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7 Claims.

This invention relates to process improvements
in the manufacture of lower olefins by the pyroly-
sis of hydrocarbons.

An established method of making ethylene and
other olefins for use in chemical manufacturing
involves pyrolyzing a hydrocarbon feed stock,
such as gas oil, at temperatures above 1300° F.

- This operation produces a cracked gas rich in
olefins which is quenched and then treated to
separate the olefins from the accompanying
heavier pyrolysis products.

In carrying out this process, practical difficul-
ties arise because of the fact that tar and carbon
are usually formed in the pyrolysis and tend to
separate from the gas stream during the quench-
ing step. When the cracked gas is quenched di-
rectly in a shower of water, tar emulsions are
formed which present a serious disposal problem.
On the other hand, when quenching is carried
out in tubular heat exchangers, the tubes foul
rapidly, losing efficiency and necessitating fre-
quent shutdowns for cleaning, These procedures,
besides being troublesome, are al:o somewhat
wasteful in that none or only part of the heat
energy of the cracked gas is recovered and in
that the tar and carbon formed are for the most
part discarded, no attempt being made to recover
even the fuel value in them.

In the pyrolysis process, & further problem ex-
ists in that the cracked gas usually contains ap-
preciable proportions of acetylenic hydrocarbons,
hydrogen, and, with certain feedstocks, also hy-
drogen sulfide and related sulfur compounds.
Since the presence of these impurities is unde-
sirable in many of the uses to which lower ole-
fns are placed, the cracked gas, after quench-
ing, must be subjected to purification steps to
remove these materials. :

With these factors in mind, it is a principal
‘object of the present invention to provide an
improved process for making lower olefins in
which the quench step is carried out without en-
countering the difficulties of water-sprays and
tube-coolers as heretofore used and in ‘which
acetylenes, sulfur compounds, and hydrogen are
in large part removed from the cracked gas dur-
ing the quenching operation. Another object is
to provide a process in which much. of the heat
energy in the cracked gas is recovered in useful
form and in which the tar and coke deposited
during quenching are burned under controlled
conditions to produce additional heat. Still an-
other object is to provide a process in which a
wide variety of hydrocarbon feed stocks, includ-
ing crude oil, may be pyrolyzed successfully.
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2
" These and related objects are realized in the
process hereinafter described in detail with ref-
erence to the accompanying drawings, in which

Fig. 1 is a schematic flowsheet showing in ele-
vation one arrangement of equipment for car-
rying out the manufacture of olefins; and

Fig, 2 is another elevation illustrating auxiliary
equipment used periodically in connection with
that of Fig. 1.

In the process of the invention, the stream of
hot olefinic gas produced by cracking a hydro- .
carbon feed above 1300° F, is quenched by pass-
ing it into contact with a mass of relatively cool
refractory particles having deposited thereon at
least one catalyst of the class consisting of the
oxides of copper and iron. During the quench-
ing, the particles absorb and store the heat from
the gas stream and may later be transferred to
another zone in which the heat is recovered. At
the same time, the catalyst causes removal of
most of any acetylenic hydrocarbons and sulfur
compounds, and at least part of any hydrogen,
present in the gas being quenched, Further, the
tar and coke usually formed in quenching are
caught by the particles and remain deposited on
them, being later burned off under conditions
such that the heat of combustion is also recov-
ered. ’

According to the specifie form of the process
illustrated in Fig. 1, a stream of crude oil at or-
dinary temperature from a valved line | is mixed
with steam or water from a valved line 2 and the
mixture is then injected through an inlet mani-
fold 3 into a brick-lined cracking chamber 4. In
this chamber, cracking is earried out by counter-
current contact of the injected stream.and a
compact mass of downwardly moving highly
heated refractory pebbles 5 which fills the cham-
ber. A constant flow of these pebbles, supplied
through a line 6 at a temperature above 1300° F,,
enters the chamber 4 at the top, passes down the
inside, and leaves at the bottom through an out-
let line 1. The rate at which the pebbles move
through the cracker may be regulated by an ad-
justable gate 8 in the line 1.

The crude oil feed mixture from the manifold
3 is introduced into the chamber 4 at points
roughly halfway to the bottom by means of dip
pipes 9 which are thermally insulated to prevent
premature cracking of the oil within the pipes.
As the oil issues from the dip pipes it impinges
on the bed of moving hot pebbles and is almost
instantly vaporized. The vapors pass upwardly,
being cracked largely to olefing by contact with
the descending hot pebbles, and leave the cham-
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ber at a temperature of at least 1300° F. through
a transfer line (0 leading to the quench system.
Coke and tar formed during this pyrolysis become
deposited on the pebbles and ultimately move out

of the chamber with them. A small flow of steam:

from a line 11 is injected into the bottom of the
chamber 4 to strip residual volatiles from the
pebbles.

The carbon-coated pebbles leaving the cracking
chamber through the outlet 1 at a temperature
of 900° to 1000° F. move to a high-temperature
bucket elevator {2 where they are lifted to the
top of the system and dropped into a feeder 13
from which they flow by gravity through the
process. The pebbles first pass through a classi-
fier 14 in which any fine particles are screened
out and thence to an inventory tank 15.

From this tank 15, the pebbles move down-
wardly into a heating chamber 18 where they are
raised back to a cracking temperature by counter-
current contact with hot combustion gas. As
shown, fuel gas from a valved line {7 and an
excess of preheated air from a valved line I8 are
passed through a burner {9 into an annular com-
bustion .chamber 20. The resulting combustion
gas, at a temperature of at least 2000° F. passes
through horizontal ports 21 into the bottom of
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the heating chamber {6. It then flows upwardly, -

transferring its heat to the bed of descending
. pebbles. In addition, the excess alr present in
the gas burns off carbon deposited on the pebbles,
thus regenerating them and at the same time
recovering the heat of combustion of the carbon.
After passage through the pebble bed, the gas
leaves through a flue 22 at a temperature of at
least 1000° F. It may be passed to a waste-heat
. boiler, not shown, to recover its residual heat
content.

The hot olefinic gas leaving the cracker 4
through the transfer line {0 is preferably chilled
slightly to terminate thermal cracking, e. g. to
a temperature of 1100° to 1200° F., by injecting a
small proportion of water or other cooling fluid
from a line 23 entering the transfer line at a
point near the cracker. The stabilized gas then
passes to the quench system.

" The quenching operation is carried out in a

brick-lined chamber 24 by countercurrent con-.

tact of the olefinic gas and a compact mass of
downwardly moving relatively cool refractory
pebbles 25 which fills the chamber. A constant
flow of these pebbles, which are impregnated with
from 0.5 to 2.0 percent by weight of copper
oxide, is supplied from an inventory tank 26 at
a temperature of 500° to 600° F., and moves
through branching feeders 21, entering the
quench chamber 24 at the top. The pebbles then
pass slowly down inside the chamber and leave
at the bottom through a collector 28 leading to
8 discharge leg 29. The rate at which the pebbles
move through the system under the action of
gravity may be regulated by an adjustable gate
d0intheleg.

The hot olefinic gas stream entering the quench
system from the transfer line {0 is inftroduced
into the bottom of the pebble body within the
chamber 24 by means of a distributor 31, This
distributor is a vertical cylindrical brick conduit
extending centrally the full depth of the cham-
ber and provided at its lower end with gas ports
32 which open into the annular pebble space.
The stream of hot gas enters the pebble bed
through these ports and flows upwardly into
" countercurrent contact with the relatively cool
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pebbles, being quenched thereby. At the same
time, acetylene, sulfur compounds, and some hy-
drogen are removed from the gas by tne action
of tne copper oxide in the penbles. The quenched
puritied gas tinally leaves tne chamber 24 tarough
an outlet line 33. Any tar or coke formed dur-
ing the quenching step bccomes deposited on the
pebbles and ultimaiely moves out of the cham-'
ber with them.

The pebble quench system is preferably op-
erated to remove and recover most of the heat in
the olefinic gas stream without cooling it to such
an extent that the gasoline-like condensable
cracked hydrocarbons and steam in the gas are
themselves condensed within the chamber 24. An
exit gas temperature of 500° to 600° F. is pre-
ferred. The condensables are later removed from
the quenched gas in a separate water spray con-
denser 34 to which the outlet line 33 leads. The
resulting fully cooled gas, after passing through
a separator 35 to e.dminate entrained water,
leaves by a product line 56. The gas may be used
as such for processes in which mixed lower olefins
are required, or may be subjected to known sepa~
ratory processes to isolate the individual lower
olefias. ‘

The hot carbon-coated pebbles leaving the
quench chamber through the leg 29 at a tem-

2rature of about 1U.0* F. pass to a high-tem-
perature bucket elevator 37 where they are lifted
to the top of the system and dropped into a
feeder 38 from which they flow by gravity through
the process. The pebbles first pass tihirough a
classifier 39, in which any fine particles are
screened out, and thence through a transfer line
40. From this latter, they move downwardly
through a brick-lined regenerator 4f in direct
countercurrent coatact with a flow of air in-
jected into the chamber at its bottom from a
valved line 42. The air is admitted at ordinary
temperatures in a proportion sufficient to burn
substantially all of the carbonaceous deposit out
of the hot pebbles and to regenerate the cepper
oxide present but insufficient to cool the pebbles
appreciably. The quantity of air is preferably
limited so that the pebbles are actually heated by
the combustion to 1050° to 1100° F. The result-
ing combustion gas escapes through a vent 43.

From the regenerator 41, the hot pebbles pass
to a cooler 44 where they are reduced back to
the desired quenching temperature under condi-
tions such as to recover the heat stored in them.
As shown, the cooler 44 consists of a brick-lined
chamber in which are positioned a number of
horizontal boiler tubes 45 through which boiler
feed water from a valved line 46 may be circu-
lated. The hot pebbles move downwardly in con-
tact with the outside walls of the tubes, transfer-
ring heat to the latter. This heat is absorbed by
the water inside the tubes, forming steam which
escapes through a header 47 leading to a system,
not shown, where the steam may be utilized. The
rate of flow of the feed water is controlled so that
the pebbles, during passage through the cham-
ber 44, are cooled back to the initial quenching
temperature of 500° to 600° ¥. The pebbles then
proceed through a line 48 to the cool pebble in-
ventory tank 26 and thence info the quench
chamber 24.

In the apparatus of Fig. 1, the various pieces
of equipment are provided with thermal insula-
tion, not illustrated, to reduce heat loss. The at-
mospheres within the various chambers through
which the pebbles pass are maintained independ-
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ent of one another by the continuous Injection
of steam into the various pebble transfer lines
8, 1, 13, 29, 38, and 48 at rates sufficient to pre-
vent diffusion of process gases through these lines.
Over g prolonged period, the copper oxide ¢on-
- tent of the pebbles circulating in the quench sys-
tem tends to decrease due to reaction with trace
impurities in the gas and to attrition of the peb-
. bles. It is necessary, therefore, occasionally to
-withdraw a portion of the pebbles and treat them
to replenish the copper oxide. Equipment for
this purpose is illustrated in Fig. 2.

As there shown, the pebbles leaving the cooler
44 may be diverted through a valved line 48 io g
saturator tank 50 until the latter is filled. The
pebbles in the tank are then cooled, preferably
to below 250° F., by allowing cooling air from s
source §l to enter through a valved side inlet 52,
pass upwardly through the pebble body, and es-
cape through a vent §3. "After the pebbles are

- cool, the air flow is turned off and the saturator
tank is filled with ammoniacal copper acetate
solution from storage 54 by pump 55 and lines 56
and 57 leading into the bottom of the tank. Fol-
lowing a period of soaking the pebbles, the so-
lution in the saturator tank is returned to stor-
age 54 through lines 57 and 58. The saturated
pebbles in the tank are then dried by a flow of
hot air entering from a source 59 through a steam
heater 60 and the side inlet 52 and leaving
through the vent 53. The pebbles may then be
returned to the circulating system by a line 61
leading into the quench leg 29.

The process of the invention is applicable to
the pyrolysis of any hydrocarbon or hydrocarbon
mixture which can be cracked at elevated tem-
peratures to form olefins. Ethane, propane, re-
finery gas, and liquid fractions such as kerosene,

gas oil, and fuel oil may all be used. However,.

as previously explained, the process is especially
advantageous in that it can successfully utilize
as feedstocks the heavier residual oils and also
ordinary crude oil. These latter stocks are pref-
erably sweetened and desalted before introducing
them into the cracker. They may be introduced
as liquid streams, or in partially vaporized or
atomized form.

In order to secure acceptable yields of lower
olefins, i. e. olefins containing four or less carbon
atoms per molecule, the temperature in the crack-
ing zone should be at least 1300° F. Tempera-
tures above 1400° F. are more satisfactory, with
1500° to 1600° F. being preferred when ethylene is
the desired major product. Since heat transfer
conditions between hot pebbles and hydrocarbon
vapor in the cracking zone are excellent, the
cracked gas ordinarily leaves the zone at a tem-
perature closely approximating the temperature
of the entering pebbles. Consequently, in ordi-
nary practice, the temperature of the cracking
zone is controlled at the desired value simply
by providing an adequate rate of flow of the
pebbles and regulating the pebble heater 16 to
maintain the appropriate pebble inlet tempera-
ture. The pebble flow rate is preferably sufficient
that the outlet temperature of the pebbles is above
750° F., to avoid tarring the pebbles. Counter-
current flow of feed and pebbles is most satis-
factory, though concurrent flow may be used.

Although a pebble cracker as illustrated is pre-
ferred, pyrolysis of the feedstock may also be
carried out in a tube furnace or other manner.

While the pyrolysis may be carried out on
undiluted hydrocarbon, it is preferable to em-
ploy an inert carrier gas, as by adding steam or
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water to the feed, to lower the partial pressure
of the hydrocarbon in the cracking zone and to
improve heat transfer. In general, from 0.05 to
3.0 parts by weight of carrier gas per part of
vaporized hydrocarbon is used. Rapid pyrolysis
is most effective, the rate of flow through the
cracking zone being preferably controlled so that
the heating time is not over one second, advan-
tageously 0.2 second or less.

In the pebble quench chamber 24, the hot
cracked gas. entering from the transfer line 10
is cooled to as low a temperature as possible in
order to recover the maximum amount of heat
energy from the gas. Inany event, the gas should
be cooled to an outlet temperature below that at
which most of the tars present in the cracked
gas are condensed, i. e. to well below 850° F. and
preferably below 600° F., so that deposition of tar
and coke takes place largely within the pebble
bed and not at some later stage of the process.
However, as previously explained, it is also most
satisfactory to avoid chilling the quenched gas
to such a temperature that the volatile liquid
products of cracking are condensed within the
pebble bed, as may occur at 300° to 500° . For
these reasons, pebble inlet temperatures of 500°
to 600° F. are in general most satisfactory. 'The
pebble flow rate is preferably controlled so that
the outlet temperature of the pebbles is in the
range of 900° to 1100° F. Contact times in the
pebble quench are short, being of the order of 0.2
to 2.0 seconds.

After the olefinic gas leaves the pebble quench,
it is further cooled, e. g. to 100° to 200° F. or low-
er, to condense the liquefiable products present,
chiefly hydrocarbons boiling in the gasoline
range. This cooling may be carried out in sur-
face condensers, by a cold oil wash, or by the use
of a water spray condenser as illustrated. The
liquid products so condensed and separated from -
the gas may be disposed of as such or may be re-
cycled to the hydrocarbon feed to the cracker.
The uncondensed gas surviving this step is rich
in lJower olefins and constitutes the final product
of the process.

The pebbles leaving the quench chamber con-
tain carbon and tar, which is removed in the
regenerator by combustion in air or other non-
combustible oxygen-containing gas, the catalyst
on the pebbles being simultaneously reactivated.
Maximum heat economy of the process is realized
when the proportion of air used in regeneration
is limited to the amount just necessary to burn
off the carbonaceous deposit and to reactivate the
catalyst, since in this way the pebbles may be
heated, rather than cooled, during regeneration.
Following regeneration, the pebbles are cooled
back to a quenching temperature in any desired
manner, either by direct heat-transfer to a fluid
to be heated, or by indirect heat-transfer
as illustrated. Alternatively, regeneration and
cooling may be carried out in the same zone by
blowing sufficient air through the pebble body
to regenerate the pebbles and cool them to a
quenching temperature. The resulting heated air
may then be used in other processes. )

The process illustrated requires two separate
bodies of pebbles, which may be of the same or
different composition. The pebbles should be
formed of abrasion-resistant refractory material
which is also resistant to thermal shock. Some-
what porous refractory materials, such as mul-
lite or alpha-alumina, are perhaps most satisfac-
tory for the quenching cycle since they retain
the catalyst better, these latter having the fur-
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ther advantage that they are chemically inert to
the olefins formed. However, for the pebble
bed used in the cracking cycle, the severity of the
service requires pebbles of maximum resistance to
spalling, high alumina-aluminum silicate or
zirconia-base refractories being preferred. Peb-
ble size is not critical, though fairly large pebbles,
of 0.2 to 0.7 inch in diameter, are advantageous
in that they present a minimum resistance to the
flowing gas stream and do not tend to become
fluidized.

As stated, the catalyst used in the pebbles
in the quenching cycle is an oxide of one of the
transition elements copper and iron, or a mixture
of such oxides. Cupric oxide is preferred. A

discussion of these catalysts, and of the condi- -

tions under which they act to remove acetylene
and higher acetylenic ‘hydrocarbons from a
cracked-oil gas without affecting ifs olefinic con-
tent, appears in U. S. Patent 2,398,301,

In general, in the process of the invention, the
copper or iron oxide absorbed in or contained on
the pebbles selectively decomposes acetylene and
higher acetylenes in the cracked gas under quench
conditions, converting them largely to carbon
and hydrogen. The carbon remains with the
pebbles and is burned off when the pebbles are
regenerated. The hydrogen liberated, together
with part of the hydrogen previously present in
the gas, tends to react with the copper or iron
oxide catalyst, reducing it in part to a lower
oxide and to the free metal. In addition, with
cupric oxide as the catalyst, at least part of
the acetylene reacts to form the substance cu-
prene which remains in the pebbles. When
the eracked gas contains hydrogen sulfide or sul-
fur compounds, these latter also are removed by
reaction with the copper or iron oxide catalyst.
Since the catalyst is selective, however, the ole-
fins, diolefins, and saturated hydrocarbons in
the cracked gas are largely unaffected.

The proportion of catalyst is preferably con-
trolled to a concentration between about 0.5
and about 2 percent by weight of the pebbles,
about 1 percent being most satisfactory in the
case of cupric oxide. With proportions much
below 0.5 percent, there is insufficient catalyst
to remove all the acetylenes and sulfur com-
pounds in the cracked gas, whereas with quan-
tities much over 2 percent, some attack on olefins
and diolefins may take place. The catalyst may
be introduced into the pebbles in any desired
manner, soaking the pebbles in an aqueous solu-
tion being most convenient. The solute in such
a solution may be any salt of copper or iron
which is converted to an oxide on heating in air
at the temperatures in the regenerator, e. g. an
acetate or nitrate. The concentration of the
solute should be such as to leave a deposit on
the pebbles in which the catalyst is in the desired
concentration. In impregnating alumina peb-
bles with copper oxide, it is most satisfactory to
soak them for half a day in a solution of aquecus
ammoniacal cupric acetate containing about 7.5
percent total copper by weight. After drying and
heating at 900° F. or more, the pebbles contain
about 1.0 percent cupric oxide.

As previously explained, during the step of
regenerating the quench pebblcs, not only are the
tar and carbon burned out but the copper or
iron catalyst is reoxidized to the higher oxide
form. In the case of cupric oxide which has
been converted to cuprene in the quench, the
cuprene is decomposed, reforming cupric oxide.
The presence of this cuprene, and also of finely-
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divided copper formed by reduction of the copper
oxide, is especially advantageous, since it lowers
very materially the ignition temperature of the
carbon deposited on the pebbles, thus permitting
more effective operation of the regenerator on
unheated inlet air.

The following example will further illustrate
the invention:

Exzample

A stream of gas oil and water, in the ratio of
1:17 parts by weight, was passed through a
cracking zone maintained at a temperature of
1450° to 1500° F. to effect cracking. About 80
percent by weight of the oil was converted to
cracked gas having the analysis shown in the fol-
lowing table, in which all percentages are by
volume (dry basis). - .

This cracked gas, at a temperature of 1470° F.
was then passed into a quenching zone into
countercurrent. contact with a moving mass of -
high-alumina aluminum silicate pebbles im-
pregnated with cupric oxide as previously de-
seribed. The t.mperature of the entering peb-
bles and of the gas leaving the quench zone was
500° ¥. The pebble flow rate was controlled at
8.7 times the weight rate of flow of the cracked
gas stream, thus producing a pebble outlet tem-
perature of 825° F. Total contact time in the
quench was 0.66 second. Thz analysis of the
quenched gas is given in the following table.
About 0.24 percent carbon was deposited on the
pebbles and burned off in a regeneration zone.

Table
Component Crat;l;ed Queéxged
t

- Per(c)fn2 Percegfoo
CsHy 0.09 0.02
CoHi - 33.7 32.8
C3Hs 4.3 3.8
CHy..oooo 27.9 29.2
C.H, 2.4 2.6
CsHy 0.16 0.22
Higher Saturates 4.14 4.17
) 20.6 0.0
ms. 0.15 “0.00
02 0.2 0.0
Inerts. 58 7.2
From th:se analyses it will be seen that the
quench procedure removed all the acetylene, vir-

tually all the methyl acetylene, all of the hydro-
gen sulfide, and a small part of the hydrogen in
the cracked gas without significant loss of ethyl-
ene or propylene. :

What is claimed is:

1. In a continuous process of making lower
olefins by ecracking a hydrocarbon stream at a
temperature above 1300° F., a procedure for
qucnching the hot cracked gas and removing
acetylene therefrom which comprises: passing
the hot cracked gas through a quench zone into
contact with a mass of relatively cool moving
refractory pebbles supplied to the zone at an
initial temperature below 600° F. and having
deposited thereon at least one substance of the
class consisting of the oxides of copper and iron
to quench the stream, during which operation
acetylene is decomposed and the pebbles be-
come heated and ccated with carbon, trans-
ferring the heated coated pebbles to a regenera-
tion zone and moving them therethrough, pass-
ing a non-combustible oxygen-containing gas
countercurrent to the mass in the said zone to
catalytically burn off carbon from the pebbles,
cooling the regenerated pebbles to a quenching
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temperature, and returning them to the quench
zone,

2. In 5 continuous process of making lower
olefins by cracking a hydrocarbon stream at a
‘temperature above 1300° F., a procedure for
quenching the hot cracked gas and removing
acetylene therefrom which comprises: passing
the hot cracked gas stream through a quench
zone into countercurrent contact with a mass
of relatively cool moving refractory pebbles sup-
plied to the zone at an initial temperature below
600° F, and having copper oxide deposited there-
on to quench the stream during which operation
acetylen: in the gas is decomposed and the par-
ticles become heated and coated with carbon,
transferring the heated coated pebbles to a re-
generation zone and moving them therethrough,
passing relatively cool air countercurrcnt to the

mass in the said zone in a proportion sufficient

to burn off carbon from the pebbles and to cool
them to a quenching temperature, and return-
ing the c¢ool particles to the quench zone.

3. In a continuous process of making lower
olefins by cracking a hydrocarbon stream at a
temperature above 1300° F., a procedure for
qusnching the hot cracked gas and removing
acetylene therefrom which comprises passing
the hot cracked gas stream through a quench
zone into countercurrent contact with a mass
of relatively cool moving refractory pebbles sup-
plied to the zone at an initial temperature below
600° F. and having copper oxide deposited thzre-
on to quench the stream, during which operation
acetylene in the gas is decomposed and the
pebbles become heated and coated with carbon,
transferring the heated coat:d pebbles to a
regeneration zone and moving them there-
through, passing air countercurrent to the mass
in the said zone in a proportion sufficient to burn
off the carbon but insufficient to cool the pebbles
materially, transferring the regenerated peb-
bles to a cooling zone and moving them there-
through while abstracting heat therefrom by in-
direct heat transfer to cool the pebbles to a
quenching temperature, and returning the cooled
pebbles to the quench zone.

4. A method according to claim 3 wherein the
pebbles are made of mullite.

5. A method according to claim 3 wherein the
concentration of copper oxide in the pebbles is
from 0.5 to 2 percent by weight.

6. In a continuous process of making ethyl-

ene by cracking a normally liquid aliphatic hy-
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drocarbon stream at a temperature above 1500°
F., a procedure for quenching the hot cracked
gas and removing acetyl.ne therefrom which
comprises passing the hot cracked gas stream
through a quench zone into countercurrent con-
tact with a compact mass of refractory pebbles
having from 0.5 to 2.0 percent by weight of cop-
per oxide thereon and entering the zone at a
temperature of 500° to 600° F. and moving down-
wardly therein while regulating the relative rates
of flow of pebbl.s and gas to cool the latter to
a temperature below 600° P. and to heat the

-pebbles to a temperature well above 600° F., dur-

ing which operation acetylene in the gas is de-
composed, copper oxide in the pebbl.s is at
least in part reduced to copper, and the carbon
is deposited in the pebbles, transferring the
heat.d pebbles to a regeneration zone and mov-
ing them downwardly therethrough, passing air
countercurrent to the pebbles in the said zone
in a proportion sufficient to convert the copper
in the pebbles to copper oxide and to burn off
the carbon but insufficient to cool the pebbles
materially, transferring the regenerated pebbles
to a cooling zonz and moving them therethrough
while cooling them by indirect heat transfer to
a temperature of 500° to 600° F., and returning
the cooled pebbles to the quench zone.

7. A process according to claim 6 wherein the
relative rates of flow of pebbles and gas in the
quench zone are regulated so that th: pebbles
are heated to a temperature of at least 900° F.
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