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PROCESS FOR CRACKING HEAVY HYDROCARBON TO PRODUCE OLEFINS AND LIQUID HYDROCARBON

FIELD OF THE INVENTION

This invention relates to the production of
olefins and liguid hydrocarbon fuels from heavy
aydrocarbons. More particularly. the invention re-
.ates to the production of olefins in a ‘hermal crack-
ing environment.

OESCRIPTION OF THE PRIOR ART

# has long been known that naturally occuring
aydrocarbons can be cracked at high temperatures
to produce olefins and liquid fuel. Both catalytic
and non-catalytic cracking processes exist to pro-
duce olefins and hydrocarbon fuel from heavy nat-
uraily occurring hydrocarbons.

it nas been desirable to use the lighter molecu-
lar weight and lower boiling naturally occurring
nydrocarbons, such as gas oils, to produce olefins
and gasoline. The lighter hydrocarbons typically
contain fewer contaminants than heavy hydrocar-
bons.

However, as lighter hydrocarbons are con-
sumed, the petroleum and petro chemical industry
has had to focus on the use of heavier hydrocar-
bons, such as residual oils. Residual oils are cus-
tomarily identified as residual, reduced crude oils,
atmospheric tower bottoms, vacuum residual oils
topped crudes and most hydrocarbons heavier than
gas oils. The problem with the residual oils is that
the residual oils contain contaminants, such as
sulfur and metals. Heavy metals are particularly
troublesome in catalytic cracking operations. The
heavy hydrocarbons also contain a greater abun-
dance of coke precursors (asphaltenes, polynuclear
aromatics, etc.). These coke precursors tend to
convert to coke during the cracking operation and
tend to foul the equipment and catalyst or inert
particles used in the cracking process.

Many methods have been developed to deal
with the problem of cracking residual oils, generally
by pretreating the residual oil before cracking. Sol-
vent deasphalting, fluid or delayed coking or
hydrotreating are residual feed pretreating pro-
cesses. The solvent deasphalting, fivid or delayed
coking processes are essentially carbon rejection
processes which result in a substantial loss of
feedstock. Hydrotreating typically takes a very
heavy toll on the economics of the processing by
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virtiue of the poisonuous effect of the contaminants
on the catalyst and on the consumption of hy-
drogen.

SUMMARY OF THE INVENTION

It is an object of the present invention to crack
heavy hydrocarbon to produce olefins and liquid
fuels.

It is a further object of the present invention to
crack atmospheric tower bottoms by first process-
ing the atmospheric tower bottoms through a vacu-
um tower and separately cracking the vacuum oil
and the vacuum resid.

The process of the present invention proceeds
essentially in a thermal cracking process. The feed,
i.e., atmospheric tower boitom, is separated in a
vacuum tower into a vacuum gas oil and vacuum
resid. The vacuum gas oil is delivered to a thermal
cracking reactor and passed through with par-
ticulate solids at high temperatures, i.e., 1500°F
and low residence times, i.e., 0.05 o 0.40 seconds
to crack the hydrocarbon into olefins. The olefins
are separated from the particles in a separator and
taken overhead from the separator. The solids are
delivered to a coker stripper. At the same time, the
vacuum resid from the bottom of the vacuum tower
is delivered to the coker siripper and therein
cracked and to a great extent converted to coke.
The particulate solids are regenerated by combust-
ing coke made in the cracking process and re-
turned to the thermal cracking reactor for repetitive
cracking.

DESCRIPTION OF THE DRAWINGS

The process of the present invention will be
better understood when considered with the follow-
ing drawings wherein:

FIGURE 1 is a schematic view of the pro-
cess of the present invention.

FIGURE 2 is a cross-sectional elevational
view of the reactor feeder in the thermal regenera-
tive (TRC) system.

FIGURE 3 is cross-sectional elevational view
of the separator of the thermal regenerative crack-
ing process.

FIGURE 4 is a sectional view through line 4-
4 of FIGURE 3.
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DESCRIPTION OF THE PREFERRED EMBODI-
MENT

The process of the present invention is di-
rected to producing olefins and liquid fuels from a
heavy hydrocarbon feed. Atmospheric tower bot-
toms (ATB) are well suited for processing by the
process of the present invention. However, any
heavy feed that can be separated into a light and
heavy stream can be processed by the present
invention.

As best seen in FIGURE 1, the system is
comprised essentially of a vacuum tower 2 and a
thermal regenerative cracking assembiy. The ther-
mal regenerative cracking assembly is comprised
of a thermal regenerative cracking reactor 6, a
reactor feeder 4, a separator 8 and a coke stripper
vessel 10. The system also includes means for
regenerating solids particles separated from the
cracked product after the reaction. The system
shows illustratively an entrained bed heater 16, a
transport line 12 and a fiuid bed vessel 14 in which
the solids can be regenerated.

In the process of the present invention, at-
mospheric tower bottoms are delivered through line
3 to a conventianal vacuum tower 2 (operated at
about 20 millimeters) wherein the atmospheric
tower bottoms (ATB) are separated into a light
overhead vacuum oil stream and a heavier bottoms
vacuum resid. The vacuum gas oil is condensed
and then passed through line 20 to the thermal
regenerative cracking reactor 6.

The vacuum gas oil is delivered to the reactor
6 with hot solids particles that are passed through
the reactor feeder 4 (best seen in FIGURE 2).
immediate intimate mixing of the hot solids and the
vacuum gas oil occurs in the reactor and cracking
proceeds immediately. The temperature of the
solids entering the reactor is in the range of
1750°F. The vacuum gas oil is delivered to the
reactor at approximately 700°F. The solids to feed
weight ratio is § to 80, and the reaction proceeds at
1500°F for a residence time of about 0.05 to 0.40
seconds, preferably form 0.20 to 0.30. The product
gases are separated from the solids in separator 8
(best seen in FIGURE 3) and the product gases
pass overhead through a line 22 and are imme-
diately quenched with typical quench oil that is
delivered to line 22 through line 36. The quenched
product is passed through a cyclone 24 where
entrained solids are removed and delivered through
line 44 to the coker stripper 10.

The separated solids leave the separator 8
through line 26 and pass to the stripper coker 10.
At the same time, vacuum resid from line 22 is
delivered to the stripper coker 10 and is cracked
by the solids which are now at a temperature of
approximately 1300°F to 1600°F. The weight ratio
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of solids to vacuum resid in the stripper coker
ranges from 5 to 1 to 60 to 1. Thus, the vacuum
resid is elevated to a temperature of 950°F-
1250°F. The vaporized product from the vacuum
resid is taken overhead through line 30 and either
delivered for processing in line 34 or taken directly
out of the system through line 42.

The solids which have accumulated coke in
both the tubular reactor 6 and the stripper coker 10
are passed to the entrained bed heater 16 and
combusted with air delivered to the system through
line 44 to provide the heat necessary for thermal
regenerative cracking in the reactor 6.

The reactor teeder of the TRC processing sys-
tem is particularly well suited for use in the system
due to the capacity to rapidly admix hydrocarbon
feed and particulate solids. As seen in FIGURE 2,
the reactor feeder 4 delivers particulate solids from
a solids receptacle 70 through vertically disposed
conduits 72 to the reactor 6 and simultaneously
delivers hydrocarbon feed to the reactor 6 at an
angle into the path of the particulate solids di-
scharging form the conduits 72. An annular cham-
ber 74 to which hydrocarbon is fed by a toroidal
feed line 76 terminates in angled openings 78. A
mixing baffle or plug 80 also assists in effecting
rapid and intimate mixing of the hydrocarbon feed
and the particulate solids. The edges 79 of the
angled openings 78 are preferably convergently
beveled, as are the edges 79 at the reactor end of
the conduits 72. In this way, the gaseous stream
from the chamber 74 is angularly injected into the
mixing zone and intercepts the solids phase fiow-
ing from conduits 78. A projection of the gas flow
would form a cone shown by dotted lines 77, the
vortex of which is beneath the flow path of the
solids. By introduing the gas phase anguiarly, the
two phases are mixed rapidly and uniformly, and
form a homogeneous reaction phase. The mixing of
a solid phase with a gaseous phase is a function of
the shear surface between the solids and gas
phases, and the flow area. As ratio of shear surface
to flow area (S/A) of infinity defines perfect mixing;
poorest mixing occurs when the solids are intro-
duced at the wall of the reaction zone. In the
system of the present invention, the gas stream is
introduced annularly to the solids which ensures
high shear surface. By also adding the gas phase
transversely through an annuiar feed means, as in
the preferred embodiment, penetration of the
phases is obtained and even faster mixing results.
By using a plurality of annuiar gas feed points and
a plurality of solid feed conduits, even greater
mixing is more rapidly promoted, since the surface
to area ratio for a constant solids flow area is
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increased. Mixing is also a known function of the
L/D of the mixing zone. A plug creates an effec-
tively reduced diameter D in a constant L, thus
increasing mixing.

The plug 80 reduces the flow area and forms
discrete mixing zones. The combination of annular
gas addition around each solids feed point and a
confined discrete mixing zone greatly enhances the
conditions for mixing. Using this preferred embocdi-
ment, the time required 1o obtain an essentially
homogenous reaction phase in the reaction zone is
guite low. Thus, this preferred method of gas and
solids addition can be used in reaction systems
having a residence time betow 1 second, and even
below 100 milliseconds.

Because of the environment of the reactor 6
and reactor feeder 4, the walls are lined with an
inner core 81 of ceramic material. The detail of the
reactor feeder is more fully described in United
States Letters Patent No. 4,388,187, which is incor-
porated herein by reference.

The separator 8 of the TRC system seen in
FIGURE 3, can also be relied on for rapid and
discrete separation of cracked product and par-
ticulate solids discharging from the reactor 6. The
inlet to the separator 8 is directly above a right
angie corner 90 at which a mass of particulate
solids 92 collect. A weir 94 downstream from the
corner 90 facilitates accumuiation of the mass of
solids 92. The gas outlet 22 of the separator 8 is
oriented 180° from the separator gas-solids inlet 96
and the solids outlet 26 is directly opposed in
orientation to the gas outlet 22 and downstream of
both the gas outiet 22 and the weir 94. In opera-
tion, centrifugal force propels the solid particles to
the wall opposite inlet 86 of the chamber 93 while
the gas portion having less momentum, flows
through the vapor space of the chamber 93. Ini-
tially, solids impinge on the wall opposite the inlet
96 but subsequently accumulate to form a static
bed of solids 92 which ultimately form in a surface
configuration having a curvilinear arc of approxi-
mately 80° of a circle. Solids impinging upon the
bed 92 are moved along the curvilinear arc to the
solids outlet 95, which is preferably oriented for
downflow of solids by gravity. The exact shape of
the arc is determined by the geometry of the
particular separator and the inlet stream param-
eters such as velocity, mass flowrate, bulk density,
and particle size. Because the force imparted to
the incoming solids is directed against the static
bed 92 rather than the separator 8 itself, erosion is
minimal. Separator efficiency, defined as the re-
moval of solids from the gas phase leaving through
outiet 97 is, therefore, not affected adversely by
high inlet velocities, up to 150 fi/sec., and the
separator 8 is operable over a wide range of dilute
phase densities, preferably between 0.1 and 10.0
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bs..#* The separator 8 of the present invention
achieves efficiencies of about 80%, although the
preferred embodiment, can obtain over 90% re-
moval of solids.

it has been found that separator efficiency is
dependent upon separator geometiry, and more
particularly, the flow path must be essentially rec-
tanguiar, and there is an optimum reiationship be-
tween the height H and the sharpness of the U-
beng in the gas flow.

£ nas been ‘ound that for a given height H of
chamber 93, efficiency increases as the 180° U-
pend between inlet 96 and outlet 87 is brought
progressively closer to inlet 96. Thus, for a given H
the efficiency of the separator increases as the flow
path decreases and, hence, residence time de-
creases. Assuming an inside diameter D; of inlet
96, the preferred distance CL between the center-
lines of inlet 96 and outlet 97 is not greater than
4.0 D;, while the most preferred distance between
said centerlines is between 1.5 and 2.5 D;. Below
1.5 D; betier separation is obtained but difficulty in
fabrication makes this embodiment less attractive
in most instances. Shouid this latter embodiment
be desired, the separator 8 would probably require
a unitary casting design because inlet 96 and outiet
97 would be too close to one another to ailow
welded fabrication.

it has been found that the height of flow path H
shouid be at least equal to the vaiue of Dor 4
inches in height, whichever is greater. Practice
teaches that if H is less than D; or 4 inches the
incoming stream is apt to disturb the bed solids 92
thereby reentraining solids in the gas product leav-
ing through outlet 87. Preferably H is on the order
of twice D; to obtain even greater separation effi-
ciency. While not otherwise limited, it is apparent
that too iarge an H eventually merely increases
residence time without substantive increases in effi-
ciency. The width W of the flow path is preferably
between 0.75 and 1.25 times Dmost preferably
between 0.9 and 1.10 D,

QOutlet 97 may be of any inside diameter. How-
ever, velocities greater than 75 ft./sec. can cause
erosion because of residual solids entrained in the
gas. The inside diameter of outlet 97 should be
sized so that a pressure differential between the
stripping vessel 10 shown in FIG. 1 and the separa-
tor 8 exist such that a static height of solids is
formed in solids outlet line 26. The static height of
solids in line 26 forms a positive seal which pre-
vents gases from entering the stripping vessel 10.
The magnitude of the pressure differential between
the stripping vessel 10 and the separator 8 is
determined by the force required to move the
solids in bulk flow to the solids outiet 95 as well as
the height of solids in line 26. As the differential
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increases the net flow of gas to the stripping vessal
10 decreases. Solids, having gravitational momen-
tum, overcome the differential, while gas preferen-
tially leaves through the gas outlet.

FIG. 4 shows a cutaway view of a the separator
along section 4-4 of FIG. 3. It is essential that
longitudinal side walls 101 and 102 should be rec-
tilinear, or slightly arcuate as indicated by the dot-
ted lines 101a and 102a. Thus, the filow path
through the separator 8 is essentially rectangular in
cross section having a height H and width W as
shown in FIG. 4. The embodiment shown in FIG. 4
defines the geometry of the flow path by adjust-
ment of the lining width for walls 101 and 102.
Alternatively, baffles, inserts, weirs or other means
may be used. in like fashion the configuration of
walls 103 and 104 transverse to the flow path may
be similarty shaped, although this is not essential.

The separator shell and manways are prefer-
ably lined with erosion resistent linings 105, which
may be required if solids at high velocities are
encountered. Typical commercially available ma-
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terials for erosion resistent lining include Carborun-
dum Precast Carbofrax D, Carborundum Precast
Alfrax 201 or their equivalent. A thermal insulation
lining 106 may be placed between the shell and
the lining 105 and between the manways and their
respective erosion resistent linings when the sepa-
rator is to be used in high temperatures service.
Thus, process temperatures above 1500°F. -
{870°C) can be used.

The detail of the separator 8 is more fully
described in United States Lefters Patent No.
4,288,235 which is incorporated herein by refer-
ence.

The following example illustrates the process of
the present invention. An atmospheric tower bot-
toms (ATB) having essentially 44° vacuum resid
and 56% vacuum gas oil has the following com-
position:

VGO (TRC) VAC Resid (VR)
Gas 10.7 ' 15
c 24.6 14
c2 10.5 7
cz : 7.6
CR Gaso 15.5 10
~ LFO 11.6 6
HFO 16.6 34
Coke 2.9 10

62,700 pounds of atmospheric tower bottoms
are delivered through line 3 to the vacuum tower 2.
35,100 pounds of vacuum gas oil is taken from the
vacuum tower 2 to line 20 and 27,600 pounds per
hours of vacuum resid is taken through line 32. The
vacuum gas oil is delivered to the reactor 6 and
cracked with particulate solids which have been
elevated in temperature to 1750°F. The solids to

55

hydrocarbon feed ratio by weight is 22. Cracking
proceeds at 1500°F for 0.20 seconds. Approxi-
mately 1018 pounds per hour of coke is produced
on the particles in the reactor 6.

The 27,600 pounds per hour of vacuum resid is
delivered to the coker 10 at approximately 650°F.
Therein 2760 pounds per hour of coke is produced.
The total coke produced in the system is 3778
pounds. The over all combined yield from the
process is:
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Combined yield: Gas

Ethylene

Propylene

(o]

4
Cr.
LFO
HFO
Coke

Claims

1. A process for the production of olefins or

liquid hydrocarbon fuels comprising the steps of:

(a) separating a heavy hydrocarbon into a
light hydrocarbon fraction and a heavy hydrocarbon
fraction;

(b) thermally cracking the light hydrocarbon
fraction with heat supplied by particuiate solids;

(c) separating the cracking product from the
particulate solids;

(d) delivering the separated particulate solids
to a coker;

(e) delivering the heavy hydrocarbon to the

coker to produce coke and vaporized hydrocarbon. -

2. A process as in CLaim 1, wherein the ther-
mal cracking temperature is about 1500°F, the
ratio of solids to light hydrocarbon by weight is
between 3 and 60, and the reaction residence time
is 0.05 to 0.50 seconds.

3. A process as in Claim 2, wherein the tem-
perature of the solids delivered to the coker is
between 1300°F and 1600°F; the coking tempera-
ture is 950°F to 1250°F.

4. A process as in Claim 3, wherein the ratio of
solids to heavy hydrocarbon feed by weight in the
coker is 5 to 60.

5. A process as in Claim 2, wherein the heavy
hydrocarbon is residual oil.

6. A process as in Claim 2, wherein the heavy
hydrocarbon is an atmospheric tower bottoms.

7. A process as in Claim 2, wherein the light
hydrocarbon feed and hot particulate solids are
delivered to a tubular thermal regenerative cracking
reaction through a reactor feeder having vertical
passages communicating with the tubular regenera-
tive cracking reactor and the solids in a hot solids
vessel, means for providing localized fluidization to
the solids above the veriical passages and means
for delivering the light hydrocarbon fraction to the
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weg 1b/in
12.6 7900
18.9 12500
9.0 5640
6.0 3760
13,1 8210
.1 5710
24.3 15240
6.0 3780

tubular thermal regenerative reactor at an angle to
the path of the particulate solids entering the ther-
mal regenerative reactor.

8. A process as in Claim 1 wherein the par-
ticulate solids and the thermally cracked product
gases are separated in a separator wherein the
particulate solids and thermally cracked product
gases enter the separator through a separator inlet
and reverse direction ninety degrees; the cracked
product gases reverse direction another ninety de-
grees to effect a one hundred eighty degree rever-
sal in direction from the eniry direction; the par-
ticulate solids continue in the path oriented ninety
degrees from the particulate solids -cracked prod-
uct gas separator inlet and thereafter, the path of
the particulate solids is directed downwardly.

9. A process as in Claim 1 wherein the par-
ticulate solids and cracked product gases are sepa-~
rated in a separator comprising a chamber for
rapidly disengaging about 80% of the particulaie
solids from the incoming mixed phase stream, said
chamber having approximately rectilinear longitudi-
nal side walls to form a flow path of height H and
width W approximately rectangular in cross section,
said chamber also having a mixed phase inlet of
inside width D; a gas outlet and a solids outlet, said
inlet being at one end of the chamber and dis-
posed normal to the flow path the height H of
which is equal to at least D;; or 4 inches, whichever
is greater, and the width W of which is no less than
0.75 D; but no more than 1.25 D; said solids outlet
being at the opposite end of the chamber and
being suitably arranged for downflow of discharged
solids by gravity, and said gas outlet being there-
between at a distance no greater than 4D from the
inlet as measured between respective cenierlines
and oriented to effect a 180° change in direction of
the gas whereby resultant centrifugal forces direct
the solid particles in the incoming stream foward a
wall of the chamber opposite to the inlet forming
thereat and maintaining an essentially static bed of
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solids, the surface of the bed defining a curvilinear
path of an arc of approximately 90° of a circle for
the outflow of solids to the solids outlet.

70

15

20

25

35

45

55

12



\\\\\\

‘‘‘‘‘

0 212 007

FUEL OR
¥ FLE oas

40
STRIPPING
vesse| | g
= STEAM 18
o0 | | REACTOR (3
V60 / FEEDER4
' - 36
_lj 22
42
REACTOR b oo
6 ™~
] 14
2~ 30
SEPARATOR s
VAGUUN
TOWER \
//'2 STRIPPER /
AT Vg | COKER
—r* —a
3 32 STEAM 44 STEAN
= (28
VACUUM RESID
\\""““"“\\\___jf__r_,//"y' Laa AR

ENTRAINED BED HEATER 'O



anAay

-

0 212 007

FIG. 2

o

[
K
e € ¢ ¢
SRS RASERAR AR
ATRE T NP TSR Y T Y T AT SN
B N W W K . 0. W . O, W NV T N

©
~

O
»
77\

v
€ <€ <
ENL N TR z///////// s
AR // ////////// ////z
\////// NERARRR AR RN
L O N S AN N AN Ny

L ld Ll L LLLLLLLL

O
P~

22222222

Aokl ek o ke okl

<O~

N N

v =c ") Y
« N Ty \ CRCTRCES A
O T N A

< .Q
N
~I =~

va

(=]
(9N ]




0 212 007

o«

/\’

-Dog'{

CL

B
|

TN
Q
PPN A N N AN A AN AN

D S O PO R 20 TN Y YU A N Y
7

7
VM I AN

P

T O]

s

AN A AL MR A AL LA AR AL AR RN

ya

J// SO N A NN AN SANISAANSINN :
AN LLLLLLLLLL L LV
TR X ¢
i1 1 \\ / \\ \\ \\ N
L1 7 7 . , YR ¢\ %

It 7 7/ Y / \\ s I
QS AN A %\

14 -

1y
141

4
\,.\‘ = - 1
4 ¥ ] = = w
14 o
% 1
AL «ge
\It\\ 9
\’A‘h
At ¢

L g0

1]

U W W W W, W W W L U . . . W W L. Y

V4

S

m <
S

U

7
“\\\\\
yy

Vu\.“‘r\u\ real o)

a




£PO Farm 1503 0) B2

European Patent , I
\o) Office EUROPEAN SEARCH REPORT Apphicat e
EP 85 20 1308

DOCUMENTS CONSIDERED TO BE RELEVANT
Citation of document with indication. where appropriate, Reilevant CLASSIFICATION OF THE
Category of relevant passages to clasm APPLICATION (int. ClL.4)
C 10 G 51/06
X Us-A-3 019 272 (STEINHOFER et 1-6 c 10 G 8/32
al.)
* Figure 2; claims 1-13; column
'l, line 71 - column 2, line 17;
‘column 2, lines 38-63; example 2
Y 7~-19
i ———
X "EFR-A-2 247 527 (VNIINP) 1-6
'+  Figure 1; clzims 1-3; pages
10,11 =
v ! 7-C
Y EP-A"O 026 674 ( STOI\IE & 7-9 TECHNICAL FIELDS .
WEBSTER) SEARCHED (int C =
* Figures 1-24; claims 1-33 *
_——— C 10 G
A US-A-3 172 840 (PATERSON)
* Figure 1 *
A US-A-2 871 183 (SMITH et al.)
* Figure; claims 1-4 *
P-- 1 US-A-4 552 645 (GARTSIDE et 1-9
al.)
* Whole document *
|
The present search report has been arawn up for ail ctaims
Piace ¢t search Date of compietion of the search Examiner !
THE HAGUE 23-04~1986 MICHIELS P. ‘
CATEGORY OF CITED DOCUMENTS theory 6r principie underlying the inve~ten }

earhier patent gccument. but publisheg on or
after the filing aate

document cited ir the appicatior.

document crtec for other reasons

particulariy reievant if taken alone
particutarty reievant iIf combinec with another
document of the same category
technoiog:ca! background

non-written disciosure member of the same patent family corresponaing i
intermediate document document i

vO>» <X
Qo roQ m -4




	bibliography
	description
	claims
	drawings
	search report

