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INTRODUCTION

Chlorine is finding an increasing number of
uses annually, and production of the element is
steadily inéreasing.

It is of significance to note that, even in
these times of economic stress when nearly all
industries have reduced production to a minimum,
the output of chlorine is greater than ever before
in 1ts history.>

Conseqguently, the economical production of
chlorine becomeg a problem worthy of serious considers-
tion. |

At pregent the snnual production of the element
in Americe is more than thirty thousand tons, two-thirds
of which is used in the bleaching of paper pulp, ten per
cent in water purification, and about seven per cent in
laundry bleaching., Until recent years it was used in
combination with lime as bleaching powder. However,
there is now practically no demand for this product,
and the element is being liguefied and hendled in steel

eylinders.a

1. Birmingham News, July 2, 1931, "Merket Letter™.
2. Holmes, H. N., General Chemistry, vp. 166-167.




Chlorine is also used in the chlorination of
organic compounds. It is interesting to note that in
such a reaction only one atom in each molecule of chlo-
rine combines with the compound being treated, the other
atom uniting with hydrogen to form hydroechloric aeid.l
It is possible that a way to utilize the aeid thus
formed may be found in the results of this study.

In the past many chemigts have been attracted
by the_inherent pogsibilities in the oxidation of
hydrochloric acid by atmospheric oxygen as a means
of evolving chlorine cheaply., It was along this line
of thought thet such men‘as Oxland, Vogel, Thibierge,
and Binks proceedeﬁ.2 It remsined for Henry Deacon,
however, to establish s process that could be classi-
fied as a techn}e&lly‘satisfactory industry. He
presented his process to the chemical industry in
1868°,

The genersal ides seems to be that there is no
better catalyst for the process than the one used by
Deacon. As an indication of this thinking the follow-
ing statement is taken in whole from Thorpe's Diction-

ary of Applied Chemistry,%

1. Holmes, H. N., General Chemistry, pp. 166-167,

2. Teylor, Hugh S., and Rideal, iriec X., Catalysis in
Theory and Practice, pp. 99-104.

3. Thorpe, T. HE., Dictionary of Applied Chenmistry,
Vol. 1, p. 519, '

4, Ibid.




"From a disgram by Hurter, showing the
affinity of technically available
elements for oxygen, chlorine, and
hydrogen, it appesars that no other
metal than copper forms two oxides
and two chlorides in which the com-
bination is of so loose a character.

"It is therefore almost a certainty
that a cheaper and more efficient
catalyst cannot be found, and that
the Descon process is the best for
the direct conversion of gaseous
hydrogen ehloride into free c¢hlorine.”

However, it is the purpose of this study to
follow closely the principles of leacon's process
but using different catalysts and different tempera-
tures, if needed, in the hope of finding a practical
substitute for the salts of copper.



CHAPTER I
A REVIEW OF DEACON'S PROCAESS

Sinece, in many instances, the steps involved
in this investigation are similar to those empléyed
by Henry Deacon spasce is allowed for a review of the
process that bears his name.

Ludwig Mond says of Deacon, "hecause of his
process, its simplicity and beauty, the name of Henry
Deacon will ever be famous in the amnnals of indus-
trial chemistry".l There is little doubt but that
Deacon was successful in offering an entirely prac-
tical method for obtaining chlorine that would
gserve in the manufacture of bleaching powder, and
at the same time wasvdoubtlass the most economical
process known.

To put it briefly, the process was founded on
the fact that a mixture of hydrogen chloride and
oxygen in contact with certain catalyets, and at a
temperature just below red heat would react to form
chlorine and water.>

Deacon found the salts of copper to be the
most effective catalysts in his work; In such s

reaction cupric chloride ig used. The cupric

1. Thorpe, 7. ., Dictionary of Applied Chemistry,
Vol. I, p. 519. , '
2. Ibid,
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chloride breaks up into cuprous chloride and chlorinse.
The cuprous chloride combines with oxygen to form
oxychloride, and this again acts upon the hydrogen
chloride, yielding water and reforming cupric chloride.
The reaction can then start again.l
‘However, there seems to be a bit of confusion
as to what the theoretical yvield of chlorine should
be, 4According to the explanation given above, 2ll
of the hydrogen chloride would be converted into chlo-
rine snd the proportionate amount of water, but in
praefice, as Thorpe says, "under the most favorable
conditions only & 1little more than half of the hydro-
gen chloride is decomposea."g
A seemingly conflicting statement is made by
Kbndall.z He says,
"When the mixture of gases ig passed
over the heated mass, steam, chlorine,
and about twenty per cent of un-
changed oxygen and hydrogen chloride
igsue at the other end. Longer heat-
ing does not alter the proportion of
the materials transformed.
"That eighty ver cent is changed
and twenty per cent unchanged is
due to the fact that the reaction is
reversible, No more than twenty per
cent of the hydrogen chloride remains
unchanged beceusge it seems that an

equilibrium exists sueh that the
ratio remains the same,"

1. Thorvpe, . &, Viectionary of Applied Chemistry,
Vol. 1, p. 520. .

2. Ibid.

3. Smith, Alexander, Inorganic Yhemisgtry, revised by
James Kendell, p. 265,




Prom the last three paragraphs it will be seen
that certain chemists are not in accord as to just
what yield is possible by Ueacon's process. Thorpe,
as gtated above, suggests that theoretically onse
hundred per cent of the available chlorine would be
liverated. Kendall, on the other hand, in his

Inorganic Vhemistry, makes the statement that it is

impossible to obtain more than eighty per cent of the
gas from a given quantity of hydrogen chloride,

Perhaps some chemist hag already made an inves-
tigation‘of which we are not aware, but if not it
would seem that there is muech to be lsarned concern-
ing the exact resction conditions involved in Deacon's
process, Until then we are forced to accept the yield
found in aetual practice as being indieative of the
nltimate possibilities so long as the same catalysts
and temperatures are employesd.

Deacon found that pure oxygen gave a better
yield of chlorine than when used in atmospheric
mixture, but the additional efficiency was not great
enough to justify the added expense. For this reason
hig process was developed in such a manner as to use
only atmosphseric oxygen.

| Deacon found by experiment thet the yield of

chlorine was best when four parts of air by volume

combined with one of hydrogen chloride. An excess



of air was found to be less injurious than a lack of
it, in which case deéomposition fell off rapidly.

mxperiment also proved that the groceSS worked
more efficiently when the gaseous hydrogen chloride
was dried before entering the decomposing chambers.
Sulphuric acid in concentrated form was used for this
puUrpose.

After the gas was dried it was heated to sbout
five hundred degrees before passing into'the decom=-
poser, The heating apparatus was a furnace sixteen
feet by sixteen feet, in which were twenty-six
vertieal pipes, twelve inches wide and nine fest high,
"econnected like the 'breeches pipes' in the blast-
heating stoves, formerly used in iron werks".l

The decomposer had no heat of its own, but
was supplied by the waste heat from the furnace.

It was an upright cast-iron cylinder, twelve to fif-
teen feet wide, It contained a eylindircal ring of
broken bricks, supported by two cylindriecal cast-

iron rings of shutters placed concentrically one

within the other. The gases entered from the outside
at the circumference, and passed geross the decomposing
mess into the inner space, and were led away through

s pipe. <Lhe annular space between the shutters was

1. Thorpe, ¥, 4,, Dictionary of Applied Chemistry,
vol. 1, p. 520.




three feet wide, and was divided into six compart-
ments, one of which was emptied every ten days. This
was accomplished by means of discharging doors below
the cylinders. Fresh decomposing meterial was then
thrown in from sbove. %Yhis material consisted of
broken bricks dipped in a solution of cupric chloride,
This mass lost its decomposing properties after about
ten weeks and had to be replaced.

The temperature in the decomposer was held
within the range between four hundred eighty and five
hundred degrees.

After the gases had left the decomposer they
consisted of 2 mixture of hydrogen chloride, frese
chlorine and steam. In the average case about one-
half of the hydrogen chloride was oxidized, sometimes
the yield would be a little better.

The hot exit gases were cooled by passing through
3 long string of earthenware pipes and freed from
ﬁyéregea chloride by washing with wéter in ordinary
acid condensers, consisting of stone towers filled
with coke, combined or not combined with acid cisterns,

Woulff's Jjars, etec.



Other Contact Substances that have been Used in the
Procesgs by VYeacon,

Lamy, in 1873, made an investigation of the
mutual action of hydrogen chloride and oxygen inkthe
presence of certain metallic compounds. They were
copper, iron, manganese and chromium. He found the
copper salis, as used by Deacon, to be more effective
, then the others.t
i In 1855, Thibierge, proposed the use of ferric
chloride, or chromic oxide. <hese have not had any
practical success.

Nickel oxide was proposed by Tudwig Mond, 1886,
He passed hydrogen chloride over hested nickel
oxide, The product was then exposed to dry and
heated air, and nickel oxide was again formed and
chlorine given off.

Bone~black has been used as a poseible substi-
tute, only in an experimental capacity, for the
copper sslts now employed.l

C. %, Kingzett worked in this capascity with
magnesium chloride, and obtained very satisfactory

results.g

i»\

1. Thorpe, “. 4., Victionary of Applied Chemistry,
P. S522. )

2. Kingzett, U, Y., The Journel of the Society of
Chemical Industry, April 30, 1888, pp.286-689.
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CHAPTER IXI
DESCRIPTICN OF EXPERIMANTAL PROCEZDURE

The first step was to design laboratory appara-
tus that could be used to oxidize hydrogen chloride
according to Deacon's process. Briefly,’it consisted
of a hydrogen chloride generator, a gquartz combustion
tube, and an eleetric furnsce eontrollad by a cali-
brated rheostat. 4An arrangement was included whereby
the exit gases from the combustion tube could be
collected for analveis.

The writer, in order to familisrigze himself
with the workings of the process,carried out
several experiments, following closely the methods
of Weacon, using the same catalysts and temperatures,

After these preliminaries the work proceded
with the idea in mind of using a number of catalytic
subgtances over a wide range of temperatures in the
hope of finding one that could be successfully
substituted for the copper salts formerly employed.

In the beginning a small combustion boat was
filled with the catalyst to be used and then placed
in the quartz tube. <+hen hydrogen chloride, mixed
with atmospheric oxygen, was passed over the mass and

the gases issuing at the other end passed directly

into a solution of potassium iodide containing
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starch., Any chlorine liberated wounld replace the
iodine, forming potassium chloride and setting the
iodine free. <The reaction between the iodine and
starch, indicated by the resulting purple color,
wounld indirectly show the presence of chlorine.

The starch test was necessary only insofar
as 1t furnished a more sensitive indicating reaction
than if the color of the free iodine itself had been
depended upon. Of course, the starch was needed
in solution only when it was desirable to know pogitive-
1y whether or not a certasin substance did or did not
serve in any degree as a catalytic agent.

Cuprie chloride was used first. A small com-
bustion boat was impregnated with it and heated to
8 temperature of about four hundred fifty degrees.
Immediately after the mixture of ailr snd hydrogen
chloride came in contact with the cuvprie chloride
the starch-potassgium iodide golution showed a dark
purple color, marking the presence of chlorins.

The ssme results were obtained with other
metallic compounds. Among them Wére, galts of iron,
manganese, and magnesium. Oxides of nickel and
chromiunm were employed with positive results. Rone-

bleck was found to be effective, nlso.
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To inecresgse the yield of chlorins, two com-
bustion boats, instesd of one, filled with the
catalytic subastance being used was placed in the
quartz tube, and an immediate deepening of the
iodine color (the use of starch having beern discon-
tinved at this point) indiecated =n increased produc-
tion of chlerine,

From this point on the work was carried on
guantitatively. The technique employed will not be
entered into here, but is placed in the chapter

presenting ANALYTICAL PROCEDURZ AND QUANTITATIVE RE-

After increasing the amount of the catalytie
material being used, and obtaining increased yilelds
of cehlorine, a study of the other varisbles entering
into the pyrocess was made,

Of course, it will be recognized that the
chlorine yield must have been very small, perhaps
not more than five ver cent when the first little
combustion boat with its charge of cupric chloride
was placed in the quartz tube and heated to the known
optimum temperature. And, since records show that as
much as half of the available chlorine might be obtsin-

ed under favorable conditions by Deacon's process, it

was evident thet seversl factors would have to be
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altered and controlled.

It was thoﬁght that if a thorough study were
made in the beginning, time would be saved, because
it wounld s%and to reason that if a new catalytiec
substance shonld be encountered there would be cer-
tain things affecting it in common with those already
tried,

Ixperiment has shown that the presence of
moisture has sn adverse effect on the yield of
chlorine, bringing about a reduction of from three
to six per cent, depending on the amount of water
vapor permitted to enter the apparstus. For this
reason the water factor was controlled by inserting
sulphurie acid‘drying bottles into the line of appara-
tus to thoroughly dry the gases before they passed
over the catalytic mass.

A method whereby the amount of hydrogen chloride
‘mixing with the atmospheric oxygen could be approximat-
ed had to be brought into play. This was sccomplished
by meang of = large bottle of air fitted with a sepa-
ratory funnel in such a manner that water could be
used to force the air from the bottle into a flask
to be mixed with the hydrogen chloride before entering
the furnace. A detasiled discussion of the apparatus
used will be found in the chapter given to is descrip-

tion,
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Tables found in another part of this paper will
show 2 direct relationship in Descori's process between
the amount of air used and the yield of chlorine, An
excess of air was found to give better results than
an émounﬁ that would theoretically be enough to carry
the chemical reaction to»an end.,

After using'combusfion boats to carry the cata-
lyst it was suggested that perhaps the amount of
catalytic surface exposed had a direct bearing on
the yield of chlorine. This was soon found to be
true, and methods for increasing the exposed surface
to a maximum were sought.

Impregnating asbestos with the catalyst was hit
upon. <Lhe tube would then be filled with the mass,
and it was in this mannér that a yield of chlorine
was effected that most nesrly spproached in per cent
the commercisl results, using, of course, cupric
chloride.

Then asbestos alone was tried.’ At the usual
temperatures there was no reaction, but when raised
to bright red heat it was found that the oxidation
of hydrochloric acid was effected. The per cent of

decomposition would not go higher than seventeen.
However, this was to be considered gignificant. And

from then on the work deslt primarily with the
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increasing of the yield of chlorine, using asbestos as
the catalyst.

In the meantime silica gel was tried in the
guartz tube and at a temperature of about eight
hundred fifty degrees it served ss =2 caﬁalyst, though
rather inefficiently. It is impossible to say just
what per cent yield would be possible from silica gel
since it was impossible to get good results from it
in this work, due to its fine texture. When the
tube was filled with silica gel the gases found
pagsage impossible without pressure, and if less were
used the gases could pass directly over the mass
without making contact. Lhe yield obtained under
such handicaps was never more than seven per cent.

The idea then wes suggested that it might be
productive of good results if siliéa gel were mixed
with the asbestos. Such proved to be true and
analysis showed an increased‘yield, about forty vper
cent under the best conditions. o

Other silicon bearing compounds were tried, and
sand is perhavps the only one wgrthy of note., OSand
with asbestos was found to be even more effiecient than
asbestos with gilica gel, It was with ssnd that the
vield was increased to nearly sixty-two per cent.

Some calculations gave a higher percentage yield, but
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not enough of them to be reliable.

The type and size sand seems to have a marked
effect. Calculations were msde that determined the
effect of the size of the sand particles. It was found
that if the sand were smaller than that which woﬁld
step on a number thirty-five mesh that its efficiency
decreaged from the optimum. 4And the same was true
of sand that would stop on size twenty mesh. Do it
would seem that the surface factor is an important
one,

The yield of chlorine was best, too, when the
sand and asbestos were mixed in the ratio of fifteen
to one by weight respectively,

It was an interesting fact to note that only
Italian ashestos giverm very satisfectory resulis.

The asbestos used in this work was obtained from

The J. T. Baker Chemical Company, Phillipsburg, New
Jersey. Its chief characteristic is its short fibre,
in direct contrast to the long fibered variety found

in Yanads and Russia.




17
CHAPTER THRE
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DESCRIPTICH OF APPARATUS USED IN THE EXPARIMENTAL
PRCCEDURE

On the opposite page will be found a photograph
of the apparatus used in this study. The hydrogen
chloride generator (1) is connected with the flask
(2) as is the large bottle fitted with the separatory
funnel (3), in such a manner that air from the large
bottle and hydrogen chloride from the generator may be
brought together for mixing before entering the drying
bottle (4). The drying bottle contains sulphuric acid
and insures the thorough dehydration of the gaSes before
entering the quartz tube (5). The tube is supplied
with heat from the electric furnsce (6), which is con-
trolled by the cslibrated rheostat (7). On leaving
the furnace the gsses enter s solution of potassium

iodide in bottles (8) and (9).
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CHAPTER PFOUR .

ANALYTICAL PROCEDURE AND QUANTITATIVE RESULTS

As has been stated before in this paper, the
chlorine liberated in the process employed was
caused to pags into a solution of potassium iodide.
The chlorine combined with the potassium forming
potassium chloride and setting iodine free;

312 + 2RI — 2KC1 + 12

In order to c&lcaléﬁe the gquantity of chlorine
produced in sny given experiment it was only necessary
to determine the amount of liberated iocdine and then
by employing the principles of equivalent weighte it
was posgsible to arrive at the guantity of chlorine.

In determining the amount of free iodine a
standardized solution of sodium thiosulphate was
used in titration;

| Na,8,05 + Iy + NayS,0,+ 2Nal

The sodium thiosulphate solution was standard-
ized sgainst & known solution of iodine,

The hydrogen chloride used in this work was
prepared by drovping hydrochloric acid on concen-~
trated gulphuri@ acid. <The appasratus consisted of
o separatory funnel connected with a large flask as

shown in the photograph.
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The amount of hydrogen chloride liberated was
determined by adding silver nitrate in excess to an
&liquotﬁycrtion of the residue in the generator flask
and then m@ighing the precipitated silwer chloride.
The chemical factor of chlorine in silver chloride,
2474, was multiplied by the weight of silver
chloride. This gave in grams'the chlorine remsining
in the generator. Substracting this figure from the
original smount of chlorine in the acid used indicated
the amount passing through the furnace.

After employing the procedure for some time it
was observed that when the physical factors were
controlled carefully there was a very small differ-
ence between the emounts of silver chloride preci-
pitated in esch case. A mean of ten determinsations
was taken as representing the hydrchloric acid used
in each experiment and was treated as a constant in
the anslytical procedure.

The guantitative results presented in the form
of tabulations represent, in the main, the experimen-
tation after the optimum temperature had been dis-
covered. This was found to be sbout 850° C, bright
red heat. It might be stated here that with the cata-
1ysts employed, in no instance were significent yields

of chlorine obtained below 800° ¢,
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Also, numerous experiments were made at higher
temperatures and in every case it was seen that there
was no advantage in working with temperatures above
850° C. In these experiments the same combination of
catalysts was used as shown in the tables given in
the following pages.

The following tables represent the results of
calculations based on the snalytical procedure ex-
pleined in detail in the first part of this chapter,
In all cases, the amount of chlorine in hydrogen-
chloride passing over the catalytic mass is taken as
a constant, two and fifty-one hundredths grams. The
yield of freed chlorine is divided by this constant

to obtain the per cent yield.

Table One
Catalyst - asbestos

Temperature of furnace 850° C.

Chlorine in gaseous - Free chlorine Per cent
hydrogen chloride obtained in vield of
rassing over catalytie gramg chlorine
meterial

1. 2.51 erems L4262 16,98

2. 2.51 grems - » 3871 15,42

3. 2.51 granms . 4023 16.02

4. 2,51 grams . 3045 12.13

5. 2.51 grams 3672 14.62
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Table Two

Catalvet - sand that will stop on number 35 screen
mesh.,

Temperature of furnace 850° C.

Chlorine passing Vield of Per cent
over catalytic mass chlorine yield of
in grams chlorine

2.5l grans 1. . 2915 11.61

2 . 3206 v 12,77

B « 2610 : 10. 39

4. . 3016 12,01

5. « 2780 11.08

Table Three

Catalyst - asbesgtos and esilica gel in the proportion
of 12 - 1 by weight.

Chlorine passing Yield of Per cent
over catalytic mass chlorine yield of
in grams chlorine

2.5l gramg 1. 1.0121 40,32

2. 1.0926 43,52

3. L9877 39. 35

4, - 9368 37.32

5. 1.0062 40,08

6. . 9012 35.90

7. . 9678 38.b55



Table Four
Catalyst - sand and Italian asbestos in the provortion
. of 15 - 1 by weight. "he size ssnd was thet
which would stop on size 35 scresn mesh.

Temperature of furnsce 850° C,

Amount of chlorine Yield of Per cent
passing over catalytic chlorine yield of
mass in grams chlorine

2.51 grams 1. 1.4909 59.39

2. 1.4216 56,63

3o 1.3804 54,95

4. 1.5090 60,11

5. 1.4116 66,23

6e 1.5391 61,31

T 1.3985 55,71

8. 1.4981 59, 68

9. 1.4783 58,88

10.  1.5002 59.76



Catalyst - same as in table four.

Table Five

Temperature of furnaece 850° C.
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In this case water vapor was allowed to enter the

furnace, snd it is the purpose of this table to show

the effect on the yield of chlorine.

Chlorine passing Yield of Per cent
over catalytic chlorine yisld of
mass. in grams chlorine

2.51 grems 1. 1.3460 53.62

2 1.3391 53,35

3. 1.4097 56,16

4. 1.3108 52,21

5, 1.3012 51.80

6. 1.2916 51.45

7. 1,35681 54,10

8. 1.2816 51,056

9 1.4012 55.82

10, 1.3178 52. 50
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CONCLUSIONS

From the results of this investigation it would
geem that the chief advantage of the apparstus employ-
ed, when compared to that used by Ueacon, is its com-
ractness. |

Perhsps a study might well be made to determine
if direct chlorination of organic substances is
possible when the same apparatus and catalytic sub-

stances dealt with in this study are used.

;
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