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PREFACE

THE silver ores which are treated by a hydrometallurgical
process are mostly complex sulphide -ores consisting of quite a
number of different metal sulphides. In order to render soluble
the silver contained therein the ore is roasted with an addition
of salt (chloridizing roasting), by which process the silver is
converted into silver chloride. In this chemical reaction, how-
ever, all or nearly all the constituent minerals of the ore partici-
pate, which makes the process rather complicated and we may
even say delicate, because the formed metal chlorides are volatile
and induce the silver chloride to volatilize too, and in order to
keep this loss at the minimum great care and skill are required.

The solvent, whether this be sodium hyposulphite or concen-
trated brine, will extract all the silver which was converted into
chloride, and the final result of extraction depends, therefore,
entirely on the quality of the roasting. This being the case, it is
obvious that chloridizing roasting is the most important part of
the process, and that a metallurgist can not expect to be success-
ful in the hydrometallurgy of silver unless he has a thorough
knowledge of chloridizing roasting and the ability to apply
skilfully this knowledge in actual practice. For this reason a
large part of this treatise is devoted to the art of chloridizing
roasting, which I consider to be especially necessary, as there is
no new literature on this subject, though great advance has been
made in it.

Chleridizing roasting was originally studied and practised in
relation to amalgamation. In amalgamation not only the silver
amalgamates, but the base-metal chlorides also amalgamate,
which greatly interferes with the process, causing a poor extrac-
tion, a great loss of silver and mercury, and the production of
very base bullion. To avoid these difficulties and to make the
process applicable to a greater variety of ores, these objectionable
metal chlorides are partly expelled and- partly converted into
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iv PREFACE

oxides by increasing the temperature of roasting. The expulsion
of the volatile metal chlorides, however, induces quite a percent-
age of the otherwise not volatile silver chloride to volatilize,
thus causing a considerable loss of silver.

I was the first to introduce the process of lixiviation with
sodium hyposulphite in Mexico, in 1868, and made a special
study in actual practice of chloridizing roasting, and in course
of time, and as experience was gained with different ores, became
convinced that chloridizing roasting as practised for amalga-
mation was not the proper way to roast for lixiviation. A large
percentage of base-metal chlorides in the roasted ore is detrimental
to a successful extraction of the silver by amalgamation, while
in lixiviation they do not interfere with the extraction; why then
should we expel and destroy these chlorides by increased heat
at a sacrifice of silver? The expulsion of the volatile compounds
by increased heat is the sole cause of the silver loss by volatiliza-
tion, and if we avoid this we consequently will avoid this loss; or
at least reduce it to the minimum. I therefore modified the mode
of chloridizing roasting, inasmuch as, instead of expelling the
volatile compounds by inereased heat, I endeavored to retain
them as much as possible in the roasted ore by using the lowest
permissible temperature — a temperature sufficiently high to pro-
duce the chemical reaction but not high enough to expel the metal
chlorides. Of course such a condition cannot be maintained with
theoretical exactness, but I succeeded in greatly reducing the
loss of silver by volatilization even with ores rich in arsenic.
By this modification in chloridizing roasting a marked step forward
was made in the hydrometallurgy of silver.

The second part of this treatise is devoted to the extraction
of the silver from the roasted ore by different solvents. The last
chapter deals with the cyaniding of silver ores. This process, so
extensively and successfully used for the extraction of gold, is
still more or less in its experimental stage with regard to silver
ores. However, such very promising results have been obtained
with certain ores, that further experiments and a thorough
investigation of this subject are to be recommended. For complex
auriferous silver ores a combination of the sodium hyposulphite
and the cyanide processes is most promising.

By far the larger part of this treatise is a record of my long
years of experience, studies, and experiments on a commercial
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THEORY OF CHLORIDIZING ROASTING

THE object of chloridizing roasting is to convert the silver in
the ore into silver chloride, in which state, while not soluble in
water, it becomes soluble in sodium hyposulphite and other solu-
tions like hot concentrated brine, potassium cyanide, ete., by
means of which it can be extracted from the ores. It is one of
the most complicated, and in the hydrometallurgy of silver the
most important, of metallurgical operations. The results of the
subsequent extraction of the silver by the solvent depend entirely
on the quality of the roasting. Silver chloride dissolves easily,
and even a very dilute solution of sodium hyposulphite will
extract all the silver which was converted into chloride during
roasting, so that it is of the greatest importance that this part of
the process be executed intelligently, and with great care and skill.

The ores which are subjected to chloridizing roasting are
usually complex sulphide ores, though in some instances ores
almost free of sulphides are roasted successfully, but these are
exceptional cases. To effect chloridizing roasting chlorine has
to be generated in the ore while being subjected to heat. This is
done by an addition of salt (sodium chloride) to the ore. But
not only the silver is converted into a chloride; all the constit-
uent parts of the ore also undergo a change, quite frequently even
the gangue. During the first part of the roasting the sodium
chloride remains indifferent, while the metal sulphides oxidize,
forming metal sulphates and sulphurous acid; then by the action
of these sulphates on the salt rather complicated reactions take
place, by which metal chlorides, chlorine, hydrochloric acid, and
sulphurous chloride are formed.

The decomposition of the sodium chloride and the chlorination
of the silver and other metals is effected in the furnace in different
ways:

(1) In oxidizing the metal sulphides there is always, besides
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sulphurous acid gas, some sulphuric acid gas formed. Not so
much in the beginning as later, when part of the metal sulphides,
especially the iron, have changed into oxides, which then act as
a contact substance on the sulphurous acid, converting it
into anhydrous sulphuric acid, which then decomposes the sodium
chloride. The formation of sulphuric acid increases much if a
liberal amount of air is permitted to enter the furnace, and as
the sulphuric acid plays an important part in chloridizing roasting,
provision should be made, in the construction of the furnaces,
that they may receive as much air as required.

(2) By the reaction between metal sulphates and the sodium
chloride, by which metal chlorides and sodium sulphate are formed.
This is the principal reaction for the formation of chlorides. The
metal sulphates which act most energetically in this respect are
those of iron and copper, for which reason ores containing an
ample amount of iron pyrites and some copper sulphides will be
found to chloridize the best.

(3) Besides chlorine, there is also hydrochloric acid formed,
owing to the moisture in the air and fuel. Hydrochloric acid
acts very energetically, and sometimes it is of advantage to
produce larger quantities of it, in which case steam is admitted
into the furnace to supply an extra amount of moisture.

(4) The fumes of volatilized salt (sodium chloride) act also in
chloridizing the ore. Quartz decomposes the salt, forming
s'licate of soda and chlorine, but it takes a rather high heat for
this reaction, and only in exceptional cases does it come into play.

(5) Volatile metal chlorides act also, chloridizing the silver,
whereby they are reduced to subchlorides or changed into oxides.
Cupric chloride acts very energetically in this respect.

If salt and ore are charged together, the salt is not decomposed
until the formation of sulphates begins, and the first stage in
roasting is, therefore, a mere oxidizing process. Whatever sul-
phuric acid is formed during this period by the oxidation of the
sulphides acts more readily on the base metals, forming sulphates,
than on the salt. Likewise it acts more readily on the lime and
other earthy matters of the gangue. The principal part of the
chlorination takes place by the reaction between the metal
sulphates and the salt. The oxidizing and chloridizing periods
are quite distinct, and can be easily observed by the appearance
of the ore in the furnace and by the smell of the fumes of a sample
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taken from the charge. During the oxidizing period the glow of
the surface of the ore is much brighter than the inside, and the
particles brought to the surface by stirring brighten instantly to
a lighter red. The fumes of a sample have a strong, choking
smell of sulphurous acid. During the chloridizing period, if an
excessive fire is not kept up, the surface of the ore assumes a very
dull red, while the deeper layers are of a brighter glow, which,
however, becomes dull shortly after the particles are brought
to the surface. The fumes of a sample have a mild but distinct
odor of chlorine. The charge swells and becomes loose and
woolly.

It was mentioned above that the ores, which are subjected to
chloridizing roasting, are mostly complex argentiferous ores, and
as the roasting is much influenced by the behavior of thecon-
stituent parts of the ore and has to be modified according to
the requirements of one or the other of the constituents, a
knowledge of the behavior of the different minerals and the
changes they undergo during chloridizing roasting is therefore indis-
pensable in order to conduct the process intelligently.

BEHAVIOR OF DIFFERENT MINERALS IN
CHLORIDIZING ROASTING

Iron Pyrites. — During the oxidizing period, sulphurous and
sulphuric acids are formed, of which the former escapes entirely,
while part of the latter combines with lime and other earthy
matters of the gangue, and part combines with the iron, forming
sulphates. The iron changes into ferrous and ferric sulphates and
into ferric oxide. The ferrous and ferric sulphates act on the
salt, forming ferrous and ferric chlorides and sodium sulphate,
while some of the chlorine combines with sulphur to form sulphurous
chloride, which escapes as gas. In the course of the process
both these iron chlorides give off their chlorine, chloridizing the
silver and changing into ferric oxide. In practice the reaction
is not quite so complete, and in the finished charge we find,
besides the ferric oxide, some ferric sulphate and some ferrous
and ferric chloride.

The iron chlorides decompose easily and act as the principal
chloridizers, for which reason it is very desirable, in fact often
necessary, to have iron sulphides in the ore.
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Copper pyrites consists of the sulphides of copper and iron.
During oxidizing, cupric sulphate, cuprous and cupric oxides
are formed. The cuprous oxide, however, soon changes into
cupric. During chloridizing, sulphurous chloride (which vola-
tilizes), cupric and cuprous chlorides are formed. Both these
copper salts melt below red heat, and are absorbed by the ore,
thus becoming finely divided through the ore and coming in inti-
mate contact with the silver. Both are volatile. At a higher
heat the cupric chloride gives off part of its chlorine, chloridiz-
ing the silver and changing into cuprous chloride. In presence
of steam, hydrochloric acid, cuprous and cupric oxides are
formed.

The iron sulphide of the copper pyrites undergoes the same
chemical changes as the iron pyrites. For this reason, and for
the fact that cupric chloride gives off part of its chlorine, copper
pyrites is a very good producer of chlorine during roasting.

In the roasted charge we find cupric oxide, cupric sulphate,
ferric oxide, ferric sulphate, ferrous and ferric chlorides, and
cuprous and cupric chlorides. If such a charge is subjected to a
prolonged roasting at a high heat (dead roast), all the iron as
well as the copper will be changed into oxide.

Other copper ores, like gray copper ore, fahlerz, ete., undergo
the same changes.

Galena (lead sulphide) undergoes the changes much slower.
It cakes easily, for which reason the temperature in the begin-
ning has to be kept low until most of its sulphur has been oxidized.
During oxidizing, sulphurous acid, lead oxide, and lead sulphate
are formed. The lead sulphate does not decompose the salt
at a roasting heat and, therefore, does not take an active part in
the generation of chlorine. When air has free access, most of
the lead is converted into sulphate and but little into chloride,
while, if the supply of air is limited, much more lead chloride
is formed, and thus becomes a consumer of chlorine. It is volatile,
and volatilizes without giving off any chlorine. Lead oxide is
volatile too, while the sulphate remains more indifferent. In-
the roasted ore we find lead sulphate and lead chloride, but much
less of the latter.

By the above it can be seen that lead sulphide is not a desir-
able constituent part of a roasting charge.

Zinc Blende. — During the oxidizing periods zinc sulphide
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changes into zinc oxide and zinc sulphate, but the sulphate does
not act decomposingly on the salt. By the action of the chlorine
and hydrochloric acid zinc chloride is formed, which is very
volatile and goes off in heavy fumes, which increase when the
temperature is raised. These escaping fumes induce the silver
to volatilize, for which reason ores rich in zinc blende have to be
roasted at a low heat to avoid an excessive loss of silver.

In the roasted ore we find principally zinc oxide, then zinc
sulphate and chloride.

Zine blende, as a rule, contains more or less iron sulphide,
some of its varieties as much as 22 and even 28 per cent. The
iron sulphide takes, of course, an active part in the generation
of chlorine; still it takes much skill to chloridize satisfactorily
the silver contained in zine blende. This subject will be treated
exhaustively in another chapter.

Arsenical Pyrites. — This consists of arsenic sulphide and
iron sulphide.  Arsenic is very volatile and begins to come off from
the ore in dense fumes right at the beginning and before other
sulphides are ignited. During this part of the process much
arsenate of silver is formed, up to 50 and 54 per cent. of the total
silver contained in the ore. This silver compound is soluble in a
solution of sodium hyposulphite. During the chloridizing period,
however, most of it is decomposed without volatilizing, if the
temperature is kept low, but it volatilizes very readily at a high
heat, causing a heavy loss in silver. Such ores have to be
roasted at a very low heat. This subject is exhaustively treated
in another chapter.

In roasting arsenical pyrites, arsenious oxide, sulphurous chlo-
ride, arsenic chloride, and ferrie chloride are formed and volatilized.
In the roasted charge we find ferric oxide, ferric sulphate, ferrous
and ferric chlorides, and some ferric arsenate.

Antimony Sulphide. — This mineral we find quite frequently
in complex silver ores, and.if it occurs in large quantities the
roasting has to be conducted very carefully and at a very low
heat on account of its great volatility, which can cause a heavy
loss of silver. During oxidizing it changes to oxide of antimony,
of which a large portion is volatilized as such. During chloridiz-
ing antimony trichloride and sulphurous chloride are volatilized.
In the roasted ore we find the antimony as antimony anti-
monate.
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Quartz. — We find quartz quite frequently as gangue of the ore.
At a proper roasting temperature quartz remains indifferent, but
at a very bright heat it decomposes the salt, forming sodium
silicate and chlorine. There are works in operation in which,
for want of sulphur in the ore, the chlorination of the silver is
produced partly by this reaction and partly by the chloridizing
action of volatilized salt. It requires a high heat and a large
percentage of salt. Quartz is the most desirable gangue in
chloridizing roasting.

Carbonate of Lime (Lime Rock). — This mineral, which occurs
quite frequently as gangue, or part of the gangue, acts as a rule
unfavorably in chloridizing roasting. It takes an active part in
the process. It combines with the sulphuric acid which is pro-
duced by the combustion of the metal sulphides, and it decom-
poses also the metal sulphates, forming sulphate of lime and
metal oxides, thus preventing them from acting on the salt. It
decomposes also metal chlorides, forming calcium chloride and
metal oxides. Calcium sulphate is indifferent and does not act
on the salt. If there is more carbonate of lime in the ore than
can be converted into sulphate and chloride, part of it will be
found in the roasted ore as caustic lime, which acts decomposingly
on the silver chloride, especially so in the subsequent treatment
for extraction, causing a poor result. If, however, there are
more sulphides in the ore than necessary to convert the lime into
sulphate and chloride, usually a good chlorination of the silver
can be obtained, with the further advantage that the final silver
precipitate will be very rich in silver, almost free from base-
metal sulphides, and easily convertible into metallic silver of great
fineness. Therefore, if lime is present in the ore in moderate
quantities it is beneficial to chloridizing roasting. The loss of
silver by volatilization will be found moderate, as most of the
volatile chlorides are converted by the lime into oxides, which
then are not volatile and will not induce silver chloride to vola-
tilize.

Porphyry, Clay, Slate, and Other Gangue Minerals Containing
Alumina. — F. Sustersic made the very interesting observation
that under certain conditions a great loss of silver may be
caused by the presence of alumina. The chlorine acts on the
alumina, forming aluminum chloride, which is extremely volatile
and induces the silver to volatilize. The conditions under which
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this unfavorable reaction takes place were not ascertained. As a
rule the gangue minerals named in this paragraph are more or
less indifferent, and do not exercise a bad influence in chloridizing
roasting.

CLASSIFICATION OF ORES IN RELATION TO
CHLORIDIZING RoOASTING

By the above-described behavior of the different minerals
in chloridizing roasting it is apparent that chloridizing roasting
of complex silver ores is undoubtedly one of the most delicate of
metallurgical operations. The treatment has to be modified in
accordance with the character of the ore, and the character of an
ore in relation to chloridizing roasting depends on the nature of
the different sulphide minerals and the gangue accompanying
them. The sulphide minerals can be classified as:

(1) Those, like iron and copper pyrites, gray copper ore, silver
copper glance, and argentite, which form in roasting sulphates
which act on the sodium chloride and liberate the chlorine.

(2) Those, like galena and zinc blende, which form sulphates
remaining indifferent to sodium chloride.

(3) Antimonial and arsenical silver minerals, which form
antimonates and arsenates of silver.

The gangue either remains indifferent, like quartz and por-
phyry, or it takes an active part, like limestone, and minerals con-
taining magnesia.

If an ore consists of minerals of the first class, together with
an indifferent gangue, chloridizing roasting offers no difficulties
nor does it require much skill, and a high chlorination can be
obtained without much loss of silver by volatilization; nor does
it matter whether the salt is added to the charge before enter-
ing the furnace or after it has been subjected to a partial oxi-
dizing roasting.

The process of chloridizing roasting becomes more difficult if
one or both minerals of the second eclass are present in large
quantities, even if associated with an indifferent gangue. The
roasting of this class of ore is elaborately treated in Chapter XI.
With such ores the time the salt is added becomes very impor-
tant. If added before the charge enters the furnace a very
inferior chlorination is obtained, as is also the case if the salt is
added before the oxidizing period has sufficiently advanced, or if






II

CRUSHING OF THE ORE

THE fineness to which an ore has to be reduced in order to
give the best roasting result depends on the chemical and physical
character of the material. As a rule, finely pulverized ore roasts
quickly and gives a better result than a coarser material. Ores
which decrepitate when charged in the furnace, or ores which
during the combustion of the sulphur swell and disintegrate like
iron pyrites, can be crushed rather coarse and still will give good
chloridizing results. The ore of Sombrerete, Zacatecas, Mexico,
gave good roasting results if crushed through a screen with 10,
even with 8, meshes to the linear inch, though the ore contained
much zine blende and galena. The zine blende, however, was of
that kind which decrepitates, and besides, the ore was crushed in
a stamp battery. In crushing in a battery the larger portion of
the material is much finer than the size of the meshes calls for.
This is particularly the case with heavy ores. It is doubtful if
the same good result could have been obtained if the same ore
had been crushed through rolls, because rolls produce a pulp
much more uniform in size, with a much larger percentage corre-
sponding in size with the size of the meshes of the screen.

I made some experiments in this direction with ore of the
San Francisco del Oro mine, near Santa Barbara and Parral,
Chihuahua, Mexico. The ore consists principally of a very dense
zine blende and finely divided galena. The zine blende did not
decrepitate. The zinc blende and the galena were the principal
silver-bearing minerals of the ore.

A series of roasting experiments was made with ore crushed
through 20- and through 40-mesh screens. The ore was crushed
in a stamp battery. It was found that the ore crushed through
20-mesh required a much longer time and was 27 per cent. less
chloridized than the ore crushed through the 40-mesh screen.
The material which passes through a battery screen of certain

11



12 HYDROMETALLURGY OF SILVER

size is much finer than the size of the meshes. Heavy ore makes
a much finer pulp through the same screen than lighter ore.
The pulp of the Del Oro ore, obtained by crushing through
battery screens No. 20 and No. 40, was sifted through sieves of
different fineness, and the following figures obtained:

CRUSHED CRUSHED CRUSHED CRUSHED
TaroUGH SCREEN|THROUGH SCREEN THROUGH SCREEN THROUGH SCREEN
BarTery Purp No. zo0 No. 40 0. 20 No. 40
WHEN SiFTED PERCENTAGE OF | PERCENTAGE OF | PERCENTAGE OF | PERCENTAGE OF
THROUGH SIEVE MATERIAL Pass- | MATERIAL Pass- MATERIAL MATERIAL
ING THROUGH iNn¢ THROUGH REMAINING ON REMAINING ON
THE SIEVE THE SIEVE THE SIEVE THE SIEVE
No. 30 93.8 100 6.2 0.0
No. 40 87.3 100 12.7 0.0
No. 60 78.8 98.95 20.2 1.05
No. 80 71.2 93.80 28.7 6.20
No. 90 67.1 90.50 32.9 9.50

These figures show how exceedingly fine a heavy ore is crushed
in a battery, even through a screen with comparatively coarse
meshes. Though 67.1 per cent. of the material which was crushed
through screen No. 20 was finer than sieve No. 90, the average
chlorination of quite a number of compared roastings was 27 per
cent. less than that of ore crushed through battery screen No. 40.
This indicates how essential it is to crush such ores fine.

It is frequently argued in favor of coarse crushing that coarser
crushed ore permits in the subsequent lixiviation a free percola-
tion of the solution.

While to a certain extent coarsely crushed ore permits a
somewhat quicker filtration, the increase (if extremes are avoided)
is slight and of not much practical value. If a finely crushed ore
filters too slow for an extraction by filtration it will filter too
slow if it is crushed coarser, because in crushing always a certain
amount of very fine powder (slime) is formed, no matter what
kind of a pulverizing machine is used, and if the nature of the
ore is such as not to undergo much of a physical change in roast-
ing, the pulp in either case will contain sufficient slimes to inter-
fere with a free percolation. A free percolation does not depend
on the coarseness of the pulp nor on the nature of the gangue;
it depends almost entirely on the nature of the sulphides and on
the proportion of metal sulphides and the gangue. Besides the
chemical changes which an ore undergoes during chloridizing
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roasting, a change of its physical condition also takes place.
Lead sulphate, which is formed in roasting, melts easily at a
roasting temperature and is absorbed by the gangue and metal
oxides. The same is the case with cuprous and cupric and with
ferrous and ferric chlorides. They melt even below red heat and
also penetrate the ore. By doing so, these metal salts collect
all the dusty particles or slimes of the gangue and metal oxides
into small porous globules and flakes, in which changed condi-
tion the ore permits a free percolation. This is the cause why a
chloridized ore filters so much better than a raw ore, and if the
ore contains a sufficient amount of metal sulphides it will filter
well whether crushed very fine or whether it is crushed coarser.
If finely pulverized the conditions for the chemical reactions,
however, are much more favorable.

The melting of the metal chlorides and lead sulphate and
their absorption by the ore causes the loosening and swelling of
the charge, making it what is called ‘“ woolly,” during the chlorid-
izing period. It assumes a moist appearance and can be stirred
without dusting, and does not evade the hoe as during the oxi-
dizing period, but can be banked and collected into a pile. To
maintain this condition the charge has to be agitated from time
to time, otherwise a crust will be formed on the surface.

If for want of a sufficient amount of sulphides in the ore the
formed chlorides and sulphates are insufficient to cause this
physical change, the ore will remain dusty, run like water on the
cooling floor, and will filter very slowly. On the other hand, if
the amount of sulphides, especially lead sulphide, is too great
in proportion to the gangue and metal oxides, the latter will
get so saturated that they cannot maintain their loose condition,
and form lumps. If the temperature is kept moderate these
molten chlorides and lead sulphates will act like a cement, but will
not go into chemical combination with the silica, and in most
cases the lumps will be found to be porous and soft and as well
roasted as the finer part. But if the heat is kept too strong
silicates will be formed and the lumps will become dense and
hard, and the chlorine will be unable to penetrate them and act
on the silver. Particles of undecomposed sulphides will be en-
closed in them and cause a poor extraction. The silver can be
extracted from such lumps only if they are ground and reroasted
with steam, by which hydrochloric acid is formed, which acts on
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the silicates. Without steam only a small percentage of the
silver can be extracted.

Iron sulphides do not participate so much in changing the
physical condition of the ore as lead or copper sulphides do,
because the chlorides of iron easily give off their chlorine and
change into oxide, which then acts like gangue. The most effec-
tive agent is the lead sulphide, the main part of which is changed
into sulphate, which is but very little volatile at a roasting heat
and does not undergo any further changes, thus much improving
the filtering quality of an ore.

In working the refuse dump of the Cusihuiriachic mine, Chihua-
hua, Mexico, containing from 25 to 30 oz. silver per ton, I found
that, while a satisfactory chlorination of the silver could be
obtained, the silver could not profitably be extracted on account
of the exceedingly slow filtration caused by too great an excess of
_porphyry gangue. It occurred to me to add a small percentage
of galena, and the effect was very gratifying — the ore filtered
well. Later the slow filtration trouble was overcome by applying
trough lixiviation.



111

PERCENTAGE OF SALT REQUIRED

Ir all the chlorine of the salt could be transferred to the silver
only an insignificant amount of salt would be required, but as
other metals, which usually are present in much larger quantities
than silver, are also chloridized, a correspondingly large percent-
age of salt has to be added to the ore. The amount to be added
depends on the nature of the ore and has to be ascertained em-
pirically in each individual case. It is best to commence with a
high percentage, say 10 per cent., of salt, and to reduce the salt 1
per cent. in each succeeding roasting charge until 3 per cent. is
reached. Ores which can be chloridized with less than 3 per
cent. are very rare. The roasted charges are tested in the lab-
oratory for silver chloride. It will be found in most cases that
10 per cent. of salt does not produce a higher chlorination than
6 or 5 per cent., and the experimenter will decide on the least
amount of salt which produces as good a chlorination as the next
larger amount, and will adopt that percentage. There are
instances, however, where it will be found of advantage not to
produce the highest possible chlorination, but to be contented
with a somewhat inferior extraction. This is the case when the
cost of the extra amount of salt exceeds the value of the additional
amount of silver gained. This occurs usually in treating the
lower grade ores in remote localities, where the price of salt is
high.

Ores containing a large percentage of lead and zinc require
less salt than ores rich in iron and copper sulphides, because the
main part of the lead is converted into lead sulphate, which re-
mains indifferent during -the chloridizing period and does not
consume any chlorine. This is also the case with zine, which is
mostly converted into zinc sulphate and oxide, which remain
indifferent. Most of the iron and copper, however, is converted
first into chlorides before they change into oxides, and of course

15
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these are heavy consumers of chlorine, and the ore therefore re-
quires more salt. For instance, the ore of the San Francisco del
Oro mine in Mexico, which is very heavily mineralized, containing
zinc 24.08 per cent., lead 11.92 per cent., iron 7 per cent., copper
0.5 per cent., and sulphur 21.35 per cent., required only 3} to 4
per cent. of salt.

An excess of salt does not improve chlorination; on the con-
trary, in many instances I have observed that the chlorination
already gained was reduced by adding more salt. For this and
for economical reasons an excess, therefore, should be avoided,
especially as undecomposed salt in the roasted ore is not advan-
tageous in the subsequent extraction.

THE ProPER TIME TO ADD THE SALT

The generation of chlorine in the furnace does not commence
until, by the oxidation of the sulphur, metal sulphates have formed,
which then act on the salt. The first part of the process, there-
fore, is an oxidizing process, whether the ore contains salt or not,
and in this respect it would be immaterial at what time the salt
were added. That the ore sustains a heavier loss of silver by vola-
tilization if the salt is added before the oxidizing period is not
conclusively proved, and actually there is no reason for it.
Chlorides are not formed until the sulphates are formed, and
therefore the presence of salt cannot cause a greater volatiliza-
tion of the silver. An ore which is apt to lose silver on account
of its arsenic and antimony sustains the larger part of its loss
during oxidizing roasting.

There are ores, however, which cannot be chloridized success-
fully if the salt is added to the ore in the beginning. This is the
case with ores which contain a large percentage of a dense argen-
tiferous zine blende, or argentiferous galena, or both, as the prin-
cipal silver-bearing minerals of the ore. The reason why such
ores have to be first subjected to an oxidizing roasting before the
salt is added is the following:

Zine blende, if subjected to oxidizing roasting, changes into
zine oxide and zinc sulphate, while sulphurous acid escapes.
The process of oxidizing the zinc blende progresses but slowly,
especially if the mineral is very dense. Iron and copper sulphides,
on the other hand, oxidize easily and are converted into sulphates
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long before this is the case with the zinc and lead sulphides.
Zinc and lead sulphates do not act decomposingly on the salt,
while iron sulphate does so energetically. Now, if the ore and
salt are charged together we will find that the iron sulphate,as
soon as it is formed, will act on the salt, producing chlorine and
transforming itself into chloride and oxide. The chlorides of
iron are volatile,and also give off the chlorine, changing into oxide.
While this process is going on the zinc and lead sulphides are only
partly oxidized, and as the chlorine in roasting has but very little
effect on the raw zinc blende and galena, the silver contained
therein will not be chloridized by the time the generation of
chlorine and the action of iron chloride has ceased. The conse-
quence is a very inferior roasting result. If, however, the ore is
charged into the furnace without salt and subjected to an oxi-
dizing roasting until the zinc and lead sulphides are oxidized,-or
to a certain extent oxidized, and then the salt is added, the gen-
erated chlorine and the iron chlorides will find the silver in a state
in which it will combine with the chlorine. Iron sulphate re-
quires considerable heat to be decomposed directly into oxide and
sulphuric acid, and if the heat during oxidizing roasting is kept
low, there will be sufficient iron sulphate in the charge to decom-
pose the salt, and a quite satisfactory chlorination of the silver
will be effected. To this class of ores belong those of the San
Francisco del Oro mine, Chihuahua, Mexico, and of Sombrerete,
Zacatecas, Mexico.

Another instance of great difference in the behavior of the ore,
whether the salt was added to the ore in the battery or during
the oxidizing period in the furnace, I experienced during my
investigation of the chloridizing roasting of the calcareous arseni-
cal silver ore at Yedras, Sinaloa, Mexico. The gangue of this
ore consisted of silicious limestone and calespar, while the ore
proper consisted of argentiferous arsenical pyrites, a moderate
amount of fine-grained black zinc blende, arsenical fahlerz, and
some iron pyrites. When the roasting was done in the Briickner
furnace there was a marked difference in the behavior of the ore.
When the salt was added in the battery, the ore swelled, became
woolly, kept on one side of the revolving furnace, and when
discharged did not dust and remained in a pile on the cooling
floor. When the salt was added toward the end of the oxidizing
period, the ore did not assume the moist appearance so charac-
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teristic in chloridizing roasting, but remained very loose and
level in the revolving cylinder, and when discharged made much
dust and ran on the cooling floor like water. The percentage of
silver chlorination was in both cases about the same, but the ore
which contained the salt at the beginning formed a very large
amount of hard balls, which increased in size as the roasting
progressed. They consisted of concentric layers and were smooth
and hard. They were well chloridized, but the silver could not
be extracted unless they were first pulverized, as they were too
dense to permit the solution to percolate through them.

The sulphureted part of the ore had no tendency to form
lumps, as numerous experiments with concentrates of the same
ore showed. In this case we have an instance in which the time
of adding the salt was conditioned by the nature of the gangue
(see Chapter XII).

If the salt is added later, it is not necessary to dry and pul-
verize it; in fact it is better not to do it. It saves expense,
and, besides, it is difficult to spread it uniformly over the charge,
and in places where more salt drops it is apt to form lumps. The
action of finely pulverized salt commences immediately on touch-
ing the ore, and in doing so it becomes sticky, which makes it
difficult to divide and to mix it evenly. This is still more the
case in a Briickner furnace. If coarse salt is added, the crystals,
which usually are of the size of beans and have more or less moist-
ure, coming in contact with the hot ore decrepitate quite rapidly.
The particles fly in all directions, striking the roof and sides and
falling back to the ore. When decrepitation ceases the salt
will be found much more evenly scattered over the charge than
this can be done by a shovel, and the disintegrated particles are
small enough for the purpose. The chemical action does not
commence quite as soon as with pulverized salt, and a much
better mixing can be secured. Of course, larger lumps of crystals
cemented together, or pieces of salt crust, have to be mashed
first. Salt fuses and is absorbed by the ore, thus coming in inti-
mate contact with the sulphates. A Briickner furnace should
not be set to revolve until decrepitation ceases.

To extend the oxidizing roasting to such a degree as to produce
a ‘“dead roast,” that is, to convert all the convertible sulphates
into oxides and then to produce the chlorination by an addition
of a mixture of calcined copperas (ferrous sulphate) and salt, is
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by far too slow and expensive a method to be adopted in prac-
tice.

To add the salt during crushing produces a very uniform
mixture of ore and salt and simplifies operations in roasting, for
which reason it is preferable to do so if the nature of the ore
permits it; still it is not frequently done in practice, unless the
construction of the furnace demands it, because by crushing ore
and salt together the crushing capacity of the machinery is
reduced by the amount of salt added, and even more if the latter
is not previously very well dried.
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LOSS OF SILVER BY VOLATILIZATION

SiLvER chloride as such is not volatile, but if influenced by
the volatilization of other chlorides it becomes volatile. A high
heat, therefore, indirectly causes a larger loss of silver by the
expulsion of larger quantities of volatile chlorides. Other condi-
tions being equal we shall always find the loss of silver to be in
direct proportion to the chemical loss in weight an ore sustains.
In other words, the charge of the same ore that during roasting
sustains the least chemical loss in weight sustains also the least
loss of silver by volatilization. The term ‘chemical loss in
weight”” is used in distinction to the loss an ore sustains during
roasting by dusting, which is a mechanical loss.

The logical consequence of the above facts is that the operator,
while he endeavors to obtain a high silver chlorination, should be
at the same time careful to expel as little as possible of the volatile
- chlorides. He will be greatly assisted in this endeavor by keeping
the ore in a thick layer, and by using low heat and plenty of air.
If a small charge is thinly spread over a large hearth more volatile
chlorides will be expelled, and the ore will lose more in weight
and in silver than when a larger charge is roasted in the same
furnace. This is the reason why, as a rule, the loss in weight
and in silver in a large Briickner furnace, in which the ore lies
two feet thick, is less than in a reverberatory, and why small
samples roasted on a roasting dish in the muffle show so much
greater loss of silver than the same ore does when roasted on a
large scale in the furnace.

It will be found that ore roasted at a low heat with sufficient
air will lose less in weight, because a large part of the volatile
chlorides, which at a higher heat would be expelled, will then
remain in the ore. For amalgamation it is desirable, in fact
necessary, to expel the volatile chlorides as much as possible,
because they take an active part in amalgamation and make the

20
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quicksilver smeary and inactive, causing a poor silver extraction
and a very low-grade bullion. These chlorides, however, do not
seriously interfere in the lixiviation process; in fact, it is one of
the principal advantages of lixiviation over amalgamation that
in it the volatile chlorides do not need to be expelled, and therefore
the roasting of most ores, even those rich in arsenic and antimony,
can be conducted with a very small loss of silver by volatilization.
In metallurgical books we always find the great loss of silver
pointed out as an objection to all processes which require chlori-
dizing roasting of the ore. Formerly chloridizing roasting was
principally used and studied in relation to amalgamation; little
or no attention was paid to roasting for lixiviation, or to the fact
that this process allowed a modification of roasting by which its
objectionable features could be obviated.

I made chloridizing roasting the subject of special study, and
found that it could be conducted with just as little loss of silver
as oxidizing roasting, if care was taken to expel as little as pos-
sible of the volatile chlorides. The chemical reaction between
salt and the sulphates takes place at a very low heat, in fact at
a lower heat than is generally believed, while on the other hand
it takes quite a high heat to expel thoroughly the volatile chlo-
rides; therefore, in roasting for lixiviation the temperature can be
kept as low as the nature of the ore permits during oxidizing, and
lower still during chloridizing, and yet have the ore well prepared
for the subsequent extraction of the silver. During chloridizing
the ore ought to be kept in a thick layer and stirred only at
intervals to diminish the volatilization of the chlorides.

In the old method of chloridizing roasting the aim was to free
the ore by heat from metal chlorides that are objectionable for the
subsequent extraction of the silver, while in the new method the
aim is to retain in the ore as much of the chlorides as possible
and to remove them by leaching with water previous to the ex-
traction of the silver. If we take into consideration the fact that
the otherwise not volatile silver chloride becomes volatile by the
volatilization of other metal chlorides, it is quite logical that the
volatilization of the silver will be greatly reduced by the modified
method.

In roasting the caleareous arsenical silver ore at Yedras,
Sinaloa, Mexico, by the modified method, with plenty of air, the
loss in weight was only 3.5 per cent. and the loss in silver by
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volatilization only 1.8 per cent., while if roasted by the old method
the loss in weight was found to be from 7 to 13 per cent., while the
loss of silver was 15 to 25 per cent. and more.

METHOD OF ASCERTAINING THE LoOSs OF SILVER BY
VOLA’I‘ILIZATION

In order to roast skilfully it is of great importance to ascer-
tain frequently the loss of silver by volatilization, but to do
this it is necessary to know the loss in weight the ore sustains.
This, however, is accompanied with great difficulty if it is done
in the old way by actual weighing of the charge before and after
roasting, necessitating the careful cleaning of the furnace and
the dust-chambers before and after the process. In many cases
this is not possible without seriously interfering with the regular
work, and at all events it is accompanied with so much trouble
and expense that if the shrinkage in weight is once ascertained,
this figure is used in all subsequent calculations, though the
conditions under which the roasting is performed, such as heat
and draft or the character of the ore, may have changed. That
such figures are not very reliable will be readily understood, but
still more incorrect is the method some adopt of roasting 10 or
20 grams in the muffle and then taking the difference in weight
before and after roasting as the loss in weight the ore sustains in
roasting; by this means the loss of that particular sample in the
muffle is ascertained, but not the loss the ore would lose in the
furnace. Just as incorrect is the practice of roasting 10 grams in
the muffle, of using the roasted 10 grams for an assay, and of
comparing the assay value per ton with the assay value per ton
of the raw ore. This gives us only the amount of silver this
particular sample lost by volatilization, but it gives no informa-
tion as to how much the ore loses if roasted in the furnace, because
the conditions under which the roasting in the two cases takes
place are very different with regard to temperature, draft, time,
and thickness of the layer.

To conduct the roasting properly it is not of great importance
to know how much the ore loses by dusting, for this is merely a
mechanical loss, and the fine ore particles carried away by the
draft are easily collected in dust-chambers. The loss due to the
volatilization of the chlorides is the serious one. These fumes
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are often richer in silver than the ore, are difficult to collect, and
easily escape. We have, therefore, to find how much the ore
in the furnace loses in weight by volatilization in order to ob-
tain a correct basis for a calculation of the loss of silver in roast-
ing.
I adopted the following method, which gives sufficiently correct
results for practical purposes, can be performed in the assay
office in a few hours, and is at all events more correct than if the
loss in weight of the ore is ascertained by actual weighing of the
charge and flue-dust.

Ten grams of the raw pulp, containing the same percentage
of salt as the ore in the furnace, are placed in a roasting dish
and roasted in the muffle for half an hour or an hour; then the
sample is removed from the muffle, allowed to cool, weighed,
returned to the muffle, roasted again for half an hour, and then
weighed again. This is repeated -until two weighings are alike,
or until in the last half-hour the ore does not lose more than
2 or 3 mg.; then the difference between the original weight and
that of the last weighing, expressed in percentage, gives the
highest possible loss the raw ore can suffer.

Ten grams of a sample of roasted ore, corresponding with the
sample of raw pulp, are placed in a roasting dish, and also roasted
in the muffle until two weighings agree, or the difference between
two consecutive weighings is not more than 2 or 3 mg. The dif-
ference between the first weighing (10 grams) and the last, ex-
pressed in percentage, gives the weight which the roasted ore is
still capable of losing if subjected to prolonged roasting. If we
deduct, therefore, the capable loss from the highest possible loss,
we obtain in percentage the loss in weight the ore has suffered
during roasting in the furnace by volatilization.

In the following, the weighings are given of one of the tests
which I made with ore roasted in Briickner cylinders at Yedras,
Mexico:

RAW ORE, CONTAINING 7 PER CENT. SALT

(Chgrans el [ TET ] Y Al SNy B B ey cr i o O o et ot Tl 5 10 grams.
After 1 hour roasting in the muffle.................. 9.35 “
After } hour more roasting in the muffle. . ........... 9.23 «
After § hour more roasting in the muffle............. 9.21 «

Ten grams — 9.21 grams= 0.79 grams= 7.9 per cent. highest
possible loss in weight.
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ROASTED ORE

Originaliweightie S FSosrts L e R S T S e 10 grams.
After 1 hour roasting in the muffle.................. 9.65
After 3 hour more roasting in the muffle............. 9.51 «
After 4 hour more roasting in the muffle............. 9.50 “

Ten grams — 9.5 grams= 0.5 grams=5 per cent. loss, which
the ore, roasted in the furnace, was still capable of sustalnmg
by dead roasting.

Highest possible lossof rawore.................. 7.9 per cent.
Capable loss of roasted ore...................... 5.0
Actual loss in weight in the furnace.............. 2.9 per cent.

The gangue of the Yedras ore is limestone. Agreeing weights,
however, are more quickly obtained if ores have quartz gangue,
while ores containing considerable manganese take a longer time,
and require more patience. It is advisable to pulverize the ore
carefully once or twice in a porcelain mortar during the test, in
order to break up small lumps which have formed. '

As this test is so quickly and easily done, it gives the metal-
lurgist the means of ascertaining the most favorable tempera-
ture and proper time, and of ‘controlling the work of the man
in charge of the furnace. The mere difference of assay value
between raw and roasted ore is no guide, as can be seen in the
following table, in which the results of a few tests are given,
which I made with the ore of the Cusihuiriachic Silver Mining
Company, Chihuahua, Mexico:

Assay ] ActUAL -
Vitos or | YawEor | FIOREST | Chter | Loss | SO
Raw Ore ORE Loss oF ROASTED SusTAINED | VOLATILI- REMARKS
Per Ton | p.o Ton Raw Ore ORrE v Roasting| ZATION
OUNCES O Per CENT. | PER CENT. Per Cent. |[PER CENT.
46.0 43.6 7.0 6.0 1.0 6.2
41.8 41.6 7.3 5.5 1.8 2.2
43.2 41.0 A5 5.3 2.2 7.2 |Roasted in “C’s” shift
43.2 41.6 7.5 6.2 1.3 49  |Roasted in “L.’s” shift
51.0 50.0 7.8 6.6 1.2 3.1

The roasting was done in Howell furnaces. Each of the
above tests was made with average samples of a whole day’s
roasting. The third and fourth sample, however, represent the
ore roasted in one day, one roasted in C.’s shift (night) and the
other in L.’s shift (day). Corresponding samples were taken of
the raw ore. The salt was added to the ore in the battery. The
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METHODS OF ROASTING

CHLORIDIZING SELF-ROASTING

Tuis mode of roasting can only be successfully performed with
highly sulphureted ore and in a furnace the construction of
which permits the roasting of large charges, like the Briickner
type of furnaces. We have seen above that in roasting for the
process of lixiviation with sodium hyposulphite it is not necessary
to expel the metal chlorides by increasing the heat to bright red
toward the end of the chloridizing period, but that, on the con-
trary, the roasting should be conducted at a low heat to the very
end, to retain in the roasted ore as much of the metal chlorides
as possible in order to reduce the loss of silver by volatilization.
Reflecting on this principle, it occurred to me, while roast-
ing heavily sulphureted ore in a Briickner furnace, that the
charge if once ignited may, by the oxidation of the sulphides,
produce and keep in store sufficient heat to finish the chloridiz-
ing part of the process without applying any additional heat.
Experiments showed that this could be successfully done, and
that not only was 50 per cent. of the fuel saved, but that, while
the chlorination of the silver was 5 per cent. higher, the loss of
silver by volatilization was materially less than by applying a
second fire. It was possible in this way to roast 10.6 tons of ore
with one cord of wood.

The charges should not be smaller than 4% to 5 tons, otherwise
the heat stored in the ore will die out before the roasting is finished.
When the furnace is charged, a strong fire is kept up until the ore
has fairly started to roast; then the fire is allowed to go out, or
if necessary pulled out, and the fire-door left open to allow a
sufficient supply of air to pass through the furnace. The heat
gradually increases though the fire is out. The charge maintains
nearly a horizontal position. In due time the ore loses itsbright-
ness, increases in volume, and begins to assume a more erect
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position, leaning against that side which moves upward. The
chloridizing period has commenced. While during oxidizing the
ore looks bright and the furnace lining dark, just the reverse
can be observed during chloridizing: the surface of the ore looks
dark while the lining, emerging from the ore, looks red. Of
course, that part of the ore which is brought up by the motion
of the furnace is also red, but it quickly darkens.

It will be found that the chlorination of the silver is finished
before the red heat of the charge has entirely died out, and this
is the proper time to discharge the furnace, in the first place to
avoid loss of time, and secondly to avoid dusting. A chloridized
ore when still red does not dust much in discharging, while when
it gets completely dark, but is still hot, it dusts considerably more
than if handled when quite cool.

If the ore is rich in sulphides, the salt can be added, if required,
during the oxidizing period, but this ought to be done quickly in
order not to cool the furnace too much.

I adopted the term “chloridizing self-roasting’ for this mode
of roasting because, after the ore is ignited and the fire is removed,
it passes through the oxidizing and through the chloridizing period
without requiring any further attention. One man can attend
to quite a number of furnaces.

The ore thus roasted is roasted at the lowest possible temper-
ature.

CHLORIDIZING HEAP-ROASTING

If silver ore which has been subjected to chloridizing roast-
ing is left in a pile when discharged from the furnace, it will
retain a dark-red heat for many hours, during which time the
process of chlorination continues. I found that, if the chlorina-
tion of the silver is accomplished in the furnace up to 85 or
90 per cent., the increase in chlorination amounts to respectively
2 and 1 per cent.,and that this increase takes place principally
during the first two or three hours. By extending the time only
an insignificant increase takes place. This, however, is different
if the chlorination in the furnace be less advanced at the time
of discharge. In such a case a large increase in chlorination
takes place on the cooling floor. C. A. Stetefeldt made the inter-
esting and valuable observation that even in a very poorly roasted
ore the chlorination of the silver can be brought up to a high
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percentage if the ore is left in a pile on the cooling floor. In
roasting the ore of the Lexington mine he found it to be of
such a nature that a silver chlorination of only about 47 per
cent. could be obtained in the shaft of the Stetefeldt furnace.
This partially roasted ore was piled .on the cooling floor while his
roasting experiments were going on. An examination of the
roasted ore after twelve hours, however, showed an increase in
chlorination of from 47 to 90 per cent. The ore was too heavily
charged with sulphide to be suitable for a complete roasting in
this furnace, and only a partial oxidation took place, but when
piled in a heap the oxidation continued, forming sulphates which,
acting on the salt, produced the chlorination. The temperature
produced by the slow oxidation was sufficiently high for the
chemical reaction. This observation may lead to the adoption
in practice of a new method of chloridizing roasting, which we
properly may call “chloridizing heap-roasting.”

It is apparent that, if a chloridizing roasting could be per-
formed just by exposing the ore to a short roasting in the furnace,
and then leaving it to itself in a pile outside the furnace until
cool, the advantages gained would be great, metallurgically as
well as financially. ThlS method, however, is only applicable to
ores not too heavily charged with zinc blende and galena, as I
once had the opportunity to convince myself. When experi-
menting with the heavy zine-lead ore of the San Francisco del Oro
mine, Chihuahua, Mexico, containing 24 to 25 per cent. zine,
11.9 per cent. lead, 7 iron, and 21 sulphur, I also tried the Stete-
feldt furnace. This was done more to obtain positive figures and
a complete record of my investigation than in expectation of
obtaining satisfactory results. The ore when removed from the
shaft of the furnace emitted large volumes of sulphurous acid gas.
No chlorine could be detected and the chlorination obtained did
not exceed 15 to 16 per cent. The ore was piled on the cooling
floor. There it continued to roast, emitting sulphurous acid fumes
for several days, until it finally cooled without showing a per-
ceptible increase in chlorination.

Heap-roasting was tried again by me, with the ore of Som-
brerete, Zacatecas, Mexico, which contained 8.9 per cent. zinc,
9.5 per cent. lead, 16.8 per cent. iron, and 26.4 per cent. sulphur.
Though this ore is considerably lighter in zine and lead than the
ore of the San Francisco del Oro mine, it was still too heavy to
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be tried with the means of a Stetefeldt furnace. In order to
promise success the oxidation of the metal sulphides had to be
brought to a more advanced state than can be done in a Stetefeldt
furnace, especially as the Sombrerete ore also required an oxidiz-
ing roasting to a certain state before adding the salt. The
experiment was made with the aid of reverberatory furnaces.
In three adjoining reverberatory furnaces three charges of one
ton each were oxidized until the color of the ore commenced to
change to brown, but still contained many black particles, and
still smelled quite strongly of sulphur. Then 6 per cent. of salt
was scattered over the surface of the ore. Immediately after
adding the salt the three furnaces were discharged simultaneously,
and the hot ore of the three charges was piled into one heap in
the yard outside the building and left there to chloridize. After
lying for fourteen hours, it was found, by inserting the sampling
rod, that the ore inside the pile was still red hot, and that the
fumes of the sample still smelled strongly of sulphurous acid.
The color had, to a great extent, changed from brown to red.
A test of the sample showed that only 12.6 per cent. of the silver
was chloridized. After twenty-three hours it was found that the
temperature inside the heap was considerably lower, but still
high enough for the generation of chlorine. A distinct odor of
chlorine was emitted from the sample, but none of sulphur. The
chlorination of the silver had increased to 74.2 per cent. After
thirty-eight hours the ore had cooled down to an extent that no
more chemical reaction could take place. The heap was spread
out and sampled. The color of the ore was as red as that of
charges finished in the furnace. The chlorination of the silver
was found to have increased to 85 per cent. There is no reason
why the chlorination could not have been raised to 90 or 95 per
cent. and higher, if the proper temperature could have been
maintained longer, but the heap being so small, containing only
three tons, it lost its heat before the chlorination was finished.

Only during the time of dumping the hot ore on a pile could
the fumes be seen. As soon as the pile was completed visible
fumes ceased to emanate. A strong odor of sulphurous acid
could be observed for quite a number of hours, indicating that
oxidation was still continuing, but no fumes could be seen.
When the chloridizing period commenced the odor of sulphurous
acid ceased, but no odor of chlorine could be noticed in its place,
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nor did any visible fumes emanate from the pile. But from
a sample taken from the inside of the pile light fumes could be
observed, accompanied by an odor of’chlorine, indicating that
no volatile chlorides were emitted from the pile, and that the
generated chlorine went into combination with the metals of the
ore. The ore being undisturbed and in a thick layer, an excellent
opportunity existed for this chemical reaction. In roasting in a
reverberatory furnace it can plainly be observed that the ore
on the hearths, even on the chloridizing hearth, will not emit
much visible fume, but as soon as the ore is disturbed by the
movements of the rake heavy fumes will be emitted. Now,
these emanating volatile fumes are the very cause of the volatili-
zation of the silver. It is therefore apparent that, if the crea-
tion of such volatile metal chlorides can be avoided, the loss of
silver will be reduced to the minimum — that is, to the loss which
will occur during oxidizing roasting, and which, in most cases,
is very small.

On examination of the ore roasted in that experimental heap,
it was found that much more metal subchlorides than chlorides
were formed as compared with roasting in the furnace. As a
much better utilization of the chlorine takes place if the ore is
in a heap and left undisturbed than when spread over a hearth
in a comparatively thin layer, it is to be expected that roast-
ing in heaps will require less salt. This agrees with observations
I have made by roasting the same ore in a Briickner and in a
reverberatory furnace. In the Briickner furnace less salt was
required while a higher chlorination was obtained, together
with a smaller loss of silver by volatilization. In the Briickner
furnace the ore is in a much thicker layer than in the reverbera-
tory, which causes the better results.

The experiment at Sombrerete was made under very un-
favorable conditions. The heap was too small, containing only
three tons, and was exposed from all sides to the cooling action
of the air, so that the chemical reaction ceased before the chlori-
nation was completed. Notwithstanding this, the results ob-
tained showed that 85 per cent. of the silver was chloridized, and
if we take into consideration the increased furnace capacity, the
reduction in the consumption of fuel and salt, this method surely
offers sufficient advantages to justify further investigations and
experiments. To maintain favorable conditions the hot ore
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should be dumped into bins made of bricks or stone masonry,
holding 30 to 40 tons. The number of these bins will depend on
the roasting capacity of the works and on the time a heap will
require to complete the roasting. The bins which have to be
placed on the cooling floor should be open on the side toward
the cooling floor, or provided with a good sized iron door, to per-
mit free access, because chloridized ore as a rule does not run
and has to be poked down. The top of the bins should be pro-
vided with hoods, to take off the sulphur gas which will emanate
from the ore for some time.

Chloridizing heap-roasting may prove to be the most rational
mode of chloridizing roasting. A higher percentage of silver
will be chloridized with less loss of silver and at a smaller cost
than if the roasting is finished in the furnace, no matter what -
type of roasting furnace may be used. Of course, the ore has to
contain sufficient sulphur — not less than 8 to 10 per cent.

The reverberatory furnaces at Sombrerete roasted from 60 to
80 tons of ore per day, and the space available as a cooling floor
was inconveniently small for the regular work, and a repetition
of the experiment in a proper kiln was, therefore, not practicable.

CHLORIDIZING ROASTING WITH STEAM

If steam is admitted into the furnace during the chloridizing
period, it forms hydrochloric acid, which decomposes the sul-
phides, expels arsenic and antimony, and chloridizes the silver
with great'energy, even metallic silver, on which chlorine acts
but slowly. It acts also on metal silicates and chloridizes the
silver contained therein, which otherwise would remain entirely
indifferent to the action of the chlorine. The heavy zinc-lead ore
of the San Francisco del Oro mine, Chihuahua, Mexico, when
in course of experiments it was passed through the Stetefeldt
furnace, showed a chlorination of only 15 to 16 per cent.
It still contained 8 per cent. sulphur, and in order to bring the ore
in better condition for the extraction of the silver it was re-
roasted. The chlorination, however, could only be increased to
about 44.2 per cent. On examination of the ore as it came from
the Stetefeldt furnace it was found that by dropping through the
shaft the main portion of the ore was transformed into minute
globules, which showed that the ore was partially slagged, and
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the silver contained in these globules resisted the action of the
chlorine. After reroasting, these globules felt between the
fingers just as sharp and glassy as before, but when the reroasting
was done in presence of steam the result was different. The
chlorination increased from 15 to 66.6 per cent. and the globules
became soft and could be powdered between the fingers. Of
course, a chlorination of 66.6 per cent. is very inferior, but this
fact does not interest us just now. The ore had been spoiled in
the Stetefeldt furnace, which made it impossible to produce a
satisfactory chlorination. The present interest is the fact that
these experiments demonstrated the beneficial effect of steam
in roasting. Without steam the chlorination was only 44.2 per
cent. while with steam it was 66.2 per cent. These figures repre-
sent the average of a considerable number of charges. The
globules which remained unchanged when roasted without steam
became soft and assumed the color of roasted ore.

The same conditions were maintained in both cases, with
regard to the percentage of salt to the temperature applied, ete.
The improved results can therefore be credited solely to the
action of the steam.

If an ore is rich in lead it is hardly possible to avoid the for-
mation of lead silicate during the oxidizing period, and the silver
contained therein will not be chloridized during the subsequent
chloridizing period, and consequently will enrich the residues
and be lost. Roasting with steam is, therefore, much to be
recommended for ores containing galena, especially if the galena
is rich in silver, which is very often the case in complex ores.

- Objections have been frequently made against roasting with
steam, based on the assumption that it much increases theconsump-
tion of fuel, but in actual practice it will be found that the increased
consumption is not serious at all. Waste steam from the engine
can be used, but even if live steam is applied it is not necessary
to use it in such volumes as to cause a marked drop in the tem-
perature of the furnace. A moderate application answers the
purpose. Sometimes the mere keeping of water in the ash-pit
has a decidedly beneficial effect. The steam has to enter the
furnace at the fire end and under the flame, so that it comes
well in contact with the ore. The steam becomes superheated
mostly at the expense of the ore next to the fire-bridge, thus
preventing an overheating of that part of the charge.
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The use of steam may also greatly reduce the loss of silver by
volatilization. This is mostly noticeable with ore containing rich
antimonial fahlerz and zine blende besides antimonial galena.
In working the ores of the Silver King mine of Arizona, I had
the opportunity to make very interesting observations with regard
to the effect of steam in reducing the loss of silver by volatilization.

As steam has not on all kinds of ore such a striking effect as
in this case, it will be instructive to give a short description of

the Silver King ore. This was a complex ore, and cons1sted of
the following silver-bearing minerals:

(1) Native silver in close contact with fahlerz, silver copper
glance, zinc blende, and in some instances with galena. It was
brittle enough, so that a large part of it was pulverized in the
battery. It occurred in the shape of wire, flakes, solid grains, and
in large chunks, and in such quantities that it had to be removed
from the mortars of the battery twice a week by means of shovels.
This silver was of a bright white color, 0.975 fine, and did not
contain any gold.

(2) Silver copper glance with 70.3 per cent. silver, 9.8 per cent.
copper, 17.4 per cent. sulphur.

(3) Antimonious fahlerz, containing over 3000 oz. of silver
per ton. This mineral was the most important constituent part
of the ore.

(4) Zine blende, of which there were three varieties:

(a) Zinc blende found in large and quite transparent crystals
of a lustrous green color. This was the poorest of the silver-
bearing minerals of the ore, but it was highly interesting from its
beauty as a specimen. It contained only 10.2 oz. silver per ton.

(b) Brown zinc blende occurred in solid masses and in large
quantities, frequently permeated with wire silver, and con-
tained 97.7 oz. silver per ton.

(¢) Black zine blende was more scarce, and contained 40.8 oz.
silver per ton.

(5) Galena occurred in two varieties: the fine-grained anti-
monious with 185 oz., and the coarsely crystallized with only
29 oz. silver per ton.

(6) Peacock copper ore, with 450.6 oz. silver per ton.

(7) Copper pyrites.

(8) Iron pyrites.

The gangue consisted of quartz, heavyspar and some por-
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phyry. The average value of the ore as furnished to the mill
was 161.4 oz. per ton.

This ore was roasted with 10 per cent. of salt, in a large size
revolving furnace of the Briickner type, but with a modification
specially designed by myself for this ore. On account of the
antimonious fahlerz, the antimonious galena and the heavyspar,
the ore caked very easily. For this reason, and to avoid excessive
loss of silver by the antimony, the ore had to be roasted at a
very moderate heat. The furnaces were 16 ft. long. It was
found that the roasting could not be done properly with a furnace
of common construction, with a fireplace only at one end of the
cylinder, as the ore either did not receive enough heat at the
farther end, or, if it did, it was overheated and caked at the end
nearest to the fire. To overcome this difficulty the cylinder was
provided at each end with a fireplace and flue arrangement (see
Figs. 15, 16, and 17). These two fireplaces were worked alter-
nately. After the ore was charged, the furnace was set in slow
revolving motion, and fire kept up in one of the fireplaces. The
flame traversed the furnace, and smoke and gases escaped
through the flue, in front of the opposite fireplace. After a lapse
of one hour, fire was made up in the other fireplace, the damper
reversed, and flame and gases allowed to pass through the fur-
nace in the opposite direction. The changing of the fire was
kept up during the whole time the charge was in the furnace,
only the intervals were not quite as frequent as in the begin-
ning. This system of double fireplace and flues proved to be
of great advantage in securing a very uniform roasting; the
ore from both ends was chloridized up to the same percentage,
while, when the ore was roasted in a furnace with a fireplace at
one end only, the farther end showed a less chlorination of
from 5 to 10 per cent. Besides, it enabled the operator to
roast at a low and uniform heat.

Notwithstanding the capacity of the furnaces to roast at a
moderate and uniform heat, the loss of silver by volatilization
proved to be exorbitant, being not less than 38 per cent., while at
the same time the chlorination was low on account of the large
percentage of metallic silver in the ore, which was but imperfectly
converted into silver chloride by the chlorine. A jet of steam
was then tried, which was applied right under the flame and
directed toward the side where the ore was. There was a steam
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jet at each end, but only the one was operated which corresponded
with the end at which was the fire. The roasting results thus
obtained were very satisfactory. An average of many charges
showed that the loss by volatilization was reduced from 38 per
cent. to 2 per cent. while the average chlorination of 67 furnace
charges proved to be 94.4 per cent. and in some cases as high as
96.8 per cent.

This roasting example illustrates that with certain ores the
application of steam is of vital importance. The ores of the
Silver King mines could not have been worked by a hydro-
metallurgical method if the steam had not so greatly reduced
the loss of silver, and increased the percentage of chlorination.
There are some ores which do not need steam, but in most
cases a larger or smaller jet of steam, according to the nature of
the ore, does beneficially assist the chemical reactions.

CHLORIDIZING ROASTING OF SILVER ORES
ContaiNINGg GOLD

There are two combinations of gold and chlorine: the aurous
and the auric chloride. The latter is soluble in water and is
formed when finely divided gold is brought in contact with
chlorine gas at a common or moderately warm temperature.
At a temperature of 230 deg. C. it changes into aurous chloride,
which, however, on further heating, decomposes into metallic
gold and chlorine. Owing to this property of the chlorinc com-
pounds of the gold, neither of them will be formed in the furnace
during chloridizing roasting. The temperature in the furnace
is too high for them to exist, and the gold on discharge of the
furnace will be found in the metallic state. The aurous chloride,
which is not soluble in water but is soluble in a solution of sodium
hyposulphite, resists a much higher temperature than does the
auric chloride, and it will form at a temperature much higher
than the decomposing point of the aurie, which temperature,
however, has to be kept below red heat.

Based on this property of the gold chlorides I adopted a modus
operandi? by which I was able to extract 75 to 80 and even 90
per cent. of the gold contained in the silver ore simultaneously
with the silver by sodium hyposulphite.

If the ore leaving the furnace is not allowed to cool quickly,
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but, on the contrary, is made to cool slowly by dumping it to a
large pile and leaving it undisturbed until it is cool, which takes
several days, it will be observed that the generation of chlorine
still continues for a considerable time. The cooling of the heap
begins from the outside and progresses toward the inside, and
the chlorine, which is generated at the inside, in escaping will
meet a layer of ore sufficiently cooled for combination with the
gold contained therein. It will form the aurous chloride, because
the temperature is still too high for the auric chloride to exist.
The formation of aurous chloride will progress toward the inside
in proportion to the cooling of the pile. The cooling does not
need to be continued beyond the time when a sample taken from
the inside does not emit any chlorine.

If no precaution is taken to cool the ore slowly, only a small
percentage of the gold will be converted into aurous chloride,
and the gold extraction, therefore, will be very small. The
beneficial effect of slow cooling on the chlorination of the gold
contained in auriferous silver ore can also be observed in ex-
perimenting on a small scale, which will be illustrated by some
results which I recently obtained in conducting some laboratory
investigations respecting the ore of the Lucky Tiger mine, Sonora,
Mexico. An analysis of the sample showed the ore to consist of:
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Two lots of 100 grams each were roasted with salt on
roasting dishes in the muffle at a dark-red heat. The amount of
salt as well as the temperature and roasting time were for both
lots exactly the same. When roasting was completed one lot
was withdrawn and allowed to cool at a place away from the
muffle, while the other was placed in a hot roasting-dish and
covered with another hot roasting-dish, then removed from the
muffle, but placed right in front of it. Thus the one lot was
allowed to cool quickly, while the other was made to cool slowly.
The quickly cooled ore showed a gold chlorination of 20.8 per
cent. that is, 20.8 per cent. of it could be extracted with sodium



METHODS OF ROASTING 37

hyposulphite, while the slowly cooled ore showed a gold chlori-
nation of 74.7 per cent. The result of this experiment clearly
demonstrates that the chlorination of ‘the gold takes place out-
side the furnace and is caused by slow and gradual cooling. The
conditions in this experiment were not as favorable as they
would have been on a large scale, because the generation of
chlorine in so small a lot as 100 grams ceases soon, while in a
large pile it continues for many hours.

While this mode of roasting gives very satisfactory results
with silver ores containing 1 oz. of gold per ton or less, it will
not be quite satisfactory for ores richer in gold, in which case
a cyanide solution should be applied after the extraction of the
silver. In the above experiment the residues of the quickly
cooled ore were treated with a cyanide solution, by which the
gold extraction was raised from 20.8 per cent to 86.07 per cent.

CHLORIDIZING ROASTING FOR AMALGAMATION

We have seen that the aim in chloridizing roasting for the
extraction of the silver by lixiviation with sodium hyposulphite
is to convert as much as possible of the silver into silver chloride
and at the same time to expel as little as possible of the volatile
base-metal chlorides, in order to reduce the loss of silver by vola-
tilization to the minimum. This modificationin chloridizing roast-
ing was an important step forward in the hydrometallurgy of
silver because thereby its weakest and most objectionable feature,
the volatilization of the silver, was reduced to the minimum.

Chloridizing roasting was first devised, studied, and executed
to meet the requirements of barrel and later of pan amalgamation.
For this process not only as much as possible of the silver has
to be converted into silver chloride, but it is of the greatest im-
portance to expel or to decompose the base-metal chlorides, too,
because if this is not done these chlorides will amalgamate with
the mercury as well as the silver and produce an impracticably
large amount of amalgam and a very low-grade bullion. Besides
this, the mercury containing much of such amalgam has no ten-
dency to unite when the pulp is diluted, but remains in minute
globules, which partly float on the surface of the pulp as a dark
scum and partly are carried off with the residue, thus causing a very
large loss of mercury and, of course, of the silver it contains.
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The mercury loses much of its decomposing energy on silver
chloride; it becomes “foul,” which results in very rich residues.
In short, it is absolutely necessary in working complex silver ores
by amalgamation to expel and decompose the base-metal chlorides.
This is done by heat.

The salt is added either together with the ore or after the
oxidation of the sulphides has pretty well advanced. During
the oxidizing period the temperature is kept moderate, partly to
prevent caking but mostly to form as much metal sulphates as
possible, because these sulphates will act on the salt and change
into chlorides and also produce chlorine, and, in presence of steam,
hydrochloric acid. If the ore is rich in sulphurets the heat
created by their oxidation can so increase as to make it necessary
to let the fire go out entirely, but close attention has to be paid
to start the fire again as soon as a pronounced decrease of the
temperature can be observed. If an ore charge is allowed to cool
too much it takes considerable time and fuel to bring the temper-
ature up again to the desired degree. During the oxidizing
period the ore ought to be frequently stirred — continually, if
possible. The beginning of the chloridizing period is indicated
by the swelling of the ore; it becomes “woolly” and emits heavy
white fumes. The heat is then gradually increased until toward
the end the charge assumes a bright cherry red. During roasting
the charge is several times turned, that is, the half toward the
fire-bridge is removed toward the flue, and that from the flue
side is brought toward the fire-bridge. This is done in the
following way: The whole charge is raked together into a long
heap extending from the bridge to the flue end. This ridge of
ore is made nearer to the working doors, to lay bare as much of
the hearth as possible. Now, by means of a shovel the ore from
the fire-bridge is moved and dumped back of the ridge, com-
mencing close at the flue and proceeding toward the fire-bridge
until the middle is reached, then the other part of the ridge is
moved toward the bridge. Then the whole charge is spread
again.

During roasting, samples are taken and tested with regard to
the behavior of the ore toward mercury. If it is found that by
adding some water and some mercury to the ore the bright sur-
face of the latter becomes immediately covered with a black
skin, it is an indication that the roasted ore still contains an
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injurious amount of base-metal chlorides, and roasting has to be
continued at an increased temperature in order to decompose
them.

The practice of decomposing the base-metal chlorides by heat
and increased roasting time is naturally connected with much loss
of silver by volatilization. The late G. Kiistel proposed a much
more rational means than heat to destroy the base-metal chloride.
In his treatise, “ Roasting of Gold and Silver Ores,” he says:

“It is very difficult to get rid of all the base chlorides; they
are formed under the action of chlorine and hydrochloric acid.
The most of the metal chlorides are volatile, and a part is carried
off through the chimney. Another part of the chlorides gives
off some of its chlorine, whereby sulphates, undecomposed sul-
phurets, antimonates, and arsenates are chloridized. Chlorides
which are disposed to transfer chlorine to other metals in com-
bination with sulphur or arsenic are: the proto chloride of iron
and of copper, the chlorides of zine, lead, and cobalt. When in
this way the most of the metals are chloridized, the base metals,
principally iron and copper, are losing their chlorine gradually,
being first converted into sub-chlorides, and then into oxides.
The roasting for this purpose must continue with increased heat,
even when the chlorination of the silver is finished. At an
increased heat, the base metal chlorides lose their chlorine, while
the chloride of silver remains undecomposed, unless a very high
temperature should be applied. This process requires a long
time, consequently also more fuel. The decomposition of these
chlorides is greatly assisted by the use of 5 to 6 per cent. of carbo-
nate of lime in a pulverized condition. Lime does not attack the
chloride of silver, but it is not advisable to take too much of it,
as it would interfere to some degree with the amalgamation.
The pulverized lime-rock must be charged toward the end of
the roasting. First, two per cent. is introduced by means of a
scoop, the whole well mixed, and then examined either with
sulphide of sodium or in the following way:

“A small portion of the roasted ore is taken in a porcelain
cup or glass, and mixed with some water by means of a piece of
iron with a clean metallic surface. If the iron appears coated
red with copper, some more lime must be added. In place of
iron—especially if no copper, but some other base metal is
present — some quicksilver is mixed with the sample. In the
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presence of base-metal chlorides, the quicksilver is coated imme-
diately with a black skin.

“When endeavoring to expel the base metals by heat, the
loss of silver, in presence of much antimony, lead, and copper,
should be investigated very carefully. Under certain circum-
stances it is not uncommon to find a loss of even 50 per cent. of
the silver, if the chloridizing roasting is carried on at a high heat
for a great length of time. The loss increases with the duration
of roasting and with the degree of temperature. When such ore
is under treatment, it is necessary to take samples during the
roasting, and to examine the same for the amount of chloride of
silver, and also for its loss, and to stop roasting when the highest
percentage of chloride of silver is obtained without reference to
the condition of base metals.”

Mr. Kiistel proposed a still more rational method for remov-
ing from the roasted ore the base-metal chlorides which are so
obnoxious to amalgamation. Instead of destroying them by
heat and extended roasting time, he removed all soluble chlorides
and sulphate of zinc by leaching the ore with hot water previous
to amalgamation. The ores at Flint, Idaho, turned out such
base amalgam that further working proved to be ruinous; but
after Mr. Kiistel applied his method the ore became most suit-
able for amalgamation, and very satisfactory results were
obtained.

It is apparent that this method is quite an advance in
amalgamation; not only is the amalgamating energy between
silver and mercury much increased, thus resulting in a better
extraction of the silver, but the volatilization of the silver in
the furnace, and the loss of mercury and silver in the process of
amalgamation, are much reduced.

An important point in this process should not be overlooked,
namely, that chloride of silver, while not soluble in water, is
soluble in a concentrated solution of metal chlorides. The dis-
solving energy of such a solution on silver chloride increases with
its concentration and its temperature. Hot water has to be
used in order to remove the lead chloride, and therefore the
first part of the outflowing solution will be as a rule rather con-
centrated, and at the same time, being warm, will dissolve quite
a noticeable amount of silver chloride. This, however, can be
regained by collecting the solution in large tanks and by diluting
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the same. If sufficient water is added, all the silver chloride will
precipitate, and if enough time can be given will settle on the
bottom together with lead chloride. If there is copper in the
ore the solution should be made to flow through tanks filled with
scrap iron, by which the copper and silver are saved.

Lead chloride amalgamates; lead sulphate does not; and in
roasting for amalgamation it is therefore of importance to con-
vert as much of the lead as possible into sulphate and as little of
it as possible into chloride.

Lead sulphate, if once formed, remains indifferent and un-
changed during the balance of the process. Mr. Kiistel, in roast-
ing the plumbiferous silver ores for amalgamation at Plomosas,
Mexico, made the observation that if the ore was roasted in a
reverberatory with a roof of only 20 or less inches above the roast-
ing floor the bullion obtained contained 500 to 600 parts of lead
in 1000, while if the same ore was roasted in a reverberatory with
high roof, 27 or 30 inches, the bullion obtained was almost free
of lead. In the first instance much lead chloride and oxichloride
was formed, which amalgamated, while in' the second instance
nearly all the lead was transformed into lead sulphate. The
reason of the different results is apparent. In the furnace with
the higher roof there was suflicient space left between the flame,
which travels next to the roof, and the surface of the ore to per-
mit a free access of air, and in presence of ample live air more
sulphurie acid is formed, which acts on lead oxide, oxichloride,
and chloride, converting them into sulphate. If the supply of air
is limited by the low arch, insufficient sulphuric acid is formed
to convert all the lead into sulphate. In support of this theory
speaks the fact that C. A. Stetefeldt, by roasting the ore from
Ontario, Utah, in a Stetefeldt furnace, found all the lead contained
in the ore to be in the state of sulphate.

With regard to the extraction of the silver by sodium hypo-
sulphite it is immaterial whether the lead in the roasted ore is in
the state of sulphate or chloride. If cold water is used for re-
moving the base metal chlorides, which is generally the ecase,
but a small portion of the lead chloride is removed, and the same
is still contained in the ore when the latter is subjected to leach-
ing with sodium hyposulphite, in which solution it is soluble, as
well as the sulphate, which is not soluble in water.



VI

CONSUMPTION OF FUEL

TaE fuel mostly used in roasting is wood, not so much so
because it is the fuel with which it is the easiest to regulate the
temperature, but because the mines and works are usually situated
in more or less remote mining districts, where wood is easier and
cheaper to be procured than other fuel. Bituminous coal and
gas from gas producers answer the purpose perfectly well.

The quantity of fuel required depends mostly on the nature
of the ore, but also on the construction of the furnace. Ores
rich in sulphur, especially if a large part of it is combined with
iron, as in iron pyrites, require the least amount, because by
the combustion of the sulphur much heat is developed in the ore
itself, so that the process needs only to be slightly assisted by
fire. In fact, ores with 20 or 22 per cent. sulphur, if roasted in a
Briickner furnace, need only to be heated until it is ignited. The
balance of the heat required for the oxidation and chlorination
is then furnished by the ore, the same as in chloridizing self-roast-
ing, by which method 10 or more tons of ore can be roasted with
one cord of wood. A highly sulphureted ore which does not con-
. tain too much zinc blende or galena but contains eonsiderable
pyrite could be roasted chloridizingly without the use of any fuel
except what is needed to start the furnace. We have seen above,
in heap-roasting, that only a partial oxidation of the ore in the
furnace is required; and if for this purpose a continually dis-
charging furnace of suitable construction is used, like those of
the McDougal type as employed in sulphuric acid factories, or of
the Howell type (if the latter is lined with bricks the whole
length and only a very slight inclination given, and provided
with a ring-flange at both ends so as to retain a somewhat larger
amount of ore in the furnace in order to produce more heat and
to preserve it better) a continuous chloridizing roasting could be
successfully effected without the use of fuel.

These continually discharging furnaces will have to discharge
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into closed pits, which in starting will have to be first well heated
like the furnaces. From these pits or vaults the ore is then
moved and charged into the roasting bins. The vaults should be
sufficiently large to prevent cooling.

Ores, very poor in sulphur, containing only about 2 per cent.,
require much fuel, and if the same is expensive should not be
roasted in a reverberatory furnace, because the conditions pre-
vailing in a reverberatory furnace as regards utilization of heat
are very unfavorable. Heat penetrates but very slowly into any
* pulverized material, especially if the same is left undisturbed.
If a fresh charge is placed on the hearth of a reverberatory and
spread over it, it will cool the bottom, and if it is not a muffle
furnace, the supply of heat from that source will soon end, and
the heating will be effected only on the surface by the radiating
heat of the flame which travels next to the roof of the furnace;
but heat, as stated, penetrates very slowly into pulverized ma-
terial, and therefore only a small percentage of the heat produced
by the fuel will be effective. To better utilize the heat it is
necessary that continually new particles of the ore be brought to
the surface to be exposed to the radiating heat. This, however,
for obvious reasons, can be done but very imperfectly in a hand-
stirred furnace. As soon as the charge becomes hotter than the
bottom of the furnace the bottom will draw heat from the charge,
thus exerting a cooling action on the latter. To make the furnace
long helps, but not very much; and if the roasting of such dry
ore has to be done in a reverberatory furnace it is more rational
to make the hearth short and to build the furnace in two stories,
in which case the roof of the lower hearth will heat the bottom
of the upper one.

The most effective and at the same time the most fuel-saving
roasting furnace for this class of ores is undoubtedly the Stetefeldt
furnace, in which the flame is made to ascend through a high
shaft, while the ore in a fine shower falls down the shaft and
against the flame. There is no other roasting furnace in which
the heat is utilized to such advantage as in the Stetefeldt; ten to
twelve tons of such dry ore can be roasted with one cord of wood —
a result which cannot be obtained in a reverberatory furnace.
This peculiarity of the Stetefeldt furnace, which is so ad vantageous
for dry ore, makes it also unsuitable for ores heavily charged with
sulphurets.






VII

REVERBERATORY FURNACES WORKED BY HAND

Tur reverberatory furnace is a horizontal hearth furnace
provided with a fireplace and grate at one end and a flue at the
opposite end, and with working doors on one or on both of the
two long sides. The hearth is separated from the fireplace by
the fire-bridge. It is the oldest and the most primitive type of
roasting furnace, but notwithstanding this it is the furnace
which can be applied to any kind of ore, except those the nature
of which prohibits chloridizing roasting altogether, like ores con-
taining too much lead. Its construction gives the operator full
control over the process. It offers facilities to maintain any con-
dition the nature of an ore requires; and it is, when substantially
built, very durable, requiring little repair, and makes but little
flue-dust. The reverberatory is, in fact, the ideal furnace for
chloridizing roasting, and would be exclusively used for this
purpose if it were not for the fact that it has to be operated by
hand, which makes the cost of roasting too high in localities
where labor is costly. This was the cause which gave the impulse
in the silver districts of the Pacific coast of the United States to
the invention and construction of quite a variety of mechanical
furnaces, all of which are labor-saving, and if applied to the
proper ore do excellent service. They cannot be used, however,
for so many kinds of ore as the reverberatory. KEach of them
has its peculiarities, with which the character of the ore has to
comply, and it is therefore of the greatest importance, if mechani-
cal furnaces are to be erected, that a thorough study of the
nature of the ore should precede the selection of the furnace.

The Single-Hearth Reverberatory. — This is the oldest style of
a roasting furnace. Figs. 1 and 2 represent the vertical and the
horizontal section respectively: a, hearth; s, roof; &, fireplace;
1, fire-bridge; e and ¢/, flue; b, bottom discharge opening; d, vault
for placing the wheelbarrow to receive the roasted ore; p, charge
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hopper in the roof of the furnace. (This hopper is provided with
a slide which, when drawn, permits the charge to drop into the
furnace. It has to be large enough to hold a full charge, and
ought to hang on a proper framework, so that its weight does not
rest on the roof of the furnace); w, buck stays and anchors.

[ .
FIGS. 1 and 2. — SINGLE-HEARTH REVERBERATORY FURNACE.

The single-hearth furnaces are not in use any more for roasting
ore on a large scale. They are too wasteful with regard to fuel;
the heat of the gases is not utilized. We find them, however,
very useful for experimental work and for burning the precipitate
in lixiviation works.

The Two-Story Single-Hearth Furnace. — This is a consider-
able improvement on the single-hearth furnace. It is shown in

[
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Fig. 3, which represents in a longitudinal section the general
arrangement: a, @ are the lower and upper hearth;r,lower fireplace;
b, flue connecting the lower with the upper hearth; ¥, flue in the
arch of the upper hearth, whence the gases are led to the dust-
chambers; f, working doors of the upper hearth (the working
doors of the lower hearth are on the opposite side); /, an aux-
iliary fireplace for the upper hearth, which is smaller and is
used only when a fresh charge enters the furnace, to assist in
heating and to ignite the same more quickly.

nn ikt
RN
\\\\‘\\V\\k{

\v\\\\:\\\‘«x\\\*\nk\\\i\‘\?\\\\@\\i‘“ R

NN N

T T T RN

m&%\x\\\\&\\\\\\\ N SRl N TRRMRMR
N §\

AN QAN \\\\

‘&\& NN
\\%\\\QWNNNWMM&\\\& *mmmmm@
¥ AN RN RN m\\\\\xms\\\“vmw& A R AR AN Y
R A R RN
A R R R R ey AN
N AN NN R
NWW&\ ;\\\\\\mw N ‘N&\\*&\&WWW \\\&\
NN Y.
\&\\w\wmw@\ N T H T
m\\\\\wm\\mmm\\\\\x\\mmm\\& Al
S ZAAIYAVAINAAAY AT SR A AR AR A1 S RSN AN A

FIG. 3. — TWO-STORY, SINGLE-HEARTH REVERBERATORY
FURNACE.

As soon as the charge of the lower hearth is finished and re-
moved the upper charge is dumped down through the flue b. To
facilitate this operation, and to permit the use of a hoe instead of
the slower-working shovel, there is at the end side of the furnace
the door f, through which is inserted the hoe with which the charge
is pushed to drop through b.

The Long Reverberatory Furnace.— A further stepinthe develop-
ment of the reverberatory furnace was the construction of long
furnaces with three to five hearths on the same level, or in flat
steps of three to five inches rise. The length depends on the nature
of the ore. For highly sulphureted ore, especially if it contains
much iron pyrites, the length may be extended to 50 ft. without
the aid of an auxiliary fireplace. As a rule each hearth is made
10 ft. long and 10 ft. wide. The arch, which can be made rather
high at the fire end, ought to slope down toward the flue end to
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throw the heat of the moving gases more toward the bottom at
the part of the furnace remote from the fire. 1If the arch is made
straight, each succeeding hearth should be a few inches above the
preceding, by which the same object is attained. These steps
serve at the same time as a mark for each hearth, and assist in
preventing the charges from getting mixed.

These long furnaces are either built singly or in pairs back
to back, as shown by Figs. 4, 5 and 6. Single furnaces are to
be preferred, as they offer the opportunity of providing work-
ing doors on both sides, which not only facilitates the working
of the charge but also permits a free access of air from both sides,
which is of great advantage. The construction of these single
furnaces, however, is much more costly, and at the same time
requires a good deal more space and consequently much larger
buildings. A reverberatory furnace with working doors on one
side only has two dead places, that is, places which are not reached
by live air, for which reason the process of roasting on these
places is not only retarded, but also such places become, as a
rule, overheated and often cause there caking of the ore. These
places are: the part of the hearth next to the fire-bridge extend-
ing almost to the first working door, and the part along the back
wall of the furnace extending from the fire-bridge to the flue, so
that, if no provision is made for air to enter at these points, which
we very often find to be the case, we have to consider the furnace
to be of faulty construction. The oxygen of the air is the very
life of the process, and if the same is withheld, or its access ob-
structed, the bad effect will invariably manifest itself by an in-
ferior roasting result and a higher loss of silver by volatilization.
These dead spaces are avoided by constructing air channels
leading from the front under the hearth and entering the furnace
through openings in the back wall as shown by b and ¥, Figs. 4
and 6. The fire-bridge is also provided with an air channel, f,
which is in communication with three openings, f/, through which
the air enters the furnace. The effect of this additional air supply
is very noticeable. The temperature through the whole width
of each hearth is quite uniform and no overheating next to the
fire-bridge takes place. At the same time the fire-bridge is much’
protected by the cooling effect of the air. If steam is to be used
in roasting, the channel f serves for this purpose. The steam
pipe, which is provided with three holes while the end is closed
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by a cap, is inserted through f. The holes in the pipe are so
divided that each one is located right under each upraise of the
channel.

The long furnace, as represented by Figs. 4, 5 and 6, was
designed by me for chloridizing the calcareous and arsenical ores
of the Anglo-Mexican Mining Company at Yedras, Sinaloa,
Mexico. This ore was of a very peculiar character, and apt to
sustain an unusually heavy loss of silver if certain conditions in
the treatment were not scrupulously maintained. The dimen-
sions of different parts of this furnace were designed to conform
with the peculiarities of this ore, but the general arrangement
was not altered; and the diagrams will well serve to illustrate the
construction of the long reverberatory furnace.
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FIG. 6. — LONG REVERBERATORY
FURNACE.

It is always advisable to make the fireplace (see K, Fig. 5)
sufficiently wide, because it gives the means to regulate the tem-
perature, and if too narrow may make it impossible to supply
sufficient heat. The heat of the first and second hearths is mostly
supplied by the combustion of the sulphides on the preceding
hearths. Wood requires a wider fireplace than coal; 2 ft. 6 in.
will be sufficient for wood fire. The sides and roof of the fire-
box should be lined with fire-bricks in order to resist better the
heat and the wear caused by wood and tools. The brickwork
encasing the fire-box should be substantial and well braced.
The depth should not be made much longer than the length of
the wood, which is usually cut 4 ft., so that a depth of 5 ft. is
sufficient. It is well to keep water in the ash pit, not only to
lengthen the life of the grate bars but also to make a limited
amount of steam, which benefits the roasting very much.

The top of the fire-bridge (see m, Fig. 5) should not be
too high above the grate, in order that the furnace may receive
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as much as possible of the radiating heat of the fire; the width
differs according to circumstances, and is made from 12 to 18 in.
A 12-in. bridge should be made entirely of fire-bricks, but if wider
can be lined on both sides with them. The space above the
fire-bridge is to be made large enough so that the hot gases can
enter the furnace freely without receiving any back pressure,
which manifests itself by flames and smoke coming out between
the frame and door of the fire-door after each new addition of
wood. In case the space is too small the flame recoils, becomes
short and overheats the fire-box without furnishing sufficient
heat to the parts of the furnace farther off from the fire. If this
space is large enough the flame rolls slowly, touching the roof,
and after a fresh addition of wood extends 25 to 30 ft. into the
furnace. The fire-bridge ought never to be built without air
channels, as described above.

The length of the hearth (see n, Fig. 5) depends, as above
mentioned, entirely on the nature of the ore. If an ore is rich in
sulphur the hearth can be made 50 ft. long, but this is the limit.
It is the heat created by the combustion of the sulphides which
makes the working of such long furnaces possible. An ore poor
in sulphur never could be heated sufficiently to commence roasting
if 40 or 50 ft. away from the fire,.and, therefore, a large part of
the furnace would be inactive, causing only unnecessary extra
labor to move the ore. To insert additional fireplaces does not
offer any advantages; on the contrary, it hinders the execution
of a delicate chloridizing roasting. A very uneven heating of
the charge is caused by them. Near the inserted fireplace the
charge gets hot, and often hotter than it ought at that stage of
roasting, and when moved to the next hearth gets cooler again,
which is not advantageous to chloridizing roasting. The insertion
of additional fireplaces is only justified in mechanical continually
discharging hearth furnaces like the O’Harra and the Ropp fur-
naces, which are made 100 ft. long and even longer, and are very
effective in labor saving and under proper conditions do very
good work; but their applicability is confined, like that of other
contmually discharging mechanical furnaces, to certain kinds of
ore, and they do not permit a really delicate roasting. On the
first, or charge hearth, the ore ought to become well heated, so
that, shortly after transferring it to the second hearth, blue
flames can be observed when the ore is stirred. Before it is
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removed from here the oxidation of the sulphides ought to be
well started.

Of course, it takes experience and skill to judge the proper
length to be given to the furnace for a certain ore. Ores con-
taining 20 to 22 per cent. sulphur, with considerable iron pyrites,
will roast well in a furnace 40 to 50 ft. long, provided the ore does
not contain an excess of zinc blende. For ores with about 8 per
cent. sulphur a furnace 30 ft. long is sufficient, and ores containing
only 2 to 3 per cent. sulphur should not be roasted in a long rever-
beratory, but either in a Stetefeldt or a Howell furnace.

Each hearth of the long reverberatory furnace is made 10 ft.
long. If a step is given to each hearth, it serves as a mark,
but if the whole hearth is level, the points, o, of the pillars of the
front wall mark the lines. It is not advisable to make the hearth
too wide, thus trying to increase the capacity of a furnace. It
should be borne in mind that the charges have to be worked and
moved by hand labor, and that extra long tools are very hard to
handle; they tire out the man, in consequence of which the part
of the charge next to the back wall will be worked less than the
part from the middle toward the front. For the same reason
the handle of the hoe and the shovel should be made of gas pipe,
in order to make them as light as possible. To the end of the
pipe is forged a solid rod 24 to 30 in. long, to which the hoe or
shovel is attached. Nothing smaller than a 13-in. pipe should
be taken, in order to make the handle sufficiently stiff and at
the same time easy for the workman. The hand has an easier
hold on a 1}-in. handle than on an inch handle.

To make the width of the hearth, measured from the front of
the working door to the back wall, 10 to 11 ft. will be found
convenient, but it should never exceed that. The hight of the
hearth above the working floor should be 2 ft. 9 in. to 3 ft., so
that the workman can throw his weight on the handle of the tool
when required, which assists him much.

Of great importance is it to prepare the bottom well so that
it remains level and does not sink in different places. It would
be too expensive to build the whole part below the hearth solid
with bricks, for which reason only the sides and ends are built
solid, while the inside is filled with stones, gravel and sand.
The filling has to be done carefully, so that no hollow spaces are
left. The filling is commenced with coarse rock of 5 to 6 in.,
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then, after about 8 in. in depth are filled, finer material is used
and washed down between the spaces with water. Some stamping
is to be recommended. Then another layer of 3 to 4 in. of rock is
added, the spaces filled with sand with the help of water, and
stamped again. Then gravel, and as final layer sand, is used.
The top of the sand layer should come within an inch of the
width of a brick if the upper edge of the brick is to be flush with
the bottom of the working-door frame. This done, an inch
layer of clay is spread with the trowel. A straight-edge and
level ought to be used. Then time has to be given for the clay
to dry, while work is being done on other parts of the furnace.
If the furnace is very long several cross walls should be made,
well connected with the side walls.

When the clay has sufficiently dried, the brick pavement is
laid. The hardest bricks are selected for it. They are set on
the narrow edge and with their long side parallel with the fire-
bridge, which makes the hoe slide easily over them. They can
either be set dry and the spaces filled with sifted sand, or they
can be set in clay, but always as close together as possible. The
hearth next to the fire should always be set dry in sand to permit
the bottom to expand without bulging. For the binding rods
which pass under the hearth, channels should be made of bricks,
so that these rods will be kept cool by air and can be easily
inserted or withdrawn.

As regards the roof , the arch over the hearth should be made
pretty flat in order to spread the flame, but care should be taken
not to go to the extreme. A rise of the arch of 14 to 17 in. over a
10 ft. wide hearth is about proper; to give such an arch only a rise
of 5 to 6 in. is a great mistake if any durability of the furnace is
expected. It has to be considered that in the heat the hearth
will expand, and if the joints between the bricks are not very
close and carefully made, the arch will soon cease to be an arch,
but become a flat plane which in course of time even becomes an
inverted arch, and soon will cave. The arch is usually made
9 in. thick. If square bricks are used, which is generally the
case in remoter mining districts, it is much better to throw two
4}-in. arches one on top of the other than to make only one arch
by setting the bricks on their narrow edge, because then the
joints are so much wider on the outside than on the inside that
they have to be filled with clay and brick chips. This filling offers
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very little resistance and makes the arch weak. The foot of the
arch should rest on the long sides of the furnace and extend also
over the fireplace. It is not necessary to cover the latter with a
separate cross arch.

With regard to the hight of the roof above the hearth bottom
it can be considered, as a rule, that the hight should be the greatest
on the two hearths next to the fire, and then gradually diminish
to the flue end. In ascertaining this distance one has to be
guided by the character of the ore. For certain ores the roof of
the hearth next to the fire has to be made much higher than on
the following hearth, as is shown in Fig. 4, where the roof of
this part of the furnace is made 5 ft. above the hearth bottom,
or 2 ft. higher than that of the adjoining hearth. This is accom-
plished by a step of 2 ft., which, however, is an exceptional case.
Usually a long furnace will do good work if the highest part of
the arch of the finishing hearth is made 30 to 36 in. above the
bottom and then slopes down to 24 in. at the flue end. This
will allow live air to enter between the ore and the fire gases.
The spring of the arch, as stated, should not be made less than
14 to 17 in. These dimensions are given for highly sulphureted
ore, and have to be varied according to the character of the
ore. \

In the endeavor to reduce the consumption of fuel to a mini-
mum we often find that other more important points have been
sacrificed to this one object. One of them is to make the arch
and sides too low. The flame, being pressed down by the low
arch, comes in contact with the ore, and exercises a reducing
action, which is adverse to the principle of chloridizing roasting.
The space between the ore and the roof is almost completely
filled with gases from the combustion of the fuel, and the live
air has no opportunity to enter deeper into the furnace. The
little that enters through the working doors is forced to the side,
doing some good work on its way to the flue, but the main portion
of the ore depends for its oxidation on the small volume of unde-
composed air mingled with the fire gases. Thus a furnace may
have plenty of draft but not enough air. This defect in the
construction is felt still more if in a long furnace an ore is to be
roasted which cannot stand a high heat without caking or suf-
fering a great loss of silver by volatilization, because it is not
possible to keep the heat on the finishing hearth as low as required
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and at the same time insure the working on the more remote
hearths to the best advantage.

Instead of using a wooden center to build the arch, quite
frequently damp sand is used for this purpose. The sides are
finished first, including the skew back, then the center line is
marked on the bottom of the furnace and wooden sticks set up
on that line at distances of 3 to 4 ft. and kept in position by
some moist sand. The length of these sticks must correspond
with the hight of the roof at their respective places. All the
working doors and other openings are closed with boards and
then the furnace is filled with moist sand, or tailings. This done
the shape is given to the arch with a straight-edge and trowel.
The finishing is done with a thin layer of lime mortar, on top of
which the arch is built. Clay should be used as mortar for the
arch. After several days the sand is removed, but not until
buck stays and binding rods are placed in position; otherwise,
when by removing the sand the weight and side pressure of the
flat arch are thrown on the sides, they may give way and cause
the arch to cave.

The charge hopper k, is made of stout sheet iron and should
be large enough to hold a full furnace charge, which consists of
1500 lb. to one ton of ore. Not to burden the arch with this
weight, the hopper is flanged with angle iron around the rim
and hangs on a framework which rests on two sides of the furnace,
as shown in Fig. 4. These hoppers are usually made square, and
the narrow end, which is provided with the slide, S, corresponds
with a cast-iron extension which passes through the arch. This
piece of casting should be shaped to correspond with the circle of
the arch, so it will act as a keystone. The hopper is filled by
means of dumping cars running on an elevated track.

The flue-hole should always be made in the end wall of the fur-
nace, and not in the roof, because the flue (see e, Fig. 4) on top
of the furnace is much in the way. It is of the greatest importance
to have ample draft in the furnace. The draft in the furnace
depends on the suction power of the stack and on the size of the
flue-hole. If the latter is made too small the gases will be
throttled and the furnace will smoke. No good roasting can be
performed in such a furnace; and as the draft is such an important
factor in roasting, the flue should be made full large and be
provided with a damper to regulate the draft. Dampers are
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indispensable, especially if a number of furnaces are worked by
the same chimney. The furnaces next to the flue leading to the
chimney will receive an excess, while those situated farther away
may not receive sufficient draft.

I found that through insufficient supply of air not only the
chlorination suffers, but the loss of silver also increases. If the
roof of a furnace is of proper hight to permit air to enter between
the ore and the gases, and the fire-bridge and the back of the
furnace are provided with air-ducts, the interior of the furnace can
be observed, which makes it easier to regulate the draft. The
draft must be so regulated that the fumes evolved are kept in
motion in all parts of the furnace. If they stagnate around the
ore, or if the furnace assumes a nearly uniform heat throughout
the entire length, it is always a sign of insufficient draft, and if
the draft is not increased the result will invariably be a high loss
of silver and a low chlorination. On the other hand, if the
flame coming from the fireplace becomes short and pointed and
travels very swiftly, it is a sign of too much draft, which causes
an unnecessary consumption of fuel and may cool the furnace too
much for it to do good work.

If the flue opening in the end wall of the furnace is made
4 to 5 ft. wide, the sides 9 in., and the spring of the arch 12 in.,
it will answer for all kinds of ores.

For the working door f, (Fig. 5) the best design for the
reverberatory furnaces is represented by Figs. 7 and 8 It is
18 in. wide and 10 in. high. Its design is ingenious and simple.
Each side is in the form of an angle, which enables the laborer
to reach through one door with his hoe all points of a 10-ft. hearth,
while if the two sides were straight it would require two doors
to each hearth to reach all the points. The top and bottom plate
of the frames extending beyond the sides, and the angular shape
of the latter, make it possible to cement solidly the door frame
into the wall, without the use of any anchor-bolts, which are not
of much use anyway, as they invariably work loose in a short
time and then loosen the bricks around the door. A movable
iron plate serves as door.

Each door is provided in front with a 2}-in. roller, the object
of which is to facilitate the working of the charge. The long
handle of the tool rests on it and in stirring it revolves, and thus,
while taking the weight of the tool, lessens the friction. The
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full advantage, however, of this arrangement is only obtained
when the movement of the hoe is at right angles with the roller.
As soon as the angle is changed the hoe will partly slide, or even
will slide altogether, while the roller stops. A far better contri-
vance is that designed by G. Kiistel, and shown in Figs. 9 A, 9 B
and 9 C. Instead of the long roller he provided the door frame
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FIG. 7. — PLAN OF WORKING DOOR.
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° FIG. 8. — ELEVATION OF WORKING DOOR.

with a grooved wheel, which rests in a fork movable on a pivot.
The groove is large enough to take the handle of the hoe. In
working, the hoe moves easily to and fro on the wheel, which,
on account of the pivot in the frame, will turn to any direction
in obedience to the hoe and revolve with the same ease.

When the furnace is built, it has to be dried carefully with a
slow fire for several days. It is well to keep a small fire on each
hearth, so that the whole furnace will get about the same heat.
If fire is kept on the fireplace only it will take a very long time
to dry such a long furnace.

In starting the furnace it is best to charge each hearth through
the working door with erude ore. Each charge will have to
remain on the same hearth until the charge on the finishing hearth
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is chloridized, which will be quite a number of hours if the ore is
highly sulphureted, but after the first charge is drawn and the
others are moved forward one hearth each, the time required
on the finishing hearth will be less, and soon the whole furnace will
be in good working condition. The discharging is done through
the working door of the finishing hearth, into wheelbarrows.
Shortly before discharging commences the charge of each suc-
ceeding hearth is raked into a pile on the forward half. As soon
as the finishing hearth is discharged the forward movement of
the charges begins, and when done a new charge is dropped on
the first hearth. On those hearths on which the oxidizing takes
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FIG. 9A. — THE KUSTEL WORKING
DOOR.

place the charges should be worked diligently to expose the ore
as much as possible to the oxidizing action of the air. This not
only shortens the roasting time but more sulphurie acid is formed,
producing a better sulphating of the ore. When the ore becomes
woolly, that is, when the chloridizing period sets in, much less
stirring is required. On the finishing hearth the ore should be
raked to a thick layer in the center of the hearth, the space next
to the fire-bridge and the back wall being kept clear. From near
the working door the ore should also be pushed farther into the
furnace, to prevent the cooling of that portion of the charge.
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A thick layer diminishes the loss of silver by volatilization. On
this hearth the ore should be stirred only a few times. If the
salt is to be added in the furnace, it is soon found by observation
and assays on which hearth this has to be done to obtain the best
results. Always consider both chlorination and volatilization.
With regard to the fire the operator has to be entirely guided
by the temperature required on the finishing hearth. If the ore
is such that it loses much silver if exposed to too high a heat,
which can be ascertained before the furnace is built, then, in
order not to reduce the working capacity of the furnace by keep-
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FIGS. 9B and 9C. — DEVICE FOR WORKING DOOR.

ing so low a heat as the ore requires, the roof of the finishing hearth
has to be made much higher above the hearth. This is best
done by dropping that hearth a step lower than the other hearths.
The level of the fireplace, however, should not be dropped too,
but should be put in proper position for the other hearths,
which, of course, will make a higher fire-bridge for the finishing
hearth.

Three men are sufficient to attend a furnace 50 ft. long, with
one helper for each two furnaces. When a charge is drawn, two
of the men and the helper wheel the roasted ore to the cooling
floor, while the third man pulls the charge. The fire is cared for
by the man who attends to the two hearths next to the fire
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on which the ore does not need to be worked so frequently as on
the other hearths. The removal of the ashes is done by the
helper. The wood is supplied by one yard man to all the fur-
naces; likewise the hopper is filled with ore by one man for
all the furnaces. The roasting capacity of a 50-ft. furnace
is about 8 to 9 tons in twenty-four hours.

TaHE Two-Story LonGg FurNacE

As a further improvement in the hand-worked reverberatory
furnace we have to consider the two-story furnace. Instead of
building the furnace in one direction, say 40 ft. long, it is built
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FIG. 11. — LONG REVERBERATORY FURNAbE, TWO-STORY.

in two stories of 20 ft. hearth each. There is by this method not
so much loss of heat by radiation. The hot arch of the lower
story warms the bottom of the upper hearths, and a new charge
is more quickly ignited than if the hearths are all on one level.
Figs. 10, 11 and 12 illustrate the construction of such a furnace.
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The lower two hearths are 11 ft. long each, while the upper two
are 10 ft. each. A number of these furnaces were erected by me
for the Mexican Santa Barbara Mining Company, to roast the
heavy zinc-lead ores of the San Francisco del Oro mine. In this
furnace 10 tons of ore were roasted in twenty-four hours. The
oxidizing was done on the upper two hearths. Through an open-
ing in the bottom of the second upper hearth the charge was
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FIG. 12. — SEcrioN THROUGH A B
(F16. 10).

dumped into the first hearth of the lower furnace. The salt was
added in the upper hearth just before dropping the charge into
the lower hearth. In this way the salt was well mixed with the
ore. The construction of these two-story furnaces permits the
insertion of an auxiliary fireplace across the width of the hearth,
which can be used to advantage, because the heat is spread over
the whole width of the hearth, which is not the case in a long
furnace, where, if an auxiliary is used, the fire has to enter the side
of the furnace. In roasting the San Francisco del Oro ore the
auxiliary fire was used only for a short time after a new ore
charge entered the furnace, for the purpose of reducing the cooling
effect of the cold charge on the other charge, which was in the
state of roasting, and to ignite the fresh charge more quickly.
The fire was stopped as soon as the fresh charge showed the
sulphur flame. The gases from the lower furnace entered the
upper furnace through two flues, one on each side of the fire-
bridge proper, so the rising gases did not interfere with the flame
of the auxiliary fire.

At Sombrerete, Mexico, when it became necessary to rebuild
two of the 40-ft. furnaces, I changed them into 20-ft., two-story
furnaces, and increased thereby the working capacity of each by
nearly two tons per day.



VIII

MECHANICAL ROASTING FURNACES

I~ this chapter will be included only such mechanical roasting
furnaces as are specially adapted for chloridizing roasting. There
are two classes of such furnaces: one in which the ore is roasted
in charges; and the second in which the roasting is continuous,
that is, furnaces in which at one end a continuous stream of
raw ore enters, while at the other a continuous stream of roasted
ore leaves the furnace.

As stated above, in no mechanical furnace can the process
of roasting in all its stages be so well controlled as in a rever-
beratory furnace worked by hand, and, therefore, their applica-
bility is much more limited to certain classes of ore. However,
if applied to suitable ores, they do very good work, and, where
labor is expensive, are more economical. In Mexico, where labor
is cheap, the mechanical furnaces proved successful only in
exceptional cases. All mechanical furnaces are connected with
more or less machinery and require frequent replacement of the
wearing parts. These parts of machinery and castings are sent
from the United States, and are rather costly by the time they
land in some remote mining place in the mountains. This,
however, would not be so important a factor if it were not for
other inconveniences connected with it, as the long time it takes
to get these parts, and, perhaps the sudden breakdown of parts
of which duplicates may not be on hand, requiring quite a long
shutdown of one of the furnaces, which always represents a large
percentage of the roasting capacity and w1th it of the producing
capacity of the works.

The erection of mechanical furnaces for ores for which they
were not suitable has caused many serious failures.

62
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(1) MecuanicAL FurNacEs FEp By CHARGES

(a) The Briickner Revolving Furnace. — This ingenious device
of a chloridizing furnace was successfully introduced by its
inventor, Mr. Briickner, in Colorado, in 1867. The furnace con-
sists, as illustrated by Figs. 13 and 14, of a cylinder of boiler iron,
the ends of which are closed save a circular central opening on
each end. Two circular tracks are fastened around the cylinder
placed at even distances from the ends. With these tracks the
cylinder rests on four strong wheels. A revolving motion is
imparted to the cylinder either by friction, in which case one of

FIGS. 13 and 14. — BRUCKNER ROASTER,

the four wheels is made to revolve, or the motion is imparted by
pinion and cogs, in which case a cast-iron ring with cogs is fas-
tened to the cylinder. At one end of the cylinder is placed a
fire-box, the throat of which corresponds with the central end
opening of the cylinder, while the opposite opening corresponds
with a circular hole in the flue. Four doors are placed diamet-
rically opposite, two on each side. These doors serve for charging
and discharging the furnace. Above the furnace is placed a
hopper large enough to hold a charge of ore. The hopper has
two outlet spouts, each provided with a slide, which correspond
with the furnace doors. The shell as well as the ends are lined
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with bricks. Provision is made in the driving mechanism to
regulate the speed from one revolution in one minute to one
revolution in three minutes. Some of the furnaces are so con-
structed that the two ends of the cylinder are slightly contracted
in order to facilitate the discharging of the ore, but this compli-
cates the lining and reduces the capacity, and is actually not
necessary, as a straight cylinder discharges very nicely, and if
a little of the charge does remain in the furnace, it helps to heat
the new charge.

The manipulations of this furnace are as follows: The two
doors of one side are opened and the furnace revolved until the
doors come right under the two spouts of the hopper, when the
two slides are withdrawn and the charge allowed to drop into
the furnace. Then a quarter turn is given to bring the doors in
proper position for the man to close them. They are fastened as
tight as possible by means of a wedge. Though the lid and the
flange of the cast-iron door frame are faced it is not possible,
especially if the furnace has been in use for some time, to close the
door perfectly tight, and when the furnace revolves, some ore
will leak out through each door. This takes place only as long
as the charge is crude and stops when actual roasting is in progress.
This leakage is the more annoying as the ore is crude and mixes
with roasted ore underneath the furnace. To prevent this leak-
age the joint of lid and flange should be plastered from the out-
side with clay, or better with paste of sifted wood ashes and
salt. Before charging the furnace should be well heated, and
during charging the draft checked so that not too much dust is
carried into the flue. 2

In the beginning a strong fire is kept, but as soon as the sul-
phides are well ignited the fire is allowed to go out. The heat de-
veloped by the oxidation is considerable, and if further increased
by the fire a caking and balling of the ore would take place.
These furnaces are usually 6 ft. in diameter inside the lining and
16 ft. long, and take a charge of 5 to 5% tons of ore. Usually two
charges can be roasted in twenty-four hours. About three to
four hours of each charge the furnace can run without fire, then
the salt is added and the roasting continued with a moderate
fire. A hole back of the flue permits the observation of the
temperature and the taking of samples with a long-handled scoop.
During chloridizing the charge in the furnace assumes an inclined
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position up to 45 deg., the weight of which acts against the direc-
tion of the motion, and if the clutch is thrown out in order to
stop the furnace, this weight will pull the furnace back nearly a
quarter of a turn. To open the doors to add the salt or to dis-
charge the furnace, it is necessary that the furnace should be
stopped at a position convenient to the roaster man. In order
to accomplish this the end of an iron bar is pressed between the
track and the wheel at the side at which the movement of both
is outward. When the doors are in the right position the clutch
is thrown out, but the furnace is prevented from revolving back
by the iron bar, which becomes clamped in very tightly. Bymeans
of a short-handle shovel the salt is introduced through the two
doors and well scattered over the whole surface of the ore. The
salt decrepitates violently and in this way becomes very evenly
divided. After the salt is added and the furnace revolves again,
the ore becomes woolly, as in the reverberatory, and assumes a
still more upright position.

If the ore is sufficiently sulphureted and the salt is added it
will not be necessary to start the fire again. There is enough
heat stored in the charge to finish the process of chlorination
(see remarks on chloridizing self-roasting), in which case the con-
sumption of fuel is very small. This mode of roasting is only
admissible if the ore is to be roasted for lixiviation. For amalga-
mation a second fire is indispensable, because the base-metal
chlorides have to be decomposed or volatilized.

When the charge is finished two cars are pushed under the
furnace, one for each door. They are large enough to receive the
full charge of the furnace. All four doors are opened, the lids
kept in position by a proper contrivance, and the furnace is re-
volved again. While the furnace is prepared for discharging, a
good strong fire should be started again, to heat it for the next
charge. The receiving cars are made narrow and long, so that
no ore is dropped beyond the rim of the car, because, especially
in the beginning, the ore will pass through the door over a
large arec.

The cooling floor is situated 5 or 6 ft. lower than the track
under the furnace, which track extends some distance on iron
trestle over the cooling floor. The body of the cars is shaped
like a hopper with bottom discharge, and closed by a slide which
is worked by a lever. As each car holds about 2% tons and is
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hot, they are pulled out from under the furnace by means of a
windlass and chain.

The revolving motion of the Briickner furnace should be
slow. There is not the least advantage in whirling the ore around
and around in the furnace. When new ore particles are brought
to the surface it takes some time to undergo oxidation; why not,
then, give them the required time to be in contact with the air be-
fore again immersing them under the surface? I found in some
works large Briickner furnaces set to make two and even two and
a half revolutions per minute, whereas a speed of one revolution in
three minutes is ample. A Briickner furnace, when charged,
weighs about 16 tons; this divided on four wheels makes 4 tons
to the wheel, a rather heavy weight, especially if we consider
that the whole of this weight is pressing against the space of con-
tact between the ring-track of the furnace and the surface of the
wheel, which is very small. The effect of this high pressure is
shown by the way the wheels and the ring-tracks wear. When
the furnace is revolving it can be observed that continually thin
scales of iron up to the size of a finger nail are dropping from the
face of the wheels and tracks. Now if two revolutions are made
in one minute, instead of one revolution in three minutes, the
wear will be six times as great, to say nothing about the greater
power which is required for the faster motion. If the capacity
of the furnace should be increased by it six times it would be
different, but this is not the case; a charge roasted at a high fur-
nace speed takes just as long to be finished as a charge does when
rotated at a moderately slow speed. Besides much increasing
the wear, a high speed can cause serious trouble if the ore has a
tendency to ball, in which case it may happen that the whole
charge is transformed into balls from the size of a pea to that of
a cocoanut, without leaving any fine stuff at all.

One of the main advantages of the Briickner furnace is the
fact that the ore in this furnace is kept in a thick layer and still
permits a thorough oxidation and chlorination. As explained
above, the loss of silver by volatilization is much less if the ore
during roasting can be kept in a thick layer, because a large
portion of the evolving volatile chlorides is kept back in the ore
as by a filter, and consequently much less silver will be carried
away.

Under equal conditions, it will be found that an ore loses less
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silver if chloridized in a Briickner than in any other furnace in
which the ore is roasted in a thin layer.

Ores not suitable for the Briickner furnace are those which,
on account of a large percentage of lead, antimony, etc., cake
easily, because by the continuous rolling of the ore any lumps
which may have formed cannot be mashed shortly after they
are formed, but increase much in size by the continual rolling,
which makes them hard and dense.

(b) The O. Hofmann Improved Briickner Furnace. — In the
Briickner furnace the ore is exposed to a rather uneven heat.
The part next to the fire receives always the highest heat, while
that at the other end, 16 ft. away, will receive much less, in
some cases not even enough without overheating the fire end.
This is a defect of the furnace which is of no consequence if a
highly sulphureted ore is treated, which can be subjected to
self-roasting, because it creates ample heat by itself to become
uniformly hot through the entire length of the furnace; but it is
a defect much felt if ore poor in sulphur is to be roasted, which
has to receive nearly all the required heat from the fire, or an ore
which has to be roasted at a low heat, because it is apt to lose
much silver by volatilization, or lumps easily at a higher tem-
perature (see chloridizing roasting with steam, page 34). Mr.
Briickner was aware of this defect, and he tried to remedy it by
inserting into the furnace a diaphragm made of cast-iron pipes.
This diaphragm was set at an angle of about 15 deg. to the axis.
It had a diagonal position extending through the whole length
of the furnace and was intended to move the ore from one end
to the other and back, in order to produce a uniform heating of
the charge. This device, however, did not give the satisfaction
expected and was soon abandoned, especially on account of the
inconvenience the diaphragm caused in cleaning the furnace from
the crust, which has to be done from time to time, and of the
short life of the pipes, though they projected through the shell
of the furnace to permit air to pass through.

Confronted with the necessity of obviating this defect of the
Briickner furnace, because the rich ores of the Silver King mine,
Arizona, could not be roasted successfully in the Briickner
owing to this defect, I changed the arrangement of the fur-
naces, inasmuch as I attached a fire-box and flue arrangement
to each end of the furnace, which enabled me to heat either
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end of the furnace by changing at intervals the course of the
flame.

Figures 15, 16, and 17 represent the arrangement. Between
the fireplace proper and the furnace is situated the flue, extending
downward to the dust-chambers, Fig. 15. This flue is provided
with a damper. The other end of the furnace is provided with
exactly the same arrangement. The dust-chambers from both
ends are connected with the main flue leading to the stack.
Before they connect there is an additional damper, Fig. 16, on
each side, to make it sure that, if the dampers of one side are
closed, no draft passes through on that side.

FIGS. 15-17. — HOFMANN IMPROVED BRUCKNER FURNACE,

If the fire is kept at one side for some time the dampers of
that same side are opened and those of the other are closed,
and the fire started there. The flame now traverses the furnace
in the other direction, and the ore at that end will be exposed to
the same heat as the other was before. This changing can be
done at intervals to suit the character of the ore. The changing
of the fire does not cause any trouble, as the opposite fireplace
is still warm enough to ignite the wood when the change is made.

The results obtained with this furnace have been very satis-
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factory. I obtained with it good results in roasting the ores of
the North Mexican Silver Mining Company, Mexico, which were
very poor in sulphur and could not be heated sufficiently at
the opposite end with a fire at one end only. With the double
arrangement quite satisfactory results were obtained.

If a number of these furnaces are built in a row the fires of
all of them have to be changed at the same time, which is neces-
sary on account of the dampers in the two wings of dust-chambers
and on account of the man attending the furnaces. If the fires
are all on one side he will and can attend better and to more
furnaces than if the fires are partly on one and partly on the
other side.

There is quite a serious omission in the construction of the
regular Briickner furnace, and that is that there is no provision
made for the admittance of live air into the furnace. Air being
such an.important factor in roasting it is absolutely necessary
to have some means to admit air if the roasting is to be conducted
intelligently.

To keep the fire-door open for this purpose is not to be recom-
mended, as this shortens the flame. In the Hofmann furnace
provision is made for an air inlet by making the circular cast-iron
throat of the fire-box longer than usual and by leaving in the
lower half of the same a sufficiently large opening for the air.
The size of the opening can be regulated by a hinged door and a
lever.

On the periphery of the furnace and near each end is a small
door for taking samples. These small doors are easy to handle,
and they can be opened and closed and a sample taken without
stopping the furnace, which is quite convenient.

The spouts of the hopper have to be made to stand pretty
high above the furnace in order to permit the passage underneath
of the door and the eye to which the door is keyed when open
for discharging. This causes considerable spilling of ore during
charging. To prevent this, the spouts are each provided with a
sliding sleeve kept in position by a lever and weight, Fig. 17.
When the furnace is stopped with the doors open for charging,
the weight of the lever is removed and the sleeve lowered until
it projects into the door. Then the hopper slide is pulled. This
arrangement permits very clean work.

The lining of the furnace has to be done very carefully. The
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door frames projecting inside should conform with the circle of
the lining. Specially made bricks to fit the circle of the arch
should be used only; if not, the lining will soon come out. To
facilitate the work of lining it is well to rivet to the steel shell of
the furnace six angle-iron ribs the whole length of the cylinder,
which will divide it into six equal sections. The projecting part
of the rib should be 3% in., so that when the bricks are laid the
latter project half an inch above the rib. The groove which is
formed by it is filled with clay. Thus each section forms an arch
for itself, the angles serving as skew-backs. Each should be
well keyed. In lining, the bricklayer can then bring the cylin-
der always in the most convenient position for his work, as there
is no danger of caving even if that part of the lining which was
made first comes to stand right above him. If, in course of time,
from some reason or other, part of the lining should become
defective, the bricks of the bad section can be taken out and
replaced without disturbing the other parts of the lining. The
ends should be lined first, so that the lining of the cylinder will
abut against it.

As the furnaces of this type when charged are very heavy,
the tracks with which they rest on the wheels should be made
very solid, allowing considerable iron for wear. At the places
at which the two tracks are to come a wrought-iron band an
inch thick and as wide as the track, including its two-flange pro-
jection, is to be strongly riveted to the shell. To this band the
track is fastened by means of tap-screws. Bolts will not answer
because, if the track is worn and has to be replaced by a new one,
it will be found that many of the nuts are so tightly roasted in
that the bolts will be turned off in trying to unserew the nuts,
and to renew these bolts means the taking out of a part of the
lining, which ought not to be. If a tap-bolt breaks, the piece in
the wrought-iron band can be bored out and a new tap-bolt put
in without difficulty. It is best to have the track cast in about
four segments. The joints of the segments should not be square
with the track, but slanting, because the furnace will revolve
more smoothly and the chipping of the edges of the joints will be
much less.

As in any other roasting furnace, in course of time a crust is
formed, which has to be removed from time to time. This is
usually done by cooling down the furnace and having men remove
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the crust by picks, shovels and other tools. When cold the
crust is quite hard, and the removal of it endangers and weakens
the lining. While hot this crust, however, is rather soft, which
suggested to me a method by which the furnace can be quickly
cleaned without cooling or shutting down the furnace. When
the furnace needs cleaning, after it has been discharged, a
charge is made up of bricks, fire-bricks if possible, and the furnace
revolved while a very strong fire is kept. The heat softens the
crust, and the bricks in moving in the furnace gradually shave
off the crust without injuring the lining. This is done in a few
hours, and when the bricks and crust are discharged the furnace
is not only in shape but also heated to receive a new charge.
Besides this, the men are relieved from an unhealthful job.

There are other roasting furnaces which properly belong to
the class of mechanical furnaces fed by charge, like the revolving-
hearth furnaces; but they never were used much in actual prac-
tice, they are not very convenient, and are of small capacity, so
that I can without hesitation leave them undescribed.

(2) MEcHANICAL RoAsTING FURNACES WITH
ContIiNvoUs FEEDING

To this class of furnaces belong the O’Harra, the Ropp the
Howell-White and the Stetefeldt. The Brown and Pearce fur-
naces, while they are excellent for oxidizing roasting, are not
quite suitable for chloridizing roasting.

(a) The O’Harra Furnace.—This furnace was the first mechani-
cal furnace with continuous feeding devised on the Pacific slope.
It is very ingeniously arranged and is, in improved form, still in
use. In the following I give a description of this furnace by the
late G. Kiistel, who had much experience with it:

“This furnace was first tried in 1862 or 1863 in Dayton,
Nevada, and later three of them were built in Flint, Idaho. The
main feature of this furnace is the endless chain to which two
oval rings are attached, the wings being as wide as the cross-
section of the hearth. To these rings are fastened the plows or
shoes by which the ore is gradually pushed forward. The hearth
of the furnaces built in Flint were 104 ft. long and nearly 5 ft.
wide. Eighty feet of this hearth were covered by an arch 12 in.
high; attached to it were three fireplaces — two on one side, and
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one between the two on the other side. At one end was thefeed-
ing hearth, which was not covered by the arch, and on which the
ore was continually delivered from the stamp battery by mechani-
cal contrivances. The motion of the ore was effected by an endless
chain, passing over two chain wheels, one at each end. To this
chain two oblong flat rings were attached, each provided with
eight shovels or plows, so arranged that while one of the rings
shoveled the ore toward the center line, the other pushed it back
again toward the sides every three or four minutes (or in shorter
intervals if more ore is charged). The ore not only changed its
place to the right and left, but it also moved forward by degrees,
so that in course of six hours from the beginning it commenced
to be discharged, passing 18 ft. over a cooling hearth. On both
ends of the furnace were iron doors hung on hinges which were
opened by the ring every time it passed.

“The whole plant at Flint was arranged to work automatically.
The five batteries, of five stamps each, had on both long sides end-
less screws, by which the crushed ore was forwarded in proportion
as it discharged from the battery, and dropped into an” eleva-
tor. Having been lifted about 15 ft., it was conveyed again by
endless screws along the feeding hearths of all three furnaces.
The discharge of this conveyor was so regulated that each feeding
hearth received an even part of the ore. The ore mixed with
5 per cent. of salt was spread on iron plates behind the batteries
(heated by the hot gases from the furnaces, conveyed through
the flue and under the plates). When charged into the battery,
the ore was not further handled till it came out of the furnace
perfectly roasted.

“There is only one obstacle connected with this mechanical
furnace. The shoes or shovels, touching the sides of the furnace,
wear off by degrees, leaving a space which is taken up by the ore.
This part of the ore along the wall hardens and increases in
amount in the furnace till new shoes are put in. By these the
crust of one-half to three-quarters of an inch thick is broken off
and carried out. From the Rising Star ore these crusts contain
nearly as much silver chloride as the well-roasted ore; they are,
nevertheless, disagreeable, but some means might be devised by
which this inconvenience could be avoided.

“The ore from the Rising Star mine at Flint contained
argentiferous fahlerz, miargyrite, ruby silver, zinc blende, galena,
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iron pyrites, and sulphide of antimony. At an average the ore
contained between 69 to 77 ounces silver per ton and some gold.
The gangue was quartz. It was crushed through sieves with
forty holes to the inch, together with 5 per cent. of salt. The
ore in the furnace, when reaching the first fireplace, commenced
to roast oxidizingly. Between this fireplace and the second, which
was on the other side, the chlorination began at an increased
heat. Between the second and third fireplace the chlorination
was finished at a high red heat. Although not more than 5 per
cent. of salt was added, the roasted ore contained about 90 per cent.
of the silver converted into a chloride. The gases, containing
free chlorine and chloride combinations emitting chlorine, coming
in contact with the surface of the ore while passing over it for a

FIG. 18.—O’'HARRA FURNACE.

space of eighty feet, have a chloridizing influence on it, replacing
thus a certain amount of salt.

“The capacity of the three furnaces was more than twenty
tons. Each one could easily treat ten tons of the Rising Star
ore in twenty-four hours. The roasted ore was treated by
amalgamation in pans.”

Mr. Kiistel continues:

“O’Harra’s furnace is now greatly improved (Fig. 18). It is
built in two stories, so that when the chain comes out of the
lower hearth it turns into that of the upper story. The chain is
heavy and there is no trouble whatever. Although the chain
in its course through the red-hot furnace is exposed to red heat,
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it nevertheless does not become so hot as to suffer any injury
from it; there is a wooden framework on either end of the furnace
over which the chain and plows move in the open air, which
prevents them from getting too hot. The furnace, of the latest
construction, is eight feet wide and from forty to a hundred feet
long, with four fires, two on each side, directly opposite each
other. The first two fires, where the ore comes in contact there-
with, are divided, so that one-half of the flame goes direct to the
lower, and the other half to the upper hearth, through an opening
in the arch of the fire-chamber. There is a fire-clay damper to
regulate the flame. The other two fires are opposite each other,
so that the heat is uniform over the whole hearth. These last
two fires are regulated by the ash-pit dampers.

“The endless chain has two triangular frames, with plow-
shoes on each side. The cooling space is built in proportion to
the length of the hearth. A furnace of this kind, fifty feet long
and eight feet wide, can roast from thirty to forty tons in twenty-
four hours, with the help of only two men, consuming about two
cords and a half of wood. The chlorination runs up to 90 and
95 per cent.

“The working of this furnace is not expensive, as two men,
one at daytime the other at night, can attend the roasting of
forty tons.

‘“ A remarkable feature of O’Harra’s furnace is the very small
amount of dust that is carried off by the draft. Another pecu-
liarity of the furnace is for drying ore in pieces the size of a man’s
fist. One furnace near Shasta, California, dries 40 tons of ore in
twenty-four hours, at a small expense.”

The construction of this furnace does not offer many facilities
for regulating the process, and therefore it can be used for chlo-
ridizing roasting only for a particular class of ore. To roast in
this furnace ores which are apt to lose much silver by volatilizing
would be rather risky. Moreover this furnace is not suitable for
roasting ores which require the addition of salt after the sulphating
period, at least not in its present construction. However, this
furnace is well adapted for quite a variety of ores, especially those
which do not cake easily and contain a considerable quantity of

* iron pyrites.
(b) The Ropp. Furnace. — 1t is apparent that by dragging the
plows on the bottom of the furnace, as in the O’Harra furnace,



MECHANICAL ROASTING FURNACES 75

the bottom and the rabbles or plows will suffer much wear, and not
less the chain, especially when highly sulphureted ore is roasted.

Alfred von der Ropp has obviated these obstacles by a very
ingenious construction of his furnace. Figs. 19 and 21 B repre-
sent a horizontal section, and Fig. 21 A an elevation of his fur-
nace, while Fig. 20 is a cross-section through fireplace and hearth.

&

x
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FIG. 19. —HORIZONTAL SECTION OF ROPP FURNACE,

It is a one-story straight hearth furnace, 105 ft. Jong and 11 ft.
wide in the clear. The hearth is longitudinally divided into two
even parts by a slot, which extends the whole length. The two
sides of the slot project above the hearth surface to prevent the
ore from falling into it. The slot communicates with a tunnel, E,
underneath the furnace. This tunnel is provided with a track
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FIG. 20. — CROSS-SECTION OF ROPP FURNACE.

on which travels a four-wheeled truck or carriage. To this truck is
fastened an iron arm which extends through the slot into the fur-
nace, and to the end of which is attached a cross arm extending
over the whole width of the hearth. This cross arm is provided
with adjustable rabbles, which are designed not only to stir the
ore, but also to move it gradually forward. An endless wire
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rope moves the truck and with it the rabble arrangement. The
truck, after passing underneath the furnace, turns a curve and
returns on the outside to the other end of the furnace, where it
enters the furnace again. On this track run four carriages or
trucks, which are placed at even distances from each other.
They are fastened to the wire rope. The rabbles are so arranged
that if the preceding rake turns the ore toward the right the
following one will turn it to the left. The rabbles can be set
more or less slanting as circumstances require, and also can be
lowered or raised. The tunnel underneath the furnace is high
enough for a man to enter and to pass underneath the truck in
case any repairs should be required. Three fireplaces provide
the necessary heat. They are all on one side of the furnace and
are constructed as shown in Fig. 20. The feeding of the ore is
done automatically by Challenge feeders, at one end of the fur-
nace. At the opposite end the roasted ore is brought out, each
rake pushing forward a certain amount and dumping it into two
iron cars. The two ends of the furnace are closed, like the
O’Harra furnace, by swinging doors, which are opened by
fenders attached to the rake and which drop back in position
after the rake has passed. Numerous doors on both sides of
the furnace serve for regulating the admission of air and give
access for cleaning the hearth.

The driving mechanism is of simple construction. Two bevel
gears transmit the power to a horizontal sheave around which
the steel wire rope travels. A similar sheave is arranged on the
opposite end of the furnace. The rope is entirely outside the
furnace and is therefore perfectly protected from the heat, and
so are the carriages. The rakes returning on the outside of the
furnace for so long a distance have sufficiently cooled at the time
when they enter the furnace again.

It is claimed that the furnace has a capacity of 36 tons in
twenty-four hours roasting an ore which contains 20 per cent.
sulphur, 8 per cent. lead and 17} per cent. zinc. This furnace is
also excellently adapted for oxidizing roasting of iron pyrites
and copper matte.

With respect to the roasting conditions of this furnace they
are the same as prevail in the O’Harra, but the mechanical con-
struction is much superior to that furnace.

(c) The Howell-White Furnace. — About the simplest and
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cheapest continuous mechanical furnace, and at the same time
perhaps the most effective, is the -Howell-White. It is very
simple in construction, requires little repair and very little power
to run it, while its capacity is quite large.

This furnace is a revolving cylinder, open on both ends. One
of them is connected with the fireplace while the other enters
into the flue. The cylinder is made of cast iron in flanged sec-
tions, which in setting up are bolted together. The two sections
nearest to the fire are lined with bricks to protect the iron, and
in order to have the inside diameter, after lining, the same through
the whole length of the furnace, the diameter of these two sec-
tions is 10 inches larger than the balance. The furnace rests on
the top of five wheels all in one line and properly divided, as
can be seen in Fig. 22. It is kept in place by four rollers which

AN

: e TN

FIG. 22, — HOWELL-WHITE FURNACE.

touch the furnace half-way up its diameter, which are kept there
by strong, stiff iron frames. The furnace is made to revolve on
top of the wheels to diminish friction and consequently to make
it turn more easily. It has a slight inclination toward the fire.
The flue end of the cylinder is provided with a flange to prevent
the ore from falling into the dust-chamber. The feeding is done
through an inclined east-iron spout, which passes through the
arch of the dust-chamber and extends into the furnace to within
five or six inches of the periphery. The feeding is done from a
hopper by means of a worm, the speed of which is adjustable.
To the inside of the unlined part of the cylinder are riveted
several iron ribs in the shape of a spiral. The object of these ribs
is to lift the ore, when the furnace is revolving, and to shower it
through the flame. As this causes much dust, which is carried
away by the draft, an auxiliary fireplace is arranged at that end,
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the flame entering the dust-chamber right under the end of the
furnace.

The roasted ore leaves the furnace gradually at the fire end
and drops into a vault underground but conveniently accessible
from the cooling floor. For this purpose a space about 12 in.
wide is left between the fire-bridge and the furnace end. The
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FIG. 23. —HOWELL FURNACE, DISCHARGE END AND ORE-VAULT,

revolving speed of the furnace is adjustable; in most cases 24 to 3
revolutions per minute is sufficient. The forward movement of
the ore in the cylinder is caused by the revolving motion, and
the speed, therefore, regulates the amount of ore which passes
through and the amount which is retained in the cylinder while
in operation. Fig. 23 represents a longitudinal section showing



80 HYDROMETALLURGY OF SILVER

the relative position of fireplace and furnace, the ore-drop and
the ore-vault.

The constant showering of the ore, brought up by the ribs,
through the draft causes a separation of dust and sand, the dust
being carried into the dust-chamber. The amount of dust de-
posited in the chambers as compared with that of the roasted ore
dropping into the vault is from 30 to 50 per cent. The dust is
well roasted, provided proper attention is paid to the auxiliary
fire and that it is kept strong enough. This, however, can only
be done if the fire is intrusted to an extra man. If it is made
part of the duty of the man attending the fire at the discharge
end, the auxiliary will always be more or less neglected. One
man at each end can attend to three furnaces.

There are ores, however, which will not stand entering the
sudden heat of the auxiliary without caking. Even if the dust
is roasted well by the auxiliary fire, the formation of so much of
it is very annoying and inconvenient. Actually there is no need
to make so much dust with this furnace.

This excessive amount of dust is caused by the ribs, which
produce a shower of ore through the swiftly moving gases. I
found that these ribs are not necessary. There is no accumulation
of ore in this furnace; in fact there is only a comparatively small
stream of ore passing through, even if roasting is conducted at
the rate of 30 tons in twenty-four hours. By the revolving
motion of the furnace, this thin layer of ore is made to expose
continually new particles to the action of heat and air, and the
ore at the discharge end will be found just as well roasted with-
out as with ribs; in fact better, because it will contain a larger
percentage of fine material. Besides, the furnace after being
incrusted offers a rough surface to the ore, which prevents its sli-
ding swiftly and spreads it over quite a large surface. By remov-
ing the spiral ribs from the Howell furnaces of the Cusihuiriachic
Mining Company, Mexico, I very much diminished the formation
of dust; in fact so much so that the maintenance of the auxiliary
fire was not justified, and was abandoned altogether. The dust
from right behind the furnace was removed twice a day and ele-
vated to the feed-bin, thus mixing it with the crude ore and
feeding it into the furnace again.

To have an elevator between each two furnaces, which can
be made to discharge into either of the two feed-hoppers, is very

-
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convenient, not only for elevating the dust from the chambers,
but also to elevate the ore-sweepings, which always accumulate
around a roasting furnace.

This furnace radiates considerable heat, which affects the
driving-belt and shortens its life; it is, therefore, much better
to drive the furnace by means of sprockets and link chain.

It ought to be mentioned that there are two vaults beneath
each furnace which can be filled alternately by turning a wing
which is placed right under the roasted ore drop. On each side
of this drop there should be a small door to permit the entrance
of air into the furnace and to give access for tools in case it is
necessary. .

If one of the vaults is filled with ore, it is advisable not to
discharge it until the other is nearly filled. This gives the ore
an opportunity to improve in chlorination. :

When the crust in the furnace becomes too thick it can be
easily removed by inserting a number of bricks at the flue end.
In revolving the bricks will shave off the soft crust and bring
it out. When the bricks are charged the feed has to be stopped
for a while; but as soon as they have moved away 4 or 5 ft.
from the end, charging can be commenced again.

(d) O. Hojmann’s Modified Howell Furnace. — The Howell
furnace is a very efficient furnace; its first cost is small as com-
pared to its roasting capacity; it does not need many repairs, and
requires but very little manual labor. The furnace does not
carry much ore at a time, and is therefore not excessively heavy;
the way it is arranged, revolving on top of wheels, the friction is
much reduced, so that the furnace revolves very easily and not
more than two, perhaps two and a half, horse-power is required.
All these favorable qualities make the Howell furnace a very
desirable one; but it has the drawback, in common with all the
continuous furnaces, that the salt has to be mixed with the ore
before it enters the furnace. We have seen above that there
are ores which cannot be chloridized unless the salt is added
later during roasting, and as the construction of the Howell
furnace does not permit of this, it makes it unfit for such ores,
which is to be regretted considering the numerous advantagous
features of this furnace. :

In my metallurgical investigations of the heavy argentiferous
zinc-lead ores of the San Francisco del Oro mine, Chihuahua,
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Mexico, I was confronted, besides other roasting questions, with
the problem as to the best method of chloridizing these ores in a
Howell furnace. By mixing the salt with the ore in the stamp
battery the ore became sticky, incrusted the furnace rapidly, and
when it left the furnace consisted mostly of lumps without being
much chloridized. If the ore was charged without salt, it re-
mained loose and sandy, but it dusted so much that by the draft
an almost perfect separation of coarse and fine took place, the
latter being carried into the dust-chamber, while the coarse sand
dropped in the pit, but, on account of its large percentage of
lead and zine blende, insufficiently oxidized, so that the salt,
which was added from time to time to the ore in the pit and
stirred, had but very little chloridizing effect. The best chlorina-
tion obtained was only 29 per cent. To diminish this separation
a small percentage of salt, from 1 to 2 per cent. was added in the
battery. The effect was remarkable; without balling or incrusting
the furnace the dusting was practically stopped. When the
balance of the salt was added in the pit a chlorination of 67 per
cent. was obtained.

Based on this observation a modification of the arrangement
in front of the furnace was made. Between the fireplace and
the discharge end of the furnace a shallow pit was inserted, which
was in communication with a reverberatory furnace 6 by 8 ft.
The bottoms of both were on the same level. The fireplace of
the reverberatory was only 24 in. wide. The gases from the
reverberatory passed through the pit and the furnace. When
a charge of about 1400 lb. had accumulated in the pit the same
was pushed into the reverberatory, salt added and well mixed.
There the ore was kept until another charge had accumulated in
the pit. By this modification very satisfactory chlorination was
obtained. A very low fire was kept on both the fireplaces.

(e) The Stetefeldt Furnace. — This furnace consists of an
upright shaft 30 to 40 ft. high, which is connected near the top
with a descending flue. On top of the shaft is a feeding machine,
which showers the ore into the shaft. In the lower part are two
fireplaces opposite each other, so that the descending ore meets
the hot ascending gases. The principle on which the con-
struction of this furnace is based is at variance with that of any
other chloridizing furnace. The ore falls very finely divided
through a glowing atmosphere of chlorine, sulphurous acid,
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oxygen and fire gases, metal chlorides and volatilized salt, and
the whole complicated reactions which take place in chloridizing
roasting are completed in the incredibly short time of a very few
seconds. Mr. Stetefeldt derived his idea from the Gerstenhofer
pyrites roaster, in which the ore is fed into a shaft, wherein
numerous shelves are so arranged that the ore drops from one
shelf to the other, resting on each for some time. The experi-
mental furnace Mr. Stetefeldt built was of such a construction
arranged so that fire gases were permitted to enter the shaft. The
shelves, however, caused much inconvenience by incrustation,
ete., and by observations he made during these experiments he
thought it justifiable to repeat the experiment without the use
of any shelves. The results were so gratifying that he, adhering
to this new principle, gradually developed his furnace to the
present much improved construction.

Fig. 24 represents a vertical section of this furnace. A4, shaft;
G, returning flue; K, receiver or hopper forming the bottom of
the shaft; C, C, the two fireplaces; T, slit for the fire gases; U, air
ducts to produce a perfect combustion, and at the same time to
cool the fire arch; E, ash-pit, the iron door of which is provided
with a slide to regulate the air inlet; O, O, doors for the insertion
of tools for cleaning the walls. The returning flue, G, is provided
with doors, R, which serve to clean it. D is an auxiliary fire-
place, which is constructed like the fireplaces of the shaft and
which serves to roast the large amount of flue-dust which this
furnace makes. Passing the chamber H the dust enters V and
the larger part of it settles in the bottom hoppers, I, I, from
which it is drawn into iron ears by moving the dampers S, S.
The rest of the dust is collected in a number of dust-chambers, @,
which are connected with the chimney by means of a long flue.
P, P are doors for observation and cleaning. Below the shaft-
hopper, K, is the slide door L. By pulling this slide the accumu-
lated roasted ore drops into a large iron car. B is a cast-iron
frame with water-jacket on top of the shaft on which the ore-
feeding machine is placed. Above it is an ore bin (not shown
in the diagram) from which the ore is fed into the machine by
means of a worm.

The feeding machine is shown in Fig. 25. A is a cast-iron,
water-cooled frame placed on top of the shaft and provided with
the damper, B, which is withdrawn when the furnace is in opera-
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tion, but which is inserted if the feeding machine stops for any
repair or for exchange of screens. C is a cast-iron grate to which
on the upper side is fastened the punched screen, D, which is
made of a steel plate with holes of an eighth of an inch. Above
the punched screen is placed a frame, E, to the bottom of which
is fastened a coarse wire screen, F, with about three meshes to
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FIG. 24. —STETEFELDT FURNACE.

the inch, made of heavy wire. The frame, E, rests upon friction
rollers, G. The brackets, H, which hold the friction rollers, can
be raised or lowered by set-screws so that the wire screen can be
brought closer or less close to the punched screen. The brackets
K carry an eccentric shaft, by which an oscillating motion is
given to the frame E. To the brackets N are fastened transverse
stationary blades, O, which extend close to the wire screen and
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which can be adjusted by the nuts P. These blades keep the ore
uniformly spread over the screen when the machine is in motion.
The ore is usually crushed through a 40-mesh screen.

Before starting the feed the furnace has to be well heated,
which takes thirty-six to forty hours. After the speed of the
feeder is set and the proper temperature is ascertained by obser-
vation and numerous assays, the roasting itself requires but very
little attention beyond the maintenance of a uniform temperature.

FIG. 25. — FEEDING MACHINE, STETEFELDT FURNACE,

The capacity of the furnace is very large, roasting, according
to the size of it and the character of the ore, from 20 to 50 tons
in twenty-four hours. The consumption of fuel is rather small.
With one cord of wood about 8 tons of ore can be roasted. The
loss of silver by volatilization is less than if the same ore was
roasted at the same heat in another furnace, because, according
to Plattner, the loss of silver does not depend merely on the
temperature the ore is roasted at and the character of the ore,
but also on the length of time the ore is subjected to the roasting
temperature. In the Stetefeldt furnace the ore is roasted almost
instantaneously and does not suffer that part of the loss which
is caused by long heating.

This furnace is well adapted to roast ores not heavily charged
with sulphides, containing 5 to 8 per cent. sulphur, or even 10
per cent., if no, or only a small percentage of, galena and zinc
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blende is present. Ores heavily charged with sulphides are not
suitable, especially if they contain a large percentage of galena
and zinc blende. These minerals need a low, gradually increas-
ing temperature, which conditions cannot be maintained in the
Stetefeldt furnace. If highly sulphureted ore is fed into the
shaft the temperature in the upper part of the shaft extend-
ing closely to the feeding machine becomes intense, and the
conditions required for roasting such ores become reversed.
Instead of being exposed to a low and then gradually increasing
temperature, the ore encounters the hottest zone first, and com-
bustion is so rapid that when it drops to the bottom it will be found
to consist mostly of minute globules, formed by partial melting
of the ore particles. Besides, much crust is formed at the bottom
of the shaft as well as on the sides, which keeps falling down in
large chunks. Even the iron grate on which the punched screen
of the feeding machine rests becomes clogged with incrustation,
which occurs so frequently as to make a regular feeding impos-
sible. This was the reason that while a large number of this
type of furnace were in successful operation on the Pacific slope,
in Nevada, California, Utah, etec., all the numerous attempts to
work the more mineralized ores of Mexico were failures.

For the proper ore, this furnace is undoubtedly the cheapest
to roast ores, especially for those which, on account of their
small percentage of sulphur, cause a large consumption of fuel.
The conditions necessary to heat such ores quickly and effectively
are excellent, because every particle is exposed to the heat when
it passes in a shower through the flame.

G. Kiistel had once to roast in a Stetefeldt furnace ores which
were too poor in sulphur to produce sufficient chlorine. Sul-
phureted ore to mix with the dry ore could not be procured,
either. Mr. Kiistel solved the problem by burning brimstone in
a cast-iron pan and conveying the gas into the furnace near the
bottom of the shaft. This could not have been done successfully
with any other furnace.



IX

COLLECTING THE FLUE-DUST

THE formation of dust in roasting is unavoidable. In some
of the furnaces the amount of dust carried off by the draft is
comparatively small, as in the reverberatory and Briickner, *
while in others, like the White-Howell and the Stetefeldt, it is
excessive. The dust consists of ore particles, more or less roasted,
carried out of the furnace by the draft, and of condensed fumes
of volatilized metal chlorides and oxides. The former are much
easier collected than the latter.

The problem of collecting this dust is quite a difficult one, but
is very interesting and of great importance in metallurgy. The
idea of collecting the dust by conveying the gases into large
chambers in order to reduce the speed of their movement, thus
giving time for the dust to settle, is not a correct one. Close
observations have shown that in such a chamber a much larger
accumulation of dust will be found close to the walls than on
other parts of the floor. Besides, the walls will be found to be
covered with scale-like formations of the dust, the pointed
part of these scales turned against the current of the gases. When
these scales become too heavy they peel off and drop to the floor,
hence the larger accumulation of dust on the floor near the foot
of the walls. The cause of this greater precipitation can be no
other than the friction between the dust-charged gases and the
walls. It can also be observed that wherever the flue makes
a sharp turn the precipitation of dust is greater, because the
friction between wall and gases is much greater if the latter are
forced to make a sudden change in their course than if they are
permitted to follow a straight-line course. Furthermore, it can
be observed that, if an obstacle is placed in the flue, against
which the moving gases have to strike, it will cause a precipita-
tion of dust which increases with the swiftness of the gas current.

87
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These observations demonstrate that a slow movement of
the gases, as attained with large dust-chambers, is by far not
so effective as a swift movement with increased friction, and
therefore much better results will be obtained if the dust-chambers
are so constructed as to offer a large wall surface as compared
with the area of the cross-section of the chambers, and if the
same are arranged in a zigzag fashion.

Based on the above observations I have devised and con-
structed a dust-collecting arrangement which is very effective and
gives much satisfaction.
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1G. 26. — VERTICAL SECTION OF HOFMANN DUST COLLECTOR.

0. Hofmann’s Flue-Dust Collector.— Fig. 26 represents in a ver-
tical section the dust-collecting arrangement in connection with
a White-Howell roasting furnace. A, feed end of the furnace;
B, first chamber, the end of the furnace projecting a few inches
into it. Here the coarsest part of the dust accumulates and is
removed from time to time through the door H. From here the
gases pass through the opening, K, into the second chamber, C,
and from there through the arch, M, into the collecting shaft, D,
which they ascend, leaving it through the flue, F, and entering
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the second collecting shaft, F, in which they descend, leaving
the same through G, which makes connection with the general
flue leading to the chimney.
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FIG. 27. —DETAILS OF BARS AND BEARINGS, HOFMANN
DUST COLLECTOR.

In the collecting shafts, cast-iron double channel irons are
arranged in rows, leaving a space 3 in. wide between each two.
These channels are closed at each end (Fig. 27) and extend as
round bars 12 in. in diameter and 1 ft. 8% in. long at the front
and 3 in. long at the opposite side. These two cylindrical exten-

Section.on Line A-B

Bearing for Bar Scale 134 -1 ft,
FIG. 28. —DETAILS OF BARS AND BEARINGS,
HOFMANN DUST COLLECTOR.

sions rest in cast-iron bearings, as shown in Fig. 28. The longer
bar extends through the front wall of the shaft, and is cast square
at the very end, which part projects out of the wall, while the
shorter rests in a bearing inserted in the back wall of the shaft.
These channels can be turned by a socket wrench slipped over
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the square end. FEach row is 10 in. above the other, and the
position of the channels is such that the channels of one row are
placed right above the open spaces of the row below, as shown in
Fig. 29. The bearings are 1} in. in diameter while the cylindri-
cal parts of the bars are only 1% in., in order to allow room
for expansion and to permit an easy turning of the bars when
hot.

The gases from the furnace entering the shaft D, through M
(Fig. 26), in ascending partly strike the channels of the first row
and partly pass through the open spaces. That part, however,
which strikes the channel rebounds and is also forced to pass
through the open spaces. Passing through, they strike against
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1au. 29.—POSITION OF BARS, HOFMANN DUST COLLECTOR.
Bearing should be made 1% in. diameter, or } in. larger than the bar, so that the
latter can be easily turned when hot.

the channels of the next row above, rebound, and force their way
again through the open spaces. This is repeated until the gases
leave the top row and enter the second shaft, E. Here the same
play of the gases takes place, only that they have to descend
through the shaft.

It is apparent that the numerous objects placed in the path
of the gases and against which they have to strike, and the
large surface which they offer for friction will produce a very
effective precipitation of the fumes and dust. This is actually
the case. I erected at the works of the United Zine and Chemical
Company, Argentine, Kansas, a system of three such collecting
shafts. Blende-pyrite ore was roasted in mechanical furnaces to
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produce sulphur dioxide gas for the manufacture of sulphuric
acid, and it was of importance that the gases should enter the
Gay-Lussac tower as free of dust as possible. After the system
was in operation for some time an investigation was made as to
its efficiency. The fumes passed first through a down flue and a
piece of straight flue, in which the coarse dust accumulated before
it entered the first shaft. It was found that the dust on the
bottom of the first shaft had the color of the roasted ore, showing
that the main part of it consisted principally of mechanical ore-
dust. The dust on the bottom of the second shaft was of a
light pink color, showing that the main part of it consisted of
precipitated white fumes of lead, iron and zine. On the bottom
of the third shaft the dust was perfectly white, showing that all
the ore-dust was precipitated before it reached the third shaft,
which was proved by actual analysis of this dust, showing it to
consist of the sulphates of lead, zinc and principally iron, while
almost no insolubles were present. In the first shaft were found
6.65 cu. ft. of dust; in the second, 4.15 cu. ft.; and in the third
only 1.55 cu. ft. This very rapidly decreasing volume of dust
found in each succeeding shaft illustrates the great efficiency of
this system. I may mention as a further illustration that, at
the bottom of the down flue, where the coarse settled, the layer
of dust was 7 in. deep. In the piece of straight flue next to the
first shaft the layer was only 1} in. thick, while in the first shaft
it was 8 in.

The channels have to be shaken and turned from time to time,
depending on the dusting qualities of the ore and furnace. Once
or twice a week will be found sufficient. The shaking and turning
should, of course, be commenced at the top row. Fig. 30 shows
the dust-collecting and flue arrangement in connection with two
White-Howell furnaces.

This dust-collecting arrangement is compact, and very effect-
ive, and ought to be inserted in all the works where ores are
roasted, either in order to regain the valuable dust and the vola-
tilized silver, copper, lead, etc., or to prevent the entering of the
dust and volatilized substances into the subsequent chemical
process.

A very effective method of collecting the dust is the bag
system, in which the gases are forced by fans through long bags
made of burlap, flannel or muslin, which act as filters. The gases,
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SULPHATING ROASTING

Tuis mode of roasting, which has the object of converting
the silver into silver sulphate, in which state it is soluble in water,
is only used if silver is to be extracted with hot water by
Ziervogel’s method.

The material to be suitable for this roasting has to consist
principally of copper and iron sulphides, of which the former has
to predominate, and has to be free of, or to contain only in small
quantities, the sulphides of lead, zinc, arsenic, and antimony.
For this reason it is exclusively used for argentiferous copper
matte. In this roasting the copper and iron have to be converted
into oxides, while the silver has to be changed into a sulphate.
The transformation of the silver into sulphate is done almost exclu-
sively by the sulphuric acid fumes which result from the
decomposition of cupric sulphate at a higher heat. Cupric sul-
phate and ferrous sulphate are formed in the first stage of roasting.
Ferrous sulphate is decomposed at a much lower temperature
than cupric sulphate, in fact at a temperature not high enough
for the formation of silver sulphate, so that the sulphuric acid
generated by the decomposition of the ferrous sulphate is of
very little avail for the formation of silver sulphate; it is, however,
of great effect in the formation of cupric sulphate, which then, at
a higher heat, sulphatizes the silver.

A certain percentage of iron sulphide is therefore advanta-
geous for this roasting process, but if the iron sulphide is in
excess the formation of silver sulphate, and with it the extraction,
suffers.

At Mansfeld, Germany, where this mode of roasting and the
subsequent extraction of the silver with hot water was originated
by Mr. Ziervogel, the roasting charge consisted of sulphur 19.32
per cent., copper 58, iron 9.18, lead 2.48, zinc 4.31, manganese
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0.15, nickel 0.43, cobalt 0.83, silver 0.286, insoluble 1.08 per
cent., and permitted an extraction of 91 per cent. of the silver,
while at Schemnitz, Hungary, a matte containing 88 per cent.
iron sulphide and only 1.5 per cent., of copper sulphide, which
was tried by this method, permitted only an extraction of 73 to
75 per cent. of the silver.

This roasting is a very delicate process and has to be con-
ducted with great care and skill, otherwise inferior results will be
obtained.

At Mansfeld the roasting is done in a two-story reverberatory
furnace. The operations are as follows:

Six hundred pounds of pulverized copper matte are charged
on the upper hearth, spread, and about 5 Ib. of slacked bituminous
coal scattered over the charge, and stirred. This addition of
coal is made merely to help heat the charge in order to hasten
the operation. A matte richer in iron sulphide does not need
the addition of coal, because iron sulphide ignites quicker than
copper sulphide. The charge is stirred continually, and the
lumps which form have to be mashed with the furnace shovel.
They are soft and easily mashed, and are more numerous if the
material contains more iron than if it is poorer in iron. They
are caused by the conversion of the ferrous sulphate into basic
ferric sulphate, which melts easily. In this period the iron
oxidizes before the copper, and by the action of the sulphuric
acid changes into ferrous sulphate, which later at an increased
heat gives off sulphuric acid fumes and changes into ferric oxide
and basic ferric sulphate. The copper sulphide is converted into
cupric sulphate, but more by the acid fumes of the ferrous salt
than by the action of the air.

The time of roasting on the upper hearth is governed by the
time required to finish the charge on the lower hearth. During
this period, which lasts from five and one-half to six hours, the
charge has to be turned twice so that all parts of it are exposed to
the same heat.

When the lower hearth is clear, 25 Ib. of slack bituminous
coal is spread over the charge, which then is drawn to the drop-
hole in the bottom of the hearth, through which it falls to the
lower hearth. When the coal is mixed with the charge, burning
gases are emanating from the ore. ,

At the end of the first half-hour the ore on the lower hearth
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commences to glow brighter than it did on the upper hearth,
caused by the higher temperature kept here and the further
oxidation of the sulphur. The thickness of the charge, which is
about 2% in., swells, on account of the burning sulphur, to 3% or
4 in. In order not to burn the coal in the charge too quickly by
the action of the air, and to give it better opportunity to act on
the salts in the ore, the draft is very much checked while the
charge is raked continually and very briskly, in order to avoid
as much as possible the formation of lumps. This is done for an
hour, after which time all the coal is consumed. Then the charge
is turned, the part from the hotter place to the cooler, and that
from the cooler to the hotter place. After this the draft is in-
creased to its full capacity in order to produce a strong oxidation
by the inflowing air. This cools the charge after a while until it
becomes almost dark. To judge the end of this period, a sample
is taken from the middle of the hearth, cooled, the fine separated
from the lumps, and by means of a spatula a ridge is made of
the fine in a porcelain saucer. The saucer is held slightly inclined,
and some water, drop by drop, is poured behind the ridge. The
water is first absorbed by the sample, but after being saturated
a clear liquor slowly flows out from the other side of the ridge.
By the color of this liquor and its behavior toward salt the pro-
gress of the roasting is judged. If the roasting was conducted
right, by this time the liquor should have a clear blue color and
by the addition of some salt should give a light precipitate of
silver chloride, which is a sign that the silver sulphating has
commenced. If the liquor has a dirty greenish color it shows
that some ferrous sulphate is still undecomposed and a continua-
tion of the oxidizing period is required.

The coal, which is added to the charge and vigorously raked
and mixed with the latter while the draft is much checked, acts
on the neutral sul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>