L. C. HUFF 2,246,592

CONVERSION OF HYDROCARBON OILS

June 24, 1941.

Original Filed July 5, 1935

TORNEY

o 7 )
o’ e TS oL €] ’ L
¥3AIZOTY e ﬂ A % 2
. 161 (L=} ol e _ 5 :
) _ O H
==t w27] hoe s Y
g0 _ il ﬂ , £ <
01~ ﬂ : 23
ol il 3
Ty . m
e 4] ) h N
sif h ﬁ
601 sijgoi
.o €01 ¥3S|INIANO| />
s9 vmu
el llzoron T__
w2 JI 210}
== .
; Z ) ,(J
“5l1ieJ[jes be 66 = R
St —
= 6L [llgs 86 ﬂﬁ
10 VOO L
Lg]es 16 !
LL “
06
e
1| SL: S6 L2 N ]
Y3AI0Y M
mm,rg d s
. -
ps > o 22 02 AD¥YNYN4
y3Tiogay
£€. :
4
1€ §3|INIaNG 1 11'E
oeglll
s L2
/ : . I8z 82
= £
— seF HIONVHOX3
ONIZITIgvLS tvam
se-
- HOLVNOILOVYS



Patented June 24, 1941

2,246,592

UNITED STATES PATENT OFFICE

2,246 592
CONVERSION OF HYDROCARBON OILS

Lyman:C.Huff, Chicage, Ill., assignbr' {6 Universal
il Products: Company, Chicago; Ill., a:corpo-

ration.of.Delaware.

Application-Yuly'5; 1935; Serial No. 29;795-
Renewed Aprili18; 1939:

(CL 196—9)-

2.Claims: -
The present invention refers to'an improved:

process-fér-the. pyrolytic conversion of-relatively

Hesvy: petroleurn:oils; such! as-topped-crudeés and:

thelike; ati elevated temperature  snd® superat-

mospheric préssure:for the- production:of high*
yields of ‘goodrquglity ' motor fueliand eitlier mar:

ketable: fueli oil or'good quality:asphalt; or:both:

As appliedito-the treatmentt of relatively' heavy:
oils'tHetpresentinvention:eliminates the difficulty:
- heavyoils-due:
eposition: of-‘coke
THis i§* accomplishHed” by
avoidizig tHe excessiVerconversion of’ the: Heavy:
oils which:also:resultg-in the~production- of &
better: quality liquidiresidite; particularly-with re--
By
eliminating excessive conversion of the heavy oils*

ordinarily encounterediin-orac
totheexeessive fornation an
in’: the! heatihg coil.

spect. to.suspendad carbonaceods- material:

and: the: presence of” excessive: amounts:of car-

bonaceous: material ifi’ the cracked’ residue - the’
present: process: becomes+ particularly- adaptable:
to'thetreatment’ ofitopped crudes-or‘residial oils
ofian asphalti¢ nature for thesproductién of both:
goodiquality motor fuelandigood! qualityasphalt-
although:the:irventiontis'not limited to:the treat-
mentof asphialtic:charging stocks'nor'to*the pro<-
ductiori.of aspHaltiasitHe fiftaliresidual product’of’

the.proeess.
I one: embodiment; the-invention- comprises

subjecting: residual petfoleumi-fiactions of an: as--
phaltic: nature to-conversion conditions of crack- -2

ing: temiperature" ands substantial - superatimnos-
pheric pressure: ik commingleéd-state with low-

boiling mormally-gaseous:-Rydioesrbons absorbed’

by contacting: thie'charging stock: with the proc-

ess gasesy introdueing: the  resulfitighheated and’
partially’ converted - material§ into: an enlarged’
reaction chamber:also' maifitained‘at super atmos«-

pherie pressure: whereifi tier desited conversion
reactions: are’ completed; witHdrawing: both: vas

porous-and Hguid conversién’ prodilets ffom' the-
reaction chamber and'ibtroducing: the-same into-

a7 reduced pressure vaporizing:chamber” wherein
separgtion: of vapoerous andiresidiial liquid® con-

version® products:i§ accomplished, withdrawing-
tHelatter from the vaperizing-chiamber and’ sub=- 4!
jecting the'sanie’ to furthér: distillation-at’ sub=-

atmospheric. pressure fér: thHe: production’ of as-
phalt; separately withdiawing:vaporous- conver-
sion:products from: the vaporizing chamier; sub-

jecting the same to fractionation for the forma= !

tion of reflitk condénsateé: coniprising: thieit: insuffi-
ciently converted compenents ahnd®the reeovery

of fractionated’ vapors- within the'boilmg range-

of ‘motor fiiel; which:lsttérare

lécted; returning tHesrefiix: condénsate to" inde~-
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pendently- controlled” conversion® conditions' of-
higher' cracKing: temperature: ahd" superatmos-
pheric pressure in & separate heatifig- coil; intro-
dueing the heated products- from:' said separate

Y heating coil into the vaporizing chamber, subject-

ing said motor fuel product' resulting’ from: con--
densation of the fractionated’ vapors-to:stabiliza-
tion: for tHe  removal’ tHereffom of ! undesirable’
low<boilihg: components; whereby to-control-its:
vapor pressure, and contacting the uncondensed
gaseous products of tHe proeess-with:said*charg-
ihg stock: prior to its' ihtroduetion into-the first
mentioned heating coil.

Wthile thHe -elements of plants for accomplish-
ing:the above chjects may-vary somewhat in their
absolute and relative proportions depending upon
the character of oil to be: processed-and the de-
sired results; the essential features-of operation:
comprised in-the:scope’of the present invention
are- generally similar in all-plants and' the- at-
tacHed drawing has-been provided to assist'in de-
seribing a characteristic-operation: ThHe‘drawing:
shows -diagrammatically; by~ the use of conven-
tional figures in side ‘elevation; an-arrangenient
of‘interconnected: eléments: in which-the:-steps-of
the process:mzy-be conducted: As'will besshown
by a later example; the particitar’ system: illus-
trated is particularly applicable to:residual stocks
of ‘high'specific gravity.

Reférring to the drawing; charging oil isintro-
duced ‘to :the plant- from- any- suitable’ source of
supply; not shown; through a’line' |- containing
control valve 2 and:is:fed by pump & through'line
4 gnd ‘valve’ 5 into- & point near the-top-of an

- ghsorption column &, from’ which-the uriabsorbed

fixed gases are discharged through - line' T con-
taining control valve 8. The: absorber may be of
any conventicnal type:containing a series of su-
periinposed” bubble: trays: or otHer- suitable' con-
tacting: means to insure: substantially complete:
absorption from the gases:supplied thereto of all
Hydrocarbons of 4° carbon atoms (the butanes
and’ butylenes) and’ a: portion” of’ the propane,
while leaving unabsorbed such gases as hydrogen,
methane; ethane; ethylene; etc: The*gas mix-
tiures are admitted to the absorber ' ffom line 62
gy will'be déscribed at a later point.
The-absorption of oil vapors at this point hav-
ing-the general characteristics of’ the-low-boiling
fractions of ' gasoline  has & two-fold" advantage
in“that this material is' recovered to augment the
yield’ of the final®light’ distillate product of” the
process and- that the presence of’ appreciable
quantities’ of ‘such fractions in:the heavy charg=

5 ing-oil has @ tendency'to-lessen”coke deposition
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in the primary heating coil, probably due to com-
bination of the low-boiling materials with the
heavy, coke-forming conversion products. The
conditions employed for cracking the raw oil are
hardly severe enough to effect substantial con-
version of the light fractions, which, however, by
virtue of their partial pressure in the heating
tubes, serve to make possible the use of relatively
higher temperatures and lower time factors in
this zone.

Raw oil containing absorbed light hydrocar-
bons passes from the bottom of absorber §
through line 8 and valve 19 to pump !l from
which it is fed through line i2 and valves (3
and 13’ to a heating coil comprising tube banks
14 and 14’ within furnace setting 20. Controlled
quantities of the charging stock may be passed
through a heat exchanger 29 by way of inlet line
27’ and valve 28’ and outlet line 28’ containing
valve 30’, with valve 13’ totally or partially closed.
This diversion of flow serves to effect partiai pre-
heating of the enriched charging oil from ab-
sorber 6 and lower the temperature of the vapors
from chamber 26, with which it passes in indirect
heat exchange. Obviously, the amount of con-
densation caused by the cooling effect of the raw
oil will to some extent control the quality and
end-boiling point of the intermediate fractions
recovered as reflux condensate in fractionator
34.

The element for heating and instigating crack-
ing reactions in the charging stock consists, in
the case illustrated, of two interconnected banks
of horizontal tubes 14 and {4’, respectively, which
receive principally radiant heat from combus-
tion gases generated by the combustion of fuel
supplied to combustion and heating zone A of
the furnace by means of suitable burners indi-
cated at 18. The combustion gases from heat-
ing zone A pass downwardly over a separate bank
of tubes 15, within the centrally located fluid
heating zone C of the furnace, along with the
gases from the other combustion and heating
zone B, to be presently described.

Temperature and pressure conditions employed
in the charging stock heating coil may be varied
considerably depending on the quality of the
charge but are generally within the limits of 850
to 950° F', and 100 and 500 lbs. per square inch.

Heated products are discharged from the
charging stock heating coil through line 21 con-
taining control valve 22 and pass into a reaction
chamber 23, wherein substantial completicn of
the desired conversion reactions occurs and
wherein a substantially superatmospheric pres-
sure is maintained which may be substantially
the same or somewhat lower than that in the
last tubes of the heating element.

In the case here illustrated both vaporous and
liquid products are discharged from the bottom
of chamber 23 through line 28 containing pres-
sure control valve 25 and enter a vaporizing
chamber 26 maintained at substantially reduced
pressure of the order of 100 lbs. per square inch
to substantially atmospheric pressure, with a re-
duction in temperature in this zone due to the
pressure reduction. In the vaporizing cham-
ber separation of vaporous and liquid conversion
products is accomplished, the former comprising
substantially all of the gasoline boiling range
fractions and other constituents having charac-
teristics rendering them suitable for further con-
version within the same system. The residual
liquid, which is preferably of a fuel oil character
at this point, is withdrawn through line 83 and a
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portion or all of it may, when desired, be cooled
and stored for subsequent use after withdrawal
through line 85 containing control valve 96.
When it is desired to further reduce this resid-
uum to produce a good grade of marketable as-
phalt it is further subjected to vacuum distilla-
tion, which will be described after the comple-
tion of the description of the cracking process.

The vaporous products from chamber 26 follow
vapor line 27 containing control valve 28 and
bass through heat exchanger 29 in general coun-
ter-flow to regulated portions of the charging
oil composite, as previously cdescribed. Line 30
containing control valve 3f indicates a drain line
which may be employed for removing heavy ma-
terial condensed in the heat exchanger. Due to
the cooling of the vapors in heat exchanger 29
this zone serves to separate therefrom heavy car-
bonizable liquids which might cause tube troubles
if returned to further conversion with the re-
flux condensate.

The major portion of the vapors supplied to
heat exchanger 29, which remain uncondensed
therein, pass from the heat exchanger through
line 32 and valve 33 to fractionator 34 of the
conventional bubble tray variety or any other
suitable form. This fractionator serves to sepa-
rate the vapors of motor fuel boiling range and
fixed gases as an overhead fraction from the
higher boiling components of the vapors which
are condensed as reflux condensate. Reflux con-
densate is withdrawn from the bottom of the
tower through a line 75 and valve 16 and pumped
by pump 77 through line 18, valve 79, line 89
and valve 99 fo an independently heated tubular
cracking element comprising tube banks {5, 16
and i1.

In the case here illustrated the heating coil
to which the reflux condensate is supplied is
also located within furnace 29 and the combus-
tion gases from both combustion and heating
Zones A and B pass over the tubes of bank 5
imparting fluid heat thereto. The roof and floor
tubes 16 and 17 are supplied with radiant heat
from the materials undergoing combustion in
heating zone B; fuel being supplied to this zone
from a series of burners indicated at 1%, The
temperature and pressure conditions employed in
the reflux heating coil are preferably somewhat
more severe than those employed for the charg-
ing stock and may be of the order of from 900
to 1050° F. and 200 to 800 pounds, or more, per
square inch. In the present operation the heat-
ed products from the reflux heating coil are di-
rected to the vaporizing chamber 2§ by way of
line 91 containing control valve $2, which may
Jjoin with line 24 previously mentioned.

The fractionated vapors and gases from frac-
tionator 34 pass through line 35 and valve 3§ to
condenser 31, from which the resulting distillate
and uncondensed gases flow through line 38 and
control valve 89 to collection and separation in
receiver 48. In order to effect stahilization of
the distillate it is passed from receiver 48 through
line 41 and valve 42 to a pump 43 from which
it is directed through heat exchanger £4, line
45 and valve 486, recovering heat in the heat ex-
changer for effecting partial vaporization of the
distillate before it passes into stabilizing column
47.

Column 27 is commonly cperated at a pressure
of from 75 to 150 pounds, or thereabouts, per
square inch, a top temperature of 100 to 135°
F. and a bottom temperature of 250 to 325° P,
The function of the stabilizing column 47 is to
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remove: all: of the normally: gaseous:constituents;
ineluding: hydrogen; methane;.ethane;. ethiylene;
propane and propylene; and:ascertaifr-portioniof
the: butanes' and butylenes;. from:: the: distillater
supplied:to. this: zone:sorthat! the: vapor -pressure:
of: the: resulting: finished: gasoline:is:of: therorder:
ofy from: 8: to: 12: pounds: per: square. inch: by: the:
Reid:test..

“When 'the temperature: of"the :entering: mates
rials after:passing through:heat:exchanger: 4#is
not; high enough: to maintain:the: required:tems:
perature: differential; ins the: stabilizing: colummnan:
auxiliary: heating - arrangement: of: any suitabler
form:may be:employed for: reboiling: the:distillate:
fromtheshottom: of column: 41 In:thescase:here:
illiistrated: heat: for reboiling ris: obtained: by the
diversiom:. of: & portion: of” the: reflux: condensate
fromr fractionator 84; which: pass:through: lixe: 80:
and: valve: 81 to as closed: coil: im: rebeiler: 10 and:
thence: back: to fractionator:: 34« either: directly:
through line 82, valve 83: and: line: L:id: or by way:
of:line: 84, valve: 83, cooler: 86; line: 8T, valve: 88
and:line: | 14, The function:of cooler:86-is:torcon=-
trol: the temperature of:the:oil returned.as:re-
fluxing: liquid: to; fractionator:34: and. thus:assist:
incontrolling: the:character:of; the:fractionatiomn
in:this zone:. Reboiling: of- the material:in: the:
bottom: of: the: stabilizing' column: is: effected: by:
withdrawing: the- nonsvaporous - distillate: fromo
column 41 through:line66 and valve61 to:reboiler:
18, from which-evolved vaporsiare-returneditor the;
column-through:line 68 and valve 69, Stabilized:
liguidirepresenting the stabilizedimotor:fuek-prod--
uct of the process is withdrawn. from:reboiler: 10
at g point remote: from:inlet limes:66: through
line:1l-and valve T2-and passes through heatiex=
changer-44, the function:of: which:has:been:pre~
viously:deseribed, after which:itimay pass-torfurs-
ther-cooling:and storage:or to:any desired:further:
treatment: by: way- of: line T3 containing .control:
valve: T4

The-overhead products - from:stabilizing:coluimn:
41 paiss-through line 487 containing controk valve!
49-and:through a: condenser: 50;. whielii may-op--
erate:at’subatmospherictemperature;. if dasived;:
andrthe resulting ‘condensate;. glong; with; fixed:
gases, passes through line: 53 containing control:

valve 52 to separation insanraccumulator:54.. The:

liguidicondensate collected: at-tHispoint: will:com:=.
prise: principally. Tour-carbon-atom-hydroearbors:

with' traces of: propanc-and some:pertanes;. and:

if desired a:portion:; thereof may:be:withdrawn-to:
separate storage- through: line:55-and: valve: 56
The amount necessary for- refluxing: at-the:top:
of ! the: stabilizing column :is swithdrawn: throngh-
line 5T and 'valve:58-and recirculated by pump.59-

through-line 88 and:valve €1ito column:#1: Fixed!

gases from receiver 40'may.-pass:tor absorber:6: by

way-of line: 64'and valve 6% and: similarly:gases:

from receiver 54 may ‘be supplied: to:the:absorber:
throughline 62 and.valve:63. :

In ‘order  to. make: asphalt from:thernonsva--
porous residual liquid:from: chamber:26;pump 97-
supplies  all or any desired! portion: thereof:

through line 88 and valve 89:torasvacuum-evapos:

rator: 100, Using a.subatmospheric pressure at
this point-of the order of from 3 to 5 inches or
more of mercury absolute pressure enables the
efficient and rapid production of marketable
asphalts in this zone. The asphalt may be with-
drawn to storage through line {01’ and a valve
102’. Vapors from the vacuum evaporator pass
through line 181 and valve 102 to condenser 103
and thence the resulting condensate and gas

65..
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106, The:requisite-vacuum: is maintained: in:eol«
umn 100, in the case here illustrated; by with=
drawing the fixed gases.from receiver. {96.through
line 107 containing control valve 108 to a baro-

' metric' condénser (09, which: may-be’ of any con-

venrtional - form- and- therefore- need- not: be' de«
scribedtin- detiail.
The- overhead . distillate- products from- the

" asphalt: evaporator: pass through line f10° and

bt

70

passes through line 104 and valve {05 to a receiver 75

valve- Il to- a- pump- {12, whieh- discharges
through lirre: 144, This product will: ordinarily
comprise an oilisuitable for example-as light do-
mestic or industrial fuel and’ a- regulated portion
o all-of-this material may be discharged through

i5. branch line 112’ andivalye 113" to storage or:else--

where.as: desited and regulated quantities thereof
may be used as a refliixing' medium in’ column:{060.
toicontrol . the-distillation in the vacuum evapora-
tor by passing: the same through valve: {195 in.

¢ line Lidiand thence through line {17 containing

contrel.valve . 48. into. the upper portion of the
evaporator. On the other hand all or any de-
sired ‘portion of the condensate collected in re-
ceiver~ [86-may be returned’ for- further conver-

: sion- to+the-light- oil- heating- coil- of- the- system.

It may- be- supplied - direct  to: this: zone; by well
known-means-nob illustrated, or may- first be-ubi--
lized.as-a.cooling, and. refluxing medium.in frac-
tionator 34 by supplying the same therefo through

i valve 116 in line {{4.

As- previously  stated- the- process' of the pres=-
ent invention-is-particularly-adapted to'producing
commereially- valilable: products upon relatively
Heavy charging-stocks and the following -example
issihtroduced-to-illustrate-the character-of the re-
suits commonly-obtainable; though the scope:of
the invention-is-not to-be correspondingly limited.

_The oil-from which-the-charging stock for-the
process- was-derived-was-an- Alhanian-crude-hav-

¢ ing-the-following- properties:-

Axarysis oF TorpED” CRUDE

Gravity; © AP Too 11:6°
Specifie gravity - cooocoeo oo 09888°
Tlash. (Cléeveland opencup), ° Flowe oo 295°
Pire (Cleveland-open:cup), ® P 2707
Flash (Pensky-Martens); ® Pl 205"
Viscosity; flirol@ 122° F., SeCom ol 174
Sulfur—yper.cent . 4:15
. Cold test;* Fo_. - 13.
BrSn&-W.—per.cent .o 0.3:
- : 100"ce. distillation

LB.P.°F. ‘ e 441
5% __ - - 505.

R 1 S O 534.
20 e e - 603"
30 — — — 646
40._ - - 676

. 60. - ———— —— - 693
1 —— (Y
0. - e . T16.
80 - e e e e e e et i e 723
PeriCeNt OVEr: o e e 87.5"
Per:cent coke by whi o 124
Per cent@:572% P e e 15:5:

The topped crude which represented 78.3% of
the original crude oil was cracked in a plant cor-
responding in essential details with the one
shown in the drawing to produce a maximum
yield of 375° F. end-point gasoline while proc-
essing the residuum from the flash chamber to
produce asphalt of from 80 to 100° penetration.
In the following table are summarized the over-
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all results of a run which extended over a period
of several days.

SUMMARY OF CRACKING CONDITIONS

Temperature at outlet from charging stock )

heater— . _____ o ____ °F._ 920
Pressure at outlet from charging stock heat-

153 (O 1bs. per sq. in__ 225
Temperature at outlet from reflux heat-

< °F_. 950

Pressure at outlet from reflux heater

1bs. per sq. in__ 350
Average temperature in reaction chamber )

°F_. 870

Pressure in reaction chamber

Ibs. per sq. in__ 225
Pressure in vaporizing chamber

1bs. per sq. in__
Absolute pressure in asphalt reducing still

Ibs. per sq. in__ 1.5

50

Yirrps, PErR CENT BY WEIGHT oF CHARGING STOCK

Per cent

Motor fuel of approx. 375° F, end-boiling
point e 50
Asphalt (80 penetiration) .______________.___ 42
Fixed gases_ o e 8

ProprrriEs oF LigmT DISTILLATE PrODUCT
(UNTREATED GASOLINE)

Specific gravity- .. ___________________ 0.748
Octane number.____________________.___ 80
Mg. of gum/100 ce. by copper dish________ 100
Initial boiling point, ° ¥ ____ ___________ 95
8% over at, ° P_ . 122
10% over at, ® F o 144
20% over at, ° P ____ o 176
850% overat, ®° PL____ ol .. 266
90% over at, ° P 365
End point, * P . 376
PROPERTIES OF ASPHALT
Penetrationat 77° P ________________ e 81

Solubility in carbon bisulfide___per cent_. . 99.3
Solubility in carbon tetrachloride_-_do___. 99.0
Solubility in 86 A. P. I. paraffin naphtha,

per cent_. 75

The practical features of the process will be
evident to those conversant with oil refinery op-
erations from the preceding data on conditions
of operation, yields, and the qualities of the prin-
cipal products. However, neither the descriptive
material nor the numerical data are to be con-
strued as imposing undue limitations upon the
generally broad scope of the invention.

I claim as my invention:

1. In a process for the conversion of hydrocar-
bon oils wherein intermediate liquid conversion
products of the process are subjected to conver-
sion conditions of cracking temperature and su-
peratmospheric pressure in a heating coil and
then introduced into a reduced pressure vaporiz-
ing chamber wherein vaporous and residual liquid
conversion products are separated, the vaporous
conversion products subjected to fractionation for

5

10

20

25

30

35

40

45

50

60

65

2,246,592

the formation of reflux condensate comprising
said intermediate liquid conversion products which
are supplied to the heating coil for said conver-
sion, fractionated vapors of the desired end-boil-
ing point subjected to condensation, the resulting
distillate and uncondensed gases collected and
separated and the distillate subjected to stabiliza-
tion whereby to liberate therefrom dissolved gases
and undesirable low-boiling components for the
purpose of reducing its vapor pressure, the im-
provement which comprises subjecting said un-
condensed gases together with the gaseous prod-
ucts liberated from the distillate by said stabiliza-
tion to absorption by contact with charging stock
for the process comprising an oil of higher boiling
characteristics than said reflux condensate, sub-
Jjecting charging stock from the absorption stage,
containing absorbed high-boiling components of
the gases, to independently controlied conversion
conditions of elevated temperature and superat-
mospheric pressure in a separate heating coil and
communicating reaction chamber maintained un-
der higher pressure than the vaporizing chamber,
introducing the resulting conversion products
from the reaction chamber into said reduced pres-
sure vaporizing chamber, withdrawing residual
liquid from said vaporizing chamber, subjecting
the same to further distillation at subatmospheric
pressure for the formation of asphaltic residue,
recovering the 'latter, subjecting the vapors
evolved by said further distillation of the residual
liguid to condensation and returning resulting
condensate to the fractionating stage of the
cracking system.

'2. A conversion process which comprises sub-
Jjecting a residual petroleum oil to cracking con-
ditions in a cracking zone, simultaneously crack-
ing a recycle stock, formed as hereinafter set
forth, at higher temperatures than said residual
oil in a second cracking zone, discharging the
cracked products from both said zones into a re-
duced pressure vaporizer and therein separating
the same into vapors and a liquid residue, frac-
tionating the vapors to condense heavier fractions
thereof, removing liquid residue from said vapor-
izer and reducing the same to an asphaltic mate-
rial by further distillation thereof under sub-
atmospheric pressure, introducing condensate re-
sulting from said further distillation into contact
with said vapors undergoing fractionation as a
refluxing medium for the vapors, thereby combin-
ing said condensate with reflux condensate sep-
arated from the vapors by the fractionation, sup-
plying the resultant condensate mixture to the
second cracking zone as said recycle stock, finally
condensing the fractionated vapors and separat-
ing the resultant distillate from normally incon-
densible gases produced in the process, scrubbing
such separated gases with said residual petroleum
oil prior to the introduction of the latter to the
first-mentioned cracking zone, whereby to absorb
heavier components of the gases in the residual
oil, and supplying the absorbed gaseous com-
ponents to the first-mentioned cracking zone
together with said residual oil.

LYMAN C. HUFF.



