly-  resulting composite was dried
for a period  25       vinyl alcohol and pilled. The powder was  of three
hours at 149[err]C. following which the       pilled to a crushing strength
of between 4.5  dried composite was oxidized in a belt oxi-       and 7.3
kilograms, the size of said pills being  dizer for 1.5 hours at 427[err]C.
followed by       of 3.18 mm. dimeter. The catalyst base pills  three hours
at 704[err]C. The finished catalyst   15  were then calcined for a period
of 1.5 hours  had the following characteristics:      30
Weight % Cr[err]O[err]                         17.6
Volatile Matter at 900[err]C., Weight %         1.04                 Amount
Bulk Density, gms./ml.                   0.94
Surface Area, M[err]/gms.                       1.06
Pore Volume, cc/gms.                            0.16
Pore Diameter, A                               60            The
polynuclear alkylaromatic hydrocarbons  actor near its outlet whereby it
served as a  65        recovered from the reforming operations set  quench
to lower the temperature of the        forth in the above examples were
separated  effluent prior to discharge of the latter from   35  by
fractionation from the other reaction pro-  said reaction zone. A third
portion (32%) of        ducts and charged to a reaction zone con-  the low
pressure separator liquid was admixed        taining the above catalyst.
The reactor was  with the reactor effluent after its withdrawal 70
maintained -at a temperature from  621[err] to  from the reaction zone and
prior to entry        677[err]C and a pressure of 41 atmospheres.  into
said high pressure separator, thereby   40  The polynuclear alkyl-aromatic
fraction was  absorbing a relatively large portion of the        charged to
the reactor at a liquid hourly  light hydrocarbons such as methane, ethane,
space velocity of about 3. Hydrogen is also  and propane which are in the
reactor effluent. 75        charged to the reactor at a rate of about
Analysis of the product showed that the        267 liters per liter of
charge. The reactor  naphthalene recovered amounted to 98%  of 



45  effluent is withdrawn and passed to a high  the theoretical yield based
upon the concen-        pressure separator (34 atm.) wherein a hydro-
tration of alkyl naphthalene in the feed.        gen-rich gas fraction is
separated and re-        cycled to the reaction zone, the purity of said
WHAT WE CLAIM  IS:                     80   hydrogen being in excess of
60%. The    1. A hydrocarbon conversion process which        liquid
hydrocarbon fraction from the separator  comprises subjecting normally
liquid hydro- was passed to a low pressure separator (5  carbon charge
containing hydrocarbons boiling      atm.) where methane, ethane and
propane  above the normal gasoline boiling range in a        were removed
and passed to a gas absorber.  first reaction zone to a reforming reaction
in  85  -  The bottoms from the low pressure separator,  the presence of
hydrogen and a fluoride-free comprising naphthalene and alkyl naphtha-
catalytic composite containing a refractory        lenes, was withdrawn at
a temperature of  inorganic oxide, a platinum  group metal in
60[err]C. a portion thereof (40%) was passed to  an amount of from 0.01 to
5%  by weight,        a fractionator wherein naphthalene product  and
combined chloride in an amount of from  90        was separated overhead
and passed to storage.  0.75 to 1.5%  by weight, calculated as ele-    60
The fractionator bottoms stream  comprising  mental chlorine, at
superamtospheric pressure,        unreacted alkyl naphthalenes was recycled
to  at a temperature substantially in the range        the dealkylation
zone. A second portion (28%)  of from 454[err] to 566[err]C. and at a
liquid hourly        of the liquid from the low pressure separator  space
velocity in the range of from 0.1 to 10  95        was recycled to the
reactor, entering the re-  at which hydrocarbons boiling below  the
14                                       940,667    initial boiling point
of said hydrocarbon charge  zone in the form of a gas mixture containing
and a net volumetric yield of polynuclear  at least 60 volume % hydrogen.
alkyl aromatic hydrocarbons boiling above the    5. Process as claimed in
any of the claims    normal gasoline boiling range are produced,  1 to 4
wherein the charge to the first reaction  40 5  separating a fraction
containing said aromatic  zone is a naphtha boiling substantially in the
hydrocarbons from the effluent of said first  range from about 93[err]C. to
about 232[err]C.    reaction  zone,  subjecting  the  separated    6.
Process as claimed in any of the claims    aromatic hydrocarbon fraction to
hydrode-  1 to 4, wherein the charge to the first re-    alkylation in a
second reaction zone, and re-  action zone is heavy naphtha boiling sub-
45 10  covering  the dealkylated aromatic  hydro-  stantially in the range
from  about 177[err]C.     carbons from the effluent of the second reac-
to about 246[err]C.     tion zone.                                     7.
Process as claimed in any of the claims       2. Process as claimed in
claim  1 wherein  1 to 4 wherein the charge to the first reac-     the
conversion in the first reaction zone is  tion-zone is/kerosene fraction
boiling substan-  50 15  effected at a pressure of from  30 to 100  tially
in the range from  about 177[err]C. to     atmospheres and the
hydrodealkylation in the  about 274[err]C.     second reaction zone is
effected at a tem-    8. Process as claimed in any of the claims
perature in the range of from 540 to 820[err]C.  1 to 7, further
characterized by separating     and a pressure substantially in the range
of  from the liquid effluent from the first reaction  55 20  from 20 to 68
atmospheres.                   zone, by fractional distillation, a fraction
con- 



3. A process as claimed in claim  1 or 2  sisting practically entirely or
aromatic hydro-     wherein the conversion in the first reaction  carbons,
including alkyyl naphthalenes, intro-     zone is effected in the presence
of a fluoride-  ducing said fraction into the second reaction     free
catalytic composite of alumina, platinum   zone and therein subjecting said
fraction to  60 25  and combined chloride while the hydrode-
hydrodealkylation and recovering naphthalene.      alkylation in the second
reaction zone is  from the resulting reaction mixture.      promoted by a
catalyst containing chromia    9. Process for the conversion of a normally
and alumina in the presence of an excess of  liquid hydrocarbon charge
containing hydro-      hydrogen.                                    carbons
boiling above the normal gasoline  65  30    4. Process as claimed in any
of the claims  boiling range, substantially as described.      1 to 3,
further characterized in that the      hydrodealkylation reaction is
effected at a       J. Y. & G. W. JOHNSON,      temperature in the range
from 620[err] to 677[err]C.   Furnival House, 14-18, High Holborn,      at
a pressure within the range from 34 to 41           London, W.C.l.  35
atmospheres and in the presence of an excess        Chartered Patent
Agents.      of hydrogen supplied to the second reaction           Agents
for the Applicants.              Leamington Spa: Printed for Her Majesty's
Stationery Office, by the Courier Press              (Leamington)
Ltd.-1963. Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.
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