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by which it is to'be periorme articu-
larly described in and by the following state-
ment : —

This invention relates to a process for the
thermal cracking of a hydrocarbon, or mixture
of hydrocarbons, such as a petroleum fraction,
by contact with a flame, to produce fuel gas.

It is known to crack hydrocarbons by con-
tacting the hydrocarbon feed stock with a heat-
ed refractory surface, such as of checker-brick
or ceramic particles. Such surfaces are, how-
ever, rapidly coeled by the endothermic crack-
ing reaction, and passage of the feed stock
must be discontinued whilst a flame is passed
over the surface to reheat it. Such cyclic alter-
nation of heating and cooling results in low
efficiency of the process.

Continuous processes are known in which
a refractory chamber is continuously heated
by an external heat source, whilst the hydro-
carbon is passed through the chamber. The
refractory material is, however, a poor conduc-
tor of heat, and such processes are also
inefficient, and the apparatus is costly.

In both the cyclic and continuous processes,
there is, furthermore, considerable deposition
of carbon deposits on the heated surfaces,
which deposits must be periodically removed,
and the refractory surfaces rapidly become
eroded by the flame and need frequent replace-
ment. Furthermore, the gases produced are
of varying quality, and contain considerable

[Price 4s.6d.]
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to provide a process for inexpensively effecting
continuous cracking of hydrocarbon, to pro-
duce a high yield of combustible gas which
can be utilized directly with a minimum of
cleaning or after-treatment.

The present invention comprises flame-
cracking a hydrocarbon or mixture of hydro-
carbons by direct contact with a burner flame,
a process which may be referred to as “flame-
cracking”. It is believed that the feed stock
injected (which may be at a temperature, for
example, of 700°F. (370°C.) cools the surface
of the tip of the flame from about 3000°F.
(1656°C.) to 800°—1600°F, (425°—870°C.),
and this temperature permits the desired de-
gree of cracking with the production of the
minimum of by-preducts.

The feed stock should impinge on the flame
at a point where the combustion in the flame
is substantially complete, and the flame con-
sists substantially only of the hot combustion
products. To cnsure this, a burner should be
used which produces a steady, elongated flame
so that the position of the tip of the flame
remains predictably constant; this is suitably
achieved by providing a narrow, elongated
combustion chamber around the base of the
burner, and permitting the tip of the flame
to extend into a cracking chamber.

The process according to the invention thus
comprises introducing a hydrocarbon or mix-
ture of hydrccarbons as feed stock in finely
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thereby to produce a gaseous mixture
of combustion products and products of crack-
ing of the feed stock.

The process is preferably carried out in an
apparatus which comprises a chamber defining
a cracking zone, a burner positioned to direct
a flame into the zone, and orifice means for
feeding said hydrocarbon as feed stock in finely
distributed form into the chamber so as to
impinge on the flame.

The feed stock may be injected as a vapor,
a gas or an atomized liquid, and the term
“finely distributed form” as used in this
Specification and the appended claims em-
braces all these forms.

"The feed stock is preferably injected from
a plurality of locations, e.g., three nozzles,
around the burner. It is advantageous for the
feed stock to be directed at an acute angle
with the axis of the flame and toward the
flame, to increase the contact time of the hy-
drocarbon with the flame. The cracking
chamber is preferably a somewhat elongated
tube which provides an elongated flow path
for the combustion and cracked product gases
away from the burner, and a constricted exit
from the cracking chamber may be provided
to improve the mixing of the cracking gases.

‘A heat exchanger is advantageously provid-
ed in the path of the hot gases from the
cracking zone, so as to preheat and if desired
vaporize the feed stock.

It is especially advantageous to utilize the-

same hydrocarbon as the cracking feed stock
and as the burner fuel. A wide variety of
hydrocarbon feed stocks, especially petroleum
fractions, can be cracked.

The temperature in the impingement zone
should preferably not exceed 1450°F.
(790°C.), to ensure production of a uniform
product relatively free from by-products. The
cracking zone must be substantially free of
air and free oxygen, to prevent formation of
an explosive gas mixture. )

A detailed description of the invention fol-
lows, taken in conjunction with the accom-
panying drawings, wherein:

Fig. 1 is a side elevation, partly in section,
of a preferred embodiment of a gas prepara-
tion apparatus;

Fig. 2 is a vertical section, on an enlarged
scale, of the burner end of the cracking tube
of the apparatus;

Fig. 3 is a section taken along line 3—3
of Fig. 2, showing the location and disposition
of the injection orifices in the cracking tube;
and

Fig. 4 is a somewhat schematic sectional
view of the burner end of the cracking tube,
with a representation of a flow path.

Referring to Fig. 1, the apparatus includes

and mixing
ion conduits
6 feed, an interndidte Yibe portin 3* (shown
broken away in Fig) 1¥Qhd a Heat exchange
portion 3, At the left-hand end of the tube
is a burner 5 communicating with the chamber
20 via a combustion chamber 18, and the
right-hand end of the tube communicates with
the bottom of a scrubbing tower 2.

‘A storage tank 7 supplies liquid hydrocarbon
via a pump 9, valve 17 and conduit 8 and
coupling 14 to the burner 5, and also via
a valve 59, and conduit 60 to a heat exchanger
57 within the tube 3? and thence via a conduit
61, manifold 29, valves 30 and feedpipes 25
to the inmjection conduits 6. The conduits 25
are coupled to the manifold 29 by flanges 28.

Referring to Fig. 2, the cracking chamber
is shown in more detail. The burner 5 is not
shown in detail, since it is not peculiar to
the invention. It may for example be a high
velocity oil burner in which liquid fuel is va-
porized before it is burned, the heat for the
vaporization being taken from the combustion
chamber of the burner; the burning of the
vapor as compared to a liquid gives a high
heat release rate, which should preferably be
at least 1 to 10 million BThU (British Ther-
mal Units) per hour per cubic foot of combus-
tion space ( kilo-cal per cubic meter = 8.92
BThU per cubic foot at atmospheric pressure
and 15.5°C.). The burner has an inlet 15 for
air under pressure (from a blower, not shown)
connected to a coupling 16, and as mentioned,
a coupling 14 fuel intake.

‘A metal pipe 11 (Figs. 2 and 3) provides
structural support for the burner end of the
cracking tube, and has an annular end plate
10 to which a mounting plate 12 of the burner
5 is attached by bolts 13.

A refractory combustion chamber 18 (Fig.
2) extends outwardly from the end plate 12
and comprises a wider portion 31 adjacent
the burner and a narrow portion 33, the two
portions being connected by a shoulder 32.

The cracking chamber has a refractory lin-
ing 20 and a collar member 21 which forms
a- constriction at its downstream end. Threc
apertures 24 are formed radially through the
wall of the cracking tube to receive the con-
duits 6; these apertures are spaced equidistant-
ly round the tube diameter (see Fig. 3) and
debouch at a point near the tip of the flame
19 of the burner (see Fig. 2). Through each
conduit 6 passes a coaxial injection pipe 25,
which is cut off terminally at a 45° angle
so that the cut end faces toward the burner.
To each cut end is secured a plate 26 having
a small aperture 27 (best seen in Fig. 3) there-
through.,

An intermediate pipe section 3! (Fig. 2)
is attached to pipe 11 by bolts 37 passing
through flanges 35, 36, and this section 3°
is in turn joined at flanges 54, 55 (Fig. 1)
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20 set

orth. The

fuel-air ratio enpl oymallet portidne33 | Ows: internal dia. 4 10
40 . . hydr car bons
gas: H er FFRme P20 o or /e By er s PC[ err]s err]s
C[ err] S N err] CO CJerr] outside di¥0l . % 155 8.5 3958 13.3
. 2.8- 0.6 1.0 51.8 3.9 6.4 .
inside dia. at
collar 21 10.5 27
Total length 25 63.5
orifice 27 dia. 0.25 0.6
distance from
burner end of
chamber 20 9.5 24
pipe 3’ dia. 14 35.5
' length ca. 96* ca. 255
pipe 3 length ca. 60 ca. 150
baffie 53 dia. 7.5 19.8

* this length may be considerably shorter.

Such apparatus has a capacity of 0.3—1
25 million cubic feet (8,400-—28,000 cubic
meters) of product gas per day.

The scrubbing tower 40 is not essential to
the invention and its construction and opera-
tion are described later. The operation, accord-
ing to the process of the invention, of the
cracking apparatus described is as follows.

The hydrocarbon to be cracked is stored
in tank 7, and fed to the burner 5, which
is also supplied via conduit 15 with an oxygen-
containing gas under pressure. Air is generally
used, but oxygen or oxygen-enriched air may

30
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be used and will give a higher calorific value
to the product gas which will contain less or
no nitrogen. The air hydrocarbon ration is
60 to 100%, of stoichiometric. The resultant
flame fills the combustion chamber 18, and
extends a short distance (usually less than 4
inches (10 cm) ) axially into the cracking
chamber 18, the flame preferably having a
conical shape as shown at 19 in Figs. 2 and
4, The narrow portion 33 of the chamber
18 acts as an orifice for the flame to prevent
the feed stock being drawn back into the flame,
The chamber 18 stabilizes the flame so that
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The feed stock is qulckly and efficiently
cracked in the chamber 20; it is believed that
the cracking takes place essentially at the
boundary of the flame 19, which here consists
of the gaseous combustion products formed
by the combustion in the chamber 18. There
is a short residence time of the feed stock
in this cracking zone.

The cracked products and combustion gases
pass from the flame down the chamber 20,
and are constricted at the collar member 21,
which causes the gases to be further mlxed
together and improves the cracking efficiency.
This collar member thus provides a restricted
orifice from the cracking chamber. The degree
of mixing can be further controlled by altera-
tion of the number of injection conduits and
their distance from the flame.

The gases then pass, substantially unchanged
in composition, down the intermediate tube
3%, and have a temperature of about 1250°F.

product then passes upwardly through the de-
mister 52 and the duct 51 to suitable storage
and distribution facilities. The water or oil
spray medium, and the condensate, collect in
the bottom of the casing 38, wherein the level
control unit 49 maintains a proper fluid level
to provide a liquid seal, preventing escape of
the gaseous products. The collected fluid is
then led off through the drain line 47.

The only clean-up step required is the treat-
ment of the gaseous products in an oil or
water scrubber. The gas with the condensates
removed is of a quality suitable for direct
commercial distribution. The burning quality
of gas produced in a particular cracking opera-
tion is a function of the composition of the
feed stock.

Numerous operating factors can be varied
to achieve optimum performance. These in-
clude type and capacity of burner, burner fuel
and air feed rates, feed stock rate, and type
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5. A process according to any of clains tant. The product gas
characteristics may be 1 to 4, in V\:hl ch the hydrésdsbon is a petro-
vari.ed between O. L By ocarbogs rac u"‘T—'r action having a 95%
boi l'i ng point be- fg d’f exarrpl e, and be% Ween 350 and 1000 BTU | ow
about 700[err]F. 2&ancpelrchmubhmﬂiﬁxem§drm-a6us ng whi4ge. - : 6.
Process accor dl n tO I’EC di ng cl ai '
9 naph ny hyd rocar ons 9 m <15, preferably <12
aromatic hydrocarbons - © <15, preferably <10
unsaturated hydrocarbons <25, preferably <10
olefin hydrocarbons <10, preferably <5
50 A preferred paraffinic light petroleum hy-
. : drocarbon fraction has the following charac-
. teristics:
API gravity 70
initial boiling point 100° F. (37.8° C.)
end point 300° F. (149° C.)
total saturated hydrocarbons 91.4 Vol. %,
total aromatic hydrocarbons 5.6 Vol. o

olefins 3.0 Vol. %,
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tively low: a low hydrogen content, ¢.g., less
than 309%,, is necessary in the product gas
so that carbon deposits may be kept minimal.
It was very significant that substantially all

of the C,s in the product gas were ethylene; -

no appreciable amount of the undesirable pro-
duct acetylene was formed in the cracking

reaction, as is the case jn prior art cracking

processes.
The process of the invention provides a
satisfactory fuel gas having a heating value

of 200—800 BThU per cubic foot. Many-in-. .-

dustrial users burn fuel gases in the 300—700
BThU range, and these users can burn directly
the gas produced by the process of the inven-
tion. Alternatively, the gas can be mixed as
a supplement with propane, natural gas, or
other gas having a higher heating value. The
capacity of a propane-air plant can thus be
greatly increased, at low cost, by installation
of apparatus according to the.invention, the
mixed gas having a high heating value, over
1000 BThU per cubic foot.

The gas produced according to the invention
is also an excellent source of ethylene, which
is present in high concentration and with al-
most no admixture of acetylene, the ethylene
can be separated from the product gas, or

simple-to control and provides a good yield
of relative pure combustible product gas.

In one embodiment of the invention, a two-
step process is carried out in which the flame
cracking as previously described is preceded
by a partial thermal cracking of the hydrocar-
.bon feed stock in a fired heater that is, a
heater in which the feed stock is heated by
indirect heat exchange with hot gases such
as combustion gases. In this two-step process,
the . first step- is performed by introducing the
feed stock into a fired heater which can be
separate from the flake-cracking apparatus. In
this fired heater, the feed stock is vaporized
and partially thermally cracked to convert the
less refractory components of the feed stock
into cracked products. The temperature of this
cracking is usually in the range from 750 to
125G°F., though other temperatures can be
used in some cases. The mixture of cracked
products and uncracked, more refractory com-
ponents of the feed stock is then introduced
into the second step which consists of flame-
cracking in the manner previously described.
In the flame-cracking step, further thermal
cracking of the hydrocarbon mixture takes
place, to convert more refractory components

Pl i a::ttcsttes product such as ethlehioﬁdeedhlfhor Her
lé'?} SypE ﬁ ﬁlqlgsth nm 968,
DI B R fx@ﬁ C.2,

90
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that, in the three-step process, the heat for 11. Combustible gas according to Claim 10,
« initial vaporization of the feed is provided having a calorific value of 200~—800 BThU 95
by heat exchange with the product gas, rather Pper cubic foot.
45 than by heating in the separate fired heater. 12. Combustible gas according to Claim 10

In both processes, the heat for partial thermal 0r 11, having a hydrogen content below 30
cracking, however, is provided in the separate Vol %.

fired heater. ELKINGTON AND FIFE.
WHAT WE CLAIM IS : — Chartered Patent Agents,
50 1. Process for cracking hydrocarbons, which ‘High Holborn House,
comprises: introducing a hydrocarbon or mix- 52—54 High Holborn, London, W.C.1,
ture of hydrocarbons as feed stock in finely Agents for the Applicants.
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O°F is then introduced into a separate ﬁred
heater wherein it is raised to thermal cracking
temperature to produce partial thermal crack-
ing, as described just previously in connection
with the two-step process. The mixturc ob-
tained from the partial cracking step is then
introduced into a flame-cracking step as pre-
viously described, in order to obtain further
cracking. This three-step process differs from
the two-step process previously described in
that, in the three-step process, the heat for
initial vaporization of the feed is provided
by heat exchange with the product gas, rather
than by heating in the separate fired heater.
In both processes, the heat for partial thermal
cracking, however, is provided in the separate
fired heater.

WHAT WE CLAIM IS:—

1. Process for cracking hydrocarbons, which
comprises: introducing a hydrocarbon or mix-
ture of hydrocarbons as feed stock in finely
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8. Process for crackifgOP hffociBYn, RS
hereinbefore described with reference to the
accompanying drawings.

9. Process for cracking a liquid light petro-
leum hydrocarbon fraction, as hereinbefore de-
sclribed with reference to the foregoing Exam-
ple.

10. Combustible fuel gas, when produced
by cracking a hydrocarbon by a process ac-
cording to any preceding claim.

11. Combustible gas according to Claim 10,
having a calorific value of 200—800 BThU
per cubic foot.

12. Combustible gas according to Claim 10
or 111, having a hydrogen content below 30
Vol.2/..
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