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This invention relates to the pyrolysis of hydrocarbons
and to the conversion of said hydrocartons into hydro-
carbons having a lower hydrogen content. In one as-
pect, this invention relates to a hydrocarbon converison
process in which at least a portion of the heat required
for the reaction is supplied by the oxidation of solid car-
bonaceous material in the presence of the hydrocarbon
being converted. In another aspect, the invention relates
to passing a mixture of a hydrocarbon and an oxygen-
containing component through a bed of solid carbona-
ceous material under conditions such fhat oxidation of
the carbonaceous material takes place, thereby supplying
at least a portion of heat necessary for the conversion of
hydrocarbon. In another aspect, the invention relates to
a hydrocrabon conversion process in which at least a
portion of the heat required for the process is supplied
by oxidizing a solid carbonaceous material, said solid car-
bonaceous material being maintained in a fluidized bed
in contact with said hydrocarbon. In another aspect,
the invention relates to a hydrocarbon conversion process
in which at least a portion of the heat required for the
process is supplied by oxidizing a solid carbonaceous ma-
terial in the presence of said hydrocarbon and transfer-
ring heat from a quench zone downstream of a reaction
zone to a preheat zone upstream of said reaction zone.
In another aspect, the invention relates to a hydrocarbon
conversion process in which at least a portion of the heat
of the reaction is supplied by oxidizing a solid carbona-
ceous material in the presence of the hydrocarbon in
which the direction of flow through the reaction zone is
reversed periodically to utilize heat extracted from the
hydrocarbon leaving the reaction zone to pre-heat the
hydrocarbon flowing to the reaction zone. In another
aspect, the invention relates to reactor apparatus suited
for use in endothermic reactions.

In the pyrolysis of hydrocarbons it is well known and
has been customary to oxidize a portion of the feed
stream while crackling the remainder. Thus, the oxidized
portion of the feed supplies the heat of cracking neces-
sary for converting the remainder of the feed. This
process has been used for the conversion of paraffinic
hydrocarbons to olefins. For example, such a process
has been used for the preparation of ethylene from vari-
ous gaseous feeds including methane, propane, ethane,
and butane. In the prior art processes, oxygen, air or
oxygen enriched air have been used as oxidants; co-cur-
rent, counter-current, venturi and tangential mixing have
been utilized to bring about the partial oxidation of the
hydrocarbon feed; regenerative furnaces have been adapt-
ed to utilize the heat more efficiently in preheating the
feed and quenching the reaction products. Such proc-
esses, however, have not been acceptable in certain areas
where the feed material is in relatively short supply or
must be imported. These processes have been disad-
vantageous both for economic reasons and by reason of
government resirictions in some countries requiring a
strict accounting of heat content of materials entering
into a reaction process.

It is an object of the present invention to reduce the
amount of hydrocarbon feed which must be oxidized to
supply the heat for converting said hydrocarbon. An-
other object of this invention is to supply at least a por-
tion of the heat necessary for hydrocarbon conversion
process by oxidizing a solid carbonaceous material in the
presence of the hydrocarbon feed comverted. Another
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object of this invention is to provide a hydrocarbon con-
version process which results in the off-gas after separa-
tion of the product having a relatively high content of
combustible material, thus making it suitable for use
as a commercial heating gas. It is another object of this
invention to provide a process in which an endothermic
conversion is balanced by exothermic oxidation of a
material other than the reactant. Another object is to
provide improved apparatus suitable for use in endother-
mic processes.

Other aspects, objects, and the several advantages of
the invention are apparent from a study of the disclosure,
the drawing, and the appended claims.

Thus, my invention provides an improved process for
the comversion of hydrocarbons in which heat is sup-
plied to the process by oxidizing a solid carbonaceous
material in the presence of the hydrocarbon being con-
verted. This invention also provides a hydrocarbon con-
version process comprising passing the hydrocarbon
through a reaction zone containing solid carbonaceous
material while simultaneously oxidizing the carbonaceous
material. In one embodiment, the carbonaceous material
is present in the form of a fluidized bed of solid particles.

My invention includes a hydrocarbon conversion proc-
ess in which the hydrocarbon passes through adjacent

reheat, reaction, and quench zones, and a portion of the
heat supplied by oxidizing the solid carbonaceous ma-
terial in the reaction is removed in the quench zone and
transferred therefrom to the preheat zone. My inven-
tion further provides a hydrocarbon conversion process
in which the hydrocarbon being converted passes through
successive preheat, reaction, and quench zones, heat is
supplied to the hydrocarbon in the reaction zone by the
oxidation of solid carbonaceous material therein and heat
is transferred from the quench zone to the preheat zone
by cycling solid particles between the quench and pre-
heat zones. My invention also provides a hydrocarbon
converison process comprising periodically reversing the
direction of flow of the hydrocarbon feed through a pair
of regeneration zones, separated by a reaction zone in
which heat is supplied to the hydrocarbon by oxidation
of solid carbonaceous material.

My invention also provides apparatus suited for use
in an endothermic process, the apparatus comprising a
preheat chamber, a reaction chamber downstream of
said preheat chamber, and a quench chamber downstream
of said reaction chamber, a bed of solid carbonaceous
material in said reaction chamber, and means to supply
heat from asid quench chamber to said preheat chamber.
In one embodiment, the means to supply heat comprises
means to transfer solid particles cyclically between said
quench and preheat chambers. My invention also pro-
vides apparatus comprising a pair of regeneration cham-
bers separated by a reaction chamber, solid carbonaceous

5 material in said reaction chamber, and means to oxidize

said material and means to reverse the direction of flow
of the hydrocarbon through said pair of regeneration
chambers and said reaction chamber.

When the heat of an endotherermic hydrocarbon con-
verison is supplied, according to my invention, by a car-
bon rich fuel such as coke, coal, charcoal, or other solid
carbonaceous material, in a partial oxygenation reaction,
the gaseous products contain relatively high proportions
of hydrogen, carbon monoxide and methane, thus pro-
viding an off-gas, after separation of the conversion prod-
ucts, high in combustible material and being  suitable
for use as a commercial heating gas. For example,
ethylene and propylene can consequently be maunfac-
tured from propane in countries where the latter material
must be imported, thus making it uneconomical to carry
out the reaction by oxidizing a portion of the feed, and
wherein government restrictions require an accounting
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of heat content into a process and practically full con-
version of the heat content to useful energy. Countries
in ‘which such restrictions are imposed and which also
have adequate supplies of solid carbonaceous materials
suitable for the practice of the invention include Eng-
land, France, Germany, and Italy. .

Hydrocarbons in general are adaptable for use as the
feed in the practice of the present invention. However,
although high aromatic feedstocks cannot be entirely
omitted as possible feed constituents, hydrocarbon mate-
rials having predominantly paraffinic characteristics gen-
erally provide more desirable feedstocks. A further desir-
able characteristic is a relatively low viscosity. Thus, sat-
isfactory feedstocks include normally gaseous hydrocar-
bons, naphthas boiling in the range of about 100° to 400°
F., kerosenes boiling in the range of about 300° to 500°
F., and light gas oils boiling in the range of 400° to 500°
F. Such materials as diesel fuels and the various fuel oils
can be used provided they have a viscosity and a boiling
range suitable for the process.

It is well known that olefins can be prepared from the
feedstocks outlined above by maintaining the temperature
of the range of 1,250 to 1,700° F. I prefer to preheat the
feed to the reaction zone to a temperature in the range of
500 to 1,000° F., and this can suitably be accomplished
in most instances by arranging to transfer heat removed in
a quench zone to the hydrocarbon feed.

In the practice of my invention there is developed within
the solid carbonaceous material an incandescent zone.

This zone can vary in various installations from 1 inch to

16 feet or more in height, the upper limit being determined
by the weight of material which the burning zone will
support. This limitation, of course, does not apply where
the bed is fluidized.

~The height of the incandescent zone can be controlled
by varying the oxygen {o hydrocarbon ratio and the rate
of flow of the material through the bed. Suitable control
means for the height of the incandescent zone are dis-
cussed below.

In the drawing, FIGURE 1 is a vertical cross section
of a simplified apparatus suitable for practicing the proc-
ess of my invention. FIGURE 2 is a vertical cross section
of an.apparatus suitable for use in a continuous process
with continuous heat transfer from the quench zone to the
inlet or preheat zone. FIGURE 3 is a vertical cross sec-
tion of a reactor which permits utilizing heat removed in
the quench zone by periodically reversing the direction of
flow, thereby reversing the functions of the preheat and
quench zones.

Referring now to FIGURE 1, this apparatus comprises
inlet tube 10, reaction:chamber 11, outlet tube 12, perfo-
rated support 13, heater 14, and thermocouple 15, and the
perforated support 13 supports a bed 16 of solid car-
bonaceous material. In a specific embodiment used for ex-
perimental purposes, inlet tube 10, reaction chamber 11,
and outlet tube 12 are all formed in a 17 mm. LD. stain-
less steel tube.

In FIGURE 2 the reactor 20 comprises a preheat cham-
ber 21, a reaction chamber 22, and a quench chamber 23.
Transfer tube 24 extends from the portion of chamber 23
adjacent chamber 22 to the portion of chamber 21 adja-
cent chamber 22. Transfer tube 25 extends from the por-
tion of chamber 21 removed from chamber 22 to the por-
tion of chamber 23 removed from chamber 22. An inlet
26 is provided for solid carbonaceous material which
forms a bed 27 in chamber 22. Reactant inlet 28 and
product removal line 29 are provided as shown. A first
perforated plate 30 is provided at the lower end of chani-
ber 21, a second perforated plate 31 divides chamber 21
from chamber 22, and a third perforated plate 32 is pro-
vided at the lower end of chamber 23. A bed 33 is main-
tained in chamber 23 of inert particles such as ceramic,
metal or “Cermet.” The latter denotes a group of mate-
rials made up of ceramic and metallic constituents, usual-
ly processed by powdered metallurgy techniques. They
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comprise, for example, borides of nickel, copper, barium,
manganese and chromium; carbides of titanium, tantalum,
columbium, molybdenum, vanadium, chromium, zirco-
nium, and boron; the nitrides of silicon, titanium, zirco-
nium, hafnium, vanadium, scandium, iobium, tantalum,
tungsten, thorium, and uranium; and the silicides of cal-
cium, manganese, iron, copper, boron, magnesium, vana-
dium, and titanium in combination with: such ceramic-like
materials as iron and aluminum oxide, titanium oxide, and
the like.

Properties of these materials which may be used fo an
advantage, particularly when a fluidized operation is con-
templated, are:

(1) Low attrition losses;

(2) High density and rapid heat transfer permitting
high flow rates;

(3) High resistance to thermal shock; and

(4) A highly inert surface.

A similar bed 34 is maintained in chamber 21. To
transfer heat from chamber 23 to chamber 21, inert par-
ticles are transferred continuously from chamber 23 to
chamber 21 through transfer tube 24 and particles are
transferred at the same rate from chamber 21 to chamber
23 through 25. Flow through transfer tube 24 is by
gravity, the rate being controlled by suitable means such
as star valve 35. The particles, of course, must be lifted
through tube 25 and this can be done, for example, by
using air lifting methods as by injecting air at 36. Air or
other oxygen-containing material may be introduced with
a reactant through inlet 28 or may be passed directly into
chamber 22 through suitable inlets not shown. An in-
candescent zone 37 is maintained within bed 27. To con-
trol this zone, two light sensing elements such as photo-
tubes 38 are positioned to see the area above and below
the incandescent interface. When both the reactant and
air are introduced through inlet 28, a ratio controller 40
can be used to control the relative rates of flow of air
through valve 41 and reactant through valve 42. Pho-
totubes 38 are connected to an amplifier which provides
a signal to change the setpoint of ratio controller 40
to change the ratio of air to reactant and thus con-
trol the height of the incandescent zone. The pho-
totube above the interface is normally inactive but if
the interface rises to a point where this tube becomes
illuminated, the ratio controller is activated to provide a
richer mixture. The lower tube is positioned so that it
normally sees the light. If the light intensity decreases
below a predetermined value, the reduction of the ampli-
fler respomse activates ratio controller 40 to provide a
leaner mixture at inlet 28. The construction and opera-
tion of the various components of the control system are
Kell known and, therefore, need not be described in detail

ere.

An important variable in the conversion process of the
present invention is the reaction time. For example, in
the manufacture of olefins, reaction times in the range
0.001 to 2 seconds are utilized. When the height of the
incandescent zone is established and the flow rate and feed
to oxidant ratio are constant the reaction time remains
constant. Reasonable variation in the reaction time is
permissible within a desired range. However, in general,
the reaction time should be established in the lower range
when operating in the upper range of the temperature
range and vice versa.

In FIGURE 3, chambers 56 and 51 are filled with re-
fractory material and a bed of carbonaceous material is
maintained in chamber 52. Reactant and oxidant enter
through lines 53 and 54, respectively, and are directed
by three-way valve 55 to inlet lines 56 and 57 alternately.
When the flow is through line 56 the mixture enters cham-
ber 50, valve 58 being closed, and flows from there
through reaction chamber 52 and through chamber 51
and out to product recovery through valve 59. Siitable
automatic temperature controllers, not shown, can be
used if desired to operate valves 55, 58, and 59 and these
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automatic controllers can in turn be actuated by the tem-
peratures in chambers 59 and 51. Periodically the di-
rection of flow is reversed by reversing the position of
three-way valve 55, thus directing the flow through inlet
57 and removing the product through valve 58 to prod-
uct recovery. It will be seen that this type of operation
permits heat removal in either chamber 56 or 51 to be
utilized to preheat the mixture when the flow ds reversed.
Suitable means for controlling the inlet of solid car-
bonaceous material to chamber 52 can be used such as
star valve 6@ and ashes can be removed through conduit
61 by suitable means, such as a conveyor, not shown.

In the operation of the present invention it has been
found that the off-gas remaining after recovery of the
olefins produced contains a relatively high concentration
of hydrogen, carbon monoxide, and methane, thus mak-
ing it suitable for use as a commercial heating gas. Ethyl-
ene and propylene can, therefore, be manufactured from
propane, for example, in countries where the latter ma-
terial must be imported and government restrictions re-
quire an account of heat content of materials entering
into a process and practically full conversion of this heat
content to energy.

A hypersorption recovery system can be advantageously
employed in the separation of the olefin product from
the off-gas. However, it is also possible to use more
conventional fractionation systems if desired.

In one example of the invention, a 40 millimeter ver-
tical Vycor tube 20 inches long was packed with 5 inches
of inert (non-catalytic) ceramic spheres. On this inert
support was placed a bed of wood charcoal 8 inches deep.
The charcoal was broken, classified, and only those pieces
falling in the particle size range of % inch to % inch
were utilized. Propane and air mixture flowing at the rate
of 0.834 standard cubic feet per hour propane and 10.25
standard cubic feet per hour of air were admitted to the
bottom of the packed section and ignited. Under these
conditions, the bottom of the charcoal layer became red
hot for a height of one inch and stabilized. Samples
of off-gas were collected representing the stabilized re-
action products. Table I gives the analysis of the com-
posite sample collected.

Table I
Constituent Mol Constituent Mol
percent percent

IL1 || O oo e oo 2.3

57.5 {| BEthylene_ . ... 1.2

16.5 || Propylene . _.______... 0.4
0.8 || Bthane._ ..o cneeeeoo 0.2
8.9 || Propane. .. meceeooovo- 0.9

This analysis indicates that 28 percent of the propane
was being converted to olefins (ethylene--propylene) and
that 68 percent of the CO and CO, originated from the
charcoal.,

In a second run, the same tube was utilized as in the
first tun. The charcoal bed had been reduced in height
to 6.5 inches. Propane at the rate of 2.64 standard cubic
feet per hour and air at the rate of 30.2 standard cubic
feet per hour were charged to the bottom of the packed
section. The red hot zone in the charcoal bed stabilized
at a height of approximately 3 inches. Analysis of the
off-gas collected as a composite sample is given in Table
1.

Table 11
Constituent Mol Coustituent Mol
percent percent

12.8 || CHYeecmaoe e 2.9

56.8 || Ethylene___. o 1.7

17.9 |} Propylene.. . 0.1
0.7 || Ethane..._. — 0.1
6.8 || Propane._ ... 0.1
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This analysis indicates that 29 percent of the propane
was converted to olefins and that 52 percent of the CO
and CO, came from the combustion of charcoal.

These results were especially promising because no at-
tempt had been made to compensate for the gross heat
losses from the reaction zone, a somewhat different ar-
rangement of apparatus was utilized. FIGURE 1 shows
the details of the apparatus. A 17 millimeter LD. stain-
less steel tube was utilized for this run. A water sat-
urated mixture of 70.8 percent propane and 29.2 percent
air at a rate of 206 standard cubic feet per hour per square
foot was charged to the top of the tube. Near the center
of the tube, a stainless steel fritted disk approximately
1 inch thick supported a bed of crushed wood charcoal
having a particle size in the range through a % inch
mesh and retained on a 32-mesh screen. Below the
fritted disk a thin-walled stainless tubing containing
thermocouple leads traversed the lower, unpacked, re-
actor tube, pierced the fritted disk and terminated within
the charcoal bed approximately 34 inch above the top of
the fritted disk. The thermocouple junction was welded
to the closed end of the stainless tubing and was packed
with swaged magnesia. A resistance heater was placed
around the section containing the charcoal for a distance of
one and one-fourth inches above the upper surface of the
fritted disk. The reaction zone was preheated to a tempera-
ture of approximately 1,400° F. as measured by the
thermocouple. The gas was ignited and after a brief
period of fluctuation the temperature, as measured by the
thermocouple, lined out at 1,385+5° F, which was prob-
ably within the limit of accuracy in measuring the tem-

perature. A sample taken after conditions had stabilized
indicated the following off-gas composition.
Table III
Constituent Mol Constituent Mol
percent percent
15,0 || CH4gemo e 12.1
19.7 || Ethylene... 10.5
3.6 || Ethane_____ 0.9
0.3 || Propylene.. 7.3
1.7 || Propane__.. 26.8
1.5 }| Butylenes.. 0.3

These data indicate that approximately 28 percent of
the propane charged is converied to olefins, but more
than ¥ of the propane will be available for recycle after
recovery of the olefins which indicates that greater ulti-
mate yields will be experienced. The analysis indicates
that the off-gas would have an available heat content of
approximately 376 Btu. per cubic foot. However, if
oxygen was substituted for air a value approaching 837
Btu. per cubic foot could be attained. Values between
these extremes could be attained by operating with oxy-
gen-enriched air.

When it is desired to use a fluidized bed of solid car-
bonaceous material for the practice of this invention, con-
trol of the reaction time is accomplished through control
of the depth of the fluidized bed since, through the flui-
dizing action, the bed may be incandescent throughout
its depth. Control of the fluidized bed is accomplished
by controlling one or more of (1) the amount of solid
carbonaceous material present in the bed at a given time
and (2) the amount and rate of flow of fluidizing gas in
the bed. The amount of material in the bed is, of course,
conirolied by regulating the flow of solid carbonaceous
material into and out of the reaction zone. The fluidiz-
ing action within the zone is controlled by regulating the
flow of reactant and/or oxidizing gas, either of which
may be controlled in conjunction with or independent of
the other. Thus, use of a fluidized bed permits a very
flexible operation in that control of the reaction time can
be obtained with some degree of independence of the
other reaction vairables. It will be recognized that those
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skilled in the art of fluidized bed reactions can effect such
controls given the teaching of the present disclosure.
Reasonable variation and modification are possible with-
in the scope of the foregoing disclosure, the drawing, and
the appended claims to the invention, the essence of
which is a hydrocarbon conversion process in which at
least a portion of the endothermic heat of the reaction is
supplied by oxidizing a solid carbonaceous material in the
presence of the hydrocarbon being converted; the control
of the reaction time is obtained by controlling the height
of an incandescent zone of the solid carbonaceous ma-
terial and the rate of flow of hydrocarbon through the
reaction zone, a fluidized bed is provided in which the
height of the incandescent zone is controlled by controll-
ing the depth of the bed; and apparatus for performing
endothermic reactions.
I claim:
1. A hydrocarbon conversion process, comprising the
steps of:
passing a hydrocarbon through a reaction zone in con-
tact with a bed of solid carbonaceous material con-
tained therein, under conditions to effect an endo-
thermic conversion of said hydrocarbon;
igniting said bed;
simultaneously passing a sufficient amount of an oxidiz-
ing agent with said hydrocarbon through said bed to
oxidize exothermically a sufficient quantity of said
solid carbonaceous material to provide and maintain
an incandescent zone within said bed, to maintain
desired operating temperature continuously, and to
supply a major portion of the heat required for the
endothermic conversion of said hydrocarbon; and
controlling the reaction by controlling the height of
said incandescent zone and the rate of flow of said
hydrocarbon through said zone.
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2. A hydrocarbon conversion process, comprising the
steps of:

passing a hydrocarbon through a reaction zone in con-
tact with a bed of solid carbonaceous material con-
tained therein, under conditions to effect an endo-
thermic conversion of said hydrocarbon;

igniting said bed;

simultaneously passing a sufficient amount of an oxidiz-
ing agent with said hydrocarbon through said bed to
oxidize exothermically a sufficient quantity of said
solid carbonaceous material to provide and maintain
an incandescent zone within said bed, to maintain
desired operating temperature continuously, and to
supply a major portion of the heat required for the
endothermic conversion of said hydrocarbon; and

controlling the reaction by controlling the height of said
incandescent zone by sensing the height from the
upper level of said incandescent zone and reducing
the ratio of oxidizing agent to hydrocarbon when
the height exceeds the desired height, and increasing
the ratio of oxidant to hydrocarbon when the height
falls below the desired height, while maintaining the
rate of flow of said hydrocarbon through said zone
at a predetermined value,
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