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Casze 273

This invention reletes generally to & process
particularly involving an exothermic reaction, in which
at least one of the reactunts is a gas and is normally
goluble in a 1liquid phase of the reaction mass only in
limited gquantitles under operative conditiona of the
proceas, More particularly, but not excluslvely, the
invention relates toc a continuous photochemical procssé
for commercial manufacture of benzene hexachloride (1,2,3,
4,5,6- hexachlorocyclohexans ) having a relatively high
percengage of gamma isomer,

Benzene hexachlorids as normally produced consists
of a mixture cf space lsomers, of which the gamma 1z the
only isomsr which is insectlicidally active to any appreciable
extent. Tor this reasen, a favorable yleld of the gamma
isomer 1a essential 1n any commercial process for the
manufacture of benzene hexachloride.

There is svidence that low temperature reaction
condltiens favor the production of the gemma isomer,
However, the reaction of chlorine and benzene to form
benzene hexachloride is an exothsrmic reaction, and thus
throughput capacity of a reaction apparatus and the cost
of refrigerating equipment must be considered as balancing
factora in determining the most economicel operating
conditions for ony process of this tyﬁc.

A continuous procoss for the manufacture of
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benzene hexachloride has previously been carried cut in a
pipe-type continuous reactor, the chlorine and benzene
being ggd inte onc end of the reacter and the products
of the reaction removed at the opposlte end thereof,
This process has had the following d1sadvantages:
(1) Excegsively high temperatures, particularly
in the initial stages of the reactor, with
a consaquent 40w yield of gamma jsomer in
the procduct, |
(2) Low throughput copacliy of the equipment
due to high temperatures within the
reactor and the presence of a large
proportion of gaseous phase in the re-
actor, particularly in the initial or
inlet section thereof,.

One of the ma jor causes for each of the above
difficulties results directly from the necessity of feeding
quantitles of chlorine in execess of its solubility 1In the
benzene feed at the desired opersating temperaturs. It
gencrally is desired to control the feed ratio of chlerine
to benzene so as to preoduce & product essentially consisting
of & saturated solution of benzenc hexachloride in benzens,
approximately 20 to 60 grams of benzene hexachloride per
100 grams of benzenec, depending upen the temperature, and
preferably about 22 grams per 100 grams of benzene at a
temperature of 30 degrees centlgrade.

The quantity of chlorine relative to benzene re-
guired by the above feeod ratio results in large guantities
of undissolved chlorine in the initial stages of the

reaction. For example, when the process 1s conducted at
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30 degrees centigrade and one atmeosphere of chlorine
prossure, only about 80 percent of the chlorine feed will
theoretically dissclve in the benzene solution, prior to
reaction of the components to benzene hexachloride, Thus,
under these conditions the feed atream prior to reaction
congists of about 95 percent by volume chlorine in the
gaseous phage, at atmospheric pressure, At higher tempera-
tures, the volumetric ratlo of the gaseous phase to the
liguid phase is considerably higher, Tor exampls, at 50
degrees centigrade only about 25 percent of the gassocus
chlorine dissclves and the feed stream is thus about 98
percent gaseous. For this reason, the capacity of any
plpe-type continucus reactor 1s materially reduced and

the heat conduetivity of the system at the polnt of maximum
recactlion rate and maximum heat evolution 1s substantially
impaired dus to the relatively low heat transfer cosfficient
of the gaseous film,

The torm "pipe-type continuous reactor,! as used
herein, 1s a reactor in which no mixing occurs from one stage
to the proceeding stage in the reactor body as the reactants
move at a uniform rate through the reactor. Such a reactpr
providos reactlion conditlons which at least simulate a
batch-type process, cerricd out in a continuous manner.

Thiz typc of reactor may be conatrasted with a pot~type
continuous one -stage reactor in which the reactor is
provided with perfect mixing so that the continuous over-
flew or rocovered product has the zame composition as the
reactor zolution throughout the reactor.

In practice, the capacity of any pipe-~type

continuoua reactor has been limited by the heat evelution
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In the reacters,. Thus, in actual operation, the feed rate
had to be maintained substantially below the maximum
capacity of thoe equipment so as to obtain a favorable
distribution of the gamma isomer in the roesultant product,
Accordingly, in addition to the reduction of throughput
capacity resulting from exccouive guantities of gasecous
phase, the coapacity of the eoguipment was further limited
due to the 1nherently peor heat conductance characteristics
cf the reactants thomselves. The latter problem resulted
in Jlocalized heating and poor gamma isomer production and
thig problom could not be satisfactorily solved by improved
and oxpensive cxternal refrigeroating apparatus.

The prlor process had the further disadvantage
of inflexibility during operation. With any given procoss
equipment, all of the variables, such as feed rates, length
of reactor, and so on are normally fixed. In practice,
reaction polsens frequently ocnter the system, for example,
ag impurities in the chlorine Coed, which materially lower
the reactlon rate of the procoss. Thus, the percent
cenversion of the reoactants varied during normal operation
and sultable means wero not aveilablc in the prior proccss
to compensate for such variations,

Anothor disadvantage in the above prior process
resulted from undesircd gases, such us alr, entcring the
systom in the feed stream. This gas was carried with the
reaction mass throughout the c¢ntire system and limited the
capacity of the reactor and the heat tranafer characteristics
of thc system,

It is accordingly an objcet of the present invention

to improve processcs in which compounds nre formed from one
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or more gaseous reactants, particularly in an exothermic
reactlon, which reactants are soluble only to a limited
extent in the reaction solutlon or other solvent, s¢ as
to permit {1) substantially complete dissolution of the
gasecus reactants in the golvent, and (8} & sensitive
mcans of control over critical variables in the processa,
Another object of the present invention 1s to
provide a procesa for the manufacture of a benzene hexa-
chloride product having a relatively high gamma content.
Another cobject of this invention is to provide a
process of the above type which is capablé of high capacity
production cof benzenc hexachloride per unit volume of reac-
tion zone and which doos not requlire costly and complicated
roefrigerating equipment to maintain a reasonable low
reaction temperature,
85%ill another object is to provide a process
for the manufacture of benszene hexachlorilde which 1z capable
of heing conducted in a continucus flow-type reactor and
which process inherently provides substantially uniform
heat evolutlon distribution throughout the entire length
of the reactor,.
8till another objcet of this invention is %o
provide o highly flexible process of the above type in
which the tempersture of the reaction, the percent conversion
of echlorine, and thc caepacity of the apparatus may be sasily
fixed for maximum cconomy and cffieicncy, and particularly
in which the temperature of the rcaction and the renction
rato mey be accurately controlled while maintaining a sub-
stantially constant percent conversion cf the reasctants,

Another object 13 %o provide a process which does
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net exhibit the sensitivity with rospect %o reaction polsons
or inhibitors encountered in prior methods.

Another object is to mrovide a process of the above
type in which air or other undesired gas may be readily and
easlly bled from the reactants without the same remaining in
the reaction zone during the entire contact time required
for the desired conversion of the reactanta,

5t111 ancther object of the present invention is
to provide a process in which the formation of substitution
products of chlorine and benzens is substantially eliminated,

Other objects and advantages of this inventlon
will be apparent from the following deacription and apperded
clalms, especlally when considersed in connection with the
accompanyling drawings, wherein:

Figure 1 is a graph of the solubility of technical
benzene hexachloride per 100 grams o ' benzono plotted against
tomperature.,

Figure 2 1s = graph of the solubility of chlorine
in benzens solution, also plotted againat temperature,

Figure 3 1z a graph of the weight percent chlorine
in the combined fresh feed and recycle stream plotted against
rocycle velocity ratios, ecmploying different KCT values
{reaction rate factor X contact tlme) and also using
solutions o £ different chlorine concentrations at zero
recycle velocity ratio.

Figure 4 13 a graph in which the fraction of
chlorine unreacted in tho product of the first rcactor is
rlotted against the recycls volocity ratic, using various
KCT valucs.

Figure 5 is a graph in which the temparature
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difference between the reactor solution and cooling medium
is plotted versus recycle ratio.

Figure 6 is a graph in which psrcent gamma in the
bengzene hexachloride product is plotted versus temperaturs,

Tigure 7 is a schematic olevatlional view, partly
in section of an apparatus for carrying out a preferred
embodiment of the present invention,

Figure 8 is an enlarged fragmentary elevational
view taken subatantlially along the line 8-8 of Figure 7.

Figufe 9 1a a fragmentary sectlonal view taken
substantlally along the line 9«9 of Figure 8,

According to the present inventlon, benzene and
chlorine in any desired proportions, end preferably in such
proporticns as to produce substantially saturated solutions
of benzens heﬁachloride in benzene, are reacted continuously
in the preosence of aétinic light. The reacticen is‘prererably
conducted in a pipe=-type continuous reactor having external
cooling means, such as a cooling water cagscade or water
jackets, Howsver, the several advantageous features of
this procoss may be attalned in any flow-type continuous
roactor, By a "flow-type continucus reactor" we mean any
reactor in which there is a change In compositlion of the
reactor solution from the 1nlet end thereof to the outlet
end thereofl.,.

The novel feature of this invention consists in
carrying out at least a part of the reaction to form benzense
hexachloride under conditions in which a portion, and
preferably a major portion, of the reaction stream 1s mixed
with frosh chlorine and henzene feed ﬁnd rocycled through

the resctor. The actual ratio, the weight of the reactlion
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stream relative to the weight of the feed chlorine and
benzens, heroinafter referrcd to as the recycle veloclty
ratio, which is recycled is dupendent upon the actual
conditiong of the individual process. Howoever, the optimum
rocycle veloclity ratio may be dotcrmined with reference to
the accompanying data and graphs.

In determining the optimum recycle velocity
ratio for o given operation, the preferred product compo-
sition is choscn and the deslred operating temperature is
sulsocted, gonerally between 15 degrees centigrade and 40
degreos centigraede and prefourably about 30 degrees conti-
grede, The solubility of bdonzenc hexachloride in benzene
at the selccted temporature conditions is then obtained
from the graphs shown in Figure 1. At 30 degrees centi-
grode, for sxample, about 22 grams of bonzono hexachloride
aro soluble in 100 grams of benzene., Accordingly, about
15 parts by weight of chlerine are required per 100 parts
by weight of benzens to produce a saturated solution of
benzene hexachlorlde in bonzone, While this product is
froguently desired, somewhat lower concentrations may also
bo desired,

With refercnce to Figurc 2, 1t will be noted that
at 30 degrooes centigrade, only 10,8 parts by weight of
chlorine are soluble in 100 parts by weight of benzene
solutiaon at atmospheric pressurc. Therefore, about 95
percent by volume of the fecd stresm {prior to admixture

with the recycle stream) would be undissolved chlorine gas,

Figure 3 shows a plot of the chlorine concentration

in the reactor feced stream (fecd chlorinc and benzene plus

the recycle stream) using & 15 wolght percent fecd at
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different KCT values (reaction rate factor X contact time)
as the recycle velccity ratio is varied from 0 to 10, (The
contact time may be calculated as egqual to the welght of
the solution in the reactor divided by the welght of fresh
feed chlorine and benzene per unit time.) It will be
noted that, as the recycle veloelty ratio is initially
inereased, the welght percent chlorine in the reactor

feed is rapidly reduced. Thus, at a recycle veloclty
ratio of approximately lb, the chlorine concentration is
reduced from about 15 weight percent to about 1.5 welght
percent. It is apparent therefore that substantially all
of the feed chlorine is soluble in the reactor stream and
edaentially all of the problems inherent in prior processes
discussed above Involwving the undiassolved chlorine gas are
sliminated.

Figure 3 slsoc shows the effect of varlous recycle
velocity ratios when employing fresh feed streams of various
chlorine concentrations and various KCT values. From thé
graph, 1t is believed apparaht that reducing the chlorine
concentration in the fresh feed stream or increasing the
KCT value permits lower recycle veloclty ratios for a given
desired chlorine concentfation in the reacter stream. Thus,
variation of the recyels velcclty ratic up to about 10
materially increamsgs the solubility of the feed chlorine
in the reaction stream, whoreoas further increases in the
recycle velocity ratio beyond 10 at ordinery KCT values
does not materially effeét'the solubility characteristics
thereof. While about between 9 and 11 is the preferred
ratic range, grcater ratiocs may be empioyed soc as to

improve, for example, the heat dlssipating properties of

et L L AT
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tho system.,

In general, the use of a recycle results in a
reduction of the percent conversion of the chlorine to
benzene hexachloride, as shewn particularly in Figure 4.
The latter feature provides a means to contrel and regulate
the process during actual operation, which means was not
available in prior processes. This controel is highly
impertant in the initlial rapid-rate phase of the reaction
8o as to assure a favorable yield of the gamma isomer. The
second phase of the reactlon, comprlsing the clean-up of

the remaining 10 to 30 percent of the chlerine, 1s carried

.out under batch-type conditions {withcut recycle}, This

agalin i1s a highly Importunt feature of this Inventlion since
it permites utilizetion of all of the valuable chlerine while
chtaining in hoth stages a very favorable gamma lsomer
distribution in the product. The heat evoluticn during ths
chlorine cleam~up 1s not appreciable, in contrast to the
first stege, whereas the rate of reaction tends to be slow
and must be favored., Thus, the use of a two-stage operation
assures & high production of the gamma isomer in the product,
a high throughput capacity frem the egulipment, and elimination

of gcrubbing equipment, waste chlorine and caustic., The

.latter was formerly required to serub the unreacted chlorine

from the benzene hexachlorlde product.

The recycle velocity ratio may be increased, if
desired, somewhat above that which is required for substan-
tially complete solubllity of the feed chlorine iIn the
benzene, as noted above. Incrocased velccitiecs in the
reactor tend to reduce the temperaturé differential betwaen

tho inlet and outlet end of the rsactor so as te provide
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more uniform conditions throughout the same, and also tend
to reduce the mean temperature of the reaction by materially
improving the heat conductivity properties of the system.

With particular reference tc Figure & of the

5 drawings, 1n which the difference ln temperature (F.o)
.between the reactor solution and the cooling water 1s
plotted versus the recycle velocity ratio at different KCT
values, it will be seon that as the recycle veloclity ratio
is incrcased, the tomperature difference 1s rapldly reduced,

10  However, of even greater Importance, it will be noted that
this i net a linear chenge but instesd the ma jor change
occurs bstween the ranges of about 0 to 10 recycle ratlo,
Thus, increasing the recycle ratic abeve sbout 10 dees not
materially effect the mean tempsrature of the reamction mase

i5 within the reactor,

The date plotted in the above graph was determined
when empleying a four inch diameter resin impregnated
graphite pipe. The cocling water increase from the inlet
to the outlet was about 5°F,

20 ‘ The tempsrature reduction in the reactor effected
by recycle of the product strecam from the first reactor has
an lmportant bsaring on the weight percent of the valuable
gamma ilsomer in tho preduct. With particular reference
to Figure 6, wherein the weight percent gamma isomer 1s

25 plotted versus the average tempsrature of reaction in C.o,
1t will be ssenpfhat the gamma concentratiocn is reduced
materially at higher tomperatures.

At 8 KCT equal to 1,64 using 20°C. (68°F.) cooling
water and a rocycle velocity ratic of zero, the temperature in

30 the reacteor will be essentially 86.800. (1960 F.). From

- 12 .
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Filgure 6, 1t will be sean thal the ganme concentration will
be about 12 welght percent of the product. Under the same
condition but using a recycle ratic of 2, the temperature
in the reactor will be about 4600. (115°F.) and the gamma
concentration abput 13 percent by weight., At 10 recyecle
ratic under otherwise similar conditions, the reaction
temperature will be %1%, (880F.) and the gamma cohtent
will he about 15 percent,

In view of the relatively low concentration of
the valuasble gamma lsomsr relative to the concentration of
the normally useless remalning isomers in the product, this
increase of & percent of gemma isomer is ot least comparable
economlcally to a total incrense of about 25 weight percent
in the producticn of crude benzene hexachloride. 1In
addition, by increasing the percentage of gamma 1n the
product, the probler: of diaposal of the useless igomers
of benzene hexachloride is substantially minimized and the
ﬁperational and raw material cost of the additlonal benszens
hexachloride 1s completely eliminated.

The recyecle veloclty ratio may also be increased
to reduce the chlorine concentretlon diffsrential between
the inlet and outlet of the first reactor to provide more
uniform conditions throughout the reaction and, thus, to
maintain a substantlally unifom reaction rate and heat
evolution, due to the reaction, in all parts of the
reaction zone.

A recycle velocity ratio of between about 4 and
about 20 1s gencrally desired, Within this range, the
chlorine, using most fecd ratios, ls essentielly immediatoly

soluble in the renctor feed stream and very efficient heat

- 13 -
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conductivity charactoristics are obtained. Also, within
this ranpge there 18 & sufficlent differontial betweesn the
porcent conversions of chilorino from a recycle of 4 to a
raoeyele of 20 so as to purmit an accurate control by
varying the recycle ratio over the product composition of
the first stage product to componsate for variations in the
purity of the fced stresms, which impuritics or poisons
tend to vary the rate of the desired reaction.

The first stage or rocycle stage of the reactlon
is preforably carried out to obtain between about 70 to 95
percent conversion of chlorine to benzene hexachloride,

While lesser or greater conversions may be obtained, lesser
conversions tend to minimize the overall beneficial results
of the recyclo operation, whercas, as is believed apparent
from Figures 3 and 4, greater, conversions require excessively
high recycle ratlos. As notoed above, increased recycle ratice
do not proportlonately increase the solubllity of the feed
chlorine or the diffsrential in the percent conversion of
chlorine to benzone hexachloride. Thus, maximum flexibility
for the procoss 1s afforded in the recycle velocity range

of betwoen 4 and 20, as notod abovs,

With particular referonce to Figure 7, a simplified
form of apparatus is illustrated for carrying out the process
of the present invention, Thig specific apparatus is not
intended to limlt the scope of the invention since the
process may be carried out in a wide variety of process
equipment. Substantially any apparatus provided with a
reactlon zone having means for recycling a2 portion of the
reaction products at variable roeyecle felocity ratios

rolative to the feed may be usod to advantage in carrying
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out the present process,
As shown in PFlgure 7, the apparatus comprises two

separnte reaction scetions, 10 apd 12 arranged in sorics, each

“usoetion having & plurality of tubes or pipes of the same

trengvorso dimensions. In this embodlment, the primary
reaction stage of the process is provided forv by tho tubes
of the roaction szetior 10 and the three lower -most tubes
of roactlon section 12, inecliuding, in all, 12 lengths of
tubing, The tubes of the gection 10 are intercomnscted
wifh the tubes of roaction secticn 12 by means of line 14,
Tho secondafy reaction stage of the process 1s provided
by the romaining portion of reaction scetlon 12 including
the 5 uppor-meost lengths of tubing, The primery and
secondary stuges of the reactor are intorconnected through
& hold-up drum 26 by means of tubing oxtensions 11 and 13.

scetinie light to activate the reaction of the
benzeno and chiorine is provided by fluarescent tubes 40
(éoa Pigure 8) positicnod cuntrally within each of the
longths of tubing of the scctions 10 and 12 within o pro -
toctive tube 15.

Proferably two Cluorescent tubes are cmployed
in tandoem in cach protective tube., The reaction Z0ne
comprises a sorics of amnular spaces 16 extending the entire
length of each of the tubes and including also the inter-
connecting vertical tubes 17 st alternate ends of the
rcactor section., The cooling system employed for cooling
the various reaction sections as shown consists of a
plurality of nozzles 21 positioned above cach roaction
soction and adapted to dircet 2 continuous stresm of

covling water or other suitable coolant over tho external
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The renction zectlon 10 and 12, more specifically,
is formed of nine nnd elght separnte lengths of tubing 18
respectively positloned horilzontally and aligned vertlcully.
Each section iz provided with 2 pair of standards 19 and a
plurdlity of U-shaped braces 20 adapted to support opposite
endas of the individual tube lengths. The protective tube
is construeted of a translucent material such as heat

registant glass and the tubing 18 is formed of any duwrable

‘material preferably having high heat condueting propertiss,

The holdup drum 26, intsrconnecting the primary
and seocondary reactor sections, is vented by means of vent
line 22 for discharge of minor amounts of waste gas, such
as air, from the system. By this meons, undesired gases
may be quickly and efficiently displaced from the system
after a single pass through the reactor without unduly
limiting the capaclty of the reactor or materlally reducing
the reaction rate of the process, The lower end of the
holdup drum is connected by means of a pipe 24 to a ro-
circulating pump 28 which recycles o portion of the product
of the first rcaction section from the holdup drum 26 to
the inlet end of reaction section 10, Fresh chlorine and
benzene are fed into the reactor through lines 30 and 31,
rospectively and tho latter join with the recycle stroam
from the recirculating pump prior to entry into the reaction
through line 32,

As shown particularly in Figure 9, the fluorescent
light tubes 40 are supported within the protective glass
tube 1% and are electrically commected to 2 suitable source

of electric power by means of a plug 41, The latter provides
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a reduced socket portion 42 extending within the tube 15
having a pair cfﬁopenings {not shown) in the end thereof
for receiving the conventional contuct terminal pins {not
shown) on the end of such fluorescent tubes. The electrical
wires 43 are connected to an electrical source (not shown).

In cpsraticn, the absolute quantity of materisal
continuously procesased in the primery reactor 10 isg a
subgtantial multiple of the quantity passed through the
secondary reactor 12, the larger proportion of the effluent
from the primary reacteor 10 preferably belng recirculated
by pump 25,

The following exomples illustrate two modes of
cerrying out a process embodying the features of the present
invention,

EXAMPLE I

Chlorine is fed to the apparatus of Figure 7,
through 1lne 30 at the rate of 639 pounds per hour. Con-
currently, benzene 1s fed through line 31 at the rate of
5181 pounds per hour. This feed mixture is passed to the
main reactor feed line 32, wherein it 1a combined with
58,868 pounda psr hour of a 1iguid mixture delivered by

pump 26, this mixture having the following compositicon

in percent by welght:

Percent
Chlorine 1.1
Benzene 84,3
Benzene Hexachloride 14,6

Upon the mixing oction in the main supply line
52, the resultant overall fecd to the primary rsactor 10

has the following composition in weight percent:

- 17 -
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Percent
Chlorino 2.0
Benzene 84,8
Bunzene Hexachloride 13,2

This fewud stream is introduced to the primary
reactor 10. Cooling water ot 2 temperature of about 20
degrees coentigrade is sprayed from the coscade coolers 21
abt o rate sufficient to maintain the reacting mixture at a
tomperature of 30 degrees contigraede. The reactor solutlon
is discharged to holdup drum 26, A portion, about 9.8
percont by woeight of the reactor output, is drawn off
through line 13 and fed to the upper fubus of the reactor
soction 12 forming the asecondary reaction stage. The
composition of this stream is the samo as the rocirculated
mixture noted above., The ratic of recirculated material
to the ﬁmount fed to the sccondary roeactor is about 10:1
or, ln cother words, tho recycle volueclty ratic is 10, The
gamma percontege of the bonzene hexachlorlde product obtalned
through line 45 1ls somewhat above 15 percent by weight,
The reactlon rato constant (X) in reciprecnl minutes ias 1.5,

The conversion of chlerine to benzene hexachloride
in the first rcactor is about 91 percent and the final
product from the second reactor is substantially free of
unreactod chleorine.,

The actlinie lrradiation of the reacting mixture
in this example 13 provided by the fluorescent tubular
light sources 40. These are flucrsscent lights emitting
predominately in the region of slightly below 4800 Angstrom
units wave length.

EXAMPLE T1

The reaction may bu alsc conducted in the

- 18 -
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apparatus illustrated in Figure 5-7 inclusive, under
conditions éﬁnerally conforming to the details of Exumple I
but only reancting approximately 90 percent of the chlorine
in the first revaction staze., The remaining 10 percent of
the reaction 1s accomplished in the second reactlion stage
or chlorine clean-up stage. In this example of the
process, 109C lbs./hour of benzene hexachloride is produced
having about 12 percent gamma concentration, The cooling
water temperature is 32°¢, and the recycle velocity ratio
is 2.

When the present process is conducted, for sxample,
with recycle velocity ratios between nbout 4 and 20, or when
the process is carried out with somewhat vorying temperatures
and chlorine concentrations, generally similar results are
obtained. In general, reducing the temperature about 11
centigrade degrees, increases the gamma concentration one
welght percent. The specific data for such varled opera-
tion of the process 1s presented herein Iin the form of
graphs shown in Figurcs 1~6 inclusive,

While the present inventilon hes been described
with reference te the manufacture of benrene hoxachloride,
it should be apparent thot a wide varlcety of other anddition
roactions may be conducted employing the principles of the
prescnt invention while obitaining similarly advantagecus
results. For example, other gaseous halidea may be
reacted with benzene in the presence of actinie light to
form corresponding halogenated cyclohexane compounds, Thus,
bromine may be reacted with bonzene under known conditions
to form benzenc hexabromlde in a flow~type contlnuous

reactor in twe stages while rceyeling a major portion of
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the benzene hexzbromide reactlon mixture from the first
stuge reactor. Oiher aromatic homclogues of bengzene, such
zs toluene, way also be halogaéated in a similar manner.

Chlorine or other halogens may also be reacted
with olefins and dienes in accordance with the prosent
invention to produce corresponding halegenated addition
products. Tor example, othylene dichloride may be
manufactured by reacting gaseous chlorine and othylene
in the presence of a suitable catalyst, such as iron.
in this reaction ligquid ethylene dichleride is formed.

The gassous reactants ethylene and chlorine are only sclubls
to a limited oxtent in theluthylena dichloride product

under normal oporating conaitions. Howevor, when a major
proporticn of the product of the above reactlion 1s

recycled in accordance wlth this dinvention, the solubility
of the ethylene and chlorine in the liquid ethylene dichloride
product is substantially increased, Accordihgly the
reaction capacity of an apparatus employed for carrying

out the reaction 18 corruspondingly increassd and the

heat disalpating characteristigglof the system is materilally
improved. The employment of a P;Lycle of the reoaction
mixture provides substontiasl flexibility and controilability
to the process, which features were not inherent in prior
processes of this type.

Propylene dichloride, butylene dichloride, di-
isobutylene and higher homologucs may be alse produccd in a
similar manner while obtaining the benefits of the present
invention. Morcover other halogon compounds such as ethylens
dibromido, propylenc dibromide and the like may be
aimilarly formed.

The present invontion 1s not limited to halogenation

- 20 =
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since any addition reactlon between a gaseous reactant and
a liguid reactant or between gasecus reactants Iinm a suitable
solvent may be conducted in accordance with the principles
of this invention. For wvxample, clefing and diencs may be
rencted with u hydrohalide to produce corresponding halo-
ponabted compounds, Thus, hydrogen chloride may be reactod
with isobutylene, such ag with = ferric chloride or zinc
chloride catalyst, to form butyl chloride, Lilkewlise,
hydrogen chloride may be added to butadiens to form
S=chiloro-1l-butene and l-chloro-2-butene. Higher conjugated
dienes such as isoprene and perperydivne react similarly,

Hydrogen chloride may alse be added to halocgenated
hydrocarbens such as allyl chloride, allyl bromids, 2-chloro
propylene, vinyl bromide, and vinyl chloride to form
corresponding addition products. For example, when allyl
chloride 1s reacted with hydrogen chloride 1,2~dichloro
rropane is formed. Likewise when allyl bromide 1s reacted
with hydrogen chloride l~bromo-2-chlorec propane is formed.
The reactlen of hydrogen bromide with vinyl chloride results
in the fermatlion of 1,1-dichlorosthanc,

Hydreogen bromide or hydrogon fluoride may bhe
substltuted for hydrogen chloride in any of the above
reactlions, Thus, when reacting the allyl breomide with
hydrogen bromide, such 23 in the presence of small quantities
of ferric chleride, 1,2«dibromide propane 1s formed., In the
presence of poroxlides, hydrogen bromide may be reacted with
allyl bromide to form 1,3~dibromide propane. Similar
rosults may be obtained with vinyl bromide and vinyl
chloride. The rcaction of hydrogen bromide with butadiene

to form S-bromo-l-butens and l-bromo-Z-butenc may alse ba
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carried out In sccordence with the novel features of this
invention,

As is belicved apparent from the foregeing, the
present inventlon provides n process for manulacturing
benzene hexachloride having an exceptlonally high gamma
isomer distribution wlthout the necessity of expensive and
complicated refrigerating equipment. The recycle operation
of this process permits the preoduction of a product having
& wide variety of concentrations of benzene hexachloride
in benzene solvent without the critical disadvantage of
large gasecus phases in the feed stream and in the initial
stages of the reactor. The novel recycle feature of thse
prosent process alsoc provides [lexibillity in actual opera-
tion of the process, heretofors unattainable in prior
procegses, by providing a positiﬁe means for attainlng
optimum cperating conditions with any given process equipment
and permits variations in the operation of the preocess to
compensate for varying quantities of impurities in the
chlorine or benzene feed, thus providing a uniform benzene
hexachloride product. In addition, by virtue of the recycle
operation undesired gases such as air may be readily and
easily removed from the reactant stream instead of remalning
in the system over the total rezction period of the process.

This process alsc permits the use of a minimum
length of reaction zone, and thus maximum econcmy in reaction
eguipment, while still providing the desired and necesaary
contact time for the reactants and the advantages in heat
dissipation inherent in high mass veloclty flow of reactants

threcugh the reactor,
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as
follows:

1. A continuous process for the manufacture of benzense
hexachloride compriaing the steps of continuously reacting
benzene snd chlorine in the presence of actinlc light 1n an
excess of benzene in & first reaction zone to react between
about 70 and 95 percent of sald chlorine, and recycling a
major portion of the remction solution containing chlorine
and benzene hexachloride in benzene solvent through aaid
first reaction zone 1in & welght ratio above about L:1 relatlv
to the weight of fresh feed reactants.

2e Ths process of claim 1 wherein the portion recycled
13 in a weight ratlo of between 9:1 and 11:1 relative to the
waight of the freah feed reactants.

3. The process of olaim 1 wherein the welght ratio of
the recycled portien and of the feed ohlorine and benzene is
between about 4:1 and 20:1.

. A processa of claim 1 wherein the temperature of the
reactlon is between about 15° ~ L0° C,

S. The process according to claim 1 wherein the re-
malning portlion of the reaction solution is lntroduced into j

second zone to subatantlally complete the reaction of chlori

wlth benzene,
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