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PRODUCTION OF HYDROGEN CHLORIDE
AND SULFURIC ACID :

Alexander Redniss and Selomon Goodman, New Vork,
and Theodore Cantor, Yomnkers, N. Y., assignors to
Technical Enterprises Inc.,, New York, M. Y, a cor~
poration of New York .

Application July 19, 1955, Serial No. 523,014
6 Claims. (Cl. 23—156)

This invention relates to the production of hydrogen
chloride, and more particularly to the continucus pro-
duciion of a gaseous hydrogen chloride.

Hydrogen chloride is an invaluable chemical and re-

actant having a multitude of uses in treating, and reacting
with, other substances and the like. Many processes
have accordingly been proposed for its production, and
while a few such processes have been commercially
adopted, they are for the most part not entirely satisfac-
tory and are-disadvantageous for one reason or aonther.
Thus, the production of hydrogen chloride by direct com-
bination of chlorine with hydrogen is known, but requires

_ a source of hydrogen gas which is not always feasible,
The production of hydrogen

economically or otherwise.
chloride by reaction of a strong mineral acid with a
chloride salt, or with an aqueous solution of hydrogen
chloride are also known; the former process yields a salt
of the mineral acid of low economic value as by-product,
while the latter yields a diluted mineral acid of low
economic value as by-product. There have also been
proposed methods for reacting chlorine with water and a
reducing agent, but these are for the most part batch
processes, vield aqueous solutions of hydrogen chloride,
and/or necessitate operation in gaseous or heteérogeneous
phase.

" It is an object of this invention to provide an improved
process for the production of gaseous hydrogen chloride.
A further object of this invention is the provision of an
improved process for simultaneously producing a sulfuric
acid and gaseous hydrogen chloride. Other objects and
advantages will appear as the description proceeds.

The attainment of the above objects is made possible
by the instant invention which comprises continuously ad-
mixing and reacting with chlorine and a sulfur containing
reducing agent, water at a rate approximately its rate
of reaction with said chlorine and reducing agent, and
continuously removing gaseous hydrogen chloride and a

sulfuric acid from the reaction mixture.

The overall chemical reactions involved in the forma-
tion of hydrogen chloride from chlorine, water and a
sulfur containing reducing agent are known, and may be
depicted’ as follows: ‘

3Cl;4-S+4-4H,0—~>H;50,+6HClp
3CL+S+3H,0~CISO;H - 5HCIt
Cly+80,+2H,0-H,S0,4+2HCl4
4Clp+H3S+4-4H,0-H,S50,+ 8HClp

From the above equations, it will be evident that the
reactions employed in the instant invention simultaneously
yield both a sulfuric acid and hydrogen chloride in vary-
ing proportions depending on the particular reducing
agent taking part in the reaction, the proportions of re-
actants, and the like. Although sulfur is the preferred
reducing agent for use in the instant invention, it will
‘be seen that use of sulfur dioxide or hydrogen sulfide in-
stead will, if desired, yield relatively higher or lower
proportions of the sulfuric acid relative to the hydrogen

hloride,
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By continuously feeding into the reaction mixture a
source of water at a rate approximating its rate of re-
action with the other reactants, not only are the obvious
advantages of continuity of reaction attained, but in addi-
tion a gaseous hydrogen chloride and a concentrated
sulfuric acid are produced as compared with prior art
processes vielding aqueous solutions of hydrogen chloride
and a relatively dilute sulfuric acid. It is to be under-
stood that the term “sulfuric acid” employed herein is
intended to dlso include both oleum and chlorosulfonic
acid which are forms of sulfuric acid. As a further fea-
ture of this invention, it has been found advantageous to .
employ as the source of water, hydrocholric or sulfuric
acid containing varying amounts of water in admixture or
in combination therewith. From this aspect, the process
may be regarded as one for upgrading, dehydrating and/or
concentrating hydrochloric or sulfuric acids. Thus, when
aqueous hydrogen chloride is employed as the source of
water, it is dehydrated and the proportion of gasecus
hydrogen chloride in the products of the process is cor-
respondingly increased. When a sulfuric acid solution is
employed as a source of water, it is dehydrated or con-
centrated and the proportion of sulfuric acid in the
product of the process is correspondingly increased.
Even up to 100% sulfuric acid may be employed as the
source of water, in which case dehydration thereof during
the reaction will yield an oleum as one of the products.

. Further, by employing an aqueous hydrochloric or sul-

furic acid as the source of water, the amouni of water
reacting in'a given volume of reaction mixture at any one
time may be more easily controlled and limited to
achieve the desired results.

It will be understood that the continuous feed of the
source of water referred to herein is inclusive of addition
thereof in increments at spaced intervals., In accordance
with one embodiment of the invention, the water is intro-
duced, desirably as finely dispersed droplets, into and
preferably near the top of the reaction mixture which is
maintained at such a temperature and pressure that it
remains liquid. Operation in accordance with this em-
bodiment of the invention results in a desirable separation
of the reaction products into' different phases whereby
their recovery is facilitated. Thus, as the water settles in
the reaction mixture, it reacts with the sulfur or other
reducing agent and the chlorine rising through the re-
action mixture to form gaseous hydrogen chloride, which
bubbles to the surface and escapes, and chlorosulfonic
acid (or sulfuric acid) which settles to the bottom of the
reaction mixture as a. separate liquid phase. Accord-
ingly, use of a relatively marrow, vertically disposed re-
action vessel is advantageous in increasing the length of
travel of the reactants and reaction products therethrough,
ensuring a more complete reaction.

As the reaction proceeds, the chlorine and reducing
agent are depleted and must be replenished. In the pre-
ferred embodiment of this invention wherein sulfur is em-
ployed as the reducing agent, it has been found advantage-
ous to replenish the reaction mixture by addition thereto
of a previously prepared liquid mixture of sulfur and
sulfur monochloride, the mixture containing less than one
atomic weight of chlorine per one atomic weight of sulfur,
and to add the additicnally required free chlorine directly
to the reaction mixture at or near the bottom thereof. Al-
though the exact ratio of chiorine to sulfur in the reaction
mixture at any one time is not critical except in so far as
it should fall between about 2 and 30 atomic weights of
chlorine per atomic weight of sulfur, their depletion or
removal from the reaction mixture takes place at the
rate of 6 atomic weights of chlorine per atomic weight
of sulfur and they must be substantially continunally re-
plenished at rates which average out to this propor-
tion. The chlorine ‘is preferably fed into the lower
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part of the reaction mixture. In view of the excess
chlorine required for the reaction, the sulfur in the re-
action mixture will be predominantly in the form of sul-
fur dichloride, with perhaps a slight amount of sulfur
monochloride and no free sulfur.
ride and- dichloride in the reaction mixture react to form
the desired- product in accordance’ with the following
equations:

5Cly4-S;Cly - 8H,0-> 2H,S0, 4+ 12HCIt
2C12—'—5012+4H O—>H,80,4}6HCH
It w1ll of course be understood that the reaction mixture

may contain at any particular stage various  reacticn’

products intermediate the reactants and ‘the desired final
reactich’ products siich ‘as ‘various cxygsn containing sul-
furchlorine compounds and the like. However, all of
the intermediates react in the’ presenre of water and ex

cess chlorine to form the desired reaction products.” In

fact, the presence of the said intérmediate compounds ap-’

pears to have an “accélerating and gene allj benéficial

effect on thé course of the reaction involved in the instant’

inventicn. It will accordingly be understood that the term
“sulfur” employed herein and in the appended claims to
designate the sulfur containing reducing agent in the re-
action mixture is intended to include its compounds with
chlorine and/or oxygen and the like in which the sulfur
is not in its  highest state of oxidation. The hydrogen
chloride bubbles up to the surface of the reaction mixture
and may be drawn off direcily as a gaseous hydrogen chlo-
ride. The sulfuric acid or chlorosulfonic acid at the bot-
tom of thé reaction mixture, present as a separate liquid
phase, may likewise be contlnually drawn off and em-
ployed as such or further subjected to purification treat-
ments to remove chlorine and sulfur products, or the
like.

Still further advantages of the process of the instant
invention are based upon the flexibiblity of conmtrol and
operatlon achieved thereby, and the smaller and less ex-
pensive pieces of equipment required therefor. It will be
apparent that the reaction can be controlled, stopped
and/cr started again at will merely by controliing or stop-
ping the feed of the source of water. The chlorine and
reducing agent feed should of course also be simultaneous-
ly controlled io prevent the reaction mass from overflow-
ing and/or being disproportionated.

In another embodiment of this invention, instead of the
above described vertical reaction system, the reaction may
be carried ‘out in a continuous manner by continuously
feeding the reactants (water source, chlorine, and Hg3,
$G,, S or a liquid mixture of $ and $;Cl,) in substantially
stoichiometric ratio into one end of a relatively long re-
a,cuou vessel maintained under suitable reaction condi-
tions, and separating the gaseous hy ydrogen chloride and
the sulfuric acid reaction products at the other end of the
reaction vessel after completion of the reaction therein.
The separation is easily accomplished, for example by
gravity collection of the liquid sulfuric acid and separate
removal of the gaseous hyorocen chloride. In this em-
bodimént, the reaction vessel is preferably a horizontal
tubular reactor, although it may of course be of different
cross-secticnal configuration, inclined from the horizontal,
multi-stage, or the like.

Depending upon such factors as the desired rate of re-
action; rate and speed of throughput, character of the re-

ucing acent and source of water employed, and the like,
it may in some instances be desirable to heat or cool
and/or agitate the reaction mixture, and/or to carry out
the reaction under pressure. Thus, the attainment of
optimum results may in some cases requlre temperatures
of about ¢8° F. or mors, pressures of about two or more
atmospheres, application of a vigorous source of agitation
and/or injection .of one or more of the reactants in
atomized. or finely divided form and/or under pressure,
or.the like. The various expedients available for accom-
plishing same are well known to workers skilled in the art.

The sulfur monocchlo-
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Similarly, the reaction chamber may be baffled or packed
to increase residence time therein and ensure better con-
tact and more complete equilibrinm between the reactants.
As a still further feature of this invention, it has been
found that the effluent hydrogen chloride of the above
process may be subjected to-a purifying treatment simul-
tancously with the production of the above described
liquid feed mixture of sulfur and sulfur monschloride.
This may be accomplished by mixing the effluent gaseous
hydrogen chloride with the sulfur and sulfur mondchloride
mixturz previously prepared whereby the said effluent
gaseous hydrogen chloride from the main reaction mix-
ture is purified to a substantial extent by removal there-
from of the chlorine and other contaminants contained
thersin. At the same time the mixture of sulfur and sul-
fur monochloride is enriched in chiorine content before
being introduced into the main reaction mixture. Al-
dlough the sulfur may be directly introduced; for example
in molten or -other liquid form, into the reaction mixture,

the above described liquid mixture of sulfur and sulfur
monochloride is a highly advantageous means for feeding
the sulfur into the reaction mixture in view of its liquid
nature at crdinary temperatures, thereby avoiding the
problems which would arise from the necessity of employ-
ing a solid form of sulfur. In the event that imsufficient
chlorine is carried over in the gasecus hydrcgen chlonde
of the main reaction mixture and absorbed into the mix-
ture of sulfur and sulfur monochlorlde to liquify all the-
sulfur, additional free chlorine can be introduced into or
mixed with the sulfur-sulfur monochloride mixture to
make up for this deﬁcwncy The sulfur monochloride
formed is miscible ‘with the chiorine and sulfur over a
wide. range of composition, thereby facilitating the con-
tinuity and flexibility of the procedure.

The cffluent gassous hydrogen chicride may then bé
employed as such for whatever use it may be put to, or
it may be further purified where necessary, in any known
manner. The sulfuric acid or chlorosulfonic acid sepa-
rating at the bottom of the reaction mixture may likewise
be removed and employed as such or further pur ified.
If desired, chlorosulfonic acid products may be reacted”
with dilute sulfuric acid to produce concentrated sulfunc ’
acid and gaseous hydrogen chloride, which latter may be”
admixed with the gaseous hydrogen chloride from the
main reaction mixture.

The attached drawing is a schematic illustration of a
system which may be ernployed in carrying out the em-
bodiment of this invention involving the use of sulfur as
the reducing agent for reaction with water and chlorine’
in a vertically disposed reactor, although the invention
is not to be regarded as limited thereto. Reactor 1 is
filled at all times to level 15 with a more or less homo-
geneous mixture of chlorine, sulfur, and/or sulfur chlo-
rides, and may desirably be baffled, or filled with. glass
marbles or loosely packed glass wool in at least the lower
half thereof. It is provided with Jackets 3% and 31 for
heating or cooling purposes if required. A source of
water is introduced through pipe 16 and nozzie 17 into
and near the top of the reaction mixture, preferably in
the form of ﬁnely dispersed droplets.

The chlorine is added to the reaction ‘mixture ’mrough
pipe 28 and nozzle 21 at the botiom -of the reaction mix-
ture. Although the sulfur may be directly added to the
reaction mixture, for example in molten form or the
like, in the illustration given, the sulfur is first reacted
with chlorine to form a solution of sulfur and sulfur
monochloride.  Thus, in vesse] 2, eqmpoed with jackets
32, sulfur in molien form is passed in through plpe 6 and-
nozzle 7, and chlorine is passed in through pipe 4 and
nozzle 5. 1In this vessel, the sulfur reacts with the chlo-
rine to form sulfur monochloride. The ratio of sulfur
to chlorme employed for admixture in vessel 2 is always
greater than 1 atomic welght of sulfur per atomic weight
of chlorine so that thers is always an excess of sulfur.
The resulting mixture of sulfur and sulfur monochloride
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passes from vessel 2 through pipe 9 into the scrubbing
section 12. As will be seen, levels 10 and 11 in the
scrubbing section are substantially the same as level 8 in
vessel 2. Thus, the overflow is automatic, the sulfur and
sulfur monochloride mixture flowing from vessel 2 into
scrubber 12 of reactor 1 and from thence overflowing into
the reaction mixture below. The effluent gaseous hy-
drogen chloride from the reaction mixture bubbles up
through entrainment section 14 formed by means of a
wire screen and through the sulfur and sulfur mono-
chloride mixture in the scrubber. In the scrubber, the
chlorine contained in the effluent gaseous hydrogen chlo-
ride reacts with the excess sulfur in the scrubber to form
additional sulfur monochloride, The effluent gaseous
hydrogen chloride then bubbles up through the entrain-
ment section 13 formed by means of a second wire screen
and through the refrigerated coils 34 whereby substan-
tially all vapors, including chlorine, are condensed except
the hydrogen chloride. Entrainment sections 14 and 13
remove liquid particles from the rising vapors. Thus
purified gaseous hydfogen chloride is removed through
exit 29 and pipe 28. :

As described above, the chlorine suppiied from vessel
2 as sulfur monochloride is not sufficient to complete the
reaction. In fact, it is less than 16% of the chlorine
required to oxidize the sulfur to the sulfate stage of
oxidation. The rest of the chlorine is therefore added
directly to reactor 1 through pipe 28 and nozzle 21, as a
liquid or gas, although the pressure in reactor 1 is usually
sufficient to compress the gas to a liquid at the operat-
ing temperature. Reactor 1 -contains an excess of chlo-
rine over that required to oxidize all the sulfur in re-
.actor 1 to the suifate stage of oxidation.  This condition
is desirable in that it prevents the formation of sulfur
dioxide which would be an undesirable contaminant of
the hydrogen chloride. Chlorine is added to reactor 1
continuously or at intervals to maintain an excess. This
excess may be maintained by starting with an excess of
chlorine in ré4ttor 1, and adding chlorine at a rate such
- that the total amount of chlorine entering reactor 1 and
vessel 2 is related to the sulfur entering vessel 2 accord-
ing to the ratio of about 6 atomic weights of chlorine to
one atomic weight of sulfur, as described above. It
should of course be borne in mind that the above men-
tioned excess of free chlorine in the reaction mixture in
reactor 1 should be kept low so that the partial pressure
of chlorine over the reaction mixture is low. If all the
sulfur is added to reactor 1 as a mixture of sulfur and

sulfur monochloride, or as liquid sulfur, to the scrubber

12, the amount of chlorine which is to be scrubbed out
of the effluent gaseous hydrogen chloride must be kept
within the absorptive capacity of the free sulfur in the
scrubber, which is somewhere between 1 .and 2 atomic
weights of chlorine per atomic weight of sulfur. The
same applies to the use of hydrogen sulfide or sulfur
dioxide as the reducing agent with even greater force,
to minimize the amount of sulfur which is introduced as
sulfur or sulfur chioride, and which would enter the
reactor through the scrubber 12.

As shown in the drawing, the chlorosulfonic acid forms
a separate phase having an interface 22 at the boitom
of the reactor 1. The chlorosulfonic acid is removed
through exit 24 and pipe 23 and may be employed as
such although as illustrated, it is passed into converter 3
equipped with jacket 33 where it is reacted with water
in the form of dilute sulfuric acid which is also added
into the converter through pipe 26 and nozzle 27. The
chlorosulfonic acid is thus converted by reaction with
the water in the dilute sulfuric acid to sulfuric acid and
gaseous hydrogen chloride. The sulfuric acid thus formed
is withdrawn through pipe 25 at the bottom, while the
gaseous hydrogen chloride is passed through loop 19 and
nozzle 18 into the main reaction mixture in reactor 1 to
. be admixed with the gaseous hydrogen chloride bubbling
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up through the scrubber sectiom, ¢nirdinment sections,
and refrigerating coils.

The following example, in which parts and propor-
tions are by weight unless otherwise indicated, is merely
illustrative of one embodiment of the instant invention
and is not to be regarded as limitative.

Example

Into a vertical, iron tube reactor is charged a mixture
of 103 parts of sulfur dichloride and 20 parts of chlorine.
The mixture is heated and maintained at 90 deg. C., and
pressurized at 150 p. s. i. with hydrogen chloride.

A 90% sulfuric acid solution is injected in the form
of finely dispersed droplets into the upper part of the
mixture at a rate of about 13.5 parts per hour. As the
reaction rate increases, chlorine is injected into the bot-
tom of the reactor at the rate of about 7 parts per hour.
1.8 parts of sulfur, as a liquid mixture of sulfur and
sulfur monochloride, per hour is injected into the upper
part of the reaction mixture, and hydrogen chloride gas
begins to bubble out of the reaction mixture at a rate of
about 4 parts per hour. The theoretical yield is about
4.2 parts per hour. .

After about 2.5 hours of operation; chlorosulfonic acid .
forming a separate liquid phase at the bottom' of the
reactor is continuously withdrawn at a rate of about 21
parts per hour. This is reacted with aquecus sulfuric
acid to give about 6 parts of gaseous hydrogen chloride
per hour, in addition to more concentrated sulfuric acid.
The effluent hydrogen chloride gas withdrawn at the top
is scrubbed with a liquid mixture of 135 parts of sulfur
monochloride and 30 parts of sulfur. Moiten sulfur is

.added to this scrubbing mixture at the rate of about 1.8

parts per hour, and additional chlorine as required to
maintain the mixture liquid. The scrubbed gaseous hy-
drogen chloride is then purified with 2 liquid, high boiling
aromatic hydrocarbon cooled by ice water, as described
in U. S. Patent No. 2,028,087. The scrubbing mixture is
continuously fed into the upper part of the reaction
mixture at a rate sufficient to provide about 1.8 parts of
sulfur per hour.

While the above description has been restricted in its
most specific aspects to a process wherein sulfur is em-
ployed as the reducing agent, it will be understood that
the process of this invention may also be employed with
sulfur dioxide or hydrogen sulfide as such reducing agent,
with of course appropriate changes in the size or shape
of equipment or location of the various feeds, hookups,
and/or draw-offs necessitated by changed relationships in
densities and propertions of reactants and the reaction
products and the like. Such changes may be made by
those skilled in the art without departing from the scope
of this invention. '

This invention has been disclosed with respect to cer-
tain preferred embodiments, and various modifications
and variations thereof will become obvious to persons
skilled in the art. It is to be understood that such modi-
fications and variations are to be included within the
spirit and purview of this application and the scope of
the appended claims.

What we claim is:

1. A process for the continuous production of sulfuric
acid and gaseous hydrogen chloride, which comprises con-
tinuously feeding into a reaction zone, which is at such
a temperature and pressure as to maintain the reaction
medium therein in liquid state, chlorine, a liquid mixture
of sulfur and sulfur monochloride, and water at a rate
approximating its rate of reaction with said chlorine,
sulfur, and sulfur monochloride, and continuously remov-
ing gaseous hydrogen chloride and a member of the group
consisting of sulfuric and chlorosulfonic acids from the
reaction mixture. _

2. A process for the continuous. production of sulfuric
acid and gaseous hydrogen chloride, which comprises con-
tinuously feeding into a reaction zone, which is at such
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a temperature and pressure as to maintain the reaction
medium therein in liquid state, chlorine; a liquid mixture
of sulfur and suifur monochloride, and water at a rate
approximating its rate of reaction with said chlorine,
sulfur,. and sulfur monochloride, removing and admixing
the effluent gaseous hydrogen chloride with a liguid mix-
ture of sulfur and sulfur monochloride, and feeding the
resulting liquid mixture of sulfur and sulfur monochic-
ride into said reaction zone.

3. A process for the continuous production of sulfuric
acid and gaseous hydrogen chloride, which comprises con-
tinucusly feeding into a reaction zone, which is at such
a temperature and pressure as to maintain the reaction
medium therein in liquid state, chlorine, a liquid mixture
of sulfur and sulfur monochloride, and aqueous sulfuric
acid at:a rate approximating its rate of reaction with said
chlorine, sulfur, and sulfur monochloride, and continu-
ously removing gaseous hydrogen chloride and a member
of the group consisting of sulfuric and chlorosulfonic
acids from the reaction mixture.

4. A process for the continuous production of sulfuric
acid ‘and gaseous hydrogen chloride, which comprises con-
tinucusly feeding into a reaction zone, which is at such
a temperature and pressure as to maintain the reaction
medium therein in liquid state, chlorine, a liquid mixture
of sulfur and sulfur monochloride, and aqueous sulfuric
acid at a rate approximating its rate of reaction with said
chlorine, sulfur, and sulfur monochioride, removing and
admixing the effluent gaseous hydrogen chloride with a
liquid mixture of sulfur and sulfur monochloride, and
feeding the resulting liquid mixture of sulfur and sulfur
monochloride into said reaction zone.

5. A process for the continous production of sulfuric
acid and gaseous hydrogen chloride, which comprises con-
tinuously feeding into a reaction zone, which is at such a
temperature and pressure as to maintain the reaction
medium therein in liquid state, chlorine, a liquid mixture
of sulfur and sulfur monochloride, and a member of the
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group consisting of water; aqueous hydrogen chloride,
and aqueous sulfuric acid at a rate approximating its
rate of reaction with said chlorine, sulfur, and sulfur
monochloride, and continuously removing gaseous hydro-
gen chloride and a member of the group comnsisting of
sulfuric and chlorosulfonic acids from the reaction
mixzture.

6. A process for the continuous production of sulfuric
acid and gassous hydrogen chloride, which comprises con-
tinnously feeding into 2 reaction zone, which is at such
a temperature and pressure as to maintain the reaction
medium therein in liquid state, chlorine, a liquid mixture
of sulfur and sulfur monochloride, and a member of the
group consisting- of water, aqueous hydrogen chloride;
and agueous sulfuric acid at a rate approximating its
rate of reactiom with said chlorine, sulfur, and sulfur
monochloride, removing and admixing the effluent gaseous
hydrogen chioride with a liquid mixture of sulfur and
sulfur monochloride, and feeding the resulting liquid
mixture of sulfur and sulfur monochloride into said re-
action zone. ’
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