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1 The present inventlon relates to improvements
2 in upgrading hydrocarbon <lls. More particularly, the
: 3 present inventlon relates to hydrocracking heavy
% h hydrocarbon olls to form primarily, heating and gas oll
é 5 as products, also to remove sulfur, to remoke coke
; 6 forming constitufents, to remove metals and thelr salts
% T contained 1in the original feed cll, and otherwilse to
E 8 improve the ecrude hydrocarbon oil,
E 9 One lmportant aspect of the present inventlon
10 relates te upgrading a total crude oil or the heavy
11 bottomg thereof by catalytlic hydrogenation Iin a sump
12 phagse operation, the process being characterized in that
13 a regeneratable hydrogenating catalyst is employed, that
14 the process 18 operated contlnuocusly, that means are
15 provided for controlling the temperature of the
16 hydrogenation by withdrawing a portion of the oll from
17 the reactlon zone, cooling 1t and returning it to the
18 reactlon zone., It is also pointed out that the eil may
19 not be subjected to ulflmate wnverslon, but rather the
20 process may be operated as fo convert, say, 90% of the
21 original feed, leaving about 10% unconverted materinl.
| 22 The reason for converting to the extent last stated is
E 23 that salts, such as iron salts, vanadium salts and nickel
; 24 salts contained 1n the feed are at least partially
i 25 removed in the unconverted material, and thus are nct
; 26 present to contaminate the catalysts employed 1n
3 27 subsequent conversions of the product, as where the gas
28 01l is catalytically cracked or the naphtha hydroformed.

Of course, in the case where the feed material 1s low in
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contaminating metals or metal salts, the present process
may be carried out to ultimate converslon of the feed.

The prilcr art contains numerous proppsals for
upgrading heavy bottome to form gasoline and gas oil for
cracking. One of these proposals involves what 1s known
as coking of heavy bottoms to produce normally liquid
products of lower bolling range, including gas oil‘and
gasoline. The coking of heavy bottoms does not result 1in
thémbroduction of gocd gaa oil ordinarily, since the gas
o1l thus produced contains substantlal guantitles of

polyeycllc aromatics in a condensed nucleous which, when

cracked, cage the formatlion or 1nordinate1y“largerquantities

of coke on the catalyst when they are used as a feed stock
in a catalytlc cracking operation. Another drawback 1s
that the .coking operation does not result ordinarily in
the removal of any substantial amount of sulfur so that
the produét may contain undesirable amounts oftfulfur.

In brief~éompasa, the present invention involves,

as previqusly indicated, a slurry hydrogenation process

which_is operated continuously to hydrogenate”dgstrgctiyely
hydrocarbon olls tp produge products of 1ncreaaed_value.
Tﬁe précéssnis‘a‘pgﬁalytic opergtiqn andrmeans_are
provided for separating the catalyst from the products of
the bydrogenation, regenerating the catalyst with an
oxyggn:c&ntaining gaé to_remove carbon and other ,
contaminating dgpdsits,‘anq also includes treatment of the
catalyst with ox%d;zing‘meana, such as diluted aqua fegia
to effect a redistributiom of the active component of the

hydrogenation cataiyst, which catalyst may be a supported
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catalyst such as cobalt molybdate carrled on an active
form of alumina. It 1s, however, pointed out that any
good hydrogenatlon catalyst may be employed in the present
process, such as the metals of the IV, V, VI and VIII
Group of the perilodic aystem, or the oxldes and sulfides
of these metals or mixtures of the oxides or sulflides of
these metals. These hydrogenation catalysts are well
known in the art,

7 o In the accompanying drawing there 1s depleted,
Qiagrammatically, partially in vertlcal sectlon, an
apparatus layout in which a preferred modifigation of the
present ilnvention may be carried into effect.

& Referring in detail to the drawing a feed stock
whigh is bereinafter more fully ﬂespfibed, is.intpoduced .
into the present aystem through line ; and mixed with a
hydrogen;containing gas from line 2 in line 3, and thils
mixture ls then passed through a gsultable heating means,
guch as a furnace F. The heated mixture 1s withdrawn from
the furnace:through line 4 where 1t 1s admixed W%th taill
gas from line 5 and recycle oil from line 6, in line 7,
and this mixture 1= charged‘to the bottom of hydrogenator
8 wherein‘it flows upwardly. The catalyst used in the
process may_be charged to any convenient polint such as via
line 9 %o line 10, the catalyst being in the form of an oil
siurry, énd this slurry is pumped via slurry pump 11,
tﬁrough lines 6 and 7 into the reactor 8 with the fresh
feed oii and Hp, as previcusly indicated. It is polnted
out that reactor 8 may be provided wlth an expgnded upper

portion 12, which provides a settling chamber wherein
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1 catalyst slurrled with the liquid tends to settle toward
; 2 the lower non-expanded portlon of reactor &. It 1s
% 3 also polnted out that reactor 8 ls provided with a
i I plurallty of gpaced perforate baffles B, which baffles
i 5 tend to prevent back-mixing of the llguid but, however,
% & back-mixing of the catalyst 1s not 1lmpeded due to the
% 7 fact that the perforations in the said baffles B are
% 8 sufficilently large to effect this result. Under
i 9 condltions of temperature, pressure, flow rates and the
| 10 like, more fully set forth hereinafter, the desired
11 conversion occurs and a product is withdrawn from an
i - 12 upper polint ln reactor 8 via valved line 13 and charged
i- 13 to a. fractional distillation column 1%, Valve V in line
i‘ 14 13 1s a pressure reducing valve "causing the fractional
?i 15 distillation columnl4 to operate under a substantlally
; 16 1?wer preassure than that prevalling in reactor 8. As
L7 usual, the fractional distillatlon column 18 provided
’ 18_ with reboiling means 15, and 1t is alsouﬁrovided wlth
ig steam introduced through line 1% so as to effect a
_26 steam distillation of the product entering from line 13
21 to efféct maximum recovery of volatile products. The
| 22 | steam an& 1light hydrocarbons are withdrawn overhead from
23 fracgtional distillation colqu_lk via line 17. A gasollne
2l fraction is taken off from fractionating column 14 via
25 line 18 and delivered to storage (not shown). A portion
26 of_this_gagqline fraction! however, may be pagsed for
27 reflux purposes via‘line_ao_through a cooler 21 and
28 recycled via line 22 to an upper polnt of fractional
29 distillation ecolumn 14. The main product, which is gas
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0oll, is taken off from fractlonal dlstillatlon column 14
via line 23 and delivered to storage means {not shown),

A bottoms fraction containing catalyst ls taken off
through ilne 24 and a portion of this bottoms 1s charged
via line 24 to line 25, and thence passed through pump

26 into line 27, thence forced through a cooler 28
provided with a cooling means 29, The cooled materlal 1s
withdrawn from cooling means 28 via line 10 and returned
by pump 11 and lines & and 7 to reactor 8, as previously
indicated. Referring agaln tc reactor 8, it is pointed
out that a portion of the material therein ls withdrawn at
a mid-point from the reactor 8 via line 31, mixed with

the materlal from liﬁe 25 in line 27 and passed'through“ -
the cooler 28 and_recycled to the reactor. This 1s done
for the purpose of removing heat from the reactor 8 in
which, of course, the exothermic reaction of hydrogenation
is occurring. By the means indicated, viz, the cooling

of the recycled oil, therefore, the temperature in reactor
8 is effectively controlled. Furthermore, the recycling

of the material in line 31 tends to increase the flow

‘velocities in the lower portion of reactor 8 and that has

the advantage of malntaining the catalyst suspended in oll.
' Having thus described the maln aperation, the

method of“recovering and reactivating the catalyst will

'now be described. Referring again to line 24 a portion

of this slurried material is passed via line 32 into a
liquid settler 33 where 1t is permitted to remaln In a
qulescent state to permit catalyst %o gettle toward the

bottom thereof. The clear upper portion of the llquid is
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decanted therefrom via line 34, or removed by any other
sultable means. The material 1in line 34 which 1is
aupatantially unconverted materlal contains a substantlal
portion of the contaminating metals or metal salts present
1in the orlginal feed, and these bottoms are rejected from
the present system for use, say, a3 & fuel. The bottoms
portion from settler 33 is withdrawn through 1ine 35 and a
small portion of this material contalning catalyst may be
rejected from the system through line 36. The main portion
of this slurry in line 35 is passed via line 37 elither for
return to the reactor 8 via line 38 and the connecting lines
indicated or passed via valved line 39 and cooler 40, after
admixture with a stream of naphtha, gas oll or other oil,
introduced into the system through line 41 viﬁAiiﬁé 42 ‘into
a washing vessel 43 where the solvent oill removes heavy olly
materlial from the~ca£alyst, which cleaned catalyst 1s then
withdrawn'frﬁm the pottom of fhe washér 42, through line &4
in slurry form, and thence passed via line 45 to a slurry
pump 46, which forees the said cleaned catalyst in slurry
form via line 47 to lines 6 and 7 for return to the reactor.
The solvent oil and the dissolved heavy olly material are
wiﬁhdrawh overhead from washer 43, through line b8, and this
stream also contalns a substantial portion of those undeslred
metals such as iron, vanadium, etc., or compounds thereof
present in the original oil, and thus by this means these

métals are separated from the product olls and rejected from

the system. The solvent oll may be recovered for further

use in the process in conventional distillations means (not

shown).
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Referring again to the material contalning
catalyst in line 44 there comes a time when 1t 1s necessary
to subJect thls catalyst to regeneratlion with an
oxygen-containing gas, such as alr to remove carbonaceous
and sulphur deposits thereon. Toward thls end, therefore,
a portion of the material in line 44 1s passed into line
4g into whieh line there 1s charged a portion of steam and
the material 1s passed via line 50 into gas-sollds
geparator S. Line 50 1s provided with a reducing valve V
go that the pressure in separator 3 1s substantially lower
than that in washer 43, The steam serves %o strip

substantially all of the oily material from the catalyst

‘ énd the suspenslon of catalyat in gasiform material which

1s charged to the "cyclone" S .1s separated in substantlally
ary form from the gasiform material and removed from the
cyp;ong 3 vié véivég‘line 51,lvapor1form matgyial ﬁass;ngr
oyerhgad_v;auline 52, This vaporiform material 1n line 52
may be'tréated_by conventlonal means {not shown} to recover
1ts o1l values. Two or more cyclones may be employed to

effect thils separation, The dry catalyst in valved line

51 is mixed with air'and formed into a suspension and

'cgrrigd into a reggneratidn vessel 53 where 1t 1s formed

into a flutdized béd C and under conventlonal conditiona

éf time.and fémparafure the carbonaceous and other depoaits
are removed by burning them off the catalyét. The
regénerator 53 is pfevided with suiltable coéling means 54
po_p;evgnt the catalyst from being heated to a temperature

above 1200°F. The fumes resulting from the regeneration

are rejected from the regenerator through line 55, As

TS
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usual, the fumes about to emerge from the regenerator are
foreced through one or more cyclones S wherein entralned
catalyst 1s separated from the sald fumes and returned to
the flu;dized bed of catalyst C through one or more dip
plpes d. Reférring agaln to the bed of catalyst C
undergoing regeneration, 1t 1s pointed out that, as
usual, the bed of catalyst 1s supported on a grid or
other foraminous member ¢, and the dense fluidized bed
has an uppef dense phase level L positioned at a point
substantlally below the top of the regenerator so as to
proﬁide a cata}yst separation zone in the upper portion
of said vessel. It may be necessary and desirable to
éub;ect the catalyst-c in regenerator 53 to an air or
oxygén soaking, follbqing fhe conventicnal regeneration. —- ..
In other words, folloWing substantial removal of the
darbqnaceous.and otbér deposits from the catalyst by
cpnvéntional regepé;gtion, the catalyst may be permltted
to remain in contac%nwith or "soak" in air or oxygen at
é temperature about 1050°;1200fF. for 4 to 24 hours.
This latter treatment called "reJjuvenation" 1g used to

reacyivate the cataljst when, after repeated regenerations,

1t7fails'tp regpond to conventlonal regeneratlion. It 1s

accomplished after the carbon 1s removed from tne‘cata;yst.
Thg oxygen pértial‘ﬁéesaure may be about 15 l1lbs, per sq.
in. Tpé‘regenerated and/br reactivated catalyst 1s
with@rawn rrom vessel 53 via llne 56, passed through a
cooler 57 and mixed with feed oll from line 58 and the
slurry thus formed is passed to line 45 for return to the

reactor.
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Iff the regeneration of the catalyst and the
subsequent rejuvenation by soaking in oxygen-contalning gas
for an extended perlod of time does not restore the activity
of the catalyst, 1t may be subjected to treatment by means
presently to be deéé}ibed. In other words, contlnuous use
of the catalyst 1ﬁ“6h~stream and regeneration periods may
result in effecting an lncrease in the crystal size which
presumably has the effec¢t of deactivating the catalyst
permanently so that 1t will not respond to normal regreratim
and/or rejuvenatlon. Instead of reworking the catalyst by
dissolving the active hydrogenation component from the camker,
the deactlvated catalyst may be treated as follows to restore
1ts activity. A portlon of the catalyst in line 56 is passed

via line 60 1nto line 61 contalning a water diluted mlxture

-{JQf;nitric acid and hydrochloric acid inbroduced through line

62, This mixture contalns, preferably, from 0.01-2.5 mols o
HNO3 and from 0.01-3.0 mols of HCl in an aqueous medium. The
éatalyst 1s formed into a slurry in timemixed =zcids In aqpeous
gsolution and passed to a treating zone 63 where 1t 1s
treated at normal room temperaturs with the mixed aclds.

The effect of this treatment 1s to redisperse the actlve

hydrogenétion-dehydrogenation component of the catalyst on

the carriler, and at the same time to reduce the crystal size
of the said hydroggnation-dehydrogenation comppnent orr
even to convert the sald actlve component to a desired

and more active non-crystalline form. The thus treated
catalyst 1s w}thdrawu in slurry form through 64 and charged

into 2 washing zone 65 where it 1s treated with water to
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remove the acid. The water siurry containing the reactivated
catalyst is withdrawn from washer 65 through line 66 and
charged into another portion of the feed iatroduced in
the pressnt system through line 67, and this mixture is
conveyed via line 68 and conducted to fractionator 14.

In order to explain the present invention more
fully, the following information is set forth:

Conditions in Reactor 8

Range Preferred
Catalyst . 10 wt. % cobalt molybdate, 90 wt.% alumina
Temperature, °F. 700-850 800
Pressure, psi.- 200-750 LOO
Feed rate *W/Hr./W 0.2-10 2
Cubic fest H,, standard conditions 300-8000 1000
Concentration of Hp, Vol. % 50-95 75

*Fséd Rate=Lbs. of oil per'hour per 1b. of catalyst in the -

reactor.

Recyele Ratio

It will bg noted, agwpréviously pointed out, that
a& pertion of the oil in 8 is withdrawn through line 31,
cooled in 28 and returmed to reactor 8. Of course, this ig
- for the purpose of controlling temperaturs in reactor & in
which an exothermic reaction is occurring. The recycle
ratlio to control temperature will, of course, depend on the
paftiéular stock béing ﬁreated, but the recycle to fresh
- feed ratio will generally bs of the order of from about 3-7
volumes of recyecle oil per volume of fresh feed oil
introduced through line 1. Preferably, this ratio would be

from 4-5 volumes of coolad recycle oil per volume of oil
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introduced in line 1. The temperature drop in coocler 25
1s preferably of the order of 25°-50°F.
#lash Drum 14

In order to secure best results, this drum 1s
operated at about atmospheric pressure to remove
substantially all of the light hydrocarbons from the
syatem.

Regenerator 53

This regeneration procedure 13 carried out,
preferably, at atmospherlc pressure and the regeneration
1s conducted and controlled go as to prevent heating the
eatglyst above about 1200°F., a ftemperature of from about
1000°:1100°F. being preferred.

| Cooler 57 .

The hot‘regenerated catalyst procegding fr9@ ”
53 must, of course, be cooled and toward this end théﬁéaid
catalyst ls cooled to a temperature below c?acking

ﬁemperature, namely of the order of 600°-800°F. before 1t

- 1s mixed with o1l introduced in line 58.

General.

‘,It_is pointed out that the system 1llustrated

 -1n the gccqmpanying.dpawing 1s operated under gubstantlally

atmospheric pressure except for reactor 8 and cooler 28

and, of course, the llnes feeding these elementa of the

.syatem.

Example
' £
There 18 set forth herein an example in which a

West Texas Salt Flat arude was processed. This was a

. total crude and possessed the followlng characteristics:
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1 Sulfur = 1.48 wt, %
2 It contalned constituents bolling within the percentages
' 3 indlcated:
A Initial Boiling Point4u3o°F. 41.4% (vol.)
5 430-650 26,0 "
6 650-950 23.6 "
7 950+ 15.0 "
8  This total crude may be treated in reactor 8
9 under the follewing conditions %o glve the results set
10 forth below: _
11 Temperature T84°F.
oo, .. - Pressure 400 psig. -
"ﬁﬂ;3'_v W /He. i | | 0.2
T _ Std. cubic feet of hydrogen fed
15 to the reactor 8 per barrel of o ;
-1 01l fed o 6690 -
= 17 | _ Concentration of hydrogen 5% : g
18 ~ Results . _ S :
-f_;9 o ‘ Tﬁe‘product was analyZed for sulfur and found to

3:20 _ 'cqntain_o.lﬁ%. An inspection of the 1liquild product obtained

21 ‘18 ag follows:

22 Initial-430°F. 35. 2%(Vol. )

e | 430-650 32.9% "

o 6055 s |
25 950+ | 3.0 "
‘;26~' o __:‘It_willhbernoted that the product as a result of B

: 27 the foregolng treatment was very lpw in sulfur which, of

iy g8‘. course, ;g“a'very'important advantage of the proceas.

29, Another result of the process 1s that about 90% of
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1 contaminating metals, such as iron, vanadium, ete. were
2 removed.
3 To recapltulate briefly, the present invention
; 4 re;ates to upgrading or benericiating a total crude or a
g 5 reduced crude for the purpose of producing a maxlimum
5' 6 quantity of gas oil which 1s substantially free of sulfur,
é T sodium chloride, caleclum chloride, magnesium chloride and
f 8 contaminating metals, such as iron, vanadium, etc. which
% ] are‘often present 1n the original crude. In general, the
i 10 process Inwives a continuous destruqtive hydroggnation of
%' 11 the crude oll in sump phase in the presence of a
% iz hydrogenation catalyst which 18, preferably, cobalt
13 molybdate carried on alumina, but which, however, may be
if 14 any good hydrogenatlon catalyst, such as molybdenum
15 sulfide sultably supported on platinum group metals,
16 é@pporteq on alumina, or a mixture of nickel and tungsten
AT sulfides. The molybdena sulfide and other sulfide or
:18 metg;lic.catalysts can also bergupported on aqtivated
19 alumina cpn;aiping_0,5;5% silica or a spinel of zinc and
ﬂ.?d' alumina, zine aluminate. In the case of platinﬁm, a good
21. catalyst 1s one containing 0.5 wt, % Pt carrled on 99.5
?2- !'th % A}éoj. An important feature of the present
'?3 invention involves recycling of oil from the hydrogenator
g# . afté; cooling to control temperature in the hydrogenation
.25 zone. lAnother important aspect of the invention inveolves
gé. catalyst regepe:ation and, if necessary, re juvenation and
27 a further treatment with dllute aqua regia or chlorine if
28 the catalyst is not reactivéted by conventional
29 regeneration and/br rejuvenation.




At It ST GGttt €S G

549007

- 15 -

1 Many modifications of the present inventlon may
2 be made by those who are skilled 1n the present art without

3 departing from the apirit thereof.
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as
follows:
1. A continuous method for forming gas oil substantially
free of sulfur and contaminating metals and salts from a crude
oil containing sulfur, metals and salts which comprises
subjecting the said crude oil in a hydrogenation zone having
an upper expanded portion to destructive hydrogenation at
superatmospheric pressure and elevated temperatures in the
presence of added hydrogen, the said oil being in liquid
phase and containing a hydrogenation catalyst suspanded
therein, preventing substantial back-mixing of ¢il from the
upper expanded portion of sald zone to a lower portion thereof,
.permitting catalyst to settle from the upper expanded portion
of said zone to the lower portion whereby the conversion of
formed gas oil to gasoline and other low_boiling product is
minimiz%gl-wiﬁhdrawing a portion of the oil from said
hydrﬁgéﬂétion zone, coolihg_said 0il and returning
the cooled oii to the hydrogenation zone for the purpose of
coﬁtrolling temperature therein, recovering a product containing
-subétantiél'quantities of gas o0il from the upper expanded
portion of said hydrogeration zone, subjecting the said
withdrawﬁ product to fractional distillation, recovering a
gaé olil product from sald fractional distillation zone, with-
drawing a heavy bottoms from said fractional distillation zone
containing metals, salts and catalyst, charging the said
heavy bottoms to a settling zone wherein catalyst is separated
from said bottoms, rejecting said bottoms containing metals
and salts from the system and returning recovered-catalyst
to the hydrogenation zone.
2. The method set forth in claim 1 in which the catalyst

ig cobalt molybdate carried on alumina.



549009

3. The methoad set ferth in elaim 1 in which there is

-~
I

Fed to the raaction zone from about 3-7 volumes of cooled
recycle oil per volume of fresh feed oil.

L. The method set forth in claim 1 in which the said
crude oil is high in sulfur content and gas oil obtained

as product is low in sulfur content.

5. The method set forth in claim 1 in which the

catalyst is separated from the product 0il and subjected to
treatment with an oxygen-containing gas to remove carbonacaous
and other deposits thereon so that the said catalyst is
regenerated.

4, The method set forth in claim 5 in which

periodically the regeneration catalyst is soaked in an oxygen-
containing gas for an extended period of time to restore its
activity.

7. The method set forth in claim 5 in which the
regenerated_cgtalyst which after long‘gdntinued use is not
reactivated’by conventional regenefatio@ with a-regenefaticn
'":gas, is treéted.with_an aqueous mixture of nitric acid and
hydrochloric acid in order to reactivate the eatalyst for
further use in the process.

8.  The mathod set forth in claim 1 in which the
'catalyst.cohtains platinum,

.9;. The method set forth in claim 7 in which the

catalyst contains platinum.

16. The méthod set forth in claim 1 in which the

catalyst contains cobalt molybdate.

11. The method set forth in claim 1 in which a portion

of the catalyst recovered from the settling zone is washed
to free it from contaminating oil, dried, subjected to the
influence of a regeneration gas whereby the said catalyst is
regenerated, and returning the regenerated catalyst to the

hydrogenation zone.
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