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This invention relates to a method for drying
chlorine gas and more particularly relates to the
removal by refrigeration of relatively small
amounts of water from chlorine gas, which re-
frigeration is conducted in the presence of an in~
hibitor of the formation of solid chlorine hydrate.

The classical method for drying a gaseous mix-
ture comprising chlorine, for example, that ob-
tained from the electrolysis of an agueous solu-
tion of sodium chloride, consists in passing the
gas as obtained from the electrolysis and con-
taining substantial quantities of water vapor,
through a heat exchanger wherein the gas is
cooled to a temperature below the dew point for
the amount of water vapor therein but above the
temperature at which a solid chlorine hydrate
forms, i. e. within the range of 10° to aproxi-
mately 35° C., suitably at about 15° C., fo remove
the bulk of the unwanted water, and subsequent-
1y passing the gas in countercurrent contact with
a cooled discontinuous stream of concentrated
sulfuric acid (95% to 99%) to remove substan-
tially all of the remaining water.

Care must be exercised in the initial cooling
step in order to prevent the formation of a solid
hydrate of chlorine which forms at about 9.5° C.,
since such solid hydrate forming in the heat ex-
changer would necessarily interrupt what is oth-
erwise a continuous partial drying operation. The
subsequent step of passing the partially dried
gaseous mixture, containing relatively -small
quantities of residual moisture, in countercurrent
contact with concentrated sulfuric acid effects
~ the final separation of all but the last minute

traces of water from the mixture to the extent 3!

that the dried gas contains water only in amounts
of the order of 1 to 2% milligrams per liter.
‘While this method effectively dries the chlo-
rine and is widely commercially used, it has the
disadvantage of requiring the handling and stor-
age of considerable guantities of concentrated
sulfuric acid as well as necessitating the purifica-
tion, disposal, or further use, of the acid upon
its becoming diluted to the extent that the vapor
pressure of the water in the acid reaches a point
beyond which an undesirable amount of water
remains associated with the chlorine gas.
Drying of chlorine by cooling impure relative-
ly wet gas to a temperature somewhat above the
boiling point of chlorine but below the tempera-
ture at which the chlorine hydrate is normally
precipitated has not heretofore been practiced
principally because the accumulation of the solid
hydrate upon condenser surfaces eventually re-
sults in complete stoppage of the condenser ap-
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' paratus and consequent interruption of the dry-

20

26

30

40

ing process. Moreover, when it is attempted to
obtain dry chlorine gas by decomposing the hy-
drate at its melting point, the gas evolved dur-
ing - the decomposition of such hydrate neces-
sarily carries with it an amount of moisture pro-
portional to the partial pressure of water at the
decomposition temperature. Hence, the product
of such decomposition must be subjected to fur-
ther drying before a usefully dry product is ob-
tained.

The method of the present invention includes .

the steps of introducing a small proportion, rela-
tive to the amount of watér vapor therein, of an
inhibitor eomprising” hydrogen chloride into a
gaseous mixture comprising chlorine, cooling the
thus augmented gaseous mixture to a tempera-
ture above the boiling point of chlorine, i. e.
—34° C. at atmosphere pressure, and below the
dew point of the water vapor and hydrogen
chloride present, and separating the gas phase
from the liquid condensate formed during the
aforesaid cooling step.
* In practicing the method of the present inven-
tion, the chlorine containing gas stream from
which it is desired to remove substantially all of
the water moisture may be obtained from any one
of several suitable sources. Examples of such
gas mixtures are the gases issuing from elec-
trolytic cells employed in the electrolysis of sodi~
um chloride brine in the commercial production
of caustic soda and chlorine from sodium chlo-
ride, the effiuent gases from a reactor in which
HCI1 is.oxidized to elemental chlorine and water,
as in the Deacon reaction, effuent gases issuing
from the chlorination of organic materials, such
as the efluent gases issuing from the chlorina-
tion of a paraffin hydrocarbon, which gases may
contain appreciable quantities of elemental chlo-
rine which it is desired to: recover substantially
free from water moisture, or any other convenient
elemental chlorine containing mixture., )

Where the source of the chlorine containing
gas Stream from which water vapor is to. be
removed is the gas stream issuing from electro-
Iytic cells employed in the electrolysis: of ‘brine,
or from a Deacon process type reactor, the dry-
ing may suitably be carried out by initially cool-

~ing the gas stream to a temperature-slightly
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above that at which a solid chlorine hydrate is
normaly formed, i. e. 10° €., separating the gas-
eous chlorine from the liquid condensate, and
subsequently admixing the partially dried chlo-
rine containing gas stream with a relatively
small proportion of hydrogen chloride sufficient
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to combine with the remaining water vapor to
form, upon condensation, a hydrochloric acid
solution and thus prevent the formation of solid
chlorine hydrate.  The initial cooling procedure
allows for the removal of most of the water
moisture contained in the gas prior to admixing

hydrogen chloride therewith to effect the final-

drying at substantially lower temperatures, i. e.
temperatures of the order of —30° to 0° C., and
thus the greater amount of water moisture may
be removed from the gas by the cheapest possible
cooling means, i. e. water from either under-
ground or surface sources; low temperature re-
frigeration is accordingly required only for the
removal of the relatively small residual amounts
of water contained in the gas.

For example, where the chlorine containing gas
to be dried is obtained from a commercial opera-
tion for the electrolytic production of chlorine by
the electrolysis of sodium: chloride brine, the
gases issuing from the cells are at a temperature
of the order of 28° C. and.are saturated with
water vapor, the remainder of the gases in the
mixture comprising substantially 95% elemental
chlorine and approximately 5% atmospheric
gases. - Where the initial cooling step is effected
by means of surface water whose tembperature
may vary seasonally from [13°'C.} 3° C. w0 ap-
proximately 30° C., such -cooling will reduce the
water moisture contained in the gas mixture to
a point within the range of approximately 1.5%
to 4.25% by volume. After separating the chlo-
rine containing gas from the liquid condensate
obtained in this initial cooling step, a relabtively
small low-temperature differential  across -the
refrigeration cooler effects sufficient further cool~
ing of ‘the gas to condense substantially all of
the water moisture.
in ‘an amount to produce in the gas system an
equivalent of 13% to I30% % 35.48% hydrochloric
acid therein, i. e. from'0.15 to 0.55.0f the weight
of the water vapor remaining in the gas, com-
pletely inhibits the formation of chlorine hy-
drate and thus permits the refrigeration removal-
of residual water. !

In the recovery of dry chlorine from the efflu~
ent gases issuing from a process wherein a hydro-
carbon material “is chlorinated with elemental
chlorine, the method of the present invention is
particularly effective in that it is readily inte-
grable with a process for the recovery of agueous
HCI wherein conditions for the ahsorption of
HCL in water are so controlled that suitable
amounts of HCI escape with moist chlorine con-
taining gases issuing from the absorber; and in
that such gases may be cooled to the desired
. temperature below 0° C. without the necessity for
adding HC1 thereto,

In order that those skilled in the art may
better understand the method of the present in-
vention and by what means the same may be
carried into effect, the: followmc specific exam-
ples are offered:

EXAMPLE I

Two glass tubes.are fitted through a rubber
stopper into the neck of an Erlenmeyer flask,
into one of ‘which tubes a glass wool: plug is.in~
serted at the level of the. rubber stopper to act
as an entrainment separator; this-apparatus is
inserted ‘into a four-inch glass tube having a
blind flange at one end upon which the Erlen-
meyer flask with its fittings are supported.. The
~ remaining free space within the four-inch tube
is filled with ethyl alcohol. . Carbon dioxide snow

Hydrogen chloride added-
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, : 4 . :
is added to the hody of alcohol from time to
time until the temperature of the gases within
the glass tubes has reached arbitrarily chosen
points within the range of —25° .C. t0.0° C. as
noted below.

The effluent gases from a chlorinator in which
paraffin is chlorinated in solution in carbon tet-
rachloride, are passed through a water scrubber
to remove substantially all of the hydrogen chlo-
ride, together with most of the carbon tetra-
chloride-in such gases. The gas issuing from the
scrubber is of the followmc approximate anal-
ysis:

Mol percent

Alr e 57.6
Cl8 e e e e 24.6
HOl o e e 1.35
HoO i 345
CCla ... 130

Total o e i 100.00

The gas is passed through the glass tube hav-
ing an . unobstructed passageway and into the
Erlenmeyer flask, from which it then passés
through the glass. tube in which the glass wool
plug hs;s_been inserted, both of the tubes being
immersed in the cold alcohol. The gas’ issuing
from the apparatus is then conducted to.a mag-
nesium perchlorate drying tube:

“The temperature of the alcohol bath sur-
rounding the glass tubes and the Erlenmeyer
Hask is so adjusted that the temperature -of the
gases therein is varied from a minimum of —25°
C. to a maximum of approximately 0° C. Within
this temperature range, a liquid condensate forms
within the entry tube which condensate drains
into the Erlenmeyer flask. The exit gases from
the Erlenmeyer flask passing through the en-
trainment separator are found, when the tem-
perature of the cooled gases is allowed to rise
a§ high as 0° C,, to contain a maximum of 2.5 mgs.
of water mmsture per liter of gas, as determined
by absorption in magnesium perchlorate. - At
the minimum temperature of --25° ¢, the
amount of moisture in the gases issuing from the
cooling unit is found to be of the order of 1 mg.
per liter. Within the above noted temperature
range, no solid hydrate of ¢hlorine is formed.

EXAMPLE II

'The efluent gases issuing from electrolytlc
cells used in the commercial produc tion of chlo-
rine and caustic soda by electrolysis of a sodi~-
um’ chloride brine are initially passed through
a water-cooled condenser wherein the temper=
ature of the gases 'is reduced to approxi-
mately 13° C. at which temperature a lquid
condensate comprising - water and a relatively
small amount of chlorine separates from the
gaseous mixture. The gas phase is separated
from the liquid condensate and subsequently
passed to a mixer, wherein an amount of HCl
equivalent to approximately 0.149% of the vol-
ume. of the gas phase is added thereto; the
amount of water in the gaseous mixture at this
point is calculated to be of the order of 1.5%
by:volume, giving a weight ratio of HCl to wa-
ter of 1:18.5.. Thereafter the gaseous mixture
of chlorine, water, and hydrogen chloride is
pbassed through a refrigeration cooler similar to
that employed in Example ‘I above Wherem the
mixture is cooled to temperatures varying w ithin

. the range of —25° C,-to'0° C., within which range
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the amount of water mmsture remaining in the
gas phase is found not to exceed 215 mgs, ‘per
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liter of gas when determined by the magnesium
perchlorate absorption method.

As it is apparent and well known that the
solid chlorine hydrate, the formation of which
in drying of chlorine it is the principal object of
the present invention to avoid, forms at about
10° C., and as it is further clear that any cool-
ing below this temperature, which can he
effected without the disadvantageous formation
of the solid chlorine hydrate, will result in more
efficient drying and will approach and ultimately
surpass the efficiency and especially the conven-
jence of the sulfuric acid system, the present in-
vention includes the drying of chlorine in the
presence of any quantity of hydrogen chloride at
temperatues below 10° C. As noted above, the
preferred conditions include treatment with HCI
in an amount from 0.15 to 0.55 of the weight of
water present in the gas mixtures at tempera-
tures between —25° and 0° C.

While there have heen described various em-
bodiments of the invention, the methods de-
seribed are not intended to be understocd as
limiting the scope of the invention as it is real-
ized that changes therewithin are possible and
it is further intended that each element recited
in any of the following claims is to be under-
stood as referring to all equivalent elements for
accomplishing substantially the same results in
substantially the same or eguivalent manner, it
being intended to cover the invention broadly in
whatever form its principle may be utilized.

What is claimed is:

1. The method of drying chlorine contained
in a gaseous mixture comprising chlorine as the
prineipal component, which includes the steos of
introducing a small proportion, relative to the
amourt of water therein, of hydrogen chloride
into said mixture, cooling the thus augmented
gas mixture to a temperature hetween about -+ 8°
and about —34° C. and below the dew point of
the water vapor-hydrogen chloride mixture, and
separating the gas phase from the condensate
formed during the aforesaid cooling step.

2. The method of obtaining anhydrous chlo-
rine from a gasedus mixture comprising ele-
mental chlorine as the principal component,
which includes the steps of introducing hydrogen
chloride into said mixture in an amount sub-
stantially within the range of 0.156 o 0.55 of the
weight of the water vapor in said mixfure, cool-
ing the thus augmented gas mixture to a_tem-
perature between about -9° and about —34° C.
and below the dew point of the water vapor-hy-
drogen chloride mixture, and separating the gas
phase from the condensate formed during the
aforesaid cooling step.

3. The method of obtaining anhydrous chlo-
rine from a gaseous mixture comprising elemen-
tal chlorine as the prinecipal component, which
jncludes the steps of initially cooling said gas
mixture to a temperature above 10° C. but below
the dew point for the amount of moisture in
said mixture, separating the gas phase from con-

10

15

20

25

30

40

45

50

55

60

23,690

6

densate which forms during the aforesaid ccol-
ing step, subseduently introducing a small pro-=
portion, relative to the amount of water vapor
remaining in said mixture, of hydrogen chloride
thereinto, cooling the thus augmented gas mix-
ture to a temperature between about 4-9°. and
about —34° C. and below the dew point of the
water vapor-hydrogen chloride mixture, and sep-
arating the gas phase from the condensate,
formed during the second cooling step. : :

4. The method of claim 3 in which the amount
of hydrogen chloride introduced into said gas
mixture prior to the second cooling step is sub-
stantially within the range of 0.15 to 0.55 of the
weight of the water vapor therein.

5. A method of drying chlorine contained in @
gaseous mixture comprising chlorine as the prin-
cipal component, which includes the steps of
cooling the gaseous mixture to a temperature be-~
tween about +9° and about —34° C. in the pres-
ence of aqueous hydrogen chloride in an amount
to produce an equivalent of 13% to about 35.5%
hydrochloric acid, and separating the gas phase
from the condensate formed during the aforesaid
cooling siep.

6. The method of drying chlorine contained in
o gaseous mirture comprising chlorine as the
principal component, which includes the steps of
introducing inio said mixiure an amount of hy-
drogen chloride in the presence of water to pro-
duce an equivalent of 13% to about 35.5% hydro-
chloric acid, cooling the thus augmented mixiure
0 a temperaiure between about +9° and about
—34° C,, and separating the gas phase from the
liguid phase during the eforesaid cooling step.
7. The method of drying chlorine contained in
a gaseous miziure comprising chlorine as the
principal component, which includes the steps of
introducing into said mixture an amount of hy-
drogen chloride in the presence of water to pro-
duce an equivalent of 13% to about 35.5% hydro-
chloric acid, cooling the thus augmented mixture
o ¢ temperature beitween about +9° and about
—34° C. and below the dew point of the water
vapor-hydrogen chloride mixture, and separating
the gas phase from the liguid phuase during the
aforesaid cooling step.
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