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PREFACE

During a period of several years in close contact with the
manufacture of Sulphuric Acid the writers have a great many
times been asked to recommend some published work upon the
subject from which a knowledge of the practical essentials of
modern American acid making could be obtained. This inquiry
has come from men working in association with, and under the
supervision of, the writers, and also from men in allied lines who
wished to acquaint themselves quickly with this information.

So far as the writers know, such a work in English does not
exist. Lunge’s “Sulphuric Acid and Alkali”’ is admirable in
many ways, and certainly every one permanently connected with
the manufacture of acid should have it for reference: it does not,
however, cover modern American practice, nor is it suitable to
present to a new chamber operator as a source of information.
Besides Lunge, there are several books which include a few
chapters on sulphuric acid, but none is satisfying.

The writers’ purpose in preparing this volume has been to
provide some fundamental information for the man with little
preliminary knowledge of the subject. It does not in any way
pretend to cover acid manufacture with the thoroughness of .
Lunge. History, chemical and physical theory, and many other
things are treated from the fechnical, not the scientific, view-point,
in an effort to avoid the error, so common in “Handbooks,” of
not devoting much time to Why, while very thoroughly covering
How.

Note.—" Sullivan’s Handbook’ so thoroughly covers the
laboratory end that we have not included laboratory practice,
and recommend his methods.

The writers are much indebted to several manufacturers of
acid plant equipment for photographs and drawings of machinery
and apparatus.

PaiLip  DEWoLF.

E. L. LArIsoN.
ANACONDA, MONTANA,
April, 1921,
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CHAPTER 1
ALCHEMY, HISTORY, DEVELOPMENT, STATUS

When the old and bewhiskered alchemist mentally planned his
transmutations from lead to gold, he no doubt considered his
reagent ‘‘spiritus vitroli”’ second only to his trusty Philosopher’s
Stone in power and usefulness; for we read of sulphuric acid back
through Alchemical times, but the name of the true discoverer
will probably always remain unknown.

The Arabian, Geber (A.D. 960), was formerly thought to
have been the first to describe the “spirit of alum” and its
solvent powers, in the mythical literature of the time, but there
is a question now whether this did not creep in during the Latin
‘““translations” of the same. The Persian Alchemist, Abn-Bekr-
Alrhases (A.D. 930), and also DeBeauvais (A.D. 1240) are con-
ceeded probable discovers, but direct evidence is woefully lacking.

Basil Valentine (A.D. 1425), in that landmark of Alchemical
lore, “The Triumphal Car of Antimony,” is the first. to refer to
any method of manufacture, and therein describes the burning
of sulphur with saltpeter in glass vessels. This method was
adopted by the apothecaries of the time, for the manufacture of
sulphuric acid on a small scale for pharmaceutical use. From
the apothecaries' laboratory to an industrial installation was the
logical sequence, and about 1746, at Richmond, near London, we
find what was then considered a large plant, operated by a quack
doctor named Ward.

From this point the manufacture branches off from alchemy
and quackery, and its development is along scientific and me-
chanical lines. The development and introduction of lead
chambers instead of glass, took place about 1746, when Dr.
Roebuck, and later a Mr. Garbet, erected plants with lead
chambers six feet square. Later factories were built at Worces-
tershire, London, and Glasgow. :

1
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FIRST AMERICAN ACID PLANT

The house now known as Harrison Bros. & Co., Inc. was
founded in 1793 by Mr. John Harrison of Philadelphia. Mr.
Harrison received his early education in Philadelphia, and then
spent two years in Europe investigating the arts and processes
of the manufacture of chemicals and in studying under the
celebrated chemist, Dr. Joseph Priestley. Mr. Harrison became
deeply impressed with the belief that many staples were imported
which could be produced to advantage in the United States,
thereby rendering the citizens independent of foreign producers
and aiding the industrial development of the youthful Republic.
Following this thought, in 1793 he began in Philadelphia the
manufacture of chemicals, notably Sulphuric Acid, of which he
was the first maker in the United States.

In that year, he had a lead chamber capable of producing 300
carboys per annum. The competition of foreign makers was so
overwhelming at first, that his enterprise was confined to manu-
facturing for his own use and filling orders on a small but very
remunerative scale for a few of his patrons, his investment at the
start not exceeding $5,000. In 1807 he built what was for that
time quite a large lead chamber; it was 50 ft. long, 18 ft. wide and
18 ft. high and capable of making nearly half a million pounds of
Sulphuric Acid annually, the price of the staple being then as -
high as 15c. per pound. According to a letter addressed by Mr.
Harrison to President Jefferson, dated November 1, 1808, and
now in the archives of the State Department at Washington, it is
learned that he had then developed his Sulphuric Acid Plant to
such an extent as to have a possible annual output of 3,500
carboys and he had also extended the line of products in his
laboratory by adding the various preparations of mercury,
antimony, copper, etc., used in the arts and medicines at an
investment of some $40,000. This was at his establishment on
Green Street, west of Third.

As is well known, acid produced in lead chambers is not the
Oil of Vitriol of commerce and the only method known at that
time to concentrate it to the required strength was by boiling it
in glass retorts—a very precarious and dangerous process. The
constant breakage of the glass largely increased the cost of the
concentrated acid and the dangers of the work. To obviate this
great trouble Mr. Harrison, in 1814, introduced the use of Plati-
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num for the manufacture of Sulphuric Acid, for the first time, at
least in this country. In the previous year, 1813, Dr. Eric
Bollman, a Dane, had come to Philadelphia. Dr. Bollman was
familiar with the metallurgy of platinum and a highly scientific
man. He brought with him from France Dr. Wollaston’s
method for converting the crude grains of platinum into bars
and sheets. About the first use that Dr. Bollman made of these
platinum sheets was the construction, early in 1814, of a still for
the concentration of Sulphuric Acid for the Harrison Works. It
weighed 700 oz., had a capacity of 25 gal., and was in continuous
use for 15 years. This early application of platinum for such
purposes was highly characteristic of the sagacity and ingenuity
of the American manufacturer. At the time the use of this rare
metal was a novelty in Europe and known only to a few persons
and certainly entirely unknown in this country. It follows,
therefore, that Mr. John Harrison was not only the earliest
successful manufacturer of Sulphuric Acid in America, but the
" first in this country to concentrate it in platinum. Too great
praise cannot be given him for, as Liebig has said, ‘ The quantity
of Sulphuric Acid made in a country is a sure index to its wealth
and prosperity.”

In 1806, Mr. Harrison began the manufacture of white lead
and he and his successors have continuously marketed their
product since that date. In fact, with one exception, the ‘Harri-
son” lead is the oldest established brand of white lead in the
United States. In later years, he introduced into his works
apparatus for making pyroligneous and acetic acids and their
dependent products, white and brown sugar of lead, also oxides
of lead, colors, alum, coppers, iron liquors, etc. Mr. Harrison
may be credited with doing more to influence the establishment
and development of the chemical industries than almost any
man of his time. :

The Green Street Works soon grew too small for such large
operations as Mr. Harrison had undertaken and an eligible loca-
tion was secured in Kensington, now the Eighteenth Ward of
this city, where extensive buildings were erected and large manu-
facturing facilities provided. In 1831 he admitted his sons to
partnership, under the title of John Harrison & Sons. He died
in 1833 and in that year the firm name was changed to Harrison
Brothers. In 1859, by the admission of the founder’s grandsons,
John Harrison, George L. Harrison and Thomas 8. Harrison, the
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firm name became Harrison Bros. & Company and in 1898 was
incorporated. In 1917 the Greys Ferry plant was taken over
by the Du Pont Company and is now known as the Harrison
Works.

Holker, in 1766, introduced the first lead chambers into France,
and at his Rouen plant the two important ideas of introducing
steam into the chambers during combustion, and continuous air
feed, were mechanically developed. In Germany the first lead
chambers were probably those at Ringkuhl, near Cassel. Dr.
Richard’s plant near Dresden (1820) was one of the oldest, and
although it was erected some time after the idea of continuous
air feed had been perfected, it represented the old intermittent
type.

The last 150 years has seen little or no change in the funda-
mental idea of the English, or chamber process. True, the
chambers have been increased tremendously in size, the genera-
tion of SO, has undergone marvelous mechanical development,
and the utilization of valuable waste products has become of
great importance; methods of handling the product have been
rendered many times more efficient: but for the original idea
we are indebted to the pseudo-scientists of the Alchemical period.

One of the promoters of the Contact Process once said, ‘“The
alchemists and the early English chemists could hardly have
helped stumbling onto the discovery and manufacture of oil of
vitriol by the Chamber Process, but it remained for a nation of
real scientists to discover and develop the Contact Process.” For
nowhere in the field of industrial chemistry can the chemical
engineer see 80 clearly the result of systematic, painstaking
research, experiment, and accurate interpretation of observation.

Up to the close of the eighteenth century the little fuming acid
demanded by the arts had been produced almost exclusively by
the firm of Joseph Starck, in Bohemia, by the distillation of dry
ferrous sulphate and the absorption of the evolved SO; in a high
strength pan concentrated acid. From the place where it was
stored it was called Nordhausen acid.

About 1875, Cl. Winkler, and later Squire and Wessel, showed
that SO; is easily formed by the interaction of 8O; and Oy, in the
presence of a number of substances in a finely divided state, with
certain other requirements as to temperature, humidity, and
pressure. Although the oxides of iron and cobalt, and metallic
gold, iridium, and silicon produce this result, none of them
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approach the efficiency of conversion obtained with small per-
centages of metallic platinum. The platinum itself is unacted
upon and termed a catalyzer, after the suggestion of Berzilius,
in 1835.

The commercialization of Winkler’s idea has been rapid during
the last forty years, owing to the increased demands of the dye
makers and oil refiners, so that today the old distillation process
is obsolete.

About 1875, the promoters of the process that later became
known as the Hanish and Schroder, using Winkler’s ideas,
secretly tried out the catalysis of SO;, using first pure SO; and
oxygen, and later dilute SO; from pyrites, with platinized asbestos
as the catalytic agent, and a heated entrance gas, under a pressure
of three atmospheres.

But the great obstacles in the way of the development of the
process were the failure to get a dry and arsenic free entrance gas,
the false idea that SO; and oxygen must be present in stoichi-
ometrical proportions, and that nitrogen was detrimental. These
three difficulties alone must be considered the causes of the failures
of the pioneers, and the financial losses through semi-commercial
experiments were startling.

Through the disloyalty of a workman at the Badische works
(Ludwigshaven) the important secrets of their process were ob-
tained by their competitors, and simultaneously, 1898, patents
were issued to three different companies: THE BADISCHE ANILIN
UND SODAFABRIK OF LUDWIGSHAVEN; THE FARBEWERKE VORM
MEei1sTER, Lucrus & BruNING, oF HocHsT; AND THE VEREIN
CHEMISCHER FABRIKEN OF MANHEIM.

These three companies at once set about the commercial per-
fection of the process, as secretely as possible, the only important
variation being in the catalytic agent. To trace the foreign
development would indeed be interesting, but we are limited by
title to American practice.

American manufacturers, due to their lack of appreciation of
the results of organized research and experiment, refused to
finance any work along these lines, and followed the usual course
of importing the developed process and trained men for install-
ations in this country. The Schroder process, employing
platinized magnesium sulphate, and the Badische, with platinized
asbestos, have been the most favored in America.

An eminent chemical engineer has called sulphuric acid the
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back bone of the chemical industry, for like soda, its uses are so
diversified and its production so great, that in any country it is
a true barometer of chemical and industrial progress. It finds
its greatest use in fertilizer manufacture (80 per cent), and is
indispensable in the manufacture of coal tar dye stuffs, petroleum
products, paper, stearine, oleine, sodium sulphate, soda; hydro-
chloric, nitric, citric, and tartaric acids; sulphates of iron and
copper; alums, shoe blackings, coke plant by-products, electro-
lytic refining of metals, mostly copper; it enters, directly or
indirectly, into almost every chemical process. In some of the
more important branches of the chemical industry it is a raw
material costing millions. The amounts used in the manufacture
of explosives, during the late War, wereenormous. This huge war
increase was of course only temporary, and there are many plants,
paid for by the War, that should make very cheap acid.

While the Contact process has many advantages over the
Chamber process, such as no bulky chambers of concentration
pans, it is very doubtful if it will ever completely replace the
chambers. It cannot make 50° and 60° Bé. acids to compete,
and requires some method of producing weak acid to keep it
going. But on the production of higher strength acids it is
supreme, and statistics show that it is gaining in the United States
today. The cost of platinum for concentrating pans is excessive
and increasing, and that required for contact mass is negligible
in comparison. Both processes are being improved steadily,
and the patent rights are costing less each year, and in a few years
will become public praperty. Supervision, regulation and yield
are all better on the contact process, while depreclatlon and
maintainance are less.

In April, 1920, the Department of Commerce had no figures for
production since 1915. They show a 25 per cent increase in
production during 1915 over the previous year, and one war time
plant alone, completed in 1916, produced a quarter of a million
tons of fuming acid a year, against 49,000 tons for the whole
country in 1914.

A few figures on the world’s production will give an idea of the
rate of development:

1880 1,850,000 tons
1892 2,818,000 tons
1902 4,450,000 tons

1908 8,000,000 tons




CHAPTER 1II
ELEMENTARY CHEMISTRY OF SULPHURIC ACID

When sulphur, either brimstone or a metallic sulphide, is
burned in air, sulphur dioxide, SO,, is produced. This is the
starting point of the sulphuric acid industry.

80; is a colorless gas of a suffocating odor, and will not burn
nor support combustion directly, under ordinary conditions. It
is very injurious to plants. It contains 50.05 per cent sulphur,
and 49.95 per cent oxygen. Molecular weight, 64.04 per cent.
Specific gravity, 2.2136. A liter of SO; at O°C. and 760 mm.
pressure weighs 2.8608 g. Its heat of formation is given
(Richards) as 69,260 as a gas, or 77,600 in dilute solution.

Anhydrous sulphur dioxide will not act upon iron, up to 100°C.,
but the commercial product, containing up to the 1 per cent
H:O that it carries at saturation, does act slightly.

Owing to the catalytic action of the hot iron of the burners,
some SO; is formed when brimstone is burned but not enough to
influence the process. With pyrites, however, the SO; formed is
considerable, as the catalytic action of the red hot iron oxides is very
marked; in fact the oxides of iron, copper and chromium are the
only catalytic (?) agents that have been seriously experimented
with, outside of platinum. The generally accepted theory for
the action of the metallic oxides is that they are more oxygen.
carriers than actual catalyzers: doing their work more as the
nitrogen oxides do theirs, than as platinum does its work.

The yields, when ferric oxide is used, are not high enough to
permit it to seriously compete with platinum as the catalytic
agent used in this industry, in the present state of our knowledge.

The reactions are probably two, both taking place at very
nearly the same temperature, viz.:

2Fe;0; + 30, + 6S0; = 2Fez(804)a
which splits up into
Fe,Os + 3803

the Fe;0; being ready to repeat the cycle
(f
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and 3Fe;0; + 80 = 2Fe;0, + 505

and 4F 8304 + Oz = 6Fe:Oa
when the Fe;0; is again ready to repeat.

S0, is pretty soluble in water, one volume of water, at atmos-
pheric pressure, and 32°F., diss.!ving about 80 volumes SO..
However, this does not appear to be a chemical compound,
H,80;, sulphurous acid, because SO, evaporates from it even at
ordinary temperatures.

Bunsen and Schonfeld published the following table, in 1905,
of the solubility of SO, in water, at 760 mm. pressure:

TasLe 1
TEMPERATURE, 1 vrrer H1O D1ssoLvES

°C LITERS 803

0 79.8

b 57.5
10 56.6
15 47.3
20 39.4

Solutions of SO, slowly oxidize in the presence of air.

Sulphuric acid is & compound, in varying proportions, of
sulphur trioxide and water. Several different compounds exist,
showing all the properties of definite chemical compounds. The
mono- and the duo-hydrates have been the most frequently
studied. Acid of a concentration of 98.3 per cent or better
seems to hold the 1.7 per cent or less of water present chemically,
and this is the absolute limit to which a concentration by distilla-
tion can go. In practice, 98 per cent is rarely reached, however.

Sulphuric acid has a tremendous affinity for water, combining
with it violently, with evolution of great heat. Of the entire
molecular heat of formation, 192,200 calories, 100,300 calories,
or 53.5 per cent, results from the combination of the anhydrous
S0; with the water. A very common manifestation of this
affinity is the charring of carbo-hydrates by sulphuric acid, the
water in the combination being removed, leaving the carbon
behind. '

Another familiar result of this affinity is the dense white
cloud that forms when SO, escapes into the air. Air at all times
contains moisture-humidity and the SO; combining with this
moisture forms H3;SO, in minute particles. These particles are

o o LT

R A
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small enough to remain suspended in the air for a long time, form-
ing a white cloud, or ‘“fume” not properly a fume at all, because
it is not a gas, but a mass of small liquid particles.

As there is always some moisture in the air we always have an

indicator as to whether SO; is going through our system and
being lost out our stacks. While ‘“fumes” come from other
causes, if there is no “fume’’ there is no SO; escaping.
. The moisture in the air has a very direct effect upon the contact
process in keeping down the strength of the acid that can be
made. The air introduced into the system carries with it its
own share of humidity, which must be absorbed, and thus dilute
the acid made. In the Middle Atlantic States this will average
60 1b. of water per ton of 100 per cent acid made, or 3 per cent:
less in winter, and more in summer, for the saturation point of
air increases rapidly with the temperature. Consequéntly, if it
is desired to make very high concentration fuming the location
must be in the driest climate possible.

There are three distinct steps in the evolution of sulphur into
sulphuric acid, either naturally, or directed by man. They are
the burning of the sulphur to SO., the oxidation of the dioxide
to the trioxide, and the hydrating of this trioxide.

In the chamber process the last two steps proceed simultane-
ously, the water acting both as an assistant to the catalyser,
various oxides of nitrogen, and as the hydrator. The oxidation
will not proceed at a commercially practicable rate unless water
is present in excess, consequently the acid produced is dilute,
and to make strong acid must be concentrated.

We know what results may be attained by different methods
of handling the process, but the intermediate changes that occur
are the subjects of very heated controversy. There is no doubt
that nitrososulphuric acid, SO;(OH)(ONO) is formed, which
breaks up into HsSO, and NO. The NO becomes oxidized to
NO;, N;O;, and N2O,, probably a mixture of all three, and HNO;,
deriving the oxygen from the excess of air present, and the H,SO,
immediately takes up an excess of water and condenses.

In a work of this character, written as an operating handbook,
not as a treatise, it would not serve any useful purpose to go into
the theories of Weber, Winkler, Raschig, and Lunge, regarding
changes within the chambers.

The saving of the nitrogen oxides is of the uttermost import-
ance, as without this saving the process would not be com-
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mercially practicable. The Gay-Lussac tower was the first
nitrate saver, and now, in conjunction with the Glover tower,
reduces the nitrate from 11 per cent to 4 per cent.

Strong sulphuric acid absorbs nitrous acid, forming nitroso-
sulphuric acid as follows:

2HzSO4 + N303 = 2SOz(OH)(ONO) + H,O

it absorbs nitric peroxide, forming nitrososulphuric acid and
nitric acid: .
H;S04 + N30, = SO;(OH)(ONO) + HNO,

Nitrososulphuric acid is decomposed by water alone, (1) or
by water and SO., (2):

(1)  280,(0OH)(ONO) + H,0 = 2H,S0, + N0,
(2)  280,(0H)(ONO) + SO: + 2H;0 = 3H,80, + 2NO

and the nitric oxides are ready to repeat.

The recovery of the nitrogen gases is accomplished by taking
advantage of two of the reactions that proceed within the
.chamber—the absorbtion of N3O; and N3Oy, in the Gay-Lussac
tower, by strong sulphuric acid, and the decomposition of the
product, at a point where it is available, by burner gas, (SO,),
to H;80, and NO.

N:0; and N.O, are absorbed by strong sulphuric acid, forming
nitrososulphuric acid, as shown in the reactions of the chamber.
This prevents the escape of the nitrogen gases into the atmos-
phere, with the attendant loss of nitre and the damage done, but
the nitrososulphuric acid is of little value, and must be made
into a useful product. .

The Glover tower accomplishes this. Asshown in the chamber
reactions, water and SO; decompose SO,(OH)(ONO)—nitroso-
sulphuric acid—to H;80, and NO, so by bringing the hot burner
gases, rich in SO;, in contact with the nitrososulphuric acid that
reaction is brought about, and in addition the heat present effects
a considerable concentration, the water from the concentrated
acid going on with the burner gas and the NO back to the
chambers, thus being used over and over again.

CONTACT PROCESS

In the contact process SO, is produced by the same means that
are employed to make it for chambers. The last two steps are
separate and distinct, however, and instead of an excess of water,
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1
giving a dilute acid, there is an excess of SO3, producing fuming
acid.

Burner gases must be cleaned of certain 1mpur1t1es, before
touching the catalytic agent, which in this country is always
finely divided platinum, on either asbestos or roasted magnesium
sulphate.

The following is from a paper by Dr. Charles L. Reese, Journal
of the Society of Chemical Industry, March 31, 1906:

“Water—it was thought at one time to be essential that the gases
be dried by sulphunc acid not weaker than 60°Bé., but this was found
to be an error, in that the gases could be saturated ‘with moisture, by
passing them through water before introduction into the contact mass,
without affecting the conversion in any way. Fuming sulphuric acid
was produced, but, of course, such a procedure could not be carried
out on a manufacturing scale, where it is necessary to use iron pipes.

““Carbon dioxide had no effect whatever, whenever introduced into
the gas, as was to be expected, but I was surprised to find that carbonic
oxide had no deleterious effect, in spite of its reducing qualities. 'On
one occasion the conversion in a certain plant ceased altogether, and
we were at a loss to know the cause. We, however, soon found that
some coal had got mixed with the pyrites in the burners. In this case
there was carbon dioxide, ‘and possibly carbonic oxide, present, but
there was also evidently a lack of oxygen, and when the coal was con-
sumed, conversion began again.

““Sulphur will at times find its way through two or three scrubbing
towers, and, before the filtering system was adopted,.it became neces-
sary to determine whether the presence of sulphur in the gas would
affect the catalytic action of the contact material. Experiments were
carried out to determine this point. It was desirable to introduce sul-
phur into the gas in as finely divided condition as possible. This was
accomplished by introducing hydrogen sulphide into the gas. When
hydrogen sulphide is mixed with sulphur dioxide the reaction between
these two gases takes place, producing sulphur and water, and thus
sulphur was introduced into the mass. It was found, on discontinuing
the introduction of hydrogen sulphide, the conversion continued to be
normal, and the sulphur was simply carried through the tube. This
experiment was repeated a number of times with the same result, show-
ing that the presence of sulphur does not affect the reaction. Of course,
hydrogen sulphide would affect it, in that it would reduce the sulphur
dioxide.

““The above substances do not affect the reaction of the contact mass,
but hydrochloric acid, chlorine, silicon tetra-fluoride, arsenic, and lead
do seem to affect it in two distinct ways: first, by their presence in
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the gas, and only when present in the gas; and second, affecting the
catalytic property of the contact material. In the first case we have
hydrochloric acid, chlorine, and silicon tetra-fluoride. In the second we
have arsenic and lead.

“When Hydrochloric Acid gas is introduced, the effect is instantaneous,
reducing the conversion from 98.5 per cent to 42 per cent, but when the
hydrochloric acid gas is discontinued and air passed through for a while
to displace it, the conversion becomes normal in a short time.

““The presence of Chlorine in the gas seems to have an effect similar
to that of hydrochloric acid, although not so intense. In both cases
the dry chlorine or the hydrochloric acid was introduced, until a mini-
mum yield was obtained, which in the case of HCl was about 42 per
cent, and that of the Cl was 57 per cent. After discontinuing the HCI
and the Cl, air was passed through and the operation was continued at
the same temperature. As will be seen by the curve the percentage
conversion gradually arose again to the normal. Although at one point
the gas showed a trace of HCI, the conversion amounted to 94 per cent.

“The introduction of a small quantity of silicon tetra-fluoride caused
the conversion to drop immediately, but on discontinuing, the conver-
sion rose in a few minutes to normal. In each case some silica was un-
doubtedly deposited upon the contact mass, but most of it passed
through the tube, as was made evident by the fact that the silica sepa-
rated out when the gas came in contact with the water solution used in
testing the exit gas. Of course a minute quantity of silicon tetra-
fluoride in the gas would gradually deposit silica on the contact mass,
and would eventually cover the contact agent, so as to render it inactive;
but when contact mass is so affected it can be easily rendered active by
simply removing it from the converter and putting it back again. The
handling will be sufficient to expose surfaces.

“The injurious effect of arsenic upon the contact mass is extremely
marked. Arsenious acid was placed in the front end of the tube, heated,
and carried into the contact tube by the flow of gas. The effect of the
arsenic was to reduce the conversion absolutely to zero, owing to the
large amount introduced, but after 40 min. it rose again to 40 per cent.
At this time HCI was introduced for 50 min. to remove the arsenic, and
then air drawn through for 15 min. more. The process was then con-
tinued, and the conversion then rose to 96.5 per cent. Several attempts
were made to find a simple means of removing As from the contact
mass, and at first Cl was used for this purpose. The mass was placed
in a tube, heated, and Cl passed through. This did remove some of
the As, but did not regenerate the mass sufficiently. A very interest-
ing observation was made, however, during this experiment. It was
found the Cl carried over platinum to the exit end of the tube, and
deposited it in the form of a chloride. This was done at a temperature

of 400°-450°C.
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“It was found in attempting to regenerate or remove arsenic, that
HCI mixed with the reduced sulphurous gas was much more effective,
as is shown by the curve referred to, all arsenic having been removed.

“It is well known that when platinum is heated in the presence of
lead or lead salts, lead combines with the platinum either to form an
alloy or a compound, and this combination of lead with platinum un-
doubtedly destroys the catalytic property of the platinum. The effect
of lead, however, was not determined in the regular way, but can be
shown very readily by one or two experiments.

“It is well known that when a platinum spiral is heated in a gas flame,
the gas turned off for a few minutes, and on again, the spiral will reignite
the gas. A small piece of contact mass will do the same, but if either
is moistened with a small quantity of lead acetate and then ignited, it
will lose this property of reigniting gas, unless it is heated sufficiently
long to volatilize the lead. A similar experiment will show in a rough
way the effect of arsenic on contact mass or a platinum spiral.”

The above quotation shows very clearly the necessity for
very careful scrubbing. The loss of sulphur, and consequently
of acid, from unconverted SO; that passes on out the stacks
is anywhere from 60 per cent to 80 per cent of the entire loss,
and anything that throws the mass off at all will enormously
increase that loss. The operation costs the same, with the
exception of the small item of handling the finished acid, with
a low as with a high conversion and the yield, and consequently
the income, is cut down in the proportion that the conversion falls
off.

Arsenic is by all odds the worst of the contact “ poisons” with
which we have to deal.

Opl’s theory is that the destruction of the activity of the
contact mass is caused by the deposition of a glass-like coating
over the platinum, thus mechanically preventing its contact
with the gas. This coating is, he says, a deposition product of
As,0; and SOa, with a formula 3AS:03, 280;. Lunge 8ays this
product has actually been found in dust chambers.

Dr. Krauss holds that the arsenic is oxidized to a non-volatile
oxide, which combines with platinum.

In a plant on the Pacific coast, operating on the Schroeder-
Grillo process, using pyrites, it is necessary to regenerate the
mass about every four weeks, and an astonishing fact has been
noted—that while the platinum recovers its activity, the arsenic
remains in the mass. It appears to exist after the regeneration
in the form of Realgar, arsenic disulphide, AssS;, and in that °
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form is apparently not a contact poison. I have been informed
that after 3 years the quantity of arsenic in the mass is actually
greater than the amount of platinum, but the old arsenic seems
to be perfectly inert, having no effect, good or bad, and it is not
until fresh arsenic compounds are introduced that the mass again
loses its activity.

Of course there is a loss of the efficiency of the mass in regen-
erating, because the platinum becomes distributed through the
grains of magnesium sulphate, instead of all being on the outside,
thus reducing the area that can come in contact with the gas.
" * The 'absorbtion system requires conditions proper for the
combination of SO; and H.0. The principal interferences with
these conditions are vapor pressures, as follows:

(a) Vapor pressure due to H,0,
(b)° Vapor pressure due to SOs, and
(¢) Vapor pressure due to foreign acids, as HNO, or HCI.

Heat increases vapor pressures, so temperature control is
necessary.

The vapor pressure due to H;O exists when the strength of
the absorbing acid drops below 98.3 per cent HsSO,. . Above
that figure the H;O seems to be chemically combined with the
HyS0, and no water vapor exists. SO; coming in contact with
water vapor forms very small drops of sulphuric acid, almost
impossible to condense, and any SO; used in this way may be
considered as lost beyond any reasonable hope of recovery, as
even a very long condensation and absorbtion apparatus will
catch very little of it.

The second vapor, that of SQ;, is only met with in making
fuming acid. A glance at the absorbtion curve will show how
rapidly the absorbtion drops, as the strength of the absorbing
acid increases. But SO; passing through fuming acid unab-
sorbed is in no way changed, and is caught perfectly by the
close to 100 per cent acid in the back of the system.

The vapor pressure of foreign acids comes of course from
impure materials. Sometimes it is necessary to clean out the
system after foreign acids have gotten in; but frequently any
trouble of this character can be cured by letting the system get
as hot as possible and simply “boiling out”’ the foreign substance.
It is necessary to watch weak acid from chamber plants closely,
to prevent nitric acid getting in.




ELEMENTARY CHEMISTRY OF SULPHURIC ACID 15

As fuming acid has high melting points, the exact varying with
the strength, the temperature must be kept up sufficiently high
to prevent freezing. In shipping fuming acid it is general
practice to add a little nitric, if the intended use will not be
interfered with by nitric acid. Five per cent of nitric aeid will
drop the freezing point of fuming acid to —10.5°F.
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" CHAPTER III
CHARACTERISTICS AND USES

Sulphuric acid is a viscous, colorless (when pure) liquid,
composed, by weight, of 2.04 per cent hydrogen, 32.64 per cent
sulphur, and 65.28 per cent oxygen. It is very strongly acid.

Its most outstanding characteristic is its affinity for water,
either free or combined, and violent combination, with evolution
of much heat, with it.

The sulphuric acid industry is a business barometer, as the
acid enters into most other industries, and general trade condi-
tions are very soon reflected in both sales and prices.

Sulphuric acid forms sulphates with all the metals, replacing
any other acid radical, and freeing the other acid. Its affinity
for water makes it the most.important desiccating agent known.
It readily forms bisulphates (acid sulphates) and double sul-
phates. Most of its combinations are characterized by extreme
stability. Below 65 per cent HsSO, it attacks iron vigorously;
above that, very little. Below 92 per cent H,SQ, its action
upon lead is slight—it increases fast with strength. Hot acid
acts more vigorously than cold. The water in sulphuric acid
of 98.3 per cent concentration seems to be, not a diluent, but an
actual part of the acid, exerting none of the characteristics of
water in the less high concentrations.

Upon these main characteristics depends the important place
of sulphuric acid in modern life. A list of the industries using
it would be a catalogue of the industry of the world.

The LeBlanc process for soda ash, dating from the end of the
eighteenth century, took the manufacture of sulphuric acid out
of the drug business, and made it a major industry.

Common salt, treated with sulphuric acid, gives off hydrochloric
acid, with the formation of sodium sulphate, after the formula

2NaCl + H;80, = 2HCl + NasS0,

The sodium sulphate, roasted with coal and slaked lime, gives
soda ash (sodium carbonate), oxide and sulphide of calcium, and
carbon dioxide.

There are other methods of making sodium carbonate from the

_sulphate, with by-products of sulphur and hyposulphites, but

the LeBlanc process is still a tremendous producer.
Nitric acid is made from its natural sodium salt, Chile saltpeter,
: 16
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by treatment with sulphuric acid, the result being nitric acid and
sodium sulphate, or salt cake. By the use of twice the theoretical
amount of sulphuric acid a bisulphite is formed, which is fusible,
and easily removed from the stills. This bi-, or acid, sulphate,
has many of the characteristics of the acid itself, and is fre
quently used for pickling iron castings, its 31 per cent of free
H;S0, being sufficient to accomplish this purpose.

Petroleum refining consumes large quantities of sulphuric acid.

Without sulphuric acid and its product, nitric acid, the coal tar
dye industry could not exist.

The fertilizer industry depends upon sulphuric acid for its
sulphate of lime, or land plaster; and even more, as a means of
converting cheap phosphate rock into a soluble form, from which
phosphoric acid is made. .

The medical profession uses it in many ways, The quinine we
are brought up on is the sulphate of that alkaloid. The manu-
facture of ‘“sulphuric” ether from ethel alcohol uses sulphuric
acid as a catalytic agent.

In all nitrating processes, whether for celluloid, mtro-cellulose,
either for ammunition or some form of soluble cotton, the action
of sulphuric is a desiccating one, removing, and holding fast to

the OH radical released, preventing its doing any harm.

" Fuming Sulphuric Acid is a solution of SO; in H3SO,—it is
largely used in the manufacture of coal tar dye stuffs. Its most
important use is the “butting up” the 96 per cent to 97.5 per
cent acid of the best concentrators to the 100 per cent that is
needed in many industries.

The popularity of the sulphate method of pulping wood is
growing, and with it the use of Hs8O,. It is not necessary to
- pick the wood So carefully, as in the sulphite or caustic methods,
as resinous parts, such as knots or sappy wood, are pulped by
it to an extent impossible by any other method.

An extensive use for sulphuric acid is (was) in the preparation
of the mash for distilling.

The large number of alums, used especially in the textile
industry, are double sulphates. Originally sulphate of alumina
was invariably one of the sulphates, chromium, iron, sodium,
potassium and ammonium being the usual others, and from the
aluminum it took its name—but today other pairs of sulphates
go under the name of alum. Sulphate of alumina, free from
iron, is used as a mordant and dyeing agent, to escape the injurious

iron that alum frequently carries.
2
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known as copperas, is very largely used in ink manufacturing.

AMERICAN SULPHURIC ACID PRACTICE

Both alum and 'sulphate of alumina have wide application for
clarifying drinking water, and in coagulating and settling sewage.
_Sulphate of zinc is used as a drier for paints, a disinfectant, and
a mordant in dyeing.
Much of the electroplating industry, including the electrolytic
refining of copper and other metals, uses the suphate of the metal
as the electrolyte.
Copper sulphate, or blue vitriol, and iron sulphate, or green vit-
riol, have large application in the dyeing industry, also in recovering
silver by the amalgamation process. Green vitriol, perhaps better

The leaching of low grade copper ores with weak solutions of sul-
phuric acid has become a great industry within the last few years.
“Shoddy” wool is freed from cotton by “carbonizing” the
goods with sulphuric acid, which consists in letting a solution of
acid dry on, when the cotton or other vegetable fibre gives up its
OH radical, only the carbon remaining, and that in the form of a
powder, which is easily shaken off.
.The foregoing is only a brief list of some of the most important
uses to which sulphuric acid may be put, and is not intended to
do more than show how dependent modern civilization is upon
this industry.
The Bureau of Mines Bulletin No. 184 reports for the period
June to August, 1918, the following distribution of sulphuric
acid among the industries:

TaBLE 2
Tons acid used
Industry er month. On| Tons per year. l;:“e‘e:t_of

iy B 0
1. Explosives (military and domestic)..| 140,000 | 2,700,000 | 36.0
2. Fertilizers........................ 111,000 | 2,130,000 | 28.0
3. Oil refineries...................... 35,000 671,000 8.8

4. Chemicals, drugs, and ammonium
sulphate......... et 38,500 740,000 |, 9.9
5. Steel pickling and galvanizing. . . ... 36,500 700,000 9.3
6. Fabrics, textiles,etc............... 5,200 100,000 1.3
7. Paints, lithophone, glue, ete........ 5,300 104,000 1.4

8. Metallurgical, including storage bat-
teries........... ..., 15,200 292,000 3.9
9. Miscellaneous.................... 3,800 73,000 1.0
Total.........coovviiiiininnnnn, 390,500 100.0
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This table shows, eliminating the acid used for munitions and
explosives, and allowing about 10,000 tons per month for domestic
explosives, an indicated requirement for normal peace purposes
of possibly 260,000 tons per month (basis, 100 per cent H,SO,),
or about 5,000,000 tons per year (basis, 50°Bé.).

There is no question that the use of phosphate fertilizer will
increase all over the country for many years. And as acid is
expensive to transport, it will have to be made near the place it
is used.

Sulphur, the primary raw material, either as pyrites or brim-
stone has recently been described by Drs. Raymond F. Bacon
and Harold S. Davis before the American Institute of Chemical
Engineers. The following extracts have been taken from their

paper.}!.

America now dominates the sulphur industry and virtually all the
American sulphur is produced by three companies—viz., the Union
Sulphur Co., the Freeport Sulphur Co. and the Texas Gulf Sulphur Co.
These three companies produce not only virtually all the sulphur used
in the United States but also a considerable surplus which is exported.
The only other sulphur which normally enters the American market in
quantity comes from Japan and its percentage calculated on the con-
sumption of the United States is small and is not likely to increase.
Rising costs of living have meant much higher wages in Japan, as well
as in other parts of the world; in fact, the percentage increase has prob-
ably been greatest in Japan, due not only to world conditions affecting all
countries but to the rising standards of living of the Japanese. These
facts, together with present higher transportation costs, will make it
increasingly difficult for Japanese sulphur to compete on our Pacific
coast with the American product.

ExPaNsiON OF INDUSTRY DuriNG WAR

"During the World War, and especially after America’s entry into it,
the demand for sulphur grew enormously. Some time previous to our
declaration of war consideration had been given by a certain group of
New York capitalists to the opening up of the sulphur deposit (known
as the “Big Dome”) located near Matagorda, Tex. These plans were
hastened to realization by our Government’s need and demand during
the war for the maximum production from every possible source of sul-
phur. The plans eventuated in the formation of the Texas Gulf Sul-

. phur Co., which, however, did not get its plants into operation until
after the armistice. Production has been practically continuous since

Chem. & Met. Eng., January 12, 1921,
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General Views Showing Topography, Figs. 1, 2, 5, 8.

Fra. 1.—Views of the Texas Gulf Sulphur Co.

Sulphur Tank Storage System, Figs. 3, 6, 9.
Well Driving Equipment, Figs. 4, 7, 10.
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F1a. 2.—Views of the Te:

Houses, Pavilion and Hospital, F
Method of Loading for Shipment,
Exterior and Interior Views of Pc
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the company first mined sulphur on March 19, 1919. The plant of
this company, which has been described elsewhere,! was designed to
have a capacity of 1,000 tons of sulphur per day, but for months at a
time during the past year it has produced on an average 2,000 tons per
day. The total production for the year 1920 exceeds 800,000 long tons,
while in all probability the production for 1921 will be the largest of
any sulphur company in the world. The possible daily production
with the present plant, under favorable conditions, could be forced to
3,000 or 4,000 tons per day. The.deposit contains upward of ten
million tons of sulphur; and a brief description of its character is.as
follows:

DEescriprioN oF Bic DoME AT MATAGORDA

The main deposit has a diameter of about 4,000 ft. and is situated
800 to 1,000 ft. below the surface of the ground. The sulphur occurs
in an almost flat stratum, whose general shape is like that of a flat-
topped umbrella. Above the sulphur stratum is an unconsolidated
sediment consisting of bands of shale, gumbo and boulders. Below is
a layer of salt and gypsum, and then a layer of salt of undetermined
but very considerable thickness. The sulphur content of the deposit
runs quite uniform with a slightly higher percentage of sulphur on one
side of the dome. The mining operations are carefully checked, and a
large-sized model of the deposit enables the engineers constantly to
visualize what is taking place underground.

PropucTioN AND STocks ExcEED PosT~-wAR NorMAL DEMAND

At the time the Texas Gulf Sulphur Co. entered the market the situa-
tion was about as follows: The Union Sulphur Co. had on top of the
ground, in unsold stock of sulphur, upward of one million tors and the
Freeport Sulphur Co. had several hundred thousand tons. The normal
consumption of sulphur in the United States had been between four and
five hundred thousand tons per annum, which quantity could be readily
supplied by the two older companies.? A new sulphur company enter-
ing the market with a large production of sulphur was therefore com-
pelled to pursue one of two policies—either to attempt to obtain a share

Read before the American Institute of. Chemical Engineers, New Orleans,
December 6, 1920. By RaymoNp F. Bacon and Harowp S. Davis.

1 Chem. & Met. Eng., vol. 20, No. 4, pp. 186-188. Eng. Min. J., vol. 107
(1919), pp. 555-557. .

2 It may be stated, in passing, that any economic data given regarding
either the Union Sulphur Co. or the Freeport Sulphur Co. are subject to
the usual statement on advertisements of bond sales; that is, ‘“they are
gathered from sources we believe to be reliable, but are not guaranteed by
m-"
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of the business by cutting prices or to place the sulphur in markets
which had not hitherto used sulphur; in other words, to increase the
sulphur consumption of the country.

With reference to the first possibility, competition based on cut-
throat slashing of prices always has proved disastrous to the whole
industry. Moreover, the mining of sulphur by the Frasch process, to
be carried out economically, must be conducted on a very large scale,
so that even if a company under the conditions outlined above had
obtained a third of a possible 500,000-ton consumption, this would not
have insured profitable operation. The company has chosen what is
surely the wiser course, in attempting to place its sulphur by increasing
the total consumption in the industries.

It was possible to do this owing to the prevailing economic conditions.
The United States had in recent years consumed annually, for the manu-
facture of sulphuric acid, upward of 500,000 tons of sulphur in the form
of pyrites, most of which came from Spain. The older sulphur com-
panies, either because of some agreement with the pyrites importers or
because of a desire to hold the price of sulphur at a certain level, had
not attempted seriously in past years to substitute sulphur for pyrites
as the raw material of sulphuric acid manufacture. Importation of
Spanish pyrites, due to war transportation conditions, fell off very
geriously during the war years. This caused many producers of sul-
phuric acid to discard the pyrites roasters and to install sulphur-burning
equipment, while new producers in this field erected plants which were
almost entirely so equipped. The new company was able to obtain its
fair proportion of the new business and the net result has been that
the total consumption of sulphur of the United States during the past
year has been upward of 1,000,000 tons, as compared with a normal
consumption in recent years of about half that figure.

PYRITES VERSUS SULPHUR A8 A SOURCE OF SO,

It is interesting, in this connection, to give just a little history, for if
the subject is examined it is found that in the early days of sulphuric
acid manufacture all the sulphuric-acid of Europe, excepting Nord-
hausen acid, was made from brimstone. This includes the period from
about 1750 to 1839, when pyrites first was used commercially for the
manufacture of sulphuric acid in England. This use of pyrites was
due to the fact that the Neéapolitan Government in 1838 granted a
monopoly for the exportation of sulphur to Taix & Co., of Marseilles,
which firm immediately raised the price of sulphur from $25 to $70 per
ton. By so doing, it killed the goose that laid the golden egg, for
pyrites was substituted immediately for sulphur in most European
countries and the era of high-priced sulphur was but short lived. The
loss of this market was a permanent setback to Sicilian sulphur.
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The subsequent history of the sulphur industry is one of violent ups
and downs. If one considers this history up until some time after
Frasch made America a factor in the business, it will be noted that it
has been characterized at all times by short periods of prosperity,
followed by a short-sighted, selfish, destructive competition on the part
of certain interests. Following this would come a period of such marked
depression as to threaten the life of the entire industry, and it would
be necessary for some governmental or other outside agency to exercise
pressure to get the producers together on a common-sense basis and
thus gradually put the industry again on its feet.! Since the time when
Frasch made possible America’s sulphur industry the stability of the
whole industry has been much greater. While at the present time there
is an extremely lively competition among the companies for business,
there is every reason to believe that American common sense, spirit of
fair play, and co-operation will prevent this competition going to the
extent of threatening the industry itself, as has happened many times
in the past. Present indications are that all the sulphur companies are
pursuing an enlightened policy, in that all are doing more or less research
and development work having as its ultimate object the opening up of
broader markets for sulphur, of which sulphuric acid manufacture
affords but one.

~— ADVANTAGES OF SULPHUR OVER PYRITES

For sulphuric acid manufacture sulphur has many very marked ad-
vantages over pyrites. Using pyrites means handling into the works a
comparatively large quantity of material, its slow combustion in expen-
sive roasters, a certain inevitable dust nuisance and the disposal of a ,
large tonnage of cinder. As against this, sulphur of less than one-half’
the weight of pyrites for a given tonnage of acid produced is handled
into the works, is burned cleanly in inexpensive equipment and leaves
no residues to be taken care of. Sulphur is constant in composition,
and its freedom from 'arsenic and other impurities allows the production -
of a purer acid. It is also claimed that, in practice, the burning of
sulphur means a higher rate of production for a given size of lead cham-
ber space. .

These acknowledged advantages of the use of sulphur over pyrites
for sulphuric-acid manufacture have been demonstrated by the willing-
ness of acid producers to pay a higher price per unit for elementary
sulphur than for combined sulphur in the form of pyrites. An example
of this is the fact that one of our largest and best organized chemical
companies, in making a large contract, chose sulphur over pyrites for
sulphuric acid manufacture, where the differential in offered prices was
8c. per unit of sulphur.

1 In this connection, see FrascH, Perkin Medal Address, Met. & Chem.
Eng., vol. 10, No. 2, pp. 73-82, and J. I'nd. Eng. Chem., vol. 4 (1912), p. 139.

3
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When one considers the present high prices of labor, the uncertainty
of the copper market and the fact that sulphur may be purchased in a
competing market, from concerns which have large stocks on hand, so
that delivery is certain, it would seem to be a wise business policy to
use sulphur rather than pyrites for sulphuric acid manufacture even
with a very large differential in price. This is especially true when one
considers the other side of the situation—namely, that in buying im-
ported pyrites the consumer is putting himself at the mercy of one large
set of interests which, while it may at the present time offer pyrites at
low prices and even below actual cost, will almost certainly at some time
in the future reap its profit by much higher prices. It is said that
imported pyrites has been offered for large contracts in this country at
about 10c. per unit of sulphur, ex-vessel, Atlantic seaboard, while at the
same time pyrites was selling in England, much nearer the base of _
supplies, at 20c. to 22c. per unit of sulphur. It reminds one somewhat
of the tactics of Standard Oil in the old days before ‘trust-busting”
became fashionable with politicians; and everyone knows that those
who bought cheaply when the company was extinguishing a competitor
never reaped any permanent advantage, but later more than paid for
temporary reductions in price.

Sulphur is today one of the few substances which have not risen in
price since pre-war days. In fact, sulphur is cheaper today than at any
other time in the history of the industry. The price for large contracts
is about $20 per ton, Atlantic seaboard. This makes sulphur one of
the cheapest raw materials available and should, it would seem, greatly
extend its usefulness. Sulphur as mined and sold by all three com-
panies is of remarkably high grade. In fact, many so-called C.P. chem-~
icals do not possess the purity of crude sulphur, as sold by these
companies. The sulphur is free from arsenic, selenium and tellurium,
and often for days at a time wells will yield a product running higher than
99.9 per cent sulphur, as calculated on a moisture-free basis; in fact,
sulphur companies selling the crude sulphur on contracts guarantee the
purity to be over 99 or 9934 per cent.

EFrFECT OF TRACES OF PETROLEUM ON COMBUSTION

One impurity occurring in traces in the sulphur of all three companies
is oil. There is a dearth of information in the technical literature
respecting the subject of oil in sulphur. Since the effect of this im-
purity is very interesting, it is appropriate to discuss it here. The
peculiar effect of oil is its influence on the burning qualities and also on
the color and odor of sulphur. A priori, one would not assume that
mere traces of a combustible substance like petroleum oil could affect
adversely the combustion of another combustible substance like sulphur,
but such is indeed the case.
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If one will make a simple experiment by attempting to burn two small
lots of sulphur, one being chemically pure and the other containing 0.2
. per cent of petroleum oil, he will note the following phenomena: The
pure sulphur will burn quietly until it is totally consumed; the sulphur
containing the oil will burn for a very short time, when it will be ob-
served that a thin, elastic film is being formed over its surface. Very
soon combustion is taking place only in spots, and within an exceedingly
short time the flame goes out, although only a small percentage of the
sulphur has been consumed. The explanation is quite simple. Sulphur
and oil at a moderate temperature react together to form asphalt, and
if the reaction is carried to completion the final result is carbon.

In the burning of sulphur containing oil the oil reacts with the sulphur
to form an asphaltic material, which quickly spreads as a film over the
surface. The result, as combustion proceeds, is a film of carbon over
the surface of the sulphur. The ignition temperature of carbon, or of
the intermediate asphaltic material, is so much higher than that of
sulphur itself or than the temperature developed during the burning
of the sulphur that this film is not ignited and consequently the whole
flame is extinguished. '

The remedy for burning such sulphur is also quite obvious. If the
devices for sulphur combustion are such as to agitate the surface of the
burning sulphur or in any other way break this film of asphaltic mate-
rial, no difficulty will be experienced. Acid manufacturers who use -
mostly modern types of sulphur burners, such as the rotary or cascade
type, which allow the sulphur to drop from one level to another, have
absolutely no difficulty in burning sulphur containing 0.2 per cent of
oil, which figure represents more oil than any of the commercial sul-
phurs contain at the present time. On the other hand, many of the
small paper-pulp manufacturers still adhere to types of burners in
which the burning sulphur is more or less quiescent. With such a type
there is no agitation of the burning liquid surface, so that some of these
paper-pulp manufacturers have had difficulty in burning sulphur when
they happened to obtain a shipment comparatively high in oil.

The sulphur deposits of all three operating companies are located in
close proximity to oil fields. When a sulphur deposit is first opened
some of the product may be high in oil, running as much as 0.2 per cent,
but as production proceeds the oil becomes progressively lower until
finally, for ddys at a time, it may amount to only 0.04 per cent, which is
totally negligible, even for burners which provide no agitation of the
surface. We have assumed that hot water carried this small quantity
of oil from small crevices in the oil-sand formation to the sulphur below
when the well was first opened. After a region has become heated up
by the hot water, these traces of oil are pretty well washed out; conse-
quently, sulphur mined later in the same area is virtually free from it.
Examination of drill cores of native sulphur showed such in situ sul-
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phur to be oil-free. We are informed by ex-employees of the Union
Sulphur Co. that this corresponds with the experiences of that organ-
ization in heating up any new area of sulphur ground. The examina-
tion of a very large number of samples of sulphur, representing the
production of all three companies, has shown quite positively that none
of their sulphur contains enough oil to cause any difficulty in its com-
bustion with rotary burners or other burners which agitate the surface of -
the burning sulphur during combustion. It is only very exceptionally
that one will find a car of sulphur whose oil content is high enough to
make difficulties in its combustion in a stationary type of burner.

ProPERTIES AND USES OF SULPHUR

Sulphur is now and is likely to be for some time one of our cheapest
raw materials, and accordingly should and undoubtedly will find a
much wider range of usefulness. It is by studying the physical and
chemical properties of a substance that one first obtains ideas as to
possible new uses therefor. The chief physical properties of sulphur
are tabulated in Table 4. The present tonnage uses of sulphur are
presented in the chart. Those properties which suggest certain possible
tonnage uses for sulphur are its very poor conductivity of heat and
electricity, its resistance to being wetted by water and its inertness
‘toward most acids, all of this combined with a fair degree of physical
strength. These properties suggest heat-insulating materials, electrical
insulators of various types, water- and acid-proof cements, and acid-
proof construction materials.

As against the properties of sulphur which might make it very desir-
able for certain construction purposes are certain objectionable ones,
such as its brittleness and its flammability. The brittleness can be
overcome sufficiently for many purposes by making mixtures of sulphur
with other materials, such as sand, asbestos, or paper pulp, or by rein-
forcing with wire screen. In many cases the flammability is not a
serious objection.

A survey of the literature, especially the patents, on the subject of
sulphur mixtures reveals that almost every conceivable thing has been
suggested as a perfective admixture for sulphur to obtain a material
which has all the air- and acid-resistant properties one could desire or
to get a completely resistant kind of concrete useful in building. We
have tested out most of the recipes which appeared to be promising and
find as usual that the claims have been much overstated. However,
the ordinary mixture of sand and sulphur which has been repeatedly
mentioned in the literature has merits which should make it better
known. The mixture which has seemed to us the best for most uses is
that of 40 of sulphur and 60 of sand (parts by weight). The tensile
strengths of sulphur-sand mixtures as measured in the usual manner for
testing cement were as follows:
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TaABLE 3.—TENSILE STRENGTHS OF SULPHUR-S8AND MIXTURES

PERCENTAGE OF SULPHUR TENSILE éﬂnno;bn,
BY WEIGHT LB, PER 8Q. IN,
25 90
35 : 310
40 400
45 310
50 - 110
100 ’ 250

We have also used other fillers which have given tensile strengths of
800 and even 1,100 lb. measured in the same manner and have to a
large extent overcome the brittleness of the sulphur in some of these
mixtures. Sulphur-sand briquets kept on hand for one year show no

" deterioration in strength. It is evident that the 40:60 sulphur-sand
mixture can be used as an acid-resistant concrete, for making acid-
resisting pipe, tanks, gutters, launders, etc. The manipulation of such
a mixture is much like that of pouring concrete and is as follows:

Practical Manipulation.—It is evident that the sand should contain
no constituent which will be attacked by any material which is to come
in contact with the finished product; for instance, in the case of acid
tanks it should be free from limestone or other acid-soluble constituents.
If necessary, it should be washed and dried. The sulphur may be
melted in a kettle with constant stirring, and the sand, which has been
heated separately, poured into it while the stirring is continued. Un-
less the sand is heated, it will lump when poured into the sulphur.
When the material is thick enough (40 per cent sulphur and 60 per cent
sand) it is ladled into the molds.

Considerable flexibility is possible in handling this material. For
instance, a small tank was made which was 2 ft. square, 18 in. deep,
and 2 in. thick. The mixture was poured into a wooden mold in twelve
different lots. Although several of these lots had solidified before the
next was poured upon them, nevertheless the resulting joints were
strong. Apparently the hot mixture melts sufficient of the solidified
part to form a solid joint. There was no contraction of the tank as a
whole and no tendency to split in the mold. This mixture can be
worked with a trowel, like mortar. It can also be reinforced by wire
netting placed in the mold before it is poured. The specific gravity of
a sulphur-sand mixture (40 :60) was found to be 2.46.

Weight of 1 cu. ft............ et 164 1b.
Weight of sulphur required per cubic feet.. . .. 62 lb.
Weight of sulphur required per cubic yard.... 1,670 Ib.

Taking the value of sand as $1 per cu. yd. and of sulphur as $20 per
ton, the price of the materialg per cubic yard will be about $18. It may
be possible to decrease appreciably the amount of sulphur necessary and
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hence the cost by imbedding larger pieces of crushed rock or some such
substance in the mass. Tests of the material in sea water are being
made, but it is too early to give results. It is apparently standing up
well to date.

Pipes cast of this sulphur-sand mixture show no deterioration after
one year in 5 per cent hydrochloric or 5 per cent sulphuric acid. The
ordinary organic acids have no effect on such a mixture.

TABLE 4.—THE PHYSICOCHEMICAL PROPERTIES OF SULPHUR

Pressure, MMS. of Mercury
3 -4 ®

o

VAPOR PRESSURE CURVE!
Forms of sulphur:

Crystalline Sp. aR.
(a) Rhombic. Ordinary form stable below 96°C. (205°F.).. 2.07!
(b) Monoclinic Stable above 96°C. (205°F.)............ 1.961

(¢) Milk of Sulphur. Formed, e.g., by action of diluted
acids on polysulphides. Generally called amorphous,
but shown by Smith and Brownlee to be crystalline.?
There are several other modifications of crystalline sul-
phur of scientific interest but not of general importance.

Liquid. At 113°C. (235°F.)..c.vrneeeiiiiieiiiieennns 1.812

Contains:

Sulphur (liquid, soluble), SA.

Sulphur (liquid, insoluble or amorphous), Sg.

The proportion of Su to S\ increases with the temperature.

Amorphous. Su (80Ld)........coviiiiiiiiiiii it 1.89?
Plastic Sulphur. Formed by heating sulphur above viscous
stage, 162°C. or 324°F., and cooling quickly........ 1.88?

Elastic Sulphur. Formed by heating sulphur above 400°C.
or 752°F. and pouring in a thin stream into liquid air.
Its elastic properties are soon lost.

Black Sulphur. * When sulphur mixed with very little oil is
thrown into a hot platinum dish, a black substance is
obtained which has been looked on as a modification
of sulphur. The product contains 55 per cent of
sulphur and 33 per cent carbonaceous material.”—
Watts, Dictionary of Chemistry.
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The coefficients of cubical expansion over various ranges of temperatures are
shown at horizontal broken lines.

ELecTrIcAL CoNDUCTIVITY!

Measured as reciprocal value of resistivity in ohms of 1 em. cube.

TeMP. CONDUCTIVITY

C. F.
22 72 1 X 10-17
69 156 0.254 X 10-18
115 239 0.105 X 10-11
130 266 0.5 X 10-1
430 806 0.1 X107

Compare:

Poreelain...................... 1 X 10~
Micg.......oiiieieii i 1 X 10-12
Ebonite....................... 1.5 X 10-11

FricTioNAL ELECTRICITY

When rubbed with practically any other substance, e.g., glass, fur, silk,
wool or hard rubbér—sulphur becomes charged with negative electricity.

C&FFICIENT OF LINEAR ExPaANsION? Surrace TENsION*
Temp. Temp. :
Ex. coeff. Surface/tenslon,

C. F. C. F. mg./mm.
0-13 32-56 0.000046 120 248.0 5.71
13-50 56-122 | 0.00007 131 267.8 6.12
50-78 122-173 | 0.00009 146 294.8 6.05
78-97 173-207 | 0.0002 195 383.0 6.62

97-110 | 207-230 | 0.001
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é’:v g

=

Temp Deg C
APPROXIMATE CURVE OF SURFACE TENSION

COMPRESSIBILITY®

Average fractional change of volume caused by 1 megabar change in
pressure between 100-500 megabars 0.0000125.
1 megabar = 0.987 atmosphere

ConpucTiviTy oF HEAT!

Measured as the number of gram-calories transmitted in 1 sec. through
a plate 1 cm. thick and having surfaces 1 sq. cm. in area when opposite
faces differ in temperature by 1°C.

20°-100°C. (68°~212°F.).........cvnnivnennnn. 0.0006
Compare:

Tee. o e 0.002

COPPer. . ..ottt e e 1.00

International Atomic Weight, 1920 = 32.06
Vapor Density:
At boiling point corresponds approximately to formula 8,3,
At 1,000°C. (1,832°F.) corresponds approximately to formula 8,.
EcoNomics oF NATURAL SULPHUR

Until 1900, 95 per cent of world’s supply from Sicily
In 1912, 50 per cent of world’s supply from Sicily
In 1917, 14 per cent of world’s supply from Sicily
In 1917, 80 per cent of world’s supply from U. S. A.

United States Exports and Imports

1909 exports....................... 37,142 long tons
1909 imports. . ................... . 30,589 long tons
1918 exports......... P 131,092 long tons
1918 imports. . ... e 82 long tons
United States Production
1894....... ‘ 494 long tons 1909....... 303,000 long tons
1899....... 1,590 long tons  1914...... ". 347,491 long tons
1904....... 196,888 long tons

1919 Texas Gulf Sulphur Co.
Only 9 months production after start, 348,380 long tons.

PROPERTIES OF COMMERCIAL SULPHUR
Insoluble in Water
Insoluble in Most Acids
Tensile strength, 200 1b. per square inch (approx.).
Heat conductivity, low: }4 that of cork, }4 that of ice,
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Electrical conductivity lower than that of practically any other solid sub-
stance.

Melting point, depending on conditions, 110.2°-119.25°C. (230.4°-246.
7°F.).
Ignition temperature, 248°C. (478°F.).7
Boiling point, 444.6°C. (832.3°F.).¢

Melting Point!
 ——Temp.——
: Type of sulphur C. F.
‘Rhombie.................... ... 112.8 235
Monoclinic..................... . 109.25 246.7

Natural freezing point S\ and Sp in equilibrium (96.3 per cent S\, 3.7
per cent Sg), 110.2°C. (230.4°F.).

Specific Heat!
~——Temp.——

Type of sulphur C. F. Sp. ht.
Rhombic............ 0-95° 32-203° 0.1751
Liquid.............. 160-201 320-393 0.279

: 201-233 393451 0.331
Heat of Combustion!
G. cal. perg. 8§  B.t.u. perlh.

84015802 .....ciunnnn.. 2,200 3,960
8 — HaS0; (dilute)........... 2,450 4,410
S — H,80, (dilute)........... 4,450 8,010

Heat of Vaporization!

Temp. G. Cal. B.t.u.

C. F. per g. per lb.

444.6° - 832.3° 70 ) 126
(Approx.)

Transition Temperature!
S Monoclinic 5 S Rhombic

Pressure, —Temp.——
kg./sq. em. Lb./in. C. F.
10.6 15 : 96° 204 .8°
123 175 100 212.2
638 907 ' 120 248
1,350 1,920 150 302
TRIPLE POIRT
Sulphur
Liquid

Svlphur / \ Sulphur

Rhombic ———»Monocllnic
1320 1817 151
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Rhombicat 100°C. (212°F.)........... 14.9 26.8
Monoclinic at 100°C. (212°F.)........ 11.5 20.7
To form pure liquid sulphur (S\):
From rhombie.................... 14.5 26.1
From monoclinie.................. 11.1 . 20.0
CHANGE IN VISCOSITY WITH TEMPERATURE!
SoLuBiLITIES IN VARIOUS SOLVENTS!!
Solubility,
—Temp.— G. in.100-g.
C. F. solution
Amyl aleohol ......................... 95 203 1.5
110 230 2.1
Aniline............................... 89.5 193.1 8.3
130 266 46.2
Benzene............... oot 25 77 2.1
70 158 8.0
Carbon disulphide................ vee.. —20 —4 10.5
-10 14 13.5
0 32 18
20 68 29.5
50 122 59
100 212 92
Carbon tetrachloride................... 25 77 0.86
Chloroform..............c.cccvven... 22 71.6 1.2
Coal-tar oil, sp. gr. 0.87................ 15 59 2
100 212 13
Sp.gr. 1.02. .. ..ciiiiiiiiiiiiaea.. 15 59

AMERICAN SULPHURIC ACID PRACTICE

- HeaTts oF SoLuTION IN CSy°

G. cal. per g. B.t.u. per Ib.
Dilute solution........... —11.89 —-21.4
Saturated solution........ —11.55 -20.9

HeaTs or Fusion!®
G. cal. perg. B.t.u. per lb.
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Ethylether.................... 0ot 23.5 74.3 0.97
Linseedoil....................c0uvenn. 15 59 0.4

160 320 9.0
Olive oil (sp. gr.0.885)................. 15 59 2.2
130 266 30
Sulphur chloride. ...................... 0 32 11
55.2 131.4 = 43
86 186.8 89
Phenol................. ..ot 175 346 26.7
Toluene. ..........ccovvviiieninnnnn. 23 73.4 1.48
Turpentine (oil of)..................... 16 60.8 1.33

CHANGE OF MELTING POINT WiTH PRESSURE!
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CHAPTER IV
RAW MATERIALS

The raw materials for Sulphuric Acid are sulphur, oxygen
(supplied from the air), and water. The oxides of nitrogen,
either as Chile saltpeter or nitric acid, might be called indirect
raw materials.

Water and air need no introduction nor description, so this
chapter will be devoted to the description of the sources of
sulphur and the nitric oxides. The amount of acid produced by
distillation from natural sulphates is practically nothing, leaving
brimstone and the metallic sulphides as our commercial sources.

Sulphur occurs native, as brimstone, in all parts of the world,
particularly rich deposits exlstlng in Iceland and Sicily; but the
enormous deposits of Calcasiou Parish, south-western Louisiana,
furnish the United States. A small amount is mined in Utah and
Wyoming for local use, and the Pacific Coast is supplied from
Japan.

The Louisiana beds, worked by the Frasch process, were
discovered in boring for oil, and a most interesting and ingenious
method of recovering the sulphur was devised by Heriman Frasch,
for which he was awarded the Perkin medal.

The sulphur ore, containing up to 90 per cent sulphur, occurs
450 ft. down, under quicksands that make usual mining methods
impossible. The limits of the bed have never been determined,
although 40,000,000 tons have been locked out.

The Frasch process, described in United States patents,
No. 799,642 and No. 800,127, is as follows: A 13-in. hole is drilled
to a depth of 800 ft., cased, and inside, concentrically, a 10-in.,
a 3-in., and a 1-in. pipe is placed. .Between the 3-in. and the
10-in., and the 10-in. and the 13-in. pipes superheated water,
heated by -superheated steam to a temperature where sulphur
begins to darken, is forced by its own expansive force, and by
steam pressure, into the deposit. The hot water, after melting
the sulphur, passes into the crevices of the rock, the molten
sulphur separating from the water by gravity, and being forced
up the inner pipe by steam pressure. The steam pressure is
kept less than the head of a column of molten sulphur reaching
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to the ground, and the sulphur is lifted the last part of the way
by compressed air.

The molten sulphur is run into huge spaces fenced in with
boards, where it solidifies and is then blasted down for shipment.
It will run over 99.6 per cent S, and practically no As.

Louisiana sulphur is shipped from Sabine Pass, Texas, to
supply all the eastern United States. It was quoted (1916) at
$22 a ton, and was reported to cost, f.0.b. mines, under $3.

The Japanese sulphur, greyish in color, comes in large blocks,
about 3 by 2 by 1 ft., wrapped in matting. It supplies the
Pacific coast demand.

PYRITES

Iron pyrites, FeSs, bisulphide of iron, is one of the most widely
distributed of ores, and has been, since about 1840, a material
of prime importanee in the manufacture of sulphuric acid.

Pyrites crystallizes in the regular system, as a cube, octohedron,
and pyrihedron, and often as twin crystals. The crystals are
frequently well developed, and become very large. It is greenish
yellow in color, its popular name, “Fool’s Gold,” describing it
well. Small crystals show darker colors, and the powder is
greenish black. Fracture is conchoidal or irregular. Hardness
6 to 6.55; sp. gr., 4.83 to 5. 2 it contains 46.58 per cent of iron,
and 53.42 per cent of sulphur

Volcanic pyrites contains no water, while sedimentary deposits
do. Some of the pyrites containing water bursts upon roasting.

The principal North American deposits of pyrites are at
Tilt’s Cove; New Foundland; Capleton, Quebec; Ely, Vermont;
and Pulaski, Virginia. Cuba is becoming a large producer.

Pyrrhotite, magnetic iron sulphide, Fe;Ss, is not a practicable
source of sulphur: first, because of its low sulphur content
(39.5 per cent sulphur, 60.5 per cent iron), but even more impor-
tant, the sulphur that it does contain is not readily given up, the
lumps crusting with oxide of iron, and extinguishing whatever
flame is started. It has been successfuly roasted in powdered
form in a Herreshoff roaster. E. D. Peters speaks, in “Principles
of Copper Smelting” (p. 169), of $200,000 thrown away on an
acid from pyrrhotite proposition.

Copper-bearing pyrites, of the general form of chalcoperite,
CusS, FesS;, is a valuable source of sulphur, either when the ore
is roasted and the SO, given off used for acid making, and the
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cinder for copper; or as at the Tennessee Copper Co., the gases
from semi-pyritic smelting are used direct to the chambers.

Zinc blende, ZnS, the principal ore of zinc, is an important raw
material, the SO; derived from its being roasted to ZnO being
used. Blende contains 32.9 per cent sulphur when pure—ores
usually contain some PbS and other impurities, so that the
sulphur content may drop as low as 20 per cent. Very little
arsenic occurs with blende, and the acid produced from it is in
demand for that reason.

The SO, produced by the roasting of zinc blende would prob-
ably never be used to make sulphuric acid if the gases were not
injurious to vegetation, for the gas from a material so low in
sulphur is very dilute. And in addition, sufficient air must be
introduced, not only to burn the sulphur, but to oxidize the zinc
as well:

2Zn8 + 303 = 2Zn0 + 2802.

As is shown, 50 per cent more oxygen than is required to burn
the sulphur is required, and the nitrogen from that air serves to
dilute the gas formed. So sulphuric acid from blende is less
a by-product than a means of taking care of the harmful gases,
that otherwise, if let free, destroy all vegetation near the plant.
Consequently, while an important source of acid in this country,
the burning of blende is properly a part of zinc metallurgy, and
for thorough treatment the reader is referred to works on that
subject.

Zinc ores must be well roasted, so'the cinder should contain
under 0.75 per cent sulphur, either as ZnS or as ZnSO,. If the
furnace temperature is too low the sulphate will form, and that
must be specially treated to get it into the form of ZnO, for
distillation.

The muffle type of furnace, with a mechanical stirrer, is in use
_in all modern works.

Lead ores are too low in sulphur to be used for a raw material
for sulphuric acid, pure galena only containing 13.4 per cent
sulphur.

I cannot find that spent oxide of iron is used in this country as
a raw material, although it is used abroad. Gas works remove
the H,S from gas by a mixture of hydrated iron oxide and
sawdust, according to the formula:

Fe;(OH) ¢+ 3H,S = 2FeS + 6H,0 + 8,
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and upon exposure to the air precipitates more sulphur, as
follows:
4FeS + 30; + 6H,0 = 2Fey(OH)s + 285

This regeneration is repeated perhaps thirty times, before the
quantity of sulphur is sufficient to interfere with the use of the
oxide as a purifier. It contains as high as 60 per cent sulphur
then, and is used as acid material.

NITRATE OF SODA

Nitrate of Soda, usually called Nitre, or Chile saltpeter, has
been the source of practically all our nitric acid, and still accounts
for the largest part.of it, although the various fixation processes
are making the nitrogen of the air available in ever increasing
quantities.

Formula—NaNOj;; hardness, 114 to 2; sp. gr., 2.09 to 2.39;
the large crystals are colorless, transparent, and brilliant; small
crystals white and opaque; crystallizes in rhombohedra; has a
bitter, cooling taste; upon heating it first melts and then decom-
poses, at a red heat, into sodium nitrite and oxygen; fuses at
316°C.; and it dissolves very readily in water, with absorption of
heat.

There are many known deposits of nitre, but the world’s
supply comes from northern Chile. There it is found under a
cap, up to 7 ft. thick, of “costra,” a hard conglomerate. The
actual nitrate bearing ore, called “caliche,” occurs in horizontal
beds, up to 5 ft. thick, containing 45 per cent to 85 per cent
of sodium nitrate, 20 per cent to 40 per cent sodium chloride,
and sodium, potassium, and magnesium nitrates, sulphates,
iodates, and chlorates, and guano. It is an old ocean bed.

The caliche is crushed and the soluble salts leached out; then
the sodium nitrate crystallized out in a very pure form, carrying
the chlorates and iodates, which are recovered during the nitric
acid manufacture. The mother liquor retains most of the sodium
chloride. N

An average analysis of commercial Chile saltpeter is:

96.00 per cent NaNO; (including nitrate, iodate, etc.),
0.05 per cent NaCl,
0.75 per cent sulphates (calculated as NagSOy),
2.75 per cent moisture.
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The imports of this material into the United States have grown
steadily, from 125,000 tons in 1898, to 519,000 tons in 1910.
About 80 per cent of this goes into commercial fertilizers, the
remaining 20 per cent into our chemical industry.

Being deliquescent, the salt becomes damp and adheres to the
bags it is shipped in, not only causing loss of nitre, but danger of
fire, as the bags will ignite spontaneously. The bags are therefore
usually washed out with hot water, and dried, the saltpeter being
crystallized out of the water. The mother liquors from this
crystallization contain NaNO,;, KNO, I, Nal, KI, KClO,, 20 per
cent to 30 per cent insoluble, water, and small quantities of borates
and chromates.

The mother liquor is run into a wooden vat, equipped with a
mechanical stirrer, and is slightly acidulated with sulphuric acid;
the result is NaHSO, and I, from the iodates—now NaNO; is
added, reacting as follows: '

1 NaNO, + H,S0, = HNO, + NaHSO,,

2) 2HNO, + 2HI = 2I 4+ 2NO + 2H;0,
Bubbling air through gives

3 2NO + O = N,O,,

which reacts with HI as

4) N,0, + 4HI = 4I + 2NO + 2H,0,

and the reaction repeats.

Agitation is then stopped, and the liquor is allowed to settle
over night, decanted, filtered, and washed with soda-ash. The
product is a paste, running 75 per cent iodine and 25 per cent
water.

The decanted liquor contains 0.02 per cent I, which is treated
with sodium sulphite, to fix the iodine, so it will not pass off as a
fume, and goes back to the bag house to be reconcentrated. The
proper amount of sulphite is known to have been added when the
color of the liquor changes from black to dark brown.




CHAPTER V
PRODUCTION OF SO,

By far the largest part of the sulphuric made is from SO, pro-
duced especially for that purpose. A very considerable tonnage,
however, is made from gases which are by-products of certain
metallurgical operations.

High grade brimstone is the ideal material for making SO, for
acid manufacture. The equipment for burning it is compara-
tively small and inexpensive, and as it all burns, there is no ex-
pense for handling cinder. Moreover, a very rich and uniform
gas can be obtained. Several very satisfactory brimstone
burners are made and regularly marketed in the United States.
The two most used and perhaps best suited for burning large
quantities of sulphur, are the rotary type and the shelf type.

The rotary type is shown in Fig. 3. This burner is similar in
appearance to the Bruckner or White-Howell roasters, except
that no fire box is required.

Brimstone melts at a temperature below its combustion point,
so whether it is in lumps or in powder or is run into the burner
molten, is not important to the actual burning, although the
condition in which it is to be fed will determine the nature of the
feeding apparatus if it be a mechanical one.

If a pile is made of lump sulphur and a fire started at the
bottom of the pile, the sulphur melting and running down will
smother the flame; so a small depression is made in the top of the
pile, a piece of oily waste lighted and thrown in, the sulphur
begins to melt and run down to the bottom of the cavity and to
take fire. The pool enlarges itself rapidly by melting down new
sulphur, and soon the entire mass is burning but all on the top.

The molten sulphur is sticky, and this property is taken advan-
tage of in rotary burners, of which the Glenn Falls Machine Co.
makes the best known. This burner is a plate iron cylinder with
cast iron truncated cone-shaped ends, mounted upon trunnions,
horizontally, the sulphur and air going in at one end, the SO,
and partly comsumed air, with a little vaporized sulphur, passing
out at the other into a large fire-brick lined vertical cylindrical

4 49
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combustion chamber. In the combustion chamber entrance
further air is admitted and the vapor of sulphur is completely
burned. (See Fig. 3.)

The advantage of the rotating burner is that the molten sulphur
sticks to the inside of the cylinder as it revolves and burns all
the way around, which, with the dripping sulphur adds in small
compass very largely to the combustion area and so increases the
capacity. The burner revolves slowly, being adjusted to have
the sticky film almost burned up when that portion of the side
of the cylinder dips into the molten sulphur again.

Fia. 3.

The labor of attending these furnaces is very light. One man
can easily feed two of them with a shovel in addition to looking
after oiling, adjusting dampers, and all other operation. If the
sulphur is supplied to the burners by mechanical means they
require very little attention. The sulphur may be fed, in either
the solid or molten state. If solid, the material is carried into
the burner from a small hopper by a short screw. If molten, an
iron tank containing a steam coil is placed somewhat above the
burner, the molten sulphur is carried to the burner through a
steam-heated pipe, and the flow controlled by a steam-jacketed
valve. Either method works well if properly handled.
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Control of the quality of gas and its volume lies in the handling
of dampers at the feed end and the entrance to the combustion
chamber, and in the quantity of sulphur fed. The production

of gas of the grade most desirable for making sulphuric acid, z.e.,
~ not over 10 per cent SO; is not at all difficult. The chief trouble
which occurs in the operation of sulphur burners, especially in
producing high strength gas, is that if dampers are not properly
adjusted some sulphur vapor may go through the combustion
chamber without being burned. This sulphur on being cooled
in the flues or in the towers becomes solid and chokes the
passages.

Rotary burners are regularly made in sizes with capacities
ranging from 200 to 300 lb., to 15 tons per 24 hours. Floor space
12 ft. by 40 ft. will accommodate even the largest size mentioned.
The power consumed in driving them is very small.

Rotary type burners have been likened to Bruckner roasters, and
the shelf type may properly be said to resemble the McDougall
roaster. It employs the superimposed tray or hearth construc-
tion. Of course a stirring mechanism is unnecessary because the
sulphur is molten and simply overflows one tray and drops to the
next andso on. A burnerof this type is shownin Fig. 4. It consists
essentially of a cylindrical cast-iron or steel, brick-lined chamber
containing several cast-iron hearths or trays. At the top is a
chamber or reservoir into which the sulphur is charged and in
which it melts. A valve in the bottom of this chamber controls
the flow of molten sulphur into the burner proper.

In operation a charge of sulphur is put into the top reservoir, a
fire is started in the tray immediately below and allowed to burn
until the sulphur starts to melt. The valve is then opened and
the molten sulphur trickles in and ignites. Any part not burned
on the first tray overflows to the second, and so on. Most of the
ash and dirt is carried by the flow to the bottom pan. Doors
are provided however to give access to any hearth.

In capacity range these burners are regularly made to burn
up to 10 or 12 tons of sulphur per 24 hours. The manufacturers
point out the following advantages for this type of burner:

1. No moving parts or power required.

2. Small floor space. A 9-ft. diameter cylinder burns 10 to 12
tons per 24 hours.

3. Better heat conservation than any other type.

As mentioned before, brimstone burning allows the productlon
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of very rich and uniform gas. The percentage of SO, is limited
by the fact that for either chamber or contact-work a certain
minimum oxygen percentage must be maintained. This oxygen

percentage should be at least per cent STO’ + 4, since one volume

Fia. 4.

of 804 requires 14 of one volume of oxygen to form SOs, and about
4 per cent excess is desirable. Since air contains about 20.8 per
cent oxygen, the sum of SO; and oxygen in the gas from the
burner will be 20.8 per cent. The maximum SQO; then should
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be, in accordance with the above proportion, 11.2 per cent and
oxygen 9.6 per cent.

BURNING PYRITES

Iron pyrites, when pure, has the formula FeS,, and contains
46.7 per cent iron and 53.3 per cent sulphur. It is never obtained
entirely pure, although material containing over 50 per cent sul-
phur is sometimes found. The general range is from 40 per cent
to 50 per cent sulphur. )

Sulphides of the metals burn in air, with the production of the
metallic oxides and SO;; and if the operation, called roasting, is
not complete, intermediate sulphates and bisulphates.

Iron pyrites when roasted gives off of its FeS; nearly one atom
of sulphur very easily. At comparatively low temperatures the
sulphur burns at once to SO; leaving behind Fe;Ss. At higher
temperatures it is at first volatilized as a dense cloud of yellow
smoke, and then burns to SO,. At the second stage of the process
begins the oxidation of the iron in the ore along with that of the
remaining sulphur. This is much slower and less vigorous than
the burning of the primary atom of sulphur, and as the various
iron oxides formed are fairly active catalytic agents or “contact
substances,”” a considerable quantity of SO; is formed at this
stage. For purposes of calculation the net result of these
reactions may be written:

4FeS; + 110, = 2Fe;05 + 850,

Pyrites is obtained and burned in two different forms, viz.,
as lump pyrites and as fines. The former is material in pieces
from the size of the fist down to about 14 in. Fines is material
under 14 in. These two classes are burned in distinctly different
forms of burners.

The lump burners used in this country are quite simple. The
general scheme is similar to the burning of lump coal on grates
except that the bed of fire is carried much deeper, <.e., around 2
ft. Fines in any appreciable amount are not permissible as they
prevent free draught. In brief, a single burner consists of a.
brick box up to 6 ft. long from front to back, and 4 or 5 ft. wide.
It is divided by a grate into an upper or burner compartment,
and a lower or ash pit compartment. A charging door is placed
at such a level above the grate as to allow a bed of ore about 2
ft. deep. A small door at the grate level allows the grates to be
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shaken. A door in the ash pit provides for removal of cinder.
Grate bars made of cast iron, of square section about 2 in. on a
side are used. They are supported by cast-iron bearers at two
or three puints. The bars are made with circular section at the
points of support in order that they may be turned. When
their diagonals are set vertical and horizontal a considerably
smaller space exists between them than when they are turned
with their diagonals 45° from horizontal. By turning the bars
from one position to the other with a wrench the lumps are
crushed and the shaking out of the spent cinder'is accomplished.
‘Figure 5 shows the general features of a lump burner and grates.

Most of the modern plants using the lump burner have im-
proved its details making it tighter and more convenient to
operate. Burners are now made practically encased in steel or

Fia. 5.

cast-iron plates. Door frames and doors are planed to give
tight joints without using putty. In some cases the ash pits
discharge into cars in a tunnel below the burner set. These
improvements have made labor less and gas more uniform, but
the nature of this form of burner demands a considerable amount
of hand labor which cannot well be eliminated.

The capacity of a burner depends somewhat upon the sulphur
tenor of the ore and its melting point. High grade pyrites con-
taining little copper can be burned to give much more SO, per
unit of grate area than low grade ore high in copper or which
contains pyrrhotite; in other words ore of low fusing point. We
cannot in any event expect to get much more than one ton of
60° acid from one good sized burner. Driving a burner too fast
causes fusing and sticking and much hot laborious effort to clean.

It will be seen that to provide gas for a large set of chambers
the ground area and buildings required for lump burners is very
great. Lump burners are built in blocks back to back and
consisting of almost any number desired. Sets of 24 to 30 are
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common, and some up to 40 are to be seen. To decrease ground
area the obvious thing to do would be to carry greater depth of
ore on the grates. This presents several difficulties however.
Heat would get too high if rate of burning per square foot were
inereased. Shaking out cinder uniformly would be uncertain.
If fusing occurred, cleaning would be difficult. Burning of
lump pyrites-is practiced almost entirely on acid units of not
over 50 tons 60°Bé. acid daily capacity.

INSTRUCTIONS FOR STARTING LUMP BURNERS

Be sure the brickwork is not too green upon starting. The
moisture should be dried out of the bricks by means of a very
light fire in the bottom before starting up.

_ Uniformity of size of charge is important and money spent on
this will pay well.

First clean out the furnaces thoroughly; see that the top flues
are clean; put in the grate bars. See that all doors are in place.
‘Manhole doors should have a thin joint of tar and fireclay.

The top buckstay rods should not be too tight, which is readily
seen by striking them with a hammer, so as to allow for expan-
sion as the furnace heats up. This must be watched carefully.
~ Before putting a fire in the furnace provision should be made
for taking off the smoke, which is best done by means of a tempo-
rary stack on the uptake to the Glover tower, over the opening
in one of the top plates. This stack should have a tight damper
in it so it will not be necessary to remove it when its use is dis-
continued.

The damper in the Glover flue must be closed to prevent smoke
from getting into the system. It is necessary to cover the grate
bars with something like pyrites cinder to protect them from
warping. If cinder i8 not to be had, broken stone or brick will
do. Spread out this protector a foot thick except in the corners,
where it should be 15 in. A wood fire is then started in each
furnace on top of the cinder. The fire is kept burning until the
whole interior is well warmed up and there is a bed of red ashes
over the entire area of the furnaces. The fire is then increased
until the interior of the furnaces is red hot, including the top of
the bed of cinders.

The best material for firing is oak or hickory as these make little
smoke. Broken coke and coal are used but as these make a very



56 AMERICAN SULPHURIC ACID PRACTICE

hot fire, care must be taken that no clinkers are formed with
the cinder. If any are formed they must be removed before
changing ore.

As the mass of brickwork and iron is bound to expand as it
heats up, the buckstay rods must be loosened from time to time.
A tap with a hammer shows if they are too tight, a hard metallic
ring indicating that they should be slacked off. Do not loosen
them too much as it is hard to tighten them again owing to the
great pressure of the arches, which may crack in consequence.
Care must be taken that a furnace does not get hot too quickly.
Firing should take 30 to 36 hours for a new furnace, less time
being required for an old one being restarted.

After the final heating the wood should be burned off about the
same time in each furnace, leaving a bed of hot embers. Before
ore is charged withdraw any unburned fuel, at the time making
sure there is no matte where the main fire was. Distribute the
hot embers evenly then charge sufficient pyrites to cover the
whole grate. The pyrites should be placed in front of the fur-
naces beforehand so that no time is lost in charging, for it is
very important that they go in quickly before the furnaces lose
heat. This is best done by having several men charging at the
same time. When the charges are in, the gas can be turned
into the system. When the first gcharge is burning well, the
furnaces should receive a second charge so as to insure a suffi-
cient quantity of ore in the furnace to prevent any possibility
of running low and losing its heat.

The gases leaving the furnace contain for a time some carbon
dioxide in addition to SO, due to the residual fuel. It is highly
important to charge the furnaces with clock-like regularity. For
example, if there are 24 furnaces one will be charged every houror
every half hour as desired. A regular schedule is followed in
any event. The charging time of each furnace should be marked
upon it.

FINES BURNERS

Fines burners are by far the most used and most important
of the apparatus for producing SO, for making sulphuric acid.
The main reasons for this are:

1. Large capacity with small ground area.
2. Charging ore and discharging cinder are continuous and are accom-
plished without opening the furnace, and the gas is in consequence uniform,
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3. Handling of ore and cinder are done by machinery, practically elimi-
nating hand labor. '

4. Several well-designed and satisfactory furnaces are on the market and
can be bought practically from stock.

In the early days of acid making pyrites fines were burned in
the crudest way. The favorite method was on a brick hearth,
the pyrites being fed by hand with shovels, and rabbled by hand.
This method produced cinder high in sulphur and most ununi-
form, besides being very costly in labor.

The first improvements over the hand method in rabbling
were along the line of mechanical rabbles in the form of plows
which were dragged through the furnace on a chain, pulling
the ore along with it and turning it over, giving a much better
roast with lower labor costs. But to get a complete roast the
temperature had to be high and maintenance costs were heavy.
Also the plows were heavy and the wear on the hearths consider-
able.

The next step was an annular furnace with arms branching
out from a revolving central axis, the arms carrying rakes for
stirring the ore. The roof of the furnace had to be supported
from the outside as the arms entered the furnace through a
slot in the inner wall. A great deal of air entered through this
slot so it was often covered by an iron apron revolving with
the arms.

In 1868, McDougall introduced his circular multiple hearth
furnace. The McDougall furnace consists essentially of a
cylindrical steel shell lined with about 9 in. of brick and
oontainingseveral self-supporting arched brick hearths. Through
the center of the furnace runs a vertical iron shaft or column.
To it are fastened horizontal iron arms, one, two, or even three
to each hearth, and these bear iron rabble teeth. This shaft
with its arms is supported on a bearing beneath the furnace
and in operation is revolved slowly. Alternate hearths have
drop-holes near the central column and near the outside wall.
The rabble teeth stir the burning ore and move it across the
hearths so that it passes uniformly down through the furnace,
crossing each hearth and falling to the one below.

The original McDougall furnaces did not include any provision
for keeping the shaft and arms and rabbles cool, and this was
probably the chief reason that the furnace gave trouble and was
not more widely used for many years. Mr. J. B. F. Herreshoff
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of the Nichols Chemical Co. on investigating the problem built
a furnace with a hollow iron shaft and hollow arms, and blew
cold air through them, in that way keeping the temperature of
the metal at such a point that its strength was not impaired.
Herreshoff also arranged to admit controlled amounts of the heated
air issuing from the shaft and arms, into the hearths at any
desirable points. Frasch also applied water cooling to the hollow
shaft and arms.

Other improvements and refinements have been made on the
MecDougall furnace and we find to-day that the name McDougall
has largely disappeared, and these furnaces are known by the
_ names of those who have made the modifications.

The chief differences in the furnaces of this type now on the
market are in the shafts and arms, and the following classification -
is made on that basis:

1. Furnaces having water-cooled shafts and arms.

2. Furnaces having air-cooled shafts and arms.

3. Small shaft furnaces, t.e., shafts into which a man cannot enter.

4, Large shaft furnaces, i.e., shafts large enough to allow a man to enter
and work. :

In roasting any of the pyritic materials suitable for acid making
it should be understood that furnace temperatures, .e., tempera-
tures of gas, ore, and brickwork, are influenced only to a small
extent by either the air or water which may be circulated through
the shaft and arms. This statement applies in greater degree
to large than to small furnaces. The prime function of the air or
the water is to regulate the temperature of the iron parts them-
selves. A rough heat balance sheet of a roaster burning a pyritic
ore of moderate sulphur tenor is interesting in showing the dis-
posal of the heat units.

As this balance is intended to show only the relative amounts
of heat going to the various products, etc., rather than acutal
heat units, only the iron sulphid is considered.

This ore contains 34.7 per cent S as FeS;.

The calcine contains 7.0 per cent S.

The calcine weight is 80 per cent of that of the ore from which it is made.

For each 100 parts of ore there is burned 34.7-80 per cent of 7 or 29.1
parts of sulphur

Assume that one half this is “volatile atom” and its dissociation. heat
requirement is negligible. The heat evolvers are then:
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29.1 parts S to SOs @ 2,170 calories = 63,200

29.7 X 1.75 parts Fe to FesO; @ 1,750 calories = 44,500

Total calories per 100 parts ore = 107,700
Heat is absorbed by dissociation of FeS.

40 FeS @ 273 calories = 10,920

Net calories evolved per 100 parts ore = 96,780

Assume that the furnace roasts 100 lb. ore per minute and that
the gas issuing from it contains 9 per cent SO, 8 per cent
oxygen and 83 per cent nitrogen. '
29.1 Ib. S make 320.6 cu. ft. SO;. Total gas perminute then =
3,562 cu. ft. Assume the air enters the furnace at 20°C. and the
gas leaves it at 620°C. Then the heat carried away by the gas is:

S0s....... .09 X 3,562 (.0226 X 600 X .0000187, = 10.80
O........ .08 X 3,562 (.0189 X 600 X .0000017) = 5.65
N........ .83 X 3,562 (.0189 X 600 X .}0000017) = 59.80

Calories perdegree................c..cviiinveenn.. 75.36

Calories for 600° = 45,210.
Calcine from 100 1b. ore = 80 lb.

The ore enters the furnace at 20°C. and the calcine is discharged
at 420°C. Heat carried away by calcine is 80 (.1456 X 400 X
.000188) = 17.664 pound calories per degree. Calories for
400° = 7,066.

This furnace is assumed to be air cooled. There are 1,000
cu. ft. per minure of air at 20°C. blown in through the arms, and
this air issued at 220°C. Calories carried away by this air =
3,848. -

REcCAPITULATION
Total heat envolved = 96,780 calories
Heattogas........................ 45,210
Heat to calcine........... e 7,066
Heattoair........................ 3,848
Total accounted for....................... 56,124
Balance for radiation....................... 40,650

Radiation surface of the furnace, 2,200 sq. ft.
Loss per square foot per minute = 18.4 Ib. calories.

This calculation shows that the two chief ways in which the
heat is carried off from a roasting furnace are by the gas and by
radiation. The heat units carried away by the cooling medium
circulated through the shaft and arms, and by the calcine, are
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insignificant. As the radiating capacity of a furnace once built
is not variable at will, it is apparent that control of furnace
temperature must lie in feed of ore and volume of air admitted.

When air cooling of the iron parts can properly be used it is to
be preferred over water cooling for several reasons. When water
is used for cooling, the temperature of the arms is so low that the
iron becomes sulphated and the rabbles soon become cemented to
the arms and can often be removed only by breaking. With
air cooling, the temperature of the metal is usually so high that
this sulphating does not occur. Another advantage is that slight
leaks at joints or chaplet plugs do no harm if air cooling is em-
ployed, while with water even slight leaks cannot be tolerated.
Often a water-cooled arm must be removed on account of a
persistent small water leak where an air leak of the same size
would scarcely be noticed. ’

I
. Rib for Rabble
= )

4 g —
Air-Cooled Arm Flunged End

== =~ 0

Water-Cooled Arm wedge Type Arm End
Fia. 6.

Air-cooled arms and shaft must have much larger passages in
them than necessary when water is used for cooling. Indeed the
success or failure of air cooling depends much upon whether or
not the passages are of ample area. The thickness of metal in
air-cooled arms is less than in water-cooled arms.

Figure 6 shows the essential features of an air-cooled arm with
flanged end for bolting to shaft, and a water-cooled arm with
end-detail as used in the Wedge furnace.

The other major difference in the MeDougall types is in the
large and small central columns. Until the advent of the Wedge
furnace all the McDougall furnaces had small central columns,
i.e., not above 18 or 20 in. diameter, and hence too small fora man
to enter. When. anything became wrong with an arm which
necessitated replacing it, it was necessary to stop the furnace and
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allow it to cool down enough to permit men to enter the hearth,
unfasten the bad arm from the shaft and fasten on a new one.
This always required several days and meant that the furnace
had to be restarted with fuel. Such a loss of time is a serious
thing to an acid plant, especially if a single furnace is being
depended upon.

Many attempts have been made to devise arrangements
whereby arms could be replaced without cooling and entering the
hearths. It is not difficult to do this if air cooling or no cooling
is sufficient. If water cooling is necessary and water-tight con-
nections have to be made it seems impossible unless one can get
at the inner end of the arm, which with the small column furnace
means getting into the hearth. While this feature of the small
shaft furnaces is disagreeable, it should not be overestimated.
Well made arms properly taken care of last for long periods, and
there are other things beside failure of arms which demand
cooling down a furnace at times, failure of brickwork for example.
It is often possible to get along with a sick arm for a time until a
general overhauling is desirable.

Small column furnaces of which the Herreshoff is an example
have their columns made up of cast-iron sections flanged together.
When water cooling is used a water supply pipe extends down
the middle. It is provided with a tee fitting corresponding to
each arm, into which is screwed a pipe which extends well out
toward the end of the arm. The water enters the arm through
this pipe and returns around it into the annular space in the
column. Usually the arm itself has a flanged end which is
bolted to a corresponding flange on the column casting. There
are variations in this method of fastening but the flange is most
used.

For air cooling a partitioned arm, as shown in Fig. 6, is used
and an interior column construction as shown in Fig. 5.

The Wedge furnace, shown in Fig. 6B, is the only furnace made
with the large column. This column is 4 or 5 ft. in internal
diameter, built of steel plates riveted together, and covered on
the fire side with fire brick and insulating material. The arms
project through the wall of this column and are fastened inside.
The air or water connections are likewise inside the column.
It is a simple matter in case of the failure of an arm for a man to
enter the column immediately, disconnect the pipes, and loosen
the latch. The arm can then be pulled out and a new one in-
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Fia. 64.—Herreshoff furnaces.
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serted and connected. It is not a pleasant job because the inside
of the column is decidedly warm, but it can be readily and safely
done by any men who are reasonably accustomed to furnace
work. There are certainly many more severe tasks about metal-
lurgical furnaces. If proper arrangements are made an arm
may be removed and a new one inserted and connected ready to
go in 4 hours.

Fi1c. 6B.

One feature of the large column which has given some trouble
is the carrying of the great rotating weight in a satisfactory way.
The customary design for the larger sizes provides a set of six
large beveled rollers upon which the cast spider carrying the
column revolves. In the middle is a small guide bearing. The
trouble with this arrangement is in maintaining the shaft plumb,
and the load equally distributed upon the rollers. The side
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thrust causes some wear of the rollers and their thrust bearings,
which is not equal all the way around. As soon as one roller is
further away from the center than the others it ceases to carry its
proper share of the load, or else the shaft goes out of plumb.
This cannot be said to be a very serious fault, but it makes the
arrangement less satisfactory than the old step bearing.

In the 25-ft. furnaces of this type erected at Anaconda a few
years ago, the columns are supported on 9-in. step bearings of
very rugged construction. The column is held plumb by a set
of vertical rollers bearing against a ring fastened around the top
of the column.

Fines burners are started by bedding the upper floors with ore
then heating with wood, coal, oil, gas, or powdered coal, with the
mechanism stationery. When sufficiently heated the floors are
cleared and the mechanism started with a light feed of ore. It
is usually necessary to use a little fuel for a time after starting
feed. The variables used in the control of a furnace are amount
of ore fed, and volume of air admitted, also sometimes the rate
of revolution of the arms. The usual speed of revolution is from
1 to 2 R.P.M. The operation is watched through peep-holes.
A 15-ft. (diameter) furnace requires one horse power.

BY-PRODUCT GAS FROM COPPER REDUCTION WORKS

About one-half million tons per year of acid is made from gases
evolved from the reduction of copper ore. The only two sources
of such gases at present are roasting furnaces and blast furnaces.
The roasting furnaces used at copper reduction works in con-
nection with acid making are all of theMcDougall type, and of
several different makes, embracing all the types described above.
The materials roasted show wide range and are all materially
different from the pyrites ores regularly bought for acid making.
However as the gas used is really a waste product and no charge
for sulphur is made against the acid, these acid plants can well
afford to work with less favorable ores.

The chief difference between the materials available at copper
reduction works and the ordinary ores is that the former are
lower in sulphur and higher in copper, are of irregular analysis,
and are often exceedingly fine. While pyrites ores range from
40 per cent to 50 per cent sulphur and contain little copper, the
ores and concentrates used at copper works range from 25 per
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cent to 40 per cent sulphur, and contain up to 12 per cent or 15
per cent copper. Moreover at some plants the sulphur content
of the material varies 5 to10 per cent from day to day.

The copper-iron sulfide, and the copper sulfide minerals fuse
at a considerably lower temperature than does straight pyrites,
so in roasting copper ores and concentrates accretions are found
to form on the brickwork and on the shaft of the furnace much
more than they do when roasting pyrites. This fact makes it
necessary to watch the furnace temperatures carefully or serious
formations of matte may occur. A good deal of barring and
plowing of the hearths is necessary even with the most careful
attention. :

As the cinder from the roasted copper ore is usually treated in
a reverberatory furnace to make a copper matte, some sulphur
should be left in the cinder. For example at Anaconda where
the copper content of the cinder is about 10 per cent, it is desirable
to leave about 7 per cent sulphur in the cinder to make matte.

THE BLAST FURNACE

The blast furnace is a very unusual source of SO, for acid mak-
ing. The only place in this country where it has been used is
at the reduction works of the Tennessee Copper Co. and the
Ducktown Sulphur, Copper, and Iron Co., in the Ducktown
district in southeastern Tennessee. There exists a peculiar set
of conditions there which will rarely be duplicated, but the ton-
nage of acid produced is so large, and the plants themselves
present so much of interest in their construction and operation,
that some description of the operations is in order.

The ore treated at these works is a heavy sulfide carrying
substantially:

PER CENT
COPPer. .\ oe e e 2.5
TrOD. .o e e 30.0
Sulphur................ . ... v, ... 20.0
Insoluble................... ...t 30.0
CaO, MgO..........o it 10.0
ZINC. ..ot e et e, 3.0
7. Y 0 e 3.0

This ore is treated directly in blast furnaces with no prelimi-
nary dressing or concentration whatever. It is very near self-
fluxing when making a 15 per cent copper matte, and it can be

smelted with about 5 per cent coke. This permits the production
5
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of a gas containing 7 per cent to 8 per cent SOs, 5 per cent to 6 per
cent CO,, and about 3 per cent to 4 per cent oxygen.

At the time the first acid plants were built, about 1907, no
experience was available to say what could be done with such
gas. However it was necessary to undertake the manufacture
of acid because the United States Supreme Court had enjoined
the smelteries from allowing to escape more SO; than the state
of Georgia deemed reasonable. The redeeming feature of the
situation lay in the fact that Ducktown basin is in the heartof
that portion of the country which consumes the greater part of
all the acid phosphate fertilizer made in the United States, that
is to say there is an excellent market for sulphuric acid.

For some time after the completion of the plants troubles of
various kinds were experienced and many curious phenomena
arose. The chief differences between this blast furnace gas
and the gases usually used for making sulphuric acid are the
high CO; content and the low oxygen. It was necessary to
revise ideas about the oxygen content of exit gases, or else if
the customary 6 per cent were maintained there, to take a gas
entering at about 2 per cent to 3 per cent SO;. One solution of
this devised at the Ducktown plant, was to adjust the gas enter-
ing to contain about 3 per cent oxygen, and to introduce air into
each chamber sufficient to maintain 3 to 4 per cent oxygen at all
stages of the process. Working without this arrangement the
best way seemed to keep the oxygen in the exit gases above 2 per
cent and get as good SO; entering as that would allow.

It should perhaps be explained that in near-pyritic smelting
the gases issuing from the charge contain almost no oxygen and
if the furnace top and flues are tight the gas entering the acid
plant contains only such oxygen as may be voluntarily admitted.

The high percentage of CO; in this gas along with the unusually
low oxygen makes the reactions in the chambers very sluggish.
In order to get reasonable tonnage from the plant is is necessary
to use much more than the normal nitre circulation and this in
turn tends to make high nitre loss.

A very serious feature of the blast furnace work is the irregu-
larity of the gas due to the mode of operating the furnace. It
is necessary to open the furnace top several times an hour to
charge and barring and cleaning are necessary every day. If
the flues are  dampered so as to cause some pressure at the
furnace top, the working conditions on the charge floor are
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almost impossible. If suction -is maintained, every time the
furnace is opened false air rushes in and dilutes the gas. In
spite of these difficult conditions these acid plants must be
considered very successful both technically and financially.

COPPER CONVERTERS

It has many times been suggested that the gases from copper
converters might be used for making acid, but as yet this has
not been attempted.

Taken without modification the gas from a single converter
ranges in a peried of a few hours from almost no SO; to perhaps
20 per cent. As a reasonable approach to uniformity is a neces-
sity in the chamber process, such a gas would not do. It may
be possible with a battery of several converters working on a
schedule and equipped with tight hoods and dampers to get a
workable gas. It must be said that the converter is not an
attractive source of gas for acid making, although perhaps a not
impossible one.

SO; FROM ROASTING ZINC ORES

In the reduction of the sulfide ores of zinc it is necessary to
roast off sulphur, and the gas so produced is utilized in making
sulphuric acid. The zinc reduction works in this country are
usually so located geographically that the sulphuric acid produced
is readily marketed.

In roasting zinc sulfide ores preliminary to distillation for
metal it is necessary to convert, as nearly as possible, all the
zine to zinc oxide. In order to do this certain temperature and
oxygen percentage figures must be observed which make the
roasting operation more difficult and the gas less favorable for
acid making than in roasting pyrites.

The essentials of this are that in roasting zinc sulfide some
sulphates of zinc form; these are not broken up completely at
temperatures much below 900°C.; after the sulphur content of
the roasting ore is down to about 8 per cent it no longer burns
with sufficient vigor to maintain a roasting temperature, much

less a temperature sufficient to break up the sulphates. It is

therefore necessary at the later stages of the roast to add heat by
means of the hot gases from burning carbonaceous fuel. As
this fire gas would be a serious diluent of the roaster gases going
to the chambers, it is kept separate from the latter.
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The roasting furnace most used in this country for zinc roasting
in connection with acid chambers, is the Hegler furnace, first
used at the Matthiesson and Hegler works, LaSalle, Ill. The
Hegler furnace is a multiple hearth, rectangular furnace, with
the lower hearths of muffle construction. The ore is moved
longitudinally over each hearth falling to the one below. The
rabbles mounted on frames of steel shapes are drawn through
the hearths by means of long rods. After each passage through,
the rabbles are drawn clear out of the furnace and allowed to
cool for a short time. Their temperature therefore never
becomes high enough to impair their strength and rigidity.
The latest Hegler furnaces have seven hearths, and producer
gas is used to heat the muffled hearths in the lower parts of the
furnace.

In order to properly roast zinc ores a plentiful supply of air
must be allowed to pass over the roasting ore, i.e. the oxygen
percentage must be kept well up. Observing this requirement
then, the gas going to the chambers contains only 4 to 5 per cent
S0:. There is of course some dilution due to rabbles entering
and leaving the furnace and to the doors leaking air.

BURNING PYRITE CINDER

Even with the most careful handling some where about 2 to
3 per cent of sulphur will remain in the cinder from roasting
pyrites. This causes two losses, that of the sulphur, and that of
the market for the cinder as iron blast furnace material, as
with so high a sulphur content good iron is an impossibility, and
many acid plants have a potential market for their iron ‘““ore.”
The Dwight & Lloyd sintering machine, as sold by the American
Ore Reclamation Co., 71 Broadway, New York City, overcomes
the twin difficulties of high sulphur content and fineness, and is
best described by the company as follows:

“Sintering is a comparatively recent art in the iron industry. It is
the process of agglomerating fine ore material into a mass that is suit-
able for blast furnace use. Sintering may be illustrated as the making
of flour into biscuits. With the use of the fine ores from the Mesaba
Range in Minnesota and the resulting making of flue dust at blast
furnaces, many attempts were made to recover the valuable iron in the
flue dust by briquetting. This means of treatment has not proven very
satisfactory, since, to secure a firm bond, the process is expensive, and
when the bond is fickle the briquettes quickly return to dust.
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““The briquette is a porous mass and the spaces are filled with air, so
that the mass must be heated first to expel the air to allow the reducing
mass of the furnace to come in contact with the ore particles, which
delays the reduction and the mass is easily disintegrated into dust.
Sinter made by the continuous down draft process is cellular in struc-
ture, providing an open and large area of contact between ore and reduc-
ing gases; and as the cell walls are quickly heated to the temperature
required for reduction, an economy in coke consumption results from
the use of sinter.

“To quote Shinz’s law (in his “Action of the Blast Furnace”): ‘A
chemical action can only take place between two bedies, however great
their affinity, if they are in intimate contact with each other and the
rapidity of this action will be much greater the more numerous the
points of contact are.” The material which provides the greatest area
of contact is more readily and economically reduced in the furnace.

““The iron-bearing materials treated by sintering include blast-furnace
flue dust, roll-scale, magnetite concentrates, magnetic sands, high sul-
phur ore, pyrites cinder, etc. Any finely divided ore or ores, containing
high sulphur or high moisture and combined water, can be converted
into ideal material for use in the blast furnace. Flue dust sludge from

blast-furnace gas washers may be sintered by adding the sludge to a

dry sintering mixture instead of moistening the charge with water.

‘““Sintering was first applied in the iron industry to the reclamation
of flue dust, but it has since widened out into other fields and demon-
strated its adaptability for treating pyrites cinder, magnetic ore con-
centrates, and other fine ores or hydrated ores.

“A plant installation is made up of two main parts, the sintering
machine proper, and the raw materials plant, both forming a unit, of
which the former is more or less standardized, but the latter made to
conform to local conditions and materials. The following is a descrip-
tion of a typical plant.

“The materials to be sintered are delivered to a series of bins, the
number and size of which depend on the kind and quantity of materials
to be treated; or the raw materials may ke dumped from the cars into
a pit and transferred to the bins by a grab bucket.

“In the case of flue dust the screening of it is necessary, and a con-
siderable quantity of coke is recovered for furnace use.

“The bins are fitted with feeders of a special type which are driven
as a group in synchronism with the sintering machine. The required
composition of the sintering mixture is made up by adjusting the feeder
gates and the total amount of sintering mixture delivered by the feeders
is adjusted to suit the needs of the sintering machine at various speeds.
The sintering mixture is carried. to, and thoroughly mixed and moistened
in, a pug mill or other mixing device, and is delivered onto the grates of
the sintering machine in a continuous layer of desired thickness and
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uniform permeability. This continuous layer is moved under an igni-
tion burner where the fuel in the upper surface of the layer is ignited
and the charge then continues its movement over a wind box connected
to a suction fan which draws air down through all parts of the charge
and the sintering action is progressive through the whole depth of the
layer down to the grates. At the end of the sintering machine the
sinter is discharged over a grizzly screem which thorouhly separates
all fines from the sintered material and the fine sinter is returned to the
sintering machine to increase the permeability and thereby the rate of
sintering is increased.”

The whole operation of regulating the feeding of material and
speed of sintering is controlled by a single lever.
SINTERING MACHINES

Capacities of the three machines made by the Dwight & Lloyd
people are as follows, all in tons per 24 hours:

. Type C

Material Type A Type B (two strand)
Fluedust........................ 125-150 260-310 550-650
Pyritescinder.................... 150-175 300-375 650-750
Magnetic conets. ................. 175-200 350-400 750-900

Pyrites cinder and high sulphur ores are sintered and desul-
phurized in one operation. The cinder contains from 1.5 per
cent to 5 per cent sulphur, and is reduced to 0.10 per cent to
0.15 per cent in the sintered product. About 8 to 10 per cent
fuel is required.

CONTENTS . PYRITES CINDER, SINTER,

PER CENT PER CENT
Iron........oiiiiiiiiiiiiiean, 56.28 61.00
Sulphur................oil 4.41 0.07

MXTURE OF PyRITEs CINDER AND FLUE Dust

Pyrites Flue dust, Average

Contents cinder, mixture, Sinter
per cent
per cent per cent
Iron........cooovveeenen 56.28 33.00 46.97 57.10
Sulphur.................. 4.41 0.18 2.72 0.12

Carbon...........ovvveee| vuenns 24.00 9.60 | ......
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Sintering machines of this type are also used to treat lead ores
as a preparation for blast furnacing.

" The gas from a sintering machine is not only low in SO,,but
as it is high in CO; and CO, itis not good acid material. SO, has
been hard to concentrate up to recent years, but a new process
is now on the market which makes available very weak gases.

Silica gel is put out by the Davison Chemical Co. at Baltimore.
While this material has been known for years, its commercial
production was not possible until the researches of Prof. W. A.
Patrick of Johns Hopkins, on gas mask absorbers during the war.
Apparently any condensible gas is adsorbed by this material,
the capacity of which is very great, and a small rise in tempera-
ture serves to drive out the adsorbed gas. This is so much the
case that the additional gas pressure produced by the slight
increase in temperature caused by laying ones hand on the
apparatus is easily measured. »

The action is unquestionably surface condensation, the small
drops of “gel”” being full of sub-microscopic cracks, so that Prof.
Patrick says, “if you consider the measure of the ‘gel’ drop in
centimeters, you must measure the area of the cracks in acres.”

This plant consists of three towers in series, each capable of
being cut out. Only one is used at a time, one being discharged
and the third in reserve. The temperature is raised or lowered
by forcing steam or brine through horizontal pipes laid in the gel
mass. Vertical pipes were tried, but the channeling action of
the gas was too great. This opens up a new type of contact
plant where the concentration of SO, in the gas can be very high,
thus cutting down plant and particularly mass, very greatly.
The advantage of being able to mix air and SO; instead of air
and sulphur, is at once apparent. When sulphur is burned in air
and that mixture taken into the system, the nitrogen that was
in the air, the oxygen of which helped form the SO.; goes along
and dilutes the gas, whereas by having the SO; ready burned,
that dead gas is avoided. )

If there is sufficient oxygen present, the contact mass is more
efficient as the concentration of the gas increases. By sufficient
oxygen is meant the excess that is needed to give good results.
So the use of a gas mixture made from SO, direct works out as
follows: In a gas made by burning sulphur in the air and contain-
ing 7 per cent SO2, 12.3 per cent of the total is the nitrogen that
accompanied the 3.5 per cent oxygen necessary to make the



76 AMERICAN SULPHURIC ACID PRACTICE

S0;. This concentration process reduces the amount of gas
to be handled, raises the concentration of the gas, and leaves
just as much oxygen to form SOs and furnish the excess necessary
for this formation.

Silica gel should be tried out along the following lines, as the
concentration of platinum in the mass drops the conversion
drops, also, but not in the same proportion. Therefore, there
is a point, to be determined, to which it will pay to drop the
conversion, catching the unconverted SO; with silica gel, and
returning it to the gas stream.

The saving will be in plant cost of platinum. Suppose that
with 10 per cent of the amount of platinum required for a 97
per cent conversion you are able to get a 60 per cent conversion
and recover the SO, at reasonable expense. At the standard
rate of platinum used, for a plant burning one ton of brimstone
an hour, 90 pounds avoirdupois, of platinum would be required.
At $95 an ounce, troy, that is $1,385 a pound avoirdupois or,
$124,650 for platinum. Ten per cent of that would be $12,465,
quite a difference.

Without anywhere near sufficient research work done upon
this subject, I do not state the above as either an accomplished
fact, nor as a certainty—it is simply a possible lead. The
Davison Chemical Co., Baltimore, Maryland, hold the basic
patents on silica gel, and will furnish the most complete informa-
tion upon this subject that exists.

Water is an obstacle to the adsorption by silica gel, as it is a
great moisture adsorber, and the moisture would be given up,
under certain conditions, along with the SO., which would have
to be dried again before conversion. Of course there would
be no moisture in the gas just leaving the strong acid of the
absorption towers.

When the contact process ﬁrst became an accomplished fact
many people looked for it to displace chambers entirely, but the
cost of the platinum required has prevented the fulfilment of
their hopes. Is it too much to hope that silica gel may bring
this about?

OTHER USES OF SO,
Liquid 8O. was first made commercially from zinc smelter

gases in this country by the Davison Chemical Co. in Baltimore
around 1870. It is interesting to note that the first sulphite
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paper pulp in this country was made with liquid SO; by the
Mitcherlich process, then the pulp mills began to burn their own
sulphur, and now the pendulum has swung back again.

For liquid SO; the normal boiling point is...................... —11°C.
For liquid SO, the latent heat of vaporization, at —10°C. (dimin-

ishes as the temperature rises).............. e 93.4 cal.
Vapor pressure temp. C.... —10 0 10 20 30 40 50
Pressure (atmospheres)..... 1.0 1.53 2.26 3.24 4.51 6.15 8.18

Critical temperature = 1556°C. Critical pressure = 78.9 atmospheres.
Specific heat, between — 20° and + 130°C. = 0.31712 + 0.0003507¢ +
0.00000672¢2 '

ACTION OF METALS
The commercial product, containing 0.07 per cent Hz0, attacks

" iron above 70°C., forming a solid crust of ferrous sulphate and

thio-sulphate, but the metal is not further attacked. Anhydrous

-80; does not attack either iron or steel.

USES

For refrigeration, because of its cheapness, ease of handling,
and the fact that it is neither acid nor alkalin in its action.

In the manufacture of sulphite pulp.

For petroleum refining.

As a solvent for organic fats and resins.

As a sewage disposal agent.

So far as I know, there are three plants in this country making
liquid SO;. - The Tacoma Smelter, of the American Smelting
and Refining Co., Tacoma, Wash., has a plant that has been in
operation about 5 years,—operating as follows: Thegasfrom the
converters, containing 2.5 per cent to 3 per cent SO., and at about
300°C., is lead to a scrubber tower, brick lined and loose brick
packed, into the top of which is fed a small amount of water, just
enough to preventit allvaporizing. Therun off cleans the gas, but
because of its temperature contains practically no SO.. The
gas then goes to another tower, of the same construction, but
larger in diameter, to which water is admitted through spray
nozzles at the top, the water being in sufficient quantity to cool
down and absorb practically all the SO, the scrubbed gases
going out the stack. See Fig. 11. _

The liquor flows by gravity to a heat exchanger, made of
lead pipe, outside of which flows the desulphurized liquors,
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hot, from the following process. Then to 12-in. lead pipes,
horizontal, into the bottom of which is blown steam, which
vaporizes the SOz, which comes off through & gas outlet on top,
and thence to the compressor. The water, after the SO; has
been blown off, flows down to heat the heat exchanger.

Before the compressor is a scrubber, fed with 66°Bé. acid, to
remove moisture from the S0s. This 66° acid drops to 60°in a
week, and has to be renewed.

The compressor is a bronze, single-stage, direct-driven one,
compressing to about 60 lb., although under perfect conditions
45 1b. will do it. The liquid SO then goes to lead cooling coils,
over which water drops, and thence to a tank car.

An iron cylinder for the compressor only lasts six weeks.

Fia. 11.

The storage tank, built to stand 300 Ib., has a safety valve
with a pipe running to the absorber tower, where any SO; will
be caught and the non-condensible gases will escape to the stack.

This plant started to produce in 1917, making 10 tons of liquid
SO, per day. In 1920 the production was increased to 30 tons
per day, and in 1921 it will be 50 tons. The product is shipped
partly to Crown Willimette, where it is combined with SO,
produced on the ground, to make a 25 per cent gas to make a
strong cooking liquor for making sulphite pulp. The rest of the
production goes to Los Angeles for oil refining.

At Tacoma, with coal at $8, SO, from a 3 per cent gas, includ-
ing overhead, but with no charge for the gas, is (1920) $8 per ton.

The plant of the Virginia Smelting Co., at Norfolk, Va., has

Without steam or power plant, a 10-ton per day plant costs (1920) $30,000.
Without steam or power plant, a 30-ton per day plant costs (1920) $45,000.
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been leased to Beer, Sondheimer, & Co., who are recovering the
S0 in a process very similar to the one at Tacoma, except
that it is much smaller, and the liquid SO, is shipped in cylinders.

There is a small plant in Wisconsin which produces SO; from
brimstone directly for the purpose of compressing and selling.
I have been unable to get any details.

Dr. Ralph McKee, head of the Department of Chemical
Engineering at Columbia, is a world’s authority on liquid SO..
He has furnished some of the information contained in this
section, and sees a great future for the industry, some of the
reasons for which are given below.

Liquid SO; will not burn nor explode, will not attack. steel .
containers, and costs 14¢ a pound, F.0.B. point of manufacture, -
against 7¢ for gasoline and 15¢ for carbon-tetrachloride (1920).

The U. S. Bureau of Chemistry does not like the use of liquid
SO0, for the extraction of oils to be used.for food, if any other
solvent can be used.

Mr. James E. Steely, of the West Virginia Pulp and Paper
Company, Inc., has furnished some notes on the production and
use of SO; in the pulp industry.

In the manufacture of bi-sulphate liquor, it is desirable to have
SO, gas at as high a percentage as possible, as the solubility of the
gas in water increases in the per cent of SO; in the gas. This
solubility also increases with a reduction in temperature; there-
fore the gas is cooled as low as possible, usually in some form of
lead-pipe cooler.

It is also necessary to keep the SOj; in the gas as low as possible,
S0; being a very undesirable component of gas for sulphite pulp
manufacture. ] :

A 15 per cent to 18 per cent SO, gas meets the above requirements.
Liquid SO, is a most desirable material to work with, and if it could
be delivered at the mill at slightly above the cost per pound of
sulphur, as compared to elemental sulphur, it would be in very
wide demand. However, under present (1920) conditions, the
cost of producing liquid SO; together with increased cost of
freight and containers for handling would make the proposition
prohibitive in ordinary times. The efficiency of operation in a
sulphite acid plant is very high, and maintainance cost of first-
class equipment comparatively low; therefore it would seem that
only in special cases would liquid SO; be attractive to sulphite
pulp manufacturers.
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* The chief source of SO, for sulphite pulp manufacture is ele-
mental sulphur, burned in the same types of burner that are used
in acid manufacture. Very little SO, is produced by any of these
machines, but to make assurance doubly sure, at some plants a
pyrometer is installed in the combustion chamber and the tem-
perature maintained around 1500°F., at which point SO; disso-
ciates into SOz and O. Other plants depend solely upon gas
analyses.

Pyrites, particularly from Spain, used to be the chief source of
S0: for pulp making, but the Louisiana sulphur discoveries, and
the interruption to Spanish deliveries by the War, cut down its
use o0 that today (1920) Mr. Steely does not know a single plant
in this country running on pyrites. The market price of Spanish
pyrites has not gone low enough to justify plants that used to use
it returning, and also most important, the burners, usually of the
Herreshoff or Wedge type, must be operated with the greatest
care to prevent formation of 8O3, due to the catalytic action of the
hot iron oxides in the cinders.

There are two general schemes for making bi-sulphite liquor.
In each case the SO; is cooled as low as possible. The first
scheme is to use a'tall tower filled with lumps of lime stone, over
which a slow stream of water is passing. The gas is admitted to
the bottom of the tower, and is absorbed by the water, forming
sulphurous acid, which in turn dissolves the stone to make
calcium-bi-sulphate liquor.

The second scheme consists of passing the gas through towers
containing a solution of milk of lime. The two are brought
together in such a way that they combine and form a clear
solution of bi-sulphite. .

When rosin is extracted from yellow pine waste, enough SO,
remains in the wood to cook the pulp. Both United States and
Canadian patents on this process are applied for by Ralph
McKee and A. A. Holmes. )

The city of New Haven has experimented with liquid SO,
on sewage disposal. The sewage was going into the bay; if an
acid was added the colloidal sludge was precipitated. H,SO,
was first used, then SO;. If this sludge is dried and extracted,
considerable amounts of fats and oils are recovered, gasoline
being used as the solvent. The report says the recovery will
pay costs, including bond interest.

Liquid 80, is a solvent for di-ethylamine, analine, di-phenyl-



PRODUCTION OF S0. 81

amine, benzylamine, P-toluidine, A-naphthylamine, B-naphthyl-
amine, phenyl, B-naphthylamine, benzidine, chrysaniline,
carbazol, quinolin, pyridine, acetanilide, acetnaphtalid, benzene,
toluene, tri-phenyl-methane, di-phenyl-flouren, phenanthren,
naphthalene, nitro-benzene, limonen, pinene, anthracene, B-di-
bromnaphthalene. All fatty alcohols from methyl to capryl,
benzyl alcohol, menthol, borneol, O-cresol, B-naphthol, hydro-
quinone, picric acid, phenol-chloro (and di-chloro) acetic acid,
A-brom-butyric acid, benzoic acid, salicylic acid, M-oxybenzoic
acid, B-naphthoic acid, acetic-ethyl-ester, succionic-acid-di-
ethyl-ester, asopropyl-aceto-acetic-ester, fumaric-acid-di-ethyl-
ester, cinnamic-acid-di-ethyl-ester, malic-acid-di-methyl-ester,
mandelic-acid-di-ethyl-ester, acetic-acid-bornyl-ester, ricanelic-
acid-propyl-ester.

The following are also soluble—KI, Nal, NH;I, Rul, tri-methyl-

" sulphoneum-iodide, tri-methyl-ammonium,-iodide, KBr, ammo-

nium-thio-cyanate, methyl-ammonium-chloride, di-, tri, and
tetra-methyl-ammonium-bromide, sublimed ferric chloride, co-
balt-thio-cyanate. More compounds for which liquid SO, is a
solvent are continually being discovered.

CANADIAN SITUATION

Dr. McKee shows a picture of the smelter of the International
Nickel Co., with clouds of SO, coming out of the stack—1,000 tons
a day. There are numerous copper, nickel, and zinc smelters
in the Dominion, and the large pulp mills near at hand are import-
ing sulphur from Louisiana and Japan, while this SO, is worse
than thrown away—it is acutally hurting the nearby farms.

The Tennessee Copper Co. showed that the production of acid
from smelter fume was not an impracticable dream, and when the
acid was produced a market was found for it. The method of
producing liquid SO, from smelter fumes is already in successful
operation, and the market for the product is ready and waiting
at the door. :



CHAPTER VI -
A BRIEF DESCRIPTION OF THE CHAMBER PROCESS

The Chamber Process for the manufacture of sulphuric acid
takes its name from -the lead chambers which constitute the
chief essential part of the apparatus. It differs from the other
important process of making sulphuric acid, the contact process,
both in nature of the plant proper and in the chemical reactions
involved. The purpose of each is to oxidize SO; up to H.SO,.
The chamber process does this by means of the reactions between
S0, the higher oxides of nitrogen, oxygen, and water, at low tem-
peratures, while the oxidation in the contact process is accom-
plished by a catalyzer, usually finely divided platinum, at a
comparatively high temperature. '

The normal product of chamber plants is sulphuric acid of 50°
to 60°Bé. Contact plants normally produce acid of 98 per cent
H,S0, or higher strengths. The chamber process makes 50° to
60° acid more cheaply than the contact process can make acid
of that grade. The chamber process cannot, however, make high-
strength acid. Each process therefore has its distinct field.

The essential parts of a modern chamber plant are:

1. Burners of some kind for the production of SOs.
2. Dust settling apparatus, except in those cases where brimstone is
burned to make SOs.
. Glover Tower.
. Chambers.
. Gay Lussac Towers.
. Acid Circulating Apparatus.
. Fans and flues.
. Apparatus for introducing the oxides of nitrogen.

[0 IR =P B L]

The gas produced in the burners is derived from the oxidation
of elemental sulphur, ipon sulfide, iron-copper sulfides, zinc sulfide
or mixed sulfides. It contains from 5 per cent to 10 per cent
S0,, depending on the material burned, 8 per cent to 12 per cent
oxygen, and nitrogen, with, in special cases some CO; or possibly

Co.
82
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When necessary this gas is drawn through some form of dust-
settling apparatus to remove the greater part of the dust which
would otherwise contaminate the acid.

If nitre potting is practiced, the gas next passes around the
nitre pots. These are cast iron vessels set in the gas flue, into
which are introduced nitrate of soda and sulphuric acid. The
hot gases cause these compounds to react to form nitric acid
vapor, and a mixture of sodium sulphate and sodium bisulphate.
The latter is tapped off molten, at intervals. The nitric acid
vapor is reduced to NO by the hot SO; and is carried along with
the gas.

The gas mixture next enters the Glover tower at a temperature
of 800°F. to 1 000"}7 It is in this tower brought into intimate
contact with a mixture of 60°Bé. sulphuric acid carrying in
solution N;Os, and chamber acid of about 50° Bé&. The hot gas
with its considerable SO, content, reacts with the acid and de-
nitrates it or removes from it its N4O3, forming some H;SO, and
converting practically all the N;O; into NO, a gas, which goes
on with the main gas stream. Steam and some weak sulphuric
acid vapor are also formed and go on with the gas. Leaving the
Glover tower the gas mixture contains then a somewhat reduced
percentage of SO, nitric oxide (NO), oxygen, nitrogen and steam
or weak acid vapor. Its temperature has been reduced to
about 200°F.

If nitre potting is not practiced it is customary to introduce
some fresh nitric acid into the Glover tower top.

The acid issuing fyom the Glover tower at the bottom is
maintained at a gravity of about 60° Bé. It has a temperature
of 200°F.-300°F. and is passed through a cooling system con-
sisting of a tank containing lead pipe coils through which cold
water is circulated. The acid should leave this éooler at as low
a temperature as possible, certainly not over 80°F. A part
of this acid is elevated and introduced into the Gay Lussac towers
and the remainder is shipped.

The gas mixture from the Glover tower is conducted into the
chambers, usually from 3 to 10 in number, in series. From 1 to
2 hrs. is occupied by any given portion of the gas in passing
through the set of chambers. Steam or atomized water is
introduced at various points. By the reactions between SOs,
oxygen, the oxides of nitrogen and water, sulphuric acid is
formed. This collects in the bottoms or pans of the chambers.
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When these reactions have gone on for the proper period of
time and the gas finally reaches the end of the last chamber the
S0; percentage has been reduced to less than 1{¢ of 1 per cent,
and the nitrogen oxides are practically all in the form of NOs.
It is highly important that the SO; percentage be reduced below
14{¢ of 1 per cent or else the recovery of the nitrogen compounds

Roasters
Dust Chamber
NarNgs +H, 5Gg =NatSQy+HNO3) Mitre
HNO3 +50z =H5NOs O+N foAtmosphere
£,
: Fan
- HsNGg»SGr2He0 ’3%53 Li/;/f 21, SQp+Np O3 = HSNGs #1320
Tower Gay Lussac Towers

2NO+2502+30+H;0=2HSNOs

2 HSNO_; +H20=2. ”25@ 4/V203
{N;o_, +2505+20+H30=2HENOs

Chommb
- H,0as spray or stearn 15
VHSNG 505 2050-3K,54,+2N0 irifraduced into chambers
2NO+2502+30+Hz0 =2H5N0s atmany POfﬂf‘S
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LHSNGG+505+2H20 =3H, S +2NO
2NO+2502+30+H>0 =2 H5NOs-
2HSNOs +Hy0 = 2H; 504 +N203

Fi1a. 12.—Flow Sheet of Chamber Process.

will be incomplete. It is almost as essential that the SO; per-
centage be not less than 2{¢g of 1 per cent for the same reagon,
and also because of increased corrosion of the lead. These
points will be taken up in more detail later on.

By properly regulating the amount of water or steam intro-
duced the acid made in the chambers is kept at approximately
50°Bé. It is not permissible to allow the continued formation of
acid of much greater concentration because of the tendency of
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such acid to take into solution some of the oxides of nitrogen, in
which case they are no longer available for reaction with SO,.

The acid-making reactions generate a large amount of heat
which is carried off mostly by radiation from the lead chamber
walls. The chambers should therefore be housed in a well-
ventilated building.

From the chambers the gases pass into the Gay Lussac towers.
Their function is to recover the N;Os. This is aecomplished by
bringing the gas into intimate contact with cold 60° Bé. sulphuric.
acid, which takes 85 per cent to 90 per cent of the N;O; into
solution, forming what is known as nitrous vitriol. Perfect
recovery of the N3Os is never attained because the cost of appara-
tus to accomplish it is prohibitive.

The gas which leaves the Gay Lussac towers consxsts of 94 to
96 per cent nitrogen, 4 to 6 per cent oxygen with traces of other
things. It is discharged into the atmosphere through a stack.

The acid issuing from the Gay Lussacs, carrying usually from
1 per cent to 2 per cent N1Os, is elevated to the top of the Glover
tower and the N;O; there reintroduced into the system.

Figure 12 shows a conventional plan of a chamber plant and
indicates the reactions which occur in the various parts of the
apparatus.



CHAPTER VII
DUST SETTLING APPARATUS

A chamber acid plant will usually require some provision for
removing dust from the burner gases. This varies from almost
nothing in the case of brimstone burners, to rather large and
elaborate chambers for use when very fine sulphide ore is burned.
It is highly important in order to insure uninterrupted operation
to provide suitable and adequate means for dust removal. If
any considerable amount of dust is carried into the Glover tower
by the gas it causes the following disagreeable and serious results:
The packing of the Glover tower will become obstructed, inter-
fering with passage of the gas. The acid will be contaminated
and rendered impure. Even though this may not be of impor-
tance to the consumer of the acid, it will cause gradual fouling and
obstruction of pipes, valves, tanks etc., in the acid plant and will
make uniform running impossible.

There are two general principles applied in dust removal, which
are: decreasing gas velocity, and causing change of direction of
the gas stream. It is hardly necessary to consider some of the
older proposals for washing the gas by water or acid, as these
involve cooling the gas so much that the Glover tower will not
function properly. In general, it is necessary to retain the tem-
perature of the gases as high as possible from the furnaces to the
Glover tower. Dust chambers for acid plants should therefore .
be compact and well insulated.

The Cottrell apparatus has been used in a few acid plants
with considerable success. It probably has a distinct place
in acid plant design when the sulphur bearing material burned
produces very fine dust. This form of treater is hardly justi-
fied otherwise, as it is expensive to install, and involves some
operating expense. The following information is furnished by
the Research Corporation, 31 West 43rd St., New York:

CoTTRELL PRECIPITATORS FOR CLEANING ROASTER GASES

!
The problem of satisfactorily cleaning the sulphur dioxide gases prior
to their oxidation and conversion into sulphuric acid has long been a
86
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troublesome one for acid makers to solve. In contact acid plants it is
of course essential that the gases be completely freed from suspended
particles of dust or fume prior to their passage through the catalyst
and it is almost equally desirable in the case of chamber plants that the
sulphur dioxide gases be thoroughly cleaned if the plant is to operate
at high efficiency and produce a clean acid of good quality. In the
latter case, however, the problem is complicated by the fact that the
sulphur dioxide gases must be cleaned at a very high temperature
whereas in contact plants the gases may be cooled during the cleaning
process or may be cooled first and then purified.

Fia. 13.

In both cases the Cottrell Processes of Electrical Precipitation offer
a very satisfactory method of cleaning the gases, and several Precipita-
tion Installations are today in use for such purposes.

In designing Cottrell Precipitators for cleaning roaster gases the
temperature at which the gases must be cleaned and the character of
the suspended matter to be removed from such gases are governing
factors. Of course the size of the installation depends directly upon
the volume of gas to be cleaned and this in turn is fixed by the quantity
of material being roasted per unit of time and by its sulphur content
as well as by the percentage of sulphur dioxide in the gases leaving the
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furnaces. These factors must therefore be known or approximated in
order that a precipitation plant of suitable capacity may be provided.
Two types of precipitators are today being installed for cleaning the
hot furnace gases in sulphuric acid plants. These types differ widely
from each other and the decision as to which type should be installed
is based largely upon the temperature and fume or dust conditions in
the particular plant under consideration. In cases where the gases
must be cleaned at temperatures of 1,000°F. and over and where the
suspended matter to be removed is mostly dust rather than fume, pre-

Fia. 14.

cipitators of the so-called plate type, in which the gases pass horizontally
between the collecting and discharge electrodes, have proven highly
satisfactory. On the other hand, where the gases can be cooled to a
temperature of about 600°F. or under before cleaning and where the
suspended matter to be removed is fume rather than dust, precipitators
of the pipe type, in which the gases pass upwards between the collecting
and discharge electrodes, would in general be the more suitable.
Figure 14 is a photograph of a Cottrell Precipitator of the pipe type
which was recently installed under the supervision of the Research
Corporation at a plant in Wisconsin. Here 17,500 cubic feet of gas
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per minute at a temperature of 500°F. are cleaned. These gases come
from three Mathey rotary kilns roasting Wisconsin zinc ore concentrates,
and after being cleaned are used for the manufacture of sulphuric acid
by the contact method. The precipitator as installed consists of two
units, each having 36 collecting electrode tubes or pipes. These pipes
are of steel, 12 in. in diameter and 15 ft. in height. Means are provided
for rapping both the discharge and the collecting electrodes in order to
remove from time to time any dust which may have adhered to them.
The levers for operating the pipe rappers may be clearly seen in the
photograph. The bottom header is a reinforced concrete chamber into
which the collecting electrode pipes project and. in which the collected
material is deposited. This is later removed by hand through doors
which are provided for this purpose. Should it be desirable similar
installations could be readily provided with hoppers and screw conveyors

s£CTION AR secTion 88
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so that the collected dust could be taken out of the precipitator con-
tinuously and automatically. This precipitator occupies a space ap-
proximately 17 ft. wide by 28 ft. long and has an overall height of
about 35 ft. The amount of power required to operate the installation
is about 18 KW.

Figure 15 is a drawing giving the general arrangement and overall
dimensions of a precipitator of the horizontal flow or plate type, designed
and installed by the Research Corporation, and Fig. 13 is a view looking
in a lengthwise direction through a precipitator of this kind which was
installed in a chamber acid plant near Baltimore, Maryland, and which
is particularly designed to withstand the high temperatures at which
the gases must be cleaned in such a plant. This installation operates
at a gas temperature of 1,100°F., while occasionally temperatures as
high as 1,400°F. have been recorded in the precipitator.

A precipitator of the size shown in Fig. 14 will clean the hot gases
produced by the roasting of 40 to 45 tons of fines pyrites per twenty-
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four hours. With a sulphur dioxide concentration of 73§ per cent to
8 per cent this means that the volume of gas passing through thé in-
stallation is about 17,500 cu. ft. per minute at a temperature of 1,100°F.

As will be noted from an inspection of Fig. 15, the precipitator is
‘divided into two sections, each of which is provided with a damper at
both inlet and outlet ends. This makes it possible to shut off either
section from the system when inspection or repair is required or when
it is desired to clean the electrodes. Such cleaning may be necessary
every few days if a very dusty ore is being roasted in the furnaces.
For the above reason it is desirable to so design the plant that each sec-
tion will have sufficient capacity to handle all the gas for short periods
of time and in this way continuity of operation with clean gas is prac-
tically assured.

Among the more important benefits obtained by the use of the Cot-
trell Processes for cleaning roaster gases in sulphuric acid manufacturing
plants the following may be mentioned:

1. The quality of the acid is improved, due to the removal of the
dust carried by the furnace gases.

2. More efficient operation of the nitrating pots can be obtained due
to the absence of dust in the gas at this point in the system.

3. Plant shutdowns for cleaning the Glover towers, with the atten-
dant loss of acid and limitation of production, are avoided.

4. The life of the lead chambers is increased, due in part to elimination
of dust deposition.

5. A material is collected usually having more than sufficient value
to carry the operating cost of the installation. .

The simplest dust settler is an enlargement of the gas flue to
reduce the gas velocity. A considerable amount of valuable data
has been gathered on this method of dust settling, and it is pos-
sible to design a dust chamber of this kind with assurance as to
its performance.

It seems to be well established that reduction of the velocity
of the gas stream to not over 5 ft. per second is necessary to
allow proper settling within a reasonable distance of travel.
Even at this rate of speed a flue of moderate height, say 10 ft.,
will have to be 50 ft. or more long to allow the dust particles ‘to
settle out. It will be readily seen that for a large acid unit a
dust chamber of this type requires a great deal of ground space.

Baffle walls to make the gas take a tortuous course are, in
this form of dust chamber, of doubtful value. One baffle
immediately in front of the inlet opening is good to spread the
gas stream, but if a large number of baffles are put in they impede

.
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the draft, raise the gas velocity, and often give poorer net results
than empty chambers.

Wires or chains hung in a dust chamber of this type have a
very good effect. Their virtue of course lies in the fact that dust
particles impinge on them and lose their velocity and fall or else
cling to the wires or chains. They do not interfere with draft to
any serious extent. It is well to provide some means of shaking
suspended wires or chains as dust clings to them to some extent.

An interesting account of the performance of dust chambers
hung with wires at the Copper Queen smeltery is given in an
article by Geo. B. Lee in the Engineering and Mining Journal of
September 10, 1910. Two tests described showed that in a
100 ft. long chamber with gas velocity about 414 ft. per sec.,

F1a. 16.

62.8 per cent of the total dust was deposited with the chamber
empty, and 77 per cent when hung with wires.

Several interesting proposals have been made along the lines
of inserting shelves into the chambers, the idea being that by
using them the distance which a dust particle must fall before it
finds a resting place is greatly reduced. The Howard dust
chamber which provides horizontal metal shelves a few inches
apart is one example of this. The Wedge dust chamber does the
same thing except that the shelves slope sharply toward the
outside walls and in that way the dust all slides down against the
walls and can be more easily drawn. This principle is a good one
so far as settling dust is concerned, but the structural difficulties
are considerable for large units or where the gases are very hot.

Figure 16 shows a longitudinal section which applies to either
the Howard or the Wedge chambers described, while the trans-
verse sections show the horizontal position of the Howard
shelves and the inclined position of the Wedge shelves. The
Howard chamber has been installed in several plants with
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satisfactory results. I do not know whether any chambers
following the Wedge plan have been built.

Dust chambers employing the centrifugal principle have been
used in some places for acid work. They have not been as
popular as their merits warrant. A. P. O’Brien many years
ago used such a dust chamber at Richmond, Va. This is de-
scribed in the Mineral Industry, Volume 9, as retaining 75 per
cent of the dust entering, which is very good. More modern
applcations of this plan have been made at the American Steel
and Wire Company’s acid plants at Donora, Pa., in connection
with Hegler roasters, and at the Garfield Chemical and Manu-
facturing Company 8 plant at Garfield, Utah, where fine copper
concentrate is roasted in Herreshoff furnaces.
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Chambers of this type are cylindrical with gas inlet tangential
and near the top, and with gas outlet through a central pipe lead-
ing from a point near the bottom. Figure 17 shows the essential
features. The velocity of the entering gas should be as high as
possible without too much impeding the draught. Good clearance
requires entering gas velocity not under 25 t. per second.

Centrifugal dust chambers are very small and compact for the
work they accomplish and have much to recommend them for
acid plants for that reason. In cases where it is desirable to
hold up the temperature of the furnace gases so that the Glover
tower will concentrate well, the small radiating surface of the
centrifugal chamber is an advantage.

The Anaconda Copper Mining Co. has in its acid plants
two dust chambers of a unique design which has probably not
been used elsewhere. These chambers have given excellent
results and are so compact that they deserve description. They
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use both the principles of decreased velocity and change of
direction to accomplish clearance. The form of this chamber is
a cylinder with inverted conical bottom, and in general appea.rance
resembles the centrifugal chambers.

Referring to Fig. 18, the gas enters through flues 1-1 into
space 2, distributes radially, passes through the 4-in. vertical
slots, and rises into space 3. Space 2 is separated from space 3
by reinforced concrete cone 5-5. From space 3 the gas leaves
the chamber through passage 4 which does not communicate

°
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with space 2. The dust which drops in space 3 falls through the
vertical cast iron pipe 6 and is drawn off with the dust which falls
in space 2, at gate 7. This chamber is entirely self cleaning.

The original chamber at Anaconda cleans the gases from
roasting 150 tons of copper concentrate per 24 hours, all of which
passes 14-in. screens. It is 32 ft. in diameter and 43 ft. high
outside. It offers very little resistance to the passage of the
gas and in this respect is better than the centrifugal chambers.
Its cost of construction is somewhat higher than that of a centrifu-
gal chamber, but it is a very satisfactory apparatus from an
operating point of view.



CHAPTER VIII
THE GLOVER TOWER

The Glover tower is the first division of the acid plant proper.
It reccives through a flue entering it near its bottom the gas
from the burners. This gas contains essentially SO.;, oxygen,
nitrogen and—if nitre is potted in the flue—a small amount of
NO. Its temperature may be up to 1,000°F. or 1,200°F. Into
the top of the Glover tower are fed nitrous vitriol (60° sulphuric
containing N3O; in solution), and chamber acid about 50°Bé.’
The purpose of the tower is to produce an intimate contact
- between the gas and the acid.

With this statement of the duties of the Glover tower in
view, it is clear that the tower must be constructed in such a way
as to be acid and gas tight against pressures of a few ounces,
and it must be of such materials and built in such a way as to
withstand the action of gas at 1,000°F. and sulphuric acid of
60° or 61°Bé. at 300°F. '

A modern Glover Tower consists of a lead shell supported
by steel or wood framework, a lining of acid- and heat-resisting
brick, and a packing of acid- and heat-resisting material placed
in such a way that gas may ascend through it freely and acid
descend over its surfaces. The structure is built in a lead,
briek-lined pan which may be integral with the tower or fairly
distinct from it. A brick-lined flue enters near the bottom to
deliver the hot furnace gases into the tower, and another flue of
bare lead leaves the top of the tower and carries the gases to the
chambers.

As it is desirable that the acid which issues from the Glover
tower ‘shall flow by gravity to coolers and tanks, the tower
proper is built on a suitable foundation from 10 to 20 ft. high.

The weight of the tower is very great and the stability of the
foundation must be beyond question. In modern plants rein-
forced concrete, or structural steel on a heavy concrete base or
piers, are the forms of construction used. A smooth level floor
at the desired height is obtained by one of these methods, and
on it is laid down a sheet of light lead—®6 or 8 Ib. per square foot

94
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—as a protection against leakage or overflow of acid. This lead
extends out beyond the edge of the foundation a few inches, or
is turned up to form a shallow pan which is drained by pipes.

The pan of the Glover tower is frequently made of lead weigh-
ing 60 lb. per square foot i.e., about 1 in. thick. It may be
made somewhat lighter with safety if the masonry lining is well
done.

The sides and top.of the Glover tower are of lead not less than
10 lb. per square foot and better 15 or 20 1b. _

A sturdy framework of wood or steel or a combination of thé
two, supports the lead, and, above the top of the tower, a plat-
form carrying acid tanks. This frame consists usually of 4
posts or ¢olumns with horizontal members between them which
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support the lead, or which carry small vertical pieces which
support the lead. Horizontal or vertical straps are burned to the
lead sheets and nailed or bolted to the supporting members of
the framework. As the lead sheets are supported inside by close
contact with the lining wall, the outside straps on the side sheets
need not be very close together.

The top lead is supported by straps nailed to wooden joists
or by loops of lead passing over iron pipes, or by small iron hooks
supporting rods burned to the lead. Several of these schemes
are shown in Fig. 19. :

As mentioned earlier the pan of the Glover tower is often
quite distinct from the tower proper which sits in it, though
sometimes the upper edge of the pan and the lower edge of the
side sheets are burned together, in which case the pan is not very
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clearly defined. It cannot be said that either plan is very dis-
tinctly better than the other though it is easy to get into trouble
with the latter method if the details are not carefully designed.

The pan and the sides of the Glover tower are lined with brick,
usually in recent years laid up in acid proof mortar, though
formerly and sometimes now, laid dry. So much stress has been
put upon the quality of the brick used for this purpose that it
seems to be a rather common idea that very exceptional clays,
and methods of manufacture are necessary. It is difficult to
lay down any analysis figures which show the fitness of brick
for this purpose. Of course the higher the sum of silica and
alumina the better. The sum of CaO and MgO should not be
over 3 or 4 per cent. Very satisfactory acid resisting brick may
contain up to 6 or 7 per cent FeQ. As a matter of fact in almost
any part of the United States one can find within two or three
hundred miles entirely satisfactory brick for making tower linings.
As a test if the brick is mechanically sound and strong, it should
be soaked for a week or more in sulphuric acid and then allowed
to stand in the weather for several weeks or as long as one can
wait. If no spalling or cracking or swelling occurs after a long
period of weathering, the brick will stand up well in the tower.

The mortar used in laying the brick consists of silicate of soda
and finely ground silica with a small percentage of barium sul-
phate if desired. This mortar sets up very slowly as the set is
due to evaporation of water only. After this initial set has taken
place, sulphuric acid is run over the brickwork. This reacts
with the silicate of soda and gives the mortar a permanent set.
The bottom of the pan is lined with 4 or 6 in. of brick. If the
pan is open, the sides are lined with 4 in. of brick. The lining
wall of the tower proper is 18 to 24 in. thick in the lower part
where the heat is high. A few feet above the top of the gas inlet
flue the thickness can be decreased and after the middle of the
tower is reached 9 to 12 in. thickness is correct.

Figure 20 shows the liningand packingof a Glover tower. The
packing of Glover towers is essentially acid-resisting solid mate-
rial which shall present a large amount of surface to the gas
and acid passing through it, thereby causing intimate and thor-
ough contact between them. Many materials have been used
for packing. Coke was formerly well thought of because it
offered much surface and was light. It is rarely used now be-
cause it is not so permanent or satisfactory as other things. In
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the course of months or a few years coke breaks up and impedes
the passage of the gas and has to be renewed—an expensive and
dangerous job. Like any other non-symmetrical packing, coke
exerts some lateral pressure on the walls of the tower, which is
undesirable.
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Another class of material used formerly but not much now, is
rough fragments of quartz or other natural or artificial silicious
material. This is better than coke in that it does not break down
readily, but it is open to the objection of creating lateral thrust.
In using these rough unsymmetrical packings one cannot fore-
tell very accurately what resistance to gas passage will be
encountered, and sometimes very unexpected things in this way

are encountered.
7
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Much the most satisfactory kind of packing is acid-resisting
brick or shaped pieces of symmetrical form, laid up so that all
the thrust is downward and none on the walls. With such
packing one can accurately determine how much area for gas
passage exists and how much wetted surface for gas acid contact.
In using unsymmetrical packing these things are very indefinite.
With symmetrical packings also there i8 no thrust on the walls
of the tower.

There are many kinds of symmetrical packings, some patented
and some for which very exclusively superior virtues areclaimed.
In deciding between the various kinds available one should con-
sider that the most elaborately designed shapes do not as a matter
of hard practical fact give much better results than plain rec-
tangular brick of standard dimensions. If packing is to be used
at a point near to the factories which make the special shapes it
is well enough to take advantage of the fact and use them. It
does not pay however to ship fancy packings many hundreds of
miles if good standard brick can be obtained locally.

Above the top of the Glover tower are located two tanks,

one to receive nitrous vitriol and the other chamber acid. These
acids are fed into the tower through suitable distributors which
should uniformly spread the acids over the entire top surface
of the packing. The nitrous vitriol and chamber acid are best
kept separate until they are inside the tower, because on mixing
them some fuming off of the nitrogen oxids occurs.
- The chief function of the Glover tower is to denitrate the
nitrous vitriol, the solution of N:0; in sulphuric acid, which
comes from the Gay Lussac towers. This nitrous vitriol is
broken up by the hot 8Os, the acid is freed from its nitrogen
compounds, which are mostly reduced to the form NO, a gas,
which proceeds with the gas stream into the chambers.

In order that this action may be complete and the acid issuing
from the Glover tower be entirely free from nitrogen-oxides it
is necessary that the nitrous vitriol be diluted with water or weak
acid at the top of the tower. It is necessary however that the
acid issuing from the tower be not less than 59°Bé. as that is
what the Gay Lussacs require. This requirement limits the
amount of weak acid which may be introduced. Fortunately
the usual roaster or burner gas has a sufficiently high tempera-
ture to allow the introduction of much more weak acid that the
amount necessary to accomplish complete denitration, and the




THE GLOVER TOWER .99

Glover tower becomes a means of concentrating almost all of
the chamber acid to 59° or 60° acid. This is its second function.

A third function though an incidental one is that the roaster
gas is cooled to a temperature at which it will not harm bare
lead.

Of course the concentrating capacity of a Glover tower depends
largely upon the temperature of the roaster gases. If they enter
the tower at 1,000°F. all the chamber acid can be concentrated
to 60° or even 61°. If their temperature be two or three hundred
degrees lower not all the chamber acid can be concentrated.

In the matter of dimensions and of cubic contents there seems
to be a surprising difference of opinion, shown by modern
designers. Varying SO, percentages and temperatures account
for some of the difference but by no means all.

Lunge states that the net packed volume of a Glover tower
should be in the neighborhood of 320 cu. ft. per ton of sulphur
or about 80 cu. ft. per ton of 60° acid made. This refers to
European practice and small units.

A large American plant recently erected has a Glover tower
whose net packed volume amounts to 33 cu. ft. per ton of 60°
acid.

Many American plants erected within the last few years have
around 50 cu. ft. per ton of 60° acid produced, and that figure
probably approaches modern opinion of this point.

The vertical dimension of the packing is usually from 20 to 30
ft. There is some possibility of making this dimension too great
to be good for the concentrating capacity of a tower in that the
gas temperature may fall so low that condensation will take place.
If gases entering the tower are hot, say over 1,000°F., a 30 ft.
dimension is quite proper, but if the gas temperature is below
800° it is well to hold the vertical dimension of the packing lower.

The horizontal area of the packing will of course be fixed by
the cubic contents and the height, and will, from the above, vary
between 1.66 and 2.5 sq. ft. per ton 60° acid produced. The
overall height of the Glover tower is usually from 10 to 15 ft.
more than the height of the packing proper to allow for the gas
distribution chamber below and the acid distribution space above .
the packing.

The outside horizontal dimensions are greater than the hori-
zontal dimensions of the packing by 3 or 4 ft. to allow for the
lining walls. s



100 AMERICAN SULPHURIC ACID PRACTICE

As an example of the above observations a Glover tower for
a unit to produce 100 tons of 60° acid per day would assume
dimensions as follows:

Cubic contents of packing @ 50 cu. ft. per ton 60° acid 5,000 cu. ft.
Vertical dimension of packing 25 ft.
Area of packing 5,000 = 25 = 200 sq. ft.

Assume that the tower has square section, than the horizontal
dimensions of the paking will be 14 ft. 2 in.

The overall height of the tower will be 25 4 15 = 40 ft.
The outside horizontal dimensions will be about 17 ft. X 17 ft.



CHAPTER IX
THE CHAMBERS

The gas mixture coming from the Glover tower consists of
S0, NO, O, N, and water and weak acid vapor. A period of
from 1 to 2 hours is required for reaction between them sufficient
to convert substantially all of the SO; into sulphuric aeid.

A place in which the gases may react, a chamber or series of
chambers then, will be required of such volume that each portion
of gas mixture will occupy from 1 to 2 hours in its passage from
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