
1,104,077                                          5     and capacity of
injection orifices. These vari-  about 750[err]F. (400[err]C.) and a 95%
boiling  25     ables and others can be coordinated in accord-  point
ranging up to about 700[err]F. (370[err]C.);     ance with known
engineering practice to obtain  examples are kerosenes, No. 1 fuel oil, No.
efficiency from any size unit. The number of  2 fuel oil, gasoline,
napthas, and mixtures of 5  orifices used depends on the size and through-
these fractions. It is preferred that the feed     put of the apparatus,
but it has been found  stock contain a majority, e.g., 70%-100%, 30
that three orifices, as described, give best yield.  of saturated
hydrocarbons having from 4 to       The apparatus can be modified for
pressure  10 carbon atoms per molecule. This includes     operation by
conventional techniques, such as  straight and branched chain paraffins and
al- 10  back  pressure  devices.  Superatmospheric  kyl-substituted
naphthenes. It is desirable to     cracking zone pressures can be used,
preferably  use feed stocks having a fairly low content  35     in the
range of .05 to 100 p.s.i.g.           of olefins and aromatics.       If
desired, any number of cracking units    Petroleum  hydrocarbon fractions
having a     can be operated from a single source of feed  boiling  r a n g
e   of   80[err]F.-750[err]F. 15  stock, by proper manifolding. The units
can  (27[err]-400[err]C.) and containing 70%-100%     be operated in
parallel                       Vol saturated hydrocarbons, and less than
40       The feed stock employed in the process of  30%  preferably less
than 15%, aromatic hy-     the invention is preferably a normally liquid
drocarbons and olenfins, are the preferred     petroleum  hydrocarbon
fraction, although  cracking stocks. The fraction can contain small 20
other materials, such as crude petroleum, pe-  amounts of sulfur compounds,
nitrogen com-     troleum gas, or a pure hydrocarbon, such as  pounds, and
other contaminants usually found  45     hexane, heptane or di-isobutylene,
can be used.  in hydrocarbon fractions.     If a hydrocarbon fraction is
used, it will    Hydrocarbon mixtures of the following com-     preferably
have a final boiling point up to  positions give good results:
Vol. %                   paraffinic hydrocarbons                    75-100 



branched chain paraffinic hydrocarbons   25-40                   naphthene
hydrocarbons                   <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[err] C.)
end point                                 300[err] F. (149[err] C.)
total saturated hydrocarbons               91.4 Vol. %
total aromatic hydrocarbons                 5.6 Vol. %
olefins                                     3.0 Vol. %      
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desirable cracking feed for  burner was 93%  of stoichiometric. The tem-
the process is petroleum naphtha, i.e. refined,  perature at a point
approximately 8 feet (2.44     partly refined, or unrefined petroleum
products  metres) downstream  of vapor injection was     and gas liquids
not less than 95%  of which  steady at about 1299[err]F. (704[err]C.).
Heating  5  distill below  464[err]F. (240[err]C.). A  preferred  fuel was
fed to the burner at a rate of 11.2  25     material is that known as "Bajo
Grande light  gallons (42.3 liters) per hour, while the crack-
naphtha", which is a virgin straight-run gaso-  ing feed stock rate was 109
gallons (412 liters)     line having an API gravity of 71[err], a Reid  per
hour. The temperature of the vaporized     vapor pressure of 12 lbs. and an
end point  cracking feed stock, as injected into the crack- 10  of
300[err]F. (149[err]C.).                     ing tube, was 695[err]F.
(369[err]C.).                30       The content of naphthenes in the feed
stock   An average sample of the fuel gas produced     can be as high as
10-40 Vol. %.                had a specific gravity of 0.97, and its gross
The-following Example illustrates the pro-  heating value, in BTU per
standard cubic foot     cess of the invention.
(measured by a calorimeter), was approximate- 15                    EXAMPLE
ly 600. The BThU conversion efficiency, cal- 35     An apparatus similar to
that shown in the  culated from  the cracking feed stock alone     drawings
was employed to flame-crack the pre-  was 89.9%, and from  the total feed
stock     ferred paraffinic light petroleum  hydrocarbon  (including the
portion used as burner fuel)     fraction, having the characteristics
previously  was 81.9%. The gas composition was as fol- 20  set forth. The
fuel-air ratio employed in the  lows:
40                                              hydrocarbons
gas:           H[err]   C[err]   C[err]s   C[err]s   C[err]s   C[err]s
C[err]s   N[err]   CO   CO[err]            Vol. %:       8.5   7.8  13.3
3.9   2.8   0.6   1.0  51.8   3.9   6.4    



It was significant that the total drip oil,  can be reacted immediately to
convert it to  75     tar, and carbon deposit remaining in the ap-  a
desired product such as ethyl chloride, which     paratus was minimal
regardless of the duration  is then itself separated from the other gases.
45  of operation. It was also significant that the  The invention thus
provides an inexpensive,     hydrogen content of the product gas was rela-
simple and efficient process for the flame     tively low: a low hydrogen
content, e.g., less  cracking of hydrocarbons, which process is  80
than 30%, is necessary in the product gas  simple to control and provides a
good yield     so that carbon deposits may be kept minimal.  of relative
pure combustible product gas. 50  It was very significant that
substantially all    In one embodiment of the invention, a two-     of the
C[err]s in the product gas were ethylene;  step process is carried out in
which the flame     no appreciable amount of the undesirable pro-  cracking
as previously described is preceded  85     duct acetylene was formed in
the cracking  by a partial thermal cracking of the hydrocar-     reaction,
as is the case in prior art cracking   bon feed stock in a fired heater
that is, a 55  processes.                                      heater in
which. the feed stock is heated by        The process of the invention
provides a  indirect heat exchange with hot gases such     satisfactory
fuel gas having a heating value  as combustion gases. In this two-step
process,  90     of 200-800 BThU per cubic foot. Many in- --the first step
is performed by introducing the     dustrial users burn fuel gases in the
300-700  feed stock into a fired heater which can be 60  BThU range, and
these users can burn directly  separate from the flake-cracking apparatus.
In      the gas produced by the process of the inven-  this fired heater,
the feed stock is vaporized      tion. Alternatively, the gas can be mixed
as  and partially thermally cracked to convert the  95      a supplement
with propane, natural gas, or  less refractory components of the feed stock
other gas having a higher heating value. The  into cracked products. The
temperature of this 65  capacity of a propane-air plant can thus be
cracking is usually in the range from 750 to      greatly increased, at low
cost, by installation   1250[err]F., though other temperatures can be
of apparatus according to the.invention, the  used in some cases. The
mixture of cracked  100      mixed gas having a high heating value, over
products and uncracked, more refractory com-      1000 BThU per cubic foot.
ponents of the feed stock is then introduced 70    The gas produced
according to the invention  into the second step which consists of flame-
is also an excellent source of ethylene, which  cracking in the manner
previously described.      is present in high concentration and with al-
In the flame-cracking step, further thermal 105      most no admixture of
acetylene, the ethylene  cracking of the hydrocarbon mixture takes      can
be separated from  the product gas, or  place, to convert more refractory
components 
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feed stock to cracked products.  distributed form as defined herein to
impinge     The conditions in the partial thermal cracking  on the flame of
a burner firing into one end     step are such as to minimize carbon
formation.  of a cracking zone, in such manner that the  55       This
two-step process is advantageous in  impingement  zone   t e m p e r a t u
r e   is 5   some instances in that it enables a gas of  800-1600[err]F.
(425-870[err]C.),  thereby  to     higher heating value and lower specific
gravity  produce a gaseous mixture of combustion pro-     to be obtained
than in flame-cracking as pre-  ducts and products of cracking of the feed
viously described, or in flame-cracking with  stock.
60     previous vaporization under substantially non-   2. Process
according to claim  1, wherein 10  cracking conditions, also as previously
de-  the feed stock is introduced into said zone     scribed. The
properties of the product gas can  at a plurality of locations around the
periphery     be varied by varying the amount of cracking  thereof.
which takes place in the first step. A relatively    3. Process according
to claim 1 or 2, wherein  65     high degree of cracking in the first step
makes  the feed stock upon said introduction is direc- 15  it possible to
reduce the amount of oxygen-  ted at an acute angle with the axis of the
containing gas which is used in the flame-  flame and toward the flame.
cracking step, relative to the amount of hydro-    4. Process according to
claim  1, 2 or 3,     carbon which is cracked, and this results in  wherein
the feed stock is a liquid light petro-  70     higher heating value and
lower specific gravity  leum hydrocarbon fraction, which is vaporized 20
in the product gas. In some commercial instal-  before its introduction
into said region.     lations, the latter characteristics may be impor-
5. A process according to any of claims     tant. The product gas
characteristics may be  1 to 4, in which the hydrocarbon is a petro-
varied between 0.75 and 1.10 specific gracity  leum fraction having a 95%
boiling point be-  75     for example, and between 350 and 1000 BTU   low
about 700[err]F. 25  per cubic foot heating value.                    6.
Process according to any preceding claim, 



In a further embodiment of the invention,  in which the burner flame is
provided from     a three-step process is carried out in which  a
hydrocarbon fuel and a gas containing free     the feed stock is first
vaporized by indirect  oxygen.                                       80
heat exchange with product gas, in the manner    7. Process according to
Claim 6, in which 30  previously described herein, and the vaporized  the
burner fuel and the hydrocarbon cracking     feed stock, at a temperature
for example of  feed are the same hydrocarbon fraction.     700[err]F., is
then introduced into a separate fired    8. Process for cracking a
hydrocarbon, as     heater wherein it is raised to thermal cracking
hereinbefore described with reference to the  85     temperature to produce
partial thermal crack-  accompanying drawings. 35  ing, as described just
previously in connection    9. Process for cracking a liquid light petro-
with the two-step process. The mixture ob-  leum hydrocarbon fraction, as
hereinbefore de-     tained from the partial cracking step is then  scribed
with reference to the foregoing Exam-     introduced into a flame-cracking
step as pre-  ple.                                          90     viously
described, in order to obtain further    10. Combustible fuel gas, when
produced 40  cracking. This three-step process differs from   by cracking a
hydrocarbon by a process ac-     the two-step process previously described
in  cording to any preceding claim.     that, in the three-step process,
the heat for    11. Combustible gas according to Claim 10,     initial
vaporization of the feed is provided  havng a calorific value of 200-800
BThU   95     by heat exchange with the product gas, rather  per 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  or 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.           Printed for Her
Majesty's Stationery Office by the Courier Press, Leamington Spa, 1968.
Published by the Patent Office, 25 Southampton Buildings, Jondon, W.C.2,
from which                                        copies may be obtained.
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