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3,288,876
HYDROCARBON DEALKYLATION PROCESS
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Woodbury, N.J., and Leo A. Castler, Weston, Cona.,
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York
Filed June 27, 1963, Ser. No. 291,208
17 Claims. (Cl 260—672)

The present invention relateés to the dealkylation of
feed stocks containing alkylaromatic hydrocarbons, es-
pecially the thermal dealkylation of such hydrocarbons
in the presence of hydrogen. It is particularly concerned
with the production of benzene by thermal hydrode-
alkylation of alkylbenzenes.

Alkylaromatic hydrocarbons have been subjected to
hydrodealtkylation in the presence of catalysts and also
in non-catalytic thermal reactions. In one series of com-
parative tests, the thermal method has been found to
have a number of significant advantages over the catalytic
treatment. Among these benefits are producing higher
vyields of benzene or naphthalene, less cracking of aromatic
rings and lower dry gas yields; consuming less hydrogen
at any given conversion level, reacting at faster rates
and showing less proclivity to lay down coke in the
apparatus.

A great deal has been written on the thermal hydro-
dealkylation of alkylaromatic hydrocarbons but lLittle or
no recognition has been given to the related problem of
“metal dusting” which often occurs in such reactions.
This is a form of corrosion so rapid and destructive as
to be termed “catastrophic corrosion.” Apparently a car-
burization of the metal or alloy takes place that causes
grains of metal or a metal carbide to drop out of the
walls of processing equipment, as analyses have indicated
both types of substances along with carbon to be present
in the dust found in the bottom of a thermal hydrode-
alkylation reactor. However, the phenomernon is not
yet fully understood.

This corrosive action is so fast that it has been ob-
served to penetrate 18-8 stainless steel tubing within a
matter of four or five days at temperatures of the order
of 1320° F. in another hydrocarbon conversion process.
Even some higher chromium-nickel alloy steels are seri-
ously corroded in -a short time. The common practice
of constructing pipes and vessels with walls -of extra
thickness to provide corrosion allowances does not appear
to be a feasible countermeasure against such rapid at-
tack,

Metal dusting occurs particularly when a metal surface
is exposed to a mixture of hydrogen and a lower hy-
drocarbon, such as methane, etc., at temperatures of the
order of about 1275 or 1300° F. and higher. It is also
possible that this destructive reaction occurs at lower tem-
peratures over a long period of time. An increase in
the proportion of lower hydrocarbon relative to hydrogen
has been observed to increase the degree of corrosive
attack. The problem is particularly acute with the de-
alkylation of a straight or unblended alkylaromatic hy-
drocarbon stock such as mitration igrade toluene in the
presence of a hydrogen-methane mixture.

An object of the invention is to provide an improved
process for the thermal hydrodealkylation of alkylaro-
matic hydrocarbons.

Another object of the invention is to provide an im-
proved thermal hydrodealkylation process for the com-
version of alkylaromatic hydrocarbons wherein little or no
metal dusting occurs throughout the system.

A further object of the invention is to provide for the
thermal dealkylation in the presence of hydrogen of an
alkyl benzene in which substantially no corrosion is en-
counfered in the processing apparatus,
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Further objects and advantages of the invention will be
apparent to those skilled in the art upon consideration of
the detailed disclosure hereinafter.

The present invention is concerned with a combination
of processing conditions in a dealkylation process com-
prising indirectly preheating hydrogen and a normally
liquid alkylaromatic hydrocarbon feed stock in a ratio of
at least 4000 standard cubic feet of hydrogen per barrel
of said feedstock under conditions wherein the maximum
temperature of heat transfer surfaces in the preheating
zone in contact with said charge is maintained at not
more than about 65° F. (preferably not more than about
50°) above the temperature of the proximate portion of
said charged, introducing said preheated charge at a
temperature between about 1100 and 1175° F. into a
dealkylation zone, and dealkylating said preheated charge
at average reaction temperatures between about 1200 and
1275° F. for a period sufficient to effect the conversion of
at least 65% by volume of the alkylaromatic content of
said feed, based on disappearance of alkylaromatic com-
pounds.

Another important aspect of the invention relates to
producing substantial internal circulation in the dalkyla-
tion zone to quickly boost the temperature of a charge
through a substantial range to a temperature high enough
to.induce an effective dealkylation reaction rate and also
to prevent excessive reaction temperature. This may be
accomplished by injecting the charge into a reactor as a
high velocity jet at a nozzle velocity between about 100
and 850 feet per second.

Narrower aspects of the invention relate to quenching
the reaction products with a vaporizable liquid, a com-
paratively long reaction time between about 30 and 120
seconds, introducing normally gaseous hydrocarbons with
the charge, charging relatively low proportions of hydro-
igen to permit a relatively low degree of preheat and a
large temperature increase upon a mixture with the hot
circulating reaction mixture. In the case of toluene, the
hydrogen charge is desirably between about 3.5 and 6
mols of hydrogen per mol of toluene. The charge igas
also desirably contains between about 0.2 and 1.2 mols
of normally gaseous hydrocarbons per mol of hydrogen.
The volumetric ratio of recirculating reaction mixture to
fresh change may be between about 2:1 and 15:1, re-
spectively, and preferably is between about 4:1 and 10:1.

The instant process is designed to avoid the problems
occasioned by metal dusting in thermal hydrodealkylation
under conventional conditions. Especial attention is given
to the matter of avoiding temperatures in the metal dust-
ing range, that is temperatures at which the metal -dust-
ing or carburization reaction proceeds at a significant rate,
while maintaining satisfactory dealkylation rates in equip-
ment of reasonable size. The lower temperatures, an
important feature of the present invention, not only elim-
inates or at least minimizes the metal dusting problem
but also enable one to use construction materials with
thinner walls or lower alloys or both in view of the
well-kknown fact that all metallic construction materials
lose a igreat deal of their normal strength at high tem-
peratures. This emphasizes the need for runming such
reactions at the lowest possible temperatures since con-
siderable pressures are desirable in thermal hvdrode-
alkylation reactions.

Mention is made herein of a certain temperature dif-
ferential being held within a range of 65° F., and pref-
erably within 50°, in the preheating furnace. This refers
to the difference in temperature between (1) the maxi-
mum temperature at any point on a heat transfer sur-
face in contact with the charge (usually the inner sur-
face of an externally fired tube or coil) of all of the heat
transfer elements in the furnace and (2) the proximate
portion of the charge—that is the part of the charge
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which is in the same location, region or zone as the
point on the internal surface where the aforesaid maxi-
mum temperature is attained. Generally, this point is
located near the charge outlet of the preheating furnace.
It should be noted that the stated temperature differen-
tial applies only in the region of the maximum tube tem-
perature because greater temperature differentials are
permissible at other locations, as for instance, near the
charge inlet of the heater. It has no application to any
preliminary heat exchangers, etc. for the charge, which
are located upstream of the preheating furnace, as their
highest surface temperatures are below the surface tem-
peratures to which the charge is exposed in the preheat-
ing furnace.

The dealylation reaction may be carried out in several
different kinds of reactors. The preferred type provides
rapid internal recirculation of the reaction mixture with
thorough mixing of the charge therewith in the manner
described and claimed in the concurrently filed applica-
tion, Ser. No. 291,100 of John W. Payne et al. entitled
“Hydrodealkylation of Alkylaromatic Hydrocarbons.”
Good control of the relatively low reaction temperatures
and rapid heating of the charge entering the reactor above
its Jow degree of preheat are among the signficant fea-
tures of the invention, and internal recirculation is a
good means for obtammg them. A suitable internal re-
cycle reactor is illustrated in the accompanying drawing.

Another suitable reactor is the single pass flow reversal
type described in detail and claimed in the concurrently
filed application, Ser. No. 291,077 of Vernon O. Bowles
entitled “Apparatus and Method for High Temperature
Reactions.” This reactor comprises two concentric tubes
with the inner tube open at the bottom to provide an
annular zone communicating with the inner cylindrical
zone at the bottom only., The charge is heated in the
upper portion of the annular space by a combination of
external firing and indirect heat exchange with the reac-
tion products, then it is reacted principally in the lower
annular zone and lower part of the central passage. The
lower annular zone is desirably in indirect heat exchange
with a second and separate external heat exchange me-
dium. Finally the reaction products in the upper central
passage transfer a sizable amount of their heat content
to the incoming charge in the surrounding annular zone.

While the above two reactors will generally facilitate
better control of the highly exothermic hydrodealkylation
reactions, a “plug” flow reactor (i.e., a single pass straight
flow reactor) may be used if some provision for remov-
ing sufficient heat to avoid excessively high reaction tem-
peratures. In order to keep such a reactor within a rea-
sonable size it will also probably be necessary to heat
the first section of the reactor sufficiently to bring in-
coming charge quickly to a commercially feasible re-
action rate.

With any of the reactors mentioned, the level of the
reaction temperatures may be maised or lowered by in-
creasing or decreasing the charge inlet temperature by
suitable operation of the preheat furnace. Usually the
inlet temperature is at least 70° F. below the average
reaction temperature. .

The combination of the present invention also includes
careful control of the hydrogen charge. The use of a
relatlvely low quantity of excess hydrogen and accom-
panying and inert diluents therewith permits the exo-
thermic heat of reaction to more quickly heat the entire
charge to the selected reaction temperature; however, the
inlet ratio of hydrogen to alkylaromatic hydrocarbons
should not be allowed to drop to the point where the
deposition of carbon in the reactor occurs. The hy-
drogen rate may be maintained in most instances between
about 4,000 and 8,000 standard cubic feet per barrel of
liquid hydrocarbon feed referring to 42 gallon barrels
and cubic feet measured at 60° F. and 29.92 inches of
mercury pressure (hereinafter abbreviated as s.c.f./b.).
For toluene or monomethylnaphthalene undiluted with
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other hydrocarbons, the preferred range is between about
3.5 and 6 mols of hydrogen per mol of toluene, which
is equivalent to between about 4,500 and 7,500 s.c.f./b.
of toluene. Polyalkylated benzenes or naphthalenes com-
bine with more hydrogen in the dealkylation reaction
than the monoalkylaromatic compounds. Accordingly,
a greater hydrogen charge is desirable when these com-
pounds are present in quantity and the same is true of
normally liguid nonaromatic hydrocarbons which tend
to crack under hydrodealkylation conditions and then
consume relatively large amounts of hydrogen in hydro-
genating the cracked fragments. For the dealkylation
of high boiling alkylnaphthalene feedstocks with a sub-
stantial content of normally liquid nonarmomatic hydro-
carbons that crack readily under hydrodealkylation con-
ditions, a hydrogen charge rate between about 8,400
and 21,000 s.c.f./b. is preferred; see the concurrently
filed application Ser. No. 290,942 of Edward J. Moll, Jr.
entitled “Thermal Hydrodealkylation of Naphthalene
Precursors.”

The least expensive source of hydrogen usually avail-
able in petrochemical plants are the off gases of catalytic
naphtha reforming operations and these always contain
substantial amounts of lower hydrocarbons along with
the hydrogen. Within limits, this is desirable since it
has been found fhat such gases tend to provide a some-
what higher dealkylation converson than undiluted hy-
drogen. Moreover, methane inhibits coke formation
under the reaction conditions herein. Thus, it is desir-
able to have some normally gaseous hydrocarbons in
the charge; but such inert materials and excess hydrogen
function as a heat sink or reservoir in the reactor thereby
requiring a higher degree of preheating of the charge, so
excessive quantities of these inert diluents are best avoided
here. It is recommended that the gaseous charge con-
tain between about 0.2 and 1.2 mols of such hydrocar-
bons per mol of hydrogen.

The total pressure in the reactor may be maintained
between about 250 and 800 pounds per square inch gage
pressure (hereinafter abbreviated as p.sig). It ap-
pears that ring cracking occurs to an undesirable extent
at pressures lower and higher than that range, and coking
problems are encountered at pressures less than about
250 p.sig. It is further recommended that the inlet
hydrogen partial pressure be maintained between about
200 and 600 p.s.i.

Quenching the products of the exothermic reaction to
temperatures below about 1000° F. is an optional but
often desirable feature of the invention as it alleviates
the otherwise severe operating conditions to which the
piping and other equipment downstream of the reactor
are otherwise exposed. When quenching is used, it is
desirable to perform this cooling with a vaporizable hquld‘
in close proximity to the reaction space, for example, in
a small compartment within the shell of the reactor sep-
arate from the reaction space and located near the outlet.

For a better understanding of the nature and objects
of the present invention, reference should be had to the
accompanying drawing which is a flow sheet or schematic
diagram with many details omitted which are well known
to those skilled in the art. In addition, the tubular ex-
ample hereinafter sets forth the flow rates and composition
of all of the significant streams of materials in the system
identified by the same reference numerals as in the draw-
ing.
 Nitration grade toluene is introduced at a constant rate
in conduit 4 as the material to be dealkylated. A circu-
lating gas comprising recycled, normally gaseous products
of the reaction and also hydrogen-rich make-tp gas are
added from line 6 to the toluene.. The two streams are
commingled in plpe Sata temperature of 120° F. and a
pressure of 660 psi.g.

The mixture of liquid gases is now heated by the mtvr-
change of heat with the reaction effluent in two steps.
The charge is divided between line 1 leading to the heat,
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exchanger 12 in which all liquid components in that charge
stream are vaporized and the by-pass line 14. A portion
of the charge leaves the exchanger 12 at a temperature of
540° F. in line 16 which leads to the 3-way valve 18.
This valve may be adjusted manuaily to by-pass enough
of the charge to line 14 arcund the first heat exchanger 12
in order to maintain a temperature between 375 and 480°
F. in the inlet line 20 to second heat exchanger 22. Tt is
considered most desirable to have the charge in line 20 at
a temperature approaching the lowest temperature at
which the entire charge is safely maintained in the vapor
state under the prevailing pressure of 645 p.s.i.g., that is
about 375° F. With the charge completely vaporized,
there is no danger of slugs of liquid creating excessive
thermal shock by sudden chilling of the heat transfer sur-
faces in the second exchanger. The heated effluent from
exchanger 22 at a temperature of 830-910° F. depending
on the cleanliness of the tubes therein and a pressure of
625 p.s.i.g. now passes through the line 24 to the preheat-
ing furnace 26 wherein the temperature is further boosted
to 1125° F. while the maximum temperature of the in-
ternal surface of the externally fired heating tubes near
the charge outlet is maintained at 1175° F. or somewhat
lower by regulating the burners in that part of the furnace.

This furnace plays an important part in the present in-
vention as the heat fluxes therein are carefully controlled.
In the conventional preheating furnaces used for heating
hydrocarbon streams to high temperatures of the order
involved here, it is common to have temperature differ-
entials between the maximum metal temperature of an
internal tube surface and the proximate portion of the
charge in the range of 80:to 110° F. or more. However,
by employing a heater designed for low heat flux rates or
low ratios of maximum to average flux densities or both,
it is possible to hold said temperature differential down to
a 50° F. spread. Such furnaces attain these results by
various design factors, especially those involving the num-
ber, size and arrangement of both heating tubes and
burners.

One heater suitable for the purpose is a multicellular
box type vertical tube heater which incorporates two in-
dependent firing zones to facilitate the control of any de-
sired heat distribution. The cold end zone may have a
double row of tubes arranged on a staggered pitch, but a
single row of tubes spaced at least two nominal diameters
apart is recommended for the hot end zone. Firing from
the hearth on both sides of the double and the single rows
of tubes from burners arranged close to and directionally
angled towards the walls creates in effect a completely
radiant vertical heating plane. The article “An Improved
Pyrolysis Furnace” by K. R. Wagner and S. A. Iee in
“The Petroleum Times” (England) issue of December
14, 1962, on pages 740-741 further describes furnaces
suitable for the present process.

The degree of preheating employed with the charge is
controlled by the temperature controller 28 which senses
the temperature close to the preheat furnace outlet of the
stream passing through a short transfer line 29 on its
way to the reactor 36 and automatically adjusts or resets
the pressure controller 31 which regulates the automatic
valve 32 to decrease or increase the supply of fuel gas
flowing through pipe 33 to the furnace. When the charge
reaches about 1100° F., an exothermic reaction com-
mences therein, therefore a temperature rise of few de-
grees occurs while the charge is in transit between the
furnace and the reactor.

The charge containing hydrogen in a low ratio of 4 mols
per mol of toluene feed is injected at a temperature of
1130° F. and pressure of 605 p.s.i.g. through the nozzle
34 into a venturi tube or cylindrical partition 36 longi-
tudinally aligned with the central axis of the cylindrical
reactor. The pressure in the reactor is 575 p.si.g. and
the 30 p.s.i. pressure drop through the nozzle produces a
high velocity jet which maintains the contents of the reac-
tor in relatively rapid recirculating flow down the reactor
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venturi tube 36 and up through the annular space 38 be-
tween the venturi and the insulated wall of the reactor.
The jet issues from nozzle 34 at a velocity of 500 feet per
second and the velocity of the entire mixture in the throat
of the venturi is 58 feet per second. The circulation in-
duced by the kinetic energy of the injected stream is suffi-
cient to produce the circulation of about 7.5 parts by
volume of reaction mixture per part of fresh charge in-
jected. The average residence time in the reaction zone
is 68 seconds, so it is apparent that most of the gaseous
material makes numerous circuits of the continuous reac-
tion channel.

‘The resulting thorough mixing in combination with the
relatively small quantity of excess hydrogen and normal-
ly gaseous hydrocarbons that play no direct part in the
present reaction enable the reldtively low temperature
charge to be boosted almost instantaneously about 100°
F. in temperature to a reaction temperature of 1230° F.
This is due to the large quantity of sensible heat available
in the large mass of recirculating reaction mixture in this
highly exothermic reaction. The high circulation rate
also keeps the temperature throughout the reactor re-
markably constant, within a range of plus and minus 10°
F. of the average reaction temperature. Thus the entire
reaction space is at substantially the same temperature.
By restricting the diluents, that is excess hydrogen and
other normally gaseous components, in the charge to a
relatively small amount; the exothermic heat of reaction
raises the charge through a considerably higher tempera-
ture spread than usual, and this effect is intensified by the
high internal circulation rate within the reaction zone in
which large quantities of hot reaction products of high
heat content are almost immediately mixed with the
charge at the point of entry into the reactor. The overall
effect is a large and easily controlled rise in the tempera-
ture of the incoming charge immediately upon its intro-
duction. This, of course, means that the degree of pre-
heating can be held lower to minimize any possibility of
metal dusting occurring in the furnace tubes and transfer
line as well to minimize the loss in strength of construc-
tion materials at high temperatures.

The interior of the reacter 39 is lined with a refractory
insulation both to conserve heat and also to keep the hot
reactants out of contact with the metal shell of the reac-
tor. This insulation not only permits a reactor shell
with a thinner metal wall to be used but also obviates the
need for a high heat resistant stainless steel. Thus,
the reactor may be constructed of a low alloy steel con-
taining small percentages of chromium and molybdenum
except for the exposed metal of nozzle 34, venturi 36 and
the quench box 40 wherein the reaction effluent is
quenched with a vaporizable liquid, namely a portion of
condensed products of this reaction admitted via con-
duit 42. The quenching operation reduces the effluent
from a temperature of 1230° to 975° F.

The resulting quenched but stil gaseous products mixed
with the vaporized quench fluid leave through line 44
which carries them to the heat exchanger 22 wherein they
are cooled to a temperature of 630° F. and then trans-
ferred via pipe 46 to the low temperature heat exchanger
12 in which their temperature is further reduced to 410° F.
Conduit 48 carries this stream to an air cooler 50 where
the stream is brought down to a temperature of 200° F.
prior to being transported in pipe 52 to the water-cooled
cooler 54 in which the temperature is lowered to 100° F.
The crude reaction products are delivered via line 56
to the high pressure separator §8 at a temperature of
100° F. and pressure of 525 p.s.i.g.

The liquid phase condensed by the cooling separates in
the separator and is drawn off under the regulation of a
liquid level controller (not shown) in the bottom line 69.
This bottoms stream is divided between the two valved
conduits 62 and 64. The former carries the product
liquid which is made up predominantly of benzene and
toluene in a 3:1 approximate molar ratio to a stabilizing
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tower (not shown) wherein the small weight of dissolved
normally gaseous hydrocarbons is boiled off. The result-
ing stabilized liquid may then be employed as a mixed
solvent or separated by fractional distillation into benzene

8

high boiling -aromatic hydrocarbons or gas oils, may be
employed for quenching; but the products of the instant
reaction are gemerally preferred for this operation and
moreover are readily available.

and toluene as is more likely. 5 If desired, the quenching step may be omitted entirely
. A major portion, that is more than half, of the bottoms and all of the separator liquid in line 60 diverted into the
in line 60 may be recycled at substantially ambient product line 62. This procedure would subject the reactor
temperatures through conduit 64, pump 66 and pipe 42 effluent line 44 to some risk of metal dusting and expose
to the quench box 46 in the bottom of the reactor 32. the second heat exchanger 22 to considerably higher
The flow of quench liquid is desirably governed by the j, temperatures, but it would conserve the heat lost in
flow controller 68 with an associated automatic valve 70 quenching. The dealkylation temperature selected and
in line 42 under the regulation of the temperature con- the metal dusting tendencies of the reaction mixture are
troller 72 which has a temperature sensing element pro- largely determinative as to whether or not a quench liquid
jecting into the reactor bottoms line 44. should be employed.

The gaseous phase leaves separator 58 in pipe 74 and 15  While the instant process has been illustrated in full
is also split between the valved lines 76 and 78. Line 76 details for a better understanding of the principles of
takes off the by-product gas for use as a fuel gas oras a this invention, it will be apparent to those skilled in the
source of hydrogen. For the latter purpose, it may be art that the invention is of broader scope and may be
desirable to purify the by-product and also perhaps practiced in numerous embodiments with many variations.
to increase the hydrogen content by the removal of a 20 Accordingly, the present invention is not to be regarded
substantial amount of the hydrocarbon gases therein. as restricted to the specific details disclosed herein except

A far larger proportion of the separator gas is recycled as they may be included in the appended claims."
to the process through line 78, compressor 89 and pipe 82 We claim:
and 6. In conduit 6, it is joined by a makeup hydrogen- 1. A process for the dealkylation of an alkylaromatic
rich gas of about 90% purity introduced from supply 25 hydrocarbon which comprises indirectly preheating a
line 84 at a pressure of 660 p.si.g The quantity of charge comprising hydrogen and a normally liquid alkyl-
make-up gas must be sufficient to replace not only the aromatic hydrocarbon feed stock in a ratio of at least
hydrogen amounting to 940 s.c.f./b. of liquid feed, which 4000 s.c.f. of hydrogen per barrel of said feed stock in a
is consumed in the process but also 800 s.c.f./b. of hydro- preheating zone wherein the maximum temperature of
gen in the fuel gas which is being taken off continually 30 heat transfer surfaces in contact with said charge is main-
as a by-product in line 76. In speaking of hydrogen tained at not more than about 65° F. above the tempera-
herein, reference is being made to the actnal hydrogen ture of the proximate portion of the charge, introducing
content of the gaseous mixtures and not to the total mixed said preheated charge at a temperature between about 1100
gas. The hydrogen-rich streams generally available at and 1175° F. into a dealkylation zone and dealkylating
low cost in a refinery typically contains from 45 to 90% 35 said preheated charge therein at temperatures above about
hydrogen by volume and it is seldom if ever commercially 1200 and not exceeding about 1275° F. for a period of
feasible to use pure hydrogen. time sufficient to effect the conversion of at least 65% of

EXAMPLE
Pound mols per hour
Pipe NO-ooeomomeeee 4 29 e 44 60 64 74 76 78 84 6 62
Stream.___ oo Toluene | Reactor | Reaction | Quenched Sepa- Quench Sepa~ Oft Cycle | Fresh Total Liquid
Feed Charge | Products Reactor rator Liquid rator Gas Gas Gas Charge Prod.
Effluent Liquid Vapor Gas
Hydrogen 976.0 794, 0 795.0 2.2 1.0 792.8 | 154.6 1.2
Methane._____.__ 040, 6 1,132.6 1,141,9 20.0 9.3] 1,121.9| 218.9 10.7
C? Hydrocarbons 15.5 21,0 22.5 3.3 1.5 19.2 3.7 18
C3 Hydrocarbons 0.8 1.2 1.4 0.4 0.2 L0 0.2 0.2
Benzene . ... . 18.8 192.6 341.0 319.9 148.4 21,1 41 1715
Toluene. .- _———_-_ 241.3 243.5 62.5 114.2 1115 517 2.7 0.5 59.8
Other Aromaties._____ 0. 0.9 2.3 4.4 1.4 2.1 2.3
Total oooaaee 244.0 | 2,196.1 2,206, 2 2,420,4 46L.7 214.2 | 1,958.7 | 882.0 247.5

The above example represents a material balance in the alkylaromatic hydrocarbon content of said feed stock.
which 1764 barrels per day of nitration grade toluene is 2. A process according to claim 1 in which said reac-
dealkylated with a total hydrogen charge of 5040 s.c.f./b. tion time is between about 30 and 120 seconds.
to achieve a conversion of 75% by volume based on 3. A process according to claim 1 in which said charge
toluene disappearance during a residence line of 68 60 containg normally gaseous hydrocarbons.
seconds. The volume of charge entering the reactor 4. A process according to claim 1 in which said charge
amounts to 1128 cubic feet per minute under the condi- contains between about 0.2 and 1.2 mols of normally gas-
tions in the reactor, and thls. is injected thr(_)ugh a suitably eous hydrocarbons per mol of hydrogen.
sized nozzle at the aforesal_d nozzle ve'loc:lty _of 500 feet s 5. A process according to claim 1 for the dealkylation
per second to set up an internal recirculation rate of %% ¢ yopene in which from 3.5 to 6 mols of hydrogen is
about 7.5 parts per volume of reaction mixtore per part hareed per mol of toluene
of freshly injected charge. Neither metal dusting mor A 6 & A p ai : lai i which said ch
the deposition of any appreciable amount of coke are - {1 process according to claim 1 in which said ¢ arge

. . contains between about 4000 and 7500 standard cubic
observed in the operation. .

Alternatively, an extraneous quenching fluid may be 70. feet of hydrogen per barrel of said feed stock. .
employed in the quench box. This material should be 7. A process according to claim 1 in which said pre-
vaporizable but substantially inert to the reaction products heating operation takes place immediately prior to intro-
under the reaction conditions and it preferably should ducing said preheated charge into said dealkylation zone.
be readily separable from the reaction products by distil- - 8. A process according to claim 1 in which the prod-

lation; thus other streams boiling above 275° F. such as

ucts of said reaction are quenched to a temperature below
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about 1000° F. in close proximity to said dealkylation
zone by admixture with a vaporizable liquid.

9. A process according to claim 8 in which said quench
liquid contains normally liguid hydrocarbons.

10. A process according to claim 8 in which said quench
liquid contains condensed normally liquid products of said
reaction.

11. A continuous dealkylation process which comprises
indirectly preheating an alkylaromatic hydrocarbon and
hydrogen in a furnace so constructed and arranged that
the maximum temperature of heat transfer surfaces in
contact with said charge is maintained within about 65°
F. above the temperature of the proximate portion of said
charge, introducing said preheated charge with a content
of at least about 4000 s.c.f. of hydrogen per barrel of
normally liquid hydrocarbon feed stock at a temperature
between about 1100 and 1175° F. into a dealkylation zone
wherein a reaction mixture is recirculating through a con-
tinuous substantially unobstructed channel whereby said
reaction mixture is continually mixing with fresh pre-
heated charge, and reacting said charge in said channel
at temperatures above about 1200 and not exceeding about
1275° F. for a period of time sufficient to effect the con-
version of at least about 65% of said alkylaromati¢ hy-
drocarbon.

12. A process according to claim 11 in which the volu-
metric ratios of recirculating reaction mixture to charge
are between about 2:1 and 15:1.

13. A continuous process for the dealkylation of a nor-
mally liquid hydrocarbon feed stock rich in alkylaromatic
hydrocarbons which comprises indirecily preheating a
charge comprising hydrogen and said feed stock in pro-
portions of at least about 4000 s.c.f. of hydrogen per bar-
rel of said feed stock under conditions wherein the maxi-
mum temperature of heat transfer surfaces in the preheat-
ing zone in contact with said charge is maintained at a
temperature within about 65° of the temperature attained
by the proximate portion of the charge, injecting said
preheated charge at a temperature between about 1100 and
1175° F. as a high velocity jet into a dealkylation zone
wherein the reaction mixture is circulating through a con-
tinuous confined path substantially free of obstructions
whereby said reaction mixture is continuously mixing with
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said injected charge, reacting said charge in said path at
temperatures above about 1200 and not exceeding about
1275° F. for a period of time sufficient to effect the con-
version of at least about 65% of the alkylaromatic hy-
drocarbon content of said feed stock and continuously
withdrawing a stream of said reaction mixture as the prod-
uct of the process.

14. A process according to claim 13 in which said
charge is injected into said dealkylation zone at a nozzle
velocity between about 100 and 850 feet per second.

15. A process according to claim 13 in which said
charge contains normally gaseous hydrocarbons, hydro-
gen and toluene in proportions between about 0.2 and 1.2
mols of normally gaseous hydrocarbons per mol of hy-
drogen and between 3.5 and 6.0 mols of hydrogen per mol
of toluene, said charge is injected into said dealkylation
zone at a nozzle velocity between about 100 and 850 feet
per second thereby recirculating between about 2 and 15
volumes of said reaction mixture per volume of said in-
jected charge, and maintaining said reaction mixture at
a pressure between 250 and 800 p.s.i.g. for an average resi-
dence time between about 30 and 120 seconds.

16. A process according to claim 1 in which said pre-
heated charge is injected into a confined dealkylation zone
as a high velocity jet of gaseous material at a sufficient
initial velocity to produce rapid and thorough mixing of
the material in said dealkylation zone.

17. A process according to claim 1 in which said pre-
heated charge is injected in gaseous form into a confined
dealkylation zone at a nozzle velocity of at least 100 feet
per second. .
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