
4                                         940,290           wherein it is
admixed with the normally  normally experienced in passing the effluent
liquid charge to reactor 4. Make-up hydrogen,  from the former into the
latter. Intermediate          necessary to compensate for that consumed in
pressures within the range of 68 to 136 atmo-          the saturation of
the mono-olefinic, diolefinic,  spheres are preferred. Both reaction zones
will      5  and aromatic hydrocarbons, as well as in the  operate at an
inlet temperature within the  70          removal of sulfurous and
nitrogenous com-  range of from 204[err] C to 399[err] C The inlet
pounds, enters the process via line 22 on the  temperature is limited by
the heat of reaction          suction side of compressor 20. At least a
produced within the reaction zones. That is,          portion of the
gaseous phase from separator  the inlet temperature is so controlled that
the      10  12 is removed via line 18 containing pressure  heat of
reaction produced will not cause  75          control valve 19. This serves
the purpose of  the outlet temperature to  exceed 427[err] C.
preventing a build-up within the system  of  Therefore, an essential
feature of the present          ammonia and hydrogen sulfide resulting from
invention is that the effluent from the first re-          the conversion
of the contaminating sulfurous  action zone be subjected to cooling prior
to      15  and nitrogenous compounds. The liquid pro-  entering the second
reaction zone.        80           duct effluent is passed from separator
12 via    The multiple-stage hydrorefining process           line 13 into
stripper 14. Stripper 14 serves  of the present invention is a
catalytically con-           to remove additional ammonia, hydrogen sul-
ducted process, and the catalyst employed may           fide and light
paraffinic hydrocarbons from   be of the same chemical and physical com-
20  the system via line 15. Substantially com-  position in both of the
reaction zones. Suit-  85           pletely saturated hydrocarbon products
are  able hydrorefining catalytic composites com-           withdrawn from
the process via line 16.    prise metallic  components  selected  from
Various modification of the illustrated flow   Groups VI-A and VIII of the
Periodic Table.           may be made within the scope of the present
Thus, the catalyst will comprise at least one       25  process. For
example separator 12 may be  metallic component selected from the group  90
combined with additional separating and/or  consisting of chromium,
molybdenum, tung-           absorbing means. Water injection into line 9
steen, iron, cobalt, nickel, ruthenium, rhodium,           may be provided
for the purpose of absorbing  palladium, osmium, iridium, platinum, and
the ammonia therein, the water and absorbed  mixtures of two or more of
these metals. The       30  ammonia being removed via suitable liquid-
preferred catalytic composite for utilization  95           level control
means from separator 12. Simi-  in the multiple-stage process of the
present           larly, the gaseous phase in line 17 may be  invention
comprises molybdenum and at least           treated so as to effect the
substantially com-  one metallic component selected from  the
plete removal of hydrogen sulfide and/or light  iron-group of the Periodic
Table including       35  paraffinic hydrocarbons.
iron, cobalt and nickel.  The molybdenum  100 



The fresh hydrocarbon charge is fed to  component will generally be in the
greater            reactor 4 in an amount which will result  concentration,
from   4.0%  to  30.0%  by            in a liquid hourly space velocity
(defined as  weight, while the iron-group metallic com-            volumes
of hydrocarbon charge per volume of  ponent will be present in an amount
within       40  catalyst disposed in the reaction zone) within  the range
of from 1.0% to 6.0% by weight, 105            the range of from 0.5 to
20.0. The space  such concentrations being calculated on the
velocity through reactor 4 will be different  basis of the elements.
Suitable catalytic com-            from that through reactor 8 due to the
varying  posites include the following: 5.7% by weight
quantities of catalyst disposed within the  molybdenum, 2.2% by weight
nickel and        45  two reaction zones. The recycled, hydrogen-  0.25%by
weight cobalt; 4.2%  by weight 110            rich gas stream, indicated in
the drawing as  nickel, 11.3%  by weight molybdenum  and            being
admixed with the heated hydrocarbon  0.05%  by weight cobalt; 17.0%  by
weight            distillate in line 3, will be supplied in an  molybdenum
and 1.5%  by weight of nickel;            amount within the range of from
89 to 1068 6.0% by weight nickel. The use of any         50  liters per
liter of hydrocarbon charge to  particular catalytic composite is
dependent, 115            reactor 4. Make-up hydrogen may be intro-  at
least in part, upon the physical and/or            duced into the process
from any suitable ex-  chemical characteristics of the material to
terior source to compensate for the hydrogen  be processed. Generally, the
catalytically ac-            consumed within both stages of the process
tive metallic components are composited with        55  in the destructive
removal of sulfurous and  a suitable refractory inorganic oxide material
120             nitrogenous compounds, for the saturation of  including
alumina, silica, zirconia,  thoria,             the diolefinic,
monoolefinic and aromatic hyd-  boria, titania, hafnia and mixtures of two
rocarbons, and to establish a suitable purity  or more of these oxides.
Other component             for recycle purposes.
such as members of the halogen family, par-      60     The operating
pressures in the reaction  ticularly fluorine and/or chlorine may be 125
zones preferably will not differ greatly. These  combined with the metallic
components and pressures will lie within the range of from  the carrier
material. In some instances, metal- 34 to 204 atmospheres, the pressure on
the  lic components from Groups I and II of the             first stage
being slightly higher than that on  Periodic Table may be combined with the
65  the second stage due to the pressure drop  composite to impart certain
desired physical 130
940,290                                          5            and/or
chemical characteristics. A  particu-  bined with the carrier material
through the  65 larly preferred carrier material comprises alu-
utilization of impregnating techniques em- 



mina and from  10%  to 40%  by weight of  ploying aqueous solutions of
nickel nitrate            silica, based upon the total weight of the
hexahydrate and molybdic acid (85.0%  by      5   carrier material. The
particular means em- weight molybdic oxide). The impregnated
ployed for the manufacture of either the car-  composite is dried at a
temperature of 93[err]  70           rier material or the final catalytic
composite  C. and thereafter calcined at a temperature of           is not
considered to be essential to the present  538[err] C.  The calcined
composite is prefer-           invention. Various suitable methods for such
ably subsequently treated with a mixture of  10   manufacture are known,
and any such method  hydrogen and hydrogen sulfide to cause the  may be
used.                                  metallic components to exist within
the com-  75              The process of the present invention is  posite
as the sulfides thereof.           capable of successful efficient
operation for           an extended period of time. However, in
TABLE I:       15  virtually all catalytic processes there exists
CHARGE STOCK PROPERTIES    an inherent, naturally-occurring degree of de-
Gravity,[err]API at 15.6[err]C. -  -  28.1           activation of the
catalytic  composite em-     Specific(15.6[err] C./15.6[err]C.) -    0.887
80           ployed. In the present two-stage hydrorefining  ASTM 100 ML
Distillation,[err]C.           process, the catalyst will gradually undergo
Initial Boiling Point        -  -  - 214    20  deactivation as a result of
the natural deteri-  5%                  -   -   -  -  -  222
oration-of the catalyst, the deposition of coke 10%               -   -   -
-  -  229           and other carbonaceous material during the      30%
-   -   -  -  -  252       85           prolonged period of operation, and
.the for-    50%               -   -   -  -  -  276           mation of
various polymerization products,        -
___       25  all of which have the tendency to shield the    70%
-   -   -  -  -  303           active centers and surfaces of the catalyst
90%               -   -   -  -  -  335           from the material
being-processed. The cata-    95%                    -   -   -  -  -  347
lyst may be readily reactivated by a rather     End Point             -   -
-  -  369      90           simple expediency which does not generally
,Xf30  require an extended shutdown period. In     Aniline Point
-   -  -  - 112.3   * CAlp A those instances where the catalytic deacti-
Diesel Index                -   -  -  -   31.6           vation appears to
have resulted from the de-  Sulfur, Wt %                -   -  -  -   4.66
42~oschsiposition of coke and carbonaceous material,  Nitrogen, PPM.
-   -  -  - 573           material may be effectively removed by      35
burning in an atmosphere of air.. In many    The above distillate, which
was a blend of  95           instances, a substantial quantity of the poly-
coker distillate and a heavy straight run naph-           merization and
copolymerization   products  tha, after admixture with hydrogen in an
may be removed by treating the catalyst with  amount of 534 liters/liter of
charge, was           a circulating hydrogen-rich  stream at ele-  passed,
at a rate of 1312 cubic meters per     40  vated temperatures of from
260[err] C. to 593[err]  day, into the first reaction zone at a tem- 100
perature of about 316[err] C. and a pressure             The following
example is given to illus-  of 102 atmospheres.. The total effluent from
trate further the process of the present in-  the first reaction zone,
discharging therefrom 



vention.                                      at a temperature of about
399[err] C. was passed
into a steam  generator for the purpose of 105      45
EXAMPLE                      decreasing the temperature to a level of
A  catalyst consisting of an alumina-silica  329[err] C., prior to
introducing the product          carrier material, composited with 0.05%
by  effluent into the second reaction zone.          weight cobalt, 4.2% by
weight nickel, 11.3%   The temperature of the effluent from  the by weight
molybdenum, calculated as the  second reaction zone was about 416[err] C.
Said  110      50  elements thereof, is disposed in two reaction  effluent
was passed into a high pressure separ- zones arranged in series with  13.6%
by  ator from which a hydrogen-rich gas stream          volume of the total
quantity of catalyst dis-  was separated and recyled  to combine with
posed in the first reaction zone. This catalyst  hydrocarbon  distillate
being charged to the          is prepared by initially forming 1/16-inch
first reaction zone. Make-up hydrogen, in an  115      55  spherical
particles from a hydrosol compris-  amount of about 1.5%  by weight of the
ing aluminum  chloride, an acid solution of  original hydrocarbon
distillate charged, is          water glass and the necessary quantity of
admixed with the hydrogen-rich recycle gas          cobalt nitrate
hexahydrate by the well-known  introduced into the first reaction zone. The
oil-drop method as set forth in greater detail  liquid hydrocarbon  phase
from  the high  120      60  in U.S. Patent No.. 2,620,314. After a high
pressure separating zone, containing hydrogen          temperature
calcination, the finished carrier  sulfide, ammonia and light paraffinic
hydro-          material contains 88.0%  by weight alumina  carbons
including methane, ethane, and pro-          and 12.0%  by weight silica.
The desired  pane, was passed into a suitable stripping or
quantity of nickel and molybdenum are com-  fractionating zone from which
approximately  125               6
940,290  5103 cubic-meters per hour of dry gases are     WHAT WE CLAIM
IS:- removed and 1,276 cubic meters per day of       1. Process for the
production of a high liquid product.                               quality
diesel fuel from an aromatic hydro-               The normally liquid
product effluent re-      carbon distillate boiling in excess of the gaso-
5  moved from the stripping means had the pro-      line boiling range in
which the distillate is  55            perties indicated in the following
Table II:     reacted with hydrogen in a first  reaction
zone containing a hydrorefining catalyst, at
TABLE II:                    least a portion of the effluent from the first
PRODUCT PROPERTIES                reaction zone is introduced into a second
re- 



Gravity, [err]API at 15.6 C.      -  -  39.4    action zone containing a
hydro-refining cata-  60        10  Specific (15.6[err]C./15.6[err]C.) -  -
0.828  lyst and reacted therein with hydrogen, char-              ASTM  100
ML Distillation, C.             acterized in that the quantity of catalyst
dis-                 Initial Boiling Point           -  -  - 163      posed
within the second reaction zone is at                 5%
-  -  -  -  - 190      least 65.0%  by volume of the total quantity
10%                   -  -  -  -  - 203      of catalyst disposed within
the first and sec-  65        15      30%                  -  -  -  -  -
232    ond reaction zones and the portion of the efflu-                 50%
-  -  -  -  - 254      ent from the first reaction zone to be intro-
___      duced into the second reaction zone is first                 70%
-  -  -  -  - 282      cooled to a temperature such that the heat
90%                   -  -  -  -  - 318      of reaction within the second
reaction zone  70                 95%                  -  -  -  -  - 332
results in the effluent from the second reaction        20    End Boiling
Point      -  -  -  -  - 354    zone having a temperature of less than
427[err] C.              Aniline Point          -  -  -  -  - 153.14     2.
Process according to claim  1 charac-              Diesel Index
-  -  -  -  -  60.4    terized in that the first reaction zone con-  75
Sulfur, Wt. %          -  -  -  -  -   0.05   tains hydrorefining catalyst
in an amount of
from 5.0% to 35.0%  by volume of the total              It should be noted
that 99.0% of the sulfur   quantity of catalyst disposed within the first
25  has been removed while the diesel index       and second reaction zones
has been increased  from 31.6 to a level of        3. Process according to
claim  1 charac-  80            60.4. Calculations have indicated that the
terized in that the distillate is reacted with            yield of hexanes
and heavier hydrocarbons,       hydrogen in the first reaction zone at a
having the boiling range indicated in Table II,  temperature within the
range of from 204[err] C.        30  was within the range of 95.0%  to 100%
by       to 427[err]C.            volume, while the yield of dry gas was at
the      4. Process according to claim  1 charac-  85
comparatively low level of 5.0%  by weight       terized in that the
hydrorefining catalyst in            of the total hydrocarbon distillate
charged      the first and second reaction zones is a cata-            to
the unit. It is significant that the quantity lytic composite having at
least one metallic        35  of dry gas includes 31.2 liters/liter of
hydro-  component selected from the metals of Groups            gen sulfide
resulting from the conversion of     VI-A and VIII of the Periodic Table.
90            sulfurous compounds within the original hyd-       5. Process
according to claim  4 charac-            rocarbon distillate.
terized in that the catalytic composite com-              One possessing
skill within the art of        prises molybdenum and at least one metallic
40  petroleum processing will immediately recog-     component selected.
from  the iron-group of            nize the utility of the material
characterized   the Periodic Table.                       95            by
the properties given in Table II resulting      6. The process for the
production of a            from the present two-stage hydrorefining pro-
high quality diesel fuel substantially as des-            cess as a highly
suitable diesel fuel. This      cribed.        45  is indicated by the
boiling range, and more        7. The process for the production of a high
particularly by the relatively high value of     quality diesel fuel
substantially as described  100 



the diesel index and the comparatively low       with reference to the
drawing.            concentration of sulfur. Furthermore, the            J.
Y. & G. W. JOHNSON,            process consumes only about 1.5% by weight
47, Lincoln's Inn Fields, London, W.C.2.        50  of hydrogen, based upon
total liquid charge.       Chartered Patent Agents.      Leamington Spa:
Printed for Her Majesty's Stationery Office by the Courier Press.-1963.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2,
from which copies may be obtained                       6
940,290                    5100 cubic meters per hour of dry gases are
WHAT WE CLAIM IS:      removed and 1,276 cubic meters per day of        1.
Process for the production of a high   liquid product.
quality diesel fuel from  an aromatic hydro-                     The
normally liquid product effluent re-       carbon distillate boiling in
excess of the gaso-               5  moved from the stripping means had the
pro-     line boiling range in which the distillate is 55
perties indicated in the following Table II:     reacted with hydrogen in a
first  reaction
zone containing a hydrorefining catalyst, at
TABLE II:                     least a portion of the effluent from the
first                              PRODUCT PROPERTIES
reaction zone is introduced into a second re-                     Gravity,
[err]API at 15.6[err] C. -   -   39.4    action zone containing a
hydro-refining cata-  60              10  Specific (15.6[err] C./15.6[err]
C.)  -    0.828  lyst and reacted therein with hydrogen, char-
ASTM  100 ML Distillation, [err]C.                acterized in that the
quantity of catalyst dis-                       Initial Boiling Point
-   -   -  163      posed within the second reaction zone is at
5%          -  -  -  -   -  190      least 65.0%  by volume of the total
quantity                       10%             -   -   -   -   -  203    of
catalyst disposed within the first and sec-  65              15      30%
-   -  -   -   -  232     ond reaction zones and the portion of the efflu-
50%             -   -   -   -   -  254    ent from the first reaction zone
to be intro-                       ___                                 ___
duced into the second reaction zone.is first                       70%
-   -   -   -   -  282      cooled to a temperature such that the heat 90%
-   -   -   -   -  318      of reaction within the second reaction zone  70
95%              -   -   -   -   -  332      results in the effluent from
the second reaction              20    End Boiling Point  -   -   -   -   -
354    zone having a temperature of less than 427[err]
C. 



Aniline Point       -   -   -   -  153.14     2. Process according to claim
1 charac-                     Diesel Index         -   -   -   -   60.4
terized in that the first reaction zone con-  75
Sulfur, Wt. %       -   -   -   -   0.05   tains hydrorefining catalyst in
an amount of
from 5.0%  to 35.0%  by volume of the total                     It should
be noted that 99.0% of the sulfur    quantity of catalyst disposed within
the first              25  has been removed while the diesel index
and second reaction zones.                  has been increased from 31.6 to
a level of       3. Process according to claim  1 charac-  80
60.4. Calculations have indicated that the     terized in that the
distillate is reacted with                  yidd of hexanes and heavier
hydrocarbons,      hydrogen in the first reaction zone at a
having the boiling range indicated in Table II,  temperature within the
range of from 204[err] C.              30  was within the range of 95.0% to
100%  by      to 427[err] C.                  volume, while the yield of
dry gas was at the    4. Process according to claim  1 charac-  85
comparatively low level of 5.0%  by weight        terized in that the
hydrorefining catalyst in                  of the total hydrocarbon
distillate charged    the first and second reaction zones is a cata-
to the unit. It is significant that the quantity lytic composite having at
least one metallic              35  of dry gas includes 31.2 liters/liter
of hydro-   component selected from the metals of Groups
gen sulfide resulting from the conversion of      VI-A and VIII of the
Periodic Table.       90                  sulfurous compounds within the
original hyd-        5. Process according to claim  4 charac-
rocarbon distillate.                           terized in that the
catalytic composite com-                     One possessing skill within
the art of        prises molybdenum and at least one metallic
40  petroleum processing will immediately recog-      component selected
from  the iron-group of                  nize the utility of the material
characterized    the Periodic Table.                        95
by the properties given in Table II resulting       6. The process for the
production of a                  from the present two-stage hydrorefining
pro-     high quality diesel fuel substantially as des-
cess as a highly suitable diesel fuel. This       cribed.              45
is indicated by the boiling range, and more      7. The process for the
production of a high                  particularly by the relatively high
value of      quality diesel fuel substantially as described  100
the diesel index and the comparatively low        with reference to the
drawing.                  concentration of sulfur. Furthermore, the
J. Y. & G. W. JOHNSON,                  process consumes only about 1.5% by
weight        47, Lincoln's Inn Fields, London, W.C.2.              50  of
hydrogen, based upon total liquid charge.          Chartered Patent Agents.
Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier
Press.-1963.            Published at The Patent Office, 25, Southampton
Buildings, London, W.C.2, from which copies may be obtained    


