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My invention relates to the thermal treatment
of hydrocarbons and more particularly to a proc-

ess for: converting hydrocarbon oil and hydro-
carbon gas into. relatively low-boiling' hydrocar-;

i ‘bon oil suitable for use as motor fuel,

My .invention ‘has an especial relation to: oil-
cracking processes of the so-called “combination-
unit” type in which a heavy hydrocarbon oil, such,
for examiple, as reduced crude, containing resid-
ual constituents, is subjected to a comparatively
mild  cracking temperature under superatmos-
pheric pressure for.the purpose of producing a
clean condensate suitable as a charging stock for

a vapor-phase cracking operation, the products

of the mild cracking operation being fractionated

to recover clean condensate, the clean condensate

being separately subjected to:more drastic crack-

ing conditions, preferably in the vapor phase, and

the products being fractionated to recover gases,
' naphtha or gasoline and tars...

It has previously been proposed in the ope1 a-
tion ofoil-cracking units to recycle gases pro-
duced in the cracking operation to some point
in the cracking operation, sometimes with addi-

i tional heating of the gases, in order that the
heated gases may. serve as a convection medium
to assist in the cracking and distilling operation.
Vapor-phase cracking conditions such as those

commonly employed today are not, however, -

) -especially conducive to the polymerization of gas-
eous olefins. - On the contrary, the present tend-
ency toward carrying out vapor-phase operations

at increasingly high temperatures leads to the -

production of increasing quantities of fixed gases,

} - these ‘gases . being - relatively highly unsaturated:

in character, that is to say containing increas-
ingly large amounts of gaseous olefins. .
My invention therefore has for an object the
provision of a process of the so-called “combina-
} tion-unit” type wherein gases produced in the
cracking of hydrocarbon oil may be caused to
be- in. part reconverted or polymerized to low-
boiling normally liquid products useful as motor
fuel and of very high anti-knock value.
My invention has for a further object the pro-

w

vision of a process wherein a gas-polymerization :

operation -may. advantageously -be conducted in
conjunction with, or as a part of, an oil-cracking
operation of the general character indicated here-
inabove;:with a- minimum- of additional equip-
ment and difficulty and with marked a.dvantage
to the: operator.

According ‘to..my invention, gases produced in
the cracking of hydrocarbon oil in a comhination
5 unit of the character generally indicated herein-

<

above, together if desired with hydrocarbon gas
from an additional source such as unsaturated
gases produced by cracking gases liberated in the
distillation of crude petroleum, are fractionated
to separate hydrogen and methane and to effect- 8
a concentration of gaseous olefins and the thus
concentrated gases are returned to the so-called
“viscosity-breaking” zone of the combination op-
eration, that is to say to that zone wherein a

‘heavy oil stock such as reduced crude which is 10

unsuitable for vapor-phase cracking operations is
subjected to a comparatively mild cracking tem-
perature, preferably under - superatmospheric
pressure, to effect the production of clean charg-

ing stock suitable for separate vapor-phase crack- 18

ing. I -have found that the conditions under
which such “viscosity-breaking” operations are
conducted are much more effective insofar as the
polymerization of gaseous olefins to normally liq-
uid low-boiling ~hydrocarbon oils is concerned 20

- than are the conditions under which vapor-phase

cracking of clean stocks is conducted.

My invention further contemplates the recovery
of the products of gas polymerization along with
such gasoline as may be produced in the viscosity- 28
breaking operation and in some instances with re-

- formed gasoline or gasoline produced by the va-

por-phase cracking of hydrocarbon oil or both.

My invention Turther contemplates a combined
operation in which crude petroleum is separated 30
into gases, naphtha, gas oil and residual prod-
ucts, the gas oil being delivered to the vapor-phase
cracking stage of & combination unit of the char-

_acter indicated, reduced crude being delivered to

the viscosity-breaking stage of the same unit and 88
the naphtha, if desired, being subjected to re-
formation in a separate cracking coil with the
discharge of the reformed products into the sys-
tem at a convenient point, and with the delivery
of the gases produced in the distillation of crude 40
petroleum, preferably after cracking and frac-

‘tionation to increase their olefin content, to the

viscosity-breaking stage along with fractionated

..gases recovered from the vapor-phase cracking
‘and reforming operations, 4

My invention further contemplates and has for
further objects such additional operative advan-
tages and- 1mprovements as may hereinafter be
found to obtain.

In order that my invention may be more clear- 80
ly set forth and understood, I now describe, with
reference.to the accompanying drawings forming
a part of this specification, varidus preferred
forms and manners in which my invention may
be practiced and embodied. In these drawings, 88
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Fig. 1 is a more or less diagrammatic eleva-
tional view of apparatus for carrying out an oil-
cracking "and gas-polymerizing operation in ac-
cordance with my invention, the view being in-
tended to serve as a flow diagram of one modifi-
cation of my process; and

Fig. 2 is a similar view of an alternative form

‘of apparatus for practicing my invention in vari-

ous other modifications thereof. = |

Similar reference numerals designate similar
parts in each of the views of the drawings.

Referring now to the drawings, and more par-
ticularly to Fig. 1, I have shown a so-called “com-
bination unit” comprising in part a high-tem-
perature or’ vapor-phase oil-cracking furnace I,
& viscosity-breaking furnace 2 intended to oper-
ate at a lower temperature than the furnace I,
an evaporator 3, a primary fractionator 4, a sec-
ondary fractionator 5 and a gas-fractionating
system Indicated generally by the reference nu-
meral.6 and comprising principally an absorber
T and a stripper 8. . ]

A suitable charging stock, such, for example, as
a reduced crude, is introduced into the system
through a line 10 by means of a pump 1, passing
first through a heat-exchange coil {2 in the
upper -portion of the secondary fractionator 'S,
and then passing by way of line 13 into ¥he upper
portion of the primary fractionator 4, the interior
of which may be provided with trays or bafies 14
and which receives hot cracked vapors from the
evaporator 3 through a trap-out tray 15. In the
primary fractionator 4, a partial distillation and
& further heating of the charging stock takes
place, residual constituents being withdrawn from
the trap-out tray I8 through a line [6 wherein
is located a pump 11 which serves to force the
oll through a pipe coil 18 located in the furnace 2.

The temperatures and pressures which are
maintained at the outlet of the coil 18 may vary
considerably but are generally within what may

_ be called a viscosity-breaking range, that is to say

a range of temperature and pressure primarily
intended to effect a conversion of the relatively
heavy oil to lighter constituents suitable for fur-
ther cracking under vapor-phase conditions to
produce gasoline and distinguished from more

drastic cracking conditions intended to produce -

large quantities of gasoline in a single operation.

‘While these temperatures may vary considera-
bly, as will be appreciated by those skilled in the
art, in accordance with the character of the
charging stock and the nature of the results de-
sired as well as the time of treatment, I prefer
to employ temperatures of from about 800° to
about 925° F., and more specifically, from 850° to
875° F. The pressure may vary over a very wide
range but, In any event, is not less than 200

- pounds per square inch, and, especially in view

60

of the fact that, as will be shown hereinbelow,
gases are introduced into the coil 18 for poly-
merization, it may be considerably higher, for
example 1000 to 2000 pounds or more, the upper

o limit depending primarily upon the strength of

63

70

76

available apparatus and the balance of economy
between the increased value of the products ob-
tained by polymerization under high pressures
as against the cost of pumping gas and liquid
through the coil 18 under such high pressures,
The heated products from the cofl 18 pass
through a transfer line 19 wherein is located s
pressure-reducing valve 20 into the evaporator 3,
which is preferably maintained at a reduced
pressure, for example 100 to 200 pounds per
square inch, although, as is well known in the art,
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the pressures carrled In such evaporators may
vary from a few pounds to several hundred
pounds, being limited in this respect only by the
necessity of carrying a lower pressure than ob-
tains in any of the heating coils discharging
thereinto, IR
Residual products or tar which remain un-
vaporized in the evaporator 3 and collect in liquid
form . in the bottom ‘thereof are withdrawn
through a valved line 21, while the liberated
vapors pass upward through the trap-out tray (8
into the primary fractionator 4 where they are
further fractionated to some extent and serve to
distill .the fresh charging stock introduced
through the line 13. The remaining Vvapors, con-

- sisting largely of gas oil and naphtha together.

with fixed gases, pass by way of a line 22 to the
lower part of the secondary fractionator 5, the
interior of which is provided with the usual plates
or trays 23, and wherein these vapors are frac-
tionated to' condense and separate distillate
heavier than gasoline, i. e. gas oil. The gas oil
condensate, which constitutes a clean charging
stock suitable for cracking at high temperatures,

10

13

20

is withdrawn from the bottom of the secondary £5

fractionator § through a line 24 having a valve
25 and a pump 26, and passes by way of line 24
to a pipe coil 27 located in the furnace I,

As the oil passes through the coil 27 in the
turnace 1 it is heated to a relatively high crack-
ing temperature, - preferably under so-called
vapor-phase conditions, for cxample at a tem-
perature of from 850° to 1000° F. and preferably
above 900° F., under a pressure of from a few
pounds per square inch to several hundred pounds
per square inch, preferably somewhat higher
than the pressure maintained in the evaporator 3.

The: highly heated cracked products then pass
by way of a transfer line 28 wherein is located a

30

35

pressure-reducing valve 29 into the evaporator t AT

and the vapors pass upward through the primary
fractionator 4 and into the secondary fraction-
ator §, while tar or residual oil is withdrawn at
2] In the manner indicated hereinabove,

The overhead vapors from the secondary frac- 45

tionator 5 pass by way of & vapor line 30 to a con-
denser 31 and a gas separator 32 from which
gasoline formed in the system may be with-
drawn through a line 33 having a valve 34, while
gases formed in the process pass by way of a line
35 in which may be located a pump or compressor

- 36 to the absorber 1 of the gas-fractionating sys-

tem 6.

The purpose of the gas-fractionating system 6,
as has been indicated hereinabove, is to effect a
separation of the gas into two fractions, one come
prising largely hydrogen and methane which are
unsuitable for polymerization, and the other
fraction being relatively concentrated with re-
spect to gaseous olefins, Various gas-fractionat-
ing systems for this purpose are known In the
art, and the details of such a system neither form
a part of my invention in themselves nor require
lengthy description here. However, the drawings
illustrate the principal features of one particu-
lar type of gas-fractionating apparatus, in which
the gases passing through the scrubber 1 are
scrubbed with a suitable solvent such as liquid
butane having selective properties-with respect to
gaseous olefins as distinguished from hydrogen
and methane, such solvent being-introduced to
the scrubber T by nieans of a line 37.

The scrubbed gases, comprising largely hydro-
gen and methane, or at any rate more highly con-
centrated in these constituents, escape from the

80

55

60

65

70

1£:]




" of manifold connections 82 having valves 83 to .

having & pump 58

scrubber 1 through a valved line 38, while the
enriched solvent passes through & line 39 wherein
“are located a pump 48 and & heat-exchanger &1

to the stripper §, whlchisshownasptovldedwlth ‘
a conventional heating coil 42, dephlegmating coil”

43 and suitable plates or trays. 44. In the
-stripper 8 the absorbed gases, comparatively rich
{n gaseous olefins as compared to the gases enter-
ing the scrubber 1, are driven off from the sol-

_vent, the stripped solvent being returned by

means of & pump 48 located in the line 37 and by
way of the heat-exchanger 41 and a cooling coil
46 to the scrubber 1.,
gases pass out of the stripper 8 through a line 48

and are. delivered by means of & pump 4% and &

branch line 50 having a valve 81 to the inlet of
the coil:18. Alternatively, all or a portion of the
gases thus returned may be delivered by means

various spaced points along the coil 18, the intro-

duction of the gases to the coil {8 being regulated -
by means. of the valves 53 .to provide a gradual -

introduction of such gases. to- the ofl traversing
the coll I8 and to make it possible to closely
regulate the action taking place-in the coil (8. .

Additional gas oil or clean charging stock from

an outside source may be introduced to the vapor-
phase cracking coil 27 by means of a line 4
and a valve 56 and communi-
cating with the line 24 and, as is pointed out else-
where in the specification, such gas oll may be
drawn from the same stripping operation which
is employed to produce heavier ofl to be charged
to the coil 8. - . ’ ,

‘Similarly; additional gases. containing - olefinic
constituents may be introduced into the system as

. - desired, the point of introduction depending upon

the olefin concentration of sugh gases.. For ex-
ample gases containing say 309 or more of gase-
ous olefins and which do not require further
fractionation for concentration thereof may be
introduced by means of a line §7 having & valve
58 and which communicates with the line 48,
Less highly concentrated olefinic gases or, if de-
sired, olefinic gases of any degree of concentra-
tion short of that obtainable in the gas-frac-
tionating system 6, may be introduced to the line
35 through a line 59 having a valve 60, these gases
being -.commingled with gases from the separa-
tor 32, . :

As will be made more clear hereinbelow, virgin
‘naphtha from an outside -source, for example

from the same crude stripping operation which is -

employed to produce a charging oil for the vari-
ous. operations of the combination unit which
have been described hereinabove, may be sub-

jected to cracking in a separate coil for the pur-

pose. of reforming the same and increasing its

~-anti-knock content, and the heated products

o from the reforming operation may be introduced

into the evaporator 3, the reformed gasoline in
this instance being collected along with the poly-
merized gasoline and the cracked gasoline with-
_drawn from the separator 32. .

The instance which has been described herein-
above will serve to illustrate my process as carried
out in conjunction with'a combination-unit ‘oil-
cracking operation in which the products from
the high-temperature ‘or _vapor-phase cracking

0 co and. from the low-temperature or viscosity-

breaking -coil discharge into a single evaporator.
In Fig. 2, however, 1 have illustrated an opera-
tion in. which the products from these coils dis-
charge into separate evaporators, which are in
turn connected to separate fractionating systems,

2,017,874

The concentrated olefinic -

- of the petroleum occurs,

and I have further fllustrated a preferred manner
of combining a unit of this character with a crude
stripping operation and a gas-cracking operation
aswellasa naphtha-reforming operation. :
In the instance shown in Fg. 2, the products §
from the coil I8 pass to the evaporator 3 and
vapors from the latter pass through the primary
and secondary fractionators & and § as ‘in the
instance illustrated in Fig. 1. However, in this

_instance, g separate evaporator 3’ and fraction- 10

ator 8’ are provided for the products from the
vapor-phase cracking coil 21. . There is also pro-
vided a furnace 10 having associated therewith
an evaporator 11 and a fractionator 72, and there
are also provided a gas-cracking furnace 13 and 15
& reforming furnace 14. In this modification, the
operation may be as follows: :

Crude petroleum is introduced by means of the
pump 1, passing through & heat-exchange coil
12" located in the upper portion of the fraction- 20

“ator 5’ and thence through a line 15 to & heating

coil 76 located in the furnace 76, and wherein the
stock is heated to a temperature short of cracking
but sufficient. to provide enough heat for the
vaporization of volatile constituents of the petro- 25

-jeum, and preferably under a moderately elevated

superatmospheric temperature. The pre-heated
crude petroleum then passes by way of a line 11
‘having a reducing valve 18 into an evaporator 1{
where a volatilization of the lighter constituents 30
vapors passing upward
through a trap-out tray 79 into the fractionator

72 while the residue or reduced crude is with-
drawn from the evaporator Ti and passes through

a line 80 having a valve 81 and a pump 82 to the 35
primary fractionator & for further distillation.
Residual components from this distillation pass
through .the line {8 to the coil I8 as in the
instance illustrated in Fig. 1. :

The fractionator 12 is operated to condense 4o
constituents heavier than naphtha, that is to say,
virgin gas oil, which i withdrawn from the
trap-out tray 79 through a line 83 wherein is lo-

cated a pump 84 and passes through the line 83

and the line 24 to the vapor-phase cracking coil 45
21. The highly heated products from the coil
21 pass through the transfer line 28 into the
evaporator 3’ from which heavy or tarry prod-
ucts may he withdrawn -through a line 84 and
either discarded through a valved branch line 85 59
or passed through a line 86 having a valve 81
to the evaporator 3. In the event that the tarry
products from evaporator 3’ are passed to the
evaporator 3, in the manner indicated, then it
is preferable to maintain evaporator 3 under a 55
materially lower pressure than that maintained
in evaporator 3’.  For example, a pressure of
from 25 to 50 pounds may be maintained in 3
while a pressure of about. 200 pounds is main-
tained in 3’. As a further alternative, tar with- ¢o

_drawn from the evaporator 3’ may be delivered

to a separate tar flasher (not shown) from which
cracked tar is separately withdrawn, while liber-
ated vapors pass to the evaporator 3.

Vapors from the evaporator 3’ pass through 2 65
line 22’ to the fractionator 5’ wherein they are
fractionated to condense constituents heavier.
than gasoline, i. e. gas oil, which may be with-
drawn through a line 88 having a valve 89 and
a pump 90 and communicating with the line 24 70
and recycled to the coil 21. If desired, any de-
sired portion of the gas oil collected in the frac-

" tionator 5’ may, however, be withdrawn from the

system through a valved branch line 81.
Overhead vapors from the fractionator 5’ pass 75
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through a line 30’ to a condenser 31’ and a sep-
arator 32‘; gases from which are caused to pass

through & line 35 and: the line 3§ under the in-
fluence of the compressor 36 iniv the absorber

‘T of ‘the gas-fractionating system 6, the gases

from the gas-fractionating system 6 being re-
turned by way of line 48 to the coil 18, as in the
instance illustrated in Fig. 1. Condensate is
withdrawn from the separator 32’ through a line
92 having a valve 93, and in the preferred in-
stance illustrated passes to g blending tank 94,

although it may be separately withdrawn from -

the system if desired.
In this instance, the gases from the separator

32, comprising the incondensable portions of

products withdrawn from the top of the second-
ary fractionator 5, may be withdrawn from 'the
system through a valved condult 95, or may pass
by way of the line 35 which is provided with a

“valve 96 to the gas-fractionating system 8, or

may be cracked as described hereinbelow.
Overhead vapors from the fractionating tower
12 of the crude distillation unit bass through a
line 100 to a condenser 101 and a separator {02,
from which virgin naphtha of relatively low
anti-knock value is withdrawn through a line 103
having a valve 104 and a pump 105 into a re-~
forming or cracking coil 106 located in the fur-
nace 14 wherein the naphtha is heated to a rel-
atively high -cracking temperature effective to
Increase the anti-knock value of the naphtha
without greatly modifying its boiling-point char-
acteristics. Suitable temperatures for this oper-
ation are from 950° to 1050° F., preferably about
1000° F, and the heating is preferably conducted
under a pressure in excess of 200 pounds, for ex-
ample 1000 pounds or higher. The hot reformed
products issue from  the reforming coil 106

through a transfer line 107 and may pass either -

by way of a branch line 108 having a valve 109
into the evaporator 3 of the viscosity-breaking
unit, or they may pass by way of a line 110 hav-
ing a valve (1l into the evaporator 8’ of the
vapor-phase cracking unit.

Where the vapors pass to the evaporator 3 of-

the viscosity-breaking unit, the gasoline with-
drawn from the separator 32 through the line
33 and which may be delivered, if desired, to
the blending tank 94, will be of good antiknock
value, and the gases removed from the separator
32 will ordinarily be ‘sufficiently concentrated
in gaseous olefins to warrant their introduction

" by way of the line 35 into the gas-fractionating

55

60

65
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system 6.- Where, however, the reformed prod-
"ets are discharged by way of the line f10 into
the evaporator 3’ of the vapor-phase cracking
unit, the gases issuing from the separator 32
may, if desired, be removed frem the system
through the line 95 and the gasoline or naphtha

‘in the separator 32 may similarly be removed

from the system or may be passed to the reform-
ing coil 108 for further conversion,

Gases liberated in thé crude distillation stage
and separated from condensate in-the separator
102 may, if desired, be withdrawn from the sys-
tem, but in the preferred instance these  gases
pass through a line 120 having a valve (21 and,
if necessary, a pump 122, to a gas-cracking coil

. 123 located in the furnace 13 wherein these gases

are heated to a temperature of from 1250 to
1750° F. under a pressure breferably not in ex-
cess of 200 pounds per square inch to effect a
conversion cr cracking‘of.gaseous parafiins to
gaseous olefins suitable for polymerization. The
hot cracked gases are then cooled, as, for exam-

any liquid products of

2,017,874

ple, in a condenser 124, and after separation of
cracking, which ‘separa--
tion takes place in a . separator 125 having a
lquid off-take 126, the cracked gases - pass
through a line 127 having g valve 128 and a §
pump or.compressor 129 and by way of the line

35 to the absorber 1 of the gas-fractionating
system 8. . : .

Referring to Fig. 2, when products from the
naphtha-reforming coil {06 are passed by way 10
of the line 108 into the evaporator 3, gases from
the separator 32 are preferably delivered to the
scrubber T by reason of their relatively high con-
tent of gaseous olefins, Where, however, prod-
ucts from the naphtha-reforming coil 106, io- 15
gether with products from the vapor-phase
cracking coil 27, discharge into the evaporator
3’, and' the evaporator at 3 receives only the:
products from the coil I8, the gases liberated
from the separator 32 will not contain unsat- 20
urates in as high a concentration, and in thisg
instance these gases are preferably delivered by
way of s line 130, wherein are located a valve
131 and a pump (32, to the line 120 to be intro- -
duced into  the gas-cracking coil §23. - The 25
cracked gases from coil (23 may then be returned
by way of lines 127 and 35 to the scrubber 7 for
concentration as described.

-As has been indicated. hereinabove, a crude
distillation unit, a gas-cracking unit and a naph- .30
tha-reforming unit as illustrated in Fig. 2, or
any of these, may be combined with a combina-
tion unit of the type lustrated in Fig, 1, thus
the charge introduced at g in Fig. 1 may com-
prise reduced ‘crude withdrawn from an evapora- 35
tor such as that illustrated in 1l in Fig. 2.
Again, virgin gas ofl such ag that withdrawn at
83 in Fig. 2 may be introduced into the vapor- -
phase cracking coil 21 of Fig. 1, and the evapo-
rator 3 of Fig. 1 may receive gas from a reform- 40
ing coil such as that illustrated at 106 in Pig. 2,
and which may in turn receive virgin naphtha
from a source such as the separator 102 of Fig,

2. Furthermore, gases from a crude distillation
unit such, for example, as those removed. from 45
the separator (02 of Fig. 2 may be introduced
at 59 or 57 in the instance illustrated in Fig, 1
with or without cracking in g coil'such as that
illustrated at 123 in Fig. 2. . -

It will be seen from the above that my inven- 50
tion provides for a polymerization of gases cone
taining -olefinic constituents as. an adjunet to
and a part of a cracking system of the so-called
“combination-unit” type as defined hereinabove,
wherein polymerization of the gases is effected in 53
such manner as to avoid the necessity for sepa-
rate polymerizing equipment and without inter-
ference to the various oil-cracking operations
carried out in the unit as a whole. The process
of my invention has a further advantage in that 60
it permits desirable cross-reactions to take place
between the heavy oil undergoing cracking and
the gas undergoing polymerization in the cofl {8
and the recovery of the products in a simple and
efficacious manner., . 63

While I have described my invention herein-
above with respect to various specific operating

‘conditions and with reference to various typi-

cal oil-cracking operations of the combination- y,
unit type and have in the drawings illustrated

-various types of apparatus for this purpose, it

will. be understood by those skilled in the art
that my invention is not limited to such specific
operative or illustrative detalls except insofai ¥8 -
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as such limitations are embodied in the claims
hereinafter made.

I claim: .

1. In a process for converting hydrocarbon oil

‘into relatively low-boiling hydrocarbon oil suit-

able for use as motor fuel in which & heavy

. hydrocarbon oil containing residual constituents

is subjected to a mild cracking temperature un-
der a high superatmospheric pressure, the prod-
uects are fractionated to recover a clean condens-
ate, sald condensate is separately subjected to
more drastic cracking conditions and the prod-
ucts are fractionated to separate gases, naphtha
and heavier distillate, the improvements which
comprise fractionating said gases to separate
them into a lean fraction comprising principally
hydrogen and methane and a rich fraction con-
taining a relatively large amount of gaseous ole-
fins, and commingling said rich fraction with the

‘heavy hydrocarbon oil for subjection to said mild

cracking temperature and said high superatmos-
pheric pressure to effect a polymerization of gase-

" ous olefins contained in said rich fraction to

“

normally liquid products.

2. In a process for converting hydrocarbon oil
into relatively low-boiling hydrocarbon oil suit-
able for use as motor fuel in which a heavy hy-
drocarbon oil containing residual constituents is
subjected to a mild cracking temperature of
from 800° to 900° F. under a pressure in excess
of 500 pounds per square inch, the products are
fractionated to recover a clean condensate, sald
condensate is separately subjected to a cracking
temperature in excess of 900° F'., and the prod-
ucts are fractionated to separate gases, naphtha
and heavier distillate, the improvements which
comprise  fractionating said gases to separate
them into a lean fraction comprising principally
hydrogen and methane and a rich fraction con-
taining a relatively large amount of gaseous ole-
fins, and commingling said rich fraction with the
heavy hydrocarbon oil for subjection to sald tem-
perature of from 800° to 900° F. and said pres-
sure in excess of 500 pounds per square inch to
effect a polymerization of gaseous olefins con-
tained in said rich fraction to normally liquid
products.

3. In a process for converting hydrocarbon oil
into relatively low-boiling hydrocarbon oil suit-
able for use as motor fuel in which a heavy hy-
drocarbon oil containing residual constituents is
subjected in a first cracking stage to a mild crack-
ing temperature under a high superatmospheric
pressure, a clean condensate is subjected in a
second cracking stage to more drastic cracking
conditions, the products from said first and sec-
ond cracking stages being delivered to a common
evaporator and the vaporous products from said
evaporator being fractionated to separate gases,
naphtha and heavier condensate, the improve-
ments which comprise fractionating said gases
to separate them into a lean fraction comprising
principally hydrogen and methane and a rich
fraction containing a relatively large amount
of gaseous olefins, and commingling said rich
fraction with the heavy hydrocarbon oil for sub-
jection to ‘said mild cracking temperature and
said high superatmospheric pressure to effect a
polymerization of gaseous olefins contained in
said rich fraction to normally liquid products.

4, In a process for converting hydrocarbon
oil into relatively low-boiling hydrocarbon oil
suitable for use as motor fuel in which a heavy
hydrocarbon oil containing residual constituents
is subjected in a first cracking stage to a mild

B
cracking temperature under a high superatmos-
pheric pressure, the products are fractionated to
recover g clean condensate, said condensate is
separately subjected in a second cracking stage
to more drastic cracking conditions and the prod~ 3
ucts are separately fractionated to separate gases, -
naphtha and heavier distillate, the improvements
which comprise fractionating said gases to sep-
arate them into a lean fraction comprising prin-
cipally hydrogen and niethane and a rich frac- 10
tion containing a relatively large amount of gase-
ous olefins, and commingling said rich fraction
with the heavy hydrocarbon ofl for subjection to
said mild cracking temperature and said high su-
peratmospheric pressure to effect a polymeriza~ 15
tion of gaseous olefins contained in said rich frac-
tion to normally liquid products.

5. In a process for converting hydrocarbon ofl
into relatively low-boiling hydrocarbon ofil suit-
able for use as motor fuel in which & heavy hydro- 20
carbon oil containing residual constituents is sub-

‘ jected in a first cracking stage to a mild cracking

temperature under a high superatmospheric pres-
sure, the products are fractionated to recover a
clean condensate, naphtha and gases, said con- 28
densate is separately subjected in a second crack-
ing stage to more drastic cracking conditions and
the products are fractionated to separate gases,
naphtha and heavier distillate, the improvements
which comprise fractionating gases from said 30
first and second cracking stages to separate them
into a lean fraction comprising principally hydro-
gen and methane and a rich fraction containing

a relatively large amount of gaseous olefins, and
commingling said rich fraction with the heavy 38
hydrocarbon oil for subjection to said mild crack-
ing temperature and said high superatmospheric
pressure to effect a polymerization of gaseous
olefins contained in said rich fraction to normally
liquid products.

6. A process for converting hydrocarbon oil
into relatively low-boiling hydrocarbon oil suif-
able for use as motor fuel which comprises dis-
tilling a crude petroleum to separate it into gas,
naphtha, gas oil and residual constituents, sub- TS
jecting said residual constituents to a mild crack-
ing temperature under a high superatmospheric
pressure, fractionating the products to recover
naphtha and heavier clean condensate, com-
mingling said gas oil and said clean condensate, g4
separately subjecting them to more drastic crack-
ing conditions and fractionating the products to
separate cracked gases and distillate, fractionat-
ing said cracked gases. to separate them into a
lean fraction comprising principally hydrogen gg
and methane and a rich fraction containing a
relatively large amount of gaseous olefins, and
commingling said rich fraction with said residual
constituents for subjection to said mild cracking
temperature and said high super-atmospheric gg
pressure to effect a polymerization of gaseous ole-
fins contained in said rich fraction to normally
liquid products.

7. A process for converting hydrocarbon ofl into
relatively low~-boiling hydrocarbon oil suitable for g
use as motor fuel which comprises distiiling a
crude petroleum to.separate it into gas, virgin
naphtha, gas oil and residual constituents, sub-
jecting said residual constituents to a mild crack-
ing temperature under a high superatmospheric 70
pressure, separately subjecting said virgin
naphtha to a cracking temperature to effect a
reformation thereof to naphtha of higher anti-
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- knock value and fractionating the reformed prod-

ucts in the presence of the products of said mild ¥8
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cracking operation to recover naphths and heav-
fer clean condensate, commingling said gas oil
and said clean condensate, separately subject-
ing them to more drastic cracking conditions, and
fractionating the products to separate cracked
gases and distillate, fractionating sald ecracked
gases to separate them into a lean fraction com-
prising principally hydrogen and methane and
& rich fraction containing a relatively large
amount of gaseous olefins, and commingling said
rich fraction with-said residual constituents for
subjection to said mild cracking temperature and
said high super-atmospheric pressure to effect a
polymerization of gaseous olefins contained in
said rich fraction to normally liquid products.

8. A process for converting hydrocarbon oil into
relatively low-boiling hydrocarbon oil suitable for
use as motor fuel which comprises distilling a
crude petroleum to separate it into virgin gas,
naphtha, gas oil and residual constituents, sub-
Jecting said residual constituents to a mild crack-

2,017,874

ing temperature under a high superatmospheric
pressure, fractionating the products to recover
naphtha and heavier- clean condensate, com-

‘mingling said gas oil and said clean condensate,

separately subjecting them to more drastic crack-
ing conditions, and fractionating the products
to scparate incondensable gases and distillate,
cracking said virgin gas to increase the olefin con-
tent thereof, commingling the thereby cracked gas
with said incondensable gases, fractionating the
commingled gases to separate them into a lean
fraction comprising principally hydrogen and
methane and a rich fraction containing a rela-
tively large amount of gaseous olefins, and com-

mingling said rich fraction with said residual 15

constituents for subjection to said mild crack-
ing temperature and said high super-atmospheric
pressure to effect a polymerization of gaseous
olefins contained in said rich fraction to normally

liquid products.
PIKE H. SULLIVAN.
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