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COMPLETE SPECIFICATION 

DRAWINGS ATTACHED 

Hydrocrackbig -Process 

. We, UNIVERSAL OIL PRODUCTS CoMPANY, . be conducted on a th~ basis, the prefer- . 
a Corporation organized under the laws of -· red processing technique involves the utiliza- 45 
the State of Delaware, United States of tion o~ a catalytic composite possessing ·a 

. America, of No. 30 Algonquin Road, Des high degree of hydrocracking a:ctivjty. How-
s Plaines, Illinois, United States. of America, ever,·in virtually all hydrocracking processes, 

do hereby. deelare the invention, for which whether thermal or catalytic, controlled or 
we pray that a patent may be granted to us, selective cracking is desirable from the stand- 5() 
and the method by which it is to be per- point of producing an increased yield of 
formed, to be patticularly described in and liquid product having jmproved anti-knock 

l 0 by the following statement: - characteristics, and t9 assure effective cata-
. The· present invention relates to a process lytiq action over an ·extended period of time. 

for the conversion . of nitrogen•contaiiting In general. the lower moleeular weight by- 55 
hydrocarbons into lower boiling hydrocar- drocarbons which boil within the gasoline . 

_ . bon products, and particularly· a process for range possess higher octane ratings. and a 
· 15 producing hydrocarbons boiling.·within the hydrocracked product of lower average mole­

gasoline boiling range from hydrocarbons cular weight will therefore usually have a 
which boil· largely in excess of the gasoline higher octane rating. 6(} .· . 
boiling range and which are contaminated by Selective hydrocracking is .. of particular 
substantial quantities of nitrogenous · com- impartance when processing hydrocarbons 

· 20 pounds. . and mixtures of hydrocarbons which boil at 
Hydrocracking, which is also commonly a temperature jn excess of the gasoline and 

. referred to as '' destructive hydrogenation ". middle-distillate boiling range; that is, by- 65 
as distinguished from the simple addition of drci:arbons and mixtures of hydrocarbons, 
hydrogen to unsaturated bon_ds between car~ having an initral boiling point.of from about 

.. 25 bon ato1ns, effects definite changes in the 343° to 371°C., and an end boiling pojnt of 
·. ·· · molecular stru«ture of the hydrocarbons 538 °C. or higher. Selective hydrocracking 

b6.irtg ;processed. Therefore, hydrocracking of such hydrocarbon fractions results · in 70 
:.. may be designated as cra~king ·under hydro- greater yields of hydrocarbons boiling within 
·. g~a:tion cQriditions such that the lower-boil- the gasoline and . middle-distillate boiling 
; 30 ing 'prodUcts of the cracking reactions· are range; that is; ·below about 343° to about 

substantia.lly_ ~ore saturated ~than when by- 371°C.. as well as substantially incre.ased 
drogen, or material supplying the same, is yields of gasoline hydrocarbons, that is. those 75 
not present. Hydrocracking proces$CS ate boiling within the range of from about 38° 

- most commo11ly employed for the conve,:sioo up to. about .204 ° or 232 °C., and containing 
35--of.y,arious eoaJ~; tars and heavy re8idua1 oils i8o- · and normal butane. · Hydrocracking 

for the purpose pf producing substantial processes must be selective"in order to avoid 
y}eldsJ>f 16w'b0i:}i:og saturated products, in- excessive decomposition of normally liquid 80 
~ates which are suitable for utilization gasoline hydrocarbons jrito normally gaseous 

. as ·domestic fuels·,·· and heavier gas-oil · frac- hydrocarbons, because otherwise the yield of 
40 tions which find 1iti.ization as d~estic fuels, gasoline produced can be decreased to the 

and heavier ga$~oil fractions which find util- extent where the process is not economically 
iza,tion as -!!lJ.itable lubricants. _ Although feasible, Desired selective hydrocracking SS 
many Of -~ hydrocracking reactions ·may involve~ the splitting of a _higher-boiling hy-

rPdce 41. U~J ·· 
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d:rocarbon molecule into two molecules, both 
of which are normally Jjquid hydrocarbons. 
Also, in selective hydrocracking the removal 
of methyl, ethyl and propyl groups, .which, in 

S the presence of hydrogen, are converted to 
the so-called "light paraffinic hydrocarbons" 
namely methane, ethane and propane, is con­
trolled such that preferably not more than 
one, or possibly two. of such radicals are 

10 removed from a given molecule. For ex­
am~e. in the presence of hydrogen, normal 
decane may be reduced to two pentane mole­
cules, normal heptane reduced to hexane and 
nonane to octaine or heptane. On the other 

15 hand, uncontrolled, or non-selective hydro­
cracking, will result jn the decomposition of 
normally liquid hydrocarbons into normally 
gaseous hydtocarbons, as for example, the 
conversion of normal heptane into seven 

20 molecules of. methane. 
Another disadvantage of non-selective hy­

d:tocracking is the more rapid formation of 
coke and other heavy carbonaceous material 
which deposit upon the catalyst and decrease 

25 the activity thereof for the desired reaetions, 
thereby ~hortening the processing cycle and 
necessitating .more frequent regeneration ·of 
the catalyst, or early replacement thereof 
with fresh catalyst. The deactivation of the 

30 catalyst also appears to inhibit the hydro­
genation activity to the extent that a signifi­
cant proportion of the gasoline boiling range 
hydrocarbon fraction consists of unsaturated 
hydrocarbons, whereby the same is not 
highly suited for direct processing by cata-

;: ly-tic reforming. Selective hydrocracking 
· •,,. does not tend to effect substantial· hydrogen-

'/> ation, or saturation, of the aromatic com-
'1AM .A 1L1_,,.. pounds. which ~a high octaine blend­
/""~ 40 ing value,· and are, therefore, utilized to great 

advantage to increase the anti-knock charac­
teristics of gasoline boiling range fraotions. 

Nitrogen-containing compounds within 
the hydrocracking feed stock, such as pyr-

45 roles, amines, indoles, and other classifica­
tions of organic nitrogenous ·compounds, re­
sult in the relatively rapid deactivation of the 
catalytically active metallic components act­
ing as the hydrogenation agent, as well as 

50 the solid carrier material which acts as the 
acidic hydrocracking component of a great 
variety of hydrocracking catalysts. Such de­
activation appears to result from the reaction 
of the nitrogen-containing compounds with 

55 the various catalytic components, the ex:tent 
·of such deactivation increasing as· the process 
continues and as the nitrogen-containing 
feed stock continues to contaminate the cat­
alyst by the formation of complexes of nitro-

60 gen and components of the catalyst. Such 
·deactivation is not a simple reversible phe­
nomenon since ~t cannot be rectified by mere­
ly heating the catalyst in the presen~ of hy­
drogen for the purpose of decomp0sing such 

65 nitrogen-containing complexes. 

The primary object of the present inven­
tion is to provide a hydrocracking process 
which increases su~tantially the yield of hy­
drocarbons boiling within the gasoline boil-
ing range and attains an effectively controlled 70 
hydrocracking by avoidance of the disad­
vantages ordinarily arising from nitrogenous 
contaminants and uncontrolled cracking. 

The process for the catalytic hydrocraclc-
ing of hydrocarbons in accordance with the 75 
present invention comprises reacting a stream 
of a hydrocarbon oil charge boiling at least 
predominantly above 204 °C. and containing 
ni.trogenous compounds in a :first reaction 
zone with hydrogen in the presence of a nit- 80 
rogen-insensitjve hydrorefining catalyst with 
formation of ammonia from the nitrogenous 
compounds, removing the ammonia from the 
effluent of said :fi:rst reaction zone, then sep­
parating from said effluent a light normally SS 
liquid fraction having an end boiling point 
of from 204 ° to 232° C. and also separating 
from .said effluent a heavier fraction contain-
ing effluent components boiling between the 
end boiling point of said light fraction and 90 
343°C., reacting a stream of said heavier 
fraction in a second reaction zone with hy­
drogen in the presence of a nitrogen-sem~itive 
hydrocracking catalyst, and commingljng at 
least the norm,ally liquid portion of the efflu- 9S 
ent of said second reaction zone with the 
normally liquid portion of the effluentof said 
first reaction zone prior .to the separation of 
said· light fraction therefrom. 

In a specific embodiment of the invention 100 
the mixture of the total nonnally liquid com­
ponents of the effluents from the first reac-
tion zone and the second reaction zone is 
separated into a first fraction having an end . 
boiling point of from 204° ·to 232°C., a sec- 105 
ond .fraction having an end boiling point of 
from 343° to 371°C. and a third fraction 
containing those hydrocarbons of said mix-
ture which boil above said second fraction, 
a stream of said second fraction is reacted 110 
with hydrogen jn the- second reaction· zone. 
and at least a portion of the third fraction 
is subjected together with the hydrocarbon 
charge stream to the reaction with hydrogen . 
in the first reaction zone. In this embodi- US 
ment, a portion of said third :fraction may be · 
commingled, if so. desired, with the stream 
of said second fraction passing to the.seconq. 
reaction zone. · 

The nitrogen-insensitive catalyst employed 120 
in the first reaction zone preferably oontajns .· 
between 4.0% and 45.0% by weight of moly­
bdenum and ·between 0.2 and 10.0% by 
weight of nickel on a support consisting at 
least largely of alumina, the amount of nickel 125 
being smaller than the amount·· of moly­
bdenum in the catalyst, and the support con­
taining advantageously up to 12%· by weight 
of silica. The nitrogen-sensitive catalyst 
used in the second reaction zone generally 130 
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. ._ comprises .. at least one metallic component selected from the ~etals of Groups VI-A and VIIl of the Periodic Table and mixtures ;'-._.-"'- thereof on a support wruch is in itself a 5 cracking catalyst. This niirogen-sensitj.ve catalyst preferably contains between 0.5 and 10% by weight of nickel or between 0.1 and 5.0% by weight of a platinum group metal on a support consisting of from 88 to 75% 10 by w~ght of silica and from 12 to 25 % by weight of alumina. 
In the operation of the process of this in­vention, it is preferred that the first and second ·reaction. zones be maintained under 15 a pressure of about 68 to about 204 atmos­pheres and that ·the first reaction zone be maintained . at a temperature substantially . within the range of from 260° to 538°C., while the second reaction zone is maintained 20 at a temperature substantially within the · range of from 260° to 510°C. and advant­ageously from 28°C. to 83°C. lower than the · temperature within the first reaction zone·. The present process may. be more clearly 25 understood through reference to the accom­JY.inying diagrammatic drawing which illus­trates one embodiment thereof. In the draw­ing, various flow valves, control valves, coolers, condensers, overhead reflux conden­. :30 sers. pumps, compressors, knockout pots, · and miscellaneous appurtenances have been omitted since they are not essential to the complete understanding of the present pro­cess and their utilization in the present oper-:35 a.tion will immediately be recognized by those familiar with the art of petroleum pro­cessing. Referring now to the drawing, the }lydrocarbon charge stock, contaminated by a substantial quantity of nitrogenous com-..i(O pounds, such as about 1000 to about 5000 ·· ppm. (= parts by weight per million parts), and sulfurous eompounds as high as 3.0% by weight, enters the process through line 1 . jnto line 3, wherein it is admdxed with hydro-4S geii entering via line 2. Although the hydro._ .. - carbon charge may have a boiling range . from,.,.an in.itial boiling point of 343°C., to an J . : . end bOiling point of 538°C. or more, the ·:i 1~ ~ 1 

1<_,,_ hydr~c~~on ~harg~ in ~!le 1 is not intended ; I~ r ·,:.:59'"' . be hmtted to this boilmg range. Accord-.• . 0 i.;~ . ngly, the hydrocarbon charge stock may \t ... "r o consist entirely of a heavy vacuum gas oil, \: · ·· orrecycle stock, having .the indicated boiling I . ,( , .. range, or,lt~e hyd~arboi:i .charge ~ock ~ay ~- .55. be._a ke:rwme fraction boilmg partially with-!> · in toe gasoline boiling range and largely ~ ·within the middle-distillate boiling range; , -~ that is, a hydrocarbon charge having a boil-i·; ing range of from about 177°C. to about f .' <io 288~C. or 316°C. The terms "middle-dis-.· t tillate " and ".light gas oil '' refer to those hydrocarbon fractions having an initial boil­ing point within the range of about 204 ° to aboot 232°C., and an end boiling point with· ()5 in the range of from about 343° to about 

. -:...:.. ... 

371°C. The . charge. stock may be a light cycle oil boiling entirely within the middle­distillate boiling range, or it may be a vacuum gas oil having a bo,iling range of from about 316°C. to about 510°C. The 79 proeess of .the present invention is especially adaptable to the processing of those nitro­gen-contaminated hydrocarbons .. boiling sub-stantially entirely in excess of the middle-dis- . tillate boiling range. . 7S In any event, the mixture of hydrogen and heavy hydrocarbons. in line 3, entering heater 4, is such that the hydrogen is present in an amount within the range of about 178 to about 1425 normal liters per li,ter of such 80 liquid hydrocarbon charge. The mixture is raised to a temperature of about 260°C. to about 538°C. in heater 4, and is passed through line 5 into clean-up reactor 6. Oean-up reactor 6 is maintained under an imposed . 8~ pressure of from about 6.8 to about 204 at­mospheres and has disposed ~erein, in one embodiment, a nitrogen-insensitive catalyst containing at least about 4.0% by weight of mo!lybdenum, calculated as . the ·element 90 thereof. The hydrocarbon charge stock will contact the particular catalyst employed at a liquid hourly space velocity (defined as· volumes of liquid charge per. hour per volume of catalyst within the reaction zone), 95 within the -range of from ·about 0.5 to about 10.0. Under these conditions, and in the presence of the molybdenum-containing cat­alyst, the organically-bound, njtrogen com• pounds are separated at the nitrogen-hydro- 100 gen bonds to form ammonia which is re­leased in a free form from the reaction : media. Furthermore, any sulfurous com­pounds, such as for example mercaptans and thiophenes, are converted into hydrogen sul- 105 fide and the corresponding sulfur-free hydro­carbon. In addition to this effective clean-lip of the hydrqcarbon charge stock, a signific~. ant degree of hydrocarbon coo.version occurs whereby the heavier hydrocarbons_, boiling 110 at a temperature ·of from about 371°C. to about 538°C .. are converted, via highly selective cracking . reactions into hydr~r­bons boiling below about 371°C. · The con~ version reactions are such that very little, if 1 lS any, light, straight-chain paraffinic hydro­carbons are fl1'0duced. . The total reactor effluent is removed from clean-up reactor 6 through line 7 into separator 8. Although indicated as a single vessel, the lZO. separation device illustrated by separator 8 may be any suitable means for separating the normally liqQid hydrocarbons, which are indicated in the drawing as being removed from separator 8 via line 10, from. a separate 125 gaseous phase which may contain, f<>r ex­ample, light paraffinic hydrocarbons, am­inooia, hydrogen sulfide, ·and ca-rbon dioxide, and, which is illustrated in the :drawing as leaving separator 8 via line 9 .. For example; l'.30 
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water may be injected .into line 7. being ad~ ing at a temperature in excess o~ about 343° 

mixed therein with the total reaet<>r etlluent~ C. or_ 371°c. may be reeycl¢ to extinction 

_ and- thereafter subjected .to separation such within the process. _ _ · _ __ "v:: 
that the ammonia is adsorbed and- removed _ --- In- an¥ event. 'the. hy~ogell: entering._ 

S within the<water~phase. while the hydrogen · throUgh line 31. and com:b1rung vvith the hy· 70-

sulfide and light paraffinic hydrocarbons are droearbons in line 24; is an amount of from 

removed in a gaseous phase and the ilOrmally aoout 178 to about .1_070. ~Omiat liters per 

liquid hydrocarbOns are separately recovered liter of these liqujd hydrocarbons. The re-

through line 10. - · suiting mixture enters heater 29 wh~rein it. _ 

10 The normally liqu_id hydrocarbons in line is raised to the desired temperature. within 75' 

10 are admixed with the effluent from hydro- the range of about-260°C. to abOut 5lO!>C .• 

cracking reactor 26. or atleast with the total _ and usually at least 28°C. lower th~. the 

amoun_t -of the normally liquid ~poneilts · temperature of _ the ~ta} Chatge pa!!Sing -

of this effluent. as hereinafter described. in through the line 5 to reactor 6. The heated 

15 line 11 and pass :therewith into fractionator miXttire from. heater 29 is passed' through SO 

12. Fractionator 12 is operated at any· suit- line 30 into hydrocracking reactor 2(!. This 

able conditions of pressure and/ or tempera- reaction zone is maintained under an im" 

tute which result in the removal of light par- posed pressure . within the range of from 

_ affinic hydro-carbons (C1 to Ca) through the about 6.8 to about 204 atm.ospheres. and bas 

20 line 13, ·the _heavier. normally liquid hydro- disposed therein~ ·a suitable hydrocracking 85-

carbons. including butanes. being removed catalyst which differs from· the catalyst in re~ 

from fractionator 12 through line 14 into action zone 6 by bej_ng nitrogen-sensitive arid 

side-cut fractionator 15. Fractionator-15 which contains at least one metallic compon­

contains a renter well 16 below which the - ent selected-from the_ metals of Groups VI~A 

- 25 hydrocarbons- enter via line 14. Fraction~ and VIII of the Periodic Table.- and mixtures 9(} 

ator 15 is aperated under conditions of tern:- thereof. The hydrocarbon charge is passed -

perature and press:ure such that the gasoline from heater 29 through line 30 intl> hydro­

boiling range hydrocarbons; .iilcluding but~ cracking reactor 26 at a liquid_ hoi,ttly space 

anes. are removed through line 17, eontain" velocity within the range of frcmf about 1.0 

30 ing less than 1.0 pPm~ of the aforesaid n~t!O- to about 15.0; _ _ · · · -_ - 95 

genous compounds .. _Hydrocarbons bOilmg -•It is preferred that the total effiuent from 

within _the middle-distillate boiling _ range, hydr0cracking reactor 26 js passed through­

conta.ii:tlng l~ than ,5.0 ppm; of nitrogen~ line 27 con.-taining pun.lP-28~--into the line 11 

_ are rem-OVed--via line :2l from ·a· point abQve and_ -then 1s com.muigled with the_ normally. 

-35 center well 16. Any residual nitrogenous liquid hydrocarbons in line 10; ·thereafter 100: 

co~pounds, entering . fractionafor 15 ·via ~ne passing thr:OU:gh line l l into fra(rtiona:t0r 12. 

14. are removed therefrom with the hydro• Where desired; however, n6rmally gaseous 

carbrins hay__ing a boiling range in excess of components may_ first be separated .from the 

about 343° to 37l°C. throogh line 18; It etfluertt from bydrocrackjng reactor 26. as _ . 

40 bas_ been fpiund that the residual nitrogenous de8eribed further below, and in such case at lOS 

c0l1lpounds _ are largely contained • in - the least the normally liquid components of the 

he_avy "fractiori boiling abovethe .middle-dis- effluent from hydrocracking reactor 26 ·ate 

tillate boiling range. The middle-distillate passed to line 11. - - _ - · 

__ _ boiling range hydroearboris Jn line 21 are. From the foregoing descrlption-of._the ~-

-45 at least in_ part, passed -through line 24. eon~ bodiment illustrated in the -accOinpanying 11 (} 

taining valve 25, :into heater 29. · This stream drawing~ it. is :re~dily ·_seen that the _present 

of middle-distillate hydrocarbOns may be ad- process -1s. ~n effect. a two-stage process for 

mdxed with the heavier hydrocarbons -from producing hydrocarbons -boiling -within the 

-fracticmator 15 via lines 18- and 20. and is gasoline boiling -range. with built-in flexibil- . -

SO further admixed with hydrogen entering ity for the purpose of produejng increased 115 

through line 31.__ If so desired, a portion of yields of middle-distillate boiling· range hy-

the middle-distillate_ boiling range hydrocar- drocarbons. Various modificati.ciris ·may' be 

bons may be removed to_ storage through made to the illustrated embodiment without 

_ line 22 containing valve 23; _ _ departing from the invention.· Fo_r' example, __ 

55 In those instances where the residual nitro- the· separating·- means encom~ssect · 'within :120 

g~<'>US -- compoond concentration in the separator 8, may be combined With. fractfon- -

-- heavier._-- hydrocarbons leaving lirie 18 is ator 12. whereby a somewhat different flow 

__ _~eater 'th~n about ~.O pa_rts per million. it pattern and apparatus set-up results. · It is -

_ _ 1s not desired to sub1ect the same to cO.nver- evident, however. that such .aJlow pattern 

-60 sioo in hydl:'ocracking reactor 26; and in· Stich will merely accomplish the same object re- 125 

- case -th~ hydrocarbons are preferably re~ sulting frmn the indicated flo"W pattern. An 

mpved from lliie 18 to line 3 through valve essentialfeature of the pro~ of the p.resept 

19, to oombine with ·the original hydroCarbon invention involves the two-stage' reactor sys~ 

_ charge iii line l and the hydrogen in line 2. tern. wh~by the liquid etnuent streams froui 

-6? .Iii this latter method. the hydrocarbons-boil-- each individual stage. ·or reaction "zone. are 130 
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.. --.... ~bined and then subjected to the separa­
tion as embodied within fractionator 12 and 
side-cut fractionator 15. The first stage. 
utilizing clean-up· reactor 6. effects substan-

-S tially complete destruction of the nitro­
genous compounds, as well as sulfurous 
compounds, contained within the charge 
stock consisting entirely or at least largely 
of hydrocarbons boiling in excess of the 

10 gasoline boiling range. Through the careful 
selection of both catalyst and operating con­
ditions, there will be effected, in clean-up re­
actor 6, a substantial degree of conversion 
whereby the heavier hydrocarbons, notably 

15 those boiling above about 371°C .• are con­
verted into lower boiling hydrocarbons with­
out experiencing a substantial production of 
the light paraffinic hyqrocarbons, methane, 
ethane, and propane. Since the catalyst in 

20 clean-up reactor 6 is selected for its nitro­
gten-insensitivity, the rapid deactivation of 
such catalyst, otherwire resulting when hy­
drocracking such nitrogen-containing charge 
stocks, is not experienced. 

25 The process of the present invention is 
most advantageously applied to feed stocks. 
which are derived from petroleum; particu­
larly those stocks commonly considered as 

. being heavier than middle-distillate fractions. 
30 Such stocks include gas oil fractions, heavy 

vacuum gas oils. lubricating oils, and white 
oil stocks, as well as the high-boiling bot­
toms recovered from various catalytic crack­
ing operations. Therefore, although the 

'35 charge stock to· the present process may have 
an initial boiling point of about 204 °C. to 
about 232°C. and an end boiling point of 
about 538°C. or higher, the process affords 
additional "benefits when processing hydro-

40 carbon charge stocks having significantly 
higher initial boiling points, that is.. of the 
order of about 343°C. to about 371°C. 

In further describing the process of the 
present invention. and -the various limitations 

, , · 45 imposed thereupon, the entire process will 
· · · · be divided into its two se~rate, distinct 

sta:gesin the.interest of simplicity and clarity. 
The first stage comprises a suitable reaction 
zone, a separating zone, and/or a fraction-

. 50 afor, and' these are utilized in such a manner. 
and under such conditions as to result in the 
substantially complete removal of nitro­
. genous and sulfurous compounds from the 

· · ·. ... hydrocarbon charge stock, while producing 
·· •- -55 ·both gasoline· boiling range hydrocarbons as 

· ·a product; and middle-distillate hydrocar­
. -, · hons which serv~ as the .greater proportion 

of the c~rge stock to the seeond stage of 
. the entire pr0cess._ The heavy hydrocarbon: 
60 charge st~k contalllinated by nitrog~nous 

compounds after admixture with the hydro­
gen and· heatirig · to the desired operating 
temperature, is· contacted with the nitrogen 
insensitive catalyst in the first :reaction zone, 

~ the precise operating conditions of which will 

be dependent upon the various physical and 
chemical characteristics of the :particular hy­
drocarbon charge being processed. ln any. 
event, the reactor will be maintained at a 
temperature substantially in· the ·range of 70 
from 260°C. to 538°C. and under an im­
posed pressure generally within the range of 
fr0m 6.8 to 204 atmospheres. High pres­
sures in this range appear to favor the de­
structive remO'Val o.f nitrogenous ~mpounds. 75 
as well as the conversion of th06e hydrocar­
bons boiling at a temperature iii excess of 
about 371°C. and are, therefore, preferred·; 
thus~ the first reaction zone is preferably · 
operated under an imposed pressure within 80 
the range of from about 68 to about 204 
atmospheres. While the hydrocarbon charge 
stock will contact the particular catalyst em­
ployed at a liquid hourly space velocity 
generally within the range of about 0.5 to 85 
about 10.0, a lower range of liquid hourly 
space velocity will be employed. tht:t is, 
about O.S to about 3.0, in those instances 
where the heavy hydrocarbon charge is coo­
tB;minated by relatively large quantities of 90 
nitrogenous compounds. The catalyst dis­
posed within this first reaction zone serves 
a dual function; that is, the eatalyst is non• 
~J?Sitive to the IJ!esence Of substantial quan~ 
t1ties of both mtrogeoous compounds and 95 
sulfurous compounds~ while at the same time 
it is capable of effecting both the destructive 
removal -thereof and also the conversion of 
!hose hydrocarbons boiling at a temperature 
m excess of about 343°C. or 371°C. A cat- 100 
alyst comprising comparatively large quan­
tities of molybdenum, calculated as the ele­
ment, · composited with a suitable carrier 
material, such as alumina, is very .efficient 
in carrying out the desjred operation in this 105 
.first reaction stage. A particularly prefer-
red catalytic composit~. for utilization in tl:iis 
first reaction zone, comprises from about 
4.0% tu about 45.0% by weight of moly­
bdenum. and utilizes alumina as the carrier 110 
material. It js preferred to utilize alumina 
in the absence of other refractory inorganic 
oxide material, such as silica, zirconia, ·mag­
nesia, titania, thoria and boria. Although 
these refractory inorganic ~xides may . be ns 
employed in relatively minor quantities, with 
respect to the amount of alumina, prefer-
ably n.ot more than about 12 % by weight of 
the compos-ite with the alumina, they appear 
in some cases to impart excessive cracking 120 
activity· to the catalyst within the first reac-
tion zone; such that those hydrocarbons boil-
ing in exoess of about 343°C. or . 371°C. 
would be subjected to non-seleetive cracking 
with production of an excessive quantity of 125 
light paraffinic hyd.rocarbons. ·Minor 
amounts of nickel, namely from about 9,2% 
to about 10.0%, or like .Quantities Qf cobalt 
and/or iron may be employed in combina~ 
tion with the relatively larger amounts of 130 
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molybdenum. . . some residuel nitrogenous oom;poun.ds. The 

The catalytic comp0sjte,. for utilization. in . normally liquid hydrocarbons are, therefore, 

the first reaction zone, may be manUfactured further distilled using a side-cut fractionator ~-

in any suitable manner, a particularly ad- under such. cooditioris as will yield a hea:rt-

5 vanta.geoos .method enj,ploying an impregnat- . ~t boilfug within the range of from about 70 

·. ing technique. Thus, where the catalyst is·· 204~C .. to about 343°C; which heart-cut 

,,.. . .,. ... to contain both nickel and molybdenum, the f~actiori ·is· substantially completely . free of 

(
''. '' • ~ 4-~ _ method: o.f.prepar~tion .iilvolves first forming mtrogenous compounds. Those hydrocar-

i. \.·.Ji~• ~ an aqueous so:lutt<;tn of water-soluble com- boris which boil below about 204 °C and 

0
A> '.!V, JO pounds of the deSJred metals, such for ex- which include the gasoijne boiling range by- 75 

"' 
0 

· . ample as nickel nitrate or nickel carbonate, drocarbons produced. in the SCCOJ;ld-st~ge· of 

and. ammonia molybdate or ·~ acid. the present process, are remoived from the 

The alumina particles, serving as the carrier upper portion of :the side-cut fractionator, 

marerial,. are commingled with the . aqueous and may be transmitted ro storage pending 

15 . solutioos~ an_d subsequently are dried at a . further use either as charge to a catalytic re- 80 

· temperature of about 93°C. The dried com- forming unit, or as gasoline blending com- ·. 

posite is then subsequently crodized j.n an pOO.entS; The minor quantity of residualni· 

. oxidizing atmosphere such as air, at· an ele- trogenous compounds is removed in that hy~ . 

vated ,temperature of from about 593°C. to droearl>on fraction boiling apove about 343° . 

20 a.bout 927°C., and for a period of from a:boot C., from the bottom portion of the side-cut 85 

2 to about 8 hours or more. fractionator. · · · 

... °The gaseous ammonia .and hydrogen· sul- The second. stage of. the present process is 

fide, resulting from the destructive removal designed to convert the now nitrogen-free 

of nitrogenous and sulfurous compounds in ~iddJe-distilhlte boiling range hydrocarbons, 

25 the first rea.Ction · stage are removed froni the togetlier, if so desired, with at least a portion 90 

total reaction zone effluent in any suitable of the hydrocarbon stream boiling in. excess · 

manner. For example, the total effiuent may of aoout 343°C. to about 371°C., into hy-

be admixed with water, and -thereafter sub"" drocarbons which boil within the gasolilie 

. j~d to separation such that. the ammonia . boiling range. While. it has. been . stated 

30 is .absorbed. within the water-phase. or, the above that the middle~distillate bo.Uing range· 95 

total .reaction· ,zone effluerit may be passed ·charge· srock for the second-stage ·reaction 

into a -separation zone countercurrently •to a zone 26 . contains less than . about · 5 .() parts 

liquid absorbent whereby the ammonia, hy"' per million of nitrogenous compounds, it is 

drogen sulfide, ·and other. gaseous compon- preferred . that the fractionation·. system be 

35 ertts are effectively removed therefrom. · In operated at conditions which result in a 100 

· addition to the removal oJ hydrogen sulfide middle;.distillate },)oiling range hydrocarbon 

and ammonia, it is desired that the small mixture. containing less than about 1 part · 

·: amount of light paraftinic hydrocarbons, per i;nillion of nitrogen:, and still in.ore pre,. 

methane, ethane and propane, resulting from ferably, less than abOut 0.3 ppm·, of nitrogen,. 

-40 the x:ather severe conditions in the first re- In a:ny event, whel'.l the hydrocarbons boiling 105 

action, zone, is al$o removed from.· 'the efflu- above abolit 343°C, to 371°C. contain suffi- : · 

ent. 'J:'herefqre,Jhe separatirig zone p:iay com- cienttesidua:l nitrogenous c0111pO!lnds to re~ 

prise a low~temperature . flash chamber sult, upon their supply to the second-Stage 

whereby the. ammonia and light·· para:ffinic reaction stage, in a total nitrogen concentra:-

45 hydrocarbons are re:i;noved as .. a gas phase. tion entering hydrocracking reactor 26, in 110 

As: illustrated iii the drawing, these light par. ~xcess of. 5.0 ppm., these hydrocarbons will · 

aflini~ hydrocarbons. along with the norm- be. recycled through valve 19. and line. 3 ,to 

·ally liquid hydrocarbo-ns, may be passed-into combine with the original hyi:Jrocarboi't 

a fraotioiiatjng. column, whereby the light charge~ for the purpose ofremoVing the ex- . 

t 
li' 

• 

so paraffinic hydrocarbons are ·removed from cessive quantity of nitrogenou~ compoundii. us 
the system. Thislatter method has ,the added Jn siich a sit11ation, for the purpose of m~in~ · .· · 

advantage. of being sufficiently fiexible- to !Sining virtually s~dy-state operation _with-·.· .. 
1 
•.•. ~ • 

function .. as 'a · debutanizer or. depen:tanizer . m the · !J.Ydroc~king r~91or, 26 •. a grea~er· .·.~ , 1-~ • 

where such a processjng technique is desired. proportion of- Illlddle-distillate will be pr .· ·· Cl/. ., · 

'.~5 Fµrthe:rtnQre~this method permits the simul~ cessed ~rough this reaction zort~. ... . ... . .•. ·.. · f"~ ~_. 

· tane<>us fractionation of the etfh,ient from . In view of . the· fact that the tot~l hydro{~~...: , ,.. • 0 

bydt'.o~ckll!.g ;rea.qt!)r 26 to remove the light carbon charge to. the second .~. zone·~ 

paratfi.nic: hydrqcarbons therefrom after the may contain up :to about 5.0 pprµ~ Of nitro-. 

removal.of ammonia from -the effluent. from gen. it. is to great advantage t~ utili7.e ~n 

~ tb,t ~i_st;~t~ge Qftlie process. · . .· · · . ca,talytic composites there.in which are mOst . .lZS 

.. · · Re~less<of :the particular .separating:, effective. for the mild hydto~cking of. the 

m~s . ~J11ployed.- the resulting n9tJil,ally · :i;niddlC"'.distillate cb,arge srock , .containijlg_ 

liq:uid hydrocarbons, now boiling within tl:ie · th.~s~ ;t'esid'ual nitrogenous 00mpo1,1nds, l>ut 

range: .of- a_bo.-4t· '38·°C. to about 371°C. or are .not detrimen,tally affected t}ie¢by.:,: As_: . 

-~s higb,et~;and .con~aining butanes, will contain. an illustration, alulllina is• a good :J}itro.s~. 139 

··!'.'. .~ 
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-----: .remover when it .contains relatively minor retaining :fue droplets in said oil l>ath until quantities of silica (appro.xmately 12 % by the sanie set into firm hydrogel spheroids; ~ 'weight). Likewise, silica ·is a. good hydro• this particular method, com,monly known as ·cracking catalyst when it contains a relatively the oil-drop method, is described in detail in 5 small quantity .Of alumina; however, in and U.S. Patent No. 2,:620,314, issued to Janies 70 of i~lf, is not a good nitrogen remover. In Hoekstra. It is understood that the fore-a similar. manner, the metallic components going description, in regard to the· prepara-of the catalyst disposed within the second tion of alumina particles, is applicable· to reaction zone will. exhibit similar propensi- the preparation of the carrier material em-rn ~ies. For example, as indicated in regard ployed in the manufacture of the catalytic 75 .. to the first reaction zone, molybdenum is a CQJD.po&ite which is utilized in the . first re­good nitrogen :remover, . but is not relatively action zone. In like manner, silica may be active as a hydrocracking or hydrogenation prepared in any suitable manner, one method catalyst. . On the other' hand, ·nickel is a being to com.mingle water glass and a min-. 15 good hydrogenation catalyst, but does not eral acid under conditions which precipitate 80 ~ a relatively high degree of activity a silica hydrogel. The silica hydrogel is sub-m and of itself, in regard to the removal of sequently washed with water containing a nitrogenous compounds. Catalytic compos- . small am,ount of suitable electrolyte for the · ites which comprise at least · orte metallic purpose of removing sodium ions. Other re-20 component selected from Gt-pups VI-A and fractory oocide components may be prepared 85 · VIII of the Periodic Table including chrom- in a manner analogous too that outlined above ium, molybdenum, tungsten, iron, cobalt~ . with reference to the alumina. nickel, palladium, platinum, ruthenium, rho• . ·The cracking catalyst component of . the dium, osmium, iridium, and mixtures of two catalyst for the second reaction stage of the 25 or more including nickel-molybdenum, present process comprises at least two re~ 90 nickel~chromium, molybdenum-platinum, fractory inorganic oxides, and such a com­cobalt-nickel-molybdenum, molybdenum" posite may be prepared in ariy suitable· man-palladium; ch:romium-polatinum; chromium- ner including, separate, successive, or copre­palladium and molybdenum~nickel-palla- cipitation methods. In .,the separate precipit­.30 dium, and a. composite of silica and from ation method, the oxides are precipitated about 10% to- about 90% by weight of alu- separately and then mixed, preferably in the mina, constitute hydrocracking catalysts, for wet state; When successive precipitation use in the seoond ·stage Of the process of the methods are em,ployed, the first o:xide is pre­present · invention, which have a relatively cipitated in the manner set forth above, and V't~~~ .35 high activity in regard to the conversion of wet slurry, either with or ~prior wash-. hydrocarbons boiling within the middle-dis- ing, is composited with a salt of the other tillate boiling range, which activity is sub- component. Ptecipitation of the oxide of stantially unaffected even by the relatively the latter is effected by the addition of a minor quantities of nitrog~. less than about suitable alkaline or acidic material to the ...AU.""9~ 40 5.0 parts per million. resulting~ The composite which re- 105 The synthetically-produced solid carrier, suits may then be dried and.formed into the · material, for utilization in the catalyst of the desired shape and/or sire. When the·cata­second stage, which carrier material also pos• lyst employed in the second reaction zone sesses -hydrocracking propensities,. may be comprises silica and alumina, and/or silica, AS made in any suit1:tble manner including sep- alumina, and zirconia, they are preferentially 110 / · · arate, successive or coprecipitation methods. manufactured by commingling an acid such -, ~-For, example, alumina may be prepared by as hydrcichloric or sulfuric acid, with com-. /",adding a reagent such as ammonium hydtox- mercial water glass under conditions to pre-- ide or ammonium carbonate, to a salt of cipitate silica, washing the precipitate with "SO aluminum such as aluminum chloride, alu- acidulated water or other means to remove 115 - minum nitrate~ or aluminum acetate, in a:n sodium ions, commingling with an aluminum an;i9unt to form aluminum hydroxide. Alu~ salt such as aluminum chloride, and/or some minum chlorideis generally preferred as the suitable zirconium salt, and either adding a: . - aluminum salt ·to be employed, not only for basfo. precipitant such as ammonium hydrox-?5 -c.onvenience in subsequent washing and fil- ide to precipitate alumina and/or zirconia~ 12CJ> . · .. · tering procedures, but also, .i.t appears to or forming the desired oxide or oxides .•: ·:give the. best resµ} ts, The resulting precipit• through the ·thermal decomposition of the ate js, upon drying, converted to alumina. salt as the case may permit. The silica-The alumina parUcles m1:ty take the form of alumiina-ziroooia cracking component may ':-60 any·des;ited shape such as spheres, pil:ts, or be formed by adding the aluminum and/or 125 ·· .,. extrudates. ·A particularly preferred "fortn of zirconium salts together or separately. Other alumina iiLthe sphere, and these spheres.may cracking components may be prepared iii a be: conti_nuou.sly manufactured ·by passing . similar manner. . · dropl~ts of an alumina hydrosolinto an oil . The catalytically . active metallic comport- . <·~ bath· maintained at· an elevated temperatur.e, ent of the catalyst dispored within the second I 30 
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reaction zone, ·is then composited with the 
aforementioned cracking component. The 
active metallic components are generally 
employed in an .amount of from about 0 .. 1 % 

.5 to about 20.0% by weight of the total cat­
alyst and may be incorporated with the 
cracking component in any suitable manner. 
Impregnating techniques may be advant-

. ageously employed by first forming an 
10 aqueoos solution of a water-soluble com­

pound of the desired metal such as for ex­
ample platinum chloride, palladium chloride. 
nickel nitrate, ammonia molybdate, moly­
bdic acid, chloroplatinic acid, or chloro~-

1 S ladic aeid, and commingling the solution 
with the cracking component in a steam 
drier. Other suitable metal-containing solu­
tions which may be employed are colloidal 
solutions or suspensions of the desired metal 

20 cyanides, metal hydroxides, metal oxides, or 
metal sulfides. . Where these solutions are 
not water-soluble at the temperature em­
ployed, oth~ suitable . solvents such as alco­
hols or ethers, may be utilized. The final 

·25 catalytic composite, after all of the catalytic 
components are present therein, is dried for 
a period of from about 2 to about. 8 hours 
or more, and subsequently oxidized in an 
OJtidizing atmosphere such as air, at an ele-

30 vated temperature of from about 593°C. to 
about 927°C .. and for a period of from about 
1 to about 8 hours or more. Following this 
high-temperature oxidation procedure, the 
catalyst is reduced for a period· ranging from 

35 about ! hour to about 1 hour at a tempera• 
ture within the range of from about 371°C. 
to about 538°C., and in the presence of hy­
drogen. Where desired, the catalyst may be 
reduced in situ, that is, by placing the Ca.t-

40 alyst within the second reaction zone, and 
subjecting .the same to an imposed hydrogen 
purge ~ the system at a itemperature of 
about 316°C. 

As hereinbefore set forth, it is preferred 
45 that the catalyst within the second reaction 

zone comprises at least two refractory· in­
organic oxides. preferably alumina and 
silica. When silica and alumina are em­
pfoyed in combination, the latter will be 

so present generally with an amount of from 
about 10% to about 90% by weight. As 
shown in the examples below, excellent re­
sults have been achieved through the utiliza­
tion of the composites of 88 % by weight of 

55 silica and 12 % ·by weight of alu~na. and 
· of 75 % by . weight of silica and 25% by 

weight of alumina, in the catalyst of the 
second reaction stage, and through the· utiliz­
ation of a composite of 88% by weight of 

.60 alumina and 12 % by weight of silica in the 
catalyst of the :first reaction stage. While 
the total quantity· of metallic components of 
the catalyst disp;>sed within the second re-

. action zone is within the range of from about 
65 0.1 % to about 20.0% by weight of the total, 

catalyst, the Group VI-A metal, such as 
chromium, molybdenum, or :tungsten. is . , 
usually present within .the range of from ~· 
about 0.5 % to about 10.0% by weight of this 
catalyst. When an iron sub-ogroup metal of 7<> 
Group VIII such as iron, cobalt, or nickel, 
is em.ployed, in this catalyst, it is present in 
an amount of from about 0.2 % to : about 
10.0% by weight, while, if a noble metal . 
such as for example platinum, pallac:Ijum, or 75 
iridium, :is employed, it js pregent in an 
amount ~thin the range of froin about 0.1 % 
to about 5.0% and preferably between 0.1 % 
and 2.0% by weight of the total catalyst. . 
When the metallic component of the catalyst 80-
of the second stage consists of both a Groop 
VI-A metal and a Group VIII metal, it will· 
contain metals of .the above groups in a 
weight ratio. of frOJII; about 0.05 : 1 to about ,, 
5;0: 1 of the Group VIII metallic component 85 
to the Group VI-A metallic component. Ex-
amples of metal components in particularly 
suitable catalysts for utilization within the 
second reaction• zone ·are .the following : 
6.0% by weight of nickel and 0.2% by 90 
weight of molybdenum; 6.0% by weight of 
nickel; 0.4% by weight of palladium; 6.0% 
by weight of nickel and 0.2% by weight of · 
palladium; 6.0% by weight of nickel and 
0.2% by weight of platinum. 95 

The catalyst employed in the second stage 
of the process of the present invention is. pre­
ferably disposed within .the reaction zone as 
a fixed bed. Due to the characteristics of 
the charge to the seeond reaction stage, the 100 
operating conditions within the reaction zone. 
are relatively m,ild. Therefore, the operating 
temperature at which the catalyst is main­
tained within the second reaction· zone, may 
be at least about 28°C. less .than -the tem- 105 
perature employed in the first reaction zone. 
It is not unusual. in the process of the pre-
sent invention. to operate the second reac~ 
tion zone at a temperature which is as much 
as 83°C. lower than the temperature within 110 
the first reaction zone. In addition, in vie\v · 
of the nature of the charge to the second re­
action zone, the rate of liquid charge thereto 
may be substantially larger than that of the 
charge to il:he first reaction zone and is usu~ 115 
ally in the range of from about 1.0 to about 
15.0 liquid hourly space velocity. The total 
effluent from the second reaction zone.· may 
be passed to a suitable high-pressure. low• .· ... 
temperature separation ·zone from . which ~; 120 
hydrogen-rich gas stream is Withdrawn ~arid 
recycled to supply at least- a portion . of the 
hydrogen which ·is admix~d with the liquid 
hydrocarbon charge stock. The normally . . 
liquid hydrocarbons •. containing the light. 125 
paratli.nic. hydrocarbons (Ci .to Cs) and but­
anes, are combined With the normally -liquid 
hydrocarbons resulting .from. •the·. sepia.rating 
ineans employed within th~ first reaction 
stage to thereafter remove therefrom those 130 
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hydrocarbons boiling within the gasoline -boiling range. ;,,_......' · An essei:itial feature of. the present inven­tion. is the system of the two distinct inte­. .S grated stages in which the overall process js . effected. Through the utilization o~ the pro­cess of the present invention, greater concen­tration of hydrocarbons boiling within the gasoline and middle-distillate bojling range 10 are produced fr0m those hydrocarbons which boil in excess of. the middle-distillate boiling range. Furthermore, greater concentrations of gasoline boiling range hydrocarbons are produced from those middle-distillate. boil-15 ing range hydrocarbons which have been produced in the first stage of the process. The overall effect is a substantial reduction in the quantity of light paraffinic hydrocar­bons otherwise resultjng from the non-selec-. 20 tive, one-stage hydrocracking of hydrocar­bons ·boiling at a temperature in excess of the gasoline boiling range. An added ad­vantage is the fact that the utilization of the present invention effects a preservation of is the aromatic hydrocarbons which boil with­in the gasoline boiling range and are valu­able as motor fuel blending components. Furthermore, the process of the pTesent in­vention results in a gasoline boiling range 3lr hydrocarbon product substantially free · from unsaturated hydrocarbons, and is, therefore, suited as charge stock to a cat­alytic reforming unit for the purpose of fur­ther raising the octa~ne rating thereof. Thus, 35 through the utilization of the process of the · preSent invention, a hydrocarbon charge stock, having a boiling range in excess of about 343°C. to 371°C., may be substanti­ally completely converted into hydrocarbons 40· boiling within the gasoline boiling range, not­withstanding the · presence of exceedingly large quantities of nitrogenous compounds, and without the usual high yield loss due to the formation of an excessive quantity of 45 light J?&raffinic hydrocarbons and also with­. ·• out experiencing .the catalyst deactivation en­couqtered in a single-stage hydrocracking treatment of such oils as are used as charge . ,;\. . . . in Whthe pre~nt procehss. . ~. 50 · · en cuecting t e present process m a ;,, ... 
; 

; ... 

continuous manner, it is preferred to utilize . each catalyst as a fixed bed in the respet~tive . reaction zone, as illustrated in the accom­-· panying drawing. The mixtures of hydro-. 5.5 ·· c~rboos and hydrogen are continuously · charged to .the reaction zones and passed in . downward flow through the catalyst, or, where desired, they are passed either in up­ward flow or radial-flow through the respec-(•0 tive reaction zones. Alternatively, the oper­ation may be effected as a moving-bed type; or a stispensoid-type of operation in which the catalyst and hydrocarb6ns are pa9sed as a .slilrry through the respectjve reaction zone. 65 The following examples are given to· fur-

ther illustrate the process o_f the present in-. vention, and to· indicat.e the benefits to be afforded through the utilization thereof. · EXAMPLE I . This example· illustrates the proce.ss of the 70 present invention as appljed to a hydrocar­bon charge boiling entirely above the gas­oline boiling range, and almost completely in excess of the titiddle~distillate poiling range. The charge was a. vacuum gas oil 1S obtained from a Wyoming-West Texas crude and had the properties shown in .the follow-ing Table I in which the distillation data are those determined by the ASTM method. TABLE I so· VACUUM GAS OIL-.-PROPERTIES · Specifiic Gravity at lS.6°C. 0.9393 Distillation, °C. 
Initial Boiling Point 310 W% 

~3 ·~ 30% 
421 50% 
446· 70% 
467 90% 
493 ~% sn ~ % at 204°C. 0 % Bottoms · 2:5 Total Nitrogen, ppm. 1300 Sulfur, Weight% 2:58 . The catalyst employed in the· .first reaction 9S zooe comprised 2.0% by weight of nickel and 22.5 % by weight of molybdenum, cal­culated as the elements thereof. The cat­alyst was prepared utilizing a single impreg­nating technique involving 100 parts of alu- 100' mina spheres (prepared in accordance with the oil-drop method as described in U.S. Patent No. 2,620,314, issued to James Hoek­stra), and a single impregnating solution con­taining niCkel nitrate hexahydrate (2.4 lOS weight parts of nickeil) and molybdic acid (30.0 · weight parts of mOlybdenum). The catalyst was disposed in a reaction zone maintained under an imposed pressure of 102 atmospheres, and an ililet temperature 110 thereto of 410°C. The liquid charge was treated at a rate of 0.S liquid hourly space velocity, and was combined with hydrogen in an amount of 1068 normal liters per liter of the oil charge. Following a separation, to US rel!love ammonia. hydrogen sulfide and the light pa.raffinic hydrocarbon5 (C1 to Cs). the ·normally liquid product effiuent of. the re­action zone was fractionated in a multi-plate distillation column to yield four fractions. 120 These fractions were. (1) a butane to 82°C. fraction, (2) a 82°C. to 204°C. fraction, (3) a 204°C .. to 343°C. (middle-distillate) frac~. tion, and · ( 4) a bottomS fraction containing those hydrocarbons boiling .at a temperature 12S in excess of 343°C. · In.regard to the quan, tity of residual nitrogenous ci.:mlpoonds oon­tained withjn these fractions;· reference is again made to the aceompanying drawing. The total normally liquid hydrocarbon effiu;. 130 
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ent, following separation to remove the am~ 1610 grams of water glass (28% by weight 
mania· aild light paraffi.nic hydroearbons. that of SiOs) with 3220 cc. of water, ad_ding there-
is, the stream indicated :in the drawing as to 400 cc. of hydroehloric acid, plus an ad~ ·~.-. 

· · passing through l:ine 14, contained app.roxim-. ditiooal 800 cc; ·of water. The resulting acid-
5 ately 18 parts per million of total nitrogen. silica hydrosol was then added to 1580 cc. 70 

Following fractionation, in side-cut fraction- of an aluminum sulfate solution, having a· 
ator 15, :the total nitrogen content of the specific gravity of 1.28, and prepared from 

. gasoline boiliilg range hydrocarbons, those iron-free, hydrated aluminum sulfate . crys-
. having an .end point of about 204 °C., was tals. The resultant alumina-silica hydrosol 
10 effectively nil, that of t~e middle-distillate was then comm,ingled~ with vigorous stirring~ 75 

fraction, indicated in line 21. of the drawing, with 1280 cc. of an aqueous solution of am­
cootained less :than 3.0 par.ts per million ni- monium hydroxide containing 640 cc. of· a 
trogen, while the hydrocarbon stream, indic~ 28% by. weight solution of ammonia. The 
ated as being in line 18, conta~ned approX- resulting hydrogel was filtered, reslurried in 

15 imately 40 parts per million of nitrogen. It 8 liters of water, and dried. The dried 80 
should be noted that a portioo of the latter material was subjected to several washing 
stream; which contains the hydroearbOns procedures, with filtering, until the filtrate 
boiling above about 343°C., may be com- indicated a negative test for sulfate ions. 
bined with the middle-distillate fraction· em- Th~ sulfate-free comp()site was further dried 

20 ployed as the oUcharge to the second reac- at a temperature of 149°C.-, ground into a 85 
tion stage of $e prese~t process, at least to fine powder, and formed into 3.2 mm x 3.2 
the extent that the nitrogenous compound mm cylindrical pills. The pills were sub­
conrent of the resultant oil cha~e does <not jected to a high-temperature calcination pro-

.. exceed about 5.0 parts per million. Other. cedure, in an atmosphere of air for a period 
25 product inspections ~ormed upon the of 3 hour~ and a temperature of 649°C .. An 90 

various fractions are indicated in the follow- impregnating solution was then prepared by 
ing Table II. dissolving 60.0 gta.ms of nickel nitrate hexa-

T ABLE ll hydrate jn water, and further diluting the 
INSPECTION OF PRODUCTS FROM resulting solution to abotit 700 milliliters 

· 30 VACUUM GAS. OIL with water. A 200-gram portion of .the de• 95 
Fraction*. scribed, alumina-silica composite was im-. 

°C. range 83°~204° 204°-343° 343°+ pregnated with the resulting impregnating 
Vohune % solution in a rotating steam drier. The dried 

of'Total 22.6 47.0 .. 39.0 catalyst was .subsequently calcined at an ele-
35 Specific . .. vated temperature of 649°C ... This catalyst 100 

·Gravity. at was disposed within ·the· reaction zone, as a 
15.6°C. · 0.7892 0.8373 0.8373 fixed~bed, and maintained under an imposed 

.AS1'M Distilla~ pressure of 102 ·atmospheres.· During the 
· .. tion, °C; . processing of the middle-distillate charge 

40 Initial stock, the inlet temperature to the reactor J 05 
Boiling Point i 16 219 354 was maintained at a level of 327°C. The 
10% 138 242 377 charge stock was jntroduced to the reaction 

· 30% 156 261 391 zone at a rate equivalent: to 3.0 liquid hourly 
50% . 160 277 407 spaoe velocity, an<l was admixed with hydro-

45 90% . 182 321 . 463 &en in an am~unt of 534 nonna.I liters: :per 110 
End Point 203 345 488 hter of the 011 charge. The total r~ction .· 

Hydrocarbon- zone effluent was separated to provide a by- , 
Type Anal- drogen-rich gas stream which was recy~Jed 

.~. 

i 

ysis, Vol. % to combine with t~C? miqdl~-distillate charge~-· 
50 ·Paraffins 41 stock. The remauimg/-ltquid hydrocarbons, .· · 

= Naphthenes 51 including the light paiaffinic hydrocarbons · · -~ · · -
Olefins 1 (C1 to Ci) were sii?jected ~o ~ionation:·in ~ ~- .' /;? -t- · 

.·Aromatics 7 a laboratory, mul~t-plate ~1still~tion co!ull!t:J.,- 0 t·?:: ·. -1 · * Light Paraflinic Hydrocarbons (C1 to C3) the results of which fractionation. are md1c- · -~ · ·• ... · _ .• .._ .. 
''S5 · Yield was 2.2% by weight. and the Coi-83° ated in Table ill.· 1 ' 

.. c. fractioo was 3.0 vol.%. · TABLE III . - -
•. Toillustrate the 8econd stage of the pro- VOLUMETRIC YIELDS FROM 

. cess of .the present ·invention, ·those. hydr~ ·MIDDLE-DISTILLATE 
carbons ·:boiling within the range Of 204 °C. Components* Vol. % Yield 

· 60 :to 343°C .. were charged to a reaction zone Total Butanes 7.9 -125 
· .• cOn.tainirtg a catalyst comprising· 6.0% by Pentanes & :aexanes 15.3 
·.~ht or: nickel (calculated as tlte element) Heptanes to 204°C. 47 .. 2 
and a composite of 75 % ·'by weight of silica 204 °C. and Heavier .· . 395 
and.: 25 % by weight of alumina". The silica- "' Light Paraffinic Hydrocarbons·. (Ci to . C's).· 

'65 alui1iina composite was prepared by diluting Yield was 0.67% by weight. · ...• · · . .· · 130 

-~. 
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The yields indicated in Table III are based 
upon the quantity of middle-distillate being 

--7' charged, and it is noted that the light para~­
finic hydrocarbOns resulting therefrom were 

S virtually negligent. being only 0.67% by 
· weight of the· total charge. · It is further 

noted that there was a · 70.4% by volume 
yield of hydrocarbons OOiling within the gas-

. oline boiling ·range and inclusive of the but-
tO anes, and 39.5% yield of hydrocarbons boil­

ing in the middle~clistillate boiling range. The 
latter fraction may be readily recycled to 
combine with the :original middle-distillate 
charge stQCk whereby· th~ hydrocarbons 

.15 are effectively recycled to extinction. 
EXAMPLE II . 

This example illustrates the applicability 
of the present· process to a hydrocarbon 

. fraction -boiling partially within the. gasoline 
20 boiling range, the greater proportion of 
· which boils within the middle-distillate boil­

ing range. . The charge stock was an East 
Texas kerosine having .the properties shown 
in the following Table IV: 

25 TABLE IV 
EAST TEXAS KEROSINE-

. PRO.PER TIES 
Sp!cific Gravity at 15.6"C. 
ASTM distillation. °C. 

.30 Initial Boiling Point 
1()% 
30% 
50% 
70.% 

35 90% 
End Point 
% at 204"C. 
% Bottoms 

· . Total Nitrogen, ppm 
40 Sulfur, weight % 

Hydrocarbon Types, Vol. % 

0.8189 

186 
211 
222 
230 
241 
258 
283 
5.0 
0.8 
3.6 

0.036 

Paraffins ) 
. · Naphthenes ) 82·8 

Olefi.ns 0.4 
45' . Aromatics 16,8 

.-~ The kerosene fractiOp. . w8s passed _.into a 
first or clean·up reaction zone maintained at 

. a pressure of 54.2 atmospheres and an inJet 
· · tem~rature of 371°C. The charge was ad-
50 mixed with hydrogen in an amount of 178 

. normal lite:i;s per liter of oil, ap.d contaeted 

thereof into the clean-up reaction zone; Thi 
remainder of the reaction zone effluent was. 
passed into· a fractionator ·wherein :th~ light. 
paraffinic hydrocarbons, methane~ -. ethane.. . . 
and propane, were removed and a stream of 7tl 
norm.ally liquid hydrocarbons . containing 
butanes and heavier c91m.ponents was ob­
tained. This stream was then subjected to 
further fractionation to provide · a butane 
fraction, a C0-hydrocarbon fraction having an· 7S 
end point of 46°C., a Cs~hydroearbon frac­
tion (46°C. to 82°C.), a 82°C.-204°C. frac- . 
tion. and th.ose hydrocarbons boiljng in ex~ 
cess of 204 ·c. . . . . ... 

The fraction boiling above 204 °C. was 80 
then admixed with hydrogen in an amount 
of 534 normal liters per liter of this oil frac­
tion. and passed at a liquid hourly space . 
velocity of- 1.0 into a second or hydrocrack~ 
ing reaction zone maintained at a pressure 85 ·· 
of 102 atmospheres and at a temperature of 
about 302"C. The catalyst disposed within 
this hydrocracking reaction zone comprised 
0.4 % by weight of palladium·· ce>mposited. 
·with a cracking component consisting of 88 % · 90-
by weight of silica and 12% by weight of 
alumina. The total reaction zone effluent, 
from the hydrocracking reactor, was . oom­
bined with the effiuent from the first reaction . 
zone following the removal. .of. atti-monia · 95 
therefrom,· and prior to the separation elf the 
light paraffinic hydrocarbons · (C1 to Q.). 
Various product inspections, and a portion 
of the resulting yields are given in the fol-
lowing Table V. · 

. TABLEV 
100· 

INSPECTION OF PRODUCTS FROM 
KEROSINE CHARGE 

Fraction. °C. range 82°-204° 204°+ 
Specific Gravity at 

15.6"C. 
ASTM Distillation, ·c. 

0.7678 

Initial Boiling Point 99 
10% 109 
30% 117 
50% 126 

. 70% 142 
90% 168 
95% .178 
End Point 191 

Hydrocarbon Type Analysis. vol. % 

0.7901 

213 
218 

105 

221 110 
225 
231 
246 
254 
274 IIS 

..... ,.;.,. 
. . 

. the catalyst disposed ·within·· the reaction 
-.. zone :at a liquid hourly space velocity of5.0. 

_, . The catalyst employed Jn the clean-up reac­
>li5. ti~ zo_ne consisted of 3.2 mm x . 3.2 mm 

. cylindrical alrit1lina p.ill_s which had been im­
~- pregnated, utilizbig a single impregna,ting 

solution, with· 2;0% by weight of eobalt and 
6.0% _by weight of molybdenum, calculated 

Paraffins 37 
Olefins NIL 
Naphthenes . 46 
Aromatics 17 120· 

Octane Ratings 

... 
; : 

·-:::::·:. 

.ciO · as the el~~ents the~f. · Hydrogen sulfide, 
amrru:mia, aQd,hydrogen were removed from 
the total reactor effluent in a high~pressure · 
separator, the' :Qydrogen JJeing recycled to 
combine with the hydrogen admixed w~th the 

~' kerosine fractiOn prior to the intrOduction 

F-1 Oear 63.9 
F-1. + 3 cc. TEL. 83.1 . . 
The oortion of tbe liquid product boiling .. 

up to 82°C. consisted of 33.3% by weight 125 
of butanes, 34.2% by weiight of C to46°C;. 
and 32.6% . by weie;ht of Ca llydr0carboris. 
(46° to. 82°C.) The octaine· rating .of the; 
debutanized fraction to an end point of 82° . 
C. was 82.4 F~l Clear, and 96.3 F-1 + 3·ce. 130 
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TEL. 
The gasoline boiling range fraction boilillg 

from 82°C. to 204°C. was obtained in an 
amount of 53 % by volume, ba~ upon the 

S tOta1 charge to the .first reaction zone. The 
characteristics of this fraction, as indicated 
in Table V, are such· that this fraction is 
ideally suited for subsequent processing in a 
catalytic reforming :Process ·for the purpose 

10 of increasing. the octane ratings, or anti­
knock characteristics thereof. It should be 
noted that '.the fraction is substantjally com" 
pletely free· fyom olefinic hydrocarbons. and 
contains 17 % by volume of aromatic hydro-

15 carbons and 46% by volume of naphthenic 
hydrocarbons. 
EXAMPLE III 

This· example illustrates the .applicability 
of the present process to the utilization of 

20 various light cycle oils, boiling entirely at a 
temperature in e~cess of the gasoline boiling 
range, and partially in excess of the iniddler­
distillate boiling range. Two individual 
charge stocks were separately processed in 

25 accordance with the ·method described in 
Example II; one charge stock was an Okla­
homa light cycle oil having a boiling range 
of from 232°C. to 315°C., and the other was 
a Leduc light cycle oil having a· boiling 

30 range of 231 °C. to 352°C. Other proper­
ties of these light cycle oils are given in the 
followings Table VI. · 

TABLE Vl 
. OKLAHOMA AND.LEDUC LIGHT 

35 CYCLE OILS-PROPERTIES 
Oklahoma Leduc 

Specific Gravity at 15.6°C. 0.8849 0.8990 
ASTM Distillation, •c. 

Initial Boiling Point 232 231 
40 10% 251 257 

30% 261 .277 
50% . 270 291 
70% 280 ·307 
90% 293 327 

4S End Point. 315 352 
% at 204°C. 0 0 
% Bottoms 1.0 1.5 

Total Nitrogen, ppm. 285 345 
Sulfur, weight % 0.70 0.69 

SO Hydrocarbon Type Analysis, vol. % 
Paraffins ( SO 7 ( 43 4 
Naphthenes ( · ( · 
Ole:fins 3.7 5.4 
Aromatics 45.6 51.2 

55 In regard to the Oklahoma light cycle oil, 
the catalyst employed in the first or clean-up 
reaction zone comprised 2.4% by weight of 
nickel, 6.4 % by weight of molybdenum, and 
a COJ!lposite consisting O'f 88 % by weight ·of 

.60 alumma and 12% by weight of silica; The 
secqnd. or hydrocracking reaction zone con- .. 
tai!'ed a cata1y~t oonsiSting of 0.4% by 
weight. of palla~1.um on a composite of 88% 
by ,weight .of silica and 12% by weight of 

65 alUIJ)ina. The clean~tip reaction zone was 

maintained at a pressure o~ 102 atmospheres, 
an . inlet tempeni.ture of . 399°C., and the 
charge stock <;on.ta~ :the catalyst at a ~uid "··.,,._,.,) 
hourly; .space vel0C1ty of 1.0. The light · ,-
cycle oil was admixed with hydrogen in an 70· 
amount. of 356 normal liters per liter of oil, 
prior to entering the first reaction zone. The 
second or hydrocracking reactfon zone was 
maintained at a pressure of 102 atmospheres, 
.and an inlet temperature of about 315°C., 75· 
and the charge to this zone contacted the · 
catalyst at a liquid hourly space velotjty of· 
1.0 after being combined with hydrogen in 
an amount of 534 normal liters per liter of 
oil. The foregoing operating conditions, on 80-
both reaction zones, were also employed 
when processing the Leduc light cycle oil. . 

Inspection data . of vadous products ob­
tained from the Oklahoma light cycle oil ap- · . 
pear in the following Table VII. 85' 

TABLE VII 
INSPECTION OF PRODUCTS FROM 
OKLAHOMA LIGHT CYCLE OIL 

Fraction, °C. range 82°-204° 204° + 
Specific Gravity at 15.6°C. 0.7861 0.8222 90-
ASTM Distillation, °C. 

Initial Boiling Point 91 
10% 108 
30% 120 
50% 133 
70% 151 
90% 178 
End Point 211 

Hydrocarbon Type Analysis, vol. % 
Paraffins 18 
Olefins · NIL 
Naphthenes 63 
Aromatics 19 

Octane Ratings 
F-1 Clear 70.7 
F-1 + 3 cc. TEL 86.5 

213 
229 
241 
254 95 
270 
292 
317 

100-

·· 10s 

The product fraction boiling up to. 8rC. 
contained 33.3% by weight butanes, 35.5% 
by weight Cs hydrocarbons to 46°C. and 
31.2% by weight of C; and hea:vier hydro- 110 
carbons. (46° to 82°C.). .· ... · ',• · .. - . ·' '• 

The benefits afforded through ·the utiliza-
tion of the present ~nvention are. readily,:,as­
certained from the data given .in ·Table VIL .. 
The gasoline fraction of 82°-204°C. boiling 115-
range having a specific gravity of 0.786• at 
15,6°C. is extreqiely well suited for utiliza-
tion as charge tO' a. subsequent catalytic r~.; . 
fonmng process. · Of special signifiCa.noe fs ~ 
the fact that. this gas<>line fraction. eonta~d. 12l> 
a total of 82 % by volume of atom11tic we~:<,., . 
cursors in the form of naphthenes and aro- ..- ' 
matics, substantially no .olefinic · hydrocar~ 
boos, and only 18% by volume of paraffinic · 
hydrocarbons. In addition, this particular 125 
fraction exhibited a relatively · high octane 
. rating, even · i.n the absence of further. pro-
cessing. . . ·.· 

The. operations described in· the· foregoing .. 
examples were · repeated on the several· 130 
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charge stocks in order to obtain the relation 
of product distribution to severity of oper­
ation. To obtain such a relationship, the 
severity of the operation was indicated by 
varying percentages of conversion to hydro- · 
carbons boiling below 204 °C. The follow-
ing Table VIII indicates the product distri­
bution· summary. for the kerosine. light cycle 
oils and vacuum gas oil, as determined at a 

10 severity of operation which resulted in 60% 
by volume conversion to hydrocarbons boil­
ing below 204 °C .• and without liquid recycle 
within the process. 

TABLE VIII 
15 PRODUCT DISTRIBUTION SUMMARY 

Okla- . Wyo.­
homa LeducW.Tex. 

Charge 
Stock 

E. Texas Cycle Cycle Vac. 
Kerosine Oil Oil Gas Oil 

20 Product 
Distribution 

25 

30 

Cdo Ca ... 
weight% 

c, to 82°C., 
vol. % 

82°-204°C., 
vol. % 

204°C. and 
Heavier, 
vol.% 

Total Cl + 
Yield, 

1.0 

16 

53 

40 

1.7 

19 

51 

40 

1.0 ().9 

15 23 

64 58 

40 40 

vol. % 109 116 119 121 
It is immediately noted that, in all four situ-

:35 ations, the production of the light para:ffi.nic 
hydrocarbons was extremely low, in no in­
stance amounting to more than 2.0% by 
weight of the total charge to the process. Of 

· greater significance, is the fact that in all in-
40 stances, there was indicated a volumetric 

gain in regard to the total yield of butanes 
and heavier hydrocarbons. In the case of the 
East Texas kerosine fraction, the total yield 
of butanes and heavier hydroca.rbons, includ-

45 ing those boiling above 204°C., was 109.9 
volumetric percent. The highest volumetric 
increase was experienced when processine: 
the heavy vacuum gas oil, and amounted to 
121 %. Thus, the applicability of the pro-

'.50 cess of the present invention, while process­
ing those charge stocks boiling in excess of 
the gasoline boiling range, is readily ascer­
tained. That the present invention offers 
particular advantages when processing the 

'55 heavier hydrocarbon feed stocks. as indic­
ated by the Wyoming-West Texas vacuum 
gas oil. is clearly indicated. 

WHAT WE CLAIM IS:-
1. Process for the catalytic hydrocracking 

-60 of hydrocarbons which comprises reacting a 
stream of hydrocarbon oil charge boiling at 
least predominantly above 204 °C. and con­
taining nitrogenous compounds in a first re-
action zone with hydrogen in the presence of 

fl5 a nitrogen-insensitive hydrorefining catalyst 

with formation. of ammonia from said nitro­
genous compounds, removing the ammonia · 
from the effluent of said first reaction zone. 
then separating from said effluent a light ;~ · .. · 
normally liquid fraction having an end boil-·· 70 
ing p·oi!1t of from .204° to 232°C. ~nd als~_ 
separatmg from said effluent a heavier frac•. 
tion containing effluent components ·boilirig•·.·:·<. 
between the end boiling...point of said light · \: 
fraction and 343°C., reacting a stream of said 75: 
heavier fraction in a second reaction zone 
with hydrogen in the presence of a nitrogen-·. · ., . 
sensitive bydrocracking catalyst, and c<>m-·: · .. 
mingling at least the normally liqui~ portio:n· · .... 
of the effluent of said second reaction zone, 80 
with the normally liquid portion of the efflu~; .. : .. ·· 
ent of .said first . rea~tion zon~ prior to ~~"­
separauon of said hght fraction therefr~. :· .. _ . 

2. Process according to claim 1. charac- . _ 
terized in that the mixture of the normally 85 ,: 
liquid components of the effluents from the ·. 
first reaction zone and the second reaction·· . 
zone is separated into a first fraction havii:ig .· ... _ 
an end boiling point of from 104° to 232°C... ,;..:: 
a second fraction having an end boiling point .~P.; >.: · · 
of from 343° to 371°C., and a third fraction . 
containing those hydrocarbons of said miX:• 
ture which boil above said second fraction. 
a stream of said second fraction is reacted .. 
with hydrogen in the presence of the nitro:-. 95 
e-en-sensitive cata1yst in said second reaction 
zone, and at least a portion of said third frac­
tion is subjected together with the hydrocar-
bon oil charge to the reaction with hydro~ ... , , 
gen in the presence of the nitrogen-insensitive 100 
catalyst in the first reaction zone. · ·· . 

· 3. Process according to claim 2. charac­
terized in that a portion of the third frac"' 
tion is commingled with the stream of .the . . .. 
second fraction being supplied to the second 105 
reaction zone contains less than 5 parts by 
weight of nitrogen per million parts by 
wei~t of said mixture and all of the remain'.'9.· ;_.···.· 
ing portion of said third fraction is com;,;·' ·· 
mingled with the hydrocarbon oil charge 110 
being introduced into· the first reaction zone. 

4. Process accordimz to one of the claims 
1 to 3 characterized in that the hydrocarbon 
oil charge is contacted with the nitrogen-in­
sensitive catalyst in the first reaction zone 115-
at a space velocity of from 0.5 to 10 volumes. 
measured as liquid, per hour per volume of 
catalyst together with from 178 to 1425 nor-
mal liters of hydrogen per liter of oil. mea­
sured as liquid, and at a temperature in the 120 
range of from 260° to 538°C. and a pressure 
of from 68 to 204 atmospheres, and the hy­
drocarbon stream introduced into the second 
reaction zone is contacted with the nitrogen­
sensitive catalyst therein at a space velocity 125 
of from 1to15 volumes, measured as liquid, 
per hour per volume of catalyst together 
with from 178to1070 normal liters of hydro-
e:en per liter of oil, measured as liquid, and· 
at a temperature in the range of from 260° 130 -
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J varying J)ercentages of co~version ·to hydro-: normally· liquid fraction. having ari end bail• 7Cl carbons bailing below 204 °C. . .The follow- ing point·· of from 204 ° to 232 °C. and. also ing Table VIII indicates the product distri- separating from said effluent a heavier frac• bution summary, for the kerosine, light cycle tion containing effluent components -boiling oiJ.SI and vacuum gas. ojl, as determined at a between the end boiling point of said light 10 seventy of operation which resulted in 60% fraction and 343°C., reacting a stream of said 75.: by volume conversion to hydrocarbons boil- heavier fraction in a second reaction zone ing below 204 °C., and without liquid recycle with hydrogen in the presence of a nittogen-within the. process. sensitive hydrocracking catalyst •. and . com-. .. . TABLE VIII . mingling at least the normally liquid portion .. IS PRODUCT DISTRIBUTION SUMMARY of. the effluent of said second reaction .zone 80 -· · Okla- Wyo.- · with the normally liquid portion of the efflu­homa Leduc W.Tex. ent of said first reaction zone prior to the Charge .E. Texas Cycle Cycle Vac. separation. of said light fraction there:from. Stock Kerosine Oil Oil Gas Oil 2. Process according to claim 1, charac- . _ 20 Product terized in that the mixture of the normally 85 . Distribution liquid eon:lponents of the effluents from the Cdo Cao first reaction zone and the second reaction weight% .. 1.0 · 1.7 1.0 .· 0.9. zone is separated into a first fraction having C, to .82°C; an end boiling point of from 204° to 232°_C., voL % - 16 19 15 · 23 a seco'iid fraction having an end bOiliilg point 90 82°·204°C., . of from: 343° to 371°C .• and a third fraction . vol. % 53 57 64 58 containing those hydrocarbons of said mix• 204 °C. and ture which boil above said second fraction. Heavier, a stream of said 8eoond fraction is reacted .. · 

25" 

. vol. % 40 40 40 40 with hydrc>gen irt the presence of the nitro~ 95 Total c. + gen-sensitive catalyst in said second reaction ·· Yield, zone, and atleast a portion of said third frac-vot % -.. 109 116 .· 119 ·.. 121 tion js subjected together with the hydrocar-

:30 

It is immediately noted that, jn all four situ- bon oil charge to the reaction with hydro- .· .35 ations, the production of the light pe.raffi.nic gen inthe presence of the nitrogen-insensitive 100 hydrocarbons was· extteniely low, in no in- catalyst in the. first reaction zone. stance. amounting to more than 2.0% by 3. Process according to claim 2, charac­weight of the total charge to the process. Of terized in that- a portion of the ·third frac• greater significance, is the fact that in all" in- tiori is commingled with the stream of the . 40 stances, there was indicated a volumetric second fractic>n being supplied to the seeond 105 gain in regard to the total yield of . butanes reaction zone contains less than 5 parts by and heavier hydrocarbans. In the casei of the weight of nitrogen. per_ million parts by East Te~as kerosine fraction, the total yield weight of said mixture and all Of the remain- . . of butanes and heavier hydrocarbons, includ- ing poction of said third fracti6n is oom--4S ing· those boiling above 204 °C., was 109.9 mingled with the hydrocarbon oil charge 110 · ·· volumetric percent. The highest volumetric being introduced into· the fir.st reaction zone. increase was experienced when processing 4; Process according to one of the claims .· ·-.. . the heavy vacuum gas· oil, and amounted to 1 fo 3 characterized in that the hydrocarbon . . .. : _,,~ 121 %. Thus, the applicability of the pro- oil charge is contacted With the nitrogen-jn-:50 cess of the present invention, while process-. .. sensitive catalyst in .the first reaction zone 1 lS.. ... ing those charge stocks boiling in exeess of · at a space velocity of from 0.5 to 10 volumes, · .. _·._. 
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the gasoline bailing range, is readily ascer- measured as liquid, per hour per volume of ·,.tained.. That the present invention offers catalyst together With from 178 to 1425 nor-~ . particular advantages when proce$sing the mal liters of hydrogen per liter of oil, mea­:::·"'55. heavier hydrocarbon feed stocks. as indic~ sured as liquid. and at a t~perature in the 120 · . "·, ._'··ated by the Wyoming-West Texas vacuum range of from 260° to 538°C and a pressure · .... -< gas oil. is clearly indicated. . · of from 68 to 204 atmospheres, and the by-.. ·. WHAT WE CLAIM IS:- drocarban stream introduced. into the second ... ·· . . _ 1. Process for the catalytic hydrocracking reaction zone is contacted with the nitrogen-. 60 of hydrocarbons which comprises reacting a sensitive cata:Iyst therein at a space velocity 125 stream of hydrocarban oil charge boiling at of ·from 1 to 15 volumes. measured as liquid. least predominantly above 204 °C. and con- per hour per volume of catalyst together taining nitrogenous compounds in a first re- with from 178 to 1070 normal liters of hydro-. action zone with hydrogen in. the presence of gen per liter of oil, measured as liquid, and 65 a nitrogen-insensitive hydrorefining catalyst at a temperature in the range of from 260° 130 
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tp 510°C. and a pressure of fr9m 68 to 204 
atmospheres. . . . 

..... ~ ...... 
to 25 % by weight of alumina: 

.10. Process according to claim 9. charac­
terized in that the catalyst contains between. 5 .. Process according to clailD, 4, . char­

acterized in that :the reaction of the hyciro". 
S carbons with hydrogen is effected in the 

second react-ion zo11e at a higher space veloc. 
ity than 'in the. first reaction.zone and at a 
tempera;ture which is from 28° to 83°C. 
lower than the temperature maintained in 

0.1 and 2.0% of palladium on a support con.;;·· -~-
si.sting substantially of 88% by weight of 4">-. 

10 said ficst reaction zone. ..· 
· 6. Process according to one of :the 

clainis 1 to 4, characterized in that the re­
action in the . first reaction zone js · effected 
in. the. presence of a catalyst which contains 

15 between 4;0 and 45.0% by weight of moly­
bde1mm and between 0.2 and. 10.0% by 
weight of metal of the group of nickel and 
cobalton a support consisting· at least pre­
dominantly of alumjna and containing not 

20 more .than 12 % by weight of silica. 
. 7. Process according to. . one of the 

claims• 1 to . 6, characterized in that the re~ 
action in the second reaction zone is effected 
in the ~ence of a catalyst which oontairis 

2S between 0.5.and 10% by weight of njckel on 
a synthetically produced support consisting 
predominantly of silica.and from 12 to 25% 
by weight of alumdna. . . 
· s: PrOc:ess according to claim 7, charac-

30 teri.Zed inthat the catalyst contains approx­
im~fely 6% by weight of nickel on a support 
consisting substantially. of 75 % by weight'of 
silica ait.d 25 % by weight of alumina. . 
. 9. Process according to one of the claims 

35 1 to 6, characterized in· that the. reaction in 
the second reaction zone is effected in the 
presence of a catalyst which c0ntains be­
tween 0.1and5.0% by weight of a platinum 
group metal on a support consisting pre-

40 dominantly of silica and containing from 12 

silica and 12 % by weight o~ alumina .. 
11. Process according to one of .the claims 

1: to 10, characteri7Je'd :in that a hydrocarbon 
oil charge boiling between 204.0 and 538°C. · . 
and containing a substantial amount of ni- 51} 
trogenous contaminants is contacted.· iri the 
presence of the hydrogen with the nitrog~n­
insensitive catalyst in the first reaction~zt>rie 
at a space velocity of from 0.5 to 3 volumes 
of oil, measured as liquid, per hour per 55' 
volume o~ catalyst. a fraction hav~ an· ini­
tial.boiling point in; the range of from 204 ° 
to 232°C., an end boiling point of not less. 
than 343°C., and a nitrogen content of -less 
than 1 part by wej.ght per million parts by 61> 
weight of said fraction is separated from the 
mixture of the normally liquid components 
of .the two reaction zone effluents, and a 
stream of said fraction is supplied as the hy­
drocarbon charge stream to the second reac- 65 
tion zone at a space velocity which is higher 
than that employed in the first. reaction zone 
and is greater than one volume of ojl, m,ea­
sured as liquid, per hour per volume of the 
nitrogen-sensitive catalyst in said second re- 70 
action zone. · · · 

12. The hydrocracking process substanti­
ally as described with · reference to the· ac­
companying drawing. 
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