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PREDICTING BED DEFLUIDIZATION.IN. FLUID -
COKERS

John Frederick Moser, ¥r., Baton Rouge; La., assignor to

‘Esso ‘Research- and. Engineering ‘Company, a corpora-
‘tion ‘of Delaware

Application April 4, 1955, Serial No. 498,967
7'Claims, (CL 196—55);
The present invention rélates fo the coking 'of Heavy

‘oilsiry a- flnidized solids Systemt. It relates particularly
‘to-a method for controlling ‘the cokinig redction: whereby

Thaximune feed rates- may - be emjoyed- while-bogging - or

defluidization of the fluid coking bed is- prevented.
In essence, this invention provides -a- method and- ap-
‘paratus: for- defermining ‘ineipient -‘bogging” eonditions in

‘acoking zone whereby proper adjustrient -can ‘be' made
‘of -the: operating - conditions. tp cireumvent bogging and
‘consequent Shutdown of the: equipment,
‘of détermining the onset: of bogging: comprises operdting

‘@< relatively small coking: or test unit integrally with-the
smidin-coking: wnit.
‘min coker along with: adhering liquid residue {5 trans-
‘ferred to-the test coker.
feed is injected: into: the ‘test coker such tHat the test

This -method

‘Avportion of the fluitized: Bed in- the
A small amount:of addifional

cokeris operating’ at-an aetudl ‘higher  w:/hri/w. than
‘the-main: coker. Thus; so'long as this test coker or “bog-
ging coker” is- operable; it'is indicative that: bogging con-
‘ditions: do net exist in' the main- coker:..

A fluid’ coking: process: normally consists -of o flzid

-eoking:vessel -and-an: externall heating vessel, ‘e, g., 2 Auid

‘Bed ‘burner. A fluid bed' of solids, preferably coke

‘particles-produced by the process; is- maintained- i the

coking zone by a fluidizing gas, e. g., steam: The tem-

‘perdture-of the bed is: maintained at about! 950 F. by
“eirculating- selids: to- the ‘heating vessel ‘and -back.

Ehe

heavy oil to be converted is injected into the bed and

‘upen:-eontact with- the “hot - solids ‘undergoes pyrolysis,

evelving: lighter hydrocatbon- vapors' and- depositing-resi-
due or coke on the solids. '
“Fhe:mixing-action- of' the fluidbed normally results in

‘substantially isothermal conditions in the Bed' -and

‘therough- and ‘rapid: distribution of the: injejc_:ted:iheavy
oil. Produect ‘vapors, affer having entrained’ solids ‘re-

‘moved; are-removed from the coking vessel and-sent to

‘a scrubBer or- fractionstor for cooling. and® separation;
"With- the customary- feeds to: the: process, the viscous,
nezr-solid-components, e, ‘g, asphaltenes, of the féed pro-

~ Btice @ tacky filin on the: particles: which; until' it'is coked
—dry, tends to- cause the fluid- partitles-to adhere to:each
‘other-and to form-agglomerates. TF the feed rate-is'too
‘High, or if*the coking reaction- is too slow, sufficient ag:
‘glomeration of the particles will occur’ to ‘cause’ com-
"plete-deflnidization or bogging of the' fluid'bed. Bogging

of’ the' bed is one’ of the most serious problems encoun-
Thus; it is of vital' im-

in operating conditions can be-made; _
‘Tt*has-been the*practi‘ce"tq operate-a coking process well
on' tHe safe side. of conditions that cause bogging, i. €.,

.at"Tow feed rates, high temperatures, high solid circulation

-rates,, ett. In this way, all' of the feed is .promptly
evaporated and: cracked and the tacky .residue is spread
over. a.large :amount .of the solids. so-that. no substantial

-agglomeration takes.place,. Obviously, operating well..on
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the: safe ‘side of -bogging conditions- severely ‘limifs- the
capacity of the:coking system' and.is highly anecotioriical,

1f the simple expedient of resorting to ‘highier teri-
peratures is -used to-‘avoid:bed: bogging; then -a loss in
the-quality of products is- experienced; It is preferred-to
cokeat' terfiperatures- below 1650° F., e-g.,; at'950° 'F.
At these temiperatures, -goed" product ‘yields and: distribu-
tionsrfare-‘obtaiped'.‘- :

"This: investion: provides:a mieasis for detecting the: omsst

-of bogging: of the: fluid bed: whereby operations’ at magi-

‘umi-feed ratesicari be'achieved, This vention proposes
‘tor-operate a. small test: coker _integrally with :the nitin
coker;" using solids: withdraWnifrdmt the miin coking bed,
This: test: coketis: operated: at-a slightly. highey feed rife
suchs that: thie test' cokep-will: Be:the: one first to: bog: if ‘¢on-

‘ditions  conducive:to: bogging are being approackied in: the
‘main coking bed;.

‘The: preserit: invention ‘Tesults in the: advaritage: that thie
‘test.coker:operates on: the: same: coke: ‘presentiin the sivdin

-coking: bedand: with: the same feed stock: being used, ‘K
-gives; :therefore, o true pictuse- of thetactual: conditioss

-atthemorment in: the nrain: coker: -Equivalerit- operation
-of thes test e¢oker cannat b obtained by operating on

:solidg: from another ‘SOUICE, ‘6. g, ‘front the burner, The
-chiange:in liquid: or residue cortent- of the selids-supplied
‘toithe test coker from:the main: coker ig reflective of a

change .or upset: in: the mair coker, dnd. is used isithis
invention:togive an-accurate picture 6f conditions:in ‘the

‘main coker;.

In contrast to previously proposed: devices: for pré-
dicting bogging, the:instrument of thi§ irivention does not

‘have tor be calibrated: 10" performy satistactorily. ‘With

schemes: previously' proposed,- the: mair; coking: bed- had

‘tosbe actually subjected 1o conditions to: Bogging i order

to calibrate the predicting:device, This'is highly urdesiz-
able:. :
-Itiisutorberappreciated: that the degree: of safety factor
desired’ to anticipate bogging can be reddily adjustsd by
varying the incremental feed rate'to the test or “bogging?”
coker. . Altermatively, the: test: coket can be-operated: at a
slightly lower: temperature to-dchieve a-safety factor with
less incremental feed. It is obvious that the causing:af

‘bogging. in: the very:small: cokerisinot serious gy ifs ‘oper-
-ability. can bes readily restored,

When: the-test . coker indicates: firat’ conditions: of  bog-
ging are-being approached in: the ‘midin: coking: bed;. then
suitableadjustment can. be rhade:in the. operating’ cordi-
tions:to avoid: this: difficulty, 'F‘o‘r'ﬁexampl;e,» the: fegd: riite

-to" the' coker -can be: decreased;. the -coking: temperature

may-be increased, andior the: solids circulation: rats may
be'increased;.

Reference to the attached: drawitg: will' serve: to-make
The: drawing: illustrates g preferred
modification’ of. this invention:-and: is: presented for pur-
poses of: illustration. only.

Hlustrated ‘by- the: drawing’ is a: fluid: coking vessell 1
for pyrolytically coniverting heavy oils: A ‘flnidi bed of
solids; -e. .g., coke of 40: to 800" miCrons" in- size; having
an upperlevel L is maintainedt it the: vessel by adiittinig
a flnidizing gas, e, 8., steam,-to: the'baser of the: vessslh by
line 2 in amounts sufficient to obtain superficial fluidizing
.gas velocities in the coker in the range of 0.5 to 4 ft./sec.
Coke at a temperature 100° to 300° F. above the .coking
temperature is-admitted to. the coker by ling 3 in amounts
sufficient to-maintain a coking temperature in' the range of
900° to 1200° F. The Iower portion of the coker serves
as'a stripping zone to remove occluded hydrocarbons from
the coke. Coke is withidtawn from this stripping. zone by
line 4 and is circulated to an external heating.zone- to. be
reheated.

The -feed; -e. g., .2 residual. oilj.:is injected into-.the
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coker via line 5. Vaporous conversion products are re-
moved overhead by line 6 as product after having en-
trained solids removed by cyclone system 7.

To anticipate the onset of bogging, a small -external
fluidizing vessel is supplied continuously with a small
‘amount of coke withdrawn from the main coke bed via
Yine 9. This coke has a small amount of yet unconverted
tacky material adhering to it. A fluidizing gas, e. &,
steam, is admitted at the base of the test coker by line 10
to fluidize the solids therein and to maintain essentially the
same gas velocity as that in the main coker. Conversion
products and spent fluidizing gas are withdrawn from the
top of the test coker by line 11 and may be vented or,
more conveniently, be returned to the upper portion of
the coker 1 via line 11. Additional amounts of steam
may be supplied to line 11 to prevent coking in this line
and to aid in regulating the pressure in the test coker.

If it is required, the test coker may be heated as by
steam coils 12 or electrical heaters to maintain the coking
temperature. With the exception of the feed rate, the
conditions in the test coker are maintained substantially
equivalent to the conditions in the main coking bed. In
general, the capacity of fluid solids of this test coker need
not be greater than about 1 cu. ft. to give an accurate
picture of the conditions in the main coking bed, although
in some cases, somewhat larger volumes may be desirable.

In some applications, the test coker can be run at a
Jower temperature, preferably 20° to 50° F. below the
coking temperature, to give the desired safety factor.
There will be, therefore, more of the tacky compounds on
the solids in the test coker because of the lower cracking
rate. Thus, bogging conditions will be more closely ap-
proached in the test coker.

Solids are overflowed from vessel 8 through line 13
to maintain a constant inventory of solids therein. These
solids may conveniently be returned to the coking vessel.
Other means of withdrawing solids from the test coker will
.occur to those skilled in the art.

A small amount of the same residual oil feed introduced
into the main coking bed, including any recycle stireams,
is introduced into the test coker by line 14. -This feed
rate may, for example, be in the range of 0.01 to 0.5
Ib./hr./Ib. of solids contained in the test coker
(w./hr./w.), depending upon the degree of safety factor
desired.

By introducing fresh feed into the test coker, the test
coker is made to operate at an actually higher w./hr./w.
than the main coking bed. Thus, it is more amenable to
becoming defluidized or bogged. If the fluid bed in the
test coker does bog, then it is indicative that bogging con-
ditions are being approached in the main coking bed.

n some applications, the solids bed in the test coker can
be mechanically agitated or stirred as by a vaned impeller
or paddle to maintain proper motion of the particles with-
out exceeding fluidization gas limits.

A determination that the bed of the test coker has
become defluidized can be made in several ways. If the
gases in line 11 start to surge or if the coke ceases to flow
through line 13, then bogging has or is about to occur.
Alternatively, the bed could be probed with a steel rod
to see if compaction or agglomeration is occurring. A
rapid decrease in the temperature of the small coking bed
is also indicative of bogging.

Example

A fluid coker contains 300 tons of coke of a particle
size in a range of 40 to 800 microns, 250 microns median
particle size. The bed is maintained at a temperature of
950° F. and steam is admitted to the base of the vessel
in amounts sufficient to maintain an average superficial
fluidizing gas velocity of 1.5 ft./sec. The pressure above
the fluid bed is 6 p. s. i. A heavy oil having an API
gravity of 4.2°, a Conradson carbon content of 24 wt.
percent, and an initial boiling point of 950° F. is in-
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troduced into the fluidized bed at a feed rate of 0.5
w./hr./w. Under these conditions, the coker will bog ata
feed rate of about 0.65 w./hr./w. All of the oil is con-
verted under these conditions with recycle operation to
products boiling below 1000° F. excluding coke. Twenty
pounds of coke are maintained in a fluidized condition
in a small test coker having an internal diameter of 6
inches and a bed height of 36 inches. Solids are with-
drawn from the main coking bed at a rate of 100 Ibs./hr.
and are supplied to the test coker through a ¥4 inch line.
Additional feed is introduced into the test coker at a
rate of about 0.4 w./hr./w. This amounts to about
3X10-3% of the feed charged. to the main coking bed.
Under these conditions the test coker is operating at a
total effective feed rate of 0.6 w./hr./w., 20% higher
than the main coker.

Modifications of this invention will occur to those
skilled in the art. ‘For example, other schemes for con-
trolling the coke flow to the test coker can obviously be
used. Having described this invention, what is sought to
be protected by Letters Patent is succinctly set forth in
the following claims.

What is claimed is:

1. In a fluid coking process wherein an oil is pyrolyti-
cally converted by contact with a fluidized bed of solids
maintained at a coking temperature in a coking zone
to vaporous conversion products and residue which is
deposited on said solids, a method of determining the
onset of bogging of said fluidized bed, which comprises
withdrawing a portion of said fluidized bed, introducing
said portion into a relatively small coking zone, fiuidiz-
ing the solids in said small coking zone at a gas velocity
substantially equal to that in said fluidized bed, main-
taining said small coking zone substantially at said cok-
ing temperature, flowing solids from said small coking
zone at a rate sufficient to maintain a substantially con-
stant solids holdup therein, removing conversion prod-
ucts overhead from said small coking zone, introducing
a small amount of said oil into said small coking zone,
and decreasing the liquid content of the solids of said
fiuidized bed when the solids in said small coking zone
begins to bog.

2. The process in claim 1 wherein said decrease in
liquid content is achieved by increasing said coking tem-
perature.

3. The process of claim 1 wherein said decrease in
liquid content is achieved by decreasing the feed rate of
said oil to said coking zone.

4. The process of claim 1 wherein said conversion
products are transferred to the upper portion of said
coking zone and the solids removed from said small
coking zone are returned to said fluidized bed.

5. A process for coking a heavy oil which comprises
contacting a heavy oil at a coking temperature with a
bed of fluidized solids in a coking zone whereby said
heavy oil is converted to vapors and residue which is

deposited on .said solids, maintaining in a second rela- .
tively small coking zone a bed of fluidized solids sub--

stantially at the condition of said coking zone, flowing
solids coked with adhering liquid residue from said cok-
ing zone to said smaller coking zone, removing solids
from said second coking zone, introducing a small amount
of said heavy oil into said second coking zone, whereby
said second zone operates at a higher w./hr./w. than
said coking zone, and decreasing the concentration of
liquid on the solids in said coking zone when said second
coking zone indicates bogging.

6. A method of predicting bogging in 2 hydrocarbon
oil fluid coking process wherein an oil is converted to
relatively lighter hydrocarbon vapors in a coking zone
by contact at a coking temperature with a bed of fluidized
solids, which comprises operating a relatively small fluid
bed test coker integrally with said coking zone using
solids withdrawn from said coking zone along with ad-
hering liquid residue, and introducing a small amount

]
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of said oil into said test coker whereby said test coker References Cited in the file of this patent
operates at a higher effective feed rate and is more prone
to bed bogging than said bed of fluidized solids. UNITED STATES PATENTS
7. The invention of claim 6 wherein said relatively 2,690,990 Adamsetal. ____________ Oct. 5, 1954
small coker is operated at a temperature 20° to 50° F. 5 2,709,676 Krebs o May 31, 1955
lower than said coking temperature. 2,735,802 Jahnig ________________ Feb. 21, 1956
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