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This invention particularly refers to an im-
proved process and apparatus for the conversion
and coking of mixtures of hydrocarbon oil and
finely divided solid or semi-solid carbonaceous
material, such as coal, peat, lignite, oil shale and
the like, for the production, primarily, of low
volatile coke and a light liquid product such as
motor fuel of high anti-knock value, various in-
termediate products of the process being subject-
ed to selected further conversion in the same sys-
tem. The preferred charging stock for the proc-
ess is a mixture of hydrocarbon oil and ‘cosl.

One specific embodiment of the present inven~
tion may comprise subjecting a mixture of hy-
drocarbon oil and finely divided carbonaceous
material to mild conversion in a heating coil
under non-coking conditions, introducing the
heated material into a plurality of -alternately
operated coking ovens, preferably operated at

slight subatmospheric pressure, wherein the re-’

sidual conversion products are reduced to coke
and the coke is substantially devolatilized by in-
troducing the heated mixture onto highly heated
surfaces upon which the coke is allowed to ac-
cumulate in a relatively thin layer, supplying the

-vaporous products from the coking ovens to a
‘separating and fractionating column, elso pref-

. erably . operated at sub-atmospheric pressure,
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wherein their high-boiling components, including
.tars and similar high coke-forming materials, are
separated from their lower boiling components
suitable as light cracking stock, subjecting the
latter, or all but their low-bolling components
satisfactory as motor fuel, to conversion tempera-
ture at superatmospheric pressure in a heating
coil and communicating reaction chamber, intro-
dueing the resulting vaporous and liquid eonver-
sion products into a reduced pressure vaporizing
and fractionating column wherein the liquid

_products are subjected to further vaporization,

the residual liquid separated from the vaporous
products and the latter subjected to fractionation,

‘whereby their components boiling above the

range of the desired motor fuel product of the
process are condensed as reflux condensate, sub-
jecting fractionated vapors of the desired end-

boiling point to condensation, collecting and sepa-~ -

rating the resulting distillate and gas, returning
the reflux condensate to further conversion in
the last mentioned heating coil, returning said
residual liquid to the first mentioned separating
and fractionating column for further vaporiza-

. tion at said subatmospheric pressure and com-

mingling unvaporized residue therefrom with the

" carbonaceous

‘charging stock mixture supplied to the first men-

tioned heating coil. 4

The preferred method of operatlon of the proc-
ess of the present invention will be more ap-
parent with reference to the accompanying dia-
grammatic drawing and the following description
thereof. The drawing illustrates one specific
form of apparatus embodying the features of the
present invention, although the invention is not
limited to use in the specific form.of apparatus
illustrated.

Referring to the drawmg, raw oil gharg1ng

stock, comprlsmg any desired hydrocarbon oil “

such as crude petroleum, petroleum residue, fuel -

oil or the like, including such oils as coal tar,

pitches and other heavy oils, is supplied through-

line 1 and valve 2 to pump 3, by means of which
it is fed through line 4 and valve 5 into mixing
tank 6§ wherein it may be commingled and inti-
mately mixed with other ingredients of the com~
bined feed for the procéss. Coal or other suit-
able solid or semi-solid carbonaceous material is
added to the mixing tank, preferably in finely di-
vided form and in regulated amounts relative to
the raw oil, through a hopper or other suitable
charging device T of any suitable form.” Mixing
tank 6 is preferably equipped with a stirring de-
vice 8 of any desired type by means of which the
material is finely dispersed
throughout. the body of the oil and the ingredi-
ents of the combined feed are maintained in a
thoroughly commiingled state. Other oils from
within the system may be added to the materials
in the mixing tank to make up the total combined
feed for the process, as will be later more fully
described, and the commingled materials are
withdrawn from the mixing tank through line $8
and valve 10 to pump |1 by means of which they
are fed through line 12 and valve 13 to hea,tmg
coil 14. :

When the charging stock is of a heavy viscous

nature it may be necessary to heat the liquid.
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charging stock and/or the combined feed by

means of steam jacketed lines or a steam jacketed
mixing tank or in any other suitable well known
manner, not illustrated in the drawing, in order
to facilitate the handling of this material.
When desired, heat for this purpose may be re-
covered from within the system by means of heat
exchangers or the like, not illustrated in the draw-
ing. When mixing tank 6 is heated or when
heated oil is supplied thereto a superatmospheric
pressure may be maintained therein in order to
minimize vaporization in this zone, in which case
a suitable valve {8 may be provided beneath

45

60

55




10

156

20

25

30

35

45

55

2

hopper T and the tank is also provided with a
vent 18 controlled by valve 20 through which
any incidental vapors evolved from the hot ma-
terial in the mixing tank may pass to either
fractionator of the system or elsewhere, as de-
sired. .

Heating coil 14 is located within a furnace I5
of any suitable form by means of which the com-
bined feed passing therethrough is preferably
heated quickly to the desired conversion tem-
perature, preferably at a substantial superatmeos-
pheric pressure, without allowing sufficient con-
version time in the heating coil to cause any
detrimental formation and deposition of coke in
this zone; a high rate of heating being maintained

“in turnace 15 and a high oil velocity being main-

tained through heating coil 14 for this purpose.
The heated materials may pass from heating coil

14 through line i6 and valve {7 and are intro-
duced into the coking oven 23, through lines 24,
24’ and 24’’, controlled by the respective valves
25, 26’ and 25’.

- Coking oven 23 preferably comprises a plu-
rality of coking chambers 26, 26’ and 26’’ which
may be alternately operated, cleaned and pre-
pared for further operation in order to render the
process continuous. It will be understood that
any number of similar coking chambers may be
employed, although only three are illustrated in
the drawing. Each of the coking chambers has a
floor 27, preferably constructed of suitable re-
fractory high heat conductive material such as
silicon carbide, fused aluminum oxide, aluminum
silicate, fire ciay or fire brick and the like, heated
to a high temperature from beneath by means of
the combustion of any suitable type of fuel in
combustion zones 28. The heated oil from heat-
ing coil 14 is directed onto the highly heated
floor of one or more of the coking chambers
whereby the oil is coked and the coke is allowed to
accumuliate in g relatively thin layer to a depth
of approximately 6 inches, more or less, over the
highly heated floor. Following the coking oper-
ation, heating may be continued for a time, when
desired, In order to devolstilize the coke to the
desired degree, during which the oil to be coked
is diverted to another coking chamber, and finally
the layer of devolatilized coke is removed, by
means of an hydraulic ram or in any other suit-
able well known manner, following which the
chamber is prepared for further operztion. Va-
porous products are withdrawn from the coking
chambers through lines 29, 29’ and 29’ con-
trolled by valves 30, 30’ and 30’’, respectively,
and pass into fractionator 31 which, in the case
here fllustrated, also serves as a vaporizing and
tar separating zone. :

.’ ‘The vaporous products supplied to column 3t

70
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are separated in this zone into high-boiling com-
ponents, including any tars or similar high coke-
forming materials carried over with the vapors
from the coking zone, and lower boiling com-
ponents, including any materials within the boil-
ing range of motor fuel as well as higher boiling
components of the vapors suitable as light crack-
ing stock, including, for example, materials with-
in the boiling range of gas oil.

The high-boiling fractions which remain un-
vaporized or are condensed as reflux condensate
in column 31 may collect within its lower portion
to be .withdrawn therefrom through line 32 and
valve 33 to pump 34 by means of which they may
be returned through line 35, valve 36, line 40 and
valve 42 to mixing tank 6 to commingle therein
with other ingredients of the charging stock mix-
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ture supplied to heating coll 14, as already de-
scribed. When desired, a regulated portion of the
high-hoiling cils removed from the lower portion
of column 3 may be returned to this zone, for ex-
ample, by means of line 43 and valve 44 to serve
as a refluxing medium in the lower portion of
the column, in which case this material may be
cooled to the desired degree by diverting the same
from line 35 threugh line 37, valve 38, cooler 39,
line 40 and valve 4f. It may also be desirable to
cool this material, prior to its introduction into
mixing tank 6 in order to minimize vaporization
in this zone, although it is also entirely within the
scope of the present invention to supply the hecated
oil from the lower portion of column 3{ direct to
heating coil 14 by well known means, not shown
in the drawing, without passing the same through
the mixing tank.

Fractionated vapors of the desired end-boiling
point, comprising said low-boiling components of
the material supplied to column 3{, pass from the
upper portion of this zone through line 45 and
valve 46 to condensation and cooling in con-
denser 47,
densable gas passes through line 48 snd valve 4§
to collection and separation in receiver §6. When
desired, a regulated portion of the distillate may

. be withdrawn from this zone to storage or to any

desired further treatment through line &l and
valve B2. Preferably, however, all or at least a
portion of this material is subjected to further
treatment in the same system, as will be presently
described.

Preferably, as already indicated, a slight sub-

atmospheric pressure is employed in the coking
zone and in column 3{ and, in order to avoid
pumping of the hot vapors and gases from col-
umn 31, so as to maintain partial vacuum in these
zones, condenser 471 and receiver 50 may also be
maintained at subatmospheric pressure, the pres-
sure being-regulated by the removal of uncon-
densable gas from receiver 56 through line 53 and
valve 54 to pump or compressor 55, from which
the gas is discharged to storage or elsewhere, as
desired, through line 56 and valve 51.

A regulated portion or all of the distillate col-
lected in receiver 50 may be withdrawn therefrom
through line 58 and valve 59 to pump 60 by means
of which it is fed through line 6! and valve 62
into column 63. When desired, a regulated por-
tion of this material may be diverted from line
6f through line 64 and valve 65 into the upper
portion of column 21 to serve as a cooling and re-~
fiuxing medium in this zone, regulating the vapor
outlet temperature from column 3f and thus con-
trolling the end-boiling point of the distillate
from this zone. It is, of course, within the scope
of the present invention to supply fractionated
vapors from the upper portion of column 2t di-
rect to column 63. 'This may be accomplished,
for example, by means of a suitable pump or com-
pressor, and required connecting lines, not illus-
trated, although:in case this method of operation
is employed, column 63 may, when desired, also
be operated at sub-atmospheric pressure in order
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The resulting distillate and uncon- .
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to obviate the use of a vacuumn pump or compres-

sor for the hot vapors; the vacuum pump in
such cases being located in the gas release line
from receiver 92. The distillate supplied to col-
umn 63, when this method of operation is em-
ployed, serves as a cooling and refluxing medium
in this zone to assist fractionation of the vapor-
ous conversion products supplied thereto, as will
be later more fully described. When the distill-
ate from receiver 80 contains an appreciable
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quantity of materials within the boiling range of
the desired final motor fuel product of the proc-

ess but of inferior motor fuel characteristics,

particularly with respect to their anti-knock
value, the distillate from receiver 50, instead of
being supplied to column 63 may be supplied, by
well known means, not {llustrated, direct to heat-

« ing coil Tf for further conversion in order tc sub-
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ject the inferior motor fuel components to con-
ditions which .will effect a substantial improve-
ment in their anti~-knock value.

The upper portion of column 63 serves as a°
fractionating zone for the vaporousconversion

products supplied thereto, as will be later de-
scribed, as well as distillate from receiver 50 sup-
plied to this zone and subjected to vaporiZation
therein. Reflux condensate resulting from said
fractionation, including components of both the

‘vaporous conversion products and any distillate

from receiver 50 supplied to column 63, boiling
above the range of the final light motor fuel prod-
uct of the process, may collect upon a suitable
partition or deck 72, to be withdrawn therefrom
thréough line 66 and valve 61 to pump 68, by
means of which it is supplied through line 69 and

. valve 10 to further conversion in heating coil L.
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"~A furnace 13 supplies the required heat to the
oil passing through heating coil Tl to bring it to
the desired conversion temperature, preferably at
a substantial superatmospheric pressure, and the
heated oil is discharged through line 14 and valve
75 into reaction chamber 76. .

Chamber 16 is preferably also maintained at a
substantial superatmospheric pressure, which
may be either equalized or: somewhat reduced
relative to the pressure employed at the outlet
from heating coil 71, and, although not illus-
trated, chamber 16 is preferably well insulated
in order to conserve heat so that conversion of
the heated materials supplied to this zone and
more particularly their vaporous components,

may continue therein. Any desired type of reec-

tion chamber may be employed within the scope
of the present invention. In the particular case
here illustrated, the heated products from heat-
ing coil 71 are discharged into the lower portion
of chamber 76 through an extended transfer line
71. In this type of operation a major portion of

‘the liquid conversion products quickly separates-

from the vaporous conversion products in the
lower portion of the chamber and may be quick-
1y removed therefrom without allowing the liquid
to remain in the chamber for a sufficient length
of time to effect any appreciable further conver-
sion thereof, thus avoiding the possibility of coke
formation and deposition in the reaction cham-
ber, while the vaporous conversion products pass
upward through the chamber and are subjected
during their passage therethrough to appreciable
continued conversion time. Liquid conversion
products are withdrawn, in the case illustrated,
from the lower portion of chamber 76 through

“line 18 and valve 19 and are introduced, prefer-

ably at substantially reduced pressure, into the
lower portion of column 63. The vaporous con-
version products are removed from the upper por-
tion of chamber 16 through line 80 and valve 8!
and may also be introduced into the lower por-
tion of column 63 either alone, as illustrated, or
together with the liquid' conversion products
from chamber 16, by well known means, not il-
lustrated.

In the case here illustrated, the lower portion
of column 63 comprises a vaporizing chamber
wherein, by virtue of the reduced pressure em-
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ployed in this zone relative to that in reaction
chamber 78, the liquid conversion products are
subjected to further vaporization. Rough frac-
tionating means such as baffles, perforated pans
and the like indicated at 82 are preferably em-

-ployed in the upper portion of the vaporizing sec-

tion of column 63 for the purpose of assisting

in the removal of entrained heavy liquid conver- -

sion products from the evolved vapors, and as a
spetial feature of the present invention, a regu~
lated portion -of the reflux condensate from the
upper portion of column 63 may, when desired,
be returned through line 83 and valve 84 to the
vaporizing section of the column to flow over
bafes 82, serving as a refluxing medium. Vapor-
ous conversion products pass from the vaporiz-
ing section of column 63 .through line 85 and
valve 86 into the upper or fractionating portion
of the column wherein their insufficiently con-
verted components are condensed as reflux con-
densate and returned, as already described, to
further conversion in heating coil 11,

Fractionated vapors of the desired end-boiling
point pass, together with uncondensable gas, from
the upper portion of column 63, through line 87
and valve 88 to be subjected to condensation and
cooling in condenser 89. The resulting distillate
and gas passes through line 90 and valve 91
to collection and separation in receiver 92. Un-
condensable gas may be réleased from the re-
ceiver through iine 83 and valve 94. The distillate
may be withdrawn from this zone through line
95 and valve 96 to storage or to any desired fur-
ther treatment. A regulated portion of the dis-
tillate from receiver 92 may, when desired, be
recirculated by well known means, not shown
in the drawing, to the upper portion of column
63 to serve as a cooling and refluxing medium in
this zone, assisting fractionation of the vapors
and maintaining the desired vapor outlet tem-
perature from the fractionator.

Residual liquid conversion products remaining
unvaporized in the lower portion of column 63 are
withdrawn therefrom through line 97 and valve 98
to pump 99 by means of which they may be
returned through line (08 and valve 101 to the
lower portion of column 31 whereby they are sub-
jected to further vaporization under the sub-
atmospheric pressure employed in this zone, the
evolved vapors being subjected to fractionation,

40

together with the vaporous products from the ..

coking zone, while the unvaporized components
of the residual liquid are returned, by means
already described, to mixing tank 6 to commingle
with the other ingredients of the charging stock
mixture supplied to heating coil 14 It is, of
course, also within the scope of the present in-
vention to return the unvaporized residual liquid
from the lower portion of column 63 direct to

mixing tank 8 or to heating coil 14, by well known

means not illustrated, although it is preferably
returned to column 31 in order that it may be
subjected to further vaporization in this zone.
Pump 99 may be by-passed by well known means
not illustrated, when it is not required. -

In an apparatus such as illustrated and. above
described, the preferred range of suitable oper-
ating conditions may be approximately as fol-
lows: the conversion temperature employed at
the outlet from the heating coil {o which the
charging stock mixture is supplied may range,
for example, from 800 to 900° F., and preferably
& substantial superatmospheric pressure within
the range of 100 to 500 pounds, or thereabouts,
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per square inch is employed at this poiat in the 75
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system. As previously indicated a slight subat-
mospheric pressure is preferred in the coking
zone and in the succeeding separating and frac-
tionating column. This pressure may range, for
example, from a few ounces to several pounds
sub-atmospheric pressure. Coking temperatures
employed may range from 850 tc 1200° F., or
thereabouts, and the coke produced may be fur-
ther heated, when desired, to a temperature up
to 1600° F.,, or more, for the purpose of devolatil-
izing the same. The second hesating coil of the
system may utilize a conversion temperature
measured at the outlet therefrom ranging, for

‘éxample, from 900 to 1050° F., preferably with a

substantial superatmospheric pressure of from
200 to 800 pounds, or more, per square inch at
this point in the system. This pressure may be
either substantially equalized or somewhat re-
duced in the succeeding reaction chamber and
preferably a substantially reduced pressure rela-
tive to that employed in the reaction chiamber 1s
employed in the vaporizing chamber, ranging,
for example, from 100 pounds, or thereabouts,
per square inch to substantially atmospheric
pressure. Pressures employed in the fractionat-

ing, condensing and collecting portions of the.

system may be either substantially equalized or
somewhat reduced relative to the pressure em-
ployed in the succeeding portions of the system.

As a specific example of the results obpainable
in an operation such as above described utilizing
a charging stock comprising & mixture of about

“ two parts by weight of pulverized cosl of high

40

volatility and one part of coal-tar, there may
be produced, per ton of charging stock, about
1300 pounds of coke of low volatility and about
42 gallons of motor fuel of high anti-knock value,
the remeining 20%, or thereabouts, based on the
charging stock, being principally gas suitable
for use as fuel. The yield of motor fuel may he
increased and the yield of coke reduced by em-

2,050,437 . _

ploying a greater proportion of liquid charging
stock and higher yields of motor fuel with lower
yields of coke are also ordinarily obtaineble when
petroleum oils are substituted for the coal-tar as
charging stock.

This application is a continuation-in-part of
my earlier applications Serial Nes, 674,001 and
674,002,

I claim as my invention:

" - 1. A process which comprises coking a mixture

of hydrocarbon oil and solid pyro-bituminous
maferial in a coking zone, fractionating the re-
sultant vapors to form a relatively heavy frac-
tion and & lighter fraction, cracking the lighter
fraction in an independent cracking zone and

" separating cracked products thereof inftoc vapors

and residual oil in a zone apart from said coking
zone, supplying said heavy fraction and said re-
sidual oil to the coking operation to constitute at
lesst a part of said hydrocarbon ofi, fractionating
the lest-named vapors and returning resultant
reflux condensate to the cracking zone, and finally
condensing the fractionated vapors.

2. A process which comprises coking a mixture
of hydrocarbon oil and solid pyro-bituminous
material and introducing the resultant vapors to
a separating zone, separating from the vapors
in this zone heavy coke-forming constituents

thereof and subsequently condensing the remain-

ing vapors, cracking condensate formed by the
last-named - condensing step and separating
cracked products thereof intc vapors and un-
vaporized .cil under a higher pressure then is
maintained in said separating zone, discharging
the unvaporized oifl into the separating zone
whereby vapors are evolved therefrom by the
pressure reduction and the residual portion there-
of commmingled with said heavy constituents, and
supplying the resultant heavy mixture formed in
the separating zone to the coking operation.
ALFRED FISHER.
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