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P R E F A C E .

A METALLURGICAL work in English by a Chinese author is unusual;
but long residence in America, and in England and other parts of
Europe, and much study of English literature, have familiarised
me with the language, and have encouraged me to make it the
medium for presenting my work to the English-speaking public :
and I desire to express my thanks to Messrs Charles Griffin & Co.
for the opportunity they have afforded me of doing so.

My researches concerning Antimony have extended over several
years, and I would express my thanks to Professor Kemp, of Columbia
University, for his valuable guidance.

References to Antimony are scattered through the technical litera-
ture of many languages, and the subject is dealt with in general
treatises on metallurgy. There does not, however, appear to be
any English text-book devoted to its special consideration, and
foreign works on this subject are not readily accessible to English
readers, who have had to content themselves with the necessarily
condensed notes in the standard work on metallurgy by Phillips
and Bauerman, and Professor Louis' translation of Carl SchnabeVs
work. These, although valuable, do not claim to be exhaustive, and
the modern volatilisation process naturally finds but little mention.
It seems likely, however, to become the sole process by which the
poorer classes of antimony ores can be economically treated ; and as
these ores are of rapidly growing importance, possibly as a result
of the exhaustion of the richer grades of ore, a description of the
process is of importance.

It has been my privilege to carry out practical tests of the
volatilisation process patented by Mons. H. Herrenschmidt, and the
results are incorporated in this book. I am also greatly indebted to
that gentleman for kindly reading through the greater part of
my MS., especially the chapter on the Metallurgy of Antimony.



Till PREFACE

Invaluable suggestions resulting from his many years7 experience in
antimony smelting were freely given and -jladly received.

I also desire" gratefully to aeknowlodge the assistance derived
from the consideration of articles which have appeared in the
technical press* and especially from the study of the following
works:—Friedheim's Hnudhurh der anorrianischen Chemie, Abegg's
ffandbuch der anoryinizcken Chemie. Moissan's Trade de Chimit
Min^rale, and Frciuy's Encydoptdie Chimique. The chapter on the
Chemistry of Antimony is "based on these studies. Beringer's Text-
Ujoh of Assaying and Parry's Assay of Tin and Antimony have like-
wise proved serviceable in dealing with the Analysis of Antimony.

My brother, Dr C. H. Wang, has kindly seen this work through
the pres-s as my duties in Hunan necessitated my return to China.

In conclusion. I venture to hope that the arrangement and co-
ordination of the very scattered records of the results of other
people's work oiriWiiM in the pr^ent volume may prove of service
to metallurgical students, to manufacturer.a, and to users of
antimony.

C. Y. WANG.
LONDON. M'lich l£ly. [Reprint.]
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T H E M E T A L L U R G Y OF A N T I M O N Y .

CHAPTER I.

THE HISTORY OF ANTIMONY.

THE natural sulphide of antimony was known to the people of
ancient times.* It was used by them as medicine, and as an article
of toilet "by women to paint their eyebrows with.

In St Jerome's translation of the Hebrew of Ezekiel xxiii. 40 we
read, " circumlinisti stibio oculos tuos," and in the second book of
Kings ix. 30 we find, "Porro Jezebel introiter eius audite depixit
oculos suos stibio." The latter passage, as translated by Cheyne and
Driver, runs thus, " set her eyes in paint (literally, antimony)."

The Hebrew and Arabic word for antimony is " kohl," which was
altered to "alcool" or "alkohol" in other languages; thus the
Spanish translation of the above passage from Ezekiel is, " alcoholaste
tus ojos." As a matter of fact, the word ."alcohol" was, in the
Middle Ages, used to designate anything in the form of fine powder;
and it was only at later periods that it was used to mean spirit
of wine.

Dioscorides called this metal orifi/u, and mentioned that it was
known also by irkarvo^OaXfxov (meaning " eye-expander "), yvvatKetov
(meaning " womankind"), etc. He also mentioned that the roasting of
crude antimony could be done in a current of air under moderate
heat until it burnt, and that if it were heated more strongly it would
melt like lead. This statement might suggest the idea that he was
acquainted with the metal itself.

The term " stibium" was given to the metal by Pliny, and the
term " antimoninm" by the Latin author Geber; but both these

* M. Berthelot has made a curious observation in regard to a vase found at
Tello Chaldeaby M. de Saizec, which was cast in metallic antimony (R&v.
1387, 3e, t. ix.).
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2 THE METALLURGY OF ANTIMONY.

terms had been used to stand for the sulphide of antimony up to the
time of Lavoisier.

In the beginning of the fifteenth century * or thereabouts there
lived in Germany a monk by the name " Basil Valentine," who has
been supposed to be the author of many books on antimony and its
allied subjects. As an historical figure he was shrouded vvitH
mystery. Doubts had been entertained as to the genuineness of the
writings attributed to him. Consequently Emperor Maximilian I.
commanded that this question should be examined into. The con-
clusion was that he was a Benedictine monk of Southern Germany,
and that nearly all the works attributed to him had undergone many
changes and alterations, introduced by later authors, t City
Chamberlain Tholde, of Frankenhausen, Thuringia, published a list
of his works in the early part of the seventeenth century : Triumph-
Wagen des Antimonii ("Triumph Car of Antimony"); Von dem

grossen Stein der uralten Weisen (" On the Great Stone of the Ancient
Philosophers " ) ; Offenbarung der verlorc/e?ien Handgriffe (" Revela-
tion of the Hidden Key ") ; Letztes Testament (" Last Testament");
Schlussreden (" Concluding Words"). The language he uses is fre-
quently obscured by mystical pictures and alchemistic ideas ; yet he
deserves the credit of having made many careful and conscientious
observations.

The most important of his writings is the Triumph' Wagen des
Antinionii.% Professor Schorlemmer has, however, shown that this
was a forgery, dating from about the year 1600. The nature of this
book can be seen from the following passage, as translated in lloscoe
and Schorlemmer's Chemistry: " I n order, as is most proper, that I
may say something about the name of the material, it should be
understood that this material was long known to the Arabians, and
from ancient time was termed by them 'asinat.' The Chaldeans
entitled it 'stibium,' and in the Latin tongue it has been called
c antimonium' up to the latest times, and in our own German mother-
tongue the. same material has been foolishly called ' Spicssglas,' for
this reason, that this material can be fluxed and a glass mado from
it." The operation of producing metallic antimony, as described by

* Probably Basil Valentine was born in the year 14G0, at Peteraklostor, in Erfurt.
t Consequently Basil Valentine is sometimes known as the pseudo-Basil

Valentine.
X This book has been translated into English : The Triumphal Chariot of Anti-

mony, by BasiKus Valentinns, translated by Theo. Kerckringius: James Elliot &
Co., London, 1893. It has also been translated into Latin by an unknown author
under the title Currus triuwpJictlis antimonii.
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Basil Valentine, is as follows (taken from Roscoe and Schorlemnier's
Che?ii>istry) : " Antinionium is a master in medicine, and from it, by
means of cream of tartar and salt, a king (regulus) is made, steel-iron
being added to the spiessglas during fusion. Thus by an artifice a
wonderful star is obtained which the learned before my time have
termed the ' philosophical signet star.; . . . Take good Hungarian
spiessglas, and with the same quantity of crude tartar and half as
much saltpetre rub these small and let them fuse well in a wind
furnace; afterwards pour out into a mould and allow to cool, when a
regulus is found."

Basil Valentine was well acquainted with the starred surface of pure
metallic antimony, and remarked that the starred and the unstarred
antimony had exactly the same composition, and that the starred one
was due to the use of iron in its preparation ; while, in opposition to
this idea, other chemists of the period traced the cause of the starred
one to the favourable conjunction of stars. He also knew that anti-
mony did not possess the full character of a metal, and for this
reason he called it lead of antimony. Furthermore, he noticed that
spiessglas contained sulphur, and he was acquainted with sulphur
auratum (a mixture of Sb2S3 and Sb2S5). He gave distinct recipes
for the preparation of antimony trichloride (butter of antimony),
powder of algaroth (basic chloride of antimony), antimony trioxide,
potassic antimoniate. In his time antimony was used for the pre-
paration of printers' type, mirrors, and bells, and was also used as
medicine.

The story of the accidental poisoning of certain monks by spiessglas
administered to them by someone who had observed that pigs could
be fattened if they were fed with a little spiessglas, thus originating
the word " anti-moine," * has been proved by Kopp to be without any
foundation, as Basil Valentine wrote his book in German; and hence
the story must have been invented by a Frenchman. It has been
suggested that the word " antimony }> might be derived from " anti-
monos," meaning, opposed to solitude, as it was supposed that it
could only be found in combination with other elements in nature.

Paracelsus was the first one to use antimony as'a medicine to be
taken internally. His emetic was a solution of antimony in wine.
In the year 1564, not long after the death of Paracelsus, a work on
antimony by Louis de Launnay appeared. In 1566 the Parliament
forbade its use as medicine; but this law was, upon the decision of
the Faculty of Paris, repealed in 1650.

* The term "antimcmium" is found in the writings of Constantin, a doctor,
who lived towards the end of the twelfth century, long before Easil Valentine.
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Boyle, in his book On the Unsuccessfulness of Experiments (Opera,
ed. 1772, i. 325), says: "And it may perhaps also be from some
diversity either in antimonies or irons, that eminent chemists have
(as we have observed) often failed in their endeavours to make the
starry regulus of Mars and antimony. Insomuch that divers artists
fondly believe and teach (what our experience will not permit us to
allow) that there is a certain respect to times and constellations
requisite to the producing of this (I confess admirable) body. Upon
this subject I must not omit to tell you that a while since an
industrious acquaintance of ours was working on an antimony, which,
unawares to him, was, as we then supposed, of so peculiar a nature,
that making a regulus * of it alone without iron, the common way
(for this manner of operation I inquired of him), he found, to his
wonder, and showed me his regulus adorned with a more conspicuous
star than I have seen in several stellate reguluses of both antimony
and Mars." Lemeny, in his Ooursde Chymie, 1675, argued against the
idea that the planet Mars had anything to do with the appearance of
the stars in antimony.

With regard to the metallurgy of antimony, Agricola, in his
Mining, book xii., 1557, wrote:—"The liquation is done in pots.
The pot, with holes in the bottom, is belly-like shaped, that is, narrow
at the top, and is placed over an empty vessel, supported on a bed,
upon which and around the pots are thrown earth and coal-dust,
which is heated with logs of wood from above." After this unpractical
method came the method of Balthasar Bossier, who in 1650 wrote
JSpeculvm metallurgies politissimum. His experiment runs thus:—
20-30 centner (quintal =100 lbs. in weight) of the sulphide of
antimony are allowed to melt in an oven. The liquid is mixed
with 10 per cent, of its quantity, 3 parts of saltpetre and 1 part of
ashes of wood. This mixture is allowed to stand until a slag is
formed. In order to extract the silver or gold contained in the
metal, it is mixed with an equal quantity of iron, or half as much
copper or lead. This is put into a refining furnace and is allowed to
remain there until all the "Spiess" is volatilised. Still later than
Rossler, Lazarus Ercker recommended the following method:—The
sulphide of antimony, together with iron needles, was melted before a
blast or in an oven, with the use of saltpetre to cover the liquid,
which, after solidification, must be remelted three or four times, until
the beautiful stars appeared upon the surface of the metal. The

* One part of antimony in one thousand parts of gold is sufficient to destroy the
working properties of it. From this peculiar action the ancients gave it the name
"regulus" or "little king."
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precipitation method came after this. In the eighteenth century
the roast-reduction method commenced to be used; in the thirties
of the nineteenth century, the reverberatory furnace; and in 1896
electrolytic antimony first appeared in the market.*

BIBLIOGRAPHY ON THE HISTORY OF ANTIMONY.

1. Berthelot, La chimie au Moyen Age, 1893, Paris.
2. Duflos, A., "Beitrage zur Geschichte des Antimons," Kastner, Archiv

Chemie, i., 1830, pp. 56-63.
3. Gerding, Th. von, Geschichte der Chimie, 1867, Leipzig, pp. 491, 493,

494.
4. Guntz, Ency. ckim., par Freniy, 1884, tomeiii., fasc. 11, pp. 295-296.
5. Hoefer, I\, Histoire de la chimie, 11th edit., 1869, Paris, Didot Freres,

tome i. p. 478, tome ii. pp. 27, 54, 56.
6. Jaquaux, R., Histoire de la chimie, 1891, Baudry et Cie., tome ii.

pp. 325-331.
7. Xamy, Le Pere, Dissertation sur Vantimoine, 1682, Paris, Roulland.
8. Enab, Louis, TraiU demttallurgie, p. 518.
9. Kopp, Beiirage zur Geschichte der Chimie.

10. M'G-owan, J.s A History of Chemistry, by E. von Meyer, translated into
English, 1906, Macmillan & Co., London, 3rd edit., pp. 39, 52, 57, 58,
100, 446, 496.

11. Meyer, E. von, Geschichte der Chemie, 3 Aufl., 1905, Veit und Co., Leipzig,
pp. 33, 49, 50, 85, 420.

12. Moissan, Traite de chimie minerale, tome ii. p. 2.
13. Neumann, Die MdaZle, 1904, Wilhelm Knapp, Halle, p. 368.
14. Ray, P. Ch., A History of Hindu Chemistry, 1902, Williams & isTorgate,

London, vol. i. pp. 16, 66.
15. Rossing, A., Geschichte der Metalle, 1901, Leonhard Simion, Berlin, pp.

39-46.
16. RoBcoe und Classen, Lehrbuch der anorganischen Chemie, vol. i. pp.

604-605.
17. Roscoe and Schorlemmer, A Treatise on Chemistry, voL i. p. 9, vol. ii.

pp. 772-773.
18. Thomson, History of Chemistry.
19. Unger, B., " Contributions to the Chemical History of Antimony," Chem.

tioc. Journ.y x., 1872, pp. 41-44.
20. Valentinus, Basilius, The Triumphal Chariot of Antimony, translated by

Theo. Kerckringius, 1893, James Elliot & Co., London.

* For the historical development of the volatilisation process3 vide the chapter
on the Metallurgy of Antimony.



CHAPTER II.

THE CHEMISTRY OF ANTIMONY.

SECTION 1.—THE ATOMIC WEIGHT OF ANTIMONY.

(a) Selection of Atomic Weights.— Berzelius in 1852 already knew
that the ratio of the oxygen contents of the three oxides of antimony
is 3 : 4 : 5, but he wrote their formulae as SbOs, SbO4, SbO5, and con-
sidered the double of 129 as the atomic weight of antimony. When
he, however, found out in 1826 the existence of the sesqui-oxide, he
changed the above formulas to Sb2O3, SbO2, Sb2O6, whereby Sb= 129.
Gmelin at first gave the same formulas, and put 64*5 as the atomic
weight; but they were subsequently changed back to SbO3, SbO4, SbO5.

It is now admitted that antimony has three H-equivalents, which
are related to one another as 5 : 4 : 3, that is, Sbxri, Sbxi, Sbx3.

Now, we consider 120 as the true atomic weight of antimony, for
the reason that this number is in harmony with the following lavvs
and rules:—

1. With Avogadro's Law, since the number 120 denotes the
smallest quantity of antimony which, in a vaporous condition, can be
present in combination in a double normal volume. Also the content
of combination of antimony in solution, according to the theory of
van't HofF, is in harmony with this number, in so far that the
phenomenon of its being a cathode through hydrolysis is not entirely
absent, this being due to the weak basic character of antimony.

2. With Dulong-Petit's Rule, since the atomic heat, as calculated
with this number, amounts to between 6'0~6'3, which hardly deviates
from the normal value.

3. With the Theory of Isomorphism. Wo know only so much about
it that the element Sb is isomorphous with the elements arsenic
and bismuth, and also with its. next atom-analogies from the same
natural group.

4. With the Periodic Law. The properties of antimony and its
compounds are the functions of its atomic weight, 120.

(b) Determination of the Atomic Weight.—1. Berzolins in 1812
devoted much time and energy to dotormme tho atomic weight of

6



THE CHEMISTRY OF ANTIMONY. 7

antimony, but expressed himself with great dissatisfaction as to the
results obtained, in the following words: " Ich habe niem.aU mit
einer Materie, too es so ausserordentlir.h schwer gewesen ist, kooistante
JResidtate zu erhalten, gearbeitet." He oxidised metallic antimony
with the aid of nitric acid, and then heated the residue, whereby
from 100 parts of antimony he obtained 124*8 parts of Sb^O .̂ Hence

124-8 : 100 = Sb3+64 : Sb*
.'. 100Sb2+ 6400 = 12-1-SSbij.

' 24-8Sb.2 = 6400.
. \ Sb = 129, approximately.

This number 129 was considered by Berzelius as the true atomic weight,
and had been taken so until the 'fifties of the nineteenth century.

2. Kessler, 1855-60. The work of Kcssler does not show any
particular exactness; the interest of his work lies in the fact that he,
for the first time since Berzelius, obtained results which approach
more closely to the true value 120. The following are his results : —

a. Through oxidation of Sb.2O3 from 100 parts Sb =123 "84.
of SbVith K3Cr307 =123*61.

c.
d.
e
f.

of Sb with K Cl< >3 and K2Cr2O7 = 123 72.
of SboO;i with KC1O., and" KoCi\207 = 123*80.*
of Sb.jO3 with K2Cro07 " =123 '85.
of emetic tartar =119*80.

3. Schneider in LSfiG reduced a natural sulphide of antimony from
Arnsberg to its metallic form in a current of hydrogen. From 100
parts of Sb.,S8 he obtained 28*52 as an average value of sulphur
evolved. Hence the proportion:

2Sb : 3S = 100-28*52 : 28*52.
.\ Sb = 120*53.

4. Hose in 1856 published, the results of the analysis of antimony
chloride by Weber, in which he gave 120*63, the mean value of
1*20-2, 121-1, 120-6.

5. Dexter in 1857 carried out some valuable work in Bun sen's
laboratory to determine the atomic weight of antimony. He carefully
weighed out a small quantity of antimony and oxidised it with'nitric
acid, and finally heated the residue until it was converted into Sb.>04.
From 100 parts of Sb2O4 there were 79*28.'} (average value) parts of
Sb. Hence tho proportion :

asb : 64 = 79*283 : 20*717.
.*. Sb = 122'-i(J.

G. Dumas in 1859 caused chlorine to act upon metallic antimony;

* ID 1861 Kesslor corrected this value and changed it to 122'3(5.
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and, to be sure that there was no free chlorine present, he distilled it
many times through pulverised antimony. A suitable quantity of the
trichloride thus obtained was taken and was decomposed by means of
a solution of tartaric acid. The chlorine thus set free was determined
by the quantity of silver chloride that could be deposited in a bath of
silver solution of known strength. Hence the following proportion :

SbCl3 : 3Ag = 70'512 : 100
(the atomic weight of Ag taken to be 107*92).

.-. Sb = 121'88.
This value is a little too high, due to the fact that the trichloride
used contained some oxychloride, as was proved by Cooke later.

7. Unger in 1871 made an analysis of Schlippe's salt, Na3SbS4.9H2O,
and found that the result was best in harmony with the given
formula when 120 was taken as the atomic weight of antimony.
From 7*347 grms. of Schlippe's salt he obtained 3*291 grms. of
sodium sulphate and 3*0864 grms. of pure antimony pentasulphide.
Hence, from the relationship

3Na2SO4 : Sb2S5 = 3'291 : 3*0864,
Sb=U9*71.

8. Cooke, 1877. The analytical work of J. P. Cooke, in regard to
the atomic weight of antimony, started a new epoch in the history
of the determination of atomic weights. Cooke followed in the foot-
steps of Stas with particular regard to his methods of working and
to his exactitude in chemical manipulations, but worked always with
small quantities of substances, thus reducing the source of error to a
minimum, this being in opposition to Stas' practice, who was known
always to use large quantities of substances, even sometimes up to
several hundred grams.

The following independent methods for the determination of the
atomic weight of antimony are given by Cooke :—

a. Synthesis of • Antimony Trisulphide.—Balls of antimony were
dissolved in part in hydrochloric acid in the presence of some nitric
acid. The solution was boiled until it became colourless and only
trivalent antimony was present. The loss in weight of the balls of
antimony gave the quantity of antimony dissolved. The solution was
then diluted with a solution containing acetic acid. Water impreg-
nated with hydrogen sulphide was added by means of a syphon, and
the antimony trisulphide thus formed was washed six times with hot
water. After this it was dried at a temperature of 130° ;* and at
210° the red trisulphide was changed to its black modification. In

* The scale used in this book is Centigrade.
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the red modification Cooke found the average sulphur content to be
28-5731 j hence the ratio 2Sb : 3S = 71*4269 : 28*5731, whereby Sb =
120*22. In the black modification he found the average sulphur con-
tent to be 28-5182 ; hence the proportion 2Sb : 3S = 71*4818 : 28*5182,
whereby Sb = 120*54.

/3. With antimony trichloride the analysis gave Sb —121*86,
while with antimony tribromide Sb= 119*882, and with antimony
iodide Sb= 119*86.

In the years 1880-81 Cooke made his final determination of the
atomic weight of antimony. This time he used antimony trichloride
and made the determination by the gravimetric method. The result
obtained was Sb = 119*88.

Summary.—The following is a summary of the different values
assigned for the atomic weight of antimony as obtained by different
workers and investigators employing different methods ::—

Authority.

Berzelius

Kessler .
3 5
it

J>
Schneider
Rose (Weber)
Dexter .
Dumas .
Unger .
Cooke .

9
i

Schneider
Pfeifer .

Bongartz
Popper .
Friend and Smith .

Years.

1812

1855-60
j >
>j

>}
1S56
>t

1857
1859
1871
1877

1880-81

1880
1881

1883
1886
1902

Proportions.

2Sb : Sb.,O4
2Sb : Sb3s
Sb2O3 : O2
2Sb : 02

2SbCl3 : OoSbCl3 : SAg&l
3[C4H4KSbO7.£H,>d] : K2CroO7 •

SboS3 : 2SbAnalysis of SbCL,
2Sb : Sb.2< )4
SbCl3 : 3Ag3Na2SO4 : Sb2S3 in Schlippe's salt

2Sb : Sb2S3 (red modification)
2Sb : Sb2S3 (black modification)

SbCl3 : 3AgCl(Ag= 107*92)
(Ag= 107*90)

SbBr3 : 3AgBr(Ag = 107*92)
(Ag=107'90)

Sbl3 :3AgI(Ag= 107*92)
SbBr3 : 3AgBr(Ag = 107*92)

(Ag=107'90)
SbBr8: 3Ag(Ag= 107*92)

SboS3 : 2Sb
8Ou& : 28b111

3Ag : Sb111

2Sbx" : 3BaSO4
3Ag : Sb111

C4H4KSb07 : KCl

Atomic
Weight.

129*0
128*9
120-86
121*31
121-21
124-26
119-59
120*53
120-63
122*46
121*88
119*71
120*22
120*54
121*86
121-84
119-91
119-88-
119*86
119-90
119*88
119*90
120-41
122-36
121-3t>
120-64
121-20
120*43

The International Commission for the Determination of Atomic
Weights took 120 as the true atomic weight of antimony, but since
J902 i t has been changed to 120-2.
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SECTION 2.—THE ELEMENT ANTIMONY.

Antimony, like phosphorus and arsenic, has several allotropic
modifications. Besides the gray form of antimony, the most
common and the best known, there is another form which is an
explosive. This latter is very unstable and changes easily to the
stable metallic form. The most unstable modification is yellow
antimony, which does not possess any metallic property, corresponding
thus to white phosphorus and yellow arsenic.

Metallic Antimony.—Pure antimony is a silver-white,* shining,
brittle metal. By slow cooling it crystallises in the hexagonal system,
isomorphic with the gray form of arsenic, while rapid cooling makes it
granular and crystalline. Moreover, when molten antimony is allowed
to solidify slowly without any disturbance, and when it is covered by a
layer of slag, a fern-like appearance is seen on the solidified surface.
This is the so-called " antimony star " or regulus antwionii stellatus.
The specific gravity is 6*5178, according to Kahlbaum, Siedler, and Eot.

The coefficient of cubical expansion, between 0° and 100°, is
0*003161. The coefficient of linear expansion depends upon the
direction taken, being 0*00001692 at 40° along the axis of the hcmi-
dodecahedron, and 0*00000882 at the same temperature along a
direction perpendicular to it (La,7idolt, Bernstein, Meyerhoffer).

The metal is a conductor of heat and electricity. The electrical
conductivity, in reciprocal ohms, is 2*71104 at 0°, 2*47104 between 0°
and 37°, 0*62104 during melting, 0*88104 when it changes ontirely
into a liquid state, and O'SS10'1 at 860°. The absolute conductivity
for heat is 0*042 between 0° and 30°, 0*0442 at 0°, and 0*0396 at
100° (Landolt, Burnstein, Meyerhoffer).

The specific heat is as follows :—

Temperature
Interval.

-186°to - 79
- 79 to + 18
- 7f> to - 20
- 20 to 0

0 to 4- 33
0 to H-'lOO

17 to 92
15

100
2f»0
300

Specific Heat

0-0462
0*0484
0*0499
0*0486
0-0495
0*0495
0*05079
0*04890
0*05031
0*05198
0*05366

Observer.

Bolm.

Pobal and Jalm.

Hun sen.
Gawlo.
Naccuri.

* With a slight tinge of blue, -which may be iiitonyifuul by the prespneo of
impurities in the metal.
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The metal melts at 630*6° (ffolborn and Day). In this liquid
state it can dissolve not only the solid metal itself, but also the
sulphide of the metal.

The boiling-point of the metal under atmospheric pressure is 1300°;
it is 290° in the vacuum of cathode light (Krafft, Bergfeld). The
colour of the fume of antimony is green (Linck).

Explosive Antimony.—In a bath of hydrochloric acid and antimony
proto-chloride, with antimony metal as anode and platinum-foil as
cathode, metallic antimony is deposited upon the cathode. This
antimony is quite different from the ordinary kind. Its hardness is
less, being 5*78, and it explodes, when it is scratched with a sharp
point, with the development of heat and the setting free of white
fume. When it is rubbed with a pestle in a mortar, strong detonation
occurs, with a simultaneous development of light and heat. The same
phenomenon can be produced when the dried substance is heated to
200°, the resulting reaction product being the ordinary antimony.

Recently E. Cohen and his students have made researches into this
remarkable explosive form of antimony. It can be obtained through
electrolysis from a solution in chlorine and bromine; while, on the
other hand, from a solution in fluorine alone only the" ordinary
antimony can be obtained, without any admixture of halogens.

The important factors for the production of this particular explosive
form of antimony are a particular temperature and a particular halogen
concentration, the concentration of H being unimportant. The follow-
ing table shows the fact that the temperature to render the explosive
modification unexplosive varies directly as the concentration:—
Concentration.
10% SbCl3, at 16°-17°, shining and explosive ; 28°, not shining and not explosive.
15-6% „ at 0°, „ „ 30°,
21-2% „ at 10°, „ „ 50°,

As a rule, the higher the concentration of the electrolyte is, the
larger the quantity of the halogens taken up by the metal.

Its heat of solution is higher than that of the ordinary kind.
Hence the heat of transformation is the difference between the two,
which is calculated to be 20 to 21 calories.

The sensitiveness of the explosive modification decreases with an
increase of the amount of halogens in solution. The stability
increases as the temperature decreases. Comparatively, the explosive
modification is meta-stable. It is still uncertain "whether it is
crystalline or amorphous.

Black Antimony.—Another meta-stable form of antimony is black
antimony. It is produced when metallic antimony vapour is
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suddenly cooled. For its production a vacuum is used, such as that
employed for the production of yellow arsenic, heated inside by elec-
tricity and cooled externally by liquid air. It can also be produced
by leading a current of oxygen into liquid antimony hydride at — 40°,
or by heating the yellow modification of antimony at - 90°.

This black modification is amorphous, has a specific gravity of 5*3,
and is easier liquefied and is more active chemically than the ordinary
metallic form. It oxidises easily in the air under ordinary tempera-
ture, and is sometimes spontaneously combustible. At 100° it
changes gradually to the ordinary metal, but suddenly at 400°.

Yellow Antimony.—It is the most unstable of all the modifications
of antimony. It was discovered by Stock, Guttmann, and Siebert,
and corresponds to white phosphorus and yellow arsenic. It cannot
be produced by a sudden cooling of antimony vapour, but only by
introducing oxygen into antimony hydride at - 90°. The reaction
can be accelerated by ozonising. It can also be produced by the
action of chlorine upon antimony hydride.

As stated, it is very unstable and changes into the black modifica-
tion above - 90° under ordinary light.

Chemical Properties.—Pure antimony oxidises very little at the
ordinary temperature. By being heated it is converted into the
trioxide, which rises in the form of smoke from the upper surface of
the metal. It can also be oxidised by any oxides that can easily give
up their oxygen component, e.g. manganese peroxide, quicksilver,
lead oxides, etc. It can also be oxidised in the presence of steam.
Hydrogen reduces the trioxide.

In concentrated nitric acid the metal can be converted into the
trioxide or the pent oxide through the agency of nitrous oxide.
Which oxide is produced depends entirely upon the' temperature and
the concentration. Powdered antimony, particularly if previously
heated, is powerfully acted upon by chlorine and bromine, resulting
in the production of pentachlorides or pentabromidos, with evolu-
tion of light.

Antimony is attacked by hydrochloric acid only when it is in the
state of very fine powder. Dilate sulphuric acid does not attack it,
while with hot concentrated acid it forms antimonious sulphate.
Aqua regia in the cold dissolves it easily, forming the pentachloride.

When ignited with a mixture of nitre and soda it explodes, forming
an alkaline antimoniate. With alkaline nitrate and chlorate the
metal decrepitates, resulting in the formation of an antimoniato.

The metalloids, with the exception of boron, carbon, and silicon
form compounds with antimony.
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SECTION 3.—THE COMPOUNDS OF ANTIMONY.

Antimony has three valences, 3, 4, and 5.* Its chemical pro-
perties are very similar to those of arsenic. In other ways it stands
close to the zinc group, particularly to the elements germanium and
zinc. The likeness between antimony and germanium is so close that
the discoverer of the latter at first called it Eka-antimony of
Olendelejeff. Analytically, antimony presents some difficulty in its
separation from zinc.

A. The Compounds of Antimony of 3 Valences.

In this condition antimony is a weak base and possesses an electro-
positive character. Its ion concentration is not great.

Antimony Hydride, SbH3.—It corresponds to phosphorus hydride
(PH3) and arsenic hydride (AsH3). It was discovered by Lewis
Thompson in 1837, and about the same time independently by Pfaff.
However, the production of pure antimony hydride and the deter-
mination of its physical constants are matters of recent times.

It is formed when hydrogen is generated in the presence of a
soluble antimony compound, or when the compounds of antimony
and the alkali metals are decomposed by water, or when an antimony-
zinc alloy is treated with sulphuric acid or hydrochloric acid.

It can also be formed when metallic zinc is treated with a weak
solution of hydrochloric acid or of sulphuric acid on the addition of
a solution of antimony salt.

According to Stock and Doht, 1 gram of the alloy of zinc and
antimony (Zn:Sb = 4 : l ) in a mixed solution of tartaric acid and
hydrochloric acid can produce 0*1 to 0*15 gram of pure antimony
hydride. But according to Stock and Guttmann a better result
could be obtained by putting finely powdered magnesium antirnonide
(Sb : Mg = 1:2) into a cold weak solution of hydrochloric acid.

Antimony hydride is a colourless, inflammable gas with a charac-
teristic damp and weak hydrogen sulphide smell. It burns with a
greenish flame, producing a white smoke of steam and antimony
trioxide. 1 cm.3 weighs 5-302 mgrms. at 0° and 754 mm. pressure.
On an average it is 4360 times heavier than air and 3994 times
heavier than oxygen. The observed density, on account of mole-
cular association or of molecular attraction, is 2*95 per cent, more
than the theoretical one.

The boiling-point of the liquid is -18° (Olszewski). The specific

* May bo called tri-, quadri-, quinqui-.
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density is 2*26 at - 25C and iKU at -50° (Stock and Guttoriann).
At - 91*5° it becomes sulid (Ohzewski).

1 vol. of water can dissolve \ vol. of antimony hydride; 1 vol. alcohol,
15 vols.; 1 vol. carbon bisulphide, 250 vols. at 0°. The inhaling of
even a small quantity of SbH3 will produce giddiness and headache.

Antimony hydride is endotheruiic. Berthelot and Petit have
determined that 84*5 calories of heat will be set free from the
decomposition of one of its molecules. From this it can be deduced
that its decomposition may be accompanied by explosion.

At ordinary temperatures the rapidity of its decomposition depends
upon the nature of the vessel containing it. In antimony hydride we
have an instance of what is known as "auto-katalysis." The decom-
position of liquefied SbH3 at room temperature is very rapid; while
in a gaseous state its decomposition at such temperature is slow.

Antimony hydride is very sensitive towards oxygen. At ordinary
temperature these two gases react on each other with the formation
of water and antimony. Even at - 90° (the melting-point of SbH3)
this reaction is still possible, with the production of yellow antimony,
while at the temperature of liquid air there is no such reaction.

The oxides of nitrogen can easily be reduced by SbH3. With
chlorine it reacts with a simultaneous development of light and a
loud noise ; with bromine it reacts with less energy; and with iodine
the action is slower still. Alkalies decompose it. When it is acted
upon by powdered sulphur, the resulting products are sulphuric acid
and orange sulphide of antimony.

Alkyl-combination.—Antimony hydride (SbH3), like arsenic hydride
(AsH3) and phosphorus hydride (PH3), can give rise to organic com-
pounds in which the H-component is replaced by an alkyl. It is
then called stibine. I t can be produced by allowing iodine-alkyls
to act upon potassium antimonide or upon sodium antimonide, or by
the reaction between antimony chloride and zinc-alkyls.

I t is self-inflammable and is not soluble in water. I t reacts upon
oxygen, sulphur, and chlorine with the formation of SbR3O, SbR3S,

RCL It behaves like a metal thus :—

SbRj + 2HC1 = SbRjCla + H2.

Some of the constants of the compounds are:

Trimethylstibine.
Triethylstibine, S

Sb(CH3), .
b(C2H5)3 .

Boiling-point.
81°

. . 159°

Sp. Gr. (15°).
1-523

Like phosphine and arsine, the tertiary stibine has the power of
combining with iodine-alkyls, forming a salt which is called the
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compound of stiboniuin. In a solution it can be ionised into SbR4

and I'.
Some other compounds are: Tetramethylstibonium chloride,

Sb(CH3)4Cl; tetraethylsliboniuni chloride, Sb(C2H5)4Cl; tetramethyl-
stibonium hydroxide, Sb(CH.i)4OH.

Antimony Trihaloids.—Antimony combines with the halogens
to form a series of characteristic compounds. For fluorine,
chlorine, and iodine there occur the tri- and pentahaloids ; and for
bromine only the trihaloid is known. The characteristic of the
trihaloids is the capability of being hydrolysed; and in water they
form insoluble oxyhaloids.

Antimony Trifluorides.—When metallic antimony is brought into
an atmosphere of fluorine, it burns, with the production of a white
solid fluoride, probably the trifluoride (Moissan). When antimony
trioxide is put into hydrofluoric acid and the solution is gradually
diluted, crystals of fluoride are deposited. As an amorphous mass,
it can be produced by dry distillation of antimony powder with
quicksilver'fluoride.

The trifluoride is dimorphous, and it crystallises generally in rhombic
octahedra, but sometimes also in prisms. According to Buff and Plato,
its specific gravity is 4*379 at 20'9°, and its molecular volume 40*3.

By mixing antimony trioxide and the carbonate of alkalies in
hydrofluoric acid, the following complex alkali-antimony fluorides are
obtained :—

Chemical
Formulae.

LiSbF4j LiF

NaSbF4, 2NaF
KSbF4

KSbF4.KF

NH4SbF4.NH4F

CsSbF4

C2SbF4.CsF
4C2SbF4.3SbF3

CsSbF4.SbF3
CsSbF4.2SbFa

Crystalline
Forms.

Crystallises with
difficulty.

Small prisms.
Large rhombic

octahedra or
prisms.

Leaf-like or in
plates.

Rhombic plates
or prisms.

Prisms.

Rhombic prisms.
Generally in

plates.
Needles.
Prisms.

Solubility
in Water.

1

1
1 :

1
1

1

>20

14
2'8

9 (at 13°)
< 2 (boil-

ing-point!
0-9 (cold)

Remarks.

Becomes dull
in air.

Melts at 120°.

Observers.

Fliickiger.

!

JJ

Wells and
Metzger.
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A solution of this kind of salt has an acid reaction, thus showing
that the salt in solution is at least partially dissociated into an alkali
fluoride and an antimony fluoride.

Antimony Trichloride.—This compound has been known since the
time of Basil Valentine, who knew a method of producing it by dis-
tilling chloride of mercury with antimony trisulphide, and named it
"butyrum antimonii."

When antimony sulphide, taken in excess, is heated in a current of
chlorine, the resulting product is a mixture of two chlorides, chloride
of sulphur and chloride of antimony, which can be separated by
fractional distillation.

The best way to produce chloride of antimony is thus:—1 part of
crude antimony is added to 4 to 5 parts of concentrated hydrochloric
acid in a retort, in which, from time to time, a small quantity of
potassium chlorate is placed in order to oxidise any accompanying
sulphides that might be present in the crude material used. The
distilling of the solution is commenced as soon as the sulphide is
completely dissolved. If the material contains much lead, the latter
will be separated out as lead chloride with a violent pressure on the
wall of the vessel. When this happens, it is best to allow the
solution to cool down and to pour off the liquid from the deposited
residue. The concentration of the liquid is continued until a drop
from it becomes solid. On redistilling it the chlorides of foreign
metals remain behind, while the chloride of antimony, together with
a little iron chloride, is distilled over. In order to obtain an iron-free
chloride, it is then put into water, when the iron chloride is dissolved
and the antimony chloride is changed into an insoluble oxychloride.
This is washed, redissolved in concentrated hydrochloric acid, boiled,
and then distilled as before. The distillate will give rise to
transparent, white crystals of the rhombic system. At 26° the solid
chloride has a specific gravity of 3*064 (Landolt, B'&nutein,
Meyerhoffer). The melting-point is 73*2°, and the specific density of
this colourless liquid is 2*676. The molecular volume is 100*7 (Kopp).
The boiling-point is 223° under atmospheric pressure, 113'5' undor
a pressure of 23 mm. (Anschiitz and Evans), and 103° under 14 mm.
The specific density of the vapour is 7*96, or a little more than 7*85,
the theoretical value.

The chloride is soluble in bisulphide of carbon and ether. The
heat of combination is 91*4 cal.

The following is a list of the complex salts of antimony chloride
in combination with other elements:—
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COMPLEX SALTS (COLOTTHLESS).

Chemical Formulae.

K3SbCl6
Na3SbCl6

(NH4):iSbClQ
SbCla.2KCl

SbOlg.2NH4Cl.HoO
2SbCl3.8CsCr
SbCl,.RbCl

2SbCl3.RbCl.H2O
10SbCl3.23RbOl
7SbCl3.16RbCl

SbCl3.BaCl2.2iHo0
2SbCl8.HC1.2H26

Crystalline Forms.

Crystalline leaves.

Right-angled prisms
Triclinic columns.
Cubes.

Star-like needles.
Crystalline leaves.

Observers.

Fehling's Diet.

...

Saunders.
Saunders & Wheeler.
Wheeler.
Saunders.

3 j

Engel.

Besides these products of addition, there occur a great number of
products of displacement. With concentrated sulphuric acid the
chloride is changed to the sulphate, with the production of hydro-
chloric acid.

The solubility of the trichloride is as follows (after Bemmellen^
Meerburg, and Noodt):—

Temperature
Mol. SbCl3 in)
100 niol. HoO J

0° 15° 20° 25° 30° 35° 40°
log.g

50° 60° 72°

An excess of water will give rise to a strong hydrolysis and the
separating out of basic antimony chloride, the composition of which
depends upon the temperature and the quantity of water.

If heated with antimony sulphide, the chloride is changed to the
sulphochloride, which is used as a medicine and as a corrosive or
macerating agent for wool.

When antimony chlorine is dissolved in formamide, a peculiar
phenomenon is observed. The chlorine atoms of the chlorine
gradually change places with the NH.COH as dilution increases,
with the formation of a series of ever-changing compounds, thus:—

SbN^.COH, Sb(mC0H)2> Sb(NH.COH)3.

This kind of reaction is called amidolysis (Bruni and Mannelli).
Antimony Tribromide.—When powdered antimony is put into a

solution of bromine, the intensity of the heat evolved is so great that
the bromine is vaporised and the metal is melted. In order to

2
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counteract this effect, bisulphide of carbon is used. The solution is
then dibtilled, producing the tribromide, which can be purified by
sublimation. Obtained in this way, it is a colourless crystalline
mass, though crystals belonging to the rhombic system can be formed
from a solution of bisulphide of carbon. The specific gravity of the
solid mass is 4*148 at 23°. It melts at from 90° to 94°, forming a
liquid having a specific gravity of 3*641. Its molecular volume is
116*8 (Kopjf). The boiling-point is 275*4°, and the specific density
of its vapour is 12*57 (Worcester).

Its chemical properties are analogous to those of the trichloride.
It absorbs water from the moisture of the air, and in water it

changes into an oxybromide.
The complex salts are:—

2SbBr3.3RbBr, 10SbBrs.23RbBr (IVheel&r),

and the yellow ammonium salts are:—

3SbBr3.7NH4Br, 2SbBr3.3NH4Br [Caven).

Antimony Tri-iodide can be best obtained by putting the pul-
verised metal in a solution of iodine in bisulphide of carbon with
a slight excess of the metal. The medium used is then distilled off,
and the product thus obtained is purified by sublimation (Nickles).
The reaction will be very energetic and violent if bisulphide of carbon
is not used. The powder must also be added in small quantity at a
time.

The solid tri-iodide has been observed to possess three allotropic
modifications, the relationship of which, one to another, is not yet
known. The stable form, crystallising in the hexagonal system, is
obtained by sublimation at a temperature over 114°. It can also be
obtained from a diluted solution. I t is red, and its specific gravity
is 4*848 at 26°. It is isomorphic with bismuth iodide. The meta-
stable form, crystallising in the monoclinic system, is obtained by
allowing the carbon bisulphide solution to be evaporated in sunshine.
It is red, and its specific gravity is 4*768 at 220°. The most unstable
of the three is the greenish-yellow rhombic form, which is obtained
through sublimation at a low temperature. At higher temperatures
the two unstable forms change to the stable modification.

The melting-point of the stable form is 167°. The liquid is garnet
red and boils at 401°, forming a red vapour, the specific density of
which is 17*59, the theoretical one being 17*33.

The tri-iodide is soluble in carbon bisulphide, alcohol, and benzol
It is changed to the sulphate in sulphuric acid.
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The other properties of the tri-iodide are analogous to those of the
trichloride and the tribromide.

The following are some of the complex salts :—

Chemical Formulae.

2NH4SbI4.KH4I
NH4SbI4.3NH4I

NH4SbI43NH41.3H2O
BaSbI4.9H2O
2RbSbI4.RbI

Colour.

Red.
Dark - brownish

black.
Red.

j>
Almost black.
Orange-red.

Crystallisation.

Prisms.
Small leaves.

Prisms.

Rhombic prisms.

Observers.

Caven

Wheeler.

Antimony Trioxide, Sb4O6.—In nature it appears under two forms:
as rhombic oxide and as senarmontite belonging to the octahedron
form of crystallisation. It can be artificially produced by roasting
pure antimony in a crucible with a current of air. The oxide thus
obtained might contain some tetroxide. It can also be obtained by
heating the metal to red heat in a current of vapour (Regnauli). The
two crystalline forms of trioxide found in nature can be artificially
produced (Bonsdorff, Mitscherlich, Wohler, H. Rose, Des Cloiseaux).

The rhombic form has a specific gravity of 5*6, while the octahedral
form has 5*22 to 5*33. The octahedral form can be transformed into
the rhombic form by rapid heating. The specific heat of the trioxide.
is 0*0927 between 18° and 100° {Neumann). When it is in the form
of a white powder it becomes yellow when heated, regaining its
whiteness on cooling. It melts at a dark-red heat, forming a yellow
liquid which, on being suddenly cooled, solidifies to a gray mass
resembling asbestos. It is volatile and can be sublimed at higher
temperatures. The specific density of its vapour is 19*60 at 15*60°,
as opposed to 19*19, the theoretical value (F. Meyer and C. Meyer),
The trioxide is neither soluble'in water, nor in dilute sulphuric acid,
nor in dilute nitric acid. With hydrochloric acid it is changed into
the chloride, with tartaric acid to the complex salts of antimony
tartrate, and with the hydroxides of the alkalies to antimonates. All
these are soluble in water. If the vaporised trioxide and air be passed
over ignited, finely divided oxides of those metals which form com-
pounds with antimonic acid, antimonates are formed from the reaction
between the oxides and the antimonic acid.

The trioxide can be reduced by hydrogen to metallic antimony.
When the trioxide is heated in the air, it is oxidised to the tetroxide,
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Sb<>04. Sulphur reacts upon the trioxide with the formation of anti-
mony sulphide and sulphur dioxide. With antimony sulphide the
trioxide melts without decomposition, forming the so-called antimony-
glass. The trioxide, especially in the form of vapour, is poisonous.

The equilibrium existing between the trioxide, the tetroxide, and
oxygen, and also the partial pressure exercised by the oxygen, when
the metal is heated in the air, are still unknown.

Antimony Hydroxides or Hydrates.—The three possible hydrates
of antimony, as derived from antimony trioxide, are:—

HSb03=(Sb203 + H20) or(SbO)OH, metantimonious acid or monohy-
drate or metahydrate.

H4Sb2O5 = (Sbo03 + 2H2O), pyro-antiraonious acid.
Sb{OH)3 = (Sb2O3 + 3H2O), ortho-anthnonious acid.

HSbO2 is obtained by decomposing tartrate of antimony and
potassium with acetate or alkaline carbonate (Long), This hydrate
presents the character rather of a base than of an acid. Nevertheless
it can give rise to the formation of antimonites.

H4Sb.,O5 is obtained by dissolving antimony trisulphide in an alk aline
liquor, which is subsequently sulphurised by the addition of copper
sulphate (Fresenius and Schaffner) until a portion of the liquid,
filtered off, gives, with an acid, a white precipitate. Aided by heat,
it changes gradually to the anhydride form, even in the presence
of water. The dissociation tension (Dissoziationsspannung) of this
hydrate is greater than the vapour-pressure of water. Serono doubts
the existence of this hydrate.

SbO3Hs (Clarice and Stallo) is obtained by decomposing tartrate of
antimony and barium with an equivalent quantity of cold dilute
sulphuric acid. After nitration, the liquid gradually gives rise to a
deposit of white powder, which is then carefully washed and dried
at 110°.

These hydrates are not known as crystals. They are amphoteric
in character; on the one hand they behave like acids, forming anti-
monites with the alkalies, and on the other hand like bases, forming
salts of the acids used.

AntiTnonites.—They are salts formed from the acids derived from
Sb.-jOg, and are obtained from a solution of antimony hydroxides in
alkaline liquor. The sodium salts derived from HSbO2 are:—

Sp. Gr.
NaSbOo-SBy) Octahedron. 2*86 Very hard to dissolve in hot water.
2saSbO2.2HSbO2 Large crystals. 5*05 Almost insoluble in water.

A solution of sodium metantimonite gives a precipitate from
the salts of heavy metals. Cupric antimonite is precipitated when
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a copper sulphate solution is added to a solution of tartar emetic.
A solution of alkaline antimonite has a reducing character; for
example, chromates can be thus reduced to chromites, etc.

Antimonious Oxyhaloids.—When water is allowed to act upon
the halogen combinations of antimony, it is observed that there
results a deposit of a white crystalline material. By hydrolysis, a
basic salt of antimony produces :—

(la) Antimonious ojcyfluoride, Sb4O3FG. This is obtained by eva-
porating a solution of antimony trifiuoride. FC1 is evaporated off,
and a white oxyfluoride is left behind.

(lb) Sb8OrF10 was obtained by Fliickigen from the action of
humidity upon the trifiuoride.

(2) Antimonious oxychloride. This lias long been known as
the product of the action of water upon antimony trichloride.
Paracelsus (1493-1541), Glauber, and Basil Valentine wrote about
the methods to obtain it. They described it as a white powder and
called it mercurius vitce. Later, Victor Algarotus, a physician, used
it as a medicine, and hence it came to be called Algaroth powder. Tn
1871 Sabanejew first succeeded in unravelling its chemical composi-
tion. According to him, the first product of water acting upon the tri-
chloride is SbOOl, which, when again acted upon, changes to Sb4O5Cl2.
Still later, van Bremmelen, Meerburg, and Noodt found another
oxychloride whose probable composition is 2SbOCl.SbCl3 = Sb3O2Cl5.

(2a) SbOCl is the normal oxychloride, giving rise to beautiful
crystals. It is soluble in bicarbide of sulphur, benzol, and chloro-
form, but not in water, alcohol, or ether.

(2b) Sb4Or>Cl2 is not soluble in alcohol, but is soluble in hydro-
chloric acid and tartaric acid. It is the principal constituent of
Algaroth powder.

(2c) Sb8O2Cl5 is decomposed by water, with the formation of SbOCl.
(2d) Sb8OCl22 or SbOCl + 7SbCl3 (Schneider and Sabanejew).
(2e) SbOClg.
(2/) Sb,{OClla or SbOCl3 + 2SbCl6 ( Williams).
(2#) Sb:{04Cl7 or 2SbOCl3 + SbOaCl (Williams).
(2h) SbsOuClo (Gooke, Sahanejew, Frenzel).
(2i) 10Sl)4Or)C\.
(3a) Antimonixnis oxybroniide^ Sl>4Br206 (Cooke, JSerullas, and

Mac-Ynov).
(3b) SbOBr (Cooke).
(4a) Anti-itloniom oxyiodide, Sl>I4<>r>, yî llowiwh in colour.
(4b) SbOI.
(4c) Sb4O5I8.



22 THE METALLURGY OF ANTIMONY.

Antimony Trisulphide, Sb2S3.—It can exist in two forms: (1)
crystals, (2) amorphous.

1. Crystals.—They can be obtained by fusing antimony and
sulphur together in proper proportion and then compressing the
fusion product (Spring). They can also be obtained by the following
methods:—

(la) Reduction by the use of sulphur in excess upon oxide of
antimony (Jannash and Eemmler) or autimonate (Unger).

(16) Action of hydrogen sulphide upon the vapour of the trichloride
(Durocher, Arctowslcy) or any other compound of antimony (Carnot).

(lc) Action of a solution of sulphur anhydride upon antimony in
closed tubes (Geitner).

(Id) Reaction between chloride of sulphur and antimony (Herr-
mann and Kochlin).

(le) Reduction of oxide of antimony by sulphocyanide of potassium
at high temperatures (Warren). Action between tartar emetic and a
solution of sulphocyanide of ammonium in closed tubes heated to
230°-250° (Weinschenk).

(If) Decomposition of the pentasulphide, heated to 200'-230° in
a current of carbonic anhydride (Rose, Paul).

(Ig) Crystallisation of the amorphous sulphide under the action
of heat in a current of inert gas or hydrogen sulphide (Monrlot,
Mitchell); or by the action of vapour in closed tubes heated to 200°
(Schumann, De Senarmont).

System of crystallisation, rhombic. Hardness, 2 to 2*5.
Specific density is as follows:—

£ = t 1 o 3 [ f , , " T f } Natural sulphide.D =4-624 (Schroder) J r

D16=4-S90 ,, \ Sulphide produced by combining the
= 4*614 to 4*641 {Rose) J elements.

r> ^ I Sulphide produced by fusing the amor-

P16=4*640 (Rose) *| Transformation of the amorphous sul-
D =5*01 ,, J phide by dilute acid.
D =4*57 „ Reduction of the pentasulphide.

It is a conductor of electricity. Its specific heat is 0 -0907 (Neumann)
or 00840 (Regnauli).

2. Amorphous.—There are three modifications of the amorphous
sulphide:—

(2a) The ordinary metallic black sulphide. It is easily powdered,
giving a streak like that of graphite. Its specific gravity is between
4-6 and 4*7.
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(2b) The red modification is generally obtained in the presence of
water. Hence it may be considered as a hydrate of the trisulphide,
i.e. Sb2S3.2H2O. But both Rose and Fuchs have been able to obtain
this red variety, by quickly cooling the liquefied sulphide, with
the specific gravity 4*15. It can be obtained thus :—

a. Dry Method {Guinchant and Chretien).—A small boat, filled with
the sulphide, is heated in a porcelain tube traversed by a current of
nitric acid. In the vicinity of the boat the porcelain tube is cooled
by a current of running water, upon which the sulphide deposits.
The boat must be heated to 850°. The product thus obtained
contains a little sulphur, which can be washed off. Its specific
density is 4*278.

/?. Wet Method.—The product obtained by passing H.2S into a
solution of antimony salts or tartar emetic has an orange-red colour.

(2c) The dark violet modification is obtained by pouring the
liquefied sulphide into cold water. In transmitted light a thin section
appears red. The streak is also red.

When heated to high temperatures, the red modification changes
to the ordinary black sulphide.

The density and the heat of formation of these three modifica-
tions are:—

Density. Heat of Formation.
Red 4*120 Wet = 34'0 cal., dry = 32'6
Violet . . . . 4-278 33 "9
Black (melted) . . . 4*652 38*2
Black (synthetic) . . 4*659

From the above, the heat of transformation can be calculated:—

Violet->black =+4*3 cal.
Red(dry)->black=+5'6 ,,
Red (wet)->black = +4*2 ,,

Specific heat = 0*0816 between 20° and 500°; 0*220 at 500°.
Melting-point = 555° (Pelabon); the heat of melting = 17*5 cal.

(jGhjuinchant and Chretien). The specific heat above the melting-point
= 0-263.

The liquefied sulphide is capable of dissolving Cu2S, HgS, Ag2S,
PbS, and BiS. The melting-point of the sulphide is lowered in a
regular manner when any of them is being dissolved. This fact en-
ables one to determine the molecular weights of these sulphides by
using antimony sulphide as the solvent {Guinchant and Chretien, and
Pelabon). The molecular depression constant of the sulphide is
jfc = 790 (determined from Ag.,S and PbS); £ = 797 (from Cu2S);
and £=788 (from HgS) (Ptlahan).
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The sulphide readily dissolves metallic antimony. In fact, antimony
and antimony trisulphide are soluble in each other. This solution
gives rise to" two layers, which have been studied by Chretien and
Guinchant, and Pelabon.

The specific density of a solution of antimony and antimony tri-
sulphide is :—

Temperature.

13
643
69S

1116
115o

Specific

The Sb Layer.

6-75
...

6*55

6*45

Density.

The SI.2Sa Layer.

4*63
3*85

8-82

The composition of the Sb phase:—

Temperatu

539
595
640
660
698

Percent.
r e \ Metal.

I 11-28
1 13*2
i 14-34
! 15-7
! 16-5

Temperature.

702
: 750
! 800
: 825
: 960

Per cent.
Metal.

16-8
17-96

20-0
20-6 i

Temperature.

1036
1108
1130
1167
1180

Per cent.
Metal.

21-0
21-8
21-3
21-2
211

Above 360° the reaction between SbJ33 and H is thus :—

2 + 3HoS

{Berthier, Schneider, Rose). The relative importance of this reaction
has been studied by Pelabon.

Fluorine decomposes it in the cold, with the production of a blue
flame and fluoride of antimony {Moissari).

Chlorine reacts upon the crystallised surface in the cold; if heat is
applied, the trichloride and chloride of sulphur are formed {Rose).

Bromine attacks it when heated {Jannash and Remmler). With
iodine it gives rise to iodine sulphide and the tri-iodide {Schneider).

Air and oxygen oxidise it easily to Sb2O3 when heated. Biichner
says, however, that the very finely pulverised powder can be acted
upon by oxygen at ordinary temperatures.

With ozone it forms the sulphate (Mailfert).
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Boiling water oxidises it slowly. According to De Clermont and
Frommel, hydrogen sulphide is evolved at 89°. Oxidation is only
accelerated in the presence of the vapour (Regnault). Hydrogen
peroxide, according to Thenard, gives rise to the sulphate. If water
is in excess, antimonic acid is produced (Zambelli and Zuzzato), and
in the presence of the alkalies antimonates are formed (Hampe.
Raschig).

Hydrogen sulphide combines with it to form salts of sulphantimon-
ites with the metals.

Phosphorus hydride attacks it, with the formation of hydrogen
sulphide and antimony phosphoride (E. Rose).

With chloride of phosphorus it forms chloride of antimony and
sulphide of phosphorus, and also sulphophosphoride of antimony
(Brandimont).

Carbon monoxide reduces it only partially, while carbon reduces it
completely to the metallic state.

The sulphide is desulphurised by potassium, sodium, copper, iron,
and zinc.

By heating the sulphide in a solution of ammonium chloride there
is produced the chloride together with ammonium sulphide, which
passes off with the aqueous vapour (Ph. de Glerrnont).

A boiling alkaline solution decomposes it into the oxide, while
sulphide of the alkalies is formed ; by a secondary reaction autimon-
ites and sulphanthnonites are formed. The same result can be
obtained by fusion.

Sulpho-salts and sulphantimonites are formed by the reaction
between the sulphide and alkaline sulphide.

Carbonates of the alkalies act like the alkaline hydrate : they give
rise to the formation of the oxide and sulphides of the alkalies, with
evolution of carbonic acid; secondary actions produce sulphantimon-
ites, antimonites, and antimony sulphide. The solution of the sul-
phide is never complete, even when it is heated; and, according to
Terreil, carbonate of potassium does not help it. This has been
demonstrated by Weppen and affirmed by Terreil. When a solution
of sodium carbonate, to which the sulphide has been added, is being
cooled, there are formed the sulphide, neutral and acid antimonites
of sodium, and antimonious acid, constituting what is called
" Kermes mineral."

A solution of sulphurous gas has no action upon it (Berthier); but,
according to Goverant, a small quantity of the sulphide is attacked,
with the production of hydrogen sulphide and sulphur. Dilute
sulphuric acid has no action upon the sulphide crystals, but attacks
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the-amorphous sulphide slowly, perhaps giving rise to crystals of the
sulphide. Strong sulphuric acid changes it to the sulphate (Eose,
Websky, Reusgen). Fuming nitric acid attacks it, with the formation
of sulphuric acid and antimonic acid, while ordinary nitric acid
attacks it to form the nitrate and the sulphate, with the separation of
sulphur (JBunsen).

Oxidisers, such as chlorate and nitrate of potassium, decompose it
with explosion. I t is also decomposed by a mixture of ammonium
chloride and ammonium nitrate.

The sulphide is sensibly dissociated at about 600° (Gninchant and
Qhretien), and is completely so in the electric furnace of Moissan
(Mourlat).

Thio-antimonious Acids or Sulphantimonious Acids.—These
acids are not known in the free state. In fact, they decompose
immediately after their formation into hydrogen sulphide and
sulphide of antimony. The complex anions of the acids are only
stable in the presence of a neutral solution or in that of hydroxyl ions.
The thio-antimonious acids are in part dissociated into the neutral
and S" ions.

The important thio-antimonious acids or sulph-antimonious acids
are:—

H3SbS3, ortho-thioantimonious acid, or normal sulphantimonious acid
=Sb2S3.3H2S.

H4Sb2S5, pyro-thioantimonious acid, or pyro-sulphantimonious acid
= Sb2S3.2H2S.

HSbS2, meta-thioantimonious acid, or meta-sulphantimonious acid
=Sb2S3.H2S.

H2Sb4S7=2Sb2S3.H2S.

The following are some of the important salts formed from the thio-
antimonious acids, according to Pouget and Stauck :—

Chemical
Composition.

K3SbS3

K4Sb2SB
KSbS2

XT QVv Q
JX2O O4O17ITagSbS^HaO
NaSbS2

Na.,Sb4S72H2O
(NH4)3SbS3

NH4SbS22H2O

Colour.

Colourless.

Red."*
Red.

Black.
Red.
White.

Yellow.

Crystal Form.

Crystalline,
Octahedron.
Prismatic.
Octahedron.

Powder.
Crystalline.
Powder.

Needles or
leaves.

Solubility.

Very easily soluble.

Not soluble in cold water.

Easily soluble in water.
Not soluble in water.

Soluble in water; not
soluble in alcohol.

Not soluble in water.
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Chemical
Composition.

(STH4)2Sb4S7

Ba3Sb2S68H2O
Ba2Sb2S68H,O

Sr̂ SbaSelOĤ O
Sr2Sb2S5f5HoO
CaoSb2S615H-o0

Ag3SbS3
KAg2SbS3
Zn3Sb2S6
KZnSbS3
Mn3Sb2S6
KMnSbS,
Pb3Sb2S6
KPbSbS3Fe3Sb2S6
Ni3Sb2S6
Co3Sb2S6
Cu3Sb2S6
Cu3SbS3

KCu2SbS3

Colour.

Red.

Golden
yellow.

Grayish
green.

White.
Yellow.

Brown.
Brown.
Orange.
White.

Rose.
Brown.
Brown.

...

Black.'
Reddish

brown.
Yellow.

Crystal Formv

Microscopic
needles.

Crystalline.

...

Crystalline.
Crystalline.

Crystalline.
Amorphous.
Crystalline.
Amorphous.
('rystalline.
Amorphous.
Crystalline.

V- Amorphous.

Amorphous.
Crystalline.

Crystalline.

Solubility.

...

...

Not soluble in water.

,,

)5

3)

fJ

The native minerals corresponding to some of these salts or to
some other of the salts of thio-antimonious acids, are :—

i Boulangerite, (SbS3)2Pb3/f.
Ortho-thioantimonites < Pyrargyrite, (SbS3)Ag3.

( Bournonite, (SbS^^Pb '̂Cu''.

(
Zinkenite, (SbS2)2Pb".
Miargyrite, (SbS2)Ag.
Wolfsbergite, (SbS2)7Cu".
Berthierite, (SbS2)2Fe".

r> 4X>' *• -4. f Plumosite, Sb2SePb2.Pyro.thioantimomtes { Panabas6j Sb2s6(CuFe)2.

Antimony Sulph-haloids.—When the trisulphide is dissolved in
a solution of chloride of antimony, the sulphochloride is formed;
but it has not been possible to isolate it (Schneider). The brown masB
is crystalline and is strongly hygroscopic. The important sulpha-
chlorides are :—

SbSCl, SbSCl + 7SbCl3, Sb4SeCl2,"SbSCl3, Sb8SnCl2, SbCl5.SbCl4.

The sulphiodide, SbSI, is obtained by fusing the trisulphide and
the tri-iodide together. SbaS3l6 may also be mentioned, SbSBr
oxemplifies the sulphobromides.
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Antimony Oxysulphide, Sb2S2O or Sb2O8.2Sb.2S3.—This can be
obtained by imperfectly roasting the sulphide. The substance thus
obtained, on being melted in a crucible, gives upon cooling a
vitreous mass called " antimony glass."

Antimony, Triselenide, Sb2Se3.—This is obtained by melting
antimony and selenium together in proper proportion. It is gray,
metallic, and crystalline. The amorphous variety is in the form of
a black powder, which is obtained by passing the selenium hydride
gas into a solution of tartar emetic. At 145° the black powder
cakes into a gray mass (Chelsmann); at 605° this melts, and on
cooling crystallises out (Pelabon). When in the liquid state it can
dissolve the sulphide; and when heated in air it changes to the
trioxide, with the formation of selenium dioxide.

The other less important compounds of antimony and selenium
are Sb2S3Se2, sulphoselenide of antimony; 2SeO2Sb2O3|H2O, the basic
selenite of antimony; and 4SeO2Sb2O3, the acid selenite of antimony
(Nelson).

Antimony Telluride, Sb2Te3.—This is obtained by fusing antimony
and tellurium together in proper proportion. It melts at 595° and
is a solvent for metallic antimony.

Antimony Sulphate.- -This is obtained by dissolving the metal or
the oxide in concentrated sulphuric acid. On cooling, the sulphate
crystallises out in long needles. Its specific gravity = 3*6246;
and it is very hygroscopic (Schultz-Sellack, Metzl). When water
is added to it, the hydrate, Sb2(SO4)3.2|H.2O, is formed. When
heated in air, it changes to the trioxide and the tetroxide, with the
evolution of SOS.

The neutral salt = (SO4)3Sb2 (Dexter, Adie).
The basic salt is obtained by putting the neutral salt into a more

or less dilute solution of sulphuric acid. The most important basic
salts are:—

2SO8.7SbaOs.3H2O {Adie).
SO3.2Sb.j63.%2H2O {Adie, Hensgen, Dexter, Ptiigot).
S0a.Sb20;, or S04(Sb0)2 {Brand™, Dexter).
5S03.3Sbo0;}.2H20 {Dexter).
2SO3.Sb263.HaO {Adie, Dexter, Ptligot).

The important acid salts are :—

(SO4)jjSb2.S03 or Sb2Os.4SOy (ScJmUz-Sellach, Adie).
(SO4)sSl)25SO3 or SbsO8.8SO3 {Adie, Dexter).

The complex salts of antimony sulphate, which may then be
regarded as the salt of the complex acid H.[Sb(SO4)2], can bo obtained
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by dissolving the alkali sulphates and the oxide in concentrated
sulphuric acid. They are :—

Specific Density.
£Ta[Sb(804)o] 3--J08
K[SbSO4)2] 3-3396

} 3-094S

Antimony Nitrate.—It is obtained by dissolving the oxide in
cold fuming nitric acid. On moderate heating it changes to the
pentoxide, which is again converted into the tetroxide on further
heating. Finally the trioxide is produced (Prlif/ot).

Antimony in combination with nitric acid and oxygen gives rise to
two salts : 2Sb/)6.ls

T
205 and 2Sb2OvX2O3.

Normal Antimony Acetate, Sb(C2H3O.2)3, is slfghtly soluble in
benzol, and is not soluble at all in etherfetc.

Antimony with Phosphorus forms the following combinations :—
(a) SbP, antimony phosphide, is white and metallic, obtained from

the reaction between phosphorus and liquefied antimony.
(b) Phosphite of antimony.
(c) Sulphophosphate, PS4Sb.
Antimony with Arsenic gives rise to the following :—
(a) Arsenides: SbAs, Sb2As, and SbAs^.
(b) Arsenite.
Complex Salts of Sb'" with Organic Acids.—There is a large

number of these salts. The best known are the salts formed with
tartaric acid and tartar emetic, 2C4H406.SbOK.3HoO.

Some of the complex antimony oxalates are:—

Composition.

NaSb(Co04)o.2£EU0
KSb(G,Ojo.HoO

NH4Sb(d204}o.6H..O
K3Sb(C2O4)3.4H.2O

Na3Sb(Co04)3.5HoO
(XH4),Sb(C204)3.HHo0

IC10Sb2(C2O4)11.iiSH2O
K10Sba(C2O4)u-7H2O

Form.
i

Large monoelinic prisms.
Cry-ralline needles.
Beautiful prismatic crystals.
Star-grouped needles.
Small rhombic crystals.
White needles.
Monoclinic prisms.

E. The Compoimds of Antimony of 4 Valences.

The number of. these compounds is very small. The important
ones are:—

Antimony Tetroxide, Sb204.—In nature it is known as antimon-
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ochre, cervantite, and stiblith. It is obtained by heating the metal or
the trioxide or the trisulphide for a long time in air. The same
result is obtained when nitrate of antimony is heated to red heat.

Pure antimony tetroxide is a white powder, which changes to
yellow on being heated, and changes back to the original colour when
it becomes cold again. Its specific density = 6'69 at moderate tem-
peratures. It cannot be melted and is not volatile. I t is not soluble
in acids, with the exception of concentrated hydrochloric acid. I t can
be reduced by carbon, potassium cyanide, potassium, and sodium.

At the temperature of the melting of silver, the dissociation pres-
sure of the oxygen is so great that the trioxide is formed.

When the tetroxide is heated with antimony the trioxide is
formed. The tetroxide is reduced by sulphur, with the formation
of SO2.

Under certain circumstances the tetroxide behaves as if it were a
mixture of the trioxide and the pentoxide.

Some of the important chemical reactions are :—

Sb2O4 + 5S = Sb2S3 + 2SO2.
Sb2O4 + 2Sb = 4Sb2O3 (fusion).

9Sb.2O4 + Sb2Ss=10Sb2O3 + 3SO2.

Sb2O4.H2O, the hydrate, was first prepared by Berzelius.
Antimony Tetrasulphide, Sb2S4.—This was obtained by Berzelius

by passing hydrogen sulphide gas into a solution of the tetroxide.
Rose was able to obtain it from the decomposition of an aqueous
solution of the fusion-product of the trisulphide and bisulphato of
potassium by tartaric acid. I t is a reddish-yellow powder.

Antimony Tetrahaloids.—The tetrachloride and the tetrabromide
are not known in the free state, but only in solution.

C The Compounds of Antimony of 5 Valences.

Antimony Pentafluoride, SbF5.—Berzelius first indicated its exist-
ence in the action between hydrofluoric acid and antimonic acid.
It was obtained by Marignac, Moissan, 0. Ruff, and W. Plats. Accord-
ing to Ruff and Plats, the pure pentafluoride can be obtained by
allowing the pentachloride to be acted upon by hydrofluoric acid for
three days at 25°-30\

It is a heavy liquid, having a consistency like that of oil, and
solidifying into a substance resembling paraffin. Specific density at
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227° = 2-993 ; mol. vol. = 72; boiling-point- 149°-loO°. It is soluble
in water, and in moist air it gives rise to SbF52HUO.

Some of the complex salts of meta-fluo-antimonic acid [H(SbF6)]
are:—

Composition. ! Crystal Form.

KSbF6

KShPg.KF.2HoO
NaSbF6 "

KH4SbFfi
NH4SbFe.NH4F.iH2O

CsSb5F5.0H

Thin rhombic
plates. *

Monoclinic.

Small needles.
Rhombic prisms.

Solubility.

Easily soluble.

Remarks.

Unchanged in air.

Melts at 90°.

Antimony Pentachloride, SbCl5.—If powdered metallic antimony
is added to a chlorate, it burns, forming SbCl5. It is colourless,
and boils at 140° under the ordinary atmospheric pressure. Its
specific density at 20° = 2-346.

We may mention the following derived compounds:—

SbCl5.SCl4.
2SbCl5 SCI*
SbCVONCL

SbCl5.SeOCl2.
2SbClB.5NOGL

SbCl5.PCl5.
SbCl5.POCl3.

With organic acids it forms the following compounds:—

2SbCl5.3C6H6NO2. SbCl5. C5HSO..
SbCl5.(C2H5)2O. 6

A few of the chlor-antimonates are :—

KSb016.Ho0.
NH4SC16.H2O.
Ca(SbCl6)o.9H20.
MgSbCl7.9H2O.

FeSbCl6.8H2O.
Ag(SbCa6).2NH8.

Zn(SbCl6)2.4NH3.

Antimony Pentabromide, SbBr6.—This cannot be produced in a
pure form. The following are some of its compounds :—

NH4SbBr.H2O.
2CsSbBr6.CsBr6.2H20.
LiSbBr6.4H2O.

Antimony Penta-iodide, Sb2I5.—This is obtained by heating
It is dark brown, andantimony at 130° with an excess of iodine,

melts at 78°-79°.
Antimony Pentoxide, Sb2O5.—When metallic antimony is treated

with nitric acid, the pentoxide is formed. In a dry way it can be
obtained thus :—
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(a) Pulverised antimony with oxide of mercury.
(b) Oxidisers, such as potassium permanganate, with the inferior

oxides or sulphides.
It can also be obtained by treating the metal or the pcntasulphide

with hydrogen peroxide or peroxide of sodium. It is a yellowish
powder, which changes to black when heated. Its specific density =
5*6. It does not melt and has no taste.

Tt dissociates into oxygen and the tetroxide at 300°. It is not
soluble in water, but soluble in hydrochloric acid. Sulphur reduces it :

Sb2O5 4- US = dSbjjSg + 5SO2=2SbS3 + 5SO (Rammelsberg).

Carbon reduces it partially. Iodic acid decomposes it in part,
liberating iodine (Bu?isen). With a current of hydrogen sulphide
it forms Sb4S-O. Sulphide of carbon reduces it (Milller). We
have also:—

PCl3 = 2SbCl5 + P.2O5 (Michaelis).
«S.2C12 + 2Sb2O5 = 4SbCl3 + 5SO2 + 7S (Prim).

The Hydrates or Acids derived from the Pentoxide.—Berzelius was
able to obtain SbO3H by treating the product of reaction between
antimony and dilute nitric acid with water. Fremy, by boiling
antimonate of potash with nitric acid, obtained Sb.2O5H6. Geuther
obtained SbO4H3 from Sb2O5Hg, and HSbO3 from-SbO4H8 heated
to 175°.

Senderens' conclusion is as follows:—The hydrates of the pent-
oxide can be obtained by precipitating the red liquid obtained from
the action of nitric acid upon the trichloride with water.

(a) Sbo057iH.,0, soluble in water.
(b) Sb2O5.6H2Or obtained from (a) by being dried in the open

air.
(<?) Sb205.3Ho0 obtained from (b) by desiccation in the presence of

sulphuric acid.
{<£) Sbo05.H20, obtained by heating (c) to 200°.
(e) Sb2O5.H2O, obtained from Sb2O5.3H2O, heated to 300°. At 400°,

Sb.2O5.H.2O loses its water component and becomes Sb2O5, which finally
breaks down to Sbo04 at a still higher temperature.

Delacroix was able to obtain Sb2O5.4H2O. At any rate the most
important of these are:—

H3Sb04=Ortho-antimonic acid.
H4SbO7=Pyro-
HSbO3 =Meta-
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Some of the important salts of these acids are:—

(SbO3K).,5H2O. SbO3LL
Sb2O7K4. Sbo07(̂ H4)Ho.6H.O.
Sb2O7K2H2.6H.2O. (NH4)Sb03. G Ho0.
SbO3Na. (Sb03)oBa.
SbOtf (SbO3\>Mg.

Besides these there are the antimonates of strontium, calcium,
aluminium, manganese, iron, nickel, cobalt, and tin.

Antimony Pentasulphide, Sb2Sv—It is obtained by decomposing
the sulpho-salts with acids. It is called soufre dore d'aniimoine in
French, and Goldschwefel in German. It is generally obtained in a
pure condition from Schlippe's salt:—

2Na3SbS4 + 3HoS04=3NaoS04 + Sb^ + 3H A
or 2Na2SbS4 + 6HC1 = 6NaCl + 3H.2S + Sb.^

According to Bertsch and Harmsen we have:—

S4 + 3SbCl6=4Sb>2S5 +
10N"a3SbS4 + 30HC1+3Sb2O5=8SbIs5 + 30XaCl + 15H2O.

According to L. Prunier, the process is:—Fuse the trisulphide and
sulphur together. The product of fusion is boiled with a solution of
monosulphide of sodium. After nitration, the liquid is concentrated
for crystallisation. This salt is redissolved in a solution with excess
of acid. The pentasulphide is then precipitated.

The pentasulphide is easily dissociated: it loses its sulphur
component partially at 120°, and changes to the trisulphide if the
temperature is raised higher. Hydrogen reduces it (Hoffter). When
heated in air, it oxidises with a flame. It alters in humid air {Otto
and Jahn). Alkaline solutions change it to a mixture of sulph-
antimonate and antimonate.

The most important salts of sulph-antimonic acid (HaSbS4) are:—

SbS4Ba3.6H2O. SbS^-f 9H2O.
•(SbS4).2Cd3.

SbS4K3+4H2O.

With other elements we have :—
Sb2Se5, antimony pentaselenide.
Antimony arsenate.

., phosphate.
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CHAPTER TIT.

THE MINERALOGY OF ANTIMONY.

Native Antimony.
Composition.—Sb.
Properties.—JUiombohcdral. Usually massive, with a very distinct

lamellar structure ; sometimes granular. Colour and streak tin-whito.
Brittle. H. = 3-3-5. G. - 6-6-6-75.

Occurrence.—Antimony has been found native in ferruginous mineral
water (Will), in coal, and in the sands of rivers (Campbell). The
impurities found associated with it arc generally silver, iron, and
arsenic. It occurs in veins of silver and other ores in Dauphiny,
Bohemia, Sweden, tho Harz, Mexico, and Now Brunswick.

Allemontite.
Composition.—SbAs3.
Properties.—Rhomb'ohedral, Roniform masses and amorphous ;

structure curved lamellar, sometimes granular. II. = #*5. G. » 6'!^-
6'203. Lustre metallic, sometimes dull. Colour tin-whito or reddish
gray, sometimes tarnished to brownish black. It omits fumes of As
and Sb "before tho blowpipe.

Occurrence.—It occurs at Allomont, Pifibram in Bohemia, Schlad-
ming in Styria, and Androasborg iu tho liarz.

Ammiolite.
Composititm.—Uivot's analysis of similar mineral from (.Jhili gave :

Antimony. . . . . . SG'ft pur couU
Mommy 22 '2 ,,
Tollurido W8 „
(3op]wr 12*2 M
Quartz . . . . 2*5 ,,

Properties.—Earthy powdor. Colour deep rod.
Occurrence..— -Filling cavities in tho quartzose or argilloiorrugiuouB

gangue of mercurial totrahedrite,
35
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Arequipite.

Composition.—Silico-antimonate of lead.
Properties.—Compact, wax-like. Fracture conchoidal. H. = nearly

6. Colour honey yellow. Fuses with difficulty before blowpipe on
charcoal, resulting in antimonial vapours and buttons of lead.

Occurrence.—In quartzose gangue with argentiferous lead carbonate
and chrysocolla at the Victoria mine, Tibaya, Peru.

Arsenstibnite.

It is an arsenical hydrate of antimony.

Atopite.

Composition.—Perhaps a calcium pyro-antimonate, Ca2Sb207 or
2CaO.Sb2O6. Iron, manganese, and the alkali metals are also
present.

Properties.—Isometric; in octahedrons. Under reducing flame
on charcoal, sublimes in part and leaves a dark infusible slag.

Occurrence.—At L&ngban, in Wermland, Sweden.

Barcenite.

Composition*—Santos gave the following analysis:—

Antimony 50 "11 per cent.
Sulphur 2-82
Mercury 2075
Calcium 3*88
Oxygen 17*61
Water 473

Hence it is an antimonate of mercury.
Properties,—Massive; structure finely granular. Brittle. H. = 5*5.

G. = 5*343. Lustre dull. Colour dark gray. Streak ash-gray with
slight greenish tint.

OccurreTice.—Huitzuco, state of Guerrero, Mexico.

Berthierite.

Composition.—Probably FeSb2S4 or FeS.Sb2S8.
Properties.—In elongated prisms; also fibrous, massive and granular.

H. = 2-3. G. =4-4'3. Lustre metallic. Colour dark steel-gray
Before blowpipe on charcoal gives off sulphurous and antimonial
fumes, leaving behind a black magnetic slag.
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Occurrence.—Associated with quartz, calcitc, and pyrito in
Auvergne, in the Vosges, at Anglar and La Crouso.

Biiidheimite.

Composition.—Hydratcd antimonato of lead, Pb3SbL,O8 + 4H2O or
2PbO.Sb2Of,.3H2O or PbO.Sb2O6.H2O.

Properties.—Amorphous, rcniform or spheroidal. H. = 4. (*. =
4*60-4*76. Lustre resinous, dull or earthy. Colour white, gray,
brownish, yellowish. Streak white to grayish or yellowish.

Occurrence.—A product of the decomposition of other antimonial
ores. At Nerchinsk, Siberia; Horhauscn; in Cornwall; in Sevier
Co., Arkansas.

Boulangerite.

Compodtion.—Vhtpo^ or 3PbS.Sb2Ss.
Properties.—In plumose masses, showing on tho fracture a crystal-

line structure; also granular and compact. H. = 2*5-3. (•». = 5*70~(K).
Lustro metallic. Colour bluish lead-gray. Behaves before the blow-
pipe like zinkenite.

Occurrence.—Abundant at Molierca, Franco ; in Lapland ; at Ner-
chinsk ; Obor-Lahr in Sayn-Altenkirohen ; JSilborsand, near jMayonco,
in tho Eifel; Wolfsbcrg in the Fl'arz ; Pi-ibram in Bohemia; and near
Bottino in Tuscany.

Bournonite.

Composition.—(Vh : Cu.,)8Sb2Stt or (Tb : Guo)S.Sb2S8 -= PbCuHbS8 (if
I> l ) :Cu2-2: l) .

Properties.—Orthoi'hombic. Twins, often repeated, forming' r/ruci-
ibrm and wheel-shaped crystals. CryntaLs short priHmatie to tabular ;
often in parallel juxtaposition; prismatic facea often vertically
ntriated. Also massive, granular, compact. Kathcr brittle. 11.»
2*5-3. (*. = 5*7-5*9. Lustre metallic. Colour and streak Htool-gray.
Opaque.

Occu/rrence.-—At Noudorf, WolfnlnTg, ClauHtlial, and AndrcuHlxu'g,
in tho H'arz * at Pribram in Bohemia ; at Kapnik, Hungary ; at Sorvoss
in Piedmont; and in Cornwall.

Breithanptite.

Composition.—Ni£>b ; arsenic IH .sometimeH })roHOiit.
Properties.—Hexagonal; crystals thin, tabular. Arborescent and
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disseminated, massive. Brittle. H. = 5'5. G. = 7*541. Lustre metal-
lic. Colour bright copper-red. Streak reddish brown. Opaque.

Occurrence.—In the Harz.

Cervantite.

Composition.—Sb2O4 or Sb.203.Sb205.
Properties.—Orthoiiombic. In acicular crystals. Also massive.

H. = 4-5. G. =4-084. Lustre greasy or pearly, bright or earthy.
Colour yellow or nearly white. Streak yellowish white to white.
Before blowpipe, infusible and unaltered.

Occurrence.—A product of alteration of other antimonial ores. At
Cervantes in Galicia, Spain; Chazelles in Auvergne; Felsobanya,
Eremnitz in Hungary; Pereta in Tuscany; also in Cornwall, Borneo,
Mexico, Quebec, and California.

Chalcostibite.

Composition.—CuSbS2 or Cu2S.Sb2S3.
Properties. — Orthorhombic. H. = 3-4. G. = 4-75-5-0. Lustre

metallic. Colour between lead-gray and iron-gray.

Chanarcillite.

Named from Chaiiarcillo. A silver-white ore for which Domeyko
gives the formula Ag2(As, Sb)3.

Corongnite.

Composition.—An antimonate of lead and silver. An analysis
gives:—

Sb2O5 58*97 percent.
PbO 21-48
Ag2O 7-82

0-52 „
. .' . . . .11-21

Properties.—Amorphous. H. = 2*5-3. G. = 5*05. Colour, exterior
grayish yellow, interior blackish.

Occurrence.—Kt the mines of Mogollon, Huancavelica, etc., Peru.

Dyscrasite.

Composition.—A silver antimonide including Ag^Sb and AgGSb.
Properties.—Orthorhombic. Twins producing stellate forms. H.

= 3*5-4. G. = 9*44-9*85. Lustre metallic. Colour and streak silver-
white. Opaque.
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Occurrence,—In the Wenzclgang, Baden ; at Wittiehen in Suabia
and at Andreasberg in the Harz, associated with ores of silver,
native arsenic, galena, etc.; at Allcmont, France; Casalla, Spain; and
in Bolivia, South America.

Diirfeldtite.

Composition.—Analysis gives :—

S 24*15 per cent.
Sb 30-52
Pb . . . . . . 25-81
Ag 7-34
Cu 1-86
Fe . . . . " . . 2*24
Mn 8*08

Properties.—In masses of fibrous structure, and also in fine noodles.
H. = 2*5. G. = 5*4. Colour light gray. Lustre metallic.

Occurrence. —Anquimarca, Peru.

Famatinite.

Composition.—Cu8SbS4 or Cu2S.SbaS6.
Properties.—Orthorhombic. Also massive, llathcr brittle. H. =--

3*5. G-. = 4-57. Colour gray with a tinge of copper-red. Streak
black. Opaque.

Occurre?ice.—With enargite, chalcopyrite, pyrito, (itc, in the Sierra
de Famatina, Argentine Jlopublie; also at Cerro do Î IHOO, Peru.

Freieslebenite.

Composition.—(Pb, Ago)nSbJS11 or 5(Pb, Ag2)S.2Sb2Sn or Pbr)Sb#1Sn.
Properties.—Monoelinic. Habit prismatic; prismatic planes verti-

cally striated. Bather brittle. H.^2-2'5. G.^ 6-2-6'4. Lustre
metallic. Colour and streak light steel-gray. Fuses easily before
blowpipe.

Occurrence.—At Freiberg, Saxony; at Kapnik, Hungary; at
Folsobanya, Hungary; and at HiciKleleneina, Spain.

Guejarite.

Composition.—OuliSb(jS7 or Cu2S.2Sb2S8.
Pro2>erties.~"Orthorhombic. hi prismatic crystals. (Uves oil'

antimony fumes before blowpipe ; yields metallic copper when treated
with soda.

Occurrence.—At the copper mines at foot of Mu ley-11 aeon, Andalusia.
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Jamesonite.

Composition.—Pb2Sb2S5 or 2PbS.Sb2S3.
Properties.—Orthorhombic. Usually in acicular crystals; but

common in capillary, cobweb-like forms. Brittle. H. = 2-3. G. =
5-5-6-0. Lustre metallic. Colour steel-gray to dark lead-gray.
Opaque.

Occurrence.—Principally in Cornwall, associated with quartz and
crystals of bournonite; also in Siberia; in- Hungary; at Valencia
d} Alcantara in Spain; Sevier Co., Arkansas; at the Montezurna
mine, Nevada.

Kermesite.

Composition.—Antimony oxysulphide, Sb2S2O or 2Sb2S;rSb208.
Properties.—Usually in tufts of capillary crystals; prismatic;

orthodiagonal. H.= 1-1*5. G. =4*5-4*6. Lustre adamantine.
Colour cherry-red. Streak brownish red. Feebly translucent.

Occurrence.—Results from the alteration of stibnite. At Malaczka,
near Posing, in Hungary; at Braunsdorf, near Freiberg.

Kobellite.

Composition.—Pb2(Bi.Sb)S5 or 2PbS.(Bi.Sb)2S3 (if Bi: Sb = 2 :1).
Properties.—Massive, sometimes fibrous and radiated like stibnite ;

also finely granular. Before the blowpipe, on charcoal, a yellow
coating of Bi2O3 near the assay, and, beyond, white Sb2O8.

Occurrence.—In the cobalt mine of Hvena in Sweden.

Livingstonite.

Composition. —HgSb4Sr or HgS.2Sb2S8.
Properties.—In groups of slender prismatic crystals; also columnar,

massive, resembling stibnite. H. = 2*0. G. = 4*81. Lustre metallic.
Colour bright lead-gray. Streak red.

Occurrence.—Huitzuco, Mexico.

Meneghinite.

Composition.—Pb4Sb2S7 or 4PbS.Sb2S8.
Properties.—Orthorhombic; crystals slender prismatic, vertically

striated. Also massive. H. = 2*5. G. = 6-34-6*43. Lustre metallic,
bright. Colour blackish lead-gray. Streak black and shining.

Occurrence.—At Bottino in Tuscany; Ochsenkoff, Saxony ; and at'
Goldkronachf
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Miargyrite.

Composition.—AgSbS2 or Ag.,S.Sb2S3.
Properties.—Monoclinic; crystals normally thick tabular. Brittle.

H. = 2*25. G. = 5*1-5*3. Lustre metallic-adamantine. Colour
iron-black to steel-gray, but thin splinters are deep blood-red.

Occurrence.—Braunsdorf, Saxony: Pfibram in Bohemia; and
Clausthal.

Monimolite.

Composition.—An antimonate of lead, iron, and sometimes calcium ;
in part, K3Sb2O8J with R = Pb,Fe = 3 :1 .

Properties.—Usually octahedral, also cubic. Also massive and
incrusting. H. = 5*6. G. = 6*58. Lustre greasy to submetallic.
Colour yellowish or brownish green, dark brown to black. Streak
straw-yellow, cinnamon-brown. Translucent to nearly opaque.

Occurrence.—Harstig mine, Wermland, Sweden.

Nadorite.

Composition.—PbClSbO2 or PbSb.O4.PbCl2.
Properties.—Orthorhombic. H. = 3*5-4. G. = 7*02. Lustre

resinous to adamantine. Colour smoky brown to brownish yellow.
Streak yellow.

Occurrence.—Constantine, Algiers.

Plagionite.
Composition.—Perhaps 5PbS.iSb^.
Properties.—Monoclinic. Crystals thick tabular. H. = 2*5.

G. = 5*4. Lustre metallic.
Occurrence.—At Wolfsberg, Arnsberg.

Plumbostannite.

Composition.—Sulphantimonate of lead, tin, and iron.
Properties.—Amorphous, granular. H. = 2. Feel greasy, like

graphite.
Occurrence.—Peru.

Polybasite.

Composition.—Ag2SbS6 or 9Ag2S.SboS3.
Properties.—- Orthorhombic. "H. = 2-3. G. = 6-0-6*2. Lustre

metallic. Colour iron-black. Streak black...
Occurrence.—Mexico; Chili; Pribram.
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Pyrargyrite.

Composition.—Ag3SbS3 or 3Ag2S.Sb2S3.
Properties. — Rhombohedral. H. = 2'5. G. = 5*77-5-86. Lustre

metallic-adamantine. Colour black to grayish black ; by transmitted
light deep-red. Streak purplish red.

Occurrence. — At Andreasberg in the Harz; Freiberg, Saxony ;
Bohemia; and Kremnitz, Hungary.

Rivotite.

Composition.—Sb2O5, Ag2O, CuO, CaO, CO2.
Properties.—Amorphous, compact. H. —3*5-4. G. = 3*55-3 "62.

Colour yellowish green to grayish green. Streak grayish green.
Occurrence.—Sierra del Cadi.

Romeite.

Composition.—Antimonite of calcium, perhaps CaSb2O4.
Properties.—Tetragonal. H. = above 5*5. G. = 4*713. Colour

honey-yellow.
Occurrence.—Piedmont.

Sarawakite.
Composition.—May be antimony chloride.
Properties.—Minute crystals, probably tetragonal. Soft. Lustre

adamantine. Colourless or greenish yellow. Transparent.
Occurrence.—Found in native antimony in Borneo.

Schneebergite.

Composition.—Calcium and antimony with a little iron and traces
of copper, bismuth, zinc, magnesia, and sulphuric acid.

Properties.—Isometric. H. = 6*5. G. = 4*1. Lustre vitreous to
adamantine. Colour honey-yellow

Occurrence.—At Schneeberg.

Senarmontite.

Composition.—Sb2O3. 0=16-7; Sb = 83-3.
Properties.—Isometric, in octahedrons. Also granular; in crusts.

H. = 2-2'5. G. = 5'22-5*30. Lustre resinous, inclining to sub-
adamantine. Transparent to translucent. Colourless or grayish,
Streak white,
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Occurrence.—A result of the decomposition of stibnite and other
ores of antimony. Algeria; Malaozka, Hungary; Quebec.

Stephanite.

Composition.—AgoSbS4 or 5Ag2S.Sb<2SH.
Properties.—Orthorhombic; crystals usually short prismatic.

Massive. H. = 2-2*5. G.« 6*2-6-3. Lustre metallic. Colour and
streak iron-black.

Occurrence.—Freiberg, Bohemia, Hungary, Harz.

Stibnite.

Composition.—Sb2S8; S = 28*6, Sb = 71*4. Sometimes auriferous,
also argentiferous.

Properties*—Orthorhombic; crystals prismatic, often acutely ter-
minated ; vertical planes striated or deeply furrowed longitudinally ;
crystals often curved, bent in knee-shaped forms or twisted. Com-
monly occurs in confused aggregates of acicular crystals, also in
radiating groups; massive, coarse or fine, columnar. H. = 2. G. =
4*52-4*62. Lustre metallic, highly splendent. Colour and streak
lead-gray.

Occurrence.—See chapters on Geology.

Tanzite.

Composition.—Arsenio-antimonate of bismuth, analogous to bind-
hcimito.

Properties.—Amorphous, earthy. Colour yellow.

Tetraliedrite.

Composition.—Ci^SbJi-v or 4Out,S.NbJiS8.
Pro2)erties.—Isometric. H. = 3-4"5. G. = 4*4—5*1. Lustre metallic.

Colour steel-gray to dark gray.
Occurrence.—Oomiwh mines ; Harz.

TJllmannite.

Composition.—Snlphanthnomdo of nickel, NiSbS or NiS2.MiSb2.
Properties.—iHometrie. 11. = 5-5*5. G. = G*2-G*7. Lustre metallic,

Colour stool-gray. Streak grayish black.
Occurrence.—Duchy of NIIHWIU, etc.
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Valentinite.

Composition.— Sb2O8; 0 = 16-7, Sb = 83'3.
Properties.—Orthorhombic; crystals often aggregated in fan-shaped

or stellar groups; also massive. H. = 2'5-3. G. = 5*566. Lustre ada-
mantine. Colour snow-white, occasionally peach-blossom red and ash-
gray to brownish. Streak white. Translucent to subtransparent.

Occurrence.—Eesults from decomposition of antimony ores. Vide
chapter on Geology.

Zinkenite.

Composition.—PbSb2S4 or PbS.Sb2S8.
Properties.—Orthorhombic. H. = 3-3-5. G. = 5'3~5-35. Lustre

metallic. Colour and streak steel-gray.

Other less important antimony minerals are:-.—
Brongniardite, Pb2S5 or PbS. Ag2S.Sb2S3.
Diaphorite, (Pb,Ag2)6Sb4Sn or 5(Pb,Ag2)S.2Sb2S3.
Epiboulangerite, Pb3Sb2S3 or 3PbS.Sb2S3.
Geokronite, Pb6Sb2S8 or 5PbS.Sb2Ss.
Hematostibnite, 8 MnO.Sb2Ofi.
Horsfordite, Cu6Sb.
Kilbrickenite,PbeSb2S9 or 6PbS.Sb2S8.
Manganostibnite, 10MnO.Sb2O6.
Ochroite, Pb4Sb20̂ , 2PbCl2.
Partzite, hydrated oxide of Sb, mixed with various metallic oxides
Polyargyrite, Ag24Sb2SI6 or 12AgaS.Sb2Ss.
Pyrostilpnite, Ag3SbS3 or 3Ag2S. Sb2S8.
Semseyite, Pb7Sb0S1G or 7PbS.3Sb2S*3.
Steinmannite, antimonial galena.
Stetefeldtite, contains Sba06, S, Ag, Cu, FeO, CuO, H2O.
Stromeyerite, (Ag,Cu2)S or Ag2S.Cu2S.
Stylotypite, 3(Cu2. Ag2,Fe)S. Sb2Sy.
Tennantite, CuaAaoS7 or4Cu2S.AsoS3.
Volgerite, hydrous antimonic acid,
Warrenite, Pb3Sb4Sfl or 3PbS.2SbaS8.
Wolfachite, Ni(As,Sb)S.

BIBLIOGRAPHY ON THE MINEEALOGY OF ANTIMONY.
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CHAPTER TV.

THE GEOLOGICAL OCCURKEFCE OF ANTIMONY ORES.

THE principal ores of antimony that have any commercial value are :—
L Antimony glance, Sb2S3; also known by the names "gray

antimony ore," " stibnite," or " anthnonite." It contains 714 per
cent, of antimony and 28"6 per cent, of sulphur.

2. Native antimony. It occurs too rarely to be of any commercial
importance.

3. Valcntinite, Sb^O3; the rhombic form of the oxide of antimony,
which is also known as "white antimony" or "antimony bloom."
Tt contains 83*4 per cent, of antimony, and 16*6 of oxygen.

4. tienarmontite, §b2O3; the cubic form of the oxide of antimony.
5. Kermesite, 2Sb2Ss.Sb203; also known as " antimony oxysul-

phide," "red antimony ore," "antimony blende," or "pyrostilbite."
6. Cervantite, Sb.2O4; also known as " antimony ochre."
When antimony ores, specially antimonite, undergo decomposi-

tion, the resulting alteration-products generally are: valentinite,
sonarmontite, kermesite, and cervantite. According to Foullon,
there is a case at Rozsdan in Macedonia where the southern part of
the" vein carries antimony ore, while its northern part carries auri-
pigment and some realgar. The antimonite has been oxidised to
antimony ochre, valentinite, and red antimony ore, all accompanied
by gypsum and sulphur.

The principal types of antimony doposits are :—*
1, Veins —The ore is generally found disseminated irregularly

in voins of quartz ; sometimes, though rarely, it occurs in lenticular
maHHca. The other gangue materials, besides quartz, are brown spar,
calo-spar, and heavy spar. The products of decomposition of stibnite
aro stiblito, antimony-ochre, valentinite, and senarmontlte; more
rarely, also pyrostibnite, pyrite, bournonite, berthierite, galena, zinc-

* tc Stilmito was one of the minerals formerly cited as having been originated in
veins by volatilisation from lower sources. But it lias probably, in all cases, been
derived from aulutions of alkaline sulphides" [Kemp).
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blende, steinniaimite, zinkenite, and cinnabar-ochre, rarely native
gold. Antimony salts of other metallic sulphides may also be found.
Antimony sulphide occurs in laminar crystals or in granular forms,
often massive, generally intermingled with quartz, thus forming a
compact mass occupying the whole vein. Stibnite-quartz ore might
be considered as an extreme development of silver or lead ore.

In 1851 S^narmont, in order to explain the formation of stibnite in
veins, made an experiment to obtain it by heating in a closed vase a
mixture of antimony and sulphur in the presence of pure water up
to 300°, or in the presence of bicarbonate of -soda at 250°. The con-
tact rocks are occasionally similar to those of veins containing lead
ore, rocks having white mica and green minerals. Hereafter this
type is denoted by A.

(a) Sub-Type : Antirnonial Gold-Quartz Veins. The stibnite is
itself gold-bearing, and accompanies other free gold-bearing gangues.
Hereafter this sub-type is denoted' by B.

2. Beds of epi-minerals, i.e. impregnated non-calcareous rocks. In
this case the antimony ore is impregnated in the rocks. Hereafter
this is denoted by C.

3. Epigenetic Stocks. The type is a metasomatic antimonial
deposit. Hereafter this type is denoted by D.

4. Bedded Deposits of antimony ore. The deposits are of sediment-
ary origin. Some of the so-called bedded deposits may be due to the
impregnation of the country, i.e. of the neighbouring rocks. Here-
after this is denoted by E.

In the following we shall take up the antimonial deposits of each
country in turn.

GERMANY.

Ores of antimony sometimes occur in the Devonian rocks of
Rhenish Prussia between Wintrop and Mentrop, four miles from
Arnsberg, where are found bands of bituminous limestone from
6 inches to 18 inches in thickness, interstratified between clay
wlates and siliceous shales. Stibnite penetrates all these strata,
which are overlain by Millstone Grit. It is-also noticed that the
stibnite accumulates more plentifully towards the middle part of
the various beds, but gradually thins out near the bedding planes of
deposition. Sometimes fragments of the "country" are included in
the more massive portions. (D.)

At the Hoffnung mine, near Briick, on the Ahr, the Devonian
graywacke slates have a N.-S. strike, with a dip of 45° towards the
west, cut through by N.-E. veins, dipping from 40° to 50° S. The
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stibnite, sometimes associated with iron pyrites and brown spar, is
found in true veins, or between the planes of stratification, or in
cleavage fissures. This is a good example of the lateral immigration
of antimony ore from fissures into and along beds of shaly rocks. (C.)*

At Bohmsdorf and Wolfsgalgen, near Schleiz, stibnite is found in
quartz veins traversing palaeozoic schists. The subsidiary minerals
are zinc-blende, plumose stibnite, pyrophyllite, and iron spar. (A.)

At Mobendorf, antimony ore occurs in veins, cutting the gneiss
formation, with fillings of stibnite and some berthierite, bournonite,
striated kaolin, steinmannite, zincite, kermesite, stibiconite, pyrite,
quartz, and brown spar. At Braunsdorf, a few kilometres off, the
same ore is found intimately associated with rich silver ores. In the
vicinity of Freiberg, the quartz-stibnite vein is simply the continua-
tion of a true quartz formation. For this reason Freiesleben called
it the " Mobendorf Formation;; (A).

Summary.
Mobendorf
Hayniclien (Niedersteigis)
Ennersdorf , r, . n. o , . ,
Seiferdorf f Gryrtalkne Schist
Rochlitz
Schoneck
Brandholz
"Wolfsberg Silurian.
Goesdorf Lower Devonian.
Arnsberg Culm.

HUNGARY.

At Magurka, according to von Cotta, the granite is traversed by
many quartz veins, varying from a few centimetres to 4 m. in thickness.
They carry stibnite and free gold, enclosing sometimes some of the
country. The accessory minerals found in these veins are galena,
zinc-blende, pyrite, copper pyrite, brown spar, and calc-spar.
Ordinarily the quartz occurs along the walls of the veins, while
the stibnite occupies the central part. (B.)

At Pricov, near Selcan, stibnite is found, according to A. Hoffmann,
in veins of hornstone, generally accompanied by kersantite dykes,
cutting through the granite. At a depth of 18 m. (59 ft.) the
stibnifce is decomposed to stibiconite. (A.)

Some of the veins carrying antimony ores in the Rechnitz

* By some authors this is classified under E.
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Mountains have been followed for a distance of 3 km. (2 miles),
cutting crystalline schists. According to A. Schmidt, the veins are
especially rich when the country is a chloritic or graphitic schist.
The principal vein-fillings are quartz, calc-spar, stibnite, stibiconite,
and pyrite. The country, that is, the graphitic schists, is some-
times so impregnated with stibnite, that it may be profitably
worked for a distance of 3 to 4 metres away from the walls of the
veins. (A and C.)

Between Arany Idka and Rosenau, in Upper Hungary, stibnite veins
are found, containing quartz and carbonates, together with small
amounts of jamesonite, berthierite, blende, and auriferous pyrite. (A.)

At Felsobanya, along the boundary of an amphibole trachyte and
of a recent one, there is found a conglomerate which contains quartz
with pyrite, often realgar and stibnite, with galena, blende, etc. This
is classified by De Launay under Tertiary antimony, that is, its origin
is sedimentary. (E.)

Antimony ores are also found at Kremnitz, Toplitzka, Schemnitz,
Felsbbanya, Nagybanya, Dobschau, Gisno, Gross-Gollnitz.

BOHEMIA.

A typical example of antimonial gold-quartz veins, as described
by Posepny, is found at Krasnahora (or Schonberg) and Milesov (or
Milleschau) in Central Bohemia. Most of the veins are accompanied
by dykes—mostly lamprophyre dykes, but some are of porphyry
—cutting through an intrusive stock of granite intercalated between
schists. The stibnite often constitutes the larger part of the filling,
with a gold content of 100-133 g. ($66-$87*88) per ton. (B.)

Antimony ore is also found at Hata, Brodkowic, Pribram, and
Michaelsberg.

SERVIA.*

The Antimony Deposits of Kostainih.—The main mass of the rocks
in this locality consists of light-gray to ash-gray limestones, probably
of Triassic age, upon which gray and blackish soft clay slates, and in
part also clastic graywacke slates, rest. These limestones and slates
are cut through at many localities by biotite trachytes, and less often
by hornblende andesites of trachytic habit. These eruptive rocks
appear as dykes, sheets, and stocks within the strata, and also

* From "Lehre von den Erzlagerstattea," von Beck: Berlin, Gebruder Born-
traeger, 1903; translated by Weed, "The Nature of Ore Deposits," N. F. Eng.
and Min. Journ.y 1905.

4
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perhaps from effusive lava flows. The origin of the antimony deposits
is traceable to the igneous rocks.

The ores appear in three different forms :—
(1) Tufts and stringers of stibnite, quartz, and calcite in decomposed

trachyte, as found in the mines of Kik and Stolitza. (C.)
(2) Antimony veins in the slates. At Hovin6 there occurs a com-

pound vein, dipping at 30°. Transverse stringers containing stibnito
are enclosed between two parallel bounding fissures, of which the
foot-wall is always the richest, while the hanging wall is mostly
barron. (A.)

(3) Interbedded ore masses. The deposits of this kind consist
mainly of a dark, very finely crystalline ground-mass of quartz,
intimately intergrown with tufts of stibnite. They lie between an

FIG. 1. —Bod-Hko deposit of antimony ore near Kostainik.

0, Clay.
D, Limestone.
E, Trachyte,

A, Clay alato.
B, Quartz layor with antimony

oro.

overlying slate and an underlying limestone, and are always accom-
panied by a trachyto intrusion near by, which sonds out narrow
apopbyses, forming sometimes the walls of the deposits, or cutting
through them in a parallel direction or at an acute angle. This is
shown in fig. 1. (I).) The stibnite has mostly been suporficially
altorod into antimony-ochre, stiblite, or valentinite, and in many cases
it has been entirely leached out, leaving a skeloton of gray quartz
behind. At times the quartzose ore has been crushod and rocemented
together by quartz or calc-spar.

At other places—as, for instance, in the Zavorio III. mine (fig. 2) —
the ore-bearing quartz mass cuts into the underlying limestones with
very irregular borders, thus suggesting the idea that considerable
portions of calcium carbonate have been leachod out and replaced by
the quartzose ore. (D.)
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All the phenomena observed indicate the plausibility of the theory
that the ores wore deposited from isolations due to uprising waters
dissolving out the antimony content from tho eruptive rocks, and
that these solutions deposited their burdens not only in clefts and
fissures, but also penetrated laterally into tho joints between the

FlO. 2.—Cross-section of a bedded antimony dopoait in limestone at
tho Zavorio III. mine.

A, Clay alato.
B, Antimony ore.

0, Quartz layer with antimony.
I), Limestone.

strata whenever there occurred an impervious stratum checking the
downward flow of the solutions, and that also sometimes having
become stagnant, they dissolved tho underlying limestone and
replaced it by tho mineral burdens they carried.

Antimony ore is also found at Losnica.

FRANCE.

Tho greater part of the antimony deposits of Franco is found in
the Central Plateau.* They generally occur in tho form of veins,
most of which have more or lens boon exploited. At the Nados
mine, in Bourbonnais, the gangue is mainly quartz. At Bresnay,
canton Savigny, the deposit is formed of two veins, contained in tho
granite. Here the minerals are accompanied by a sort of white
micaceous granulite, analogous to that found at Magurkain Hungary,
and consist of quartz and stibnite, the latter being thinly covered
over with the oxide. (A.)

At Villeninge, in La ('rouses the antimony veins present an inter-
esting phase, in that they cut tho gray wacko of the Culm formation,
and in consequence their age can be very easily determined. South
of ttaint-diroix (Haute-•Vicnno) the micaceous or amphibolic schists

* Tho largeat antimony mine is La Lucotte, in Mayenne, (Uncovered by Horren-
fichnu'dt. Tho antimony contains gold.
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are cut by numerous veins of granulite, along the axis of which one
often finds veins of quartz charged with antimony sulphide. (A.)

At Bresnay, east of Allier, and at Montignat, west of Montlugon,
there is observed, in addition to metamorphism, a common origin fox*
the stibnite and the rock containing white mica, as if the antimony
had been leached out of the rock by underground water. (C.)

The most important of the deposits in the Central Plateau are
those which have been worked at Freycenet, Licoulne, etc., in
Puy-de-D6me, Cantal, and Haute-Loire. These deposits are enveloped
in the fundamental or primitive formations of gneiss, mica-schist,
and granite. The veins, being generally vertical, contain lenses of
stibnite, separated at intervals by quartzose gangues. Sometimes
the stibnite is intimately mixed with the quartzose gangue, and
nearly always it is accompanied by iron sulphide. (A.)

Mention may be made of the antimony deposit at Ardeche, which
has been spoken of as sedimentary in origin (E). But it may be
an impregnation or a metasomatic alteration of the Triassic dolomite
in which the deposit is found (C or D).

In Corsica the veins occur in sericite schist, the gangue minerals
being quartz, calcite, blende, and, rarely, pyrite, cinnabar, and
bournonite.

Besides the above-described localities, the following may be men-
tioned: Auvergne, Gard, Aude, Vende'e, Lyonnais, Bouc, Sopt6nic»
near Marseilles.

ITALY.

The principal deposits are found in the province of Tuscany and
in the island of Sardinia. The Pereta mine in Tuscany is opened in
a mass of chalcedonic quartz, in which stibnite is sparsely and
irregularly disseminated, thus rendering its winning difficult and
costly, especially since the quartz is very hard. According to
Coquand and Toso, the mass of crushed white quartz exists in tho
form of a great ellipsoid, of which neither the hanging wall nor tho
foot wall can be exactly determined, intercalating Eocene calcareous
shales in the north and cutting Miocene limestones in the south.
Hydrogen sulphide (jputizze) has been detected to the north of tho
outcrop. The stibnite is found in the form of stringers and pockets
enclosed in the sulphur-bearing quartz, which is sometimes encrusted
with stibnite, enclosing in turn small crystals and aggregates of
sulphur. Undoubtedly the enclosing rocks have been subjected to
metamorphism and have been impregnated with sulphurous emana-
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tions, which have transformed the alberese (a variety of Eocene cal-
careous rock found in Tuscany) in part to gypsum and anhydrite.
It is not quite certain whether the antimony deposit has any genetic
relation with the sulphurous vapour. (Probably C.)

At San Martino, Tuscany, cinnabar is found accompanying the
stibnite.

At Monte Auto there is a peculiar occurrence of antimony ore,
which is found in great blocks distributed in a black clay containing
no other kind of rock except occasionally masses of dolomite, impreg-
nated with stibnite. (D.)

At Siena, the Cettine di Cotorniano mine is opened in a vein of
blackish quartz-like rock, in which, near the surface, oxide of antimony
is found, changing, however, to the sulphide at some depth. (A.)

At Rosia, the stibnite is accompanied partly by calcite and partly
by quartz.

At Su Suergin, in Sardinia, the deposits occur at the contact of
the Ehsetic limestone with Permian slate. Antimony glance, accom-
panied by pyrites, is also found in the mica schist. Traverso gave the
opinion that these deposits are of sedimentary origin rather than of
vein formation. (E.)

ENGLAND.

Antimony ore is found very sparingly in Cornwall.

SPAIN.

Veinlets of quartz, carrying stibnite, occur generally in a belt of
metamorphic schists and shales, their strikes being between W. 10° S.
E. 10° N. and S. W.-N.E. The shale, for a breadth of about three feet,
seems to be mineralised by veinlets of quartz with stibnite, by
pockets and impregnations of that mineral, whose walls are generally
not well denned. (A and C.)

Near Viuvela, in Malaga, native antimony is found to be impreg
nated in the clayey shales, the size of the impregnated masses vary
ing from that of an egg down to minute spangles.

Other localities that may be mentioned are Estremadura and
Badajoz, Caurel, Brollou, Orense.

PORTUGAL.

In the district of Evora, antimony ore occurs in quartz lodes at the
contact of Palaeozoic beds and granite. (A.)
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The principal antimony veins, in the neighbourhoods of Valongo,
Paredes, and Gondomar, in the district of Oporto, may be roughly
divided into two systems, according to the directions of their strikes.
The one system has a strike, N. 10° to 20° W., coinciding with that of
the country, and hence the deposits may be described as bed-like lodes ;
and the system has a course N. 30° to 60° E. Both of these occur in
Silurian rocks. Near the town of Alcontim, in the district of Faro,
there occur two distinct lodes : one running E.-W. and the other N.W.,
the latter of which has the same strike as the country. These occur
in the slates of the Culm formation. Besides these localities may be
mentioned Braganza.

ALGIERS.

The antimony deposits of Sidi-Bgheis are situated in the south-
western part of the province of Constantine, and have been mined at
Sempsa and Djebel-Hamimat. They occur in the clays and limestones
of the Lower Neocomian. The ore, according to Coquand, is in part
a compact antimony oxide, and in part a granular crystalline variety
containing senarinontite. At times the oxide deposits may be
superimposed by bundles of stibnite needles. The deposits possess
little gang no and are generally in the form of very irregular masses,
parallel to the plane of stratification. According to Beck, they are
impregnations (C), while de Laxinay classifies them under sedimentary
deposits, and Coqxxand considers them to be contemporaneous with the
enclosing rocks. (E.)

At Djebel-Taia, stibnite is associated with cinnabar.

TURKEY.

At Allchar, in Macedonia, the antimony deposit is found associated
with a great quantity of realgar, together with orpiment. The
sulphur is undoubtedly derived from the decomposition of stibnite,
and is the principal agent in changing many of the oxides into-
sulphides ; while, together with oxygen, it transforms the neighbouring
chalk into gypsum. This deposit is a good example of paragenesis.

Other antimony ore localities are Adrianopolis, Monastir, Bozdan,
Mytilene, Chios, Aidin, Eudemisch.

SWEDEN.

At Sala, in Westmannland, a small quantity of native antimony
is found associated with the argentiferous lead ore It occurs in the
primitive formations.
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RUSSIA.

Small quantities of antimony ore have been found.

NORTH AMERICA.*

Kern County, California.—Veins containing stibnite occur; the
gangue is usually quartz. (A.)

Humboldt County, Nevada.—Antimony deposits have been worked
for many years in veins with quartz gangue. The most important
of the American mines are the Beulah and the Genesee, at Big Creek,
near Austin. Pure stibnite, attaining to a width of three feet, has
been found in some of the richest veins. (A.)

Sevier County, Arkansas.—The veins, with quartz gangue, appear
to be generally interbedded in Trenton Shales and to lie along
anticlinal axes. (A.)

Iron County, Utah.—Disseminations of stibnite are found in
sandstone and conglomerate, following the planes of stratification.
They are generally masses of radiating needles, occurring in sand-
stone and between the boulders of conglomerate. Blake thinks that
the ore has been crystallised out from descending solutions. Above
the sandstone eruptive rocks are found. (C.)

In Sonora, senarmontite ore has been worked, but it was soon
exhausted.

York County, New Brunswick, Canada.—Veins of quartz or of
quartz and calcite carrying stibnite occur over several square miles.
The wall rocks are clay slates and sandstones of Cambro-Silurian age.

Besides those described above, the following localities may be
mentioned: California (Havilah, Bousby, Erskine Creek, Grace
Darling, Padre, San Emidio, Crowell); Utah (Garfield County);
Idaho (Kingston); South Dakota; Mexico; Canada (Rawdon, Nova
Scotia).

SOUTH AMERICA.

Antimony ore ha's been found in the following places :—Nicaragua,
Chili, Peru (district Yauli and Huancavelica), t Bolivia (at S. Pablo,
near Lipez, and in the vicinity of Tasna), Argentine Confederation
(at Charillos, in dept S. Antonio de los Cobres, in prov. Salta).

* Taken from The Ore Deposits of the United States and Canada, by Professor
Kemp, 1900.

t Stibnite is here found associated with quicksilver deposits—a case of para-
genesis.
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CHINA.*

From private information received by the author, the ore seems
to occur in veins of quartz. The low-grade ore carries more or less
gold and silver. (A and B.) The principal localities are Nanning,
Ssucheng, Taiping, and Hsilin districts, in Hunan province.

JAPAN.

According to K. Yamada, stibnite veins are found in the island of
Shikoku. They are, as a rule, thin, and occur in schists and other
palaeozoic rocks. The gangue is generally composed of quartz, and
sometimes of quartz and pyrite. (A.)

At Itshinokawa, the veins occur in sericite schist, having as gangue
materials quartz and a little calc-spar, banded with druses which
contain very large beautiful crystals. (A.) At the Nakase mine,
the stibnite is gold-bearing. (B.)

At Kano, in the southernmost part of the Hondo peninsula,
tho veins are 2 to 9 feet in width, and continue for a distance of
6000 feet, cutting through the crystalline schist mountains. (A.)

At Totsugawa, south of Kioto, the vein cuts through a quartzitio
and graphitic schist. (A.)

The remaining localities are Nara, Ehrme, Yamaguchi.

BORNEO.

In the northern part of Borneo (Sarawak) the antimony ore, some-
times accompanied by pure arsenic and arsenic sulphide, occurs in
quartz veins, cutting through the limestone and the slate formations.

COOHIN-CHINA.

Stibnite has been found between Quan-Yuen and Moucai in Tonkin.
It has also been found in rounded stones or boulders of varying size,
which have a peculiarly smooth yellowish-brown surface, accumulated
in the beds of torrents.

ASIA MINOR.

Stibnite, with quartz as gangue, is found in the vicinity of
Smyrna.

*The author w ill soon make a geological excursion in the province of Hunan.
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INDIA.

Antimony ore has been found in the following localities:—
Tenasserim, Shigri, Jhelum district.

AUSTRALIA.

New South Wales,—At a mine near Armidale, the vein varies in
width from 10 inches to 15 inches. The ore has also been found at
Hargrave's Falls and in the vicinity of Aberfoil. In the Macleay
district the veins have been successfully worked. In the Bathurst
district the ore occurs in blocks without any well-defined lode. On
the Munga Creek, the ore is found to be enclosed in a quartzose
matrix. (A.) East of Broken Hill, in the Barrier Range, the ore is
argentiferous. A vein occurring in the crystalline schists of this
region carries, wherever it cuts amphibolitic intrusions, rich silver-
antimony ores, dysqrasite (Ag?iSbm), stromeyerite (CuAgS), and
antimonious silver chloride, the gangue being calcite and iron-
spar. (B.)

Victoria.—At Costerfield, antimonial reef is found. At Whroo,
concretions of antimony ore are found in many veins. In this
remarkable instance the sulphide is enclosed in successive concentric
layers of oxide, with here and there scattered grains of gold. Stibnite
is also found at Munster Gully, Dunolly, and at Donovan's Creek;
the lode of the latter locality consists of nearly pure stibnite, attaining
to a width varying from 1 foot 6 inches to 2 feet. At S anbury, there
occurs a vein having an irregular course approaching to the strike
of the Silurian strata. This vein, 3 inches to 8 inches in thickness,
carries about 2 oz. of gold per ton. (B.) Auriferous antimonial veins
are said to occur 17 miles from Melbourne.

Australasia.—Antimony ores are also found in Queensland, New
Zealand, and New Caledonia.

SOUTH AFRICA.

Antimony ore is said to have been found in the Murchison Eange
in the Transvaal.
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GENERAL SCHEME OF THE METALLURGY OF ANTIMONY.

L Extraction by dry methods.

A. Preparation of products for the production of metallic
antimony.

1. Liquation of crude antimony.
(a) Intermittent working.

a. In pots in open fire.
ft. In pots in furnace.

j3v Receiver placed outside the furnace.
/?2. Receiver placed below the pot in

the furnace.
(b) Continuous working.

a. In tubes.
j3. In reverberatory furnaces.

2. Preparation of the stable tetroxide.
(a) Special furnace for ore dust.
(b) Muffle furnaces.
(c) Rabble furnaces.
(d) Long-bedded hand-furnaces (Fortschattfel-

ungsofen).

3. Preparation of the volatile trioxide.
(a) Bobierre, Ruolz, Rousseau's process.
(b) M. de Franceschi's process.
(c) Glass' process.
(d) Herrenschmidt and Borthwick's process.
(e) Oehme's process.
(f) Herrenschmidt's process.
(g) Hering's „
(h) Helmhacker's „
(i) ChatillonJs „
(J) Woolford3s „
(Z-) Hews'

6?
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(/; Henviiachinidts process.
(m) Rasse-Conrbet's .,
(it) Minicre e Fonderie d'aiithiionio Societa

Anonima's process.
(0) Chatillon's
(j.*) Herreusehmidts process

B. Methods for the production of metallic antimony.
1. Reduction of the oxide (either tetroxide or trioxide).

(a) In reverberatory furnaces.
(1) In water-jacket or blast furnaces.
(c) In crucibles.

2. Extraction of metallic antimony from antimonium
crudum.

(a) The so-called English precipitation method of
reduction.

3. Direct processes, i.e. extraction of metallic antimony
direct from the ore.

(a) Bath furnaces.
(h) Water-jacket furnaces or blast furnaces,
(c) Converters (Manesse or Bessemer.)

4. Other processes.

II. Extraction by wet methods.

III. Extraction by electrolytic methods.

IV. Refining of antimony.
1. In pots.
2 Tn reverberatory furnaces.



CHAPTER V.*

THE METALLUBGY OF ANTIMONY.

THE principal ore for the extraction of antimony is sulphide of
antimony or stibnite, commonly known as antimony-glance. The
other ores—cervantite or antimony-ochre, kermesite, valentinite,
senarmontite, which occur only in small quantities in nature—
together with the fumes and slags from the previous smelting of
antimony, are generally mixed up with antimony-glance preparatory
to smelting. Dry methods are generally adopted for the extrac-
tion of the metal, or of the metal in different combinations, while
the proposals for the use of wet processes or of electro-metallurgical
methods have not yet found practical application. The more or
less pure sulphide of antimony is called ''crude antimony," and the
refined metal itself is called "antimony regulus."

I. EXTRACTION BY DRY METHODS.

A. Preparation of Products for the Extraction of Metallic
Antimoiiy.

1. Liquation of Crude Antimony.—Ores containing more than 90
per cent, of the sulphide do not require any further treatment, and
are considered to be crude antimony. Ores containing less than 90
per cent, and more than 40 or 50 per cent, are subjected to the
liquation process for the production of crude antimony. The best
size of the pieces of ore for this treatment is walnut size. Smaller-
sized ore or ores of poorer quality are generally worked up for the
production of the metal.

The maintenance of the proper temperature in the liquation process
is very important, in order to obtain the best result. If the tempera-
ture is above a red heat the sulphide is volatilised, and if the tem-

* In the compilation of this chapter, use has been made of the information
contained in the standard metallurgical works of Phillips and Bauerman, of Bruno
Kerl, and of Carl Schnabel in drawing up the descriptions of the older methods.
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perature is too low the residue will contain too large a proportion
of antimony, part of which at least should go to the liquated
product as crude antimony. It has already been mentioned that
the best size of the pieces of ore is that of walnuts; for, if the
size is in any way smaller, the liquation process is less complete, and
hence the residues are too rich in the sulphide ; furthermore, fine ores
lie so close together as to render the escape of the fused sulphide
difficult.

(a) Intermittent Working.

As a rule, closed furnaces use more fuel and cost more for labour
than open ones (reverberatory), which, on the other hand, lose more
antimony through volatilisation and oxidation than closed ones.
This loss can, however, be eliminated by the use of the condensation
apparatus of Herrenschmidt, to be mentioned later.

The smelting is done in pots, which are either heated directly by
the burning fuel or by the flame coming from a fireplace. In the
liquation in pots, the working is carried on intermittently, while
continuous working is permitted in that of tubes or reverberatory
furnaces, thus economising the consumption of fuel.

a. Intermittent Liquation in Pots in Open Fire.—Pots, being in
direct contact with the fuel, are used at Wolfsberg in the Harz, at
Magurka. Eosenau, and Gross-Gbllnitz in Hungary, at Milleschau in

Bohemia, and at Malbosc
in France. The only merit
of this method is its sim-
plicity, and for this reason
it can be carried on with-
out much difficulty at the
mines. If the ores are
rich and fuel (wood or
coal) is cheap at" the mine,
this method can be used
with advantage.

FIG. 3. The pots are made of
fire-clay, and are able to

hold from 11 to 36 lbs. There are in the bottom of each pot four or
five holes, each varying from 0-4 to 0-6 inch in diameter, through which
the molten sulphide escapes. Below these pots rest receivers, made
of burnt clay, for the collection of the liquefied crude antimony.
These receivers are embedded in sand, ashes, or breeze, thus ensuring
the slow cooling of their contents. The pots are arranged in several



THE METALLURGY OF ANTIMONY. 71

rows at regular distances apart, each having from twenty to thirty pots.
The rows of pots are separated from one another by walls of dry
masonry, and fuel (coal or wood) is used to fill the spaces between
the pots, and between the pots and the walls. The time required
for one shift of the pots varies according to the amount of the charge,

FIG. 4.

a, 0*5 m. high, 0'29 m. broad above,
0*24 m. below, with five holes, each
13 mm. wide.

by Belly-shaped vessel, 0*24 m. high,

0*26 m. wide at belly, 0*21 m.
above and below.

c, Fireplace.
d, Leading to flue, e.

generally from two to twelve hours. At the conclusion of each shift
the pots are lifted off from the receivers, emptied of their residues,
again charged, and finally placed in position. The receivers may be
emptied after each charge or when they are full. The residues con-
tain, generally, not less than 12 per cent, of the sulphide.

Fig. 3 shows the arrangement of this method as used at Wolfsberg
;n the Harz. a is the pot; 6, the receiver; #, the non-conducting
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material; «i, the masunry wall, provided with draught-holes. The pot
is 12 inches in height, 8 inches in diameter, and holds 22 lbs.

At Malbo.sc (Ardcche), in France, the charge is 33 lbs. per pot
The receiver is emptied every forty hours, after four charges. During
this period, twenty pots produce 10£r> lbs. of the sulphide, with con-
sumption of 3330 lbs. of coal and 448 lbs. of brushwood.

ft. Intermittent Liquation in Pots in Furnace.—Pots in a furnace give
greater economy of fuel and render the working of poorer ores easier.
The pots are placed on each side of the fire-grate in the furnace, or are
arranged in a circle around it. The receivers are either placed directly
below the bed of the furnace—in this case they are surrounded by
sand to prevent their coining into contact with the flame—or they

FIG. 5.
e, Heating ciiamber.
d, The grate.
/, Clay pipes.

b, Receiving vessels.
a, Pots.
cy Openings in the roof.

are placed entirely outside and are connected by clay pipes to the
bottom of the pots. The latter arrangement is more satisfactory, as
it does not necessitate the interruption of the working of the furnace
when the receivers have to be emptied. A ^ood example of the
former can be seen from the works at La Lincoule in France. This is
shown in fig. 4.

It can also be seen at Mlllesehau in Bohemia and at Banya in
Hungary.

Each vessel carries 20 kgs. 1500 kjrs. of 50 per cent, sulphide ore
requires the consumption of 0*46 to 0"49 cb.m. of wood.
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A good example showing the receiving vessels placed uutside can
be seen from fig. 5, as used in Hungary.

An intermediate form is shown in fitr. 6.

(b) Continuous Working.

a. In Tubes.—Liquation in tube furnaces gives bettor results than
those obtained with pot furnaces, the consumption of fuel beinir less and
the production higher. Fi[i. 7 shows the construction of the furnaces
used at Malbosc.* while fig. 8 shows another type ox tube furnaces.

The tubes are arranged in groups of four, placed over four receivers,
I, which are carried on carriages, c, with wheels There are three

FIG. 6.

grates, d, from which the flame, after playing around the tubes, a,
escapes into the chimney, e is a hole in the side o: the tube, by means
of which the residue is drawn out, the size being :!-7 ins. wide and 4'7
ins. high. The hole is closed with a clay plug or with a luted plate.
The size of the tubes is 3 ft. 3 ins. high, 10 ins. in diameter at the upper
end, and 7 J ins. in diameter at the bottom, their walls being 0*6 to 0"8
inch thick.

It must be noted that a newly built furnace must be heated to a
bright red heat for forty-eight hours before a charge can be started.
The regulation of the temperature is an important factor, and is ad-
justed according to the colour of the product, which should be of a
bluish tint, while a red colour is an indication that the heat has been
too great.

* This has been replaced by the apparatus patented by Herrenschmidt.
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The charge for each tuho is 5 cwts. of ore; three hours are required
for complete liquation; the yield is only 50 per cent, of the sulphide

FIG. 7.

FIG. 8.

content; CA owte. of coal a r e used for the production of 100 cwts.
of tlno Hiilpludo ; tlio tuhoH la.st twenty days each.

Tho conk of producing TOO kilos, of sulphide in tube furnaces is:—
Uboiir . . . . 1-53 fr. ( = 7*4d. porewt.)
Kuol . . . . 1'28 fr. ( = 6d. „ )
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The cost of producing the same in pot furnaces is:— ̂
Labour 2'21 fr. { = 10£d. percwt.)
Fuel . . . . 6*34 fr. ( = 2s. 8d. „ )

3

0. Continuous Liquation in Reverheratory Furnaces.—This method
of liquation possesses the merit of being the least expensive in fuel,
labour, and repairs; but necessitates a great loss of the sulphide
through volatilisation during the operation.

It can thus be seen ttyt its adoption is only recommended where
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fuel is dear and the cost of mining is low, and where it is a question
of producing large quantities of crude antimony with great rapidity.
Thus, under these special conditions the loss of the sulphide may be
practically neglected.

The construction of such a reverberatory furnace is that of the
ordinary type, with the exception that there must be present a tap-
hole at the deepest point of the bed for the removal of the liquated
sulphide.

Figs. 9,10, 11, 1- show the construction of a liquation reverbera-
tory furnace.

The inevitable loss in tubes an4 in reverberatory furnaces can be
prevented by using the condensation apparatus of Herrenschmidt.

Products of Liquation.—The crude antimony thus produced
generally contains some impurities (1 to 4 per cent, of iron sulphide
and 0*2 to 3*4 per cent, of arsenic sulphide).

The following is an analysis of a liquation residue given by Bruno
Kerl :—

Sb«S;.* 20*40
FeS 2-S7
FeS» 1-23
SiO. . 59-S4
AloO, 4-65
CaO 5"12
C0.2 4*10
Alkali and uurboiiaceuiia niu-iter . . . 1*69

100

The liquation residues, if sufficiently rich, are worked up for
antimony regulus.

2. Preparation of the Stable Tetroxide.—Since the sulphide and
the oxide of antimony ore are not mutually decomposed on heating, as
are the sulphide, oxide, and sulphate of lead in the preparation of
the metal from galena, a roasting and reaction process cannot, there-
fore, be used for the winning of antimony from its ores. "When
sulphide and oxide of antimony are melted together, a glass of oxy-
sulphide is formed. Antimony tetroxide can only be reduced to the
trioxide in the presence of the sulphide, while at the same time
antimony glass is formed.

An oxidised ore is generally mixed up with the roasted sulphide
for the reduction process; and any ore, when sulphuretted, is worked
together with antimony glance.

*The Sb2S3 is not only found in the interior of the pieces, but covers them
with a film of thin glaze.
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The product of oxidising roasting may be either the stable
tetroxide (Sbo04) or the volatile trioxide (Sb2O3). The latter method
is called " volatilising roasting " (Germ, verfiuchtigende Rostung), and
will be treated under the next heading.

The chemical changes which take place for the production of the
stable tetroxide are as follows :—"When antimony glance is heated not
much above 350° C, the trioxide is formed, with the evolution of
sulphur dioxide:

SbsS3 + 90=Sb2O3 + 3SO2.

A part of the trioxide is further oxidised to the pentoxide, Sb2O5,
which, combining with some of the trioxide, forms the tetroxide,
Sbo04. When oxides of metals are present, antimoniates are formed.
If the ore contains a large quantity of sulphides of foreign metals,
which would, under ordinary circumstances, form sulphates, if
they alone were calcined, antimoniates of the foreign metals are
formed.

The roasted mass should contain the tetroxide principally, if
the ore is comparatively pure and if the correct temperature
and proper quantity of air have been maintained throughout the
process of roasting. But ideal conditions are very seldom met
with; hence the product may contain antimony glass, unde-
composed sulphide, and antimoniates, arseniates, and sulphates of
foreign metals, if the ore contains these foreign sulphides and
arsenic compounds.

According to Bidon, the proper temperature for roasting anti-
mony glance is about 350° C.; if the temperature is too low, the
sulphide is not decomposed, and consequently antimony glass is
formed from the mechanically melting together of the sulphide and
the trioxide at a dark red-heat; and if the temperature is too high,
the mass begins to frit together, thereby preventing the penetration
of air to the interior of the mass, and both the sulphide and the
oxide are volatilised.

The fritting of the mass during roasting can be prevented by
constant and regular rabbling. The presence of gangue has a good
effect in obviating, partially at least, this difficulty. This accounts
for the fact that, the richer the ore is, the more difficult it is to
roast. But, with rich ores, it is impossible to prevent to some
extent the loss due to the liquation of the sulphide and the formation
of flue dust, which mainly consists of the trioxide, the tetroxide, the
sulphide, arsenic compounds, and carbonaceous matter. Towards
the end of roasting the temperature can "be raised a little, in order
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to further roast any remaining unoxidised sulphide. An ore
properly roasted should have an ashy-gray colour on cooling, and
should appear reddish in colour while in the furnace. Furthermore,
it should give a soft feeling under the rabble and should be free
from any fritting together of the mass. An excess of air is
necessarily required for the formation of the stable tetroxide instead
of the volatile trioxide.

The roasting of antimony glance for the production of the tetroxide
is now carried out in reverberatory furnaces, provided with arrange-

Description of Jig. 13, showing a longitudinal section.H, Fire-bridge.J, Space for the ore to beoxidised.K3 Arrangement for allowingthe water to drip.L, Water reservoir.M, Chimney.
A, Foundation.B, Hollow below the trough.C, Fire-brick.D, Ordinary brick.E, Grate.F, Funnel-shapedfor charging.G, Condensation chamber

nropeningfor the oxide.ments for condensation. In Hungary muffle furnaces and specialfurnaces for the roasting of ore dust were used in 1862; these willbe described first.The special furnace for ore dust is shown in figs. 13 and 14.The stirring of the charge in this furnace must be attended toas frequently as possible, to prevent any fritting together ofthe mass.The muffle furnace is shown in figs, 15 and 16. Its use is to makepossible the production of more or less pure tetroxide, together
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-̂ .V..v:!..Ssi

KIG 14.~~Scale = 2-̂ TT.
Description of fig. 1$, shmahg a plan-mew.

A, Oxidation chamber. F, Condensation chamber.
B} Fire-brick. G, Arrangement for the water to
C, Ordinary brick. drip.
D, Door. H, Chimney.
E, Grate. J, Working door.

FIG. 15.—Scale =3V
Description of fig. 15, showing a cross-section.

G, Outlet for smoke.
H, Grate.
J, Door.
K, For ashes.
L, Profile of the cover, with hole

for the admission of air.

A, Muffle inside.
B, The fire-clay muffle.
C, Heating space.
D, Fire-brick.
E, Ordinary brick.
F, Outlet for sublimation product.
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with a better control of the oxide and of the smoke coming from
the fireplace.

The two kinds of reverberatory furnaces now in actual use for
roasting are rabble furnaces and long-bedded hand-furnaces (Germ.
FortscJiaufelungsofen).

The rabble furnaces were used formerly at Bouc and Septtmes in
France. Fig. 17 shows a plan view, while fig. 18 shows a section
across A B. a is an egg-shaped horizontal bed, 8 ft. 3 ins. long,
4 ft. 7 ins. wide at its greatest width; r r are fireplaces, 5 ft. 3 ins.

FIG. 16.—Front view. Scale=TV.
A, Cover for the muffle.
B, Hole for the admission of

air.
O, Heating space.
D, Fire-brick.

E, Ordinary brick.
F, Door for fuel.
G, Grate.
H, Ash-pit
J, Exit for smoke.

long and 1 ft. 2 ins. wide; b, door for working; d, flue leading
to the main chimney; / , hood for the removal of antimonial
fumes from the furnace-men. In six hours 5 to 6 cwts. of
ground and sifted ore can be roasted in such a furnace; the door
must be closed during the first two hours, but toward the end
it is opened so that the workmen can stir and rabble the charge
well. The loss of antimony in well-executed roasting is about
2 per cent.

At Siena the method of working is thus:—4 cwts. of fine ore
charged at one time. Time of roasting = 3 to 12 hours, according to
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the richness of the ore. Consumption of lignite per charge = 77 lbs.
Loss of antimony = 5 per cent.

FIG. 18.—Section across A B. Scale=-̂ j-.

It must be noted that, the richer the ore is, the slower the roast-
ing will be.

Fortschaufelungsofen.—The dimensions of this furnace (practically
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a reverberatory furnace), as used iu New Brunswick, are as
follows:—

Length 42' 6"
Width . . . . . . . . 7' 6"
Working doors on each skie . . . . , 10
Height from bed to roof 2' 1"
Width of fire-grate 2'1"
Height of fire-bridge 5'2"
Breadth of fire-bridge 1"

The method of working is as follows :—

Capacity of furnace . . . . . . 30 cwta.
Charges . . . . . f» to o ewts. at one time.

!

S charges (18 cwts.) during 24 hours, so that
each charge remains in the furnace for 40
hours.

Consumption of) m. A . - , . « , ,
wood j" Three-quarters of a cord m 24 hours.

Loss of Sb 7*5 percent.
The ore must be strongly heated, and thoroughly rabbled every five

minutes during the last two hours before being drawn. Properly
roasted ore must have a dull grayish-yellow colour.

The furnaces, as used at Banya, have the following dimensions:—
Length . . . . * 26' 3"
Width 6' 6"
Working doors on each side 5
Ores roasted in 24 hours 24 cwts.

Charges of 4 cwts. each are introduced at the colder end of the
furnace, and are then finally drawn after twenty hours at the opposite
end. Stepped grate is used, and the fuel is lignite.

The following operation for roasting the ore is carried out in
Tus%cany, Italy:—200 kilos, are charged into a reverberatory
furnace, heated up a little previously. The temperature is then
raised to not more than 350°. Rabbling is carried on for from three
to twelve hours. Rich ores require a longer time. Each operation
requires 35 kilos, of lignite, and the loss due to volatilisation is not
more than from 5 to 8*5 per cent.

Another type of the same kind of furnace is shown in figs. 19, 20,
21, 22.

Furnaces with a trough-shaped bed sloping towards one of the
longer sides of the furnace have been proposed for the performance
of both reduction and roasting at the same time. The use of having
the slope is for the tapping off of any portion of the sulphide tliat is
unavoidably liquated during the roasting.
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3. Preparation of the Volatile Trioxide.—The so-called volatilising
roasting is for the production of the volatile trioxide when the admis-

FIG. 19.—Plau. Scale=-̂ j.

sion of air is restricted and higher temperatures are maintained.
Steam at a high temperature can effect the formation of the trioxide,
with the simultaneous evolution of hydrogen sulphide.

n ft

FIG. 20.—Section on C D. Scale =

The advantages of this method for t reat ing ant imony ore a r e : —
(1) The separation of arsenic from antimony, due to the fact t h a t

arsenic oxide is more volatile t han ant imony trioxide.
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(2) If the ore contains gold or silver, the latter is generally found
in t h e residues after volatilisation.

(3) This method makes it possible to treat low-grade ores, e.g.
7 per cent, to 20 per cent., with profit.

FIG. 21.—Section A B. Scale=
(4) With different devices for condensation, the loss of antimony

is practically nil.
(5) The economising of fuel.
(6) The trioxide, thus condensed, can be reduced to metallic anti-

mony, or it can be used for other industrial purposes—for instance, to
make paints.

n_

r

FIG. 22.—Perspective. Scale=5̂ -
From these we might be led to believe that this method forms the

proper line of development of the metallurgy of antimony in the
future, judging from the most favourable results that have already
been attained in France, in which country this method has reached
its highest perfection.
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The historical development of the many processes based upon the
volatilisation method that have been brought forward, is shown by
the following list and descriptions :—

1844. Bobierre, Ruolz, Rousseau.
1858. M. de Francesclii.
1862. Glass.
1876. Herrenschmidt, Borthwick.
1880 (?). Oehme.
1881. Herrenschmidt.
1883. Hering.
1883. Helmhacker.
1888. Chatillon.
1889. Woolford.
1902. Plews.
1903. Herrensclimidt.
1906. Rasse-Courbet.
1907. Miniere e Fonderie d'antimonio Societa Anonima, Italy.
1907. Chatillon.
1908. Herrensclimidt.

These will be taken up in their proper order.
Bobierre, Ruolz, and Rousseau were the first persons to put forward

the idea of producing antimony trioxide by the. volatilisation method, in
1844. For a brief description of their process, see under Chapter VI.

M. de Franceschi followed in 1858 by using air only, and admit-
ting it in limited quantities.

In 1862 Glass proposed to draw air through a bath of melted sul-
phide in order to obtain the volatile oxide and produce an impure
regulus.

The next important step was taken by M. Herrenschmidt and
Borthwick, who in 1876, in Australia, patented the process shown in
fig. 23, especially applied to ores containing gold. This process con-
sisted of a rotating roasting furnace, having the section of an elon-
gated horizontal truncated cone, with a ventilator and a chamber for
the deposit of the volatile oxide formed.

In 1880 (?) Oehme described the following process for producing
very pure antimony oxide :—

In twenty-four hours 600 kilos, of ore can be treated. The charge
must remain about twenty-four hours in the retort or muffle. The
working of this process is not so easy as it appears, as some dexterity
is required in admitting the proper quantity of air and water.
The formation of more hydrogen sulphide than sulphurous acid
indicates a deficiency of water added; if the air is in excess, the
tetroxide is formed instead of the volatile trioxide. A dark-red heat
is best for obtaining a satisfactory result. The residue of a well-
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roasted ore should have a grayish appearance. Ore containing lessthan 30 per cent, of antimony is not suitable for this kind of furnace.

caosssscnojnHRo'c.o CROSS 5EC7IQN THROE t

mm ESS
s li10MCITUDINAI SECTICNFIG. 23.—Herrenschmidt's revolving furnace.

A, The muffle in which the ore isto be volatilised.B, The fireplace.C, The ash-pitD, Iron flue, through which anyuncondensable gases pass outE, Channel under the ground.F, Iron pipe leading the trioxideinto the condensing chamber G.

G, Condensing chamber.H. The last chamber in which anyremaining gas is to be con-densed by a stream of waterrunning through K.J, Door for emptying the contentsof the chamber.K, Small pipe to lead water intothe muffle.
In 1881 M. Herrenschmidt patented a process,* of which thefollowing is a brief description :—The natural sulphide ore, containing, say, 25 per cent, of antimony,

* New South Wales patent No. 997, Oct. 10, 1S81.
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is introduced into a blast furnace or a cupola with 10 per cent, of
coal. If the mineral is an oxide, then 25 per cent, of coal is required.
In immediate connection with the furnace or cupola is a chamber
for the condensation of the volatile oxide thus produced, and beyond
it a reservoir containing water for the condensation of the last trace
of the volatile trioxide. The practical working of this process may
thus be summarised:—200 lbs. of coal are burned in the furnace or
cupola; on it is put one ton of sulphide ore or 800 lbs. of oxide ore;

FIG. 25.—Scale=^.

A, Profile of the muffle. C, A section on the front
B*, A section on the back. D, The cover, with an air-hole.

air is then drawn in by means of a ventilator; the oxygen of the air
thus introduced combines in part with the antimony, forming the
volatile oxide, and in part with the sulphur, forming sulphurous acid.

The process of Hering(1883) was analogous to that of Herrenschmidt,
the principal difference being that the roasting was effected in a
reverberatory furnace.

In 1883 Helmhacker first mentioned the use of cloth or sack for
the condensation of the fine volatile oxide, in place of water, which is
so destructive to the metallic lining of the reservoir.
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Chatillon, who is now the owner of several large antimony smelting
works in Haute-Loire (France), patented a process* in 1888, which
is briefly thus:—Coke and ore are charged alternately into an ordinary
roasting furnace, from which the volatile oxide thus developed is
aspirated by a series of ventilators—generally three—into which
boiling water is introduced for catching the volatile oxide in the
currents passing through them; the last trace of the oxide is absorbed
by the water contained in a series of basins.

A, The inside of the chamber.
B, Pipe for supplying antimony

oxide.
C, Outlet.
D, Water-pipe.
E, Star-shaped piece for sprinkling.
F, Manhole.
G, Protector-piece against the

shower for the pipe.
H, Brick foundation.
J, Plan view of E.
K, Water overflow.

FIG. 26.

Woolford's process (1889) is very similar to those described above.
M. Plews; patentt is as follows (1902):—The sulphide mineral is

first broken into pieces not larger than 1 cubic centimetre, and is
then charged into a furnace already heated to dark red by means of
any kind of smokeless combustible material An oxidising flame is
then produced in the furnace, and the temperature is raised to light
red and is so maintained until all the volatile oxide is given off.
With certain minerals, the antimony is not easily volatilised by an

* French patent No. 189,974, April 16,1888.
t Fremh patent IsTo. 318,658, Feb. 13, 1902.
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oxidising flame; in this case periodic alternations of an oxidising
flame and of a reducing flame are maintained so long as necessary.
"Ventilators are used to produce a draught carrying the volatile oxide
from the furnace into the chambers for condensation. The last trace
of the oxide not yet condensed is finally absorbed in a basin of water.
A rotative furnace of the ordinary type is preferred to any other
kind. Coal gas or oil gas may be used. (Fig. 27.)

In 1903 M. Herrenschmidt patented* a process which is a great
improvement upon his former patents. In order to thoroughly
condense the oxide produced, the apparatus must possess a large
cooling surface, have a large volume for facilitating the deposition of

FIG. 27.

A, Gas-producer,
a, Air inlet.
B, Rotative roasting furnace.

C C, Condensation chambers.
c, Ventilator.

D, Reservoir containing water.

H, Flue in connection with a
•chimney, to be used when
an intense heat is required.
The water vapour used may
be introduced at J.

the oxide, and be able to subdivide the current of volatile oxide. The
apparatus described below possesses these three principal factors.
Fig. 28 is a longitudinal view, and fig, 29 is a transverse section.

Rasse-Courbet's process is as follows!:—Fig. 30 shows a longitu-
dinal view and a section across A A of iig. 31, which is itself a
section across B B of fig. 30. Fig. 32 shows the subsidiary parts of
the apparatus. The furnace is composed of several muffles, <x, and of
a hearth. The muffles are so arranged that the flame may play
around them through the canals, c, and then passes into the
chimney, d.

* French patent No. 333,306, June 23, 1903.
t French patent No. 362,455, Jan. 16, 190b\



FIG. 28. ¥m. 29.
a, Roasting furnace for the pro- c c', Sheet-iron case. f, An inclined wall for the dis- j , Tub in which the uncondeiis-

duction of the volatile oxide, d d\ Tityaux haildtes, i.e. tubes charging of oxide deposited. able oxide is absorbed.
b bt Flues placed immediately with outside linings. h, Ventilator for aspirating t, Final outlet,

after the furnace. «, Another case at the base. the oxide.

a?

o

f 8 1 .
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The mineral is introduced into the muffles through doors, / , which
are closed" during the roasting.

The muffles are not in communication with one another ; each
muffle has an opening through, e, into a chamber, c/, which communi-
cates, through an opening, o, with a channel, h, connected with the
condensing chambers, •?'. The circulation of the vapour is obtained
by means of a ventilator,,;, placed immediately after the last chamber
of condensation. The remaining gas, after passing through k, is
washed by a water-shower in I, and then passes into the basins, m.

The Miniere e Fonderie d'antimonie Sociuta Anonima, Genoa, Italy,
one of the principal antimony smelters, patented in 1907 the follow-
ing process* :—

In other processes the oxide produced is generally condensed either
in long flues, or on baffles, or in large condensation chambers. In
many cases the volatile matter is mixed with water in the ventilators,
after which the oxido is separated out by decantation. The conden-
sation in these cases is not always complete, and the object of the
present invention is to prevent any loss of the oxide by filtering
through cotton, linen, or any other fabric that will arrest the oxide con-
tained in the smoke.

In order to prevent the carbonisation of the tissues used, it is
necessary to cool them to about 100°. If the oxide-containing fumes
have too high a temperature, they must be cooled by passing them
through chambers or metallic tubes more or less surrounded by water.
Care must be taken not to allow the oxide at its early stage to come
into contact with any water, as the presence of water would destroy
the permeability of the tissue and lead to the formation of sulphurous
acid. In order to overcome the resistance to the draught, offered by
the tissues used, it is necessary to use ventilators.

Figs. 33, 34, 35, 36 represent cooling and condensing chambers;
figs. 37, 38, 39, 40, filtering chambers.

Fig. 33 is a cross-section of fig. 34. The walls and foundations of
these chambers are of masonry, stone-concrete, or sheet-iron. The
roof is always bordered lengthwise by L-shaped plates, 2, so
as to serve as evaporating basins for the water flowing over the
roof. The condensed oxido falls into the sacks, 3, from which it
can bo discharged. Figs. 35, 36 show another form of condensing
chambers, fig. 35 being a cross-section ; the channels are arranged
in chicanes, 5, with openings, 4, for the discharge of the condensed
oxide.

Fig. 37 represents a cross-section, and fig. 38 a longitudinal section,
* French patent No. 381,517, Sept. 4, 1907.
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FIG. 33. FIG. 34.

FIG. 35. FIG. 36.

o
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FIG. 37. FIG. 88.
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of the filtering chambers. The nmoke from the condensing chamber
is aspirated by a closed ventilator, 6, through the passage, 7, over
which are hung a series of sacks, 8. The oxide, filtered off by moans
of these sacks, falls down into hoppers, 9, and is then discharged
through 10. The remaining gas may then be taken to an ordinary
chimney.

Figs. 39 and 40 represent another form of filtering chambors.
The fume from the condensing chambers is aspirated by a ventilator
(not represented) through tubes, 11, made of sheet-iron. Below
these tubes are suspended the sacks, 12, by means of which the

. T
JU1

F I G . 3 9 . F I G . 4 0 .

o x i d e i s f i l t e r e d off, f a l l s i n t o h o p p e r s , 1 3 , a n d i s t h e n d i s c h a r g e d i n t o

1 5 , t h r o u g h 1 4 .

M . E m m a n u e l C h a t i l l o n p a t e n t e d * i n 1 9 0 7 a n o t h e r p r o c e s s w h i c h

w i l l b e d e s c r i b e d l a t e r o n . T h e m a i n a d v a n t a g e s o f t h i s p r o c e s s a r e :- -~

(a) T h e p o s s i b i l i t y o f t r e a t i n g o r e d u s t .

(?)) T h e s a v i n g o f t h e h e a t e v o l v e d , i n t h e f u r n a c e a s w e l l a s i n t h e

c h a m b e r o f c o n d e n s a t i o n . I n t h e l a t t e r t h e h e a t i s u s e d t o r a i s e t h e

t e m p e r a t u r e o f t h o a i r b e f o r e p a s s i n g i n t o t h o f u r n a c e .

( c ) T h e c o m p l e t e n i t r a t i o n o f t h e o x i d e b y m e a n s o f s a c k s .

F i g . 4 1 s h o w s a v e r t i c a l s e c t i o n a c r o s s A A o f f i g . 4 2 a n d B B

o f fig. 4 3 . F i g s . 4 2 a n d 4 3 a r e h o r i z o n t a l s e c t i o n s t h r o u g h C C

a n d D D o f figs. 4 1 a n d 4 4 r e s p e c t i v e l y .

* F r o n d ' p a t e n t N o . 3 8 2 r>04, O c t . 3 , 1 9 0 7 .
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The roast ing furnace is composed of two cupolas, a b and c d

rec tangular in section and communica t ing with the super ior p a r t , e,

-T- ft —
D

comnion to b o t h ; each cupola is charged, as usual , with a l t e r n a t e
layers of combustible matorial and oro ; each cupola ,a , e, communieuteB

with an inferior cupola, b, d> whore tlio last t races of t h e oxide a r e

removod from tlic Hcoria, and whoro ho t air is produced, which ,

together with t he motallic gas, r e t u r n s into t h e wuporior cupo la

th rough l i t t le channolH in the masonry, f\ fa h> i, and t h r o u g h / 1 , f \

y\ h\



THE METALLURGY OK ANTIMONY. 97

The inferior cupola also communicates with a kind of grated
hopper, K, two surfaces of which consist of inclined bars and two

Fia. 43.

of inclined masonry The finished scoria passes into this, and then
through the movable register, m, into the waggon, n.

The parts p, q, r are enlarged by the corbelling out of the bricks,

FIG. 44.

and are more or less inclined inward towards each cupola; they form
a surface of about 4 metres square, and are destined to receive the
dust ore, which is melted by the heat, falls into the cupolas drop by
drop, and, on meeting the hot air coming into the cupola through
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A /2j 9\ ff2i a n ^ c> i s changed into volatile oxide. The filtering
and condensing chambers may be connected with h.

The latest improvement in the volatilising process is embodied in
a patent* obtained by M. Herrenschmidt, with which the author
is personally familiar. The fundamental principle is the same as
that of his earlier patent, 1903; the only difference being in the
details, which are clearly shown in fig. 45, and Plate opposite p. 100.

The Herrenschmidt Process of Antimony Smelting. (1) Intro-
duction.—The present account is based upon a personal study of
the new process, and contains the results of a few experiments
carried out in the Laboratoire de recherches industrielles pour
tous minerais of M. Herrenschmidt, at Le Genest (Mayenne),
France, to whom all the credit is due. The experiments on the
volatilisation process, given in the patent No. 386,107 taken out
by M. Herrenschmidt April 5, 1908, in France, were carried out
by that gentleman and myself on the 24th, 25th, and 26th of
May 1908.

(2) Description of the Apparatus.—Fig. 1 of fig. 45 is a longitudinal
section. Fig. 2 is a cross-section along a h. Fig. 3 is a cross-section
along c d ef Fig. 4 is a horizontal section along J Y.

The broken mineral is charged, together with a certain percent-
age of fuel, into the roasting furnace, a, the bottom of which is
formed by horizontal iron bars, 5, arranged symmetrically at even
distances apart.

The volatile antimony trioxide is deposited on condensation
pipes, e (Fr. tuyaux a ailettes), in the condensing chambers, d, by
the aid of the two ventilators, h.

The last trace of the uncondensed oxide is laid down by the water
coming from the coke-tower, i, at the top of which are the water-pipe,
j , and the see-saw water-distributor, Jc. The roasting furnace is built
partly of bricks and partly of cast metal; the condensing chambers
are all of cast-iron; and the coke-tower is formed of wood. Each
condensing chamber is 1 metre long.

(3) Description of the Process.— (a) The guaranteed results of the
apparatus just described are :—

The yield in oxide is never less than 90 per cent, of the metal
contained in the ore.

With ores direct from the mine, containing 10 to 15 per cent,
of antimony, 6 tons can be treated every twenty-four hours, with
a consumption of 4 to 5 per cent, gas coke or 6 to 7 per oent.
of charcoal.

* French patent granted April 5, 1908, No. 836,107.
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With ores containing 18 to 20 per cent, of antimony, 4J tons per
twenty-four hours can be treated, with a consumption of 5 to 6 per
cent, gas coke or 7 to 8 per cent, charcoal.

The gold, if present in the quartz of the ore, is almost all recover-
able from the scoria.

For each apparatus four workmen are employed in the twenty-four
hours, and 3 H.P. is used for the ventilators and pump.

(6) The working conditions.—The best size of ore to be treated
is from 1 to 4 centimetres. The ore dust must be separated
out and, if in large quantity, can be moulded with 7 to 8 per
cent, of clay into balls of the proper size and charged along with
the ore.

(c) The actual working is thus:—The roasting furnace is at first
charged with old scoria up to a height of about 10 centimetres.above
the uppermost iron bar forming the bottom ; then enough wood and
charcoal are put in to a height of another 10 centimetres; as soon
as they are lighted and burn freely, another charge of 300 kgs.
of old scoria, mixed with 6 per cent, of charcoal, is put in; and,
finally, when the burning is thorough and the furnace is hot, a
charge of 50 kgs. of ore (containing about 15 to 20 per cent.
Sb) mixed with 2 kgs. of charcoal is put in, and this is continued
until the furnace is full to within 30 centimetres from the mouth.
The same charge is continued every 12 to 14 minutes, according to
the rate of revolution of the ventilators—which is from 1200 to 1400
revolutions per minute—and the scoria is discharged accordingly.

Gas coke gives better results, if it is obtainable; and, if it is used,
only 2 to 6 per cent., or 1 to 3 kgs. for every 50 kgs. of the same
class of ore, are necessary, according to the richness of the ore
roasted.

The temperature of roasting should not be more than 400° C.
Water used per day for one apparatus is 30 cubic metres.
(4) Results of the Experiments, (a) First Experiment.—The furnace

was lighted at 8.30 a.m. on the 24th of April, and it was not until
10.5 a.m. that the furnace was hot enough to admit the first charge.
The working was continued- regularly until 11 p.m. of the same
day; the total working time was therefore 12 hours 55 minutes.
The charging was as follows :—Each charge consisted of 50 kgs.
of ore, minus the ore dust, which had previously been sieved off.
The first three charges were mixed with 10 per cent, of charcoal,
the fourth-to the tenth charges with 4 per cent., the eleventh to the
nineteenth with 2 per cent., and from the nineteenth to the last
with 4 per cent. The total charges amounted to 2850 kgs. of ore.
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The prodticts of roasting (Sb2O3) are:—

1st condensing chamber .
2nd
3rd
4th
5th
6t-h
7th
8th
9th

5 J3
> >>

>

76 kgs.
. . . 65 „

65 „
48 „
49 ,.
44 ,,
34 „

• • • 24 „
. . 19 ,,

Total = 424 kgs.

It should he noted that the cleaning of the chambers and pipes for
the removal of all the oxide was carried out in the next experiment.

(b) Second Experiment—The first charge in the second experiment
commenced at 11.5 a.m. on the 25th of April, and the last charge
stopped at 10.30 p.m. of the same day, thus giving a total of 11
hours 25 minutes working time. Each charge consisted of 50 kgs.
of ore mixed with 4 per cent, of charcoal. The total charges
amounted to 2725 kgs. of ore.

The products of roasting (Sbo03) are :—

1st condensing chamber .
2nd ,.3rd
4th ,
5th
6th ,
7th ,
8th
9th ,

. 176 kgs.
103 .,
96 ,,
61 ,
45 „
38 ,
32 ,.
28 „
23 „

Total = 602 kes.

These numbers represent the actual amount of oxide extracted
from the ore, plus the cleanings of oxide, due in part to the first
experiment

Further cleaning of the pipes and chambers gave 32 kgs. The
condensing tanks, n, in fig. 4 of fig. 45, gave 1V8 kgs. of dried oxide.
Now, if all had been thoroughly cleaned up—the pipes, the condensing
chambers of the coke-tower, and the precipitating tanks—there would
have resulted at least 5 kgs. of oxide more.

(c) Conclusion.—The ore treated contained 19*5 per cent, of
antimony.

The oxide found in the first chamber contained 23 per cent, of
impurities.
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An analysis of an average sample of the oxide from the other
chambers gave *5 per cent, of impurity.

Total quantity of oxide obtained:—
1st experiment 424 kgs.
2nd 602 „
Dried oxide (from tanks) . . . 178 „
Cleanings . . . . . . 32 ,,
Estimated cleanings . . . . 5 „

1241 kgs.
The amount of ore treated was :—

1st experiment 2850 kgs.
2nd 2725 „

5575 kgs.

The actual quantity of pure oxide obtainable was:—
1241 - [(76 +176) x -23 + (989 x -005)]

= 1241-(58 + 5)
= 1178 kgs. of pure oxide, -which is equivalent to about 981 kgs. of pure Sb.

Now, since the ore analyses recorded 19-5 per cent. Sb, then in
5575 kgs. of ore there are 1087 kgs. of Sb.

Hence the percentage loss is :—

1087- 981 x 100 = a l i t t i e less t l lan 10 per c ^

Again, the scoria, when analysed, was found to contain only
1*3 per cent, of Sb, which is equivalent to 52 kgs. of Sb considered
as loss in the scoria (52 = 1 *3 per cent, x 4000 kgs. of scoria).
Most probably, if the different parts of the apparatus were
thoroughly cleaned of their oxide, the loss would not be more than
5 per cent.

Practically, in twenty-four hours 5 | tons of such ore can be treated,
witih a consumption of 4 per cent, charcoal. It is most probable that
at least 7 tons could be treated per day, if the rate of revolution of
the ventilators were increased from 1200 to 1400 per minute.

The reason why charcoal was used in these experiments is that,
although gas coke gives better results from an economical point of
view, it is not easily obtainable in some of the out-of-the-way places,
where perhaps the price of charcoal is not very far above that of
gas coke, if not actually less

Generally speaking, it costs about 70 francs to produce one ton of
oxide by this process in France.

The complete apparatus described above costs 10,000 francs.
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B. Methods for the Production of Metallic Antimony.

1. Eeduction of the Oxide.—The object of this is to reduce the
oxide (trioxide or tetroxide) to metallic antimony, commonly called
antimony regulus. Now, if coal were the only agent used for the
reduction, there would be a great loss due to volatilisation, and, in
addition, some unaltered sulphide of antimony in the roasted
ore. Therefore alkaline substances like potash, soda, Glauber salt,
etc., are added in order to form a fusible slag, which, being lighter
than the metal produced, would form a cover over the metallic bath,
thus preventing any possible volatilisation, and would dissolve any
sulphide of antimony present. This slag also serves as a refining
medium, removing any impurities present from the final metallic
product.

The working expenses of the roasting and reduction process are
less than those of the precipitation method, and hence it is suitable
for the working of poorer ores and liquation residues, while the
latter can only be adopted—and even then very rarely—when ore
is rich, but coal and labour cheap.

(a) Reduction in Reverberatory Furnaces.—In the ordinary way,
this process is simple and can easily be controlled, but there is a
considerable loss of antimony; hence it is adopted when ores are
rich and fuel is cheap. The loss of metal amounts to at least 12 per
cent., and sometimes, according to Helmhacker, to as much as 30
or 40 per cent. This kind of furnace has been in use at Bouc, at
Septemes, at Siena, and in New Brunswick.

At Bouc and Septemes, the roasted ores are generally worked up
together with oxide ores from Algiers, and with antimonial flue dust.

The furnace-beds are egg-shaped, 7 feet 10 inches long, 5 feet
3 inches wide in the centre, and 3 feet 4 inches at the fire-bridge.
The fire-bridge is 1 foot 4 inches above the fire-bars and 1 foot
below the roof. The bed is a deep and hollow one, built of fire-brick,
and slopes from every part to a tap-hole through which the metal
flows into a tapping-pot placed below it. The maximum height of
the roof above the bed is 3 feet 3 inches. The opening by which
the charge is introduced is 1 foot 4 inches wide. The flue, about
8 inches in diameter, generally leads into condensing chambers 400
feet long, for the deposition of the antimonial vapour. At the end
of the system of condensing chambers is the main chimney.

Figs. 46 and 47 show the type of reverberatory furnace used at
Spetemes.
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Figs. 48, 49, 50, and 51 show another type of the same furnace.
The dust obtained from the condensing chambers contains up to

50 per cent, of antimony. The charge for this furnace consists of
400 to 500 lbs. of roasted ore, oxidised ores, and flue dust, 90 to 110

FIG. 46.—Scale=3 .̂

lbs. of a flux consisting of salt, smaller quantities of soda, and some-
times a small quantity of Glauber salt, 65 to 75 lbs. of ground charcoal,
and 220 to 330 lbs. of slag from previous charges, the slag containing
principally common salt.

The furnace is first charged with the fluxes and is then fired; about

FIG. 47.—Section A B. Scale -

an hour after their charging the liquefied fluxes will remain in a state
of tranquil fusion. The other ingredients are then charged in
portions of about 44 lbs. at intervals of fifteen minutes, and are well
stirred. The scum produced after each charge is drawn off through
the working door. The furnace is strongly fired after the last charge.
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FIG. 48.

FIG. 49.—Section C D.

FIG. 50.—Section A B.
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Altogether, the process occupies from four to six hours. The combined
action of the charcoal and soda is to separate the antimony from its
oxygen and sulphur compounds, while the gangue is slagged by the
soda, and the foreign metals, if present, are carried into the slag as
sulphides by the action of the sulphide of soda resulting from the
reduction of the Glauber salt by the charcoal. The influence of the
salt added is like that of the Glauber salt and soda, acting as a flux
and as a cover, and in addition carrying the foreign metals present
into the slag as chlorides.

The fuel consumption is 5-6 cwts. per charge, and the loss amounts
to 14 or 15 per cent.

It must be borne in mind that the metal drawn off from the
tapping-hole must be covered over with the slag during its cooling in

FIG. 51.—Front view.

the tapping-pot. When solid, the regulus ie freed from its slag by
hammering.

The following figures were obtained from the working of 830
charges as practised at Siena:—

368,838 lbs. of roasted ore.
268,918
12,641
88,628
38,205
4,409

>t
a

>»

sea salt.
soda ash.
Glauber salt.
slag from previous charges.
iron slag.

The antimony obtained weighed 113,573 lbs.
In New Brunswick the l eduction and the refining are carried out

consecutively in the same operation. The furnace dimensions are :
diameter, 8 feet 6 inches; the depth in the centre is 1 foot 6 inches ;
the beds are built of fire-clay and are concave,
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The operation is thus :—
Roasted ore charged at a time . . . 5 cwts.
Cover of Glauber salt 1 cwt.
Coarse, hard wood-charcoal, powdered . 82 lbs.

Before the first charge is made the bed of the furnace must be heated
to redness. The charge generally melts in about four hours, when it
begins to effervesce, with the evolution of carbonic oxide, which escapes
through the layer of slag and burns. The charge is rabbled until
boiling ceases, when it is allowed to settle for half an hour. After
this the charge is allowed to cool by leaving the fire-door open. This is
continued until the slag attains a low red heat and, being in a pasty
condition, is drawn off. Refining materials—27*5 lbs. of Glauber salt
and 11 lbs. of wood-charcoal—are immediately added, and the furnace
is strongly heated. After an hour and a half, when boiling ceases, the
metal and the slag are drawn off together into an iron mould. Care
must be taken to leave at least half an inch of slag as a cover for the
metal, thus preventing the possibility of the metal solidifying before
the mould is filled. As soon as the ingot becomes solidified, the slag—
essentially a sulpho-salt of antimony mixed with sodium carbonate,
containing about 15 per cent, of antimony—is removed and is again
smelted with one-fifth of its weight of iron for subsequent use.

At one of the works in Hungary the refining is said to be com-
bined with the reduction. In a reverberatory furnace 5 cwts. of
roasted ore are smelted with 10 per cent, of small coal, together with
3 to 6 per cent, of Glauber salt, for twenty hours; after the removal of
the slags thus formed, 22 to 25 lbs. of slag from a previous refining
of antimony are added. The ladling of the metal is commenced as
soon as this is fused.

According to M. Herrenschmidt, the trioxide produced by the
volatilisation method can be reduced in the following way:—An
ordinary reverberatory furnace furnished with condensing apparatus,
as shown in fig. 52, is previously heated before the following charge
is commenced:—

10 parts of the trioxide.
6 parts of crude antimony.
1 part of carbon (charcoal or anthracite).

After six hours the charge must be thoroughly rabbled, with the
result that antimony metal is formed.

The following proportions may be employed:—
80 parts of trioxide.
20 parts of sulphide (crude).
12 to 15 parts of carbon.



108 THE METALLURGY OF ANTIMONY.



THE METALLURGY OF ANTIMONY. 109

The starring of the metal can be brought about by using a purify-
ing mixture of 6 parts of carbonate of soda and 4 parts of antimony
trioxide, which has previously been melted in a small chamber at one
end of the reverberatory furnace. This mixture should be poured
out as soon as the metal is allowed to run into moulds.

(b) Reduction in Water-jacket or Blast Furnaces.—At Bouc and
Septemes, ores containing 30 to 40 per cent, of antimony were at
first roasted in reverberatory furnaces, and the roasted product was
reduced in three tuyered shaft furnaces which were worked on the
" spur " principle with covered " eye." Their dimensions were : height,
10 feet 10 inches; depth, 2 feet 7 inches to 3 feet; width, 1 foot
11 inches. In twenty-four hours 2 to 2 J tons of ore were worked, with
the consumption of one-half the weight of ore of coke. The crude
metal produced contained 92 to 95 per cent, of antimony, and was
refined.

Hering proposed to work the liquation products, with the com-
position shown on previous page, in a circular shaft furnace of
the following dimensions :—

Height, 19 feet 8 inches.
Diameter at the tuyere level, 3 feet 4 inches.
Blast, 530 cubic feet per minute, at a pressure of 7'8 inches of water.
Residues melted, 7 tona.
Tap cinder added, 150 per cent.
Limestone used. 40 per cent.
Gypsum or Glauber salt, 5 per cent.
Coke consumption, 14 per cent

At Banya, near Schlaining, in Bohemia, antimony ores, consisting
of sulphides and oxides, mixed with a considerable proportion of
siliceous waste, are smelted in a blast furnace for crude antimony, which
is then refined in a reverberatory furnace.*

The average percentage composition of the materials charged into
the blast furnace is given in the table on page 110.

The furnace has a round stack 6 m. high, 1 *4 m. in diameter at the
throat, and 1 m. at the hearth, which is provided with five water-
tuyeres and three outlets for the molten product — an upper one for slag,
and two at the bottom. One of these has a slight rise for tapping,
while the other, which is horizontal, is used for blowing out the furnace.

Blast, supplied by a screw-blower, gives 15 cb.m. per minute at
30 cm. water-pressure. The gases are collected by a tube leading
from the side of the furnace a short distance below the throat. The

* This is taken from Berg. u. htitt. Zlg.t 1886, p. 102, as translated by
Bauerman in his Elements of Metallurgy, p. 494.
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furnace is kept continuously in blast for three weeks, and smelts
about 19 tons of material daily.

Sb
Fe
S

Fe2O3
SiOa

A12O3
CaCO8
CaO
QVi CJbb2b3
FeS

Na2S
C

Dressed Ores.

Raw.

43-3
14'4
25*3

117
0-3
3 3

Calcined.

48'9
...
0-7

23*4
23-3
4-0
...
1-0
"*
...

Oxidised
Ores.

46*4

8'6
2*4

26*6
...
7*0

. ...
• 4 •

Liquation
Residues.

Raw.

21-4
129
15*1

41:6
0-5
40
4-0

...

Calcined.

23*1

2*-4
17*3
49-2
2*4

0:7

Flue
Dust.

56*1

6
10

9
•8

5*0

Refining
Slag.

25-7

5-9

2-4
53*4
9*0

The smelting mixtures are of two kinds:—
Kilos.

A. B.
Calcined dressed ores 550 600
Calcined liquation-residues . . . . 750 600
Ores balled with lime 200
Flue dust balled with lime . . . . 1 0 0
Raw ore 100
Oxidised ore 100
Raw liquation-residues 100
Limestone . . . . . . . . 600 800
Foul furnace-slags 400 400
Refining slags 200
Crude Sb, Metal No. Il l 100

The most favourable result is obtained when these mixtures are
used alternately, two charges of A being followed by one of B.

Lime, about 10 per cent., is used to ball up part of the washed ore
to a compact mass, and 7 per cent, lime is used for the same purpose
for the flue dust. This is only necessary at the beginning, for it
is found that after eight days' blowing these stuffs can be charged as
powders without interfering with the working of the furnace.

The products are unrefined metallic antimony, slag, and flue dust.
The antimony is divided into three classes:—

I. II. III.
Sb . 90-02 73-80 65*04
Fe . 6-23 16-66 2S"80
S 2'85 8-42 10-46
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The first two are sent to be refined, and the last is taken back to
the blast furnace.

The relative proportions of the total production of the furnace:—

No. I. is 82-5
„ II. is 90
,, III. is 8*5

The slags vary in composition :—
I. II.

SiO2 46*9 45-9
CaO . . . . . . 34'6 31*4
FeO 151 19*9
Sb . . . . . . . 0-5 0*9

No. I. is obtained from mixture A, and No. II. from mixture B.
Calcination is effected in a reverberatory furnace. Length, 8 m.;

breadth, 2 m. Five working doors on each side. Heated with brown
coal upon a step-grate furnace. The production is 1200 kilos, per day.

The ore, charged in 200-kilo. lots, clots and softens, giving off a
large quantity of sulphurous acid as soon as it attains red heat, but
subsequently becomes dry and in the state of powder. The average
time for a charge to remain in the furnace is twenty hours.

The refining of the metal is conducted in a reverberatory furnace,
with an iron bed 4 m. long by 2*5 m. broad, covered with a layer of
fire-clay 0*28 m. thick. Brown coal is used upon an ordinary grate.
The furnace is provided with working doors on one side and tapping-
hole at the end of the bed. The gases evolved are used to warm the
moulds before they are used. The charge is as follows :—

450 kilos. No. I. (coarsely broken).
50 ,, j , II- (in powder).
42 ,, sulphate of soda.
5 ,, charcoal dust.

150 ,, unroasted ore.

Operation lasts ten hours ; and a final slag is obtained by the addi-
tion of 3*40 kilos, of carbonate of potash, 2*60 kilos, of carbonate of
soda, 1 kilo, of raw and 6 kilos, calcined crude regulus (liquated
sulphide of antimony), 12 kilos, of the same slag from previous opera-
tions. The impurities of refined antimony are :—

As 0*330 percent.
Ye 0-052 „
Ag 0-006 „
S 0720 „

According to Herrenschmidt, the following process is possible with
the use of a water-jacket furnace.
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Balls, about the size of an egg, are made of tho following
composition :—

The trioxide 82 per cent.
Carbon (anthracite or powdered charcoal) . . 1 2 ,,
Carbonate of soda 6 to 7 ,,

These balls are charged into the furnace with 5 to 20 per cent,
coke. The loss of oxide is about 33 per cent., which can be recovered
from the condensing chambers, as shown in fig. 45.

The metal thus obtained has to be remelted, either in a crucible
or in a reverberatory furnace, for the purpose of " starring."

(c) Reduction in Crucibles.—This method, on account of its high
cost, is only adopted when the ores are rich or when crude antimony
or the volatile oxide is available. The use of crucibles and pot
furnaces precludes the possibility of working large quantities.

The roasted ore is fused with 10 per cent, of its weight of crude
argol, or with charcoal or anthracite and potash or soda, in crucibles
made of fire-clay, heated in a wind furnace or in a galley furnace.
The mould in which the melted metal is cast must be coated with
tallow or with a thin layer of fire-clay cream.

According to Knab, we have the following :—

One crucible contains 26*5 lbs. of roasted ore, with 10 per cent, of charcoal
and 7 '15 per cent, of salt or soda.

Pots are arranged 10 or 12 in each furnace.
Each pot turns out 4 or 5 charges in 24 hours.
Consumption of coal, 70 to 80 per cent, of weight of ore.
Life of each pot, 7 or 8 charges.

A new process * just discovered by Herrenschmidt consists of
melting, in a crucible, balls of the following composition :—

Antimony oxide.
Powdered anthracite.
Carbonate of soda.
Water.

The decided advantage of this process is that the "starring" of
the metal can be effected in a single operation.

The furnace used is shown in fig. 53.
2. Extraction of Metallic Antimony from Antimonium Crudum.

—This method is only applicable to rich ores and crude antimony.
The following process to be described involves the use of rich ore; if
crude antimony is under consideration, the composition of tho charge

* The author is under obligation not to give the details until tho patent is
taken.
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should be adj listed accordingly. The fundamental principle involved
in this method is that, when iron is added, the sulphur of the stibnite
ore has more affinity for the iron, and consequently iron sulphide is
formed, even at a comparatively low temperature, the antimony being
separated out in the metallic state. Owing to the high specific gravity
of the iron sulphide, it is difficult to completely separate it from the
metallic antimony; and, for this reason, sodium sulphate and carbon
are added in order to produce sodium sulphide, which, combining
with the iron sulphide, forms a fusible slag of low specific gravity.

Fio. 53.

In England, instead of sodium sulphate and carbon, common salt is
used. As a rule, iron, in the form of turnings, shavings, or tin-plate
cuttings, is used. The proportion of iron used must not be in any
way too high, as, if sulphides of lead and arsenic are present in the
ores, they will then be reduced by the excess of iron, and enter into
the antimony as impurities.

In most cases the theoretical proportion of iron required to
desulphurise the antimony sulphide is nob sufficient, because, when
sodium sulphate and carbon are used, part of the iron is used in
decomposing the sodium sulphate. According to Karsten, it has


