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CLIVE M. ALEXANDER, OF PORT ARTHUR, TEXAS, ASSIGNOR TO GULF REFINING
COMPANY, OF PITTSBURGH, PENNSYLVANIA, A CORPORATION OF TEXAS.

1,404,725,

Specification of Letters Patent.

PROCESS OF MAXING LOW-BOILING HYDROCARBONS.

_Patented Jan. 31, 1922,

Application filed March 8, 1818. Serial Wo. 82,897,

To all whom it may concern:

Be it known that I, CLive M. ALEXANDER,
a citizen of the United States, residing at
Port Arthur, in the county of Jefferson and
State of Texas, have invented certain new
and useful Improvements in Processes, of
Making Low-Boiling Hydrocarbons,
which the following is a specification.

This invention relates to processes of mak-
ing low boiling hydrocarbons; and it com-
prises a method of converting petroleum
hydrocarbons, and particularly the high
boiling hydrocarbons contained in gas oil,
fuel oil, crude petroleum, ete., into low boil-
ing hydrocarbons, whether aliphatic, or aro-
matic or cyclic, such as gasoline, benzol,
toluol, ete., wherein such petroleum hydro-
carbons are passed through a highly hedted
zone maintained at a suitable cracking tem-
perature of 500° C. or more in the presence
of an atmosphere of gases produced in a
like cracking operation and returned to said
cracking zone together with the incoming
petroleum hydrocarbon or hydrocarbons or
vapors thereof, the effluent gases and vapors
from said zone being fractionally condensed
in order to recover high boiling hydrocar-
Lons, which high boiling hydrocarbons are
returned to the cracking zone with a mixture
of fresh oil; all as more fully hereinafter set
forth and as claimed. -

The low boiling aromatic hydrocarbons,
benzol, toluol and the xylols, are extensively
used uas solvents and as raw materials for
explosives, for making dye stuffs, etc.; but
the supply in this country is not as great as
the demand. Ordinarily, they are recovered
{rom coke oven gases. Many attempts have
been made to convert the hydrocarbons of
petroleum, ‘which in large part belong to
entirely different series of hydrocarbons,
into these aromatic hydrocarbons; but the
operation has ordinarily not been produc-
tive. It is an object of the present invention
to provide a method of converting petroleum
hydrocarbons into aromatic hydrocarbons
giving a good yield of the latter products.

On exposure of the petroleum hydrocar-
bons to a high heat they break down into
bodies of simpler molecular structure; the
Ligh boiling oils giving low boiling oils, gas,
cte. The particular product yielded de-

of.

pends upon the temperature and many other
conditions; but in a general way it may be

said that ordinarily temperatures around"

450° C. give larger yields of low boiling oils

‘and less yields of gas while temperatures

above 500° C. give larger yields of gas. In
the case of paraffin ¢r saturated hydrocar-
bons, the liquid product formed consists of
a mixture of both saturated and unsatu-
rated hydrocarbons in variable proportions.
With petroleum oils containing the poly-
methylene hydrocarbons the action is more
obscure and is not well understood. Pres-
sure favors the production of liquefiable or
oily hydrocarbons as against the produc-
tion of permanent gases while reduced pres-
sure has the reverse effect. High boiling
oils can be eracked down to give low boiling
liquefiable oily products. Under some con-
ditions, these low boiling oils are, like the
original petroleum oils, of aliphatic or ole-
finic nature, while under other conditions
they are of aromatic or c¥clic nature, that
is, are benzol, toluol, etc. In cracking oper-
ations aromatic compounds are supposed,
ordinarily, to be formed mainly where very
high temperatures are emfloyed, with or
without pressure. Their formation is fa-
vored by pressure.

T have found, however, that I can produce
good yields of low boiling aromatic hydro-
carbons by conducting cracking under cer-
tain particular conditions. One of these
conditions is a return of the gases formed
in the op&ation to and through the crack-
ing zone together with the oil to be cracked
or its vapors. This operation can be con-
ducted with; preduction of good yields with-
cut pressure. By varging the conditions
somewhat, equally good results may be ob-
tained in the production of low boiling oils
of the petroleum type, that is, gasoline, naph-
tha, etec. : i _ '

In many cases, it is an advantageous ex-
pedient to supply oil or its vapors to the
cracking zone at a relatively rapid rate—a
rate so rapid that a substantial proportion
of oil boiling as high as the original oil ¢an
be condensed beyvond the cracking zone.
Such condensed high boiling oil as is here
recovered may of course be returned to the
cracking zone.
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I find that the result of the operation de-
pends materially upon the proportion of
the gases returned to the cracking zone. If
the amount of %-as present in the cracking
zone be relatively great as compared with
the amount of oil vapors undergoing treat-
ment and the temperature be relatively high,
say around 1300° F. or 700° C. (which is
an ordinary gas making temperature), the
product coming from the cracking zome is
rich in aromatic compounds, especially ben-
zol and toluol. The greater the amount of
gas the less is the concentration of oil vapors
in the total gas-vapor mass and the greater
ig the tendency to form aromatics. If on
the other hand, the proportion of gas so re-

_turned is less and the temperature is lower,

say around 1000° F, or 540° C., then the
product is more in the nature of low boil-
ing petroleum oils (gasoline), and is less
rich is the aromatic bodies. The oil or its
vapors may be supplied to the cracking zone
in any of a number of different ways. For
example, the oil may be sprayed or misted
into the cracking zone under pump pressure
and flow througi the cracking zone together
with gas supplied in any convenient manner.
Or a stream of gas under lLeavy pressure
may be used as injecting means for misting
or spraying the oil into the cracking zone. It
is however better to have the oil enter un-
der its own pressure since this makes con-
trol of the operation more feasible. Instead
of introducing the oil directly into the
cracking zone, its vapors may be so intro-
duced, the cracking apparatus being directly
connected with the vapor outlet 6f an oil
still in any suitable manner.
The cracking apparatus may be of any
type adapted for heating the oil vapors and
in transit. It is conveniently tubular
in structure. It may be heated in any suit-
able manner, as by fire heat, electric
heat, etc. '
Advantageously, I submit the mixture of
gas and vapors going past the cracking zone
to a regulated cooling such as wall serve to
condense unchanged Eigh boiling hydrocar-
bons together with such new high boiling

hydrocarbons as may be formed in the ac-

tion while allowing the low boiling hydro-
carbons (for instance, such as benzol and
toluol or gasoline) to go beyond for subse-
quent condensation. This is convenient as
it saves one distillation. The high boiling
hydrocarbens so condensed may be directly
returned to the cracking zone or to the stiil
furnishing the vapors to the cracking ap-
paratus. The mixture of vapors of low
boiling hydrocarbons and permanent gases
may now be further cooled to condense the
former. It is advantageous to use rather
low temperatures in this condensation. In
condensation, and particularly where gaso-
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to chill artificially, since this causes the con-
densing oils to take up a substantial pro-
portion of the vapors of the very low boil-
ing hydrocarbons which might otherwise
escape condensation. Or the uncondensed
material passing the condenser may be com-
pressed or scrubbed with oil, or both, to re-
cover these liquefiable vapors. The gases
passing beyond the condenser for low boil-
ing material may be sent back (or-any suit-
able fraction thereof may be so sent) to the
cracking zone by means of any suitable
pumping means. In making gasoline, it is
advantageous to have the gas so returned
freed of these liquefiable vapors by compres-
sion or scrubbing.

In the accompanying illustration I have
shown, more or less diagrammatically, cer-
tain orgamizations of apparatus elements

useful in the performance of the described

process. In the showing,

Fig. 1 is an elevation, certain parts being
in vertical section, of one type of apparatus,
usiéxg a vapor feed to the cracking zone,
an

Fig. 2 is a similar view of another form of
apparatus wherein oil is supplied directly
to the cracking zone without a preliminary
vaporization,

In the showing of Fig. 1 element 1 indi-

‘cates diagrammatically any suitable type of

still for the production of oil vapors. Heat-
ing means and the like are omitted for the
sake of clarity of presentation. .Vapors
leave this still through vapor conduit 2 con-
tinued as cracking tube 3 within heating
chamber 4. From the cracking apparatus
the vapors passinto a condensing apparatus
which may be, as shown, a simple air cocled
vertical tower 5. At its base it is provided
with a discharge conduit 6 for condensed
heavy oils, which may as shown, lead
through trapped extension 7 back into the
still. Uncondensed vapors from the tower
leave through conduit 8 continued as con-
denser 9 in cooling tank 10. Adjustable
valve 11 may be used to regulate the pres-
sure through the distilling and cracking sys-
tem. Thermometer or pyrometer 12 may be
used to indicate the temperatures in the
partial condensation column. Passing be-
yond this condenser, the condensable vapors
of gasoline or of light oils containing ben-
zol -and tuluol (as the case may be) pass
through conduit 13 into tank 14 where the
condensed light oils separate from the gas,
being afterwards withdrawn through suit-
able valved outlet 15. Uncondensed gases
leave this tank through outlet conduit 16,
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which may be valved at 17 in case it is de-

sired to have high pressure in the syvstem
and to have this pressure to extend through
the condenser. Passing beyond this valve,
the gases are taken by pump 18 and de-

line, is to be made, it is often advantageous livered into conduit 19 under any suitable
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pressure. It is better t( leave both 11 and
17 open and use normal pressure. By this
conduit they may be led to any suitable place
of nse, Branching from this conduit is con-
duit 20 returning to the still and having for
its function sending throngh the still, crack-
Ing apparatus, and condensers, an adjusted
flow of the exit gases. As shown, this gas
at one point passes through a re-heater 21,
by which its temperature may be raised to
any point desired. This reheating of the
gas has several functions. For one thing,
1t may be used to supply the gas to the cracl.
ing zone hot and prevent any local chilling
at the point of entrance, (Kr by carrying
the reheating temperature considerably
higher than the temperature prevailing in
the cracking zone, the gas may be more or
less broken down with production of free
hydrogen, as will be hereinafter pointed out.

As stated, I find that the results of the
operation vary materially with the amount
of this gas which is so returned to the crack-
ing zone to meet the vapors of oils produced
in the still 1.

In Fig. 2, the apparatus is substantially
the same save that the separate still is dis-
pensed with, ‘The cracking zone, con-
densers, etc., are the same and have received
the same reference numerals. In this modi-
fication, oil is sprayed directly into the
cracking zone. As shown, the condensed
high boiling oils coming from the tower-like
preliminary condenser are delivered to a
storage tank 30. Fresh oil may be added to
this storage tank through pipe 31, Pump
32 and its connections are adapted to take
oil from the storage tank and deliver it
through 33 to any suitable type of spraying
or misting nozzle 34. Pipe 35 serves to ad-
mix as much gas with the oil as may be
desired.

"In a typical embodiment of the present
invention making benzol and toluol and
using the apparatus of Fig. 1, T produce a
moderately rapid distillation of oil in still
1.~ This oil may be gas oil or solar oil, fuel
oil, residuum, crude oil, or any other high
boiling putroleum oil or roduct. A 30°
- gas oil gives good results. The vapors
from the stﬁl are passed through crac ing
tubc 3 at a moderate rate, Tﬁe pressure
used may be the ordinary pressure incident
to the structure of the still and accessory
parts. Gas is returned to the still, and
thence, together with the vapors, to the
¢racking zone in g proportion by volume
greater than that of the ojl vapors. The
cracking zone may be kept at about 700° C,
or 1292° F. The speed of gas eirculation
through conduit 20 should be at such a rate
as to supply 1 cubic foot per minute for
every gailon of oil distilled into or supplied
to the cracking zone per hour. Under these
conditions the low boiling 0i! condensate ob.

tained in 14 will generally
tion begin to boil at about 1
completely distil below 450°
fourths of it passing below 850° F. It may
be redistilled to yield fractions rich in ben.
zol and toluol, "These fractions will usy-

ally contain more or lesg unsaturated hydro-

ggon redistilla-
° F.and will

carbons which can be removed with some

sulfuric acid. The purified product may be

_mitrated, ete.

In using the apparatus of F ig. 2, the op-
eration is exactly the same, save that oil ig
supplied through 33 in liey of va ors. This
oil is generally in part oil whie
been through the cracki zone and.in part
fresh oil. The ratio will of course depend
upon the particular operation.

The temperature range which I find best

adapted for making aromatic compounds ig
from 1200° F. to 1500° F. The greater the
proportion of recirculated gas to that of oil
yapors. up to a certain maximum ratio
through the system, the better the yield of
benzol and foluol. Rapid passage of oil
through the cracking zone so 8s to obtain
a high percentage of recondensed high boil-
ing hydrocarbons is also of advanta

High yields of
in a similar manner by using a less propor-
tion of recirculated gas to that of oil vapors
and a lower temperature in the cracking
zone. Using a temperature of about 550°
C. or 1022° F. in the cracking zone, a low
boiling condensate may be obtained, which
upon_redistillation begins to boil at about
120° F. and is substantially completely vola-
tile below 350° F. :

In making gasoline it is
have the returned gas freed so far 28 may
be of liquefiable hydrocarbons and the rate
of gas return is less than that best
for making aromatic compounds. Gener-
ally, I use one-third to one-half as much re-
turned gas as in making the aromatic com-
pounds.

The volume of gas returned is consider- .
of the oil vap--
ors; that is, the cracking zone always con-’
tains a greater volume of returne gases

ably more than the volume

than of oil vapors, S ,

In making gasoline, under the present in-
vention, the return of the exit gases, which
always carry more or less hydrogen, serves

to heighten materially the

of the production of more hydrogen or by
the direct addition of the hydrogen so re.
turned to the unsaturated bodies produced.
By the use of the gas reheating device 21,
the percentage of hydroizen n the gas so
returned may be materia ly increased with
a concomitant improvement in the quality
of gasoline obtained.

it is to be noted that in this process the
advantages hitherto obtained by the use of

F.; about three-

has once:

e,
gasoline ‘may be’ oEtained‘

a.dira_nts,geous to

yield of saturated
hydrocarbons; whether this be by restraint.
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high (*)ressure in cracking processes are ob-
tained without the use of pressure, or S0
much pressure, through the agency of re-
circulated gases and rapid passage of vapors
through the cracking zone.

I find that in practical work the tempera-

ture of the oil vapors in the craékiné zone
should not be below 500° C and 450° C. may
be #aid to be a minimum.

In a typical embodiment of the present
invention making low boiling aromatics
(benzol and toluol) petroleum vapors were
passed through a heated tubular retort of
and eight feet in length
maintained at- a temperature around 700°
C. The rate of feed of vapors corresgonded
to 8 gallons of oil per hour. The condensate
averaged about 25 per cent of aromatic
bodies. The gas was recirculated at the rate
of about 5 cubic feet per minute. By distil-
lation of the oil condensed, (which contains

oil) a yield of about 7
per cent of benzol and 4 per cent of toluol
(on the amount of oil used) was obtained.

In making gasoline wit the same appa-
ratus, with a temperature around 550° C.
with 10 gallons of oil fed per hour and one
cubic foot per minute of gas recirculated, the
yield of gasoline will be about 70 to 75 per
cent (on the original oil).

Instead of using the hydrocarbon gases
formed in the cracking operation itself,
other hydrocarbon gases, such as oil gas,
the various natural gases, etc., may be used.
But the gases forme
and consisting of a mixture of gaseous
hydrocarbons with more or less free hydro-
gen, I believe to be best adapted for the
present purposes; and it is of course the
most convenient gas fo use. I therefore
regard it as most advantageous to use the
gaseous hydrocarbons from the operation
ftself; the gas being used with or without
reheating as the case may be. = . .

In another application Serial No. 204,635,
filed Nov. 30, 1917, I have described and
cdlaimed broadly the cracking of oils in the

vapor stage by means of heat so applied that

some but not all of the vapors is cracked, a
substantial proportion of oil like the orig-
inal oil being recovered by condensing the
vapors beyond the cracking zone. In the
present invention I utilize ﬁliS principle in

_together with a copious flow of

in the operation itself

1,404,735

connection with the return.‘of gases Ppro-:
1

duced in the cracking operation.

What I claim is8:—

1. The process of convertin%lhigh boiling
hydrocarbons into low boiling hydrocarbons,
which comprises passing vapors of such high
boiling h rocargons tﬁrough a heated zone
of 500° g or more together with a portion
of reheated and broken down returned
hydrocarbon gases. :

9. The process of converting high boiling
petroleum hydrocarbons into ‘low boiling
aromatic . hydrocarbons, which comprises

assing the vapors of high boiling petroleum

ydrocarbons through a heated zone main-
tained at a temperature of 500° C. or more
ases Com-
ing from such heated zonme and returned
thereto after escape therefrom and after
heating sufficiently to produce breaking
down to a substantial extent. -

3. The process of converting high boiling
oils into low boiling oils which comprises
transmitting the vapors of such high boiling
oils through a heated cracking zone at a
temperature of 500° C. or more together
with a greater volume of returned gases,
such returned gases coming from such oper-
ation.

4. The operation of converting high boil-
ing petroleum h drocarbons into low boil-
ing aromatic hy rocarbons which comprises
transmitting a mixture of the vapors of
such high boiling hydrocarbons together
with a larger amount of returned gases
through a cracking zone at a temperature of
700°- C. or more, the returned gases being
gases originating in such crackin%lzone.

5. The process of converting igh boil-
ing petroleum h drocarbons into low boil-
ing aromatic hy rocarbons which comprises
passing the vapors of high i)oiling petroleum
hydrocarbons through a heated zone main®
tained at a temperature of 500° C. or more
together with a copious flow of gases com-
ing from such heated zone and returned
thereto after escape therefrom, such gases
being reheated prior to reintroduction to the
cracking zone and. bein greater in volume
than the oil vapors mix therewith.

In testimony whereof, I affix my signature.

CLIVE M. ALEXANDER.
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