http://ww. Pat ent Gopher. com

United States Patent 119

Owen et al.

[11] 3,951,781
1451 Apr. 20, 1976

{54] COMBINATION PROCESS FOR SOLVENT
DEASPHALTING AND CATALYTIC
UPGRADING OF HEAVY PETROLEUM
STOCKS"

[75] Inventors: Hartley Owen, Belle Mead; Paul B.

Venuto, Cherry Hill, both of N.J.

[73] Assignee: Mebil Qil Corporation, New York,

N.Y.
[22] Filed: Nov. 20, 1_974
[21] Appl. No.: 525,436

[52] US. Chuoriiciiiiicnnnne 208/86 208/145;

208/153; 208/163; 208/309
I51] Int. CLE.....eeeee C10G 13/18; C10G 34/07
[58] Field of Search.............. 208/86, 120, 128, 153,

208/163, 145, 309

2,700,637 1/1955  KnOXeininiiiniiencennnns 208/86

3,168,459 - 2/1965 Andersonetal ... ... 208/120
3,617,496 11/1971 Brysonetal....c.ccoovvvervnnenne 208/128
3,775,293 1171973 WatKins....iccovivrnerneenenniinnnnne 208/86
3,785,959 1/1974 - Bryson et al......oovivecinnnnen 208/120

Primary Examiner—Herbert Levine
Attorney, Agent, or Firm—Charles A. Huggett; Carl D.
Farnsworth

[57] » ABSTRACT

A raffinate product of residual oil solvent extraction is
upgraded in a fluid zeolite catalyst cracking operation
in the presence of one or more low molecular weight
carbon-hydrogen fragment contributors. Gas oil prod-
ucts of atmospheric and vacuum distillation may be
simultaneously converted by admixture with the raffi-
nate charge. In addition the process is enhanced by
the addition of straight run naphtha product of distilla-
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- “hydrocarbon conversion operatron with one or more

1

COMBINATION PROCESS FOR SOLVENT
DEASPHALTING AND CATALYTIC UPGRADING
' . -OF HEAVY PETROLEUM STOCKS -

BACKGROUND OF THE INVENTION
Itis known in the prror art to upgrade hydrogen deﬁ-

* cient petroleum oils to more valuable products by ther-

mal and catalytic cracklng operatrons in admlxture '

with a hydrogen donor diluent material, The hydrogen
donor diluent is a material, aromatrc~naphthemc in

“nature_that has the ability to take, up; hydrogen in a
’hydrogenatlon zone and fo readlly release. hydrogen to

a hydrogen deﬁcrent oilina thermal or catalytrc crackr
ing operatlon ;

One advantage of a hydrogen donor dlluent opera-
tion'is that is can be relied upon to convert heavy oils

or hydrogen deficient oils at relatrvely high conversrons

in the presence, ‘of catalytrc agents with reduced ‘coke
formatlon Coke as formed dunng the cracklng opera-
tion is usually a hydrocarbonaceous materlal some-
times referred to as a polymer. of hrghly condensed
hydrogen poor hydrocarbons .
A great demand. continues for reﬁnery products
particularly gasolme fuel oils, and gaseous fuels. Be-
cause of the shortage of hlgh quality, ¢lean petroleum:
type feedstocks, the refiner now must turn- to heavier,
more, hydrogen deficient, hrgh lmpurrty contammg
cracking feedstocks. ., Included .in, this | category ‘are
heavy vacuum gas orls atmospherlc residua, vacuum
tower bottoms, and even syncrudes derived from, coal
oil shale, and tar sands, and even coal ltself RN
In some cases, high levels of nltrogen and sulfur con-
stitute a serious problem.in such refractory, low- crack-'
ability stocks, partlcularly with reference to down-
stream processing and product environmental and pol—
lution hmrtatrons An even more drfﬁcult problem is
posed by the _presence of metalhc rmpurltles nickel,
vanadium, iron, etc., preserved through geologrc time
in heavy petroleum fractlons Such metals,, commonly
associated with porphyrin rings, and asphaltenes in hlgh
molecular weight cuts, can cause serious engineéring-
/hardware problems in, catalytlc cracking. As catalyst i is
exposed. to repeated cycles of reactlon/regeneratlon in
a fluid cat cracker (FCC), these metals are absorbed
and tend to build up w1th time and: accumulate on the
tions, resultmg in formatron of very large amounts of
coke, large amounts of H, gas, which ‘may put a severe
strain on the FCC unit regenerator air blower and-wet
gas compressot capacity. Further, and very- rmportant,
their presence is often assocrated w1th a,serious loss of
conversion and gasolme yield. v

SUMMARY OF THE: INVENTION

The present invention is concerned with provrdmg

mobile hydrogen alone or combined with-carbon’in

molecular fragments in a, crystalhne zeolite hydrocar-
bon’ conversion opération in such amounts that.the

yield of high quahty desired hydrocarbon product will- 6!

be produced in substantial quantmes In a more partic-

ular aspect the present invention is concerned.: with:
providing hydrogen contributing materials and/or -car-'-

2

crystalhne zeolite conversion catalytlc materials which

"s’gwrll promote chemrcal reactrons ‘with mobrle hydrogen

andjor carbon-hydrogen molecular fragments Jin addi-
tion to promotmg the catalytlc conversion of a raffinate

: product of resrdual orl extraction alone’ or in combma-

' thl’l

10

with gas oil fractions to ‘provide ‘useful products
contrlbutmg to gasoline borlmg range materlal
In the combination process of this mventlon large

- quantities of a “Iow molecular werght carbon- -hydrogen

- fragment contrrbutmg agent or material”’and a raffi-
:~nate product. of vacuum tower bottom solvent extrac-
* tion cornbmed ‘with one or more products of crude oil
; dlstrllatlon comprising strarght run naphtha gas oil

15

products of atmospherlc and_vacuum distillation are
converted in the presence of 2, selectlve zeolite catalyst

) wrth a crackmg or acid functrop A catalyst suitable for
- the purpose is a crystalhne zeolite catalyst or a combl-
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‘catalyst systems comprrsmg drspersed cata]yst phase‘
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bon-hydrogen molecular fragments-in.a catalytrc eracke

ing operation . which are lower, boiling' than :a’ hlgher
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molecular weight hydrocarbon charge’ composrtron N
passed | to ‘the cracking operatlon In yet.another aspéct -
the present invention is concerned with providing the "

nation of zeglite' comprising, an acid. function, which.
promotes crackmg and additive carbon- hydrogen reac-’
tions to produce gasohne borhng products in combina-
tion with higher and lower borhng products of (2) 1m-"

'proved quality and (b) yield saperior.to that formed in

the absence of the “low molecular. weight .carbon-
hydrogen fragment contrrbutmg materlal” The crack-
ing and additive reactlons may also_occur in, ‘the pres-
ence of a catalyst with a hydrogen actlvatmg and/or
hydrogen-transfer functlon durmg exposure of the re-
actant mixture at an elevated temperature to the’ cata-
lysts herein identified.

A partrcular advantage of the reactlon concepts of

'thls mventron is that they occur at low pressures (i.e.at

pressures ‘commonly employed in_current. catalytlc

‘crackmg operatlons or. slightly hrgher) 1t is most pre-

ferred, that the redctions. be performed in ﬂuldlzed

riser operation "alone or in combination Wwith a more
dense fluid catalyst bed system, ‘Some relatlvely dense’
fluid catalyst phase systems may also be employed w1th
high success. .

Some specrﬁc advantagees de "vable from the im-
proved process: concept of this invention include im-
proved crackablhty of, heavy feedstocks mcreased
gasohne yleld and/or gasohne quahty ( mcludmg octane
and volatlhty), and fuel oil fractiotis of improved yield
and/or ‘burning quahty and lower levels of potentially
polutmg impurities such as sulfur: and mtrogen The
need for costly hrgh pressure hydrotreaters and hydro-
crackers using expensive. molecular hydrogen rich gas
can thus be eliminated, or the severity requlrements of
the operation greatly décreaséd, thus saving consrder-
able capital investment and operatmg costs.- .

y “low molecular weight carbon- hydrogen contrrb-
utmg materlal” i$‘meéant materials. comprrsmg a lesser
number of éarbon atoms than found in materials within
the’ gasohne borhng range and preferably those materi-
alg’ containing 5 or less carbon atoms that fit mto any of
the’ categories of: - i
a. Hydrogen -rich molecules ie. molecules with wt. %

ranging from about 13.0-25.0' wt% This may. in-:
.. clude llght parafﬁns i.e. CH,,, C2H6, C.\,H8 and otherr
_ materials. .
b, A hydrogen donor molecule, 1e a molecule whose -
.,‘chemlcal structure permits or favors lntermolecular
?hydrogen ‘transfer. This includes CH;0H, ‘other low
',-bolhng alcohols such ‘as ethanol n- propanol isopro-

- pariol; n: butanol isobutanol, etc., ahphatlc ethers

other oxygen compounds (acetals aldehydes, ke-
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tones) certain sulfur, nitrogen and halogenated com-
pounds. These would include C,-C; aliphatic mer-
captans, disulfides, thioethers, primary, secondary
tertiary amines and alkylammonium compounds, and
haloalkanes such as methyl chloride etc.

. Reactants that chemically combine to generate hy-
drogen donors or ‘‘active” or ‘“‘nascent” hydrogen,
i.e. carbon monoxide, CO, especially CO + H,O, CO

+ H,, CO + alcohol, CO + olefin, etc.

Secondary Reaction Products from materials in cate-
gories (a), (b), or (c) above that are hydrogen do-
nors themselves, or transfer hydrogen, or become
involved in intermolecular hydrogen transfer in

which hydrogen redistribution occurs. This includes

olefins, naphthenes, or paraffins.

. Classes of materials which are structurally or chemi-
cally equivalent-to those ‘of category (d), notably
olefins, etc.

f. A combination of any or all of the materials in cate-
gories (a) through (e). :
g. Preferred low molecular weight materials include

methanol and C,—C; olefins.
By “high molecular weight residual feedstock™ is
meant any material that boils higher than an atmo-

d.

spheric gas oil and in particular refers to a residual oil-

of atmospheric and/or vacuum distillation. It is espe-
cially preferred that “high molecular weight feed-
stocks” include vacuum tower bottoms, heavy vacuum
gas oils, atmospheric resids and syncrudes from shale
oil, tar sands or coal.

By catalyst with a “cracking or acid function” is
meant an acidic composition, most preferably a solid,
such as a crystalline zeolite cracking catalyst and com-
binations thereof. The composition includes a crystal-
line zeolite component (or components) intimately
dispersed in a matrix. Zeolites ZSM-5 and ZSM-5 type,
mordenite and dealuminized mordenite, TEA morden-
ite and faujasite type catalyst in combination therewith
are preferred.

By catalyst with a “‘hydrogen-activating function” is
meant one of several classes of catalysts which aid in
the redistribution or transfer of hydrogen, or which are
classified as hydrogen dissociation, hydrogen activa-
tion, or hydrogenation catalysts. The catalyst with a
“hydrogen-activating function” may or may not con-
tain a metal function. Some of the preferred metal
functions are Pt, Ni, Fe, Co, Cr, Th, (or other metal
function capable of catalyzing the Fischer-Tropsch or
water-gas shift reaction), or Re, W, Mo or other metal
function capable of catalyzing olefin disproportion-
ation.

The term “hydrogen transfer” is known in the art of '

catalytic conversion to characterize the ability to trans-
fer hydrogen other than molecular hydrogen from one
type of hydro-carbon to another with a catalyst particu-
larly promoting the transfer. This type of chemical
reaction is to be contrasted with hydrogenation cata-
lysts or catalyst components capable of attaching to an
olefin from gaseous molecular hydrogen.

- A group of highly active catalysts particularly suit-
able for use in the practice of the present invention are
zeolitic crystalline aluminosilicates of either natural or
synthetic origin having an ordered crystal structure.
These crystalline zeolite materials are possessed with a
high surface area per gram and are microporous. The
ordered structure gives rise to a definite pore size of
several different forms. For example, the crystalline

zeolite may comprise one having an average pore size
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of about 5A such as Linde 5A or chabazite or it may be
an erionite or an offretite type of crystalline zeolite. A
crystalline zeolite with a pore size in the range of 8-15-
A pore size such-as a crystalline zeolite of the “X” or
“Y faujasite type of crystalline material may be used.
Mordenite and ZSM-5 type of crystalline aluminosili-
cates may also be employed. In the process of the pre-
sent invention it is preferred to use crystalline zeolites
having a pore size sufficiently large to afford entry and
egress of desired reactant molecules. Thus, the catalyst
is preferably in part a large pore crystalline zeolite such
as an “X’" or “Y” faujasite variety or it may be a mix-
ture of large and smaller pore crystalline zeolites. In
this regard the mixed crystalline aluminosilicates used
in the method of this invention will provide a pore size
spread greater than 4 and less than 15 Angstrom units.
The small pore zeolite portion of the catalyst may be
provided by erionite, offretite, mordenite and ZSM-5
type of crystalline zeolite. Methods of preparing these
various crystalline zeolites are the subject of numerous
patents now available.

The aluminosililcate active components of the cata-
lyst composite may be varied within relatively wide
limits as to the crystalline aluminosilicate employed,
cation character, concentration as well as in any added
component by precipitation, adsorption and the like.
Particularly, important variables of the zeolites em-
ployed include the silica-alumina ratio, pore diameter
and spatial arrangement of cations.

The crystalline aluminosilicate or crystalline zeolites
suitable for use in the present invention is usually modi-
fied in activity by dilution with a matrix material of
significant or little catalytic activity. It may be one
providing a synergistic effect as by large molecule
cracking, large pore material and act as a coke sink.
Catalytically active inorganic oxide matrix material is
particularly desired because of its porosity, attrition
resistance and stability under the cracking reaction
conditions encountered particularly in a fluid catalyst
cracking operation. Inorganic oxide gels suitable for
this purpose are fully disclosed in U.S. Pat. No.
3,140,253 issued July 7, 1964 and such disclosure is
incorporated herein by reference.

The catalytically active inorganic oxide may be com-
bined with a raw or natural clay, calcined clay, a cal-
cined a clay which has been chemically treated with an
acid or an alkali medium or both. The catalyst may also
be provided with an amount of iron and/or nickel
which materials are known to promote the Fischer-
Tropsch reaction. The matrix material is combined
with the crystalline aluminosilicate in such proportions
that the resulting product contains a minor proportion
of up to about 25% by weight of the aluminosilicate
material and preferably from about 1% up to about 25
weight percent thereof may be employed in the final
composite. '

The mobile hydrogen component of the reaction
mixture of the present invention may be provided from
several different sources, such as the high molecular
weight feed and the low molecular weight material, it
being preferred to obtain hydrogen moieties from gasi-
form and vaporous component materials occurring in
the operation lower boiling than the hydrocarbon ma-
terial charged to the cracking operation. Thus, it is
proposed to obtain the hydrogen moieties suitable for
hydrogen distribution reactions from component and
component mixtures selected from thr group compris-
ing methanol, dimethylether, CO and water, carbon
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S
monoxide and hydrogen, CH;SH, CH;NH,, (CH);N,
(CH),N*A~, whiere A~ is an anion such as a halide,
hydroxyl, etc. and CH,X, where X is a halide such as
fluorine, bromine, chlorine and iodine: Of these hydro-
gen contributing materials it is preferred to use metha-
nol alone or in combination with either CO alone, or
CO and water together. On the other hand, itis con-
templated combining light olefinic gaseous products

found in pyrolysis gas and the products of catalytic.

cracking such as ethylene, propylene and butylene with
the hydrogen .and/or carbon hydrogen contributing
material. In any of these combinations, it is preferred
that the mobile hydrogen or the carbon-hydrogen frac-
tion be the product of one or more chemical reactions
particularly promoted by a relatively small pore crystal-
line zeolite such as ZSM-5 type of crystalline zeolite or
an intermediate pore size mordenite type zeolite. Meth-
anol is a readily available commodity obtained from
CO and H, synthesis, coal gasification, natural gas con-
version, and other known sources.

The current concept employs a ﬂurdrzed catalyst
system at low pressures without the need for high pres-
sure hydrogen gas. Such a system promotes the highly
efficient -contact ' of relatively inexpensive hydrogen
contributing low molecular weight materials with
heavy, refractory molecules in the presence of high-
surface area cracking catalyst with or without “hydro-
gen-activating catalyst functions”. Intermolecular hy-
drogen-transfer interactions and - catalytic cracking
reactions effected in the presence of fluidized catalyst
particles ‘minimize problems due to- diffusion -mass
transport limitations and/or heat transfer.

The concepts of the present invention make use-of
relatively cheap, low molecular weight carbon-hydro-

‘gen contributors comprising C; to C; olefin-paraffin

mixtures readily available in petroleum refineries, such
as light gaseous- fractions which are products of the
process or available from other sources. It also makes

.use of methanol, a product which is readily available in

quantity, either as'a transportable product from over-
seas natural gas conversion processes, or as a product
from large scale coal, shale, or tar sand gasification. It
also can utilize carbon monoxide (in combination with
hydrogen contributors such as.water or methanol),

which gas is readily available from refinery regenera-

tion-flue gas (or other incomplete combustion. pro-
cesses), or from coal, shale or tar sand gasification.
Highly efficient recycle of unused and formed hydro-
gen contributors is particularly relied upon.

In an operation embodying the concepts of this in-
vention using methanol in combination with a residual

‘oil type of hydrocarbon charge stock or raffinate ex-

tract thereof, a ratio of ‘methanol to hydrocarbon
charge passed to the cracking operation may vary de-
pending on the charge converted and may be selected
from within the range of from about 0.01 to about 5, it
being preferred to maintain the ratio within the range
of about 0.05 to about 0.30 on a stoichiometric weight
basis. However, this may also be varied as a-function of
the hydrogen deficiency of a raffinate: obtained from
solvent deasphalting a vacuum ‘tower’ bottoms, the
amount of sulfur, nitrogen and oxygen in the raffinate
obtained, the amount of polycyclic aromatics, the cata-

lyst composition ‘employed, and the level of conversion

desired. It is preferred to avoid providing any consider-
able or significant excess of methanol with the charge
because of its teridency to react with itself under some
conditions.
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Int a specific embodiment, this invention includes the
catalytic coriversion of high and low boiling hydrocar-
bon compositions comprising mixtures of naphtha and
raffinate product of solvent extracting the high: boiling
portion of an asphaltic crude in the presence of carbon-
hydrogen’ fragment contributing" materials comprising
olefin rich C; to C; hydrocarbons in the presence of -
crystalline zeolite conversion catalysts particularly per-
forming the chemical reactions of cracking, hydrogen
redistribution, olefin cyclization.and chemical reaction
providing mobile hydrogen in 6ne of several different
forms :and suitable for completing desired- hydrogen
transfer reactions. The chemical treactions desired. are
enhanced by the addition of methanol to the feed and
promoted by a mixture of large and small pore crystal-
line zeolites in the presence of hydrogen donor materi-
als such as methanol or -a mixture of reactants which
will form methanol under, for example, Fischer-
Tropsch, or .other processing conditions. The condi--
tions of cracking may be narrowly confined within the
range of 900° F. to 1200° F. at a hydrocarbon residence
time within the range of 0.5 second up to about 5 min-
utes. The catalyst employed is preferably selected from
a rare earth exchanged “X" or "*Y” faujasite type crys-
talline zeolite material alone or in combination with'a
Mordenite or ZSM-5 type crystalline zeolite, either
component of which is employed in an -amount within
the range of 2 weight percent up to about 15 weight
percent dispersed in a suitable matrix material., The
faujasite and mordenite crystalline zeolites may be
employed alone or in admixture with a- ZSM-5 type of
crystalline zeolite supported by the same matrix or by a
separate silica-clay matrix containiing material.

The process combination of  the present invention: is
particularly concerned with separating a crude oil to
obtain straight run naphthas,-gas oils and a residual oil,
separating the residual oil :by vacuum distillation to
obtain a high molecular weight asphaltic residue which
material is solvent extracted with preferably an olefin
rich C, to C; product of the combination process. The
vacuum tower residue will boil in excess of about 1000°
F.. and comprises undesired components comprising
asphaltenes, metal and sulphur contaminants. The raf-

- finate product of solvent extracting the vacuum tower
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residue “may be combined ‘with ‘one or. more gas .oil
products of atmospheric and vacuum tower drstrllatlon
before . effecting. solvent “extraction:thereof. On .the
other hand, when processing a highly asphaltic crude,
the residual oil product of atmosphenc distillation may
be passed directly to the solvent extraction step thus
bypassing the vacuum distillation step of the process.
Propane deasphalting residual oil products of distilla-
tion is well known in the prior art. However, the combi-
nation process of this invention ' departs from the
known prior art by using olefin. rich solvents which are
of themselves carbon- hydrogen fragment contributors
under relatively high tempeérature.zeolite cracking op-
erations and this solvent can be desirably retained. at
least in part in intimate admixture and strategic associ-
ation with the raffinate product of extraction subse-.
quently subjected tothe -high temperature cracking.
operation. In this combination, prOpane is not'a partic--
ularly desirable solvent since it remains relatively. un-
touched: in the cracking operation and: thus does' not
produce the carbon-hydrogen fragments desired by this
invention. Thus it is proposed to solvent extract a resid-
ual-oil relatively high in asphaltenes, metals and sulfur

“with a C; to Cs olefin rich product of high temperature
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7
zeolite cracking at a temperature in the range of 100°
F. to 250° F. and a pressure in the range of 300 to 700
psig to obtain a raffinate product of considerably re-
duced asphaltene content. The raffinate thus obtained

Q s thereafter flash separated to recover a portion of the
o solvent from the raffinate. The recovered solvent (C; to

http://ww. Pat ent

C; olefin rich) is then passed to a cooling operation of
desired pressure wherein its temperature is reduced to
about 100° F. beforc recycle thereof to the solvent
extraction step. ' .

. In the combination operation of this invention, it is
desired to reduce the viscosity of the raffinate product
by combining with straight run naphtha separated from
the crude charge in the atmospheric distillation zone.
Thus the straight run naphtha material comprising Cs
up to 380° or 400° F. boiling hydrocarbons, combined
with the raffinate of residual oil extraction, assists with
obtaining intimate contact of a zeolite cracking catalyst
with the raffinate in a riser cracking operation and its
presence during the high temperature cracking opera-
tion of at least 1000° F. is associated with an improved
octane rating in the gasoline product so produced. The
riser cracking operation in the presence of a faujasite
zeolite cracking catalyst is effected at a temperature
within the range of 800° F. to about 1200° F. relying
upon a pressure within the range of atmospheric up to
100 or more pounds of pressure. Generally the pressure
will be less than 200 psig and the conversion tempera-
ture will be about 1000° F. at a hydrocarbon residence
time within the range of 0.5 to 10 seconds.

It has been described hereinbefore that the combina-
tion operation of this invention is dependent upon the
upgrading or conversion of fractions of crude oil by the
use of one or more carbon-hydrogen fragment contrib-
utors obtained in the high temperature conversion of
such combinations with crystalline zeolite conversion
catalysts promoting the reactions. Thus the carbon
hydrogen fragment producer may be the solvent used
to obtain the raffinate oil phase, it may be a separate
source of C,- olefinic materials added to the oil charge
passed to the riser conversion zone after the solvent
extraction step and such olefinic materials may be sup-
plemented in their contribution to the conversion pro-
cess by the addition of other similar contributors such
as methanol.

The hydrocarbon product of the riser cracking oper-
ation is separated as herein discussed and a C; to Cs
product fraction of the riser cracking preferably rich in
olefin constituents is recovered for recycle to the sol-
vent extraction step discussed. All or a portion of this

10

20

25

30

35

40

45

50

material may be recycled. On the other hand, since itis

olefin rich and suitable for alkylation purposes a sub-
stantial portion thereof may be passed. to alkylation
along with an isobutane product of the combination
operation. ' T

BRIEF DESCRIPTION OF THE DRAWING

The drawing is a diagrammatic sketch in elevation of
a combination for solvent deasphalting/demetalization
and catalytic upgrading of a heavy component fraction
of crude oil. . . :
" Referring now to the drawing, a crude oil charge
introduced by conduit.2 is passed to an atmospheric
distillation tower 4 wherein a first separation of the

crude oil charge.is made in a manner as known in the .

art. For convenience, tower 4 is shown recovering an
overhéad fraction by conduit 6 which contain materials

55
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boiling below, for example, a heavy naphtha fraction - :

separated and withdrawn by conduit 8. The naphtha
recovered by conduit 8 may boil in the range of about
180° to about 400° F. A kerosine boiling fraction is
recovered by conduit 10 and a fuel oil-gas oil fraction
may be recovered by conduit 12. An atmospheric
tower bottoms fraction boiling above about 900° F. is
withdrawn by conduit 14 for further processing as
herein discussed. .

In one embodiment, an atmosphereic tower bottoms
of low asphaltene content is used as the charge passed
directly to the riser of a fluid catalyst cracking unit. In
another arrangement an atmospheric tower bottoms of
high asphaltene content is first passed to a vacuum
tower 16. A light vacuum. gas oil is recovered by con-
duit 18, a heavy vacuum gas oil is recovered by conduit
20 and a vacuum tower bottoms is recovered by con-
duit 22. The light and heavy vacuum gas oils may also
be used separately or together as charge to a fluid
cracking operation such as described below.

In a particular embodiment, the vacuum tower bot-
toms boiling above 1000° F. and comprising asphal-
tenes is passed by conduit 22 to a solvent deasphalting
zone 24. In zone 24, a cooled solvent stream recovered
from zone 38 is admixed with the vacuum tower bot-
toms to effect a separation of asphalt from the remain-
ing heavy oil charge. Separated asphalt is removed by
conduit 26. The raffinate comprising the heavy oil
dissolved in solvent is passed by conduit 28 to a flash
zone 30 wherein a portion of the solvent is separated
from the raffinate for recycle to the solvent extraction
step. The temperature and pressure of flash zone 30 are
selected to regulate the ratio of solvent retained by the
heavy oil in a desired amount. The flashed solvent is
passed by conduit 32 to cooler 34 and thence by con-
duit 36 to cooling unit 38. The raffinate is removed
from zone 30 by conduit 40 communicating with the
riser conversion zone of a fluid catalyst cracking unit
more fully discussed herein. Conduit 42 is provided for
passing atmospheric tower bottoms from conduit 14 '
directly to conduit 40 and thence to the riser reactor 48
thereby bypassing vacuum tower 16 and the solvent
deasphalting zone 24 discussed above..

A low molecular weight carbon-hydrogen fragment
contributor such as methanol and/or C; minus gasiform
material which may be primarily olefinic is introduced
by conduit 44 combined with the heavy oil feed in
conduit 40. The mixture is then heated as by a furnace
46 or other suitable means to an elevated temperature
up to about 800° F. before contact is made with hot
regenerated catalyst introduced to the bottom of riser
48 by conduit 50 to form a suspension at a temperature
within the range of 900° F. to about.1100° F. The hot
regenerated catalyst introduced to the lower portion of
the riser by conduit 50 may be at a temperature of
about 1350° F. In riser 48, a high temperature short
contact time (0.5-10 seconds) riser conversion opera-
tion is. maintained for converting the heavy oil charge
to gasoline as well as lower and higher boiling compo-
nents in the presence of a zeolite cracking catalyst.

The catalyst employed may be a:faujasite crystailine
zeolite type material, a ZSM-5 type crystalline zeolite,
a dealuminized mordenite type crystalline zeolite and
mixtures thereof. S

The suspension formed as above provided is passed
upwardly through the riser conversion zone 48 for
discharge into one or more cyclonic separators repre-
sented by separator 52 wherein a separation is made
between particles of catalyst and vaporous materials.
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The separated catalyst is collected as bed 54 which is
stripped of .entrained-.vapérous; products by, gaseous
material introduced by ‘conduit 56. The stripped cata-
lyst is passed by.conduit 58 to, a catalyst, regeneration.
zone 60 wherein carbonaceous deposits are: removed
by burning in the presence of an oxygen contammg
regeneration gas such as air or oxygen modifi ed air
introduced. by conduit 62, ... - -. .

The vaporous products of the riser crackmg opera-
tion are passed by conduit 64 to a fractionator or distil- 1
lation zone 66. In distillation:zone 66, a separation is
madé to récover A clarified’ Slurry oil (CSO) removed
from the bottom.of the distillation zone by conduit 68.
A heavy cycle oil is’ withdrawn by ‘coriduit 70; a light

cycle oil is withdrawn by conduit 72 and a heavy’ naph- ¥y

tha fraction is withdrawn by conduit 74. An overhead
fraction is withdrawn by conduit 76 for” passage to
cooler 78 wherein the temperature of, the overhead is
reduced to about 100° F. The cooled Gvertiead i is then

passed by conduit 80 to accumulator drum 82:In drum 20

82, a phase separatron is made into a vaporous phasé
and a liquid phase’ at a temperature of about 100°, F.
The liquid is withdrawn by conduit 84 and’a’ pomon

thereof is recycled to the tower 66 as reflux by conduit :
86. The remaining portion of the condensed liquid is 25

passed by conduit 88 to an accumulator,drum 90. Va-
porous material removed by conduit 92"is: passed by
compressor 94 and condurt 96 to accumulator drum:90:-
maintained at a temperature of 100°F. and a pressure

of about 200 psig. In drum 90 a rough separation is 30

made to separate a light naphtha fraction boiling below
about -320° F. at its’90 percent ASTM. boiling point
from lower borlmg vaporous material COmprlSlng pri-
marily C, minus material. The light naphtha is recov-

d b d 35,
ered by conduit 98 and passed to a light ends recovery = parts by weight of naphthenic naphtha was. ‘prepared.

represented by ‘box 102. The vaporous material is

-passed by conduit 100 to a light ends separation and

recovery operation also represented by box 102.
- Inthe light ends separation operation; C;-and lighter ..

materials are separated and recoveréd as by conduit 40

104. C, olefins and saturated C, components are sepa-
rated and recovered by conduit 106 with C,+C; olefins
and saturated components thereof recovered by con-
duit 108. A naphtha-fraction. boiling. from about. 90° F.

to 320° F. as above identified, is recovered -by-conduit 45

109 and passed to storage or further‘\proceSSrng ot

:shown.

In the combmatlon operatron of thrs mventron the C.,

to C; products of the cracking operatron are ‘combined
and used for alkylatlon recycle to the riser reactorora 50

portion thereof is passed by conduit 110+to refrigera-
tion unit 38. Other sources of C; to Cg"o efing’and/or
paraffins may be added to the process by ‘conduit, 112,
Thus as discussed above the C; to Cy gasrform prod‘ucts

of the cracking operation separated in zon¢ 102 are 55

employed after suitable cooling and pressuring thereof
for use in solvent deasphalting of the-heavy:oil-charge:
before processing the deasphalting feed in the tiacking
operation. In the combination operation herem. dis-

cussed, it has been found particularly desirable. to:rely. 60:

upon an olefin rich solvent material comprising’C;"and
ligher materials -which convert to desired - ¢arbon-
hydrogen fragments in the cracking operation’ subse-
quently performed It has also been noted that, the

virgin naphtha component combined with thé-crude oil -65-

charge and comprlsmg material boiling in the range of
180° to 380° F. is associated with producmg a relatxvely
high octane product during the riser cracking opera-

10
tion;, It can be accomplished separately or in compina-
tion:with. the solvent regcovered, low. asphalt .containing;
feed combmed with.a low- molecular .weight carbon:

5 hydrogen fragment contributor discussed: ‘herein. Thus

~ all or a portion of the heavy straight run naphtha with-
drawn.from the crude oil, atmosphenc distillation 4 as
by conduit 8 may be'passéd ‘all or'in part by conduit
114 for admrxttlre w1th the solvent recovered oil.charge
or raffinate in conduit 40. Also the straight run-naphtha

‘- may. be. passed in. part by  conduit 116 to a catalytic
reforming , operatron not shown or a separate riser reac-

tor conversion zone as above provided but not shown
for octane improvement with a zeolite catalyst It is:
preferred, however, to process the naphtha combmed
with carbon-hydrogen contributor either alone or .in-
part with' the solvent recovered heavy charge oil'in a
high temperature riser. cracking operation ‘to improve
contact between oil charge and catalyst particles dur-
ing conversion thereof in the presence of crystallme
zeoliter catalytic material herein defined: ;.. - -
The gas oil or light fuel oil fraction recovered from

; tower 4 by conduit 12 may be sent;to storage and fur-
¢ ther use’ ‘ad’désired or it may be passed by conduit, 42

dlrectly to. the. solvent deasphalting unit 24 for admix-
ture with the vacuum tower bottoms passed by conduit
22, o o

DISCUSSION OF SPEClFIC EMBODIMENTS

~The combjination operatton of the present-invefition:
was found to be. an, effective method for upgradmg
residual materials as evidenced by the following' exam-
ples.,

A composrte feedstock comprising-80 parts by werght
of Arab Light propane deasphalting raffinate ‘and 20

Identification and inspections for these two compo-
nents:are prov1ded in Table 5 below. The composite
feed (s g. 60° F. = 0.9022) was prepared because the
propane deasphalted (PDA) raffinate was too. heavy
and waxy by itself to flow properly and freely in‘ test
equnpment The composite feed was combined with
1-butene (79.1 weight percent based on PDA raffinate)-
to form a-blend which was pumped to a feed preheater
of a 30 foot riser fluid catalyst test reactor. The blend
was mtlmately mixed in-the preheater: at 790°-F.-and
then brought in contact with hot catalyst. (1082° F.).in
the ‘riser reactor inlet. The catalyst was a 15% REY
(rare’earth exchange ‘Y™ faujasite crystalline zeolite
containing catalyst 67.5 FAI) which had been burned
white: The riser reactor ifilet mix temperature of the
feed- catalyst suspension formed was 1000° F., ration of

catalyst to composite feed. comprising: 1. butene car-

bon-hydrogen fragment contributor ‘was 10: 20 to 1,
catalyst residence time within the riser was determined
as 3.86 seconds, the riser inlet pressure was 30 psig and
the ratio of catalyst residence time to feed residence
tife provided acatalyst slip factor of about 1.24. The
riser effluent was separated into a hydrocarbon phase
and "z ‘vatalyst phase.” The catalyst contained” 0:586.
weight percent carbon. The catalyst was stripped; and
gasiform material comprising the separated hydrocar-
bon phase was separated by distillation and: analyzed. -
Data obtained under the above identified operating
conditions are identified as run number H- 685. ‘The
data obtained including mass balance gasoline, mspec-
tions, cycle oil inspections and feed stock mspectlon
are presented in Tables 1,2, 3, 4 and 5 respectively..
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Table 3-continued

which was processed under similar conditions but in
the absence of 1-butene as a carbon-hydrogen frag- GASOLINE INSPECTIONS
. - Run H-684 Run H-685
ment contributor.
5 Distillation, °F.
Table 1 0% 84
CONVERSION OF ARAB LIGHT 50% 272
PROPANE DEASPHALTED RAFFINATE 90% 368
W/WO 1-BUTENE OVER ZEOLITE CATALYST
Reaction Conditions -
H-684 H-685 10
Reactor Inlet Temp., °F. 1000 1000 Table 4
0Oil Feed Temp., °F. 790 790
Catalyst Inlet Temp., °F. 1113 1082t CYCLE OIL INSPECTIONS
Catalyst/Oil (wt/wt) Ratio 8.05 10.20 Run H-684 Run H-685
Catalyst Residence Time 4.90 3.86 -
Reactor Inlet Pressure, psig. 30 30 15 Sp. Grav., 60°F. 1.0428 1.0505
Moles of Product/Mole Feed API Gravity, 60°F. 4.2 3.2
(ex coke) 3.349 1.715 Sulfur, % Wt. - -
Oil Pal:tial Pressure, Inlet . ) Hydrogen, % Wt. 7.82 7.81
T g;la fg& ?gg’g : R1,70°C. - 1.595 1.599
ir V- Hyd bon Type, Wt.%
C;rli)on, Spent Catalyst, % wt. 0.627 0.586 P:ral:f)':l:'lzr o Jpe 28
Slip Ratio 1.24 1.24 X -
Co-cracking Agent - 1-Butene 20 Mono-naphthenes 07 -
Co-cracking Agent, wt.-% Poly-naphthenes i ) 1.5 -
of Oil feed —_ 79.1 A{og’nan.cs 95.0 —
Molar Ratio, Co-cracking” Distillation, °F. .
Agent/Oil Feed — 4.93 10% 440 442
Catalyst 15% REY 50% 529 547
Burned White, FAl = 67.5 .25 90% 745 752
‘*'Based on both oil plus 1-butene Aron;:;i:;ngficz:ﬁdw:%
Mono-aromatics 7.3 -
Di-aromatics 48.0 —
Table 2 Tri-aromatics 15.0 -
- ti 8.8 -
Product Selectivities (Basis = 100 g Oil Charge Feed) 30 petra-aromatics 16 _
Run H-684 H-685 Sulfur Compounds
Charge In Benzothiophenes 9.7 —
Oil charge, . 100.0 100.0 Dibenzothiophenes . 7.3 -
1-Butene, g. — 81.1 o ;laphthobenzothlophenes 3.3 -
ther ~
Prgglll?:lt'sg(f)ut, g 100.0 181.1 35 Ratio, Diaromatics/Benzothiophene 4.95 —
C; + Gasoline'® 55.43 63.35
Total C, 12.37 74.61 .
Dry Gas 9.90 15.83
Coke 5.49 11.77 Table 5
Cycle Oil'? 16.81 15.52
Light Product Breakdown._g._ 40 INSPECTIONS!®) 8309F. + ARAB LIGHT
H,S 0.69 0.53 PDA RAFFINATE AND COASTAL
H, 0.04 0.09 NAPHTHA (ST. RUN)
C, 0.99 1.58 Description Arab Lt. Coastal
C= 0.88 1.49 PDA Naphtha'®!
C; 0.75 1.14 Raffinate
gF ;gg ggg 45 Physical Properties
y - - Gravity *API at 60°F. 20.8 409
C= 4.46 338 Sp. Gravity at 60°F. 0.9291 8207
£ HEH HE Carbon Residue, CCR, Wt.% 211 =
ror— - : Retractive Index, 70°F. 1.49684 -
Cy= 1.95 1.78 Molecular Weight 685 118
e 6.41 8.29 Chemical Analyses
LG 1.07 L12__ 50 " Hydrogen, % Wt. 12.25 13.65
Recovery, wt.% of feed 97.36 108.2 Sulfur, % Wt. 2.193 —
H,-Factor 19 14 Nitrogen, % Wt. 066 -
Gasoline Efficiency, Apparent™® 66.6 75.0 Basic Nitrogen, ppm 239 —_
®. 356°F, at 90% ASTM cut point. i Metz;:si.cgg;n - 0.5 _
- S g. i . oil — g. i 00. . y
Defined here as g. gasoline/100 g. oil 8 cycle O.Il x1 55 Vanadium :(2) _
Copper . —
fron 0.3 -
Table 3 Molecular Type, wt.%
Paraffins - 15.7 15.1
GASOLINE INSPECTIONS Naphthenes 33.2 72.5
_Run H-684 Run H-685 Aromatics 51.2 12.1
istillati -D-1160 ASTM
Sp. Grav., 60°F. 0.7411 0.7220 60 D'S““la';‘l‘,’“ (type) D . 5%
API Grav., 60°F. 59.4 64.5 5 Vol.%. °F 900 310
Cs + Sp. Grav., 60°F. calc'd. 0.7505 0.7386 10 Vol.%. °F. 940 314
R + 0 Octane No., Raw 90.3 . >94 20 Vol.%: oF. 973 320
- 30 Vol.%, ° F. 1014 332
Hydrocarbon Type, Cs-Free, Vol.% 50 VL% °F. 1026 337
Paraffins 34.6 324 65 oV I%‘ op 342
Olefins 8.0 9.5 ol'%' o 248
Naphthenes 17.5 15.1 70 Vol.%, °F. 356
Aromatics 39.7 43.1 80 Vol.%, °F. 3eo
Gasoline, wt.% H, 12.62 12.49 90 Vol.%, °F.

95 Vol.%, °F.
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Table S-continued
INSPECT'ONS(M, 6500F, + ARAR I‘[(ilﬂ_'

PDA RAFFINATE AND COASTAL
NAPHTHA (ST. RUN)

Description Arab Lt, Coastal
PDA Naphtha‘®
Raffinate :
FP : 408

®R+0 Octane = 61.1
WFor composﬂe feed of PDA raffinate plus naphtha, lhe welght percent hydrogen
(calc.) is 12.53.

An evaluation of the data presented in the tables
above show the. following improvements when using
1-butene in the feed composite during zeolite cracking
thereof. It will be observed from Table 2 that run
H-685 dccomplished in the presence of 1-butene pro-
vided significantly improved Cy+ gasoline yields (A
1mprovement =17.92 wt.%) of which 22% improvement
is obtained from the Cjy’s with the preponderance

thereof comprising 78% consisting of Cg+ gasoline. In -

addition the gasoline efficiency was improved by 8.4%
(wt. basis) and the gasoline quality was improved. That
is, mass spectroscopic “PONA™ hydrocarbon- -type
analysis shows therc were obtained fewer paraffins and
naphthenes, slightly more olefins and more aromatics

as follows:
Hydrocarbon 'fype A, vol.%
P =22
o] +1.5
N —2.4
A

34

From the gasoline inspection data of Table 3, it will
be observed that there is a'sigiiificaiit improvement in

‘octane number, greater than 94.0 R+0 (Research

Clear) for the conversion operation in the presence of
1-butene olefin and about 90.3 R+0 (Research Clear)
without 1-butene carbon-hydrogen: fragment contribu-
tor with the feed. Thus a delta, A, octane improvement
of 3.70 R+0 units was obtained. The improved octane
number is reflected in the more hydrogen deficient
gasoline formed with the olefin (1-butene) cocracking
operation (12.49% H,) vs (12.62% H,) without 1-
butene. Note also that the R+0 octanie number of the

‘coastal naphtha used to form the composxte feed was

determined as 61.10.

In addition to the above, the conversion operatlon in
the presence of 1-butene produced slightly more ethyl-
ene (+0.61 wt.%) and significantly more propylene (+
4.5 wt.%). These materials are useful as feed to an
alkylation unit. On the other hand, a large increase in
isobutane (+ 5.37 wt.%) was also obtained in the com-
bination operation. This material also is useful in alky-
lation and is particularly desirable in an isobutane short
refinery operation. Any excess butenes formed in the
operation are recycled in the combination operation
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above described and n-butane formed in the process is
used to vapor pressure adjust gasoline product, used for
LPG and/or isomerized to isobutane. It also is to be
noted from the data of Table 2, that the yield of pro-
pane is substantially the same in each run. Also-the
cycle oils shown in Table 4-are of comparable quality.
Having thus generally described the invention and
discussed specific examples in support thereof, it is to
be understood that no undue restrictions ar¢ to be
imposed by reason thereof except as defined by the
following claims.
We claim:
1. A method for upgrading residual hydrocarbons
comprising asphaltenes which comprises
solvent extracting a residual hydrocarbon with 2 mix-
ture of C; to C; olefins under conditions to remove
asphaltic material from a lower boiling hydrocar-
bon phase comprising said C; to C; olefins, °

separating a portion: of the solvent olefins from the
lower boiling phase for recycle to sald solvent ex-
traction step,

combining the lower boiling hydrocarbon phase of

reduced.solvent olefins with additional low molec-
ular weight carbon-hydrogen fragment contribut-
ing material and passing the mixture thus formed in
contact with a fluid zeolite cracking catalyst in a
riser conversion cracking zone,

separating the product of the cracking operation to

recover a mixture comprising C, to C; olefins and
passing a portion of the olefins thus recovered to
said solvent extraction step.

2. The method of claim 1 wherein the residual hydro-
carbon is a product of vacuum tower distillation. ‘
3. The.method of claim 1 wherein the residual-hydro-

carbon is a product of atmospheric tower distillation.

4. The method of claim 1 wherein a straight run
naphtha is combined with the lower boiling hydrocar-
bon phase passed to the cracking operation.

5. The method of claim 1 wherein a gas oil product of
atmospheric “distillation is combined with the lower
boiling hydrocarbon phase charged to the cracking
operation.

6. The method of claim 1 wherein the catalyst em-
ployed in the fluid cracking operation is a dual compo-
nent crystalline zeolite of large and small pore size.

7. The method of claim 1 wherein the fluid cracking
catalyst comprises a rare earth exchange “Y” fau3asxte
crystalline zeolite.- :

8. The method of claim 1 wherein the crackmg cata—
lyst comprises ZSM-5.. .

9. The method of claim 1 wherein methanol is com-f
bined with the lower boiling hydrocarbon phase passed :
to the riser cracking operation. -

10. The method of claim 1 wherein gas oil products
of atmospheric and vacuum distillation are combined
with the lower boiling hydrocarbon phase passed to the

cracking operatxon
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