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William K. T. Gleim, Island Lahe, .lohn G. Gatsis, Des 
Plaines, and Mark il. G’Hara, Mount Prospect, lll., 
assîgnors to Universal @il Products Company, Des 
Plaines, Ill., a corporation of Delaware 

Filed Aug. l5, 1962, Ser. No. 217,059 
20 Qlaims. (Cl. Zilli-»Zim 

This invention relates to a process for upgrading heavy 
`hydrocarbon stocks in the presence of hydrogen and a 
catalyst. More particularly, the present invention is 
directed to a dual zone catalytic hydrorefining process for 
effecting the substantial removal of various types of im 
purities, as hereinafter described, from heavy charge stocks 
such as crude oil, crude residua and heavy distillates 
derived therefrom, and for converting such heavy charge 
stocks to gasoline or middle distillates with minimum 
gas production. 
Crude petroleum oil, topped crude, and other heavy 

hydrocarbon fractions and/ or distillates derived there 
from contain various nonmetallic and metallic impurities. 
Among the nonmetallic impurities are nitrogen, sulfur 
and oxygen which exist in heteroatomic compounds and 
are often present in relatively large quantities. Nitrogen 
is undesirable because it rapidly poisons various catalysts 
which may be employed in the conversion of petroleum 
fractions; in particular, nitrogen must be removed from 
all catalytic hydrocracking charge stocks. Nitrogen and 
sulfur are also objectionable because combustion of hy 
drocarbonaceous fuels containing these impurities re 
leases nitrogen and sulfur oxides which are nom'ous, cor 
rosive and present a serious problem in the field of air 
pollution. Sulfur, of course, is deleterious in motor fuels 
because of odor, gum formation and decreased lead sus 
ceptibility. 
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Another class of undesirable constituents found in 
crude oil and residual oils is asphaltenes Lwhich are non 
distillable, oil-insulable, high molecular weight coke pre 
cursors containing sulfur, nitrogen, oxygen and metals; 
they are colloidally dispersed in raw crude oil but when 
subjected to heat, as in vacuum distillation, the asphalt 
>enes coagulate and or polymerize thereby making their 
conversion to more valuable oil-soluble products ex 
tremely difficult; thus, in the heavy bottoms from a re 
duced crude vacuum distillation column, the polymerized 
asphaltenes are solid materials at ambient temperature. 
Such product is useful only as road asphalt or, when cut 
back with middle distillates, as low grade fuel and com 
mands a price substantially below that of the raw crude 
oil itself. 
The most common metallic contaminants are nickel 

and vanadium, although other metals including iron, cop 
per and Zinc are often present. These metals may occur as 
suspended metal oxides or sulfides or Water-soluble salts 
which may be removed, at least in part, by filtration, 
water-washing, electric desalting, or other fairly simple 
physical means; mainly however, the metals occur as ther 
mally stable metallo-organic complexes such as metal 
porphyrins and derivatives thereof. Most of the metallo 
>organic complexes are associated With the asphaltenes 
and become lconcentrated in residual fractions; other 
metallo-organic complexes are volatile and are therefore 
carried over in distillate fractions. Reducing the concen 
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2 
tration of the metallo-organic complexes is not easily 
achieved, at least to the extent that the crude oil or other 
heavy hydrocarbon charge stock may be made suitable 
for further processing or use. Even though the concen 
tration of these metallo-organic complexes may be rela 
tively small in distillate oils, for example, often less than 
about lO ppm as the elemental metal, subsequent process 
ing techniques are often adversely affected thereby. For 
example, when a hydrocarbon charge stock containing 
metallo-organic compounds, such as metal por 
phyrins, in excess of about 3.0 ppm. calculated as the 
elemental metal, is subjected to hydrocracking or catalytic 
cracking for the purpose of producing lower-boiling 
components, the metals deposit upon the catalyst, the con 
centration thereof increasing with time. Since vanadium 
and the 'iron Group metals favor dehydrogenation activi 
ty at ordinary cracking temperatures, the resulting con 
taminated hydrocraclring or cracking catalyst pro 
duces increasingly excessive amounts of coke, hydrogen 
and light hydrocarbon gases at the expense of more valu 
able liquid product until eventually the catalyst must be 
subjected to elaborate regeneration techniques or be re 
placed with fresh catalyst. The presence of excessive 
quantities of metallo-organic complexes adversely affects 
other processes including catalytic reforming, isomeriza 
tion, hydrodealkylation, etc. Vanadium itself is also 
objectionable in heavy fuel oils and residual solids used 
as fuels because vanadium pentoxide formed during 
combustion is a strong acid at high temperature and will 
corrosie the refractory lining, tube supports and other 
internal hardware of a ñred heater utilizing such fuel. 

Heretofore, it has not been considered practicable or 
economically feasible to catalytically crack or hydro 
crack heavy charge stocks containing the aforesaid im 
purities directly to gasolines and/or middle distillates, 
because at conventional cracking'or hydrocraclring tern 
per-atures, e.g. `above about 756° F. there is excessive 
production of hydrogen and light hydrocarbon gases, high 
coke make, and rapid catalyst deactivation due to colte 
laydown and accumulation of metallic contaminants on 
the catalyst. When a single hydrotreating step is em 
ployed, hydrocarbon conversions are poor as is the re 
moval of nitrogen and sulfur which is favored by higher 
temperatures. Furthermore, the presence of nitrogen in 
a catalytic hydrocracking distillate feed stock in excess 
of about 1 ppm. in most cases quickly poisons hydro 
cracking catalyst at conventional hydrocracking condi 
tions. In consequence, thereof it has been customary re 
lining practice to provide a number of individual feed 
preparation units for the various distallate streams origi 
mating from a crude oil fractionator which are destined 
to undergo catalytic cracking, hydrocracking, reform 
ing, etc. The feed preparation units are operated under 
their own specially tailored conditions, and with special 
catalysts or chemical reagent, so that in an integrated re 
finery there results extensive duplication of vessels, pumps, 
exchangers, utility services and manpower. 
The present invention provides a simple two-“tage hy 

droreñning process for directly converting a heavy hydro 
carbon stock to gasoline and middle distillate boiling 
range product with minimum gas production, while simul 
taneously removing to a substantial degree metallic im 
purities, oil insoluble asphaltenes, nitrogen, oxygen, and 
sulfur. This invention is founded on the discovery that 
hydroreiining a heavy hydrocarbon stock in two separate 



serially connected catalytic zones, each maintained r 
substantially equal temperatures in the range of 700-850" 
F., results in a very markedly reduced production of lignt 
hydrocarbon gases such as methane, ethane, pro ne, etc., 
and superior hydrocarbon conversion and impurities rc 
moval, as against a conventional single-stage hydrotreat 
ing process providing equivalent residence time and space 
velocity. 

It is, therefore, a broad embodiment of this invention 
to provide aV process for hydrorefining a heavy hydrocar 
bon oil such as a crude pertoleum oil, vacuum Vlas oil, 
or heavy cycle oil, which comprises passing said heavy oil 
and hydrogen at elevated pressure through a first hydro 
retining zone containing a solid hydrogenation catalyst 
and maintained at a temperature in the range of about 
700850° F., and preferably in the range of about 725 
825° F., and then passing the hydrocarbonaceous eiîluent 
from said first zone, or at least the higher boiling frac 
tion thereof, together with hydrogen at elevated pressure 
through a second hydrorelining zone containing a solid 
hydrogenation catalyst and maintained at substantially 
the same temperature as said first zone. 
A more specific embodiment of this invention relates to 

a process for hydroretining a heavy hydrocarbon oi which 
comprises commingling said oil with a finelyv divided 
unsupported catalyst comprising the thermal decompo 
sition product of a thermally decomposable oil-soluble 
compound of a metal from Groups VB, VlB, Vlli 
of the Periodic Table, reacting the resulting oil-catalyst 
mixture with hydrogen at a pressure in excess of about 
500 p.s.i.g. in a first hydro/refining Zone maintained at 
a temperature in the range of about 70D-850° F., passing 
at least the higher boiling fraction of the hydrocar 
bonaceous effluent from said tirst zone together with hy 
drogen at a pressure in excess of about 500 p.s.i.g. through 
a second hydrorefining zone maintained at substantially 
the same temperature as said first Zone and containing a 
particle-form supported catalyst comprising a metal from 
Groups VB, VlB, and VIH of the Periodic Table, and 
recovering from said second zone a hydrorefined product 
of improved purity and reduced average molecular weight. 

This dual zone treatment obviates the need for em 
ploying nitrogen-sensitive catalysts and for using a plu 
rality of separate feed preparation units; in its simplest 
lform, all that the present invention requires is two sepa 
rate serially connected reaction zones, each maintained 
at substantially the same temperature level. For present 
purposes, the temperatures in the first and second hydro 
refining zones are considered to be substantially equal 
when they are within about 25° F. apart; the temperature 
of the first zone may be slightly higher or slightly lower 
than the temperature of the second zone. The hydrogena 
tion catalyst in the two Zones may or may not be of 
same composition. Under the conditions heroin em 
ployed, nitrogen deactivation of the catalyst is not en 
countered and feed stocks containing as much as 3000 
ppm. of nitrogen may be continuously' converted to lower 
boiling product at sustained high yield for a prolonged 
period of time. The function of the first or upstream 
zone is to remove metallic contaminants and to convert 
oil-insoluble asphaltenes to lower boiling oil-soluble hy 
drocarbons, while in the second or downstream zone ni 
trogen, sulfur and oxygen are removed as ammonia, hy 
drogen sulfide and water respectively. The reactions in 
the first zone involve predominantly hydrogenation with 
only minimal cracking as required to convert metallic in - 
purities and asphaltenes; depending on conditions, the 
reaction in the second zone may involve either predomi 
nantly hydrogenation whereby the hydrocarbon charge 
emerges therefrom substantially unchanged except for im 
purities removal, or predominantly thermal hydrocraciring 
whereby in addition to removal of nitrogen, sulfur and 
oxygen the hydrocarbon charge is cracked to yield gaso 
line, heavy naphtha, kerosene, diesel fuel, and/or fuel 
oil. By first eliminating metals and converting high mo 
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lecular weight coke-precursors under hydrogenation con 
ditions in a separate hydrorefining zone, th subsequent 
thermal hydrocracking proceeds with minimum colic yield 
and L7as production and a correspondingly high liquid 
product yield. 

hydrocarbon charge may be contacted with 
the catalyst in the first zone entirely in the liquid phase 
or as a liquid-vapor mixture; similarly, the effluent from 
he first zone (or the higher boilin fraction thereof 

are the first zone effluent is subjected to flash separa 
. or fractionation) may be contacted with the ca alyst 
_ely in the liquid phase or as a liquid-vapor mixture. 

The catalyst in the first zone may be utilized in the form 
of a slurry, a tinely dispersed suspension, a ñxeddluidized 
bed, or a moving fluidized bed. The catalyst in the scc 
ond zone may 'ce utilized in the form of a fixed bed, a 

dispersed suspension, a iixed-fluidized bed, or a 
moving fiuidized bed. As described with greater pa: 
ticularity hereinbelow, the catalysts of both zones may 
be either unsupported or supported, or the catalyst of 
one zone be supported and the catalyst of the other 
zone unsupported. 
Many types of heavy hydrocarbon oils may be treated 

by means of this invention including full boiling range 
crude oil, topped or reduced crude oil, atmospheric dis 
tillates, heavy cycle oils from thermally or catalytically 
cracked stock, light and heavy vacuum gas oils, etc. The 
instant process is particularly well adapted to hydrorefin 
ing stocks containing oil-insoluble asphaltenes such as 
crude oil and crude residua; of these, crude oil is a pre 
Eerred stock because the oil-insoluble aspbaltenes, being 
'n their native environment, are colloidally dispersed and 
re thus more readilly converted to oil-soluble hydrocar 

bons, whereas the asphaltenes in reduced crude have al 
ready been agglomerated to some extent by reason of the 
reboil temperature of fractionation and are therefore less 
easily converted. The instant process is also well suited 
to upgrading distillate stocks containing oil-soluble resins 
and maltenes as well as other of the above-described 
metallic and non-metallic contaminants. Generally speak 
ing, higher hydrorefining temperatures are permissible 
and desirable for lighter charge stocks such as cycle oil 
than for total crude oil and heavier charge stocks. 
The total pressure in both zones should be in excess of 

about 500 p.s.i.g. with an upper economic limit of about 
5000 p.s.i.g., the preferred pressure range being about 
100G-3000 p.s.i.g. The hydrogen rate may range from 
about 5000 to about 300,000 standard cubic feet of hydro 
gen per barrel of total oil charged, and preferably it is in 
the range of about 10,000-200,000 standard cubic feet per 
barrel. The weight hourly space velocity, which is the 
weight ratio of oil charged to catalyst present in the re 
action zone, should be in the range of about 0.25-20 
pounds of oil per pound of Catalyst per hour. The hydro 
gen rate and the weight hourly space velocity may or 
may not be the same in both Zones. 
The hydrogenation catalyst of the present invention 

can be broadly characterized as comprising a metallic 
component having hydrogenation activity which may be 
employed in an unsupported state or in a supported form 
wherein it is composited with a refractory inorganic oxide 
carrier of synthetic or natural origin having a medium-to 
high surface area and a well-developed pore structure as 
is familiar to those skilled in the are of hydrocarbon catal 
ysis. Suitable metallic components having hydrogena 
tion activity include the metals of Groups VB, VIB, and 
Vlil of the Periodic Table; the Periodic Table referred to 
herein is that contained in the Handbook of Chemistry 
and Physics, 39th edition, Chemical Rubber Publishing 
Company (1957-58). Exemplary metallic components 
include vanadium, niobium, tantalum, molybdenum, tung 
sten, chromium, iron, cobalt, nickel, platinum, palladium, 
iridiurn, osmium, rhodium, ruthenium, and compounds 
thereof. Unsupported hydrogenation catalysts may com 
prise the elemental metal, oxide, sulfide, or mixed oxides 
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and/or sulñdes thereof in varying valence states, or a 
mixture of two or more such metals or compounds there 
of; they may be utilized to advantage in a liquid phase 
slurry type operation. Unsupported catalysts are most 
effective when they exist as very ñnely divided solids uni 
formly, and preferably colloidally, dispersed in the heavy 
hydrocarbon charge or reaction zone proper. Such cata 
lysts may be prepared by adding a thermally decompose 
ble, oil-soluble organic compound of the desired metal 
to the heavy hydrocarbon charge and then decomposing 
it in situ by the application of heat. Suitable thermally 
decomposable metallo-organic compounds include molyb 
denum carbonyl, tungsten carbonyl, nickel carbonyl, mo 
lybdyl acetylacetonate, tungstyl yacetylacetonate, vanadyl 
acetylacetonate, vanadium acetylacetonate, nickel acetyl 
acetonate, nickel formate, vanadium xanthate, cln‘omiurn 
xanthate, molybdenum xanthate, tungsten xanthate, iron 
xanthate, and nickel xanthate. Alternatively, the desired 
metal oxides and/ or suliides may be added to the heavy 
hydrocarbon charge either directly or by ñrst dissolving 
them in an appropriate solvent and then commingling the 
solution with the hydrocarbon charge; suitable metal 
oxides and sul?ides include the oxides and suliides of mo 
lybdenum, vanadium and tungsten and their acid com 
plexes, commonly known as heteropolyacids. Where the 
hydrocarbon charge is a total crude oil, it will frequently 
contain a suiiiciently high concentration of nickel and 
vanadium, as porphyrins or other metallo-organic com 
plexes, so that the hydroreiining catalyst it self-generating 
in situ via the destruction of these complexes and the ac 
cumulation of metals in the reaction zone. Hence, only a 
small amount of fresh catalyst is required to start up the 
process after Which it becomes self-sustaining. Such auto 
generation of hydrogenation catalyst is often accompanied 
by formation of organic sludge resulting from coagulation 
and polymerization of very high molecular Weight coke 
precursors, which sludge then serves as a carrier for the 
“unsupported” catalyst; the metal-rich sludge may be re 
circulated through the reaction zonc, or it may be sub 
jected to a simple regeneration treatment and then recycled 
to the reaction zone, or it may be Withdrawn from the 
reaction zone and passed through a metals recovery unit. 
When unsupported hydrogenation catalysts are employed, 
the catalytic concentration of the metallic component or 
components, computed on the basis of the elemental metal, 
Will range from about 0.5% to about 10% by Weight of 
the total heavy oil charge. » 
As previously noted, the present invention may also 

employ supported hydrogenation catalysts which will com 
prise any one or more of the metallic components dis 
cussed above in respect of unsuported4 catalysts compos 
ited with a porous refractory inorganic oxide Carr-ier, 
suitable carriers include alumina, silica, zirconia, mag 
nesia, titania, thoria, boria, strontia, hafnia, and corn 
plexes of two or more oxides such as silica-alumina, silica 
zirconia, silica-magnesia, silica-titania, alumina-zirconia, 
alumina-magnesia, alumina-titania, magnesia-zirconia, ti 
tania-zirconia, magnesia-titania, silica-alumina-zirconia, 
silica-alumina-magnesia, silica-alumina-titania, silica-mag 
nesia~zirconia, silica-magnesia-titania, etc. The carrier 
may comprise additional promoters including combined 
halogens, particularly iiuorine or chlorine, boric acid, 
phosphoric acid, and boron phosphate. While the sup 
ported catalyst may be employed ina slurry operation, or 
in a fixed or moving bed, it is particularly Well adapted to 
a iiuidized bed technique. ' . ' 

The catalytic concentration of the metallic component 
or components in the supported> hydrogenation catalyst, 
stated here on the basis of the elemental metal, will dc 
pend primarily on the particular metal involved; for ex 
ample, the Group V and Group VI metals are preferably 
present in an amount Within the range of about l-20% 

_ by Weight, the iron-group metals in an amount VWithin 
the range .of about 0.240%, and the platinum-group 
metals in an amount Within the range of about`0.01~5%. 
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The supported catalyst may be prepared by any of 

numerous techniques known to those skilled in the art. 
The refractory inorganic'oxide carrier may be formed 
by acid-treating a natural clay, co-precipitation or suc 
cessive precipitation from hydrosols, frequently coupled 
with one or more activating steps including hot oil aging, 
steaming, drying, oxidizing, reducing, calcining, etc. The 
pore structure of the carrier, commonly defined in terms 
of surface area, pore diameter, and pore volume, may 
be developed to within specified limits, for example, by 
aging the hydrosol and/or hydrogel under controlled 
acidic and/or basic conditions at ambient or elevated 
temperature, by gelling the hydrosol at a critical pH or 
by treating the carrier with various inorganic or organic 
reagents. The catalytically active metallic component 
or components may be composited With the carrier by im 
pregnating the freshly precipitated or finished carrier 
with a solution of soluble metal compound or by co-pre 
cipitating the metal With the carrier from an aqueous 

. solution thereof. Supported catalysts appropriate for use 
in the present invention will have a surface area of about 
50-700 square meters per gram, a pore diameter of about 
20-600 A. units, a pore Volume of about 0.10-20 milli 
liters per gram, and an apparent bulk density of about 
0.2-0.80 gram per cubic centimeter. Methods for meas 
uring these physical properties are described in volume I, 
Catalysis, pp.` 37-40, Reinhold Publishing Company 
(1954). Where the catalyst is to be employed in a 
liquid phase slurry type operation, catalyst particles should 
have average diameters ranging from about 0.03 to about 
0.30 inch; Where the catalyst is to be employed in a fluid 
ized bed operation, the catalyst particles should have di 
ameters ranging from about 5 to about 500 microns. 
Particle sizes of this latter magnitude may be readily 
achieved by spray-drying the carrier or by grinding the 
catalyst in a colloid mill. By Way of specific example, 
a very satisfactory hydrogenation catalyst comprises 2% 
nickel and 16% molybdenum on an equirnolar alumina 
`silica carrier (63% A1203/ 37% SiQZ); another good 
catalyst comprises 1% nickel and 8% molybdenum on an 
alumina-silica-boron phosphate carrier containing 68% 
A1203, 10% Si02, and 22% BPO4, the general prepara 
tion of lwhich is described in United States Patent 
2,938,001. 
The following examples demonstrate the effectiveness 

of the dual zone hydroretining process of this invention 
and the advantages thereof over a conventional single 
stage treatment. lt is not intended, however, that the 
invention be unduly limited to the reactants, catalysts and 
conditions therein employed. ’ 

EXAMPLE I 

ln this example, a topped Wyoming sour crude oil 
was subjected to two-stage hydrorefining, wherein the 
iirst stage was a continuous process pilot plant employ 
ing a liuidized catalyst bedand the second stage, to which 
the liquid product from the iirst stage was charged, was 
a batch-type rocking autoclave utilizing a catalyst-oil 
slurry. The catalyst in both stages consisted essentially 
of 2% nickel and 16% molybdenum as oxides, com 
posited with a porous refractory carrier containing 68% 
alumina, 10% silica and 22%rboronphosphate, all of 
these percentages being by Weight; this catalyst Was in 
the form of microspheres having diameters ranging from 
about l0 to about 150 microns. The topped Wyoming 
sour crude oil (400° P_»l- material removed) had a 
gravity of 19.5° API and contained 2900 ppm. or" total 
nitrogen, 3.05% by Weight of sulfur, 8.5% by Weight 
of C25-insoluble asphaltenes, 2l ppm. of nickel and 85 
ppm. of vanadium. ln the first stage treatment, the 
crude oil was preheated in admixture with hydrogen 

Y and thereby partially vaporized, and the resulting mixed 
phase Charge was then passed upwardly through a con 
fined iiuidized catalyst bed to which additional iluidizing 
hydrogen Was injected in cocurrent uptlow with the hy 
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drocarbon charge. Reaction conditions in the ñrst stage 
included a temperature of 775° F., a total pressure Vof 
2000 p.s.i.g., a Weight hourly space velocity of 0.5 pound 
of oil per pound of catalyst per hour, and a total hydro 
gen rate of 50,00() standard cubic feet per barrel of 
charge. Vaporous effluent was withdrawn from the top 
of the ñuidized solids reactor, condensed by cooling, and 
separated into gas and liquid fractions in a high pressure 
separator. The gaseous fraction Was returned to the re 
actor as recycle hydrogen; recycle H2 purity was main 
tained above 90 mol percent by withdrawing a slipstrearn 
of oifgas from he recycle system and adding fresh H2 
from an outside source. The liquid fraction was con 
tinuously withdrawn from the high pressure separator 
as first stage product. 

Q 
C) 

Vthereat for a period of 4 hours after which it Was de~ 
pressured, the contents removed and the first stage liquid 
product recovered from the oil-catalyst slurry by centrifu 
gation and filtration. A 20G gram portion of the first 
stage liquid product was recharged to the autoclave 
_together with 2G grams of fresh catalyst. The autoclave 
was pressured with hydrogen to 100 atmospheres pressure 
at room temperature, sealed, heated to a temperature of 
752° F. and maintained thereat for a period of 4 hours 
after which it was depressured, the contents removed and 
the second stage liquid product recovered from the oil 
catalyst slurry by centrifugation and flltration. 
A comparison of the significant analyses of the crude 

oil charge, ñrst stage product and second stage product 
is set forth in Table il below: 

Table Il 

Reaction Total Sulfur, C5-Insolu 
Tem- ° API Nitrogen, Wt. bles, Wt. Nickel, Vanadium, 

peraïîure, p.p.m. percent percent ppm. ppm. 
o u 

Charge _________________________________ __ 22 2, 700 2. 8 8. 3 20 S0 
First Stage Product __________ ._ 752 3l 810 0.22 1. 1 2. 8 4. 4 
Second Stage Product ________ __ 752 39. 0 4 0.03 0 0.1 0. 5 

In the second stage treatment, 200 grains of ñrst stage 
product and 20 grains of catalyst were charged to a high 
pressure rocking autoclave having a capacity of 1800 
milliliters. The autoclave was pressured with hydrogen 

Example III 

The total Wyoming sour crude oil of Example Il was 
subjecte: to two~stage hydroreñning wherein both reac 

to 103 atmospheres pressure at room temperature and 30 lion SÍCPS Wol‘o Carried out Soquoïlllälly ln il batch-typo 
and than Sealed, The auggcïave was than heated to rg. rocking autoclave utilizing a colloidally dispersed unsup 
action temperature and maintained thereat for a period Poïïod molylîdoîl‘dfll Catalyst SÍX grams of PlloSPllo‘ 
of 2 hours after which it was depressured, the contents molybdic acid were dissolved in 100 grams Of isopropyl 
removed and the Second Stagß hquîd product recovered nr alcohol and this solution was added dropwise to a 500 
from the oil-catalyst slurry by centrifugation and ñltra- "o gram aliquot of ille Wyomlng Sour Crudo oll, Wïtll Vlg 
tign, TW@ runs Weiß nqgdß with geparaœ 2Q() gfam OI‘OUS Sill‘l‘lllg and dÍSÍllllIlg Off the alCOllOl SO1V€I1Í 21S it 
aliquots or" first stage product: the first (Run A. below) WES added. Upon Complot@ addlllon of the Solution, 
was effected at a temperatur@ 0f 752° F, @y stighüy below the sample was distilled to remove the gasoline fraction, 
the first stage temperature, and the second (Run B below) yielding 447 gro-ms of Cllol'go Stock Contalnlllg @-30% by 
at 788° F. or slightly above the ñrst stage temperature. 40 Weight of Colloldälly dlSíJofSod molybdenum» 212 gmms 
A comparison of the signiñcant analyses of the topped of the molybdenum-containing charge stock was placed 

crude oil charge, first stage product and second stage in an 180() milliliter rocking autoclave, pressured with 
product is set forth in Table I below: hydrogen to 100 atmospheres at room temperature, and 

Table l 

Reaction Total Sulfur, C5-lnsolu 
Tern- °API Nitrogen, Wt. bles, Wt. Nickel, Vanadium, 

peigaîpuro, ppm. percent percent ppm. p.p.m. 

Charge _________________________________ _„ 19. 5 2, 900 3. 05 8. 5 21 85 
Fnststage Product__ 775 30.8 1, 550 0. e2 0.1 0. 0i 0 
Second Stage Produ 

Run __ 752 37.5 27 0. 03 0.02 0 0 
RunB___ 78s 42.8 18 0.02 0. 04 0 0 

Example Il then sealed. The autoclave was heated to a temperature 

A total Wyoming sour crude oil was subjected to two- of 752° mld mamt‘îmed theîeat for a period of 8 hours 
stage hydrorelining, wherein both reaction steps were ader Whlcll It was qeïnfessmed’ the contents removed’ 
carried out sequentially in a batch~type rocking autoclave and the. _ñlsl .Stage hqlnd .product recffverfed therefrom 
utilizing a catalyst-oil slurry. The catalyst in both steps G0 by cenmíu‘gatloîìand ñltmtlon' 'Ilhe folegolpg procedure 
consisted essentially of 2% nickel and 16% molybdenum, was repea‘ed “bmg .a second 223 gram :dhçluot of the 
as oxides, composited with a porous refractory carrier molybdenum'conmmmg ch?lrge and, the ,hqmd products 
Containing 63% alumina and 37% silica’ au of thâse from both runs were combined to yleld charge stock for 
percentages being by weight; the particle size of this the Second Stage treatmept' . „ . . 
catalyst was through 60 mesh. The Wyoming sour crude 65 The Second stage reaction was C_arrled out by dlssol‘fmg 
oil had a gravity of 22° API and contained 2760 ppm. 6 grams of phosphonfçlybdlc acid. m 75 grëlms of 159‘ 
of total nitrogen’ ¿8% by Weight of sulfur, 83% by propyl alcohol and adolng .the solution dropwise to a 2_30 
Weight of C5-insoluble asphaltenes, 20 ppm. of nickel glam ahquft .of the Comblnçd ñrst stage products’ with 
and 80 p_p_m_ of Vanadium In the ñrst Stage treatment, vlgorous surrlng and dlstilhng off lthe alcohol solvent 
300 grams of crude ou and 30 grams of Catalyst were 70 as 1t was added. `Upon complete addition ofthe solution, 
charged to a high pressure rocking gull-ocmw having a the sample was distilled to remove the gasoline fraction, 
capacity of 180o milliliter-s. The aumclave was pres- we_ldms 211 grams 0f lChats@ Stock contamina 1.58% by 
sured with hydrogen to 100 atmospheres pressure at room Weight of Collolddlly dlSPofSod molybdomlm- 200 gmms 
temperature and then sealed. The autoclave was then 0f the thus prepared second stage charge stock was placed 
heated to a temperature of 752° F. and maintained 75 in the 1800 milliliter rocking autoclave and the autoclave 
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was pressured with hydrogen to 100 atmospheres and 
then sealed. The autoclave was then heated to a tem 
peraturc of 752° F.> and maintained thereat for a period 
of 8 hours after which it was depressured, the contents 
removed and the second stage liquid product'recovered 
therefrom by centrifugation and filtration. Y 
A comparison of the significant analyses of the-crude 

oil charge, first stage product and second stage product 
is set forth in Table Ill below: 

l@ 
tures of two or more of these metals. vThere is also 
formed in the first stage reactor a relatively small quantity 
of organic sludge resulting from thermal polymerization 
of the heaviest components of the feed. This organic 
sludge exists in the form of small particles and preferen 
tially attracts the unsupported catalyst particles so that 
the concentration of the catalytically active metal is 
somewhat higher in the sludge than in the total reactor 
volume generally; in effect, the organicV sludge particles 

Table III 

Reaction Total Sulfur, C5-Insolu 
Tcm- ° API Nitrogen, Wt. bles, Wt. Nickel, Vanadium, 

peraîure, ppm. percent percent p.p.m. p.p.m. 
° v 

omm- _ 22 ’ 2, 70o 2. s s. 3 20 su 
Combined First Stage Product. 752 30. 3 984 0:50 0.32 0. 24 2A 5 
Second Stage Product ________ __ 752 30. 4 322 0.09 0. 16 0. U3 0.9 

The preceding three examples demonstrate that al- 20 provide a quasi-carrier for the unsupported catalytically 
though a single stage treatment is very effective in reduc 
ing the concentration of Cñ-insoluble asphaltenes `and 
metals, it is much less effective for the removal of nitro 
gen and sulfur. But by rerunning the product from the 
dirst stage, which is now substantially free of asphaltenes 
and metals, nitrogen and sulfur removal proceeds much 
more readily and to a degree which could not be ap 
proached in a single step. These observations hold true 
whether the hydrogenation catalyst is supported or un 
supported and whether the second zone reaction tempera 
ture is slightly higher or lower or exactly equal to the 
reaction temperature of the first Zone. It is evident that 
the presence of asphaltenes and metals in a heavy oil 
charge stock materially interferes with reactions relating 
to hydrogenitrogenation and hydrodesulfurization reac 
tions, but once the asphaltenes and metals are removed, 
the latter reactions are favorably promoted. 
A comparison between Examples I and III shows that 

rerunning the first stage product in the presence of an 
unsupported catalyst is somewhat less effective in nitro 
gen and sulfur removal than when done in the presence 
of a supported catalyst, yet the unsupported catalyst is 
very active toward conversion of asphaltenesand removal 
of metals. It is, therefore, a preferred embodiment of 
this invention to` employ an unsupported catalyst-oil 
slurry in the first zone and a supported catalyst in the 
second zone, which latter catalyst may be disposed as a 
fixed bed, slurry, or fluidized bed. Y 
A continuous process implementing the foregoing prin 

ciples is illustrated in the accompanying drawing which 
is a `schematic dow diagram of the two-zone process uti 
lizing an unsupported catalyst-sludge complex in the first 
reaction zone and a iixed-tluidized catalyst bed in the 
second reaction zone. While this flow scheme repre 
sents a preferred specific embodiment, it is not intended 
that the invention be unduly limited to the particular flow 
system therein illustrated or to the reactants, catalysts, and 
processing conditions described below. 

Turning now to the drawing, a heavy oil charge is in 
troduced through line l, mixed with hydrogen from line 
2 and passed through feed heater 3 wherein the tem 
perature of the combined feed is raised to within the 
vrange of about 700-850° F. The heated mixed phase 
feed is commingled with recycled catalyst-sludge complex 
from line 23 and charged via line d» and feed distributor 
6 to the lower portion of first stage reactor Ea'. Heated 
recycle hydrogen is also charged to reactor 5 through line 
2@ and passes in cocurrent upflow with the oil through the 
first reaction zone. The catalyst in the first stage reactor 
is a finely divided unsupported catalyst, colloidally dis 
persed in the oil, which comprises the thermal decom 
position product of a thermally decomposable oil-soluble 
compound of a metal from Gorups VB, VIB, and Vil-.l 
of the Periodic Table, and more particularly may com 
prise vanadium, molybdenum, tungsten, nickel, or mix 
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active metal or metals. When initially starting up this 
process, a suitable thermally decomposable metallic com 
pound, such as a metal carbonyl, metal acetylacetonate, 
or metal xanthate, may be continuously or periodically in 
jected into the first stage reactor to build up the metals 
content in the reaction zone to an operatively actively 
level, for example, from 0.5% to about 10% by Weight 
of the total heavy oil present in the first stage reactor. 
After this concentration is reached, the metals natively 
present in the heavyoil charge, particularly vanadium 
and nickel, which themselves are bound up in complexes 
which decompose under >the hydrorefining conditions exist 
ing within the reaction zone, will serve to maintain the 
catalytically active metallic concentration at this level, 
and thereafter further addition of decomposable metal 
compounds may be discontinued or at least employed only 
at fairly long intervals. ln order to prevent the metal 
concentration `from building up to an excessively high 
level Within the first stagereactor, a slipstream ofexcess 
‘organic sludge-catalyst complex is withdrawn from the 
upper portion of reactor 5 through line 22 and ai fraction 
thereof is sent to offsite regeneration or metals recovery 
facilities through line 24 and the balance is returned 
through line 23 to the reactor inlet; alternatively, line 23 
may connect with line `l upstream from heater 3 so that 
the soaking section of the heater operates as a catalytic re 
action zone. Flow conditions within the first stage reac 
tor are controlled to provide an upper disengaging zone 
so that the oil-hydrogen mixture leaving reactor 5 through 
line 7 is substantially free of organic sludge._ 
The first stage reactor eflluent may be charged through 

line 7 directly to the second stage reactor 8 as illustrated, 
or, alternatively, the etlluent may be ?rst subjected to 
intermediate fractionation and/ or iiash separation where 
by only thehighest boiling fraction of the first stage re 
actor e?fluent is charged to the second stage reactor. Re 
actor 3 contains a fluidized bed of supported catalyst par- i 
ticles, which catalyst comprises a metal from groups VB, 
VfB, and VIH of the Periodic Table composited with a 
refractory inorganic oxide carrier, and may be any of 
those catalysts heretofore discussed in connection with 
supported hydrogenation catalysts. Thus, for example, 
the second stage catalyst may comprise about 0.2-l0% 
by weight of nickel and about 1-20% by weight of mo 
lybdenum on a porous refractory oxide support com 
prising alumina and silica, and preferably is in micro 
spherical form having particle diameters in the range of 
20e300 microns. The catalyst is maintained in a fluidized 
state by means of heated fluidizing hydrogen introduced 
into the lower section of reactor S through line 19. The 
charge to second stage reactor S is introduced thereto 
through feed distributor 9 and passes upwardly Vthrough 
the catalyst bed cocurrently with the fluidizing hydrogen. 
The fluidizing hydrogen'also functions to decrease the 
partial pressure of the oil vapor within the second stage 
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reactor, to increase vaporization of the oil without raising 
it to thermal cracking temperature, and to maintain the 
catalyst bed substantially isothermal so that no vertical 
temperature gradient exists. The temperature in reactor 
8 is maintained within the range of about 700-850" F. 
and at approximately the same temperature as that in the 
first stage reactor. Vaporous efñuent from reactor 8 is 
taken overhead through line 10, cooled in condenser 11 
and discharged into separator 12. A hydrorefined liquid 
product of improved purity and reduced average molecu 
lar weight is Withdrawn from separator 12 through line 
1d. The gaseous portion of the effluent is Withdrawn from 
eparator 12 through line 13, the major portion thereof 
passing through line 15 to serve as recycle hydrogen, while 
a small dragstream of impure hydrogen is removed from 
the system through line 13 and sent to a hydrogen produc 
`tion or gas recovery unit whereby to maintain recycle 
hydrogen purity at a substantially constant level. The re« 
cycle hydrogen is compressed by recycle gas compressor 
16 and is then discharged therefrom through line 17 into 
several parallel paths. A portion of the recycle hydro 
gen is passed through line 2 and admixed with heavy oil 
charge in line 1 to suppress thermal cracking in feed heater 
3. The balance of the recycle hydrogen is heated in 
hydrogen heater 18 and then split into two streams, one 
of which is charged to first stage reactor 5 through line 20 
and the other of which is charged to second stage reactor 
8 through line 19. Fresh makeup hydrogen from an out 
side source is introduced to the recycle system through 
line 21 to maintain system pressure and recycle hydrogen 
purity. 
We claim as our invention: 
1. A process for hydrorefining a heavy hydrocarbon 

oil containing asphaltenes and metallic, nitrogenous and 
sulfurous contaminants which comprises passing said 
heavy oil and hydrogen at elevated pressure through a 
first hydrorefining zone containing a solid hydrogenation 
catalyst and maintained at a temperature in the range of 
about 70D-85 0° F. to convert asphaltenes and metallic con 
taminants, and then passing at least the higher boiling 
fraction of the hydrocarbonaceous effluent containing 
nitrogenous and sulfurous contaminants from said first 
zone together with hydrogen at elevated pressure through 
a second hydrorefining zone containing a solid hydrogena 
tion catalyst and maintained at substantially the same 
temperature as said first zone to remove the last-mentioned 
contaminants. 

2. A process for hydrorefining a heavy hydrocarbon oil 
containing asphaltenes and metallic, nitrogenous and 
sulfurous contaminants which comprises passing said 
heavy oil and hydrogen at elevated pressure through a 
first hydrorefining zone containing a solid hydrogenation 
catalyst and maintained at a temperature in the range of 
about 725-825 ° F. to convert asphaltenes and metallic con 
taminants, and then passing at least the higher boiling 
fraction of the hydrocarbonaceous effluent containing 
nitrogenous and sulfurous contaminants from said first 
zone together with hydrogen at elevated pressure through 
a second hydrorefining zone containing a solid hydrogena 
tion catalyst and maintained at substantially the same tem 
perature as said first zone -to remove the last-mentioned 
contaminants. 

3. The process of claim 2 further characterized in that 
said heavy oil is a crude petroleum oil. 

4. The process of claim 2 further characterized in that 
said heavy oil is a vacuum gas oil. 

5. The process of claim 2 further characterized in that 
said heavy oil is a heavy cycle oil. 

6. The process of claim 2 further characterized in that 
the hydrogenation catalyst in said ñrst and second zones 
comprises a metal from Groups VB, VIB, and VIII of 
the Periodic Table. 
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7. The process of claim 6 further characterized in that 

the hydrogenation catalyst in said first zone comprises the 
thermal decomposition product of a thermally decom 
posable oil-soluble compound of a metal from Groups 
VB, VfB, and VH of the Periodic Table. 

8. The process of claim 6 further characterized in that 
the hydrogenation catalyst in said second zone comprises 
a refractory inorganic oxide support. 

9. A process for hydrorefining a heavy hydrocarbon 
oil containing asphaltenes and metallic, nitrogenous and 
sulfurous contaminants which comprises commingling said 
>oil with a finely divided unsupported catalyst comprising 
the thermal decomposition product of a thermally decom 
posable oil-soluble compound of a metal from Groups 
VB, VfB, and VIH of the Periodic Table, reacting the 
resulting oil-catalyst mixture with hydrogen at a pressure 
in excess of about 500 p.s.i.g. in a ñrst hydroreíining zone 
maintained at a temperature in the range of about 70G 
850° F. to convert asphaltenes and metallic contaminants, 
passing at least the higher boiling fraction of the hydro 
carbonaceous effluent containing nitrogenous and sulfu 
rous contaminants from said first zone together with hy 
drogen at a pressure in excess of about 500 p.s.i.g. 
through a second hydrorefining zone maintained at sub 
stantially the same temperature as said first zone and con 
taining a particle-form supported catalyst comprising a 
metal from Groups VB, VIB, and VIII of the Periodic 
Table to remove the last-mentioned contaminants, and 
recovering from said second zone a hydrorefined product 
of improved purity and reduced average molecular weight. 

1t). The process of claim 9 further characterized in that 
said thermally decomposable compound is a metal 
carbonyl. 

11. The process of claim 9 further characterized in 
that said thermally decomposable compound is a metal 
acetylacetonate. 

12. The process of claim 9 further characterized in that 
said thermally decomposable compound is a metal 
Xanthate. 

13. The process of claim 9 further characterized in 
that said unsupported catalyst comprises vanadium. 

14. The process of claim 9 further characterized in 
that said unsupported catalyst comprises molybdenum. 

15. The process of claim 9 further characterized in 
that said unsupported catalyst com-prises tungsten. 

16. The process of claim 9 further characterized in 
that said unsupported catalyst comprises nickel. 

17. The process of claim 9 further characterized in 
that the supported catalyst of said second zone is main 
tained in a fluidized state. 

18. The process of claim 9 further characterized in 
that the supported catalyst of said second zone corn 
prises nickel. 

19. The process of claim 9 further characterized in 
that the supported catalyst of said second zone comprises 
molybdenum. 

20. The process of claim 9 further characterized in that 
the supported catalyst of said second zone comprises about 
0.2-10% by weight of nickel and about 120% by weight 
of molybdenum, composited With a porous refractory sup 
port containing alumina and silica. 
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