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This invention relates to methods and appara-
tus for heating hydrocarbons to high tempera-
tures.

A particular embodiment of the invention re-
lates to a method and an apparatus for the con-
comitant pyrolysis of a heavy hydrocarbon and
another lighter, more refractory, hydrocarbon by
contacting said hydrocarbons with a stream of
het pebbles.

In hydrocarbon conversion processes which re-
quire high temperatures and which are endo-
thermic in character, such as thermal cracking
and thermal dehydrogenation, pebble-heater-
type apparatus functions most satisfactorily.
The pebble heater method entails the heating
of refractory “pebbles” in a heating chamber by
the combustion of fuel gases and the transfer-
ence of the resulting hot pebbles to a second
heating or conversion chamber for heating the
gases being processed and furnishing the heat
of reaction. A continuous stream of hot pebbles
is passed through the conversion chamber by
gravity flow and transferred by means of a
bucket-type elevator (or other lifting device) to
the pebble heater for reheating and recycling
through the system.

One difficulty which arises when heavy hydro-
carbons, say heavy residuum, are cracked in
pebble heaters is the accompanying coke and
carbon deposition on the pebbles which causes
plugging at the cracking chamber outlet con-
stricting the flow of pebbles therethrough.

In the cracking of light hydrocarbons, say
propane, pebble heaters function more advan-
tageously, ‘but heretofore pebbles leaving the
cracking chamber outlet were at a very high tem-~
perature and could be handled in elevator equip-

ment only if high temperature alloy materials

were used in its construction.

Another inherent limitation of pebble heater
operation is that for a given process a large por-
tion of the pebble heat is lest through recircula-
tion of the high temperature pebbles. "In a given
plant where two or more heaters are employed
for the same or different processes these heat
losses are thereby multiplied.

An object of the present invention is to in-
hibit plugging in pebble reactors due to coke
and carbon deposition.

Another object of the invention is to provide
& process and apparatus for the concomitant py-
rolysis of ‘heavy hydrocarbon and a more refrac-
tory lighter hydrocarbon. ,

A further object of this invention is to pro-

vide improvements in pebble heating apparatus ;

for conversion of hydrocarbon gases.
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Other objects and applications of the present
invention will become apparent from the accom-
panying description.

In one embodiment of the instant invention
a process is provided for concomitantly cracking
heavy hydrocarbons and light refractory hydro-
carbons which comprises heating a gravitating
compact column of refractory pebbles in an up-
per ccnfined heating chamber by contact with
hot combustion gas; gravitating the resulting
hot pebbles through a relatively narrow passage-
way into a first expanded reaction chamber; con-
tacting the gravitating column of pebbles in the
upper section of said reaction chamber with a
heavy hydrocarbon under cracking conditions;
removing carbon deposited on the pebbles dur-
ing the cracking operation by surface combus-
tion with air introduced in the lower section of
the first reaction chamber forming a well defined
combustion zone, withdrawing cracked products
plus inert products of combustion at the top of
said first reaction chamber; gravitating the hot
pebbles resulting from surface combustion in the
first reaction chamber through a relatively nar-
row passageway into a second expanded reac-
tion chamber; contacting the gravitating column
of pebbles in the second reaction chamber with
light refractory hydrocarbons under cracking
conditions, and recovering the products.

By & heavy hydroecarbon I mean, of course, 2
hydrocarbon at least as heavy as gas oil. This
includes petroleum hydrocarbons obtained by the
distiliation of crude petroleum, for examyple fuel
oil, refinery gas o0il and reduced crude, as well
as cracked residuum etc. By a more refractory
hydrocarbon I mean a hydrocarbon lighter than
gas oil. ~Particularly suitable refractory hydro-
carbens are butane, propane and the like. The
hydrocarbons employed in any particular in-
tance will be obvious given the accompanying
disclosure of my invention.

The term ‘“pebble” as used throughout the
specification denotes any refractory material in
flowable form and size which can be utilized fo
carry heat from cne zone fo another. Pebbles
are conventionally substantially spherical and are
from about ’’ to about 1"’ in dismeter with
the preferred size for high temperature proc-
cesses about ¥%’’. Pebbles must be of refrac-
tory materials which will withstand tempera-
tures at least as high as the highest tempers-
ture attained in the pebble heating zone. Peb-
bles which will withstand temperatures in the
range of about 3500° to 4000° F. are now in use.

Pebbles compacied from ceramic rpaterial such
as alumina, mullite, zirconia, thoria, periclase,
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synthetic and natural clays function advanta-
geously. Pebbles may be either catalytic or inert
with respect to the pyrolytic process.

For a more complete understanding of the in-
vention reference may be had to the accompany-
ing drawing in which Figure 1 is a diagrammatic
showing of my apparatus arranged for the heat-
ing of pebbles and the pyrolysis of two different
hydrocarbons.

Figure 2 is a diagrammatic sketch of a simi-
lar arrangement showing a different embodi-
ment of the instant invention.

In Figure 1 reference numeral 2 is an insu-
lated refractory lined heating chamber for heat-
ing flowing pebbles of a ceramic or metallic com-
position; numerals 4 and § designate heating
chambers of similar construction for cracking hy-
drocarbons, the former being adapted as de-
scribed hereinafter for burning carbon and cocke
from the pebbles; and (4 is an elevator of the
continuous, bucket type, for transierring peb-
bles from chamber § to chamber 2 for heheating
and recycling through the system. Chambers 2,
4 and 6§ are arranged at successively lower levels
and are connected by conduits 8 and {§ to accom-
modate the natural flow of pebbles through the
apparatus. A star wheel i1, or other pebble
feeding deviee, in conduit 2 controls the rate of
flow of pebbles through the apparatus and feeds
the pebbles to conduit 16 leading to elevator {4.
A proper screening device can be inserted in
conduit {§ for removing fines and broken peb-
bles through a closable opening (not shown).
Pehbles reaching the top of elevator {4 are
dumped into conduit 18 from which they flow into
heating chamber 2 for reheating and recycling.
Conduit 18 is provided with means (not shown)
for introducing fresh pebbles to the system.
Steam lines are provided in connecting conduits
8, 10 and 12 for admitting sufficient steam to the
connecting conduits to prevent any substantial
escape of gas from one chamber to another
wherein substantially equal pressures are main-
tained; these pressures being subabtmospheric,
atmospherie, or superatmospheric as desired.

The heavy hydrocarbon, e. g. residuum is intro-
duced to heating chamber § through line 2§ in
the upper section, i. e. at the midpoint of cham-
ber # or above, and the product is removed
through line 22. Another line 24 is provided in
the lower section of chamber 4 for admitting air
to the chamber for removing coke and carbon
from pebbleg by surface combustion before the
pebbkles pass through conduit 16. The combus-
tion gases from this section assist in stripping
the cracked residuum products which are re-
moved at the top at 22 of chamber 4. A second
reactor 8 below the first utilizes the heat in the
pebbles from surface combustion in the first re-
actor § to carry out a heating or cracking opera-
tion in chamber 8, such as cracking a light hydro-
carbon, e. g. ethane or propane, or superheating
steam or air. The gas to be heated or cracked is
admitted to reactor & through line 26 and the
nroduct is removed through line 28. In pebble
heater 2 fuel and air are fed through line 38 and
combustion gas or flue gas passes out through
line 32.

Figure 2 shows another embodiment of this in-
vention. In addition to the three chambers 2A,
4A and BA, which are similar to 2, 4 and ¢ in
Figure 1, chambers §8c and 40D are interposed be-
fore elevator {4A. Chambers 48z and 40b are
waste heat boilers having one or more lines such
as 42 and 44 for preheating all of the air and/or
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4
fuel for the combustion section 24, as well as the
hydrocarbon feeds to 4A and 6A.

As indicated this apparatus is particularly ad-
vantageous for concomitantly cracking residuum
and propane. Specific details relating to the
cracking of residuum and propane by pebble
heater operation are well known to those skilled
in the art and do not form a part of this in-
vention. In general, residuum is ordinarily
cracked at a temperature of from 1100° F. to
1400° F. The pebble ratioc in such cases is usu-
ally from 15 to 30 pounds per pound of hydrocar-
bon feed, and residence time is estimated to be
generally about one second. For a fuel oil pro-
duced by vacuum distillation boiling below 900° F.
and having an API gravity of 15.8, and a viscosity
SUV at 210° F. of 730 and converted in a pebble
reactor, the per cent conversion to normally gase-
ous products ranges from 15 per cent af 1170° F.
to 50 per cent at 1350° F. At a 40 weight per
cent conversion to normally gaseous products 100
pounds of residuum cracked in such a heating ap-
paratus will yield about 17 pounds of gasoline,
and, of course lay down coke which is burned off
a5 disclosed herein.

Propane is generally cracked at temperatures
in the range of from 1450° F., to 1800° F., the
residence time being usually from 0.01 second to
0.1 second. In a pebble heater reactor such as
described herein at 1750° . the pebble rate is
usually about 61,200 pounds per hour with a fesd
rate of about 11,700 pounds per hour.

Tn operation refractory pebbles fill the three
heating chambers 2, 4 and 8, and the connecting
conduits, their flow through the system bzing
regulated by the operation of star wheel {{ ({{A
in Figure 2) in conduit 12 according to the tem-
perature reguired in conversion chamber or re-
acter 4. Since the feed to reactor & can be in-
creased to whatever rate is needed to use up heat
from the combustion of carbon on the vebbles
in reactor 4, the temperature of the pebbles flow-
ing to the elevator can be kept relatively cool.
Pebbles are heated in chamber & by combustion
gases flowing therethrough from any conven-
tional source through line 38. The rate of com-
hustion and the degree of preheating of the air
and/or fuel entering pebble heater 2 determine
the temperature attained in the heater. Com-
bustion gases withdrawn through line 32 can be
utilized in any desirable manner to recover the
sensible heat thereof. Heated pebbles are per-
mitted to flow through line 8 to chamber £ at 2
rate and temperature which insure the mainte-
nance of the desired conversion temperature in
the upper section of reactor 4. The higher the
temperature differential between. pebble tem-
perature and conversion temperature the slower
will be the rate of flow and viee versa. In cham-
ber A residuum to be cracked enters line 29 and
products are withdrawn through line 22. In the
bottom section of reactor 4 air entering at line
24 is used to burn carbon or coke laid down on
the pebbles entering the cracking operation in
the upper section of pebble reactor #. Inert
products of combustion leave reactor 4 at 22 along
with the product. By burning cff the carbon laid
down on the pebbles 2 well defined combustion
zone is formed in the bhottom section of reactor 4.
Excess or secondary air can be used but only the
theoretical amount of air need be employed. To
assist in defining the afore-mentioned zone and,
if desired, to raise the temperature, air and fuel,
e. g. natural gas, can be introduced in stoichio-
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metric ratio to burn completely to water, or
steam, and carbon dioxide. Besides removing
carbon to prevent plugging conduit 10 this com-
bustion operation has the further advantage that
the combusticn gases from this section assist in
stripping the cracked residuumn products which
are removed abt the top 22 of the first reactor.
Hot pebbies flowing from the bottom of reactor 4
through conduit i@ provide heat for the pyrolysis
of propane or some other lighter more refrac-

tory hydrocarbens, with the feed rate being ad- -

justed as indicated hereinbefore to whatever rate

10

is needed to use up heat from the combustion of .

carbon on the pebbles.

It can be seen that by this invention two or
more pebble reactors can be combined to produce
a greatly improved process through the provi-
sion for surface combustion in the first pebble
reactor. By the process of the instant invention

instead of multiplying heat losses as is the case

when two separate pebble reactors are in opera-
tion substantially all of the heat from pebbles is
utilized with a minimum of heat loss. Moreover
the desired features of surface combustion are
provided in the first pebble reactor in accordance
with the practice of this invention. Air can be
added in confrolled quantity for the combustion
of coke from the pebbles approaching the flame
localization area, and surface combustion is com-
plete without the use of secondary or excess air.
My invention is extremely advantageous in the
alleviation of plugeging in the neck of the pebble
reactor. An additional advantage is that the
combustion gases assist in stripping as noted
hereinbefore. This plugging due to carbon and
coke deposition has been a problem of consider-
able concern in the cracking of heavy hydrocar-
bons in pebble heater reactors. Finally this in-
vention accomplishes, among other things, what
would be obtained if the pebbles passed down-~
ward from one reactor into a second pebble
heater, or back to the first pebble heater, and
from the second pebble heater to a second reactor
but without plugging due fto carbon deposition
and with increased efficiency due to degree of
completion. '

The above description with respect to the draw-
ings is intended to be illustrative of the inven-
tion only and many different embodiments may
be made without departing from the spirit and
scope thereof.

I claim:

1. A process for concomitantly cracking a heavy
residuum and propane which comprises heating
a gravitating compact column of refractory peb-
bles in an upper confined heating chamber by
contact with hot combustion gas; gravitating the
resulting hot pebbles through a relatively narrow
passageway into a first expanded reaction cham-
ber; contacting the gravitating column of pebbles
in the upper section of said reaction chamber with
a heavy residuum under cracking conditions; re-
moving carbon deposited on the pebbles during
the cracking operation by surface combustion
with air introduced in the lower section of the
first reaction chamber, withdrawing cracked
products plus inert products of combustion at the
top of said first reaction chamber; gravitating the
hot pebbles resulting from surface combustion
through a relatively narrow passageway into a
second expanded reaction chamber; and contact-
ing the gravitating column of pebbles in the sec-
ond reaction chamber with propane under crack-
ing conditions,
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2. A process for concomitantly cracking a heavy
residuum and propane which comprises heating
a gravitating compact column of refractory peb-
bles in an upper confined heating chamber by con-~
tact with hot combustion gas; gravitating the re-
sulting hot pebbles through a relatively narrow
passageway into a first expanded reaction cham-
ber; contacting the gravitating column of pebbles
in the upper section of said reaction chamber with
a heavy residuum under cracking conditions; re-
moving carbon deposited on the pebhles during
the cracking operation by surface combustion
with air introduced in the lower section of the
first reaction chamber, withdrawing cracked
products plus inert products of combustion at the
top of said first reaction chamber; gravitating
the hot pebbles resulting from surface combus-
tion through a relatively narrow passageway into
a second expanded reaction chamber; contacting
the gravitating column of pebbles in the second
reaction chamber with propane under cracking
conditions; and adjusting the feed rate of pro-
pane into said reaction chamber at the rate neces-
sary to use up pebble heat resulting from the
previous combustion of carbon on the pebbles.

3. A process for concomitantly cracking a heavy
residuum and propane which comprises in a
system in which three superposed chambers are
employed in series, heating pebbles in the first
chamber to a temperature above the cracking
temperature to be used in the second chamber,
passing the heated pebbles to the top of said
second chamber to provide heat for cracking in
said chamber, subjecting a residuum to cracking
conditions in the upper section of said second
chamber, by surface combustion in the lower sec-
tion of said second chamber removing the coke
and carbon deposited on the pebbles during
cracking in the upper section of the second cham-
ber, passing the hot pebbles from said combus-
tion in the lower section of the second chamber
to the third chamber to provide heat for crack-
ing in said third chamber and cracking propane
in said third heating chamber.

4. A process for concomitantly cracking a high-
ly refractory material and a less refractory ma-
terial which comprises in a system in which three
chambers in vertical alignment are employed,
heating a gravitating compact column of re-
iractory pebbles in the upper chamber, gravitat-
ing the hot pebbles from said upper chamber into
the middle chamber, contacting the gravitating
column of pebbles in the upper section of said
middle chamber under cracking conditions with a
hydrocarbon at least as heavy ag gas oil, removing
carbon deposited during said cracking operation
by surface combustion in the lower section of
said middle chamber, gravitating into the lower
chamber the hot pebbles resulting from surface
combustion in the middle chamber, and contact-
ing the gravitating column of pebbles in said low-
er chamber under cracking conditions with g hy-
drocarbon at least as refractory as butane.
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