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The ‘present ‘invention is ‘concerned with an mproved
‘means for treating the heavy end material separated from
‘the ‘vaporous products of a coking reaction zone.. More
particularly, it deals with a system whereby the viscous
‘end fractions are made easier to handle, continuous liguid
‘circulation maintained, and increased flexibility ‘of -opera-
tion realized.

Intecent years, there has 'been developed, in the peiro-
leum industry, the well known fluid bed process for pyro-
lizing relatively heavy hydrocarbons. The process, com-
monly referred to as fluid coking, consists chiefly.in intro-
ducing an oil feed into a highly turbulent mass -6f hot,

inert particles maintained at a temperature in the range -

of 800 to 1200° F. Upon contact with the hot solid ‘par-
ticles, the oil is ‘converted into vaporous reaction products
and carbonaceous :material “which . is continuously - .de-
posited upon the contact solids. Normally, at least a por-
tion of the particles coated in this manner are withdrawn
from ‘the coking vessel, and circulated to a combustion
zone ‘wherein oxidation of part of carbonaceous materisl
serves to heat the ‘solids to requisite high temperatures.
The heated solids are then recirculated to the reaction
bed ‘thereby providing thermal energy for the conversion
process. .

Typically, the feed has an initial boiling point of about
600° F.-or higher, an A.P.L -gravity ranging from0° to
20°, and a Conradson carbon residue content of -about
5 to 40 wt. percent. -Suitable contact solids for fluid
coking include, among others, sand, coke particles, ce-
Tamics, .glass beads, and. the like, and preferably range
from 40 to 500 microns .in diameter. )

Gases, ‘generally -after passing through a solids .separa-
tion step,-are withdrawn overhead.from the reaction-zone
:and passed into a scrubbing and fractionation unit wheréin
less desirable -heavy-end material -and ‘fine solid -particles
are ‘removed: from the vaporous conversion preducts,
This heavy -end fraction, normally boiling above 700° E.,
is characteristically a rather viscous, tar containing-mate-
rial, -unsuitable for product recovery as such, It has,
heretofore; been standard procedure to recycle this heavy
material, substantially to extinction, .to the coking bed
wherein it.undergoes.further cracking to give desired.light
-end fractions. Normally, .a portion of the heavy -hydro-

carbon -end .material -is -cocled and recycled back ‘to-an

.intermediate .section -of the scrubbing unit wherein it

-$erves "as .a-scrubbing -agent to further condense heavy

material and recover coke fines escaping from-the reactor.
However, the handling of this heavy recycle .material
-has .caused appreciable difficulties. Due to its viscous,

-tarry.nature, it ‘has tended-to -deposit carbonaceous resi-

-due .on .structural walls, and to -plug conduits -thereby
causing excessive pressure .drops in the system.. Over a

-length. of time, fluid flow-may be completely blocked, -and

an unscheduled shutdown of the entire coking system
necessitated.
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‘The present invention presents a system whereby this
viscous, scrubber bottom material is more easily trans-

ported while simultaneously providing added flexibility

‘of operation, and smaller apparatus for feeding the reac-
tion zone. More specifically, the heavy end fraction s -
withdrawn from the scrubbing vessel, and at least a por-
tion ‘of it, preferably in a continuous manner, is ‘sent to
"a ‘mixing zone wherein it is contacted with ‘substantially
all ‘the fresh hydrocarbon oil feed to be introduced into
the reaction bed. Since the feed is of comparatively Tow
viscosity, the mixture thus obtained is considerably 1ess
viscous than the heavy end fraction itself. Further, the
ratio of total fresh oil feed rate to circulating ‘scrubber
bottoms ‘js sufficiently high to result in the mixture having
viscosity and carbon depositing characteristics more like
the fresh oil feed than the heavy end fraction.. There-
after, a portion of the mixture is recirculated back to the
scrubbing zone, and a second portion introduced into the
Teaction -bed by means of the feed nozzle system: hereto-
fore employed for injection of fresh oil feed directly into
the conversion zone. By way of clarification, .it 'should
be noted that fresh feed, as such, no longer exists in the
system after the fresh feed has been introduced into the
mixing zone.

Additionally, it should be clearly understood that the
‘present invention is not directed to the broad principle
of diluting scrubber bottoms recycle by adding an ex-
traneous material, as for example, a portion of the oil
feed.  The present invention is a distinct step forward
over the prior art by utilizing substantially all the fresh
feed as a diluent agent without incurring excessive liquid

-hold-ups. As is readily appreciated, a considerably less

viscous material is thus obtained. In former systems, any
extraneous diluent liquid was passed into the scrubber
bottom liquid holdup zone. Such ‘an operation neces-
sitates an unduly large scrubber bottom section, and lim-
ited operation flexibility if a diluting effect comparable
to that presently taught is to be obtained. While in the

‘past, an extraneous gas oil stream was provided ‘on a

standby basis to supply some purge during an upset, prac-
tice “has proven many times that difficulties and uncer--
tainties have restricted and/or prevented the extrancous

‘stream from providing adequate purge. Plugging of feed

smozzles, pumps and other equipment causing shutdown
of the unit thereby resulted.

In accordance with the present invention; feed is ‘con-
‘tinually passing through the slurry recycle system at:high
rate and is returned to the feed surge drum or tank.

Since, in accordance with the present invention, essen-
tially all the fresh feed serves as a diluent, liquid han-

‘dling difficulties are minimized. Further, the quantity of

material in the slurry recycle system is no longer de-
ipendent solely on the amounts .of bottoms fractions in
the reactor overhead vapors and this a large quantity of
liquid may be continuously circulated throughout  the
sturry system.. Highly desirable added flexibility is real-
ized .in that continuous circulation and purging of the

‘slurry system is.insured even in the event of an emergency

upset-or temporarydislocation in the conversion system.
Temperature control of the scrubber zone may be readily
maintained even if a part, or all, of the cooling effect of
the scrubber unit is lost (failure of pumparound cooler),
due to the heat removal capacity of the fresh feed. While
.cooling -and diluting the heavy end fraction, the feed
undergoes necessary preheating and thus the quantity of
externally provided feed preheat required is reduced.
Additionally, -all the fresh feed and extinction recycle
material may be introduced solely as a mixture through
‘the coker feed nozzles, thereby eliminating prior art sepa-
rate injection means for the recycle material and the fresh
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feed. Further, better distribution of total oil feed into
the coking reactor is obtained.

The various aspects of the present invention will be
more clearly understood by referring to the following
description, example and .accompanying drawing.

. 'The figure depicts a fluid bed reaction system oper-
ating in accordance with the present teachings.

Turning to the drawing, there is shown a conversion
system consisting essentially of reactor 10, scrubbing and
fractionation vessel 11, and mixing zone 12. While scrub-
ber 11 is in direct superimposed relationship with respect
to reactor 10, as is normally preferred, the present in-
vention may find application when the conversion unit
and fractionator are two distinct, unattached vessels, or
even when the fractionation zone is within the reactor
itself. . Similarly, while it is normally preferable to have
a distinct mixing zone 12 in the form of a surge drum
having a substantial liquid holdup capacity, ie. 0.3 to
1.0 gallon/gallon/hr, of fresh oil feed, the mixing of
heavy recycle ends and fresh feed may be performed
in an average size or slightly enlarged portion of the
circulating conduits.

With respect to reactor 10, there is contained therein
a highly turbulent bed 13 of inert solid particles, e.g.
sand, at a temperature of about 950° F. Fluidizing gases
such as steam, nitrogen, hydrocarbons, etc. provided
‘through line 18, serve to maintain the solids bed in the
form of a pseudo-liquid phase. Solids are withdrawn,
either continuously or intermittently, and passed by lines
15 and 17 to a burner zone, not shown. After the tem-
perature is sufficiently raised by oxidation of occluded
carbonaceous residue, the solids are recirculated to the
reaction bed by line 14, thus supplying requisite thermal
energy. Due to the continuous deposition of carbona-
ceous material characteristic of the coking reaction, a por-
tion of the solids is removed from the burner side of the
system, finding use as fuel, or as a unique carbon solid.

As will be later more fully described, hydrocarbon oil
(the mixture of fresh oil feed and heavy ends), suitably
preheated, is introduced into the conversion zone by
multiple injection nozzles 52 or other conventional in-
jection means, disposed circumferentially and longitudi-
nally about the reactor shell. Upon contact with the
hot solids, the hydrocarbons are converted to lighter ma-
terials boiling in the naphtha, gas oil ranges, and more
volatile constituents. The gases then normally flow into
a separator 26, e.g. one or more cyclones, wherein prac-
tically all of the entrained solids are removed and re-
turned to the reactor bed by dipleg 21. While generally
utilized, the separator may be eliminated when the pres-
ence of solids in the vapor fractionation step can be tol-
erated, or is even desired. Thereafter, the gases flow into
scrubber 11.

Within the scrubbing unit, there is contained a plu-
rality of baffle plates 23, or other conventional means
such as sheds or jet trays, for promoting commingling
of fluids. Relatively cool liquid and/or gas is intro-
duced into the scrubber by injector 27 and line 53. While
at least a portion of this quenching-stripping fluid is heavy

end material recycled from the scrubber bottom holdup -

section 28, other hydrocarbons such as a recycled inter-
mediate fraction, steam, inerts, etc. may be utilized.
The coker vapors are introduced into the scrubber by
conduit 22 at a temperature generally in the range of 950
to 1050° F., and pass upwardly in countercurrent flow
to descending stripping liquid. Desired constituents are
thus fractionated and removed overhead by lines 24, 25,
and 26. Typically, a gas oil fraction is removed by line
24, a naphtha range material by line 25, and light gases
boiling below about 140° F. by conduit 26.

Heavy ends material, e.g. boiling above 700° F,
and normally above 1000° F., is condensed from upflow-
ing vapors and settles to form holdup zone 28, having a
temperature of about 650 to 775° F.
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Up to this point, the description has been generally
directed to features commonly known in the art.

In accordance with the present invention, scrubber
bottoms are removed by line 29 having valve 30 therein,
and at least a substantial portion (generally between
30% and 70%) is passed through valve 40 and line 33
and 41 to mixing zone 12, While normally all the beavy
end material is internally recycled to extinction back to
the scrubbing and reaction units, line 31 is fitted with
valve 32 as a means for withdrawing scrubber bottoms
from the system. Of course, taps may be placed at other
points in the bottoms flow pattern.

As indicated formerly, mixing zone 12 is preferably
a unit of substantial holdup capacity, i.e. greater than 0.3
gal./gal./hr. of fresh oil feed. Thus, in the event of dis-
ruption in the conversion system, the reservoir in the
mixing zone continues to supply necessary liquid streams
to the scrubbing zome. This permits continuous with-
drawal of a liquid stream from the lower portion of
scrubber 1%. The liquid stream acts as a purge for the
scrubbing zone in that it removes sedimentary material
passing from zone 13 through separator 20 and conduit
22. It frequently occurs that oil feed to the reactor
must be withdrawn while continued coke circulation is
essential. Even though flow of hydrocarbon gases from
the reactor is interrupted, flow of fluidizing gases, e.g.
steam or other gas, continues. Thus, sedimentary ma-
terial (fine coke particles) still enter into the scrubbing
zone. If this material is not rapidly removed, it will
continue to concentrate and ultimately render the entire
system inoperable due to the clogging of pumps, lines,
and the like.

Fresh oil feed, such as a South Louisiana crude, and
normally at temperatures of about 200-400° F., is in-
troduced into mixing zone 12 by line 42. When steady
state conditions exist, the fresh feed forms an equilibrium
mixture with material withdrawn from the slurry pumpa-
round circuit (which is itself an equilibrium mixture of
fresh feed which previously entered the system plus the
heavy end material ¢ { the reactor vapors). The viscosity
of the feed-end material circulating in the slurry system
is considerably lower than the slurry pumparound of
previous systems, generally being 40% to 70% of that
which would be encountered if the presemt invention
were not practiced,

While not shown, mixing zone 12 may contain a stirrer
element, baffles, trays, etc. for facilitating good mixing
of the two streams. Line 43 permits withdrawal of liquid
from the vessel, if desired.

The .fresh oil-heavy end mixture is withdrawn by line
46, valve 47 serving to accurately control the quantity
of liquid flow. A portion of the mixture is then passed
by means of line 48, and valve 49 into multiple injector
52 wherefrom it is introduced into the reaction zone 13.
While the feed will be preheated to some extent due to
the original heat content of withdrawn scrubber bottoms,
a preheater or the like may be inserted in line 49, if
desired.

An additional portion of the mixture flows through
line 50 containing valve 51, thence through lines 36, 37
and 39 and multiple injector 27 back into the scrubbing
zone. For flexibility, line 44 and valve 45 are indicated
as a means of additional flow rate control. Similarly, the
drawing indicates that some of the feed-heavy ends mix-
ture withdrawn from the scrubber bottom 28 may be
directly recirculated to the fractionation zone through
line 34 and valve 35.
~ As a means of controlling temperature in the scrubbing
operation, one or more coolers 38 and/or 54 are provided
for altering the temperature of the various circulating
liquid streams. Usually, the recycled material enters the
scrubber at about 400 to 600° F.

Tabulated below is a compilation of data applicable
to the system described.
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Table 1
Broad Preferred
Range Range
Percent of withdrawn scrubber heavy
ends sent to mixing zone...._.......... 30t 70 50 to 60
Ratio of heavy ends equilibrium mixture
to fresh feed as introduced into the mix-
ing zone 0.25 to 2.0 0.5t0 0.8
Ratio of mixture used as reactor feed to
mixture recirculated to serubber___._.__. 0.60 to 4.0 1.0t0 2.5

The present invention is particularly desirable as ap-
plied to fluid bed coking since the nature of the fresh
hydrocarbon feed is such as to contain considerable quan-
tities of heavy end precursors and viscous constituents,
these heavier fractions tending to gather to form scrubber
bottom liquids. However, the concept of mixing scrub-
ber recycle with substantially all the fresh feed to the
unit and then passing portions of the mixture formed to
the reactor and scrubber, respectively, may be applied to
other conversion systems, such as visbreaking, reform-
ing,  catalytic cracking, etc. By thus operating, liquid
transportation difficulties are minimized, and a highly
flexible system obtained.

What is claimed is:

1. In a conversion system wherein the vaporous prod-
ucts from a coking zone are passed to a scrubbing zone
for separating a heavy end liquid fraction therefrom,
the improvement which comprises the steps of with-
drawing said heavy end liquid fraction from said scrub-
bing zone, mixing about 30 to 70% of said withdrawn
heavy end liquid fraction with substantially all the fresh
residual oil feed to be introduced into said coking zone
in a mixing and surge zone separate and distinct from
said coking and scrubbing zones, maintaining a substan-
tial liquid holdup in said mixing and surge zone to
insure continuous circulation of liquid to said scrubbing
zone at all times, withdrawing the residual oil feed-heavy
end liquid mixture thus formed, circulating at least part
of the withdrawn mixture to the upper portion of said
scrubbing zone and passing the remainder of said with-
drawn mixture as feed oil directly into said coking zone.

2. The improvement of claim 1 wherein said fresh feed
is a hydrocarbon oil having an initial boiling point above
600° F., and an API gravity of about 0 to 20°, and
said heavy end liquid is characterized by an atmospheric
boiling. point greater than 700° F. :

3. In a coking system wherein a residual high boiling
hydrocarbon oil is fed into a coking zone containing a
mass of inert solid particles maintained at a coking tem-
perature, said pesidual high boiling oil thus being con-
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which is deposited on said solid particles, and wherein

6
said gasiform material is passed info & s§crubbing zoné
for the recovery of desired products and the condensa-
tion of heavy end constituents, the improvement which
comprises the steps of withdrawing said condensed heavy
end constituents from the bottom portion of said scrub-
bing zone, mixing in a mixing zone about 30% to 70%
of said withdrawn condensed heavy end constituents with
substantially all the fresh residual oil feed before being
introduced into said coking zone, withdrawing from said
mixing zone the mixture thus formed and passing only a
portion - therecf to the upper portion of said scrubbing
zone as scrubbing liquid and passing the remainder of
said mixture as feed oil directly into said coking zone.

4. The improvement. of claim 3 wherein said coking
zone contains a fluid bed of hot, inert particles at a
temperature in the range of about 900 to 1200° F.

5. The improvement of claim 3 wherein said coking
zone contains a relatively dilute, rapidly moving gaseous
suspension of hot inert solid particles.

6. In a conversion system wherein the vaporous prod-
ucts from a coking zone are passed to a scrubbing zone
for separating a heavy end liquid fraction therefrom, the
improvement which comprises the steps of withdrawing
said heavy end liquid fraction from said scrubbing zone,
mixing at least a portion of said heavy end liquid fraction
with substantiaily all the fresh residual oil feed to be
introduced into said coking zome in a mixing and surge
zone separate and distinct from said coking and scrubbing
zones, maintaining a liquid holdup in said mixing and
surge zone of between about 0.3 and 1.0 gallon/gallon/
hour of fresh residual oil feed to insure continuous cir-
culation of liquid to said scrubbing zome at all times,
withdrawing the residval oil feed-heavy end liquid mix-
ture thus formed from said mixing and surge zone, cir-
culating at least part of the withdrawn mixture to the
upper portion of said scrubbing zone and passing the
remainder of said withdrawn mixture as feed oil directly
into said coking zone.

References Cited in the file of this patent
UNITED STATES PATENTS
1,663,868 Taber Mar. 27, 1928
1,805,113 Taber e May 12, 1931
1,868,204 Herthel .. ________ July 19, 1932
2,036,968 MoOOre e -Apr. 7, 1936
2,073,456 Sachs Mar. 9, 1937
2,224,570 Dieserud oo Dec. 10, 1940
2,236,978 Taylor Apr. 1, 1941
2,734,852 Moser Feb. 14, 1956
2,776,799 Spitz et al. oo __ Jan. 8, 1957
2,873,247 Borey Feb. 10, 1959




