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This invention Ielates to-a process fer upgrading hcavy'
 hydrocarbon stocks in the presence of hydrogen and a
- catalyst.

More particularly, the present invention is
directed to a dual zone catalytic hydroreﬁmng process for

effecting the substantial removal of various types of im-
- purities, as hereinafter described, fro

heavy charge stocks
such. as crude oil, crude residua and heavy distillates

- derived therefrom, and for converting such heavy charge
stocks to gasoline or mlddla dlstﬂlates with minimum -

- gas production.

~ rosive and present a serious problem in the field of air -
- pollution. Sulfur, of course, 1s deleterious in motor fuels

~ all catalytic hydrocracking charge stocks.

Crude petroleum 011 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
"Nitrogen

are often present in relatively large quantities.
is undesirable because it rapidly poisons various catalysts
which may be employed in the conversion of petroleum

~ing techniques are often adversely affected thereby.
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- duces increasingly excessive a

tration of these metallo-organic complexes
- tively small in distillate oils, for example, often less than
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tration of the metallo orgamc complexes is' not easﬂy |
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-

ay be rela-

about 10 p.p.m as the elemental metal, subsequent process-
For
example, when a hydrocarbon _charge _stock confaining
metallo-organic compounds, such metal por-
phyrins, in excess of about 3.0 p.p.m. calculated as the

- elemental metal, is subjected to hydrocracking or catalytic _
_crackmg for the purpose of producing lower-boiling -

components, the metals deposrt upon the catalyst, the con-
centration thereof increasing with time. Since vanadium
and the Tron Group metals favor dehydrogenation activi-
ty at ordinary cracking téemperatures, the resulting con-
taminated hydrocracking or cracking catalyst pro-
ounts of coke, hydrogen
and light hydrocarbon gases at the expense of more valu-
able liguid product until eventually the catalyst must be

~ subjected to elaborate regeneration techmques or be re-

fractions; in particular, nitrogen must be removed from

- Nitrogen and
sulfur are also objectionable because combustion of hy-
drocarbonaceous  fuels containing  these 'impurities re~
leases nitrogen and. sulfur oxides which are noxious, cor-

because of odor, gum formati tion and de meased lead S118~
ceptibility.

Another class of- undeSIrable constltuents found in
crude oil and residual oils is asphaltenes which are non-

distillable, oil-insulable, high molecular weight coke pre-

cursors containing sulfur, nitrogen, oxygen and metals;

they are colleidally dispersed in raw crude oil but when

subjected to heat, as in vacuum distillation, the asphalt-

 ‘enes coagulate and or polymerize thereby making their

carried over in distillate fractions.

conversion fo more valaable oil-soluble products ex-

' tremely difficult; thus, in the heavy bottoms from a re-

duced crude vacuum distillation column, the polymerxzed

~ asphaltenes are solid materials at ambient temperature.

Such moduct is useful only as road asphalt or, when cut

- back with middle distillates, as low grade fuel and com-

- mands a price substantlally below that of the raw crude

- oil itself. | | | o

- The most common metalhc contammants are mc‘cel'_

~ and vanadium, although other metals including iron, cop-

- per and zinc are often present.
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

‘These metals may occur as

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 concentrated in residual fractions; other
metallo- orgamc complexes are volatile and are therefore
Reducmg the concen-

30

~as fuels because vanadium pentoxide for
combustion is a strong acid at high temperature and will
corrode the refractory lining, tube supports and other
| 111ter11&1 hardware of a fired heater utilizing such fuel.

placed with fresh catalyst. The presence of excessive

quantities of metallo-organic complexes adversely affects
~otner processes including catalytic reforming, isomeriza-
tion, hydrodealkylation, efc.

& Vanadium itself is also
objectionable in heavy fuel oils and residual solids used

ed during

“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 hydmcraclqng tem-

peratures, e.g. above about 7506° F. there is excessive

-pmductmn of hydrogen and light hydmcarbon gases, high =

~ coke make, and rapid catalyst deactivation due to coke

40
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laydown and accurmnulation 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 nitmgen- in

~a catalytic hydrocracking distillate feed stock in excess

of about 1 p.p.m. in most cases quickly poisons hydro-
cracking catalyst at conventional hydrocracking condi-
tions. In consequence, thereof it has been customary re-
fining practice to provide a number of individual feed
preparation units for the various distallate streams origi- -

nating from a crude oil fractionater which are destined -

- to undergo catalytic cracking, hydrocracking, reform-

60

- suifur.

63

exchangers, utility services and

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,

anpower | | |
“The present invention provides a simple two-stage hy-

~drorefining process for directly converting a heavy hydm-

carbon stock to gawallne and middle distillate boiling

range product with minimum gas production, while simul-
~ tanegusly removing to a substantial degree metallic im-

purities, oil insoluble asphaf.tenas nitrogen, oxygen, and
“This invention is founded on -the discovery that

hiydr meh 151g a heavy hyd Gcarben stock m two sepal ate
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serially connected catalyiic zores, each maintained at
svbatamlalyeqml temperatures in the range of 700-655°

F., results in a very markedly reduced produciion of light
hydrocarbon gases such as methane, ethane, propane, etc,
and superior hydrocarbon conversicn and impuritics e
moval, as against a conventional single-siage uydm'

ing precess providing cquivalent residence time and smm
velocity. -

It is, therefore, a broad embodiment of this invention
to provide a process for hydrorefining a2 heavy hydrocar-
bon o1l such as a crude pertoieum oil, vacuum gas ol
or heavy cycle oil, which comprises passing Sald heavy oil
and hydrogen at elevated pressure through a first hydro-
- refining zone containing a solid hydrogena’uon catalyst
and maintained at a temperature in the range of about
700-850° F., and preferably in the range of about 725-
825° I., and then passing the hydrocarbonaceous efffuent
from said first zone, or at least the hisher boiling frac-
tion thereof, together with hydrogen at elevated pressure
through a second hydrorefining zons containing a solid
bydrogenation catalyst and maintained at substantially
the same temperature as said first zone.

A more specific embodiment of this invention rel
a process for hydrorefining a heavy hydrocarbon ail which
comprises commingling said oil with a r’irr:'iy divi
unsupperted catalyst comprlsmg tne thermaeal de
sition product of a therrrraﬂy decomposable ﬂ-mlmle
compou ng of a metal from Groups VB, VIS, and
of the Periodic Table, reacting the reau‘urrg cii-catalyst
mixture with hydrogen at a pressure.in excess of about
500 p.s.ig, in a first hydrorefining zone maintained at
a temperature in the range of about 780-830° F., passing
at least the higher boiling fraction of ﬂre 1_; Irocar-
bonaceous effiuent from said first zone together with hy-
drogen at a pressure in excess of about "00 D.8.1.8. tnroagh
a second hydrorefining zone meaintained at substantially
the same temperature as said first zone and containing a
particle-form supported catalyst comprising a metal frem
Groups VB, VIB, and VIII 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 neesd for em-
ploying nifrogen-sensitive catalysts and for using a plu-
rality of separate feed preparaticn units; in its simplest
torm, 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 tcmpera’ture
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 herein em-
ployed, nitrogen deactivation of the catalyst is not en-
countered and feed stocks containing as much as 3009
p.p.m. of nitrogen may be continuously converted to lower
boiling product at sustained high yield for a prolonged
pericd of time. The functicn of the first or upstream
zone is to remove metallic contaminants and to convert
oil-insoluble asphalienes to lower boiling cil-solubie hy-
drocarbons, while in
trogen, sulfur and oxygen are removed as ammeonia, 113!-
drogen sulfide and water respectively. The
tae first zone involve predominantly hydroreri tion with
only minimal cracking as required to convert metallic im-
purities and asphaltenes; depending on conditions, the
reaction in the second zone may involve either predomi-
nantly hydrogenation whereby the hydrocarbon chargs
emerges therefrom substantially unchanged excent for im-
purities removal, or predominantly thermal hydrocracking
whereby in addition to removal of nitrogen, sulfur and
oxygen the hydrocarbon charge is cracked to vicld gaso-
line, heavy naphtha, kerosene, diesel fuel, and/or juel
oil. By first eliminating metals and converting hizh mo-
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lecular weight coke-precursors under hydrogenation con-
diticns in a separate hydrorefining zone, the subseguent
th..,.rr:ra? Erjfﬂrmrfrcklng procceds with minimum coke yield

£y ™M
Shud

el

and prcauction and a corrcspondingly high liquid
rreduct yield. | -
- Taz heav y ydrocarbon charge may be contacted with
the catalyst in the first zone entirely in the liquid phase
cr as a liguid-vapor mixture; similarly, the eflffuent from
ha frstzora (or the nigher boiling fraction thereof
whiere the first zone ﬁﬁuent 1s subiccted to flash scpara-
tion or fraciionation) may be contacted with the catalyst
entirely in ‘:’.* liguid phkase or as a Liquid-vaper mixture.
The catalyst in the first zone may be utilized in the form
of a s! urry, a urr.re?y dispersed suspension, a fixed-fluidized
bed, or a mwrng fluidized bed. The catalyst in the sec-
ond zZonz may be utilized in the form of a fixed bed, a
:1:33y aispersed suspension, a fixed-fluidized bed, or a
moving fluidized bed. As described with greater par-
ticularity hereinbelow, the catalysts of both zoness may
be either uncunported or rrrpmrrcd, or the catalyst of
one zone may be supperted and the catalyst of the other
one ynsupported,
viany types of heavy h _}’leCcrI’bGﬂ oils may be treated
5y mecans of tnis inventicn including full boiling range
c:rude o1l, topped or razduced crude oil, atmospheric dis-
Hates, heavy cyele oils from thermal ly or catalytically
crr._clr cd steck, light and heavy vacunum gas oils, etc. The
instant Brocess is E"‘I‘HCL arly well adapted to hydrorefin-

rl-h

ing stocks centaining oil-insoluble asphaltenes such as

crude olil and crude residua; of these, crude oil is a pre-
stock because the oil-insoluble asphaltenes, being
in their native environment, are colloidally dispersed and
are thus more reudrrry corrverted to oil-soluble hydrocar-
bons, whereas the asphzaltenes in reduced crude have al-
1cuc1y-br.,c:1 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
nd maltenes as well as other of the above-described
metallic and non-metallic contaminants. Generally speak-
g, 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
5080 p.s.i.g., the preferred pressure range being about
16003000 p.s.ig. The hydrogen rate may range from
about 50600 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 homly 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
pourrds of oil per pound of catalyst per hour. The hydro-
gen rate and the Wrighf hourly space velocity may or
r"ra v net be the same in both zones,

The hydrogenation catalyst of the present mventron
can broadly characterized as comprising a metallic
component having hydrogenation activity which may be
employed in an unsupporied state or in a supported form
whereln it is composited with a ref rar'tory inorganic oxide
carrier of synthetic or natural origin having a medium-to-
hrgrr suriace area and a well-developed pore structure as
1s familiar to those skilled in the are of hydrocarbon catal-
ysig. Suitable metellic components having hydrogena-
tion imty mclude the metals of Groups VB, VIB, and
VIii of the Periodic Table; the Periodic Table rererred to
herein is that contained in the Handbook of Chemistry
and Physics, 3%th edition, Chemical Rubber Publishing
f"omparry (1Q57—-.38) BExemplary metallic components
include vanadinm, nicbium, tantalum, molybdenum, tung-
sten, chromium, iron, cobalt, nickel, platinum, palladium,
iridium, osmium, rhodium, ruthenium, and compounds

| Err:eor. Unsur;pariﬂd hydrorrenauon ca{.alysts may com-

prise the clemental metal, oxide,

sulfide, or mixed oxides
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and/or sulfides thereof in varymg 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 finely 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 decomposa-

- 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.
decemposable metallo-organic compounds include molyb-

denum carbonyl, tungsten carbonyl, nickel carbonyl, mo-

1ybdyl acetylacetonate, tungstyl acetylacetonate, vanadyl
acetylacetonate, vanadium acetylacetonate, nickel acetyl-
acetonate, nickel formate, vanadium xanthate, chromium
xanthate, molybdeaum =xanthate, tungsten xanthate, iron
:rmnthate, and nickel xanthate. Alternatively, the deswed

metal oxides and/or sulfides may be added to the heavy

‘hydrocarbon charge either directly or by first dissolving

them in an appropriate solvent and then commingling the
solution with the hydrocarbon charge:
oxides and sulfides include the oxides and sulfides of mo-

- lybdenum, vanadium and tungsten and their acid com-
plexes, commonly known as hPtEETOPOIYElCldS

contain a sufficiently high concentration of nickel and
vanadium, as porphyrins or other 1

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 polymunzatlon of very high molecular weight coke
Precursors, which sludge then serves as a carrier for the

unsu;apeltea catalyst; the metal—nch sludge may be re- '

- circulated through the reaction zone, or it may be sub-
 jected to a simple regeneration treat'nent and then recycled

to the reaction zone, or it may be withdrawn from the

Suitable thermally

Where the
~ hydrocarbon charge is a total crude oil, it will frequently

- 3;180,320- .
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cessive precipitation f

- steaming, drying, 0x1dlzmg, reducing, caicining, etc.
- 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

The supported catalyst may be prepared by any of
numerous techiiiques 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-
om hydrosols, frequently coup]ed :
with one or more activating steps including hot oil aging,

The

aging the hydrosol and/or hydrogel under controlled
acidic and/or basic conditions at ambient or elevated

‘temperature, by ellmg the hydrosol at a critical pH or

- by treating the carrier with various inorganic or organic

15

24 |

suitable metal

reagents. The catalytically active-metallic component

- or compoenents 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
- 1n the present invention will have a surface area of about

50700 square meters per gram, a pore diameter of about

- 20-600 A. units, a pore volume of abouf 0.10-20 milli-

etallo-organic com- -
plcxes so that the hydrorefining catalyst it self-generating

liters per gram, and an apparent bulk density of about
- 0.2-0.80 gram per cubic centimeter.

‘uring these physical properties are described in volume 1,

Methods for meas-

Catalysxs, pp.. 37-40, Reinhold Publishing Cempany
(1954). Where the catalyst is to be employed in a

 liguid phase slurry type operatmn catalyst particles should

34

nave ‘wewge diameters rangmg from about 0.03 to about
0.30 inch; where the catalyst is to be employed in a fluid-

jzed bed operatlon, the catalyst particles should have di-

ameters rang:ng from about 5 to about 500 microns.

Particle sizes of this latter magthde 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 equimolar alumina-

40

- 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 welght of

the total heavy oil charge.

45

As previously noted, the present mv..,ntion may a‘sc |
employ supported hydrogenation catalysts which will com-

- prise any one or more of the metallic components dis-

cussed above In respect of unsuported catalysts co
ited with a porous refractory inorganic oxide carrier,

suitable carriers include alumina, silica, zirconia, mag-
nesia, - titania, thoria, boria, strontia; hafnia, and com-

plexes of two or more oxides such as silica-alumina, silica-
zirconla, suica-ma gnesm silica- titania, alumma-mrcoma
alumina-magnesia, alumina-titania, magnesia-zirconia, ti-
tania-zirconia, magnesia-titania, silica-alumina-zirconia,

| sﬂlcan-alumma-maﬂ*lpsm sﬂlca—alhmlna-utama sﬂwa—mag—-

-nesm«zucoma, silica-magnesia-titania, etc.
may comprise additional

The carrier
romoters mcludm!:r ‘combined

 halogens, pmuculaﬂy fluorine or chlorine, borm acid,
While the SUD-

phosphoric acid, and boron phcspha‘[e
ported catalyst may be emnloyed in-a slurry operation, or
in a fixed or moving bed, it 15 particula.rly Well adapted to

o a fluidized bed ta.,ch*nque

ol

1pOS~

 was st ubjected to two-stage hydrorefining,
85

silica carrier (63% Al,03/37% SiQ;); another good
catalyst comprises 1% nickel and 8% molybdenum on an

alumina-silica-boron phosphate carrier containing 68%

Al Oz, 10% Si Og, and 22% BPO,;, the general prepara-

tion of - Wthh is descr;bed 1n Umted States Patent
- 2,938,001,

The followmg examples demoﬂstrate the effectiveness.
of the dual zone hydrorefining pmcess of this invention

~and the advantages tharem over a conventional single-
- stage freatment,

‘1invention be unduly limited to the reactants catalysts and i
-caqutlons therein emnloyed

It 1s not intended, however, that the

ERAMPLE 1.

In this emfnple,-a topped Wyoming sour crude oil
‘wherein the

first stage was a continuous process pilot plant employ—

~ inga fluidized catalyst bed and the second stage, to which
the liquid product from the first stage was Cbargpd was .

60

a batch-pype rocking autoclave utilizing a catalyst-oil

| slt,,rry_ The catalyst in both stages consisted essentially | '
of 2% nickel and 16% 'melybdenu*"l as -oxides, com- .
posited with a porous refractory carrier containing 68% =

- alumina, 10% silica and 22% boron. phosphate, all of

these purcentages being by weight; this catalyst was in

“the form of microspheres having diameters ranging from

65

The catalytic concentration of the metailic component o

. or compornents in the supported hydrogenation catalyst,
stated here on the basis of the elemental metal, will de-
" 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 1-20%
by weight, the iron-group metals in an amount within .

70

about .10 to about 150 microns.

‘sour crude oil (400° F.-- material refnwed) had a
‘gravity of 19.5° API and contained 2909 p.p.m. of total

p.p.m. of vanadium. -
crude oil was preheated in admixture with hydrogen

The topped Wyoming

nitrogen, 3.05% by weight of sulfur, 8.5% by weight :
of Cs-insoluble asphaltenes 21 p.p.m. of nickel and 85

In the first stage treatment, the

~and thereby partially vaporized, and the resulting mixed

the range .of about 0.2-10%, and the platinum-group

metals in an amount within the ra_nge. of about 0.01-5%.

1

phase charge was then passed upwardly through a con- -
fined fluidized catalyst bed to which additional fluidizing
hy drogm was injected in cocurrent upﬂow with the hy-
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drccarbon charge. Reacticn conditions in the first stage
included a temperature of 775° F., a total pressure -of
2000 n.s.1g, a Wclght hourly space velocity of 0.5 pound
of 011 ser pound of catalyst per hour, and a total hydro-
gen rate of 50,000 standard cubic ieet per basrel of
charge. Vaporous effluecnt was withdrawa from the top
of the fluidized solids reactor, condensed by cooling, and
separated 1nto gas and liquid fractions in a high pressure

T

thereat 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 200 gram portion of the first
stage liguid product was recharged to the autoclave
together with 20 grams of fresh catalyst. The autoclave
was pressured with hydrogen to 100 atmospheres pressure

at room temperature, sealed, heated to a temperature of

scparator., ‘Ihe gaseous fraction was returned to the re- 752° F. and maintained thercat for a period of 4 hours
actor as recycie hydrogen; recycle Hy purity was main- 34 aiter which it was depressured, the contents removed and
tained above 90 mol percent by withdrawing a slipstream the second stage liquid product recovered from the oil-
of offgas from the recycle systﬂm and add11 g {resh Hy catalyst slurry by centrifugation and filtration.
from an oufside scurce. 'Fhe liguid fracticn was con- A comparison of the significant analyses of the crude
tinucusly withdrawn from the hlgh pressure separator oil charge, first stage product and second stage product
s frst stage product. 1s set forth in Table II below:
Table II
Reaction Total Sulfar, | Cs-Insolu-
Tem- ° AT’I | Nitrogen, Wit. bies, Wt. | Nickel, { Vanadium,
eznt{ure, P.p.I0., percent percent p.p.1oL. p.p.m.
Charge. .. UV S 22 2, 700 2.8 8.3 20 §0
First Stage Product. oo 752 31 310 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 grams of first stage Example I
product and 29 grams of catalyst were charged to a high |
nressure rocking autoclave having a capacity of 1890 ‘The total Wyoming sour crude oil of Example II was
milliliters. The autoclave was pressured with hydrgg@n ) suvijected {o fwo-stage hvdrorefining wherein both reac-
to 100 aimospherss pressure at room temperature and SV tion steps were carried out sequentially in a batch-type
and then szaled. The autoclave was then heated to re- rocking autoclave utilizing a colloidally dispersed unsup-
action temperature and maintained thereat for a pericd ported molybdenum catalyst. Six grams of phospho-
of 2 hours mtcr which 1t was depressured, the CQHtELtS molybdic acid were dissolved in 100 grams of 1sopropyl
einoved and the second stage liguid plOdL ct recovered _ alcohol and this solution was added dropwise to a 500
fIGH‘l the Gll-catalyst sturry by centrifugation and filtra- ©¢ gram aliquot of the Wyoming sour crude oil, with vig-
tion. Two runs were made with separate 200 gram orous stirring and distilling off the alcobkol solvent as it
aliquots of first stage product: the first {Run A below) was added. Upon complete addition of the solution,
was effected at a temperature of 752° F. or slightly below the sample was distilled to remove the gasoline fraction,
the first stage tcmperature, and the second {Run B below) vielding 447 grams of charge stock containing 0.80% by
‘at 783° F. or slightly above the first stage Lgmpefathre 40 weight of colloidally dispersed molybdenum. 212 grams
A comparison of the significant analyses of the topped of the molybdenum-containing charge stock was placed
crude oil charge, first stage product and second stage in an 1800 milliliter rocking autoclave, pressured with
product 1s set forth in Table I below: | hydrogen to 100 atmospheres at room temperature, and
Table I
Reaction | Total Sulfar, | Cs-Insolu- 3
T'em- ® API | Nitrogen, Wt. | bles, Wt. | Nickel, | Vanadium,
peza%ure, p.p.1m, percent percent p.p.m. D.p.1M.
Charge o 19, 5 2,800 3. 05 8.5 21 _ 30
First Stage Produet.__________ | 775 30. 8 1, 550 0. §2 0.1 0.04 | - ¢
second Stage Product: - |
RUD A oo 752 | 315 27 0. 03 0. 02 0 0
RunB____ .. 788 | 428 18 0. 02 0.04 0 0

Example 11

A total Wyeming sour crude oil was subjected to two-
stage hydmreﬁﬁing, wherein both reaction stens were
carried out sequenfially in a batch-type rocking autoclave
utilizing a catalyst-oil slurry. The catalyst in both steps
consisted essentially of 2% nickel and 16% molybdenum,

as oxides, composited with a porous refractory carrier

containing 63% alumina and 37% silica, ali of these
percentages being by weight; the particle size of this
catalyst was through 60 mesh. The Wyoming sour crude
ol had a gravity of 22° API and contained 2789 p.p.m.
of total nitrogen, 2.8% by weight of sulfur, 8.3% by
weight of Cs-inscluble asphaltenes, 20 p.p.m. of nickel
and 80 p.p.m. of vanadium. In the first stage treatment,
300 grams of crude oil and 30 grams of catalyst were
charged to a high pressure rocking autoclave having a

capacity of 1800 milliliters. The autoclave was pres-
sured with hydrogen to 100 atmospheres pressure at room
temperature and then sealed. The autoclave was then
heated to a temperature of 752° F. and maintained

6O

then sealed. The autoclave was heated to a temperature
of 752° ¥. and maintained thereat for a period of 8 hours
aiter which 1t was depressured, the contents removed,

and the first stage liquid product recovered therefrom

by centrifugation and filfration. The foregoing procedure
was repeated using a second 223 gram aliquot of the
molybdenum-containing charge and the liquid products
from both runs were combined to yield charge stock for
the second stage treatment.

'The second stage reaction was carried out by dissolving
6 grams of phosphomolybdic acid in 75 grams of iso-
propyl alcohol and adding the solution dropwise to a 250
gram aliquot of the combined first stage products, with
vigorous stirring and distilling off the alcchol solvent
as 1t was added. Upon complete addition of the solution,
the sample was distilled to remove the gasoline fraction,
yielding 211 grams of charge stock containing 1.58% by
weight of colioidally dispersed molybdenum. 200 grams
of the thus prepared second stage charge stock was placed
in the 1800 mullilifer rocking autoclave and the autoclave



- - 2 and passed through fecd heater

. first reaction zone.

was -_pre's_sured with liydr_ogcn_'tc 100 atmospheres and

~ then sealed. The autoclave was then heated to a tem-

perature of 752° F. and maintained thereat for a period
‘of 8 hours after which it was depressured, the contents

8,180,820

10

turcs cf iwo or more of these metals. There is also

formed in the first stage reactor a relatwely small quantity

of organic sludge resulting from ther

mal polymerization -

~of the heaviest components of the feed. 'This organic

- removed and the second stage liquid product: rccovcrcd 5 siudge exists in the form of small particles and preferen-
~ therefrom by cenfrifugation and filtration. - ~ tially attracts thc unsnpported catalyst particles so thatf
A comparison of the significant analyses of the- cmde the concentration of the catalyucally active metal is
oil char ge, first stage product and second stage product somewhat higher in the sludge than in the total reactor
- is set forth in Table III below: - ,' o | Vclumc generally, in eﬁcct the orgamc sludgc particles
o N Table HI o -
{ Reaction Total | Sulfur, | CpTnsolu- | 1 |
Tem- | © APIL | Nitrogen, Wi, bles, Wt. | Nickel, | Vanadium,
pex;&%yre,  b.p.m. | percent | percent | p.p.m. | p.p.am.
CHATES o] i 22 2700 . 2.8 8.3 20 80
Combined First Stage Prcduct- 752 30,3 | - 984 (.50 0. 32 0. 24 25
Scccnd Stage Procluct __________ | 752 30.4 | 322 0. 09 0. 18 0,03 0.9
The prcccdiﬁg thr'ec"'cxamples demonstrate that al- 20 'prcvidc_a quasi-carrier for the unsupported: catalytically

though a single stage treatment is very effective in reduc-

ing the concentration of Cs-insoluble asphaltenes and

metals, it is much less effective for the removal of nitro-

- gen and sulfur.
first stage, which is now substantially free of asphaltenes
‘and metals, nitrogen and sulfur removal proceeds much
more rcachly 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 uns
suppcrtcd and whether the second zone reaction tempera-

ture is slightly higher or lower or emctly equal to the

reaction temperature of the first zone. It is evident that

But by rerunning the product from the

25

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 tone reaction zone to an operatively actively

level, for example,

30

 the presence of asphaltenes and metals in a heavy oil '

charge stock materially interferes with reactions relating o
93

- compounds may be discontinued or at least e
- at fairly long intervals.

fo hydrogemtmgcnatmn and - hydrodesulfurization reac-

| tions, but once the asphaltenes and metals are rcmcvcd |
- the latter reactions are favorably promécted.

A compahscn between Examplcs ¥ and HI shows that
rerunning the first stage product in the prcscncc cff an

unsupported catalyst is somewhat less effective in nitrg- =

gcn and sulfur removal than when done in the presence
~of a supported catalyst, yet the unsupported catalyst is

very active toward conversion of asphaltenes_and removal.

ment of
this invention to. cmploy an - unsupported catalysl:-cll-

~ slurry in the first zone and a supported catalyst in the

of metals. It is, therefore, a preferred embodi;

second zone, which latter catalyst may be cllspcscd as a
fixed bed, slurry, or: fluidized bed.,

A continuous Process 1mplemcntmﬂ thc 'Fcrcgcmg prin-
c1plcs is illusirated in the accompanying drawing whichh

is a schematic flow diagram of the two-zone process uti-

- lizing an unsupported catalyst-studge complc}; in the first
reaction zone and a fixed-fluidized catalyst bed in the

While this flow scheme repre-

sccond rcactmn ZOne,

- gents a prcfclrcd speclﬁc 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 111-"

troduced through line 1, mixed with hydrccrcq from ling

3 wherein the tem-
perature of the combined feed is raised to within the
range of about 700-850° F. The heated mixed phase

feed i1s commingled with recycled catalyst—sludgc complex

from line 23 and charged via line 4 and feed distributor

6 to the lower portmn of first stage reactor 5. Heated

‘recycle hydrogen is also charged to reactor 5 _thmug‘h line

29 and passes in cocurrent upflow with the oil through the
~The catalyst in the first stage reactor
1S a ﬁncly'dividcd 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 VII
of the Periodic Table, and more particularly may com-
prise vanadmm mclybdcnum tungstcn HICKE]. 0T mix-

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 heavy oil charge, parhculaﬂy vanadium

‘and nickel, which themselves are bound up in complexes

which decompose under the hydrorefining conditions e};is_t-
ing within the reaction zone, will serve to maintain the
catalylzcally active metallic concentration at this level,
and thereafter further addition of decomposable metal

mployed only
In order to prevent the metal

~ concentration from bmldmg up to an excessively high

4:)

. thereof is sent to offsite regeneration or
facilities through. line 24 and the balance is returned

50 -

level within the first stage reactor, a slipsiream of excess

organic sludge-catalyst complex is withdrawn from the

upper portlon of reactor 5§ through line 22 and a fraction
metals recovery

through line 23 to the reactor inlet; alternatively, line 23
may connect with line I 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 providé an upper disengaging zone
so that the oil-hydrogen mixture lcavmg rcacicl 5 throufrh .

line 7 1s. substantlally free of organic sludge.
The first stage reactor effl

as illustrated,

- or, alternatively, the effluent may be frst subjected to

intermediate fractionation and/or fiash separation where-

by only the highest boiling fraction of the first stage re-
~ actor effluent is charged to the second stage reactor.
actor 8 contains a fluidized bed of supported catalyst par- -

~ ticles, which catalyst comprises a metal from groups VB,

60

those catalysts heretofore dlscusscd in connection with
. supported hydrogenation catalysts. -
‘the second stage catalyst may comprise about 0.2-10%

ViB, and VIII of the Periodic Table composited with a
refractory inorganic oxide carrier, and may be any of

by weight of nickel and about 1-20% by weight of mo- |

| lybdcnum on a porous refractory

- prising alumina and silica, and prcferably is in micro~
- spherical form having parflclc diameters in the range of

20-300 microns. The catalyst is maintained in a fluidized

state by means of heated fluidizing hydrogen introduced

into the lower section of reactor & tlrough line 19. The

__'chargc to second stage reactor § is- introduced thereto -

‘through feed distributor 8 and passes upwardly through

the catalyst bed cocurrently with the. fluidizing hydrogen.

~ The fluidizing hydrogen-also functions to decrease the.

75

partlal pressure of the oil vapor within the sccond stage B

tuent may be chargcd through
line 7 directly to the second stage reactor 8 |

e,

Thus, for example,

oxide suppcrt com-~ .
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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
o is maintained within the range of about 700-850° F.
and at approximately the same temperature as that in the
first stage reactor. Vaporous effluent from reactor 8§ is
taken overhead through line 18, 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
14, 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.
cycle hydrogen is compressed by recycle gas compressor
16 and 1s 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 X to suppress thermal cracking in feed heater
3. The balance of the recycle hydmgen is heated in
hydrogen heater 18 and then split into two streams, one
of which 1s charged to first stage reactor § through lins 29
a*ld the other of which is charged to second stage reactor

8 through line 19, Fresh makeup hydrogen from an out-
side source 1s introduced to the recvcle system through
line 21 to maintain system pressure and recycle hydrcaﬂ'm
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 700-350° I, to convert asphaltenes and metallic con-
taminants, and then passing at least the higher boiling
fraction of the hydrocarbonaceous effluent containing
nitrogenous and sulfurcus contaminants from said first
zone together with hydrogen at elevated pressure through
a second hydrerefining 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 metalhc nitrogenous and
sulfurous contaminants which comprises passing said
heavy oil and hydrogen at elevated pressure through a

first hydrorefining zone containing a solid hydmgenatlon |

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 confaining 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 CﬂaI'aCtEI‘IZ"‘d in that
said heavy oil is a crude petroleum oil.

4, The process of claim 2 further Cha‘*HCLEI']ZEd in that

said heavy oil is a vacuum gas oil.
5. The process of claim 2 further characterized in th"lt
said heavy oil is a heavy cycle oil. o
6. The process of claim 2 further characterized in that

the hydrogenation catalyst in said first and second zones
comprises a metal from Gmups 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
tnermal decomposition product of a thermally decom-

‘posable oil-soluble compound of a metal from Groups

VB, VIB, and VII of the Periodic Table.

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

9. A process for hydrorefining a heavy hydrocarbon
oil containing asphaltenes and metallic, nitrogenous and
sulfurous contaminants which comprises commingling said

o1l with a finely divided unsupported catalyst comprising

the thermal decomposition product of a thermally decom-
posable oil-soiubie compound of a metal from Groups
VB, VIB, and VII of the Periodic Table, reacting the
lesulting oil-catalyst mixture with hydrogen at a pressure
in excess of about 500 p.s.i.g. in a first hydrorefining zone

1aintained at a temperature in the range of about 700-
850“ F. to convert asphaltenes and metallic contaminants,
passing at least the higher boiling fraction of the hydro-
carbonacecus effiuent containing nitrogencus and sulfu-
rous contaminants from said first zone together with hy-

drogen at a pressure in excess of about 500 pSIg

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.

10. The process of claim 9 further characterized in that
said thermally decomposable compound is a mefal

carbonyl.

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

12, Tie process of claim 9 further characterized in that
sald 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 comprises 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 mam-
tained in a fluidized state.

18. The process of claim 9 further characterized in
that the supported catalyst of said second zone com-

prises nickel.

19. The process of Clalﬂl 9 further characterized in
that the supported catalyst of said second zone ccmprises
molybdenum., -

20. The process of clalm 9 further characterized in that
the supported catalyst of said second zone comprises about
0.2-10% by weight of nickel and about 1-20% by weight
of molybdenum, composited with a porous refractory sup-
port containing alumipa and silica.
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