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3 Claiims.
1 A

This invention relates to the treatinent of hy-
drocarbon oils to- produce lighter hydrocarbons
therefron:.  More particularly, the irivention ve=
lates to0- the trentiment of crude: oil of partially
tepped erude oil and/or reduced crude obfained
therafrom to effect’ éenversion thetreof to motor
firel and other valuable products undet condi=
tioris of ‘highest efficiency with the production
of gasoline constituents of high antiknock vdiie.

It is an object of the present invention to pro- .

vide-a method of treating g plurality of hydro-
carbon 6il fractions of” differing boiling ranges,
such as may be obtained from & e¢tude 6il or
partially topped crudé oil, wherein at least two
of said hydrocarbon fractions, gnd selected.prod-
uets produced therefrom, dre treated under con-
ditions selécted for each oil to produce motor. fuel
preoducts, and intermediate prodicts suitable for
further conversion, to efféct. a4 ¢ombined opera-
tion of highiest efficiency and particularly with &
minimum réquirement i apparatus,

It is a further object of the invention t6 pro-
vide an improved ihethod for thié conversion of
reduced c¢ruded oil to lighter products including
gasoline of high' atitikrioek Propefties. A still
further objéct is t6. provide a, method whersin 4
heavy naphtha and a relatively hedvy hydiocar-
hon oil such 48 reduéed crude aré simultdneously
treated in-combination to -effect reforming of the
naphthsa to proeduée gasoline ¢onstituénts of im-
proved quality and the cracking of the heavy. oil
to produce gasoliné constituents of high anti-
knock value as well as of intermediate products.

Another object of the invention i$ to provide

a method of the above hature wherein inter- ;

mediate cracked products thiis forrmed, and
which are -ihtermsdiate in boiling range betweén
the heavy naphtha and reduced criude, are themi-
selves treated in ¢ombination with heavy naptha
and/or with rediiced erudé to produce therefrom
gasoline constituents of good quality.

$till another objéct. is to tiedt a plurality of
bhydrocarbon  oil fractions of differing. boiling
variges and différing ih their réfractorinéss. to-
warcd heat in &.mdiner so.as to effect-a deeper
cracking of the heavier and more readily cracked
fraction(s) while at the same. tilie avoiding ap-
preciable coking. of the material..
. The above-mentioned objects: will. be. bBétter
understood -and. other objects. will' become ap-
parent from the féllowing déscription-of the in-
vention, takKen together with theé accompanying
drawing whieh is o flow diagram of an apparatus
and. methiod for carrying eut the. preseiit invén-
fion,
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The pregent lnventmn contemplates the Sepas
ration of 4 crude petroleum oil of of & partlally
topped crude oil ints & plurality of fractions, in-
cliding o low boiling fraction such 4s & full‘
1‘at1ge str alght T gasollne O a hedvy naphtha,

high bdﬂmv 1651dua1 fractxbh (a reduced crude)

) "y

oil’ fraetion; sep:);‘c ely
Libjeetln" tHe’ low pollitie fraetion 4iid tha high
hoiling fraction to elevated conditivns of tEins

rature dnd’ p%eesurn to eﬁect crackmg and/or
ing of ths Tow

smu 1 Traeiion it iasufficisnt 5 o
mable cokmd thereof‘, adm ng

etanmally reduced lmea ve“locﬂ:y in 8 Hor-gata=
Iytic thermal reaction zone w1th deener crackmg
of the resxdual fra t‘;i

hydroearpens of Rish antikhock val
combined resulting product is thef sepax ‘ated
itité & nigh boﬂxng residue Which ¢éahriot be tur-
thei aracksd without §iibstantial coking and infe
a vaponzed overhead fractioh, rF‘he vaporizéed
ovérhead fraction 1§ frachonated into a plurality
of fracticns 1ncludmg a cracked gasohne fractlon
of 1mproved value,. a hlfrh bmhng residual frac-
tion Whl(‘h is recycled to-the clackmg Zone. for
treating. the reexdual oil 1ract10n and a cracked
hydrocalbon fractlon of mtermedlate boﬂmg
range between that 6f the heavy naphtha and
remdual oil fr actlons gely oduced ﬁrst from.the feed
oil; Wthh intermediate Lractlon belng a cracked
product; is more.refr actoxv than the stra1ght run
inter: medlate (stove 911) fractmn of.the ﬁrst frae-
tionation:in tne same. b0111ng range; arid may: be
and is- récycled.-in the svstem to-ke subgected to
macklng in admlxture Wlth the. low. boiling
stra1ght fun fractlon in. the. reforming. zone
rherefor
Tt will: be- seen: that. by the. method descubed
above ail- of. the. portlon of. the hlgher btnhng
(re51dua1) fraction: frorm- the. ﬁrst fra,ctmnatxon
v&"uch is at. any timé. éracked. to Droduce lower
boiling matenal -nay “be converted t0.useful vaso-
line of 1m}oroved value.or to hghter hvdrocalbons
\Vlthout the produotlon as ‘ﬁnal pr oduct of inter-
)r:ctedlatcL Boilihg material which is of too High
boﬂme point to-be. ut*hzed'as “gesollne Whereas
intermeédiate cracked’ products. are nreduced in
the process, théy cah be siibjected to the severe
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¢éracking and reforming treatment in the same

heating, cracking and reforming zone as the low

boiling straight run fraction without cracking
thereof to deleterious coke, because of the in-
creased refractory character of this cracked in-
termediate (stove oil-boiling range) fraction over
that of the equivalent (in boiling range) straight
‘run stove cil fraction. This is true particularly
since, in the process of the invention, this cracked
fraction is substantially free of less refractory
straight run material.

It is preferred to countercurrently contact the

heavy (residual) oil from the first fractionation
operation, prior to heat treatment thereof, with
the vaporized products of the thermal conversion
operations, in the lower section of the second
fractionating zone, and to utilize the bottoms
product therefrom as feed o¢il to the cracking fur-
nace for the heavier oil. In this manner any

vaporizable heavy (residual) material which is

produced as a result of the thermal treatments,
will be admixed with the first residual material
and returned to the conversion operations with-
out loss thereof. Furthermore, this countercur-
rent contacting serves as a heat exchange means
to provide adequate refluxing in the lower section
of the fractionating zone to effect complete con-
densation of the intermediate cracked fraction
for separation and recycle thereof for further
cracking and reforming.

An important feature of the present invention
is the separation of the intermediate cracked oil
fraction and combining it with the lower boiling
straight run distillate fraction and subjecting the
two fractions together to the same severe reform-
ing and cracking conditions.

A number of advantages is secured by the prac-
tice of the method of the present invention.
Among them are the following more important
and significant ones:

(1) The octane number of the heavier straight
run gasoline fraction is materially increased in
addition to the production of a large proportion
. ‘of a similar gasoline fraction made from cracking
heavier oils.

(2) The temperature of the light oil heater
may be maintained at a high level and by carry-
ing a larger quantity of sensible heat to the reac-
tion chamber more severe cracking of the heavy
oil stock is obtained without the coking of fur-
nace tubes than could otherwise be obtained. .

" (3) By providing a reaction chamber (zone of
reduced linear velocity, enlarged cross-section
and of reduced confining surface per volume of
reactants), wherein the high sensible heat of the
lighter oil is utilized more completely to effect
‘deeper heating and conversion of the heavier oil
without deleterious coking, the time of subjecting
the reactants to conversion conditions may be
materially and advantageously increased since
increased linear velocity is not now required to
sweep any coke formed from narrow confining
and heat transfer tubes as is accomplished by
the prior method of passing a naphtha fraction
through an elongated cracking zone of restricted
eross-section while applying heat to said elongat-
‘ed zone to subject the naphtha to ecracking condi-
tions of temperature and pressure adequate for
the purpose and introducing a heavy (residual)
oil to the same elongated cracking zone interme-
diate the ends thereof into admixture with the
naphtha after it has been subjected to substan-
tial conversion therein whereby. said residual oil
is raised to a cracking temperature to effect con-

version thereof to lighter products during the ’
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passage of the admixed hydrocarbons through
the remainder of the elongated cracking zone.

(4) As already indicated hereinbefore, the in-
termediate condensate cut separated from the
vapors of the combined cracked product, which
intermediate cut has too high a boiling range
(400-600° F., preferably 450-550° F.) may now be
recracked in the light oil heater along with the
lighter oil (heavy naphtha) feed thereto. This re-
cyele stream, in the absence of any straight run
stove oil (boiling range of 400-600° F.), can re-
ceive the same high temperature treatments as
the lighter straight run naphtha (300-400° F.),
since the two materials are of similar refractori-
ness. This makes it possible to utilize the same
equipment for treating both fractions, thus mak-
ing it possible advantageously to convert the in-
termediate cracked fraction to more valuable
lighter hydrocarbons of high antiknock value
without the outlay of any further capital for ad-
ditional plant equipment.

(6) An ynusually high yield of C3, Cs and Cs
olefins is obtained because of the reforming oper-
ation, the heavy recyecle eracking, and the more
severe cracking of the heavy oil. These olefins
are increasingly valuable as feed stock for poly-
merization and alkylation operations as well as
for a diversity of chemical manufacturing opera-
tions.

(6). The presence of light reforming products
in the admixture which is fed. to the flash cham-
ber or evaporator for the purpose of separating
the vapors from the heavy residue admixed there-
with permits a more complete recovery of the
vaporizable products for a given operation bot-
tomg temperature. In other words, for a selected
bottoms temperature, which in turn is determined
by the thermal characteristics of the materials in-
volved, a heavier residue may be produced, thus
representing a smaller fraction of feed material
which is withdrawn from the system as residual
product. ,

Having described the invention in a general
manner and having set forth advantages to be
obtained from its practice, the invention will now
be described in more detail with reference to the
accompanying drawing, but it is to be understood
that the invention is not to be limited by such
reference but is capable of other modifications
which may be beyond the physical limitations
of the particular apparatus indicated.

Crude oil or partially topped crude oil is intro-
duced into the system through line it provided
with a pump (2. The crude oil may be heated
by any suitable means, such as by heat exchange
with hot gases or vapors produced in the system,
or the oil may be preliminarily heated partially
by such means and raised to the final tempera-
ture desired by passage through a coil located in
the relatively cool part of a cracking furnace, or
such coil may be separately heated, or the crude
oil may be heated entirely by passage through
such a heated coil. For purposes of iliustration
and without intending to limit the invention
thereby a separate heater {4 provided with 2 suit-
able heating coil to which line {{ connects is in-
dicated. In heater (4 the crude oil or partially
topped crude oil is heated to a distillation tem-
perature which will depend on the extent of dis-
tillation desired and on the nature of the charge
oil.. Generally speaking, the oil may be heated to
a temperature of 506° to 800° F. under g pressure
of from atmospheric to 100 pounds per square
inch gage (p. s. i. g.). The heated oil is with-
drawn from heater {4 through a line {5 which
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is:provided: with: a valve:16: to-effect.any: desired
reduction.in;pressure: -Line (5:connects with the
Tower portion ofi:a.crude-flash and: fractionating
column: ortower IT: wherein the separation..of
vapors. and reduced crude is.effected: 'The re-

duced:crude descends:to. the bottom of the tower:

{T-and the heating of the crude.oil’under :con-
ditions: mainbtained: in. tower {7 is regulated to
effect ‘vaporization. of the majority: of constiti-
ents: boiling ‘below . 550°=650° .F.. (preferably be-
low 6609 F. under atmospheric pressure);, where-
by the: crude .oil .or -pantially: topped crude.oil
which:may have-had an-origingl gravity: of:25%to
45% A, P: T.is distilled to:leave .a: reduced: crude-
having: a. gravity of 109 to 305 A, P..I.. Auxiliary
heating: means: (9. may:be.provided in:the bottom
of’ the:tower LT to- secure the: desired distillation,
ifimecessary:

Conditions..of ‘temperature: and. pressure .ars

maintained in tower (7 to-effect.condensation:of

a part of the vapors whereby-the vapors leaving
its:top-consist: of.a:mixture;of light hydrecarhons.
For example; the: fower may be maintained:at a
pressure from .atmospheric:.to. 25 pounds per

square: inch with a: bottom. temperature of 500> _
to: 650° ¥. and:a-top:temperature of 275% ta 325°

F. Any-suitable means:such. as liquid reflux, as
indicated by:line: 20: ora coaling coil:as: indicated
by 2{-may be provided at or in.the upper vortion
of the tower 171 to:effect-maintenance: of the de-
sired:temperature at:that:point. Trap-out:trays
22, '24; and:.25 are: provided: at. suitable-intervals
above the point of introduction -of the heated
crude.-0il “to..collect. frem: the liquids . condensed

from: the vapors:a; light naphthe; fraction having .

anend-point boiling temperature:of gbout 300> B,
tatmospheric: pressure);,a:light oil or heavy naph-
tha condensate having s boiling range, for ex-
ample, of about 300° to-400° F. tatmospheric pres-
‘sure)-and:a:virgin light gas.oil: (stove 6il) having,
for example, .2: boiling range of about: 400% to
600° P. Other-specific euts: or fractions- may be
obtained if desired’ and’ found:to-be -more satis-
factery depending en-the nature-of the particular
erude.oil:er oib mixture being utilized: for the feed
charge:in the operation of the:process:
The:overhead vaperous products-are-withdrawn
from:the- top-of tower I'T through aline 25: at
Teast: partially: condensed: in- - suitable condenser

2T and collected ‘in-a suitakile vessel 29, ‘A por- ;

tion-of’ the- condensate thus produced may be re-
turned through line 20to- the top--of tower: 17
as reflux condensate while'the remainder is with-
drawn -through-a line -30. Uncondensed vapors

or- gaseous materials are vented or-withdrawn

through a line 3f. ‘The light naphths (light
gasoline) condensate is-withdrawn from-traptout
tray- 22 -within-tower 171 ‘through g line 32 and
may-be utilized: as-such- or-as light: hlending ma-
terial’ for -ultimate consumption. The virgin
light gas oil (stove oil) condensate which collects
ontrap-out tray-2% is-withdrawn from tower- 11
through: a-line ‘3¢ and-transferred ‘to a storage
vessel' 35 from which- it is withdrawn through a
valved line 36 as it is desired. 'The heavy naph-
tha condensate is withdrawn from- trap-out- tray
24 through line 3T provided with a valve 39, by
means of pump 40 located in line 37. Tine- 31
connects with -the coil of the reforming heater
&1,
ing heater 41 is shown as-a-separate heater. "It
will’ Bbe understood-that-this representation for
purposes only of"illustration, however, is not in-
‘tended to Iimit the inventiom to-that particular
arrangement. The function of heater &#1may be

For convenience of representation, reform- -

30

=%
<

40

<t
(414

60

f]

6
equally:well performediby: aeoil:-located:suitably
in-a furnace which: ‘also:serves: 0. heat one. or
more-othier.:coils through: 'which: different liquids:
are passed, :such: as: the coiltused:for: cracking the

- reducedf crude-and Heavy:reeycle oil, thatis heater

44 ‘
"The« heavy naphtha iy -heated: -as. it passes:
through heater 41:to a:suitakle reforming temper-
ature:of from about:900° to1100F:-at:a pressure:

- of 100:t0+1000 pounds:per-square-inch ‘to. effect

cracking: .0f :the naphtha .with .accompanying
polymerization: - and:ether conversion. reactions:
to-effect the: production-of ‘a reformed: naphtha
having dimproved: antiknock properties: Simul-
taneously:with the heating-of: the heavy naphtha
in-heater 44, :reduced: crude«is. withdrawn -from
thehotton: of ‘tower I7.through:line 42; counter=:
currently: contacted: as:will ‘be. deseribed here-
inafter with. -vaporous: reformed and’ cracked:
products: of’ a: prior cracking and:reforming: op-.
eration of:the process andithen. conducted to the.
heating-coil of a suitable heater 44 The:heavy:
oik:(reduced: crude) is:heated in the coil’ of heat-.
er 44.to:a:femperature: of: from: about 850° to:975°
T at:a.pressure. of from: about 100:to: about 1000:
pounds: per-square-inch, -a temperature ‘of the:
order of:875¢ to: 925 F:at a: pressure: of the: order
0f"250: $0. 450 : p.-s:°ii:4. (bounds: per square inch:
abisolute): representing a -preferred: combination:
of' operating :conditions. 'The: reduced - crude:
withdrawn from:tower: 1T:is ordinarily at a tem-
perature. of 5007 t0-700°-F. ‘The-reduced crude-
thus: heated: in. heater 4% .whereby at least .a
pattial: cracking of the: oil: iz effected, however,,

_the: temperature to. which the -eil is heated ‘in:

heater::4% .and: the period of ‘time- of residence:
of:the .oil-therein are adjusted so: as.-to effect-a;
maximum..of cracking -and:-conversion: witheut:
the: fermation. of' coke therein.

The: heated: and: eracked: products-from- heat-
ers. 41 and 4% are withdrawn: through: lines 45
and: 48, -respectively, each-of which: is -provided:
with -suitakle valves for-maintaining optimum
cracking- pressures in-egech coil, and the -sepa-
rate -products therein 'are-combined: in line 47
(which:-may be: of  negligible: Tength)-and- then
delivered: to- -a. -reaetion: ¢hamber 49 of -en-
larged'-cross-section- wherein- the: linear velocity:
of the.admixture is'materidlly decreased and the
hydrocarbon substances-are  permitted to under-
go- further conversions with' the production of!
further -amounts -of - valuable lower molecular
weight hydrocarbons. ‘Even if the conditions
maintained' in the heaters 41 and 44 are -such
that.- when -the admixture of* products ‘reaches
the- reaction -chamber 49 ‘there - is- then deeper
cracking: of ‘the heavy: oil’ of*such a degree as
to-produce-an appreciable amount of coke, many
of ‘the -advantages- of the invention are stilt
realized and the disadvantage of the coke forma.-
tion- is*now- readily obviated by the provision ‘of
&-second reaction-chamber-48q in parallel with
chamber 49 and which may be used alternately
therewith; one chamber heing de=coked by burn-
ing- out ‘or-otherwise -removing - the coke while
the other-chamber is en-streanr. Alternate lines
¢Ta:and 50a-are provided for directing the admix-
ture through-chamber-49a. Since the reaction
chambers do not- require the: transfer of heat

“through the walls thereof and-since: they-are of

enlarged cross-section, ‘the removal of the coke
in-a.decoking- operation-is readily effected. The
presence of the gaseous reforming products from
the heat treatment of'the heavy naphtha in heat~

-er 4t in-the: admixture with the ‘heavy oil-makes
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it possible to heat the heavy oil and its cracked
products to a higher temperature, utilizing the
additional sensible heat of the heavy naphtha
reformed products, to effect a higher tempera-
ture with greater conversion of the heavy -oil
without coke formation therefrom in the reac-
tion chamber 45. On the other hand, the present
invention may be operated for the deliberate
formation of coke in the chambers, with advan-
tages being secured due to deeper cracking as a
result of increased availability of sensible heat
for the purpose. When the process is so op-
erated, various suitable means, such as well
known hydraulic or mechanical means, may be
utilized for removing the coke from the chambers.

The cracked products from the reaction cham-
ber are withdrawn therefrom through line 50 pro-
vided with a valve bl to effect any desired reduc-
tion in pressure. The line 50-connects with a
flash chamber separator 52, which, if it is desired
may be provided with fractionating means there-
in such as a number.of bubble-cap plates. The
separator 52 may be maintained at or below
the pressure in the reaction chamber 48 and the

heaters 41 and 44, but - preferably the pressure .,;

is- somewhat lower than that of the reactioh
chamber whereby separation of vapors and
liquid residue is effected to produce vapors con-
taining the desired constituents. The tempera-
ture of the constituents in the flash chamber
52 may be 700° to 850° F., preferably 775° to 825°
. If it is desired or necessary, a quenching oil
may be introduced into the.separator 52 at a
point above the point of introduction of the
cracked products by any suitable means (not
shown), which guenching oil may be a- por-
tion of a higher boiling light fraction obtained by
a subsequent fractionation of the cracked and
vaporized products -and which may or may not
contain absorbed therein some of the separated
hydrocarbons of still lower molecular weight.
The liquid residue separated in the flash cham-
ber is withdrawn therefrom through a valved
line 54 for use elsewhere, for example, as a fuel
oil, road oil, etc. The vapors separated in flash
chamber 52 are withdrawn therefrom through
a valved line 55. Line 55 connects with the lower
portion of a fractionating column 5% for introduc-
tion of the vapors- thereinto. Preferably the
flashing of the cracked products from the heat-
ers and reaction chamber in flash chamber 52
is controlled to effect the production of vapors
conitaining products boiling above 650° to 800° F.,
at a pressure of from atmospherie, or even sub-
atmospheric, to a pressure which is substantially
above atmospheric but below the pressure in the
reaction chamber, whereby constituents of heavy
gas oil are contained therein. As already dis-
cussed hereinabove, the presence of the large
number of moles of light products in the cracked
products makes it possible-to remove more com-
pletely . the lighter constituents therefrom in the
vapors. . o

The operations of reaction chamber 49 and
flash chamber 52 may be carried out in a single
vessel, if desired, with slight modifications, for
example, the mixed heated products in line 47
may be fed into a vessel similar to reaction cham-
ber 48 by means of an open-end pipe which ex-
tends from the top or side thereof into the vessel
and to a point in the vertical axis thereof, with
the open end disposed in the lower half of the
vessel. The vessel will be provided with a bottom
outlet (such as 54 in chamber 52) for the with-
drawal of heavy residue and with a top outlet
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(such as 55 in chamber §52) for the withdrawsl of
vaporous products. By mainfaining a suitable
level of heavy oil in the bottom of the vessel
(and/or recycling a portion thereof as  gas=
scrubber to g high point in the vessel) the
temperature of the heavy oil in the bottom may
be maintained as high as possible without obtain-
ing undesirable cooking and the time period for
maintaining the vaporous mixture under con-
version conditions may be independently adjust-
ed as desired. The process may be operated in a
somewhat similar manner if it is desired to pro-
duce coke. The principal difference being that
the temperature of operation is increased as
much as possible and the heavy oil residue to
be withdrawn from the bottom of the reac¢tion
chamber is eliminated. The production of coke
by this method hag an advantageously low con-
tent of volatile material on account of the un-
usually high temperature at which it is produced
in the reaction chamber. ;

The separated vapors of the cracked products
are introduced into the fractionator 56 so as to
be intimately contacted therein with reduced
crude oil (residual oil) taken from the bkottom
of tower 7. The reduced crude is fed by means
of line 42, pump 57 therein, and then by either oz
both of parallel valved lines 5§ and 60 to the
lower portion of the fractionator 56. Fraction-
ator 58 may be provided with suitable heating
means, such as g heating coil 61, placed in the
bottom portion thereof, and is also provided wits
suitable cooling means, such as a cooling coil 62;
placed in the top portion thereof. The fraction-
ating column is also provided with suitable trap-
out plates therein 64, €5, and 66 and with suitable
outlet means for the withdrawal of gaseous over-
head material and liquid residual material. as
well as any desired condensate cuts formed by
the condensation of the various normally liquid
hydrocarbons in the cracked product. - The over-
head gaseous product is at least partially con-
densed in condenser 81 and collected in a storage
vessel 69, from which the non-condensed lighter
hydrocarbons may be vented or withdrawn
through a valved line 78, a portion of the con-
densed product may be returned through a line 74
to the top of the fractionator 56 as a reflux, and
the remainder of the condensed product may be
withdrawn through a valved line 2. The lighter
naphtha (gasoline) fraction is withdrawn from
trap-out tray 64 through line 74 and delivered
thereby to a suitable storage vessel T5. The
heavier naphtha (300°-400° ¥.) condensate cut of
improved antiknock properties is withdrawn from
trap-out tray 65 by means of a line 716 gnd de-
livered thereby to a suitable storage vessel 71.

‘The fractionating column 56 is operated in such
a manner as to produce & light cracked oil frac-
tion which is substantially free of straight run
hydrocarbons and therefore is of sufficiently high
refractoriness as to be advantageously ‘treated
with the straight run heavy naphtha from the
feed charge in the light oil heater and reformer &{
without the deleterious formation of coke therein.
In order to accomplish this, the operation of frac-
tionator 8% must be coordinated with that of
fractionator {7. Thus, fractionator i7 should be
operated to remove in the more volatile fractions
all straight run material boiling below about
600° P. and thus to produce a reduced crude bot-
toms fraction such as that when it is countercur-
rently contacted with the cracked products-in the
lower portion of fractionator 56, there will be no
appreciable proportion of straight run material



of ithe:stove oil *boiling -range present which ‘is
-separated’in thelight cracked oil fraction of cor-
‘responding’boiling range,
desired that the residual oil withdrawn from the
‘bottom -of fractionator 56 :will:contain. all of the
‘straight .run material which boils at :600°. F. or
‘higher and also.heavier portions.of cracked prod-
:ucts removed from the flash chamber in the vapor
products.

“The fractionator :56 is operated under condi-
tions so that the bdttoms residual product is at
a. temperature 'of :from -about.600° to 800° F. and
usually at least from 25° to 200° F. higher than
‘the temperature of the reduced crude as with-
drawn from the fractionator 7. The pressure
maintained ‘in the -fractionator 56 ‘may be ad-
‘justed as desired, but, because of ‘the presence o7
relatively volatile hydrocarbons in ‘the cracked
products, it has been:found preferable:to operate
under ‘a pressure which ‘is substantially .above
-atmospheric pressure, for:example from about 25
to.about 150 p. s. i.:a.

The heavy residual oil ‘withdrawn ‘from  the
bottom. of fractionator 56 through line 19, which
is provided with'a suitable valve 80 and a pump 81,
is delivered thereby ‘to the coil in heater 44-for
treatment as -already :described “hereinbefore.
The residual oil‘in line 79 may be admixed, if
desired, with a ‘portion-of -the reduced crude in
line 42 by meang of by-pass line.82 :and pump 84
placed therein. When-the process is first being
placed in operation only reduced crude taken
from- tower 11 may be directed to and ‘passed
through heater 44. As-the operation proceeds,

the ‘reduced crude may then be ‘gradually ‘re- -

placed by residual oil taken from the bottom of
fractionator 58. .Any combinations of -various
proportions-of ‘the two residual cils may be -em-
ployed depending onthe particular requirements
of a given system.

Any part or all of the light cracked oil frac-
tion (intermediate fraction) boiling between the
end boiling point of the desired cracked naphtha
fraction (gasoline of high antiknock value) and
the lowest boiling point-of the heavy oil (residual
oil) is withdrawn from trap-out tray 66 through
a.line 83, which is provided with a pump 86 and is
delivered thereby to line 3% wherein it is admixed
with straight run maphtha -and therewith de-

livered to the light oil heater and reformer &1, 5

wherein the intermediate cracked oil is subjected
to cracking and reforming treatment for the con-
version thereof to more valuable lighter prod-
ucts. If it.is not desired.to reeycle all of the in-
termediale cracked condensate, either because of
limitations placed on the process by physical lim-
itations of the apparatus, or becauss of a demand
for g portion of ‘the product to be used ag such
or-in some other operation, or for other reasons,
a-portion of this cracked fraction may be trans-
ferred, as by means of a line 87, to a suitable
storage ‘vessel 89. Also, in the practice of the
invention, it may be found to be desirable to
utilize as feed to the light oil heater only inter-
mediate cracked .condensate if the amount formed
in'the process is sufficient for the purposes. ~This
represents a particularly desirable method of op-
erating the process of the ‘invention when the
available charge stocks to be handled are largely

heavy crude and/or even reduced crudes obtained 7

from other operations-and wherein the amount.of
straight run "heavy mnaphtha fraction which is
available is of a very limited ‘nature. . In ‘that
case, after starting-up of the operations by the

At the same time it is.

10

15

20

30

40

45

2,532,615

[

10
first ceracking -of the heavy oil by the process ot
the “invention the straight run heavy naphtha
may be gradually replaced by an intermediate
cracked light oil fraction produced in the process
until-only'said intermediate fraction is keingsub-
Jected o 'the heat treatment and reforming: con-
ditions in ‘the light -0il heater oy reformer ‘41,
‘Also, when the available charge stocks are largely
straight run-reduced crude and a relatively small
‘proportion of crude-oil, such that when the two
are:combined in ‘suitable proportions or propor-
tionswhich represent the ratio of their avail~
abilities-and then the ratio of straight run:light
oil ‘fraction of -a stove -oil range (400-600°" F1)
-available therein to intermediate cracked oil frac-
tion-ofsimilar beiling range produced in g cycle
©f the: operation of the process of the invention,
then -an:advantageous-embodiment of the inven-
tion is’one in:which a sel:cted mixture of straight
run-reduced-crude and crude 'oil, after the'process
is on-stream, is fed directly to the lower: part-of
the fractionator §6. Thus, the straight run re-
duced crude from a fractionator 17 mayibe-ad-
mixed ‘with a suitable -proportion  of : erude 6il
taken from:line (5,/if desired; by:means of a.valved
line i8,-and the:admixture delivered by means-of
lines. 42, .58 -and 60 -and pumps 57 to the frac-
tionator:56. In this embodiment of the invention
it is preferred-to séleet the:.operating conditions
so.that the intermediate cracked. fraction -which
is directed:to:the reforming heater does.not con-
tain more ‘than -about ten per cent of straight
runmaterial. The presence of as much asiten
percent-of straight run material of ‘this:inter-~
mediate temperature range in-the materidl:re-
cycled “to- heater #1 is ot detrimental, because
of 'its dilution :with ‘the more refractory sub-
stances. ‘However,'on account.of the non=linear=-
ity of ithe:relationshipinvolved between refrac-
toriness rof ithe. recycle mixture and "proportion
of .straight run hydrecarbons. of the.indicated
boiling range:theréin, the presence of more than
about: ten per: centrof:such straight run-material
results:in:rapidly rising delsterious: coking:in the
cracking:coil.

«Other ‘means:not. shown may be provided for
withdrawing from the system any desired por-
tion of rany fuel oil, reduced .crude, heavy 'gas
oil, "light rgas-oil -or heavy naphtha for-treat:-or
use ‘elsewhere, it*being understood that the pro-
portions of these:intermediate products employed
inrthe:system:for-further:treatment may be regu-
lated as:desired or mecessary to effect control.of
the operation -of the :process .of the invention.
It:is to be understood. that the invention -is'not
to: the ‘limited *by the fact .that: the means for
collection -and ‘withdrawal-of the various:inter-
mediate:produets is:-limited to means for convey-
ing: them for further itreatment in the system
sinee ‘the drawing hasbeen limited to the:illus-
tration of such means:in’the interests of sim-
plicity- of :presentation -of ‘the subject matter of
the-inventicn.

Towers -or fractionators “I'1 ‘and 56 :and -also

5 - flash chamber 82,11 it'is desired, are suitably pro-

videt “with. trays, ‘bubble rcaps -and other -suit-
able :igas and liquid-contact means ‘to ‘effectithe
evaporation; stripping, condensation ant aksorp~
tion incidental ‘to: the ‘desired fractionation rof
the vapors passing ‘therethrough: Reaection
chambers 4% and-4%q are provided with :suitable
auxiliary feed linesand-disé¢harge lines:provided
with the reguired control valves and’ the like for
blowing air ~or:-oxygen "through them to effect

use -of “straight run ‘heavy naphtha to effect the 75 oxidationand:removal of any coke formed there=
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in when it is desired to decoke by burning, or
with other suitable removable closure means when
mechanical removal of coke is desired.

The cracking of the heavy fraction (reduced
crude) from the distillation of crude oil by first
heating said heavy fraction to a cracking tem-
perature but below the temperature at which any
appreciable amount of coking occurs and then
mixing the thus heated heavy fraction with a
suitable heavy naphtha fraction which has been
heated to a still higher temperature, which higher
temperature is a reforming temperature for said
naphtha fraction and at which-temperature said
heavy fraction would be subjected to coking if
heated directly thereto, effects a transfer of at
least a portion of the sensible heat of the heated
naphtha fraction to heat the heéayy fraction to
a temperature intermediate of the two first-men-
tioned temperatures whereby the heavy fraction
is converted still further to more desirable prod-
ucts  without the formation of any substantial
amount of deleterious coke.

In order to illustrate the-method of practicing
the invention, without in any way limiting the
invention thereby, the essentials of a preferred
embodiment of the invention are described with
reference to the accompanying drawing. A crude
oil of a gravity of about 30° A. P. 1. is fractionated
in a fractionator such as {1 to produce a naph-
tha fraction (300°-400° F., about 45° A. P. I1.)
and a reduced crude bottoms fraction (600° F.
and up, about 20° A. P. I.) -and these two sep-
arated fractions are processed in accordance with
the invention as described hereinbefore and an
intermediate - cracked fraction of about 30°
A. P. 1. is formed and separated-in the process
and is recycled to the light oil heater 41. Frac-
tionator 56 is operated at a top temperature of
about 350° F. and a bottom temperature of
about 700° F., and under a pressure of about
90 p. 8. i, a. A heavy oil residue is withdrawn
from the bottom of the fractionator at the bot-
toms temperature of about 700° F. and fed fo
the coil of heater 44 wherein it is heated to a
temperature of about 905° F. at a pressure of
about 330 p. s. i. a. At the same time an inter-
mediate cracked fraction having a boiling range
of the order of 450° to 550° F. is withdrawn from
fractionator 56 and fed to the heating coil of
heater 4f wherein it is heafed to a temperature
of about 1050° to 1100° F. at a pressure of about
330 p. s. i. a. The ratio of the heavy oil and
the light oil heated in the heaters 44 and 41, re-
spectively, is from about one to one to about two
to one by volume. Upon mixing the products
from the two heaters the temperature of the
mixture is of the order of about 950° to 1000° ¥
and, after passing through the reaction chamber
49, with heat loss due to reaction, radiation, etc.,
the mixture is withdrawn at a temperature of
about 915° F. The admixture is then flashed
to a pressure of about 100 p. s. i. a. and a tem-
perature of about 830° F. with the separation in
flash chamber 52 of a heavy residue which is
withdrawn from the bottom thereof at a tem-
perature of 830° F. and of vaporous overhead
withdrawn therefrom at a temperature of about
820° .. The overhead is then subjected to frac-
tionation in fractionator 56, as described above.

I claim as my invention:

1. A thermal process of conversion of a low
octane number naphtha cut to give a higher
octane number product simultaneously with deep
cracking of a heavy oil cut, which process com-
prises: heating a low octane number straight
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run naphtha cut having an end boiling point of
about 400° F. to a cracking and reforming tem-
perature therefor of from about 1050° to 1100°
F. at a pressure of about 330 p. s. i. a. while sep-
arately and simultaneously heating a petroleum
residual heavy oil cut having an initial boiling
point of at least about 600° F. to a lower crack-
ing temperature therefor of about 905° F. at
a pressure of about 330 p. si i a. for a time in-
sufficient to cause appreciable coking thereof;
combining the thus heated naphtha products
and the thus heated heavy oil in the ratio of
from about 1:1 to about 2:1 of heavy oil to light
oil and passing the combined products without.
further addition of heat thereto from an ex-
ternal source through a reaction zone of en-
larged cross-section and thereby effecting deeper
cracking and conversion of the heavy oil by rais-
ing the temperature thereof by excess of sensible
heat in the heated naphtha products; separat-
ing - a vaporous product having a wide boiling
range from the reaction zone; fractionating the
separated vaporous product into a plurality of
fractions comprising a high octane number gaso-
line naphtha fraction, a residual heavy oil frac-
tion having an initial boiling point of at least
about 800° F. and a light cracked oil fraction
of intermediate boiling range of from about 45¢°
to 550° P. and substantially free from straight
run petroleum hydrocarbons beiling within the
same boiling range; recycling at least a sub-
stantial portion of said light cracked oil frac-
tion to the first-mentioned reforming zone for
further treatment therein under cenditions the
same as those in the first above-described crack-
ing and reforming temperature operation; and
recycling at least a substantial portion of said
heavy oil fraction fo the first-mentioned crack-
ing zone for further treatment therein under
conditions similar to those used in the previcus
operation.

2. A thermal process of conversion of a low
octane number naphtha cut to-give a higher oc-
tane number product simultaneously with deep
cracking of a heavy oil cut, which process com-
prises: heating a low octane number straight run
naphtha cut having an end boiling point of about
490° F. to. a cracking and reforming temperature
therefor of from about 900° to 1100° F. at a pres-
sure of from 100 to 1000 pounds per sguare inch
adapted to effect cracking of the naphtha and
conversion thereof with the production of a re-
formed naphtha having improved antiknock
proverties and simultanecusly heating a petro-
leum residual heavy oil cut having an initial boil-
ing point of at least about 609° F. to milder crack-
ing conditions therefor of a temperature of from
about 850° to 975° F. at a pressure of from about
100 to 1090 pounds per square inch, the tempera-
ture heing selected to be lower than the tempera-
ture to which the naphtha cut is heated, for a
time adapted to effect a maximum of cracking
and conversion of the heavy.oil without causing
appreciable coking thereof; combining the thus
heated naphtha products and the thus heated
heavy oil in the ratio of from about 1:1 to about
2:1 of heavy oil to lisht oil and passing the com-
bined products without further addition of heat
thereto from an external source through a re-
action zone of enlarged cross-section and thereby
effecting deeper cracking and .conversion of the
hsavy oil by raising the temperature thereof by
sxcess of sensible heat in the heated naphtha
products; separating a vaporous product having
a wide boiling range from the reaction zone; frac-
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tionating the separated vaporous product into a
plurality of fractions eomprising a high octane
number gasoline naphtha fraction, a residual
heavy oil fraction having an initial boiling point
of at least about 600° F. and a light cracked oil
fraction of intermediate boiling range within the
range of from about 400° to 600° F. and substan-
tially free from straight run petroleum. hydro-
carbons boiling within the same range; recycling
at least a substantial portion of said light cracked
oil fraction to the first-mentioned reforming zone
for further treatment therein under conditions
the same as those in the first above-described
cracking and reforming temperature operation;
and recycling at least a substantial portion of said
heavy oil fraction to the first-mentioned crack-
ing zone for further treatment therein under con-
ditions similar to those used in the previous oper-
ation.

3. A thermal process of converting a heavy oil
fraction of the character of a straight run re-
duced crude to lighter hydrocarbons of high anti-
knock value, which process comprises: heating a
light cracked oil fraction having a boiling range
within the range of from about 400° to 600° F.,
and being substantially free from straight run
petroleum hydrocarbons boiling within the same
boiling range, to a cracking and reforming tem-
perature therefor of from about 900° to 1100° F.
at a pressure of from 100 to 1000 pounds per
square inch adapted to effect cracking of the
cracked oil and conversion thereof with the pro-
duction of a gasoline naphtha product having
high octane value and simultaneously heating a
petroleum residual heavy oil cut having an initial
boiling point of at least about 600° F. to milder
cracking conditions therefor of a temperature of
from about 850° to 975° F. at a pressure of from
about 100 to 1000 pounds per square inch, the
temperature being selected to be lower than the
temperature to which the cracked oil fraction is
heated, for a time adapted to effect a maximum
of cracking and conversion of the heavy oil with-
out causing appreciable coking thereof; combin-
ing the thus heated cracked oil fraction and the
thus heated heavy oil in the ratio of from about
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1:1 to about 2:1 of heavy oil to cracked oil and
passing the combined products without further
addition of heat thereto from an external source
through a reaction zone of enlarged cross-section
and thereby effecting deeper cracking and con-
version of the heavy oil by raising the tempera-
ture thereof by excess of sensible heat in the
heated cracked oil produects; separating a vapor-
ous product having a, wide boiling range from the
reaction zone; fractionating said vaporous prod-
uct in a fractionating zone in the presence of a
mixture of a major proportion of a straight run

. reduced crude and of a minor proportion of a
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heavy crude oil and separating from. said frac-
tionating zone a plurality of fractions including
a high octane number gasoline naphtha fraction,
a second heavy oil fraction of similar initial boil-
ing point as that of the first above-mentioned
heavy oil fraction and a light cracked oil frac-
tion of intermediate boiling range within the
range of from about 460° tc 600° F. and also con-=
faining not more than ten per cent by volume
of straight run hydrocarbons; recyeling at least
a substantial portion of said separated light
cracked oil fraction to the first-mentioned re-
forming zone for further treatment therein under
conditions the same as those in the first above-
described cracking and reforming temperature
operation; and recycling at least a substantial
portion of said heavy oil fraction to the first-men-
tioned cracking zone for further treatment there-
in under conditions similar to those used in the
previous operation.
ROBERT BARTLETT EWELL..
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