Sept. 2, 1952 .~ V. 0. BOWLES ETAL 2,609,332
HYDROCARBON CONVERSION

Filed Aug. 25, 1948

7 20 5tack
Elevator—] i

l

&

|/ Tapors
5 'jﬁ |
0 | \/
Reactor @ —[Crusher
3 , ¥ 33
S s
/|
Calciner
-60 '1_4‘9 gi? }
AL :
20  Product ﬂ@w/%ﬂig%zg‘é‘p‘
27 sy Vernon O Bowles

24
ATTORWEY




Patented Sept. 2, 1952

2,609,332

UNITED STATES PATENT OFFICE

2,609, 332
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“Hastings -on’ Hudson, N. Y- ‘assignors to"The
* Lummus Company, New_ York ‘NoY-as cmpo- :

< ration of Delaware

-Application August 25, 194sifseriia1 No: 46,167 . .

‘6"'Cl'a;ims.
_This .invention relates to an 1mpr0ved method
of.producing .coke-and-is.more. part1cu1ar1y a.con-
Jdinuation-in-part .of our..application . Sérial No.
510,119, filed: November. 13, 1943, and since aban-

‘donéd. in favor of .application Setrial No. .3,147; .

(CL-202-<14) "

filed January 22,1948, now Patent No. 2,561,334,

In accordanee with our prior invention, we have

‘disclosed.a new method. of producing coke by the

.continuous _conversion : of "heavy. hydrocarbons

such as residues.which are the by-products 6f )

crude 6il distillation,. or. tals which .are by-prod-

ucts of thermal cracking. “The technigue, gen-~
erally disclosed relates to the passage of a, gravity
packed “column of discrete 'size.particles of .coke
downwardly; solely by gravity, through a reaction
zone.and thence through a réhéating zone,.and
then returning. the particles to the reaction zone.
‘In accordance with our disclosures, we have set
forth certain conditionsof operation which permit

‘the complete. drying out of a thin liquid coating 2
‘applied to-and carried by: the ‘coke particles dur~"

ing “the continuous movement of the column
downwardly, and when these conditions are met
there is no adherence hetween particles of suffi-
cient-extent to  interfere with the free “flowing
character of the column.

“Our invention has" also-utilized the- technique
‘of ‘avoiding the- addition of heat ‘to the coking
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operation exeept:in the introduction ‘of’ the pre- -

‘heated ‘oil-charge and the coke ‘particles so that
maximum-temperature is at the top, ‘of the-reac-
tion- zone-and -so that there: will‘be 'no tendency
‘of the vapors-to condense as'they move upwardly
and-are.removed. ~There is‘also no dilution from
products “of .combustion:-as:air is excluded from
‘the:reaction: zone.

“In-our prior applications it was: contemplated
that the "reheating - would -be -accomplished: by
introducing air-into. a-sealed reheating zone with
-a partial combustion-of some -of the coke-and the
substantially complete freeing:-of the -volatiles
contained therein. While it was found that suech
operation resulted in a highly dense-and-superior
form.of coke,. it. has now-been-found that .more
effective and.- more -economical control can-be

accomplished when only the removed net product :

is so-caleined.

The present mventlon has for its prlnmpal
‘object, the production. of high" quality “calcined
‘coke ‘of dense nature containing substantially no
ash ahd having a low volatile content.

“A further object of the invention is to provide
~an improved method of calcining coke in-a con-
‘tinuous contact coking unit whereby substantial
heat: economies are obtained by the handling of
“dry coke:at elevated temperatures. -
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as low as’s mesh "to- %4 inch in“major- dlmension

,;:,f2 .

It-1s an addmonal obJect of the 1nvent10n ‘to
prov1de improved. . apparatus for controlling: the
size of the column particles and more efﬁc1ent1y
Teheating said. partlcles Anoa contlnuous contact
cokmg unit. .

- Further obJects and advantages of our mven—
tlon will appear from the following descnptlonof
a preferred form of embodiment thereof taken. in
‘connection:. with ‘the attached drawing which is
8. d1agrammat1c elevational view. 6f the essential
‘parts of & continuous contact coking unit. for. the
productlon of calcmed coke. .

".in atcordance with a,preferred form’ of embodl-
ment 6f-our invention, the reactor generally indi-
ccated 8t 10 is & suitable sealed vessel through
‘which ¢oke is contmuously fed through the inlet
12 and s passed ‘downwardly ‘solely by ‘gravity
‘over the distributing baffle 14 adiacent: which the
Tliquid hydrocarbon charge introduced.at 16 is"dis-
ribtted by the distributor elements 18. " *The ¢il
is'preferably heated to a suitable’ mlmmum tem-
‘perature, as in heater 15, which'sids.in its part1a1
“vaporization. in ‘contact With' ‘the coke.- part1clea
“These columnar flowing particles ‘are maintained

5 at a:moderate temperature to accomiplish a vapor-

ization of & ‘desired- portion .of “the charge and
the formatmn of ‘a’dry coke coating on‘the
tlcles ds ‘they “move’ downwardly to the outle
Th1s outlet‘may have a steam seal lme 21,

“Tt-is-our experience that a free flovvmg gr av1ty
packed mass can” successfully ‘catry and co vert
“to’ dry- coPe ‘and “vapors upto about 50%
welght “of “hydrocarbons ‘of “the residual type,
Where the dis crete coke particles vary in size from

Tt has been” found unportant that the" :
‘controlled: ‘4s'to -form=a-thin filmm on the co par-
‘ticles; -and ‘that the column of- particles” ‘move
'through the reaction Zone not only for s suffiei nt
time but for a sufficient distance to prevent‘the
‘Hquid:from running out’the'hottom and to “assure
“the conversion-of the partxcles to ‘dryness.’ ‘In gen-~
‘eral ~a-column heightof at least 5 Teet- and prefer-
jably from-30-to '50°feét; depending upon' the max-
imum-témperatures-allowable is ‘desirable.’ ‘This
‘contemplates ‘that the temperature of “the ‘par-
‘ticles'below the'feed point is in the range 0f:900°
H0 1050 F: s0° that the résulting vapors which are
colected under bafle 14 and’ dlscharged through
the line 21’ will be g near- v1rg1n gas 011 contam-
'mg ‘a minimum of olefins.

TS the contact nartlcles move: thlough the re-
-actor 19, uniform: ﬂow is‘necessary,-which- may
“be accomplished- by flowcontrol plates22 of any
‘well known type. "Uniform flow -assures-even-
‘ness'of charge distributionand uniform-residence
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time, it being known that the viscosity of the
charge at the elevated temperature is about one
tenth that of water. As the coating or particle
growth thus is of the order of only 0.001 inch
per pass, it will be apparent that repeated passage
through the reactor is contemplated. This is
accomplished by discharging the coated particles
through outlet control valve 23 into elevator in-
let 24, and, with any coke make-up from line 24aq,
into a suitable elevator 25 which carries the par-
ticles to the elevator outlet 26.

In accordance with our invention, we prefer
to pass all of the contact particles into a classi-

fier generally indicated at 28 which may he of

any suitable type and which will discharge a
uniform guantity of coke of desired size through
line 34 for return to the system. Fines may bhe
removed at 30 and the larger size parficles re-
moved as net product through line 32. If found
desirable, some of this net product from line 32
may be passed through a crusher 33 and re-
turned . to the coke make-up lme 24a for re-
cychng

Although the reaction 1s ‘both exothermlc and
endothermic and nearly balanced in reactor 10
where the conversion is to dry coke, there is some
heat loss by radiation and otherwise, and the
particles which are to be returned.to the reactor
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the reheater 35 to the stack 48. It is of course
understood that appropriate waste heat recovery
means may also be used to aid in the cooling
of the products of combustion.

In accordance with our present disclosure, we
have effectively segregated the reheating and
reaction zones and provided for the passage of
the contact particle material through the ele-
vator 25 while said material is in ifs coolest con-
dition. The reduction in temperature at this
point decreases the elevator operation cost.
Furthermore only the net coke removed through

. the line 60 is calcined, with some economy in
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{0 are conveniently pass‘gd through the reheater ...

356. This is a separate sealed chamber connected
with the classifier 28 through the inlet line 34.
The upper part of the reheater 3§ is provided
with a series of radiant heat burmers, generally
indicated at 38, which are supplied by manifolds
40 with fuel gas from line 41 and air from line
'42. The continuously changing surface layer
formed by the coke particles as they enter the
reheater 35 is thus contxnuously brought up to
the desired temperature. . Products of combus-
tion flow downwardly and are discharged to stack
line 43 from .vapor collecting channel 44. The
reheated coke particles then pass through seal
pipe 45, having steam purge line 48, to the inlet
{2 to the reactor 10, as previously mentioned.

"We have found that the continuous and re-
peated passage of coke particles through the
reheater and the reactor tends to create a highly
‘dense, non-porous coke which appears. to. be
radically different from the ordinary porous coal
coke or petroleum coke known to the industry.
To further improve the qualities of the coke prod-
uet . we find it desirable: to. pass it.through -the
"calciner 48 and subject it to controlled calcining
with air introduced at 49.- This novel product,
"which possesses. great utility as a heat exchange
medium and for metallurgical purposes, is .de-
scribed more fully and claimed in our copending
-application, Serial No. 46,168 filed August 25,
1948, .

‘The. coke normally leavmg the classnier 28
through the outlet 32 is already in a highly heat-
.ed condition, the temperature of which may range
from 900° to 1,000° F., is substantially all of a
size, and is, of course, completely free of any
Jiquid.  In the calciner 48 it is possible to rapidly
bring the coke: particles up to..a temperature
of 2,000° F. and the products of the combustion
may be carried through the line 50 to the. upper
part.of the reheater 35.

In view of the fact that- the products of com-
bustion leave the calciner 48 at approximately
2,000° F. they can be effectively used for reheat-
.ing of the bed particles before they enter the
reactor 10. In. addition, the combustion gases
_are substantially cooled in their passage through
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operation, thereby avoiding the need of high
temperature operations in connection with all of
the coke.

A typical unit for converting 18° A. P. 1. Mid
Continent reduced crude at the rate of 4500 bbl.
per day, and producing major yields of dry coke

will circulate from 200 to 300 tons per hour of con-

tact materlal and the reactor may be approxi-

'mately 16’ in diameter with a 28’ bed and the re-

heater may be approximately 16’ in diameter and
have a 14’ column, With equilibrium coke the

‘solids feed is from 9 to’ 15 times the oil feed by
‘weight.

Inasmuch as calc1mng islargely for the purpose
of removing volatile material, and only high tem-

peratures are required, this may be accomplished

cither by combustion or by radiation from a suit-
able heal source.. It is to be understood that
either type may be used as conditions require.
It is of course also possible to remove partially
calcined coke directly from the system if the
extra treatment is not required..

‘While we have shown and described a preferred
form of embodiment of our invention, we are
aware that modl‘lca,tlons may. be made thereto
and we therefore desire a broad 1nterpreta,t10n of

‘our invention within the scope and spirit of the

description herein and of the claams appended
hereinafter. . . . .

- We claim:

1. In a continuous, cyche method. of convert—
ing heavy hydrocarbons into .coke and.lighter
hydrocarbons, the steps comprising confinuously
passing through a reaction space by gravity only,
a relatively deep, compact, unagitated, free-flow-
ing, homogeneous and continuous eolumn of pre-
heated coke particles, spreading on.the. coke par-
ticles of said moving - column at pmnts w1th1n
said -column and in an.upper portion -of sa;d
reaction space a charge comprising heavy hydro-

carbons in liquid phase, converting the spread -

charge into solid dry coke adhering to the coke
particles ‘of said bed and vaporous lighter hydro-
carbons, removing ‘said vaporous hydrocarbons
from said reaction space, recycling & substantially
uniform quantity of said coke particles having
solid dry adhered coké to a rehéating spacé sealéd
off from said reaction space, continuously remov-
ing a net coke product corresponding in amount

‘to the coke produced in the reaction space, cal-

cining said net product coke in the presence of
an oxygen containing gas, introducing the prod-
ucts of combustion from the calcining step info
the reheating space to reheat the recycled coke
particles therein, éxposing the coke particles as
they are fed into the reheating space to the heat-
ing effect of radiant heat burners, collecting and
removing the products of combustion from: the

_ reheating space, and- passing the reheated coke
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particles from the reheating space to the upper
end of the reaction space while preventing the
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flow of products of combustion from the reheat-
ing space to the reaction space.

2. In a continuous contact method of convert-
ing heavy hydrocarbon oils into coke and lighter
hydrocarbons which comprises continuously and
repeatedly passing a column of gravity packed
preheated coke particles through a sealed reac-
tion space solely by gravity, introducing a heavy
hydroearbon oil charge largely in liquid phase into
the upper part of said coke column while so con-
trolling the rate of movement of the column, the
rate of feed of the charge per unit of column
volume, the temperature of the entering coke
particles and the distance through which the
column moves before leaving the reaction space
that the adhering liguid carried by the column
particles will be converted to lighter hydrocarbon
vapors and a dry, non-adherent coke coating on
the particles, removing said lighter hydrocarbon
vapors from the reaction space, discharging said
coke coated particles from the reaction space,
reheating and returning a substantially uniform
quantity of coke particles to the reaction space,
continuously removing a net coke product sub-
stantially equivalent to the amount produced by
the conversion, subjecting the net coke product
thus. removed to a calcining operation in the
presence of a gas, whereby the net coke product
is raised to a substantially higher temperature
than that in the reaction space, and cooling the
gas from the calcining operation by contact with
the said coke particles returning to the reaction
space.

3. The method as claimed in claim 2, including
the steps of classifying the dry coke coated par-
ticles discharged from the reaction space and re-
moving the larger size particles as the net coke
product supplied to the caleining operation.

4. The method as claimed in claim 3, including
the step of bypassing a part of the removed larger
size particles. -through a crushing operation to
the reheating operation.

5. In a closed system for the continuous con-
version of heavy residual oils into coke and
lishter hydrocarbons by application of said oils
to a gravity packed downwardly moving column
of preheated coke particles, the combination com-
prising an upright reactor vessel having a par-
ticle inlet at its upper end and a particle outlet
at its lower end, means for feeding heavy residual
oil into the upper portion of the reactor vessel,
means for withdrawing lighter hydrocarbons
from the reactor vessel adjacent the oil feeding
position, means for controlling the passage of
coke particles through said particle outlet, an
upright particle reheater chamber, said reheater
chamber having a particle outlet at its lower end
connected directly with the particle inlet. of the
reactor vessel, particle transfer conduit means
extending between the particle outlet of the re-
actor vessel and the inlet of the particle reheater
chamber, a product particle drawoff line in said
transfer conduit means, a coke particle caleiner
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of the combustion type connected in said particle
drawofl line, and another line carrying the prod-
ucts of combustion from the calciner to the upper
end of the particle reheater chamber, said re-
heater chamber being provided with means below
said upper end for removing the products of com-

bustion thus supplied.

6. In'a closed system for the continuous con-

-version of heavy residual oils into coke and lighter

hydrocarbons by . application of said oils to a
downwardly moving column of preheated coke
particles, the combination comprising a vertical
reactor vessel having an inlet at its upper end
and an outlet at its lower end, means for feeding

> heavy residual oil into the upper portion of the

reactor vessel, means for withdrawing lighter
hydrocarbons from the reaction vessel adjacent
the feeding position, valve means for controlling
the passage of coke particles through said outlet,
a vertical reheater chamber, said reheater cham-

© ber having an outlet at its lower end connected
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with the inlet of the reactor vessel, a particle ¢clas~
sifier receiving all the coke particles discharged
from the reactor vessel, said classifier being posi-
tioned above said reheater chamber and adapted
to separate the coke particles passing from the
reactor vessel into several sizes, a first line for
feeding particles of a desired size from the classi-
fier into the upper end of the reheater chamber,
a, second line for discharging particles of another
size from the classifier for removal ag product, a
coke particle crusher, a valved line connected to
the second line and including said crusher for re-
cyecling any desired portion of said particles of
another size from the classifier to a point between
the outlet of the reactor vessel and the inlet to
the reheater chamber, whereby the particles thus-
recycled may be reduced to a suitable size for
re-introduction to the system, a coke particle
calciner of the combustion type connected in said
second line beyond said valved line, and a third
line for leading the hot gas produced in the cal-
ciner to the reheater chamber.
VERNON O. BOWLES. .
AUGUST H. SCHUTTE.
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