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PROCESS FOR OBTAI NI NG CLEFI NS FROM RESI DUAL AND OTHER

HEAVY FEEDSTOCKS Field of the Invention 5 The present
invention relates to a process for obtaining a substantj al ng@gé of

ol efini c prodW@E"NEm r esi dual and ot her heavy feedstogggngy of a
short vapor contact tine conversion process unit conprised of a' noving.
bed of hot solids. The vapor short contact tihe process unit is

operated at conditions which may include steamdilution to 10 reduce
partial pressure of hydrocarbo and_the moving bed of ho
solids may al so cERAAE S NE =Rty SU LN,

production of ol efins. Backq_i% F@Eﬁé@tﬁ%‘em'i on 15

In a typical refinery, crude oils ] at nospheri c
distillation to produce lighter fractions such as gas oils, kerosenes,

gasol i nes, strai id ht etc. Petroleumfractions in the gasoline
boi I i ng range, s%—aﬂ#&éﬁ#@ﬁ and those fractions which can readily be
thermal |y or gatal ytical | yTherptesértdnventionsreldtes id@ piotess dorgebtairmgiei s, 20
such as gas oils, are the nost val uable product streans in the refinery.

The resi due from8URstagtinbameunt of alefinic Peadusts oep, residyaloand;iothen heavat o
pressure bel ow algREiO&s' by 856 DF 4 short Valior contet tiftieSEdriverdibi ProdedR unit

comprised of a moving bed of hot solids. The vapor short contact time
process unit is operated at conditions Which may include steam dilution to
10 reduce partial pressure of hydrocarbon vapors and the moving bed of hot
solids may also contain components having catalytic activity for the
production of olefins. ’

Background of the Invention

15 In a typical refinery, crude oils are subjected to atmospheric
distiliation to produce lighter fractions such as gas oils, kerosenes,
gasolines, straight run naphtha, etc. Petroleum fractions in the gasoline
boiling range, such as naphthas, and those fractions which can readily be
thermally or catalytically converted to gasoline boiling range products,

20 such as gas oils, are the most valuable product streams in the refinery.
The residue from the atmospheric distillation step is then distilled at a
pressure below atmospheric pressure. This later distillation step
produces a vacuum gas oil distillate and a vacuum reduced residual oil
which typically which are substantially cheaper than gas oils. Residual

25 feeds typically contain substantial amounts of asphaltene molecules which
are usually responsible for a significant amount of the Conradson carbon
residue and metal components in the feed. They also contain relatively
high levels of heteroatoms, such as sulfur and nitrogen. Such feeds have
little commercial value, primarily because they cannot be used as a fuel

30 cil owing to ever stricter environmental regulations. They also have little
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10 Most refinery processes produce waste streams along with
the desired more valuable products. One particularly troublesome waste
stream is a lube extract stream which has little commercial value in and of
itself. Such a stream contains relatively high levels of undesirable
molecules such as multi-ring compounds. Lube extract streams, as well

15 as the above referenced residua streams have little value as feedstocks
for refinery processes, such as fluid catalytic cracking, because they
produce excessive amounts of gas and coke. Also, their high metals
content leads to catalyst deactivation. Thus, there is a great need in
petroleum refining for greater utilization of such feedstocks, or to upgrade

20 them to make them more valuable cleaner and lighter feeds.

A significant amount of feedstock in the gas oil boiling range

is used to make olefins in steam cracking process units which contains a

furnace comprised of fired tubes, or coils in which the feedstock is

25 thermally cracked at temperatures of about 540°C to 760°C in the

presence of steam. While gas oils are adequate feedstocks for such

purposes, they are also relatively expensive feedstocks because of their

preferred use for the production of transportation fuels. Residual feeds,

which are substantially cheaper than gas oils, are typically unsuitable for

30 use in steam crackers because of excessive cracking and coke formation
in the furace tubes leading to overheating and equipment plugging.



Itself. Such a streamcontains relatively high |levels of undesirable

nol ecul es such as multi-ring conmpounds. Lube extract streans, as well 15

as the above referenced residua streans have little val ue as feedstocks

for refinery processes, such as fluid catal ytic cracking,
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content |eads to catal yst deactivation. Thus, there is a great need in
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A significant anount of feedstock in the gas oil boiling range I's used
to make olefins in steam cracking process units mhich contains a
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3 remains a need for improved processes having better control of solids and
vapor residence times.
10 .

The thermal cracking of hydrocarbons, such as gaseous
paraffins, up to naphtha and gas oils to produce lighter products,
particularly lighter olefins is commercially important. A leading
commercial process for thermally cracking such hydrocarbons to olefinic

15 products is steam cracking wherein the hydrocarbons are pyrolyzed in the
presence of steam in tubular metal tubes or coils (pyrolysis tubes) within
furnaces. Studies indicate that substantial yield improvement results as
temperature is increased and reaction tims, as: measured in milliseconds,
is decreased.

20

Conventional steam cracking is a single phase process
wherein a hydrocarbon/steam mixture passes through tubes in a furnace.
Steam acts as a diluent and the hydrocarbon is cracked to produce
olefins, diolefins, and other by-products. In conventional steam cracking

25 reactors, feed conversion is typically limited by the inability to provide
additional sensible heat and the heat of cracking in a sufficiently short
residence time without exceeding allowable tube metal temperature
limitations. Long residence times at relatively high temperatures are
normally undesirable due to secondary reactions which degrade product

30 quality. Another problem which arises is coking of the pyrolysis tubes.



An attenpt to overcone these problens was nmade in US Pat ent No.
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of the pyrolysi sighifieant economical advantage to be able to produce olefins from
heavier feedstocks, such as residual feeds,

15 Summary of the Invention

In accordance with the present invention, there is provided a
process for producing olefins from a residual feedstock, which process
comprises converting the feedstock in a process unit comprised of:

() a heating zone wherein heat transfer solids containing

20 carbonaceous deposits thereon are received from a stripping zone and
heated in the presence of an oxidizing gas;

(ii) a vapor short contact time reaction zone containing a bed of
fluidized solids comprised of heat transfer solids recycled from the heating
zone; and _

25 (iii) a stripping zone through which solids having carbonaceous
deposits thereon are passed from the reaction zone and wherein lower
boiling additional hydrocarbons and volatiles are recovered with a
stripping gas; which process comprises:

(a) feeding the residual feedstock to said vapor short contact

30 time reaction zone wherein it contacts the fluidized heat transfer solids
and catalytic component, which reaction zone is operated at a
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t hi ckness of coke on the inside walls of the netal surfaces that come
into contact with the feedstock to be cracked progressively increases.
This coke | ayavodz3108) ecti onable fromthe point of view of | BSIUSITNRES:
transfer which leads to high tube netal tenperatures. Steam cracking-'5
processes are described in US Patent No. 3, 36%, 387 and 4, 061, 562 and

in an article entitled "Ethylene” in Chem cal Wek, Nov. 13, 1965, pp. 69-

81, all of which are incorporated herein by reference
The typical feeddempieature froraabaut G702Ctorapout 8¢0%: andl under condions such
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conprises convertin d%ﬂt he feedstock In a _process unit conprised

of :
(i) a heating zorRhd:\Aaraponzed ftaction containing| qlefinic AreaNats. fwhich material is
characterized as a combustible carbonaceous metal-containing material;

(b) separating the vaporized fraction from the solids;

(¢) quenching said vaporized fraction to a temperature low

10 enough to stop the conversion;

(d) passing the separated .solids to said stripping zone
where they are cohtacted with a stripping gas, thereby removing any
remaining votlatile material therefrom;

(e) passing the stripped solids to said heating zone where

15 they are heated to an effective temperature that will maintain the
operating temperature of the reaction zone; and

(f) recycling heated solids from the heating zone to the
reaction zone where they provide the heat of reaction and are contacted
with fresh feedstock.

20

In a preferred embodiment of the present invention the
process further comprises coverting a hydrocarbon feedstock having an
average boiling point from about the Cs hydrocarbon boiling point to about
545°C to lower boiling products by: '

25 (i) introducing said feedstock into a steam cracking furnace wherein
said feedstock is vaporized and cracked to lower boiling products in the
presence of steam;

(i) quenching said vaporized and cracked product stream to a
temperature low enough to stop the cracking reaction; and
- 30 (iii) combining said quenched vapor stream with the quenched
vapor stream from step (c) according above in a common downstream



20 carbonaceous deposits thereon are received froma stripping zone and

heated in the presence of an oxidi zi ng gas; (i1) a vapor short
contact tine reaction zone containing a bed of fluidized solids
conprised of heat transfer solids recycled fromthe heating zone; and
25 (WO Y7Mosst ri ppi ng zone through which solids havi rRgrassimssaceous

deposits thereon are passed fromthe reaction zone and wherein | ower.

boi | i ng additional hydrocarbons and volatiles are recovered with a
stripping gas; which process conprises: (a) feeding the
residual feedstock to said vapor short contact 30 tine reaction zone
wherein it cont &@am ergekingdacility selectard fromane groupsednisisting of fractichatiehal yt i c
component, i CBofmpredsldM s&RiBBirig or BAaANAENE" arft olefins recovny’ . > 1053
tenperature from about 670[err]C to about 870[err] C and under conditions
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seconds, thereb¥ resulting in a material being deposited onto said solids,
and a vapori zed raction frem (i ni ng ol efinic products, which material is
characterized as a conbusti bl e carbonaceous netal -contai ning material ;

In another preferred embodiment of the present invention,
the vapor short contact reaction zone is comprised of a horizontal moving
10  bed of fluidized heat transfer solids.

in still other preferred embodiments of the present invention,
the reaction zone is fluidized with the aid of a mechanical means and a
fluidizing gas comprised of vaporized normally gaseous hydrocarbons,
15 hydrogen, hydrogen sulfide, and added steam, and which mechanical
means may be comprised of a set of horizontally disposed screws within

the reactor.

In other preferred embodiments the heat transfer solids have
20 a catalytic component.

In other preferred embodiments of the present invention the
residence time in the reaction zone for the solids is about 10 to 30
seconds and the residence time for the vapor is less than 1 second.
25
In still other preferred embodiments of the present invention,
the feedstock is selected from the group consisting of vacuum resids,
atmospheric resids, heavy and reduced petroleum crude oil; pitch;
asphalt, bitumen; tar sand oil; shale oil; coal; coal slurries; and coal
30 liquefaction bottoms.



(b) separating the vaporized fraction fromthe solids;

(c) quenching said vaporized fraction to a tenperature |ow 10 enough to
stop the conversion; (d) passing the separated solids to
said stripping zone where they are contacted with a strippi ,
t'her eby renoviWi97%3183 remai ning volatile materi al theref?%ﬁ?ggm&%g

(e) passing the stripped solids to said heating zone where 15 they are
heated to an effective tenperature that will %aintain the operating
tenperature of the reaction zone; and (f) recycling
heated solids fromthe heating zone to the reaction zone where they
provi de the heat of reaction and are contacted with fresh feedstock.
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st eam (ii) quenching said vaporized and cracked product stream
to a tenperature | ow enough to stop the cracking reaction; and 30

(iii) conmbining said quenchegbt\mpgfp@fgmmbédimhhs ofithe phesént inventionor
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metal oxides, aluminates, zeolites, spent fluid catalytic cracking catalysts,
10 vanadium rich flue fines, spent bauxite, and mixtures thereof.

Brief Description of the Figure
Thus are 2 Figures which are a schematic flow plans of non-

limiting preferred embodiments of the present invention. Figure 1 depicts

15 an embodiment of the invention comprising a heating zone, a vapor short
contact time reaction zone and stripping zone. Figure 2 depicts an
embodiment wherein the above features are combines with a steam
cracking unit.

20 Detailed Description of the Invention _
Residual feedstocks which are suitable for use in the
practice of the present invention are those hydrocarbonaceous streams
boiling above about 480°C, preferably above about 540°C, more
preferably above about 560°C. Non-limiting examples of such streams
25 include vacuum resids, atmospheric resids, heavy and reduced petroleum
crude oil, pitch, asphalt, bitumen, tar sand oil, shale oil, coal slurries, and
coal liquefaction bottoms. Such streams may also contain minor amounts
of lower boiling material. These streams are normally not used as feeds
to steam crackers, which are the petrochemical process units used to
30 produce olefinic products, because they will produce excessive amounts
of coke which fouls the furnace tubes. Such feeds will normally have a



steam cracking facility selected fromthe group consisting of

f-ractionati on, conpressi on, scrubbing of contam nants, and ol efins
recovery. ~I'n anot her preferred enbodi ment the process
further 5 conprises separating an olefin-rich fraction fromthe quenched
vaporized wo9m38si on fromstep (c) | PCRAUSSTIIB8 .
preferred enbodi nent of the present invention, t he vapor short: contact
reaction zone is conprised of a horizontal woving 10 bed of fluidized heat
transfer solids. In still other preferred enbodi nents
of the present invention, "the reaction zone is fluidized with the aid
of -a nmechani cal Conradson carbon conteritiofiatileash Wi, genepallyfeom @boutH e B0 ed

nor mal | aseo , h S ' .added

Cteam  and ahi it R Hral BpEaNT anbie sheck DO, Cnpitianc irbbi Teglg 8
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n other preferyed enpodipents the heat transfer solids hav _catal ytic
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solids is about 10 taq 30
which will be discussed below.

A co-feed, preferably a refinery waste stream, may also be

used with the residual feedstock in accordance with the present invention.

10  Non-limiting examples of suitable co-feeds include: a lube extract stream,

a deasphaited rock petrolatum, and heavy products from fluidized catalytic

cracking, fluidized coking, and delayed coking boiling in excess of 260°C.

Up to about 50 wt.% of the feed stream to the reaction zone can be the

co-feed portion. It is preferred that no more that about 10 wt.%, more

15 preferably no more than about 25 wt.% of the total feed stream be the co-
feed portion.

“Lube extract”, for purposes of the present invention is that

portion of a lube oil feedstock which is dissolved in and removed by a

20 selective solvent. Typically, solvent exiraction is used to improve: (i) the

viscosity index, (ii) oxidation resistance, (iii) color of the lube oil base

siock. and (iv) to reduce the carbon- and sludge- forming tendencies of

the lubricants by separating the aromatic portion from the naphthenic and

paraffinic portion. The most common solvents used are furfural, phenol,

25 and N-methyl-2-pyrrolidone (NMP). A lube extract will typically be

comprised of about: 10 to 30 wt.% saturates, 15 to 25 wt.% one ring

compounds, 20 to 30 wt.% two ring compounds, 10 to 20 wt.% three ring

compounds, 5 to 20 wt.% four ring compounds, .and 1 to 10 wi.% polars,

wherein said weight percents are based on the total weight of the extract.

30 Petrolatum is a soft petroleum material obtained from petroleum residua
and consisting of amorphous wax and oil.



seconds and the residence tinme for the vapor
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In still other preferred enbodi nents of the present invention, t he
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oils {i.e., middle distillates). As used in this application, "gas oil" refers to
both the so-called light gas oils having an average boiling point from
about 230°C to 340°C, as well as the so-called heavy gas oils having an
average boiling point from about 315°C to about 545°C. Middle distillates
are those fuels typically used as kerosene, home heating oils, diesel
motor fuels.

Olefinic products are produced from the residual feedstocks
in accordance with the present invention in a vapor short contact time
process unit which is comprised of a heating zone, a vapor short contact
time fluidized bed reaction 2one, and a stripping zone. Reference is now
made to Figure T hereof which illustrates, in a simplified form, a preferred
process embodiment of the present invention. Residual feedstock is fed
via line 10 to vapor short contact time reaction zone 1 which contains a
horizontal moving bed of fluidized hot heat transfer solids. It is preferred
that the solids in the vapor short contact time reactor be fluidized with

assistance of a mechanical means. The fluidization of the bed of solids is
assisted by use of a fluidizing gas comprised of vaporized normally

gaseous hydrocarbons, hydrogen, hydrogen sulfide, and added steam.
By “added steam® we mean that the steam is not generated during
processing as are the other components of the fluidizing gas. Further, it is
preferred that the mechanical means be a mechanical mixing system
characterized as having a relatively high mixing efficiency with only minor
amounts of axial backmixing. Such a mixing system acts like a plug flow
system with a flow pattern which ensures that the residence time is nearly
equal for all particles. The most preferred mechanical mixing system is
the mixer of the type referred to by Lurgi AG of Germany as the LR-Mixer

oxi de,



Bri e‘f Description of the Figure Thus are 2 Figures which

are a schematic flow plans of non- ‘limting preferred enbodi ments of
the present invention. Figure 1 depicts 15 an enbodi nent of the invention
conprising a heating zone, a vapor short contact tine reaction zone
and stri ppi nWOABRWS3 Fi gure 2 depicts an enbodi ment whaaGV¥S /A8 bove.
features are conbines with a steam cracking unit. 20 Detailed
Description of the Invention 10 Residual feedstocks which
are suitable for use in the practice of the present invention are
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WO 97/ 31083 produced primarily by thermal conversion. |t is within the scope of the
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present invention that the heat transfer solids also contain a catalytic
component. The heat transfer solids serve as the heat carrier for bringing
10 heat from the heater to the reaction zone for the thermal production of
olefins. When a catalytic component is aiso present, increased amounts
of olefins will be made. That is, olefins will be produced by both thermal
and catalytic means. The catalytic activi{y of the catalytic component will
have an effective activity. By effective activity we mean that the catalytic
15 activity is controlled so that relatively high levels of olefins are produced
without the formation of unacceptable amounts of undesirable reaction
products, such as methane. The heat transfer solids will typically be
petroleum coke from a delayed coking process, recycle coke from the
instant process unit, or an inert _material such as sand. Non-limiting
20 examples of materials which can be used as the catalytic component
include refractory metal oxides and aluminates, zeolites, spent fluid
catalytic cracking catalysts, vanadium rich flue fines, spent bauxite, and
mixtures thereof. The term “spent bauxite”, also sometimes referred to as
“red mud®, as used herein, refers to the waste portion of bauxite left after
25 aluminum production. Spent bauxite will typically be comprised of the
remaining mineral matter, in oxide form, after aluminum production. A
typical analysis of spent bauxite will be about 30 to 35 wt.% FeO(OH)-
AIO(OH); about 15 to 20 wt.% Fe,O5; about 3 to 7 wt.% CaCOs,; about 2 to
6 wt.% TiO,; and less than about 3 wt.% each of SiO; and Mn;0O4. Other
30 mineral matter may also be present in tramp amounts. Preferred

refractory metal oxides are those wherein the metal is selected from



Conr adson carbon content of at least 5 wt.% generally fromabout 5 to 50
w % and typically above about 7 wt.% Conradson carbon residue is

measured in accordance with ASTM Test D189-65. The residual f eedst ocks
wi Il be converted to |ower boiling products, including |ight ol efins,

in a vapor sHWPW®MRWA act tinme mechanically fluidized procesé“’l'l'ﬂ'fsf"”‘m"8 .

which wll be discussed bel ow. A co-feed, preferably a-.
refinery waste stream may al so be usedtwi th the residual feedstock in
accordance with the present invention. 10 Non-limting exarrpl es of

suitabl e co-feeds include: a |ube extract stream hal t ed rock

petrol atum and FERHRE & (!'éuc\,’tas\ﬂ‘ﬁnowaIwmlﬂ'@d\/ﬁ@tmf’ﬁ'a“‘ham S @fithg
flui dized cokingp eé}gﬂ?dﬁ] fee@gst ofhe tI | Parisdicetabief of2fHd E;é,i,é;‘ts

Up to about 50 wt o the reaction zone can be the
co-feed porti on. referréd tophereir isdhat putdished by SargentiWelsb SciandifictCompany. e 15

Peed portion. | Cataol'Nd 6eats, Copfhie 18fa, " Profeffe i, Fl Bxg °

present invensi oselestedifedm the groow tconsistiig af h'ndgﬂeeid‘n b&ldéSbalE&lm/fﬁxth S
di ssol ved in and reaned b 2 electlve S T caII sol yent
extraction i s us®@ngan ?’P’ﬁ \ﬁ?’éoé@ ’ﬁY‘Fﬂ! %m rdati on

resi stance, (ii wa,ﬁd,m QQfdet bﬁdbyggmﬂ.dg)ase st ock and (i v) to reduce
the carbon- and sl udge- form ng tendenci es of t he Iubri cants by
separating the aromatic portion fromthe naphthenic and paraffinic

R et byl - 2- pyr ol i done. ( NS CBRTic ERtboeRt sisehidit thE Helf frangler <5
conprised of 1&boitis P&Qfeltfedw use .alleast larwaeﬁ;q;twezamqumzsfwatawtmmmnt
ComEounas: 20, o i e e prdcd SR BiBert i) i mchie
we mean at least that amount needed to increase the olefins yneld by at

least 5%, preferably by at ieast 10%, and more preferably by at least 20%,

in excess of the yield of olefins cbtained when only the relatively inert

15 heat transfer solids are used without the catalytic component under the

same reaction conditions. Typically, the catalytic component will be of a

substantially similar or smaller particle size than the heat transfer solids

and will typidally' deposit on the: surface. of the heat transfer solids. The

portion of catalytic component of the iotal solids will be at least 3 wt.%,

20 preferably from about 10 to 25 wt.% of the total weight of the solids in the

vapor short contact time reaction zone. The catalytic component can be

introduced into the process at any appropriate location. For example, it

can be introduced directly into the vapor short contact time reactor, it can

be introduced with the feedstock, etc. In any event, if a mixture of

25 substantially inert and catalytic solids are used, the catalytic solids will

preferably be dispersed onto the surface of the inert solids, particularly if

the major portion of solids is inert and the catalytic component is in

powder form. The catalytic component may also be incorporated or

dispersed into the relatively inert heat transfer solids. Although it is

30 preferred that the heat transfer solids be coke particles, they may be any

other suitable refractory particulate material. Non-limiting examples of



wherein said weight percents are based on the total weight of the extract.
30 Petrolatumis a soft petroleum material obtained from petrol eumresidua

and consi sting of anorphous wax and oil. WO 97/ 31083

PCT/ US97/ 02988 Typi cal feedstocks suitable as

f'eedst ocks tWOOHHOE eam cracking units of the present PCRYSATQ28H

i nclude light paraffins, such as et hane and |iquid petrol eum gases
(LPG, gasolines, naphthas, and gas 5 oil® (i.e., mddle distillates). As
used in this application, "gas oil" refers to both the so-called |ight
gas oils having an average boiling point from about 230[err]Cto

340[err]C, as asch athen syitable refractary padicyiaie matenials ipghideythese selected o age
boi I'i ng point fgHm @0 00t t r. M d il | At es
are those fuels typtl?’?a f‘?}ﬁﬁ?g g%é@e‘rﬁog#g%', orrésheélrtg?wg! oﬁgﬁ, %d?iéﬂgj'el 10
motor fuels.  synthetically prepared orChaturallycogouming tatarial such @cpumicsm t he

resi dual feedst . ' d i th r ' i, .0 a
vapor short con@%éfk'ﬁmuwj baaq‘%ﬁ%cgﬁéqnﬁ l{'ngvhi ghgi s%%%##é’gga%&yﬂﬂeat i'ng
zone, a vapar s;i?%fe]‘crably rHavet aﬂ%vetég@piﬂtiuigd'sizecb; hatrbut Gmcﬂiimnni'w W?,O(ﬁmd a
stripping zone. Reference i s now 1! to Fiqgure r i C
i|lustrates, iAdngrensyHare pseferalilyfrom ﬁwaﬂbénwr&s to 'f 1%86 microns,
more preferably 400 microns to 800 microns. It is within the scope of the
present invention that the catalytic component can represent 100% of the

heat transfer solids.

10
The feedstock is contacted with the fluidized hot heat
transfer solids, which will preferably be at a temperature from about 670°C
to about 870°C, more prefarably from 780°C to 850°C. A substantial
portion of high Conradson carbon and metal-containing components.from
15 the feed will deposit onto the hot solids in the form of high molecular
weight combustible carbonaceous metal-containing material. The
remaining portion will be vaporized and will contain a substantial amount
of olefinic products, typically. in the range of about 10 to 50 wt.%,
preferably from about 20 to 50 wt.%, and more preferably from about 30 to
20 50 wt.%, based on the total weight of the product stream. The olefin
portion of the product stream obtained by the practice of the present
invention will typically be comprised of about 5 to 15 wt.% methane; about
5 10 30 wt.%, preferably about 10 to 30 wt.% ethylene; and about 5 to 20
wt.% propylene, based on the feed.
25
The residence time of vapor products in reaction zone 1 will
be an effective amount of time. That is, a short enough amount of time so
that substantial secondary cracking does not occur. This amount of time
will typically be less than about 2 seconds, preferably less than about 1
30 second, more preferably less than about 0.5 seconds, and most preferably
less than about 0.25 seconds. The residence time of solids in the



process enbodi ment of the present invention. Residual feedstock is fed
via line 10 to vapor short contact time reaction zone 1 which contains a
hori zontal noving bed of fluidized hot heat transfer solids. It is
preferred 20 that the solids in the vapor short contact time reactor be
fluidi zed wi t WO93108%si st ance of a mechani cal neans. The f| RCEUSKV2088 of

the bed of solids is assi sted by use of a fluidizing gas conprised of )
vapori zed normal |y gaseous hydrocar bons, 13hydr ogen, hydrogen sul fi de,
and added steam By "added steam we nean that the steamis not

generated during 25 . processing as are the other conmponents of the

fluidizing gas. H zong willbe from ghput 8t 6 seepnds; peeferably-from aboubiths be
a nmechani cal m Xi @036 seb6Als. One HalélChspot 8t 1S phaddr InferitiBhafs! ik Y| 9N

m xing efficiency with only mnor munt ~axi a ckm Xi ng. ch a
m xi ng syst em actresideree imsl af¢he isclids and theresidence timecofithe wapar pradactshi ch

TSt pref orr ed melndi Lach ShdRt dobedty Hime s8Bctich"2Rne, Ban e, ifdineniolly |
referred to by Lucayitroléi.of Celventiogalafiuitized I8d\proeess units are \Wach thal 8%
PCT/ US97/ 02988 or

LR-Fl ash Coker wiolfis,fesigoncs fime, apd. the,vanas, resideacs;; WB%](‘) &angey  be
shal e, coal, and ihdeperieftly confrolidd, \espicielipnat reldtively sH&H Vapb? GBSiabhe
oriented rotatin n?ecsr ?,(\JI?’ éxarirlglr]e, %Ltqvelnrt]iozllalutlrgr{s%elrri%etrggctsél?sl tl:adr;5 have relatively
short residence times but cannot be designed to independently control the
10 solids and vapor residence times. Convversely, conventional dense
fluidized bed reactors have flexibility in independently controlling the
vapor and solids residence times, but the residence times are relatively
long residence times. It is preferred that the vapor short contact time
~ process unit be operated so that the ratio of solids to feed be from about
15 40to 110 10 to 1, preferably from about 25 to 1 to 15t0 1. The precise
ratio of solids to feed for any particular run will primarily depend on the
heat balance requirement of the vapor short contact time reaction zone.
Associating the solids to oil ratio with heat balance requirements is within
the skill of those having ordinary skill in the art, and thus will not be
20 elaborated herein. A minor amount of the feedstock will deposit on the
solids in the form of combustible carbonaceous material. Metal
components will also deposit on the solids. Consequently, the vaporized
fraction will be substantially lower in both Conradson Carbon and metals

when compared to the original feed.

25

The vaporized fraction exits the reaction zone via line 11
and is quenched by use of a quench liquid which is introduced via line 12
to temperatures below that which substantial thermal cracking occurs.
Preferred quench liquids are water, and hydrocarbon streams, such as
30 naphthas and distillates oil. The temperature to which the vaporized

fraction will be quenched will preferably be from about 50° to 100°C below



5 The heat transfer solids will normally be substantially
catalytically inert for the production of olefins. That is, olefins wll be
produced primarily by thermal conversion. It is within the scope of the
present invention that the heat transfer solids also contain a catalytic
conponent . Tiweo dwsabsst ransfer solids serve as the heat carriecr/iseroressngi ng
10 heat fromthe heater to the reaction zone for the thermal production of
ol efins. Wien a catal ytic conponent is al sopresent, increased anmounts

of olefins will be nmade. That is, olefins will be produced by both thermnal
and catal ytic neans. The catalytic activity of the catal ytic conponent wll
have an effecti the ssmperatuyre &f/thef feawbnamet ' mtbyvmrmdrfridli@h ishthen

catalytic 15 activjty.is con r ol SO reI ativel h | evel s, of

ol efins are pr omcgd é?‘&@ S?P ghtraing éé@bgﬁb?red%ﬁnt s of
undesi rabl e reagdméved. The PFead F]ggg

solids wll typically be © Hﬁ?%e%%acg%ed???%@n el a fﬁéc“ ??\‘g process
recycl e coke fr§ﬁﬁubh§r3WheTeﬂsthMPfqﬂL@t:$eamm cqlleﬂechnverhead viadline 28| such
as sand. Nongl i [ f S an be d, as the
Catal vt c componli bt BRou ek BBaR il BB A ol YR el RGint SERPAT: o

zeol i tes, spent 540%C.d This Iigmmud Bﬁeﬂh&ﬂhltmcagt@mﬁ%bouamdnm%ch flue
The term "spent bauxite"

f t b th f
Al S0 somet 1 mes. MétAie, ¥ 10,301t o ehyiansy s fo 28 Wid6 aramians, Bndch 0.9 1 o ¢ he
wast e portion ofmbwmbéﬁréteatcﬁ ts%h%”s baidﬁsh% Bﬁﬁﬁ%&FOBase%’%t thgauxi te

will typically be conprised remai ning mneral matter, I n oxide

form after al uFﬁ ﬁ'uWP'SthfJﬂ'ﬁ f@ﬁd AThe rematymdaeavmatwnsasmolbptaqtmuxu te
11, 5 oot S Grofpatd g2 B smomonh Shtbosafgt 10 10,20, %
Tigerr]; and | ess than about 3 wt.%each of SiJerr] and I\/h[err] Jerr].
efractory metal oxides. arsoldo VAR FBRRAFRO R afena SEpPa0ed dhoregy
are passed from reaction zone 1 via lines 15 to the bed of solids 47 in
stripper 4. The solids pass downwardly through the stripper and past a
15  stripping zone where any remaining volatiles, or vaporizable material, are
stripped with use of a stripping gas, preferably steam, introduced into the
stripping zone via line 16. Stripped vapor products pass upwardly in
stripper vessel 4, through line 18 to reaction zone 1, then to cyclone 2 via
line 11 and removed via line 13 with the light product stream. The
20 stripped solids are passed via line 18 to heater § which contains a heating
zone. The heating zone, which is a combination of heater § and transfer
line 18a, is heated by combustion of coke deposited on the solids,
preferably with air, at an effective temperature, that is, at a temperature
that will meet the heat requirements of the reaction zone. Air is injected
25 via line 20 to support combustion of the carbonaceous components. The
heating zone will typically be operated at a temperature from about 40°C
to 200°C, preferably from about 65°C to 175°C, more preferably from
about 65°C to 120°C in excess of the operating temperature of reaction
zones 1.
30
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Goups la, Ila, Va, Via, Vlla, VIlb, and Villa and the |anthani des, of the
Periodic Table of the Elements. The Periodic Table of the El enments
referred to h&Y@PIPPE t hat published by Sargent-Wel ch Sci ent PEFUSUARSENy
Catal og No. S-18806, Copyright 1980. Preferred are netal oxides 5-

sel ected fromthe group consisting of nmagnesi¥m oxi de, cal ci um oxi de,
manganese oxi de, beryllium oxide, strontium oxide, cerium oxide,

vanadi um oxi de, and cesi um oxi de. I f a catalytic
component is used w th thelthisatotbendiderstoedithet preheated; air pear qisedba o use

t | t ff egh | Vi . ] in
The pract ce of RGSEUGHOHS %6 relel VThé HeRfi W Yypically 0 bberdied S5 7
at | east that antressunecarging rommabah Octot156 psige(0 tos1 W36ckRa)pprefierably at 4 east |

5% preferably b 100 r | yv..by, | ea 9

inq egcess of %/hey%ﬂgéeﬁdcﬁggg}’%'ﬁgf Q@Q%pgﬁﬁetg %?z"&%%nﬁ%’gt(ﬁ@a'pe a h/zlqéq)nert
15 heat transferWhik isdmeacarbusacblouistrbﬁiduetwmlbaamh;dIfmmm?eamlﬁl in;n@; t he
same reaction conditions. Typic .,.[he cata I c_ conponent w e of a
substantial ly si :hqailf‘géf’"g-rfﬁgl%? fépftq‘%tl gﬁ%Pﬁ@)éi sembystiontake placa sortbat

sol i ds and vhé |soliti®) affér passfif Hrbugh thé heatdr! MPhabe Véfi:ehﬁff‘a st er
solids. The ortion of catalytic conponent of the total solids wll be
at |east 3 wt.% Exgesppelids can be ranpvesfsem theprasessunit via liste §0 c Flust gds

ot yi1' s dimed Bharoas HER Yoo VA RERD, AL 368 B 35"
appropri at e |16catpassed thsoughx argytleneisystem (not shown) to remove fines. Dedusted
| .ﬂue gas may be passed to a CO boiler (not shown) which includes a
waste heat recovery system (not shown), and scrubbed to remove
contaminants and particulates. The heated solids are then recycled via
lines 14 to reaction zone 1. The catalyst component can be introduced
15 anywhere in the process where practical. For example, it can be

introduced into the heater §, reactor 1, or with the feedstock in line 10.

Reference is now made to Figure 2 which depicts another

preferred embodiment of the present invention. Anocther feedstock is

20 introduced via line 44 into a conventional steam cracking process unit 8.
Feedstocks suitable for steam cracking in accordance with the present
invention are those ranging from ethane to those boiling the gas oil and
above range. Preferred feedstocks include naphtha and higher boiling
feeds, such as the middle_distillates. In a conventional steam cracking

25 unit, that is, a unit for thermal cracking with steam, the hydrocarbon
feedstock is gradually heated in a tube furnace wherein it is vaporized and
cracked. This reaction is endothermic and takes place mainly in the
portion of the hottest section of the tubes. The temperature of the process
stream within these tubes is determined by the nature of the hydrocarbons

30 to be cracked, which usually are ethane or liquefied petroleum gases, or
gasolines or naphthas, as well as gas oils. For example, naphtha feeds



can be introduced directly into the vapor short contact tine reactor, it

can be introduced with the feedstock, etc. In any event, if a mxture
of 25, substantially inert and catalytic solids are used, the catal ytic
solids wll preferably be dispersed onto the surface of the inert
solids, particularly if the major- portion of solids is inert and the
catal ytic COURP&EH&ﬁiS I n powder form The catalytic CoppRRSM2edsRY

al so be incorporated or di spersed into the relatively inert heat
transfer solids. Although it is 30 preferreg that the heat transfer solids
be coke particles, they may be any other suitable refractory

particul ate mategbainichiifeideldd b0E KigiRdMemperiture in the ch&ir?ié&ﬂ@ fhan a

PCT/ US97/ 02988
ot her suitabl e rgds eitt Theseiempenatures aretimposadslargaly ycouling or seking tofd

f h i St f sili | umi pa, ..zl i d Lt
e 3F PuP BRSaiRBles S an B R RRgtEh SR ok raBib ot
clay, kiesel guhrdesiedreactioroprdducts. [Rdgardled$ of iheaiatiredfhe fesdstocks thait| | 5

preferably have an average particle size of about 40 mcrons to 000

2
m crons, noré prieMpeEuce 1§ Always, yery dighrand, hpically -eseeds cakout Z0656s
nor e preferablyﬁ&pﬁ 1-C il ' | Jigent 1 & R t he
present invention t %Btr' Etﬁgql(r:ﬁe{?gla@ﬁia %@%ﬁ"ﬁﬁ@@%‘?@g@%ﬁ%&@t he
heat transfer sowhigh.is usually in the order of 1100°C. The vapor effluent leaving the

steam cracking unit via line 46 is quenched with a relatively cold liquid via
line 48. The quenched vapor stream is passed via line 49 to line 52 to

uch

10 downstream facilities such as fractionator 7 and compression, scrubbing,
and olefins recovery, all of which is represented by 8. Typical product
fractions from the fractiohator include heavy oils (340°+C) at least a
portion of which can be recycled to the vapor short contact time process
unit. Other desirable product fractions can include gas oils and naphthas.

15 Vapor products are then sent for further processing via line 56 to further
downstream facilities as described above. When the feedstock to the
steam cracking unit is a Cs and: higher boiling stream it is preferred that-
the quenched vapor stream is combined with the quench vapor stream
from the vapor short contact time process unit at the fractionator 7,

20 wherein the vapor product is passed via line 56 to further downstream
facilities represented by 8. When the feedstream to the steam cracking
process unit is a stream lighter than a Cs stream, then it is preferred that
said quenched vapor streams be combined in steam cracking facilities
downstream from fractionator 7. Such a situation is shown in the figure

25 wherein the quenched vaporized and cracked stream from steam cracking
feeds lighter than Cs is passed via line 54 to steam cracking facilities
downstream of fractionator 7. It is to be understood that line §4 can feed
into one or more of a compression unit, a contaminant scrubbing unit, or a
olefins recovery unit.



The feedstock is contacted with the fluidized hot heat transfer
solids, which will preferably be at a tenperature from about 670[err]C

to about 870[err]C, nore preferably from780[err]C to 850[err]C A

subst anti al portion of high Conradson carbon and netal -cont ai ni n
conponents fr V@ ¥#3108he feed will deposit onto the hot sol i dBCFHSYAE® orm .
of high nol ecul ar wei ght conbusti bl e carbonaceous netal - cont ai ni ng
material. The remai ning portion will be?vaporized and will contain a
substanti al anount of olefinic products, typically in the range of
about 10 to 50 wt. % g_hef erably from ahout 20 tq 50 wt and nore
preferably from about 30 t §d°|%'n9/te’%mm5§§cpr8ﬁemﬁ€ @o?'%ﬂw\&i' acshart ¢ he
product stream  agh qind! processPfiolib A8 ifportafis RSl |ﬁ%ﬁﬁ‘&ﬁh9$ﬂ g by
the practice of the prese Inventio typi ca 'y be conprised of
about 5 to 15 w .Meldsfromesidusblieedstocks.5 to 30 wt. % preferably about 10 to

30 wt. % et hyl ene; and about 5 to 20 wt . % propyl ene, based on the feed.
25 The residence tinme of vapor products in reaction zone
1 wll bé arExeimplet i ve anount of tine. That is, a short enough anount

of tinme so t hat subst i al condar cr acki oes not occur.  This
anount of tine will %b@m j-%'!,s?'l% o4 M was dimed as ther ap)
l ess than about #eg&toa@emwasrfmatarfeé@fablonbsbanbs f«b%rlsn&téoﬁtaepnds

and nost preferably | ess than about 0.25 second esi dence tine
of solids in the time fluid cpkingpilot ugit The operating temperature of the pilot unit was

PCT/ US97/ 02988  3ggec gt a vapor residence time of less than 1 second. 13 Estimated

10 conversion and product yields are set forth in Table | below.



reaction zone will be fromabout 5 to 60 seconds, preferably from about 10
t-o 30 seconds. One novel aspect of the present invention is that the
residence tinme of the solids and the residence tine of the vapor. products,
in the vapor short contact tine reaction zone, can be independently 5
control |l ed. woAwa#ed onal fl uidized bed process units are sPCRUSHHA2988he
solids residence tine and the vapor residence tinme cannot be

i ndependently controll ed, especially at relsatively short vapor residence
times. For exanple, conventional transfer line reactors can have relatively
short residence tinmes but cannot be designed to independently control the
10 solids and vapor residence tines. Convversely, conventional dense
fluidized bed reactors have flexibilit Jbrie. ndependently controlling the
vapor and solids residence tines, but %:-rr'rgsi dence tines are relatively

|l ong residence tinmes. It is preferred that the vapor short contact tine
process unit b¢egdattd ed so that the ratio qfgsolids to feed be from about
15 40 to 1 to Vdnperatrepcef erably from abogis25 to 1 to 15 to 1. The

preci se rqgai.ccg{ve‘;gbhds to feed for anyggarticular run will primarily
depend on the heat bal ance requirenent of the vapor short contact tine
reacti on zone. oS QB o2k L lhe solids to oil ratio with heat bal ance

requi renents i §alht eskill of thgse Bavi ng ordinary skill in the
art, and thus 1 el aborated hefel A2 A minor amount of the
feedst ock wi || EtByeBet on the solids i 4th#®form of conbustible
car bonaceous ndtropylane et al conponen®s 4R || al so deposit on the
sol i ds. Conseqlénsatyrated@s's apori zed fr8et9 on will be substantially
| ower in both Conradson Carbon and netals when conpared to the
original feed. Liguid Yields wt% on The vaporized fraction exits the
reaction zone \Heed i ne 11 and is quenched by use of a quench liquid
which is introdBg/2B0°G a | ine 12 to teng@®atures bel ow that which
substantial themgejagas@cki ng occurs. Pggj erred quench liquids are
water, and hydrocaron streans, such as 30 48gphthas and distillates oil.
The tenperatur@ﬂOSCMi ch the vaporized taction will be quenched will
preferably be from about FoM@G5* to 100[ err B&%el ow

Gross Coke, wt.% on Feed 18.7

Ethylene/Ethane 6.0

Propylene/Propane 19.0

Butylene/Butane 30.0
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tenperature of the reaction zone. The vaporized fraction is then

i ntroduced into cyclone 2 where nost of the entrained solids, or dust, is
renoved. The mﬁl/’t‘MQ dedust ed vapors are then passed via | PGRAUSPT/02988
scrubber 3 where a light product streamis collected overhead via |line 28.
5 The lIight product streamw Il typically ha¥ an end beilng point of
about 510[err]C. This light product streamw || typi caI ly contain
about 7 to 10 wt.% met hane, 5 to 30 wt. % et hyl ene, tIﬂa@BQéa
propyl ene, and 6 GLAIYS wt. % unsaturated Cerr]'s, su Iace/a
but adi enes, based on the total weight of the feed.

heavi er streamis collected from 10 the scrubber via line 26 an

to reacti on zoneWhatis Claimed ls: Sol i ds, having car bonaceous
mat eri al deposited thereon are passed fromreaction zone 1 via lines

15 to the bed of solids 17 in stripper 4. The solids pass downwardly

through the ssripper wwpmtssmrlﬁod@dmgamrngfrém@re@wamwétdcﬁ.ﬁﬁhi&ng
vol atiles, or vaporizable material, are stripped with use of a

stri ppi ng gas, %F%SPTPEF%FR"WWWBémﬁt%"WSS unit gomprisegd zone
via line 16. Strbfaped vapor products pass upwardly in stri pper vessel
4, through Iine 19 to _reaction zone 1, then to cyclone 2 via line 11

and rermoved via |ine (ikaheating zane whereinoheat frensfer selida containing
carbonaceous deposits thereon are received from a stripping zone and

10  heated in the presence of an oxidizing gas;

(ii) a vapor short contact time reaction zone containing a bed of
fluidized solids comprised of heat transfer solids recycled from the heating
Zone; and '

(iii) a stripping zone through which sohds having carbonaceous

15 deposits thereon are passed from the reaction zone and wherein lower
boiling additional hydrocarbons and volatiles are recovered with a
stripping gas;
which process comprises:

(a) feeding the residual feedstock to said vapor short contact

20 time reaction zone wherein it contacts the fluidized heat transfer solids
and catalytic component, which reaction zone is operated at a
temperature from about 670°C to about 870°C and under conditions such
that the solids residence time and the vapor residence time are
independently controlled, which vapor residence time is iess than about 2

25 seconds, and which solids residence time is from about § to about 60
seconds, thereby resulting in a material being deposited onto said solids,
and a vaporized fraction containing olefinic products, which material is
characterized as a combﬁstib!e carbonaceous metal-containing material;

{b) separating the vaporized fraction from the solids;

30 : (c) quenching said vaporized fraction to a temperature low

enough to stop the conversion;
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20 stripped solids are passed via line 18 to heater 5 which contains a
heati ng zone. The hﬁgaghmgaszmlekeﬁhddch Is a conbination of heater 5 and

transfer line 18a, i ' nmbusti on of coke deposited on the
sol i ds, preferably .
a tenper at ur 09731083 hat t €

effective tenperature, that is, at
zone. Air is injected 25 via line 20 to support conbustion of the .

eat requirenments of POPUSTAEEON

car bonaceous conponents. The heating zeme will typically be operated
at a tenperature from about 40C to 200[err]C, preferably from about
65[err]Cto 175[err]C, nore preferably from about 65[err]Cto

120[err] C i n excess of t H)ppesiag theysepanated solidetasaid skippingzone  zones 1.

30 WO 97 . A .
PCT/ US97/ 02988 %&%ey are contacted with a stripping gas, thereby removing any

It is to be undesmaining vdiatile pratériad thesteftom; can al so be i ntroduced into
t he heater. The heater w tvpically . be rated af. a .. pressure

rangi ng from about 0 to 1 gpﬁéﬁﬁg%%‘B%ﬂ‘ggﬁl@é&“ﬁ'&%ﬂama{he&e

pressure rangi nthelylarehead ton dffectiie témpératiins that W mairit&indhd- 7 kPa). 5
Wi | e sone carbonaceous residue will be burned fromthe solids in the

heating zone, i PP¢raling taraperature of thegeactionzenei@ndonbusti on t ake pl ace so

t hat the solids, afghge ViR [ w ehm. | ve val ue as
a fuel. Excess sol i(Qs A gyé?teéré;%dewgg romﬁ} € plﬁéggﬁ%k%gﬁa via line
50. Flue gas reaction zopewhets theypnevide thecheatof reactionand dre contédtedThe f 1 ue

gas can be 10 Wﬁ%@n%ﬁd}&m a cycl one system (not shown) to renove fines.
Dedust ed )
10

2. A process according to claim 4 which further comprises
coverting a hydrocarbon feedstock having an average boiling point from
about the Cs hydrocarbon boiling point to about 545°C to lower boiling
products by:

15 (i) introducing said feedstock into a steam cracking furnace wherein
said feedstock is vaporized and cracked to lower boiling products in the
presence of steam;

(ii) quenching said vaporized and cracked product streamto a-
temperature low enough to stop the cracking reaction; and

20 (iii) combining said quenched vapor stream with the quenched
vapor stream from step (c) according to claim 1 in a common downstream
steam cracking facility selected from the group consisting of fractionation,
compression, scrubbing of contaminants, and olefins recovery.

25 3. A process according to any of the preceeding claims which

further comprises separating an olefin-rich fraction from the quenched
vaporized fraction from step (c)

4. A process according to any of the preceeding claims wherein the
30  vapor short contact time reaction zone containins a horizontal moving bed
of fluidized solids.
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flue gas may be passed to_a CO hoiler (noet shown) which includes a

wast e heat recovery systenl(not shomn) and scrubbed to renove
cont am nants and part|CWMaﬂs§Ph #d solids are then recycled via
lines 14 to reaction zon st conponent can be |ntroduE g 15
anywhere in ﬂﬂ%9¥¥U@ess For example, it c& 7

I ntroduced into the heater 5 reactor 1, or with the feedstock in line 10.
Reference is now nade to Figure 2 which depi?tts another preferred
enbodi ment of the present invention. Another feedstock is 20 introduced
via line 44 into a conventional steam cracking process unit 6.

Feedst ocks suitable for steam cracking in accordance wth the present

i nvention are those SaRGerGeQQéBo?&H@'?@ah?o?h@ﬁeQ@dh gdaifgamreirPtie and
above range. Preferred feedstocks incClude naphtha and hi gher boiling

f eeds, such as §ﬁhdimﬁmeélﬂﬂ°§§hﬂﬂ§9@?°t F'ﬁ‘ed’eé@'ﬂﬂamﬂ%ﬂ@ dizechwithathe ng 25
unit, that is, %nice%aﬁlhﬁlrrﬂ@éné:éﬁgg'ﬂpmﬂﬁ%éa@ eam t he hydr ocar bon
e

feedstock S gra y heated 1n at urnacé wherein it is vaporized and
cracked. Thi § reactlon I s endotherm c and takes place mainly in the

portion of the hottegt, section of the tg%i_ wlhe tenpperat.ure éfg h Focess
streamw thin these ?Uﬁe%' S5 e‘d %ﬂl? ﬁ'gfggﬁsoﬁé#ﬁe‘vﬁ h)@??bons
30 to be crackmhchuhicahmauehfe'empnsédmsetroflﬁomohiaﬁyl dizpbsed sorewsases,
or gasol i nes tht has, as well as gas oils. For exanple, naphtha

f eeds \'f\ﬁhg‘i

PCT/ US97/ 02988

10 7. A process according to any of the preceding claims wherein the
heat transfer solids are selected from the group consisting of petroleum
coke from a delayed coking process, recycle coke, or an inert material
such as sand.

15 8. A process according to any of the preceding claims wherein the
heat transfer solids have a catalytic component.

9. A process: according to any of the preceding claims wherein the:

catalytic component is metal oxides selected from the group consisting of

20 magnesium oxide, calcium oxide, manganese oxide, beryliium oxide,

strontium oxide, cerium oxide, vanadium oxide, cesium oxide, and
mixtures thereof.

10. A process according to any of the preceding claims wherein the

25 catalytic component is selected from the group consisting of refractory

metal oxides, aluminates, zeolites, spent fluid catalytic cracking catalysts,
vanadium rich flue fines, spent bauxite, and mixtures thereof.

11. A process according to any of the preceding claims wherein the
30  vapor residence time of the vapor short contact time reaction zone is less
than about 1 second.
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16 are typically cracked at a higher tenperature in the cracking
zone than a gas oil-—These—tenperatures are inposed largely by fouling
or coking of t he Cr_agki Lubes ds; wel | as by the kinetics of the
cracki ng reactions and This shect action products. Regardl ess of the
nature of tROPTHESY ock,um erature is always vePETHSHIN2EEd )
typically exceeds about i However, it is |imted by the

maxi nrum al | owabl e tube netal tenperature 2 which is usually in the order
of 1100[err]C. The vapor effluent |eaving the steam cracking unit via

line 46 is quenched with a relatively cold liquid via line 48. The
quenched vapor streamis passed via line 49 to line 52 to 10 downstream

facilities such as fpagtd ﬁés ' | and

ol efins recovery, al1?' gfﬂrﬁ [ c%ﬁ%’ﬁ%@gﬁiﬁm ﬁ'}%ﬁ%ﬁ? uogt

fractions fromresidencentimeds tess thamabaut®.$ieecondsi | s (340[err]+C) at |east a
portion of which can be recycled to the vapor short contact tinme process
unit. Ot her desirable product fractions can include gas oils and naphthas. .

15 Vapor psoducts 3dBeAlprevessaicordingftocldims otheawsts10ds less thamabbt t o

further dg\%‘gtrea facilities as descri bed above. \When the feedstock
to the st & ng unit is a Cerr] and higher boiling streamit is
preferred that t he quenched vapor streamis conbined with the quench
vapor stream fromthe vapor short contact tinme process unit at the

fractionator 7, 20 1dnAmepepssiaccording toariioithepsegasing-daimswherein e t o
further downstr, i kLA b %:Sﬁ’ta ; %m f. reamto
t he steam crackslsﬁgg remder%c‘;éggtéséfﬁ%i\{aﬁ%ﬁzﬁg reaﬁq%f'ﬁ%ﬁ er'aptﬁ‘%ﬁeég err]
stream thdf i tabout 10 td 30 secondsat sai d quenched vapor streans be
conbined in steamcracking facilities downstream from fractionator 7.
Such a situation is shown in the figure 25 wherein the quenched vapori zed

and Icracked stream ﬂSQmprzmafucm}mmmanyofthe?boddimarmsfh?ere%tﬁes passed
via line 54 to st.eam.crackin cilities ownstream o ractjonator 7.
't i's to be undBHOuEIReSFIGEK 4 seleaiad fram the ggoup consisiing hyacHIM IBFESGr o
CO_WFF essi on unigtmospHetitt 383i08Ntheady Uad Neduedd petfoldum crud@! 8iti pirchecovery
unit- 15  asphalt; bitumen,; tar sand oil; shale oil; coal slurries; and coal liquefaction

bottoms.

16. A process. according to claims 1 through 14 wherein the
residual feedstock is a vacuum resid.
20
17. A process according to any of the preceding claims wherein a
co-feed selected from the group consisting of a lube extract stream, a
deasphalted rock petrolatum, and heavy products from fluidized catalytic
cracking, fluidized coking, and delayed coking boiling in excess of 260°C
25 is added to the residual feedstock.

18. A process according to any of the preceding claims wherein
less than 50 wt.% of the feedstock is said co-feed.

30 19. A process according to any of the preceding claims wherein the
stripping gas is steam.

-
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17 The fol]l ow ng exanple is presented to show that a
short contact ti HETW ’?‘iﬁ% aced nportant for obtaining increased
ol efin yields from ‘ ocks. 5 Exanple

A Sout h Loui sWVeaZPM¥8cuum used as the f eed LR \as
fed at a feed rate of 100 barrels/day to a short contact time fluid

coking pilot unit. The operating tenperaturé&of the pilot unit was
396[err] C at a vapor residence tinme of less than 1 second. Estimated 10
conversion and product yields are set forth in Table 1 bel ow. WO
97/ 31083 PCT/ US97/ 02988

20. A process according to any of the preceding claims wherein the
fluidizing gas is comprised of normally gaseous hydrocarbons, hydrogen,
hydrogen sulfide, and added steam. '

5
21. The process according to any of the preceding claims which
reaction zone is operated at a temperature from about 760°C to about 790
°C.
10 22. The process according to any of the preceding claims wherein

steam is added to the residuai feedstock at a rate from about 0.2 to 0.5 kg
per ko. of residual feedstock plus co-feed.

23. A process according to any of the preceding claims wherein the
15 fluidizing gas is comprised of vaporized normally gaseous hydrocarbons,
hydrogen, hydrogen sulfide, and steam.

[
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18 . Table | Feed rate

100 Tenperature [err]C RS 745 C3 - Conversion
- 35 Gas Yields w.% on Feed - Methane 7-10
Et hyl ene 14-16 Pr opyl ene 71029
1912 Unsawopmsme Clerr]’s 6-9 Li qui d vi ZCEESTPR on -
Feed Clerr]/220[err]C - 4y27.5 220[err]/340[err]C -
8.0 340C err] _ 13.0 Total Clerr]+
38.5 G oss Coke, wt.% on Feed 18. 7 Et hyl ene/ Et hane
6.0 Pr opyl ene/ Propane : ) 19.0 But yl ene/ But ane
30.0
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19 CLAI M5 What is Clainmed is: 5 1. A process for
_producing olefins froma residual feedstock, which process conpri ses
converting the feedstock in a process unit conprised of: (1) a
heating zone wherein heat transfer solids containing c?%££5%&§ﬁys
deposits t hewoowsms®e recei ved froma stripping zone and hedt In the
presence of an oxidizing gas; 10 (i) a vapor short contact tine
reaction zone conprising a bed of f1 @/di zed solids selected fromthe
group consisting of heat transfer solids recycled fromthe heating zone
and a conbi nation of the heat transfer solids with a catalytic
conponent ; (ii1) a stripping zone through which solids having
carbonaceous 15 deposits thereon are passed fromthe reaction zone and
wherein | ower boiling addi ti onal hydrocarbons and volatiles are
recovered with a stripping gas; whi ch process conpri ses: (a)
feeding the residual feedsto contact tine reaction
zone, wherein the residual edst ock tacts th
condi tions conprising an dperfating tenperature
670[err] C to about 870[errj] C =t t

he ¥gnge of {rom about
g effective toyproduce a

vapori zed fraction c rising olefinic products and t depogit onto the
solids a conbust i bl ar bonaceous netal -containing nmaterial
(b) independently conveyiing pldetenpyingthe-solids fromthe 1
_ e
~ . < !
] i
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2 reaction zone at a rate effective to produce a solids residence time in

the range ~ of fromabout 5 to ahout 60" seconds; (c) renoving
t he vaporized fraction fromthe reaction zone at a rate effective to
produce a vapor residence tinme of |ess than about 2 seconds; (d)

qguenching the vaporized fraction renoved fromthe reaction zone 30 to a
tenperature | ow enough to stop the conversion;

20 (e) passing the solids rempbved fromthe reaction zone to the
stripping zone where the solids are ctBtacted with a stripping gas to
renove any Mﬁai ning volatile material therefrom (f)

passi ng the fromthe stripping zone to the heating zone 5 wherein

the solids are heated to produce heated solids having a tenperature
effective tdNhatlsGlaimeddsoperating tenperature of the reaction zone; and
(g) recycling the heated solids to the reaction zone. 2. A process
f or p(rjodljci ng ol df i ns A process forproduding er;egasmrn a¢e§ﬁ¥:&ﬁb§§fstoéﬁ, which (a)
providing a _reaction zone conprjsing,soli sel ecte romt he group
consi sting & O‘Fqséi%Wﬁeﬁﬁﬂwﬁt'@ﬁﬁgﬁ%‘iﬁ‘?&smﬁﬂmﬁe%Hﬁit gampsisedofit he
f1ui di zed heat tygnsfagr ' o ds Yo (b)
feeding to the rgzct i onhaz%gihg(ign%a%ﬁ ?@?‘%&fgggﬁfggﬁgﬁ%@mﬁrﬁ%up
consi sting ecarkonasedus depésitatbersdn amdeseivediionnaistrippifig aone and ieate
feedstoc k_ ari'r?I the presence of an oxidizing gas;

i0 (i)  avapor short contact time reaction zone comprising a bed of

fluidized solids selected from the group consisting of heat transfer solids

racycled from the heating zone and a combination of the heat transfer solids
with a catalytic component; '
{iii) = a stripping zone thrdugh which solids havihg cérbonaceous |
15 deposits thereon are passed from the redction zone and wherein lower boilihg
additional hydrocarbons and volatiles are recovered with a stripping 'gas;
which process comprises: -
(a) feeding the re_siduél f§'edstock. to the vapor short contact tii"ﬁe '
reaction zone, wherein the residual feedstock contacts the solids under
20 conditions comprising an operating temperature in the range of from about
| 670°C to about 870°C, the conditiﬁns béiﬁg effective to produce a vaparized
fraction cdmpri_sing olefinic products and to deposit ontc the solids a
combustible carbonaceous met‘al-'c'gintaining material;

(b)  independently conveying and reroving the salids from the
reaction zone at a rate effective to produo'e a solids residencs time in the range
of from about 5 to about 60 seconds;

()  removing the vaporiiie'd. fraction from the reaction zone at arate

N
(3]

effective to produce a vapor residence tirde .§f less than about 2 seconds;
| . {d)  quenching the vaporized fraction removed from the reaction zone
30 to a temperature low enough to stop the conversion;

Saz1Sb.doe
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15 a catal yti c conponent, mhereln the reaction zone is operated under
condi tions ~ effective to deposit a-conbusti bl e carbonaceous

net al -containing material onto the solids and to produce a vaporized
fraction conprising ol efinic products,. the conditions conprising an
operating tenperature in the range of from about 670[ err] C to about
870[err]C, 20 (c) renovi-ng the vaporized fracti'on fromthe
reaction zone at a rate - effective to produce a vapor residence tine of
| ess than about 2 seconds; - (d) ggquenchi ng-t he vaporlzed fraction
to a tenperature | ow enough to stop t e conver si on; (e)

i ndependent |y conepyi rpjaséﬁ? theryanwmhwacﬁﬁbmdﬁefrémdr%n%ﬁo tﬁé%&ﬁdsghgwne

at a rate effective to uce a soli:ds residence tine in the ran
fr om about 52qr19 mattheeomamecmacted with a'strippjng gas ta regnaviesanyol i ds

renoved fro hﬁ%af'%tw'lfé?&ﬁiﬁr?e Bﬁ t.ri ppi ng zone where the soli de

are cont act e I ppl ng gas f enove any remai ning volatile
r2ni1t erial ther ef s (i) passmghthe s::olhdséI from the strép;]:mg zon?1 to the heating zone

t sol.ids renpved fromthe stripping zone to a
heating ° "i'&é{grh‘&‘ﬂ %H‘gl%? ﬁﬁ@tepﬁﬁpé yrshheated solids having & lempeRdtufft er i al
in the RIS fo RlairBin e Y kétﬁ'@%ﬁm peP&fRre!sf (e rBcliGfbnd Hrd 2! | Y
regenerated hot solid risi a mal nt enance tenperature effective
to maintain the dggr atraqg:hngtheaaptadaaome toithenreactipn izodet o t he reaction:

. zone; and _ (h) recycling:the at |east partial regenerated hot
solids to.the ' e o '

2. A process for prod_ucihg oloﬁhs from a residual feedstock, comprising:

10 (a) providing a reaction:'zfo'ne'compi'ising solids selected from the
group consisting of fiuidized heat transfer solids and a combination of the
fluidized heat transfer soiids and a catalytic component;

~ (b) feeding tothe rea&ibﬁ _zona a material selected from the group
consisting of a residual fesdstock and a obihbination of a residual feedstock and

15 a catalytic component, wherein the reaction'zone is operated under conditions

- effective to deposit a combustible carbonaceous metai-containing material onto
the solids and to produce a vaponzed fraction comprising olefinic products the -
conditions comprising an operat!ng lemperature in the range of from about
670°C to about 870°C; PR

20 | (c) - removing the vaponzed fractron from the reaction zone at a rate
effective to produce a vapor residencs tlma of Iess than about 2 seconds;

(d) quenching the vaponzad fractlon to a temperature low enough to
stop the conversion; ', , '. L
(e) mdependently oonveymg and removmg the solids from the

25 _reaction zone at a rate effective to produce a sohds residence time in the range
of from about 5 to about 60 saconds, _

H passing the solids removed from the reaction zone to the stripping
zone where the solids are contacted wnh a stnppmg gas to remove any
remaining volatile material therefrom -

jaz15b.d0c
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reaction zone. 3. ' A process according to any of the preced| ng
clainms which further 10 conprises: a separate process of converting a

di fferent hydrocarbon feedstock ' havi ng:an. average boiling point from
about the C[err] hydrocarbon b0|I|ng point to about 545[err]C to | ower
boi ling products by: (i) introducing. the di fferent hydrocarbon
feedstock into a steam cracking . furnace -wherein the different
hydrocarbon feedstock is vaporlzed and cracked 15 to lower boiling products
in the presence of steam (||) quenthng t he vaporized and cracked
product streamto a tenperature ..}.aw enough to stop the cracking

reaction; and  (g)(i |ie)admgmhersonos ?&ﬁo%&ﬁomﬂe\émbﬁnékbﬁém ameatik

separate process uenched vap@r .stream from step- (d) gccordl ng
toclaimil %?P%ae@"ﬁﬁm%mm&@ angresusdnetal-centaining m,ataria!ynyzg ected from
the group ¢ t é‘égm

cont am nantgfé%gﬁgégg gﬁ{o#gglzrlgégﬁﬁ prﬁﬁéélharéﬂ %ﬂ%ﬂg eﬁ%%%ng%% any
of the pr ecednpgsing & malnmnameftambmture effemwerto mnﬁae‘pmeedzpergtxm

| ef h, { chad d 25 fraction f te
ey e b B0 B Pebed i R R 2 A o, oo n el ol e whorei n
i ndependent | y com;eylmyambthermeéﬁphhﬁarmbgéﬁe@tm&%ﬁds%%é on zone

reactxon zone.

3. A process accordmg to any of the preoedlng claims whach further
10 compnses a separate process of convertmg a ‘different hydrocarbon feedstock
having an average boiling pomt frdrn abom the Cs hydrocarbon boiling point to
about 545°C to lower boiling products by o
M introducing the different hydrocarbon feedstock into a steam cracking
fumace wherein the different hydrocarbon feedstock is vaporized and cracked
15 to lower boiling products in the presence of steam
(i)  quenching the vaporized: and cracked product stream toa temperature
low enough to stop the crackmg reac(ron and
{iit) ccmbmlng the quenched vapor stream from the separate process with

the quenched vapor stream from step (d) accordmg to claim 1 in a common .

2¢ downstream steam cracking facrlity- sefected from the group consisting of -
fractionation, compression, scrubbing of contamrnants and olefins reoovery

4. A process according to any of the precedrng claims which further
‘comprises separating an oleﬁn-nch fract:on from the gquenched vaponzed
25 fraction from step (d). :

5 A process according to any the 'precedmg c!a:ms wherem
independently conveying and remowng' tne sohds from said reaction zone

’ Jax01Sbdoc
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22 conprlses conveylng t he SO|IdS through and fromthe reaction zone
via a hori zontal noving bed of- f1uidized solids. 6. = A process
according to any of the preceding clalnB wherein the solids 5 are
fluidized with the aid of a mechani-cal: .means .and a fluidizing gas.

7. A process according to any of_the“precedlng cl ainms wherein the
-mechani cal nmeans are conprised of a set of :-hori zontal | y di sposed screws

Wi t hin the reactor. 10 8: A process according to any of the
precedi ng clai ns wherein the heat “tr2msfer -solids are selected from
the group consisting of petroleuntcoke from:a del ayed coki ng process,

recycl ed coRemposesiggnveying thmwdsémrmubmrwfmnue reaction Zbne vidapr ocess

Jorras conpfipdibySlmplRcheEra RiasaBofde. """ o0 1" 10O o sctording to

any of the preceding clains wherein: the catalytic conmponent is netal.
oxi des sel ected fromthe group conS|strng ‘of -nmagnesi um 20 oxi de, cal cium
oxi de, mang8neséAdiPaess acgoydingdenanyiciéhe pracsding.claims wherein thmamllds

| S?ioﬂissV%Q?%t%@'aﬁtﬁﬁﬁﬁ‘%fé‘ﬁ“ﬁiéﬁétﬁ%%ﬁ#ﬁ%i’lﬁ@ﬂw@stat aytic

7. A process according to any ofthe preoedmg claims wherein the

mechanical maans are comprlsed of a set of hnnzontally disposed screws within

the reactor. LT
10

8. A process aocordmg to an_:'__._iof'the precedlng claims wherein the heat
transfer solids are selected from the group consnstlng of petroleum coke from a
delayed coking process, recycted coka or any inert matertal such as sand.

i_s 8. A process according to any ofthe precedmg clatms wherein the heat
"~ transfer solids comprise & cataiytsc component

10. A process according to an'y ofthe pteéaiiing claims wherein the catalytic
component is metal oxides seleste' -rom.tha grnup consisting of magneslum _
20 oxide, caicium oxide, manganese oxlde berymum oxide, strontium oxide, cerium
‘oxide, vanadium oxtde cesium oxtde}"_.and mtxtures thereof.

11, A prccass according to any of'the precedmg claims wherein the catalytic
component is selected from the @nssstsng of refractory metal oxides, '
25 atummates zeolites, spent fluid ca ytip crackm. catalysts vanadlum rich flue
fines, spent bauzite, and mlxtures 1 teof

Jaz023b.doc
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corrponent |s sel ect ed fromthe group consr sti ng of refractory rret aI oxi des,
25 alumnates, zeolites, spent flu'd:catalytic) cracking catal ysts,

vanadiumrich flue _ fi nes, spent.. ‘balizi te,” and m xtures thereof.

23 12. , A process accordl ng to- any of precedr ng cl ai ns wherein the
vapor residence time of the vapor. short ‘contact time reaction zone is
| ess than about 1 second. 3. _ A:process according to claims 1

t hrough 11 wherein the vapor resrdeg > .trne of the vapor short contact
time reaction zone is |ess than about0.%3 * 7 . seconds. 14. A
process according to claim1l through.,--ll wherein the vapor resi dence 10

time of the12apoA prbcess acoording to BRY.of 478 preveditgelaints Whsfein A8 véPGrUt 0.25
seconds. pF cess accordin %to *any of the preceding ai s

wherein t hef%séﬁ‘% time m&hpﬂ@ ctiime Rﬁastran gnaaﬂs b@atﬂa@: aboute

reaction zoggedny, from about- 10 to:. 0. sécands.

:,_-'through 11 wherein the vapor residence
time of the vapor short contact trm reactron zone is less than about 0. 5
seconds. v

s 13. A process according to c!aim'

through 11 wherein the vapor residence
action. zone is less than about 0.25

14 Aprocess according to é!ar
10 time of the vapor short contact t! :
seconds. :

15, A process according to any of 'the precedrng claims wherein the solids
residence time of the vapor sho_ ’co ' act time reactron zone is from about 10 to
1s 30 seconds. R

16. ~ A procsss according to- : : tht '.precedmg cla:ms wherein the resrdual
feedstock is selected from the g up: ‘__nsrstmg ‘of vacuum resids, atmosphenc
resides, heavy and reduced pet;g!ggjgg ¢ﬂ-l_$’.§;91_|- pitch; asphalt; bitumen; tar

d coa!liquefactron bottoms.

20 sand oil; shale oil; coai slurrieS'ij

- 17. A process aocordrngtoci: m through‘ls wherein the resrdual o
feedstock is a vacuum resid. | SPEER

_,.__e precedmg claims wherein a co-feed

4 1Ub exfra;t stream; a deasphalted rock
égtalytrc cracking, fluidized
axcess of 260°C is added to the residual

‘25 18.  Aprocess according to 8
selected from the group cbnsistr
petrolatum, and heavy prdducté
coking, and delayed coking boil
feedstock.

ja2015b.doc
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J%B' A process accordlng to any of the precedlng cl ai ms wher ein the
r esi dual feedstock is selected fromthe group consisting of vacuum
resids, atnospheric resi des, heavy and reduced petrol eum crude oi
pitch; asphalt; bitunmen; tar 20 sand'oil; shale oil; coal slurries; and
coal liquefaction bottons. - A7 A'process accordlng to clalns 1

t hrough 15 wherein the residual -t feedstock IS a vacuum resid. 25 18.

A process according to any of the precedl ng. ¢l ai ms wherein a co-feed

sel ected fromthe group consisting of’a {jpeextract stream a deasphalted
rock petrol atum and heavy products fT:0m f 1 ui di zed catal ytic cracki ng,
fluidized coki ng, and del ayed: cokl ng b0| I | hg I n excess of 260[err]Cis
added to the residual f eedst ock.: - 24 19. A process
accordi ng t ¥9anyAprocdss gooending rtngany af theprheading diginms whemeirdb(bss than 50

wt. % of the total feaedstock is oo—feed . R

5 20. Aprocess according to any of tha pracedlng claims wherein the stripping
gas is steam bk

21. Aprocess aocordrng to any of the preoading c!axms wherein the fluidizing
gas is comprised of normaily gaseous hydrooarbons hydrogen, hydrogen
10 sulfide, and added steam. : C

22. The process according to any of !he precedmg claims wherein the
reaction zone is operated at a tamperature from about 780°C to about 790°C.

15 23. The process accordlng to any of the preoedlng claims wherein steam is
added to the residual feedstock at a rate from about 0.2 10 0.5 kg per kg, of total
feedstock. ' T

24, A procass according to any ___,.__:the preoedmg claims whersin the ﬂurdrzmg
20 gas is comprised of vaporized normally gaSeous hydrocarbons hydrogen

hydrogen sulfide, and steam.

25. Aprocess aocordmg to any e praoedlng claims whersin a catalytic
component is introduced with the residual feedstock

25
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