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PREFACE.

THE Father of English metallurgical literature has said,”
“Of all the branches of Metallurgy that of which Silver
forms the subject is the most extensive, the most varied,
and the most complicated.” It will, therefore, be obvious
that in order to cover the ground embraced by such a
wide subject within the modest compass allotted to this
volume, it was necessary to condense and summarise to the’
greatest possible extent. It is, however, hoped that the digest
now presented will be found to combine the requirements
of accuracy and “up-to-dateness” with such measure of
completeness as the limitations of space have permitted.

As in the case of Part I. on “Lead,” obsolete processes
have received only casual mention, it being felt that the
student of what may be termed “historical metallurgy”
will do better to consult the pages of authorities who
were more nearly contemporary with the processes they
describe. The aim throughout has been to consider the
subject from the practical standpoint of the working
metallurgist; how far this attempt has been successful it
is for working metallurgists to judge.

Among others, the Chapters on “ Hyposulphite Leaching
Practice” and on “ Blast Furnace Matting” will be found
to contain information hitherto unpublished. There can,
however, be little which is absolutely novel in a volume
of this character, and the freest use has been made of
* Preface to Percy’s Metallurgy of Silver and Gold, Part L., London, 1880.
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the contributions is given in the footnotes, but special
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Percy (already referred to), Schnabx
Metallhuttenkunde, Berlin, 1894), and
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THE METALLURGY

or

LEAD AND SILVER.
PART I.—SILVER.

SECTION I.—SILVER AND ITS ORES.
CHAPTER I
PROPERTIES OF SILVER & ITS PRINCIPAL COMPOUNDS.

SiNce the earliest times silver has been associated with gold
as a “ precious metal,” and although of late years it has become
depreciated in value, its usefulness for coinage and ornamental
purposes has been maintained.

Physical Properties — Colouwr.— Silver is the whitest of
metals, and possesses a most brilliant lustre, which is unap-
proached by any other metal, save, perhaps, lithium.

Hardness.—Silver figures at 990 on Bottone’s scale,* and is
therefore harder than gold, though softer than copper.

Malleability and Ductility.—In these qualities silver is excelled
only by gold. It can be hammered into leaves only yyisy of
an inch thick, and a single grain can be drawn into 400 feet
of wire.

Tenacity.—The tenacity of silver according to Baudrimont
is 17-27 tons per square inch at 0° C.

Specific Gravity.—The specific gravity of rolled silver is at
13-2° C. according to Matthiessen { 10:468. Cooke} determined
that of cast silver at 0°C. to be 10-461. The finely-divided

st”Roberto" -Austen, Introduction to the Study of Metallurgy, 4th edition,
1898, p. 17.

+ Ann. de Chimie et de Physique [3), vol. xxx., p. 304.

1 Percyy Metallurgy of Silver and Gold, p. 4.



2 THE METALLURGY OF SILVER.

precipitate of silver thrown down by iron sulphate has, accord-
ing to Rose, a specific gravity of 10-55 to 10-61.

Fusibility and Volatility.— According to the best concurrent
evidence the melting point of silver may be taken as 954°C.*
Silver is readily volatilised in the electric arc or under the oxy-
hydrogen blowpipe ; and a8 pointed out by Stus and confirmed
by Roberts and Lockyer,t its vapour is blue by reflected light.
The e¢xact temperature at which volatilisation begins is not
known. According to Van Riemsdijk } there is sensible vola-
tilisation at a temperature slightly above the melting point of
copper (1054°), but the boiling point is certainly very much higher
than the melting point of steel (1600°), probably indeed over
2000° .. The volatility of silver, however, is no doubt much
increased by its admixture with other volatile metals, such as
lead, zine, and antimony, and to this cause is partly due the
presence of silver in flue-dust from roasting furnaces, the tem-
perature in which is never high enough to sensibly volatilise
pure silver by itself.

When silver is melted and cooled slowly, octahedral crystals
can be obtained. When melted in the air it absorbs twenty-two
times ity volume of oxygen, which is, however, given off on
solidifieation.  'This phenomenon called “sprouting” is peculiar
to silver which is nearly pure, comparatively small quantities of
copper or of lead destroying its property of sprouting.

Conductivity and Exrpansion.—The conductivity of silver both
for heat and electricity is higher than that of any other metal.
Silver is nlways adopted as the standard for heat conductivity,
being called 100; the heat conductivities of gold and copper with
reference to this standard are respectively 53-2 and 73:6. The
standard now usually adopted for electrical conductivity is
Hg at 0"C. : 1; referred to which standard silver figures as
57:23.§ [Its coeflicient of linear expansion between 0° and 100°
is 0-0000192.

Latent and Specific Heat.—The latent heat of fusion of silver
is gonerally taken as 21:07. Tts specific heat between 0°and 100°
is, according to Dulong and Petit, 0-056.

Other Comstunts.—The atomic weight of silver is 107:66, its
atomic volume 10-2.

Chemical Properties.—Silver undergoes no change when
placed in water, or when exposed to pure air either wet or dry,
nor is it affected by caustic alkalies even in a molten condition.
The tarnish formed on silver plate is caused by the presence of
traces of sulphur compounds in the air, especially H.S.

Silver is readily dissolved by nitric acid, but sulphuric acid
only attacks it when concentrated and boiling. Hydrochloric

* Roberts-Austen, op. cit., p. 177.

+ Proc. Roy. Soc., 1875, vol. xxiii., p. 344.

1 Percy, op. cit., p. 6. § Roberts-Austen, op, cit., ps 73.
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PROPERTIES OF BILVER AND ITS PRINCIPAL COMPOUNDs. 11l

TABLE I.—SoLtBILITY cP SiLveR CHLORIDE.

I

Formula lPereenLo( Temp. at Permt.o( Pueznt.o( Sp. Gr. Temp of Grm. Ag -
of | Salt in P' g. in of Sollnp in l'er ce.

Salt. Solution. | sn.umed. Dissolved. solmon Lolutinn. 108 solution.

) | .
. C. Deg. C.

KCl,. . 2495 Dleg-s 00776 | 00584 1'1554 196 0 0Bms

NaCl, . 25-96 ” 0-1053 00793 . 12053 . 00956

NH(L,. 28°45 24-5 03397 0-2551 11835 309 D24

CaCly, . 4126 . 0-5713 0-4300 1-4612 . 06253

MgCl,, . 3635 . 0-3313 | 0-3999  1-335) v 0-5399
BeCl,, . 2732 . 0-0570 00429 1-3017 e 00554
PeCl,, . 3070 0-1686 0-1269 1-4199 20 O 12 1
FegCl, . 3748 0-0058 01044 1-4432 214 00Ms |

MnCl,, . 4385 | 215 | 01996 | 01499 14851 300 0%

9y - 5334 00134 00101 16005 . onis2

y . 4448 245 00532 00399 1-5726 . 0527

gy .« 099 s . 0-0000 , 00000 10094 . 99000

It may be useful to remember that a solution of commmon salt
saturated at 15°C. contains 26:34 per cent. of salt by weight,
its specific gravity is 1-20403 at the temperature of saturation,
and one litre of it will dissolve, according to the mean of the

s given by Hahn and Vogel, 1001 gramme of silver
chloride. Most of the above solutions dissolve a larger pro-
portion of silver chloride when boiling, but the excess separates
out on cooling.

8Btrong hydrochloric acid dissolves AzCl even in the cold
Smpart. in 336), the solubility is increased by heating and much

inished by dilution, but it is not possible to _precipitate all
the silver from moderately diluted acid, say 1 to 5.

Silver chloride is insoluble in cold nitric and sulphuric acids,
both strong and dilute, but is decomposed by both acids in the
concentrated condition ; readily in the case of sulphuric, but only
after long boiling in the case of nitric acid. Most nitrate
solutions dissolve small quantities of silver chloride, even in
the cold, the degree of solubility being much greater when the
solutions are hot. Among nitrates which act thus are those of
the alkalies, lime, magnesia, and copper, the solubility being
much greater in the case of mercuric nitrate.

According to Stas, silver chloride in the pulverulent granular
or crystalline conditions is practically insoluble in water, but
when in the flaky condition (as occurs just after precipitation in
the cold from a very dilute solution) it is distinctly soluble in
pure or acidified water, though, curiously enough, either silver
nitrate or alkaline chloride will reprecipitate it from this solu-



12 THE METALLURGY OF SILVER.

tion. This explains the so-called “neutral point” in the Gay
Lussac method of estimating silver volumetrically.*

Certain crystalline compounds containing sodium and silver
chlorides have been prepared, but they do not appear to be true
double salts.

Formation of Silver Chloride from the Metal.—Silver chloride
may be produced by passing chlorine or hydrochloric acid gas or
vapour of NH,CI over metallic silver heated to redness. Con-
versely, the chloride may be reduced again to metal by passing
over it a current of hydrogen or of NH,Cl vapour at a slightly
higher temperature.

In small quantity silver chloride is formed by simple contact
of the metal with solution of sodium chloride. Thus a solution
of common salt by simple boiling in a silver crucible dissolves
enough silver to give a black precipitate with H,S, but the
action appears not to take place if air be excluded. In this
way may be explained the occurrence of a film of chloride on
silver coins which have been long buried in the ground.

When silver leaf is ground up with common salt and heated
to a temperature below redness no action takes place. When
the temperature is raised to bright redness and the heat main-
tained for three-quarters of an hour the whole of the silver is
converted into chloride, some of which volatilises. Metallic
silver can also be converted into chloride by melting it in ordi-
nary crucibles with common salt and keeping it molten at a high
temperature, when a portion volatilises together with part of
the salt, while the remainder is found disseminated through the
layer of salt. One ounce of silver treated by Rose in this way
lost 2-7 per cent. of its weight in two and a-half hours by volatili-
sation ; the presence of copper tends to prevent the formation
of silver chloride and consequent loss of silver.t

Silver is slowly converted into chloride by solutions of cuprie,
mercuric, and ferric chlorides, which it reduces to the lower
chlorides thus:—

2CuCly + 2Ag = 2AgCl + Cu,ClL,.
Mercuric chloride also acts upon silver at a heat below redness,
calomel subliming, while silver chloride is left.

Formation of Silver Chloride from its Sulphide.—Many experi-
ments have been made on this subject, but the published results
are contradictory. Percy and Dick,} and Malaguti and
Durocher § have each made elaborate series of experiments with
both chlorides of copper, and they conclude that both cuprous
and cupric chlorides give AgCl as the product of their action

* Percy, loc. cit., p. 291. + Percy, op. cit., p. 70.

3 Ibid., pp. 73, et #eq.

§Quotetf tbid., pp. 98, et seq.; also in the original Recherches sur U Asso-
ciation de P Argent aux Mineraux Metalliques, Paris, 1850, vol. i., p. 658.
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14 THE METALLURGY OF SILVER.

heated to about its melting point; as also by carbonic oxid,
which is said to carry away the chlorine as phosgene gas, COCL,
Steam does not affect it, except at much higher temperatures.
Alkaline hydrates and carbonates decompose it at about the
melting point of silver, the reaction being
4AgCl + 2Na,CO, = 4Ag + 4NaCl + O + 2CO,,

but part of the silver chloride escapes by volatilising or by per
meating the crucible before acquiring the temperature necessary
for the reaction.

Calcium carbonate decomposes silver chloride at a temperature
above the melting point of silver, forming calcium chloride.

Charcoal, in the proportion of 1 part to 2 parts of the chloride,
reduces it readily ; but the reaction is said to be due to the
hydrogen in the charcoal, for all the chlorine is evolved as HO,
and no reduction takes place when pure plumbago is substituted
for charcoal.

Zinc, irom, copper, and lead all reduce the chloride when heated
with it. In the last two cases the reduced silver alloys with the
excess of reagent metal. Mercury also reduces it at the ordinary
temperature, but the reaction is much promoted by the action of
water.

In the wet way, silver chloride may be reduced by boiling it
with a solution of Na,CU, and its own weight of glucose.

Stannous chloride also reduces it, and when very dilute solu-
tions of silver are precipitated by a soluble chloride so that the
liquid is just turbid, and a few drops of stannous chloride added,
the solution acquires a yellowish-brown colour like that of glass
stained by silver. Percy suggests that this colour is due to the
presence of finely-divided silver, and analogous to the ruby colour
of gold-stained glass, which was proved by Faraday to be due to
metallic gold in a very fine state of division.

In ammoniacal solution, silver chloride is reduced by cuprous
chloride according to the equation

2A¢Cl + Cu,Cl, = 2Ag + 2CuCL,

No reduction, however, takes place when both salts are disgolved
in a saturated solution of common salt.* When freshly precipi-
tated, however, both salts react upon each other in presence of
water alone. Reference has been already made to the converse
-of this reaction, by which cupric chloride is reduced by metallic
silver to cuprous chloride. Upon this point Percy remarks, « It
will probably be found that an aqueous solution of cupric
-chloride containing a certain proportion of cuprous chloride has
no effect on either metallic silver or its chloride.” Such a
balance of reactions is not uncommon in chemistry, but in
metallurgical practice one of each pair of reactions is generally
-developed and the other suppressed by altering the conditions.

* Percy, op. cit., p. 91.
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cuprous
Ag(l and shaken in ammewin water
residse is found v comtain a mixture of metallic sillver
saiphide. The reaction msy, perhags, be:—

4A2C1 + CnyS = 2Ag + AgeS + 0ull,.

sulphids, act upon silver chloride in exactly the same whea
fused together with it o-tofm-i&-ir,th_l't;’gb-o-
metal chlorides partly volatilising. According to Malaguti and
Durocher, who have investigated the comperative action of
various metallic salphides upon ammoniacal silver chloride solu-
tions, the action is quickest in the case of thoee sulphides which,
like Cu,$ (see above reaction), SnS, and CuFeS, act by reduction
as well as by double decomposition, and slowest in the case of
those, like Cd8, ZnS, FeS, HgS, and 8b,S,, which act only in the

latter way.
7 RS + 2AgCl = Ag,8 + RCl,.

Silver Bromide, AgBr, occurs native in the mineral bromy-
rite. Silver and bromine combine readily at ordinary tempera-
tures ; the bromide may also be prepared by precipitating a
solution of silver nitrate with one of an alkaline bromide. It
is a pale yellow powder of specific gravity 625 to 6-29, which
melts to a red liquid and solidifies to a yellow semi-transparent
mass with a crystalline fracture ; this solid is much more brittle
than the chloride. It appears to be absolutely insoluble in
water and behaves to other solvents somewhat like silver
chloride, but is usually less soluble in all. Like the chloride, it
is decomposed by strong sulphuric acid, but boiling nitric acid,
even when concentrated, does not affect it. Its best solvent is
a solution of potassium bromide.

Silver bromide is converted into chloride when heated in a
current of chlorine; conversely, when silver chloride is acted
upon by a solution of potassium bromide double decomposition
takes place, potassium chloride and silver bromide being pro-
duced. Its insolubility renders it a more efficient substitute

* Op. cit., pp. 268-270.
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SILVER ORES, 26

UNITED STATES.
ComsTock (NEV.).*
P. Native silver and gold, argentite, stephanite, polybasite

(pyrargyrite).
Pyrites, galena, blende, chalcopyrite (cerussite,
fahlerz).
G. Calcite, dolomite, iron and manganese oxides, quartz
(barytes, fluor-spar).

Eurega (Nev.).t

P. Little or none except a little kerargyrite and gold.

M. Anglesite, cerussite, galena, mimetite, pyrites, mispickel,
blende (wulfenite).

G. Limonite (quartz, calcite).

O~NTaRIO (UTAR). |

P. Fahlerz, argentite (kerargyrite).
M. Blende, galena.
G. Quartz, clay.

Aspex (Coro.). §

P. Native silver, argentite, polybasite, stephanite.
M. Galena, pyrites (malachite).
G. Barytes, dolomite, calcite, quartz, iron oxides.

SiLver Kixg (ARr1z.). ||

P. Native silver, argentite, fahlerz, stromeyerite.
M. Blende, galena, pyrites, stibnite (erubescite, chalco-
pyrite).
Quartz, barytes, calcite, chalybite, and ‘‘porphyry”
(decomposed eruptive rock).

Lage VaLrLey (New Mex.).N

P. Kerargyrite.
M. Galena, rich in silver.

G. Flint, pyrolusite, and other manganese oxides, iron
oxide, limestone, and (gypsum).

* Becker, ‘* Geology of the Comstock Lode,” Monog. sii. U.S. Geol.

Survey.
+ Curtis, Monog. vis. U.S. Geol. Survey. 1884.
* Rothwell, Trans. A.1.M.E., vol. viii., p. 551 ; also Almy, Ibid., vol.

xvi.,
BPofmn.n MmllurqufLead
IKem DepomtaoftheUS P 228
9 Clark, Trans. A.1.M.E., vol. xxiv., p. 148,
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MEXICO.

VETA MADRE (GUANAJUATO).*
P. Argentite, stephanite, polybasite, gold.
M. Ppyrites, chalcopyrite (blende, galena, mispickel).
G. Quartz, amethyst, calcite, dolomite (talc, gypsum,
chalybite, fluor-spar, asbestos).
No haloid compounds of silver or heavy spar.

Vera MADRE (ZAcATECAS). 1
P. Native silver, pyrargyrite, stephanite, argentite
(proustite), and kerargyrite.
M. Pyrites, blende, galena (stibnite).
G. Quartz, hornstone, calcite, barytes.
CaTorce (Sax Luis Porosr) (colorados).}
P. Embolite, native silver, kerargyrite, bromyrite.

M. Galena, cerussite, pyrolusite.
G. Quartz, calcite, oxides of iron, ferruginous clay.

GuapaLcazar (S.L.P.). §
P. Argentite, fahlerz, pyrargyrite, native silver.
M. Pyrites, galena, blende, chalcopyrite (stibnite, smaltite).
G. Quartz, limonite, fluor-spar, calcite.

Pacruca (Hipareo).||
P. Argentite, native silver, fahlerz, pyrargyrite,
stephanite.
M. Blende, mispickel, galena, pyrites, chalcopyrite.
G. Quartz, hornstone, amethyst, calcite, barytes.
Tasco (GUERRERO).9
P. Argentite, polybasite, pyrargyrite, fahlerz, proustite.
M. Blends, galena, pyrites, pyrrhotite (chalcopyrite,
azurite).
G. Quartz, calcite (gypsum).
Caarcas (S.L.P.).¥*
P. None, the Ag isin faklerz and blende.
M. Blende, galena, mispickel, pyrites, chalcopyrite.
G. Calcite, clay, and quartz.

Batoriras (CHIHUARUA).
P. Native silver, argentite, kerargyrite, proustite.

M. None.

G. Calcite (quartz).
* Percy, % cit., p. 580, and pn'v. notes. + Private notes.
$ Chism, and . J., Nov. 2, 1889. § Private notes.
] Percy,

og'mm PMM vol. iii., pt. 3, p. 427. ** Private notes.
W-"dolph, Trans. AIME vol. x., p. 203, and priv. communications.
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SOUTH AMERICA.

Casararca (Peru).*

P. Fahlerz (very rich).
M. Galena, blende, pyrites, chaloopyrlte

Pasco (Pervu).t
P. Native silver, argentite, proustite.
M. Pyrites, cerussite, galena, chalcopyrite (fahlerz).
G. Quartz, iron oxides, ferruginous clay.

ORruURO (BoLivia).}
P. Fahlerz, native silver, pyrargyrite, proustite.
M. Pyrites, chalcopyrite, galena, cassiterite, blende, stibnite.
G. Slaty and small in amount.

HuarcHAcA (BoLivia).§ -

P. Fahlerz (v g ar. Freibergite with 12 per cent. Ag).
M. Pyrites, blende, galena (chalcopyrite).
G. Chleﬂy quartz.

Oor1ap6 (CHILI).||
P. Native silver, embolite, argentite, pyrargyrite, proustite
(polybasite, iodyrite, arquerite).
M. (Chalcopyrite, galena, native arsenic, domeykite).
G. Barytes, calcite, ankerite, decomposed porphyry and
diabase, kaolin and asbestos.

AUSTRALASIA.

Broxex HiLL (N.8.W.) ¥ (oxidised ores).
P. Embolite, iodyrite, native silver (kerargyrite, pyrar-
gyrite, fahlerz, stephanite, dyscrasite).
M. Cerussite, calamine, anglesite, pyromorphite (azurite,
malaclnte native copper, stolzite).
G. Limonite, Icaolm, quartz, psilomelane (chalybite,
ca.lcite).

Brokex HiLL (N.8.W.)** (sulphide ores).

P. Practically none.
M. Galena, blende, rhodonite (pyrites, chalcopyrite very

rare).
G. Felspar (green and grey), garnet, quartz, fluor-spar.

* Pfordte, K. and M. J., June 25, 1892.
+ Hodges, Trans. A.1.M. K., vol. xvi., p. 729; Pfordte, Trans A.IL.M.E.,
vol. xxiv., p. 109.
$ Minchin, E. and M. J., Aug. 16, 1890.
§Peele 8.M.Q., vol. xiv., p. 1562. ol Percy, op. cit., pp. 568 and 649.
9 Private notes. * Private notes.
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* Thomae, T'rans. I.M. M., vol. iv., p. 54. t Proc. Colo. Sci. Soc., 1887.
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SECTION II
AMALGAMATION PROCESSES.

INTRODUCTORY.

AMALGAMATION methods, though not as old as smelting, date
back for three and a-half centuries. The Patio, or Mexican
amalgamation process was invented by Bartolomé-Medina at
Pachuca in 1557, but Biringuccio described in 15640 a somewhat
similar process, and it is probable that Medina had learnt the
principle of the method in Spain, and, making trial of it,
developed his Patio process, for at that time the necessary quick-
silver could only be imported from Spain. Those who are
interested in the history of the process should consult the work
of Percy so often quoted.*

The modus operands in all amalgamation processes is to bring
the silver ore, in a condition of finely-divided slime, into intimate
contact with finely-divided globules of mercury, or with a bath
of that metal. Quartzose or calcareous ores containing native
silver, require no reagents other than water and mercury, but to
all other kinds of ore certain reagents are added, some of which
(like salt and copper sulphate) facilitate the transformation of
sulphide of silver into finely-divided metal and chloride, which
can be acted upon by the mercury; while others (such as iron
and copper) act partly by their effect on the silver chloride,
partly by regenerating mercury from its insoluble chloride, and
partly by setting up a galvanic couple with the mercury, which
increases the tendency of silver in solution to be precipitated
upon that metal. The reactions which occur when silver com-
g:eunds are brought into contact with the above reagents have

n already described in Chapter I., and it has been noted that
native silver, chloride, and sulphide are most easily acted upon,
next the sulphantimonides and sulpharsenides (pyrargyrite, poly-
basite, proustite, &c.), while argentiferous fahlerz, galena, blende,
pyrites, and similar ores are only acted upon with great difficulty.

All silver ores, however complex, can be treated by amalgama-
tion after a preliminary roasting with salt, but this, while
adding greatly to the expense, gives rise to an additional loss by

* Percy, Metallurgy of Silver and GQold, 1880, p. 560.
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TABLE II.—ANALYSES OF ORES TREATED BY AMALGAMATION

Processes.
g% | B gg £ S $
. g -8 kY >
52| B2 | &S 5,;3 "ES 5 |8§58
1 5 | 58 |52 Bd |friflss
E: ig ég EBE ;;’< ghp éﬁ:a
References, 1. 1. 2. 3. 4. b. 6.
Reese | Reese u
Patio. | Tina. | Tina. | Tina. | Rjver. | River. c:&:):n
8i0,, . . 7200 | 4005|1350 |2300| 18:10 5521 | 84-09
Al . . 650| ... | 304 | ... | .. |131a] ...
Fe,Op . . 1360 ... | .. | .. | os8] .. | o
Fe, . . 1-32 2655|2906 | 1160 ... 2771 7°06
MnO,, . .lo2e| .| .. | .. | s483| .. | ..
L‘C:B . . 0-21 1497 | 045| 035
. R . . . 132 ...
MG, . } 075 0-32 { o13| . | o
& and Na,0, . . 122 ...

, . 100| ... | 013 |11:30| 0-46| 607 1-01
Cu, . . 005 2:73| 5°15 190 0°16( 141 1-31
Zn, . . 040 | ... 063 (2150 ... 9:60| 0-30
Sb, . . . 025 240| 145 1'80( 066 ‘20| 066
é.d: . . . Tr. | Tr. 130 | 0:35| ... 020 | 005
Ag, A[Tog| 013 0358 015| ... | 008
Au, . Tr. Tr.
S, 1-3¢ (2663 | 3235 |26-00| ... 768(.0°19
H,0, Und. | 095 0-32 167
Sn0. . 390 .

M " e “ee
Q, 017
o, 444
9771 | 99-44 | 91508 | 97°45 | 100°19 | 9773 | 95-09
oz. 1 .—0:— o oz. il
Ag per ton, . 42:3 |104'65 454 261
Au per ton, . 0°045 e

References.—1. Hodges, Trans.A.I. M.E., vol. xvi., p. 729. 2. Wendt,
100. 3. Peele, E. and M.J., March 25, 1893.
vol. xvii., p. 769. 5. Lamb, E. and M.J.,
December 17, 1892. 6. Goodale & Akers, Trans.A.I.M.E., vol. xviii.,

Trans. A.I.M.E., vol. xix.
4. Goodale, Tyans. A.I. M

p. 247.

8,
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THE PATIO PROCESS. 37

Some twenty years ago, both at Zacatecas and Guanajuato,
large iron-shod Chilian mills were introduced in place of the
simple stone edge-runners. They consist of a large stone wheel
about 4 feet 6 inches in diameter, to which is aflixed, by means
of wooden wedges, a heavy cast-iron tyre, 16 to 18 inches wide
and 4 or more inches thick, formerly made in six segments
bolted together, but now more frequently in one piece or two
at most. This wheel (sometimes a pair of similar wheels is
employed) rotates on a horizontal shaft, which is attached to
a vertical shaft, and one end of which projects as usual so that
three mules can be attached to it. The annular path on which
it runs is composed of segments of cast iron, usually eight in

- PO S S|

Fig. 3.—Ingenio.

number, a trifle wider than the runner and of about the same
thickness, the outer rim being formed by blocks of stone set in
the ground. The mill is built upon a strong arch so that a
small passage leads to the centre of the annular space, which is
covered by a conical screen of sheet iron punched with holes
from } to } inch in diameter. As the wheel travels over the ore
a boy shovels up the latter on to the screen, through which
those particles which are sufficiently fine pass, while the coarser
pieces roll back again on to the wheel-path.

The output of these mills with iron-shod runners is much
greater than that of those with plain stone runners, but the
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THE PATIO PROCESS. 53
to conclude that the equation originally propounded by Laur—

Viz
AgS + CuCl = CuS + CuCl, + 2Ag—

more nearly represents what actually happens than any other.
The bye-products of this reaction, CuS and CuOl,, undoubtedly
react upon each other to some extent, as pointed out by
Huntington, re-forming Ou,0l,, and liberating free sulphur.

Washing the ’.l'orta.—fn small works the separation of the
amalgam from the slimes by washing is commonly performed in
s masonry tank lined with cement, called a “lavadero,” the con-
struction of which is shown in Figs. 7, 8, and 9.

Fig. 7.

Fig. 8. ©O— -
[

Fig. 9.

Figs. 7, 8, and 9.—Lavadero.

The tank is usually 6 feet long, 18 to 24 inches wide, and 3
feet deep. One end is closed by a plank of hardwood in which
are inserted wooden plugs at different levels, which allow the
tank to be emptied down a sloping channel leading to the settling
tanks. The tank being half filled with water two men get in,
and as the torta mud is shovelled from the platform, P, at the
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,/rl 7 Z

calcite and qratrtz is treated by foasting. It is stamped dry
througha'd 40 mesh, ag >4 already been described, and is then ,

7 ¢taken in handbar:6ws to a single-hearth reverberatory furmi.s *
with g hadrth 12 feet wide, provided with a chpraily/hopper

.r=uve and a single rabbling and discharging.do6r at one side.
The charges are of half a ton each, a»2 até only roasted for half
an hour without any addition /.%ult.” After discharging, the ore
is allowed to lie in hesya for a few days in order to start decom-
position of the x./ditered sulphides with the help of the sulphates
formed; icd is then ground for a short time in arrastras in order

- to‘disintegrate agglomerated lumps. The tortas are then made
up as usual, except that the salt used is from 5 to 10 per cent.
and the sulphate of copper from 10 to 40 lbs. per ton, according
to the nature of the ore. Only one or two treadings are given,
and the amalgamation is finished in from three to eight days,
averaging only five days. The loss of silver averages 12 per cent.,
and the loss of mercury only 10 to 12 ozs. per mark. The cost
of treatment is given in Table IlIL.

Marmajas, or pyritous concentrates, poor in silver (30 ozs.),
can be roasted and treated in the patio much like ordinary ores,
except that they require an extra proportion of magistral.
When, however, they contain much copper pyrites the addition
of magistral can be altogether dispensed with ; and in such cases
it is preferable to work the roasted concentrates together with
ordinary ores and not separately, as loss of mercury is thereby
avoided and some magistral saved.

Use of Hyposulphite.—A recent improvement in the ordi-
nary Roast-Patio process for arsenical and antimonial sulphide
ores is described by Lukis.* Like most other metallurgists
who have studied the question this writer recognises that a
perfect roast is not required, but only such a heating as will
cause the sulphides to decrepitate and open up the cleavage
planes to the action of the solutions. The great difficulty in
treating roasted ore is found in the fact that the torta readily
heats, and so causes an enormous loss of mercury by flouring.
The improvement consists in adding sodium hyposulphite in the
proportion of 1 to 1} lbs. per ton of ore after the treading in of
8alt and copper sulphate, but before the addition of mercury.
It is claimed that the addition of hyposulphite enables a larger
Proportion of copper sulphate to be used without flouring the
Iercury, and so accelerates the process that on the fifth day
the torta can be washed. The exact mode of action cannot be
easily explained, though one may suppose that there is a forma-
tion of cuprous hyposulphite, as in the Russell process.

There is no doubt that the efficiency of the Patio process and
the time taken very largely depend upon the proper propor-
tioning of the amounts of salt and copper sulphate, and that, of

*E and M. J., May 7, 1892,
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ATMENT BY THE PaTio PRroCESS.

Cerro del Hda. de Pedro Flores, Average.
dela A .
e | R | TR Ao, |
3. 4. 5. 6.
7°11 ozs. 19-2 ozs. 106 ozs. About 100 ozs.
437 oza. 8 to 12 ozs.
745 805 88 to 92
Mules Mul Water Mules
$ Mex. $ Mex. $ Mex. $ Mex.
} 0.57
; f 1.06 o 511
0.50
}2.00 o-50
i 0.20 0.17 9/9%
} 1.37
- 5.23 _ 3.26| — 6.28| ——15/8%
be. @ 12 c. 120 1bs. 160 1bs. @ 2 c.
3.20 1.55 5/6
7 1bs. 151bs. @ 16 c.
2.40 0.96
0.07 443
1.93 e 560 — 2.58| ——9/103%
7.16 9.96 8.86 8.86 25[7%
ozs, 1 125 ozs.
Tbe. 159 1be. 9°2 lbs. Estimated
1.28 1.20 6.84 7.00 ¢/6%
8.44 11.16 15.70 15.86 35/12

rounces in this table are Mexican ounces of 29'7656 grammes = 459-382 grains
147 ounces avoirdupois, the ton being the Zacatecas monton of 2029 pounds
ih, nearly corresponding with the American short ton.
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64 THE METALLURGY OF SILVER.

by the Patio process so as to recover as much as possible from
them.

Mode of Working.—The process of amalgamation is conducted
as follows :—The cazo is about half filled with hot water and the
charge of 150 to 200 lbs. of ore according to the size of the cazo, is
gradually added, stirring all the while. As soon as the resulting
muddy liquid is boiling vigorously (and not before), salt is added
in the proportion of from 5 to 20 per cent. of the weight of the
ore and thoroughly stirred in, so as to dissolve it quickly and
prevent the formation of a cake upon the bottom. Immediately
the salt is dissolved mercury is added in the proportion of not
more than half the weight of silver contained in the ore, as
determined by inspection and by hornspoon test, or by previous
experience on similar ores. This is taken up almost immediately
if the ore contained much native silver and in less than half an
hour (with constant stirring) when the silver existed as chloride,
a part of which will have been reduced by contact with the
copper, even before the addition of salt. After from fifteen to
thirty minutes the first “ assay” is scraped off the bottom by
means of a horn fixed to a long handle; it is washed in a horn-
spoon or bowl and should show no mercury, but only a fine
granular sand called “polveo.” A second addition of mercury
is now made and the boiling and stirring continued for an hour,
when the second assay is taken; and so on, until the total
additions of mercury amount to not more than twice the weight
of silver present. Additions of hot water are made from time
to time to replace that lost by evaporation. The stirring must
be continuous, otherwise the amalgam is liable to stick to the
bottom of the cazo and perhaps to form a cake of ore, in which
latter case the “fondo” inevitably gets burnt. If the mercury
were added all at once, or if excess were added, amalgamation of
the copper would take place and a hole in the bottom soon
result ; but by keeping the additions always within the limits
of 2 to 1 by weight and the stirrer in constant motion, the
amalgam gradually formed becomes perfectly dry and the copper
is unattacked. ‘

Amalgamation with rich ores takes about four hours, or three
hours with ores of medium richness containing only traces of
argentite (which is acted upon slowly). The last test ¢ prueba
en crudo” consists of scraping up a test as before and washing
off all the mineral and gangue into a pan from which the lighter
slime and sand is poured away. The heavier particles of deposit
are then examined with a lens, and if any scales of hornsilver
remain the boiling is continued without further addition of
mercury. If no scales are seen a little mercury is poured into
the hornspoon containing amalgam, into which it is worked
with the fingers. If the mercury appears to “dry up” and
cannot be pressed out again from the stiff amalgam, more
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66 THE METALLURGY OF SILVER.

hour before adding the mercury. The process then went on as
above described and it was found that most of the argentite was
amalgamated in from four to six hours, though the galena, of
course, remained untouched. The undecomposed argentite was
recovered by subsequent patio treatment, adding no copper
sulphate and only a small proportion of salt. The reactions in
this modified process are probably* (in addition to those already
given) the following :—
AgsS + CuCly = 2AgC1 + CusS,

the silver chloride being then reduced by copper and mercury as
before.

The special advantage of this process when used on chloride
ores (not to speak of the shorter time compared with the Patio
process) is the very small consumption of mercury, the loss of
which 18 exclusively mechanical and does not exceed } to 3 per
cent. of the total quantity used, or, say, 1 to 6 ozs. for each 100
ozs. of silver. Kgleston says+ that the loss 18 “from twice to
two and a-half times the total quantity of silver contained,” but
this may be a mistake in copying—at all events, it is totally
inaccurate, as a moment'’s consideration of the reactions will
show.

The fuel required is not very costly, for any kind of refuse
bark, twigs, or worthless brushwood can be employed, or even
dried cow- or llama-dung, when nothing else is to be had. The
percentage of extraction, when no sulphurets are present, is very
high indeed, averaging over 95 per cent., being, of course, much
lower on complex ores.

Cost of Treatment.—The cost of the process varies in different
localities, according to the cost of salt, copper, and to some
extent with the richness of the ores; but with average oxidised
ores of, say, 60 to 80 ozs. in an average dry Mexican mountain
district where salt is obtainable at $40 per ton of 2000 lbs. the
cost should not exceed $15 Mexican currency, or, say, at an
exchange rate of 30d., 37s. 6d. per ton, made up as follows :—
Grinding, $1.50 (3s. 9d.); labour, stirrers and amalgamators,
$3.50 (8s. 9d.); fuel, $4 (10s.); salt, 200 lbs. at 2 c., $4 (108.);
loss of mercury, retorting, and sundries, $1 (2s. 6d.); wear and
tear of fondo, 2 lbs. wrought copper at 50 c., $1 (2s. 6d.)—total,
815 (37s. 6d.). In some places the cost would be less, especially
if water power were available for grinding and stirring. When
copper sulphate has to be used the cost is increased, not only by
the actual cost of this substance, but also by the increased loss
of copper dissolved from the fondo to make Cu,Cl,.

The process is still largely used all over Peru and Bolivia for

* It is quite Iossible that metallic silver is formed direct, according to
&;

the reaction—. + CuCl, = Ag, + CuS + Cu
+ Metallurgy Silver(f“aold, and Mercury in the U.8., vol. i., p. 312,
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80 THE METALLURGY OF SILVER.

CHAPTER V.
THE PAN PROCESS.

THE iron pan was first applied to the amalgamation of silver
ores from the Comstock Lode, Nevada, and hence the raw-pan
process adapted to the treatment of ores carrying silver in the
native condition, as chloride and sulphide, is called (from the
name of the district where it originated) the Washoe process.
Wheu the ores are ‘“refractory,” containing arsenical and anti-
monial sulphides, and especially when they contain argentiferous
fahlerz, galena or blende it is necessary to roast them with salt
before they become amenable to pan treatment; this modifica-
tion is sometimes known as the Reese River process. With the
exception of the roasting operation, the appliances employed, as
also the mode of operation, are substantially identical in the
two processes; the ore for the Washoe process, however, is
generally, though by no means invariably, crushed wet, while
that for the Reese River process is always crushed dry. The
Reese River process will be found described in the next chapter,
while the Washoe process, and its modern development the Boss
process, will be dealt with here.

The Washoe Process — Crushing.—The first step is the
crushing of the ore through a mesh which varies between
24 and 80, averaging probably about 40. This is almost always
done wet, because the capacity of a given mill is much larger
when crushing with the help of a stream of water, and because
the dry-crushing plant, besides being of smaller capacity, is
much more complicated, requiring special drying kilns for the
ore, mortars with wooden housings to prevent escape of fine
dust, conveyers and exhaust fans to remove the ore as fast as
pulverised, and settling chambers to collect it. When milling
soft rich chloride and sulphide ores, however, it is often advan-
tageous to crush dry in order to avoid the loss of silver in slimes
and in fine scales of silver chloride and sulphide which float
away on the surface of the battery water. Eissler* mentions
that at White Pine (Nev.) dry-crushing mills saved Y0 per cent.
of the assay value of the ores, while wet-crushing mills working
on the same ore could only save 80 per cent. ; there can indeed
be little doubt that many mills using the ordinary pan process
would show a better percentage of extraction if dry crushing
were employed, though it is doubtful if the increased saving
would compensate for the increased cost. The slimes carried
off by the water, however (as distinguished from the tailings

* Metallurgy of Stlver, 1891, p. 125.
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96 THE METALLURGY OF SILVER.

shown in Fig. 34, is still in use in moat small and some large
mills, but in some of the latter it has been replaced by a small
plunger pump with ball valves of steel and running in hydraulic
packing. Limits of space render it impossible to give a detailed
description of the quicksilver pump system,* but Fig. 35 shows
the general arrangement, and Fig. 36 the pump itself in section.

Figs. 35 and 36.—Quicksilver Pump.

From the upper tank, L, about 4 ft. x 2 ft. x 18 in., into which
the pump delivers, a tinch pipe distributes the mercury to the
pan reservoirs, O, each of which serves two pans, into either of
which it may be emptied through the pipes, R. The reservoir
is allowed to fill until the mercury reaches the required height,
where it remains until one of the pans is ready for a charge.

* For which consult Egleston, op. ci., pp. 399-403.
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102 THE METALLURGY OF SILVER.

bullion produced, but is also much less active in decomposing
complex sulphides than the chlorides are. On account of this
difference, in the case of an ore in which the silver exists chiefly
as sulphide, the tailings would be higher when worked by the
pan than by the fondon, other conditions being equal.

Water Supply and H.P. Required.—F'ig. 37 is a section showing
the general arrangement of an ordinary Washoe mill. The
number of pans required for a battery of ten stamps may be from
four to eight, according to the hardness of the ore and the con-
sequent output from the stamps. Usually six pans (and three
settlers) are provided for the ten stamps, though on the Comstock
and in some large mills elsewhere one pan for each two stamps is
found to be an ample allowance.

A large quantity of water is required in a silver mill, less,
however, being necessary with quartzose than with argillaceous
ores. The following may be taken as the average :—For each
stamp, 60 imperial gallons per hour; each pan, 96 gallons per
hour; each settler, 54 gallons per hour; and each boiler, 6 gallons
per H.P. per hour.

The skeleton specification of a twenty-stamp mill for the
H.P. and water required is given in the following table, it
being understood that the H.P. varies according to the amount
of grinding done in the pans :—

I ]
: . :
Specification. H.P. required. ; Water required

per hour.
Galls.
1 Blake crusher, 10 x 7 inches, . 6
4 Ore-feeders (Challenge), .
20 Stamps, 900 lbs., 90 drops 8 mches, 33 1200
12 Pans, 5 feet dlameter, 24-50 1152
6 Settlers, 8 feet diameter, . 18 324
Friction, say, . . . . 13
Boilers, . . . . . 507-520

94-130 | 3180-3396

It is usual to allow about 50 per cent. excess on the H.P.
above shown.

If water be scarce the whole of the tailings stream escaping
from the mill is run into a large tailings reservoir, and the
water pumped back and used over again. In this case the loss
by evaporation and leakage will amount to about 25 per cent.

Such a mill will treat from 35 to 45 tons of 2240 lbs. per day
of twenty-four hours, according to the nature of the ore. Per
ton of ore treated the H.P. required will be from 2§ to 3, and
the water required from 1800 to 2100 imperial gallons, or, say,

= eight to nine times the weight of the ore.
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106 THE METALLURGY OF SILVER.

The cost of such a mill will vary from £400 to £600 per
stamp erected ready for work, according to the locality, the
smaller mills costing much more in proportion than the larger
ones.

Cost of Working.—Table V. gives the cost of working, together
with other comparative data, at several wet crushing silver mills
in different parts of the world. It should be remembered that
the cost of general superintendence and management is not
included, and this is a very important addition to the apparent
cost in a small mill. The ton to which all the figures refer is
the American short ton of 2000 lbs.

The Boss Process.—The ordinary Washoe process is inter-
mittent, inasmuch as the ore has to be collected in tanks or
hoppers, and is only charged into the pans at intervals, but of
late years a continuous process has been worked out by M. P.
Boss, in which the pulp from the stamps runs direct through a
row of pans and settlers and is discharged at the other end of the
series as fast as it enters.

Plant Employed.—'l‘he particular form of pan used has been
already shown in Fig. 28. The pans are covered, and each is
provided with two overflow connections of 4-inch pipe, the top
of which is an inch below the rim of the pan; the settlers have
similar connections, but are not otherwise in any way peculiar.

Fig. 38 shows the general arrangement of the older form of
plant in which the pans and settlers were on different levels.
In this, A is the pipe bringing the supply of pulp direct from the
battery or from the hydraulic separators, as may be preferred,
which passes through the ‘“chemical mixer” into the first two
pans of the series. At BB are shown the overflows from one
pan to another, made of 4-inch pipe, and at CC the similar
overflows between the settlers; G G are the overflows from the
last two pans, and D the pipe which takes the combined over-
flow into the tirst settler. E E are steam syphons which enable
pulp to be transferred from one settler to the next but one. in
case it is necessary to throw out the intermediate one for repairs
or clean up, and F is a similar syphon for throwing out one or
more of the pans in the same way.

The chemicals, salt and bluestone, are fed into the pulp auto-
matically at A by means of a small bucket-wheel feeder worked
by a bell-crank and wire from a separate auxiliary shaft. The
mercury, which overflows from the *‘ quicksilver cups” attached
to the bottom of each pan at H, is carried by a pipe to the
straining box, I, after passing through which it is raised by a
pump like that already ftigured. From the storage tank it
descends to the feeding-cups, J, between each pair of pans, from
which it is fed automatically as required.

As a rule, in this system the first two pans only are grinding
pans, and frequently the pulp from the stamps is passed through
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A much better arrangement, employed in all the newer Boss
mills, is the provision of separate flat-bottomed pans smaller
than the regular amalgamating pans, running at a higher speed
and constructed without a steam-bottom, whereby greater surface
is secured for grinding. The pan is only 4 feet in diameter, and
is provided with a muller in the form of a complete ring slotted
only for a short distance from the inner edge, as is also the ring-
die, 80 as better to admit the pulp between them. As a rule,
one or two of these special grinding pans are provided for each
five stamps, according to the degree of fineness to which the ore
must be reduced.

One-level System.—In the newer modified plant (called the
Boss one-level system) all the pans and settlers are arranged on
a level and the pulp simply flows from one to the other through
the entire series. Fig. 39 shows such a “one-level ” plant in
which the pulp from the stamps, A, passes through an upper
row of special grinding pans, B, before reaching the amalgama-
ting pans, C, which are only ten in number for thirty stamps.
In a line with these are the settlers, D, the tailings of which go
to Frue vanners, E, to save heavy sulphides.

One great advantage of this system is that it admits of the
employment of a single main line-shaft with friction clutch gear
immediately under each pan and settler, so that each machine is
driven directly off the shaft without the intervention of counter-
shafts and belts, enabling any individual pan or settler to be
stopped and restarted in the easiest possible way.

To this latest variety of the continuous process belongs the
Garfield Mill at Calico (Cal.) with fifteen stamps, the pulp from
which passes through a series of eight 5-feet pans running at
65 revolutions, and three 8-feet settlers at 20 revolutions per
minute. In the first pan the ore is ground, in the second and
third mercury is added, and in the latter the chemicals—viz,
8 to 15 lbs. of salt and 1 to 1} lbs. of bluestoue per ton. In the
fifth pan a little lime is added to clean the mercury.

In the Boss system the quicksilver-carrying amalgam, which
gradually reaches the bottom of every pan and settler and accu-
mulates in the bowls, can be drawn oft at pleasure from any of
them by pulling out a plug, when it runs along an iron pipe to
a central receiving tank. From here it is drawn at will into
the strainers and the strained quicksilver is raised by a small
chain belt elevator running in a sheet-iron housing to a storage
tank, from which diverges a system of pipes supplying each pan.

In all the more recent Boss plants the chemicals are added,
not to one of the pans of the amalgamating series, but in a
separate ““chemical mixer,” which is installed between the special
grinding and the ordinary amalgamating pans. This mixer may
take the form either of a large settler made entirely of wood

* wanden shoes and steam-hottom, or of a barrel, like that
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ROAST AMALGAMATION PROCESSES. 115

freight is heavy and timber for framework expensive (as, for -
example, in many parts of Mexico and 8. America) they can
replace stamps very advantageously.

Chiliam Mills, —Rolls answer so well for crushing before roast-
ing that it is often assumed that no other machine can do the
work equally well. So far as the author is aware only one form
of machine can compete with rolls for this work, and it is the
modified Chilian mill used by the Broken Hill Proprietary Co.
(N.8.W.). The ore treated is a very hard siliceous ironstone

- L] 1) 1] 3 Jk
[T 1 L 1 1

Fig. 44.—Chilian Mill.

gozzan, which has to be crushed through a 4%-slot mesh as a pre-
liminary to roasting in revolving furnaces. The crushing plant
consists of two No. 3 Gates crushers provided with manganese
steel cone-sleeves on cast-iron centre, from which the crushed
material passes to-four Chilian mills of the type shown in Fig. 44.
The annular die which forms the bed for the runners to roll
upon is 52 inches outside and 30 inches inside diameter and
4 inches thick ; it lasts, by turning over, for four to six months,
or during the crushing of 5000 to 6000 tons of ore. The rollers,
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TREATMENT OF TAILINGS AND CONCENTRATION. 133

chemicals alone (50 lbs. salt, 2 lbs. sulphuric acid, } Ib. potassium
cyanide), and four hours more after addition of quicksilver.
During the year 1889 the following results were shown :—

Value.
Tons. Ozs. Silver. | —

Per Ton. |Percentage

B Ozs.
Ore crushed, dry weight, . | 9062 | 205,435  22-67
Concentrates produced, ,, .| 5418 73,777 11382 359
Bullion produced, . . . 97,661 . 475
Total silver extracted, . . 171,438 . 834
Tailings, .. .| s520 | 33997 | 4 166

'

Cost of milling, $4.36 = 18s. 2d.

Details of the cost of milling are given in Table VI., Chapter VI.
The concentrates carry 8 Per cent. Cu, 9 per ceat. Pb, and 32 per cent.
8i0,, the rest being principally iron pyrites.

At Huantla (Morelos, Mexico)* ores averaging about 98 ozs.
per ton are concentrated on vanners, which yield 8 per cent. of
their weight as concentrates, with about 720 ozs. of Ag per ton,
or 60 per cent. of the silver contents of the ore. The tailings
from this operation, still containing about 40 ozs. of silver, are
treated by a modified Patio process and yield over 90 per cent.
of their value. The final tailings assay under 4 ozs. per ton, so
that the total extracted by the combined process is 96 per cent.
of the total contents of the original ore. Tle total cost of treat-
ment i8 under 30s. per ton and the yield is very much higher
than could be obtained by any process involving roasting, not to
speak of the volatilisation loss which is avoided.

It may be remarked that the Frue vanner as a concentrator is
certainly not better suited to most ores than a combination of
two other machines would be; but its automatic action and adjus-
tability, coupled with its fairly close saving, production of clean
concentrates, and wide range of adaptability to variations in the
ore, enable it in most cases to do better work than any other
single machine.

Applicability of the Combination Process.—The advan-
tages of concentration before amalgamation may be recapitulated
as follows : —

(1) Easier and more perfect saving of sulphides.

(2) Lower final tailings

(3) Cleaner bullion from the pans.

(4) Less loss of quicksilver.

* W. 8. Morse, Private communication, Feb,, 1897.
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RETORTING, MELTING AND ASSAYING BULLION. 137

The most common method of retorting at small reduction
works in Mexico is shown in section and plan in Fig. 46.*
A number of quicksilver flasks are taken, and the necks are cut
off one-half of the number while the bottoms are cut out of the
remainder. The former are built into a small brick arch in
a vertical position, 8o that their lower ends dip into a tank of
water. The flasks from which the bottoms have been cut are
lined with paper, and the amalgam is then rammed into them
in quantities of about 65 to 75 lbs. each. The stoppers are
tightly screwed in and these flasks are then placed in position
upon those which have been built in; a perforated plate is
placed between each pair so as to prevent the amalgam from
falling out, and the joints are luted with clay, each flask being
also plastered with a thin layer of clay to protect it from the
fire. A rough brick wall is then built round the upper flasks,
a few embers are scattered round them to dry the clay, and the
wlole space is filled with glowing charcoal. Water is continu-
ally added to the tank beneath to replace that lost by evaporation,
and if possible a current of water is allowed to circulate through
it so as to keep it cool. There is not much danger of melting
the amalgam unless the fire be allowed to get too hot, but the
resulting retort silver usually contains about 1 per cent. of
mercury. The operation usually lasts about four hours. Fur-
naces on this plan may contain as many as eight or ten retorts,
in which case the total charge may be 500 to 700 lbs. of amalgam.
In larger distillation furnaces on this plan the double flasks are
often set into the hearth of a small reverberatory furnace ; the
heat is then much more even and more easily regulated, and the
flasks last longer.

Capellina.— Formerly in almost all large Mexican and S.
American reduction works the ‘ capellina” or bell was exclusively
used for retorting. The amalgam being first formed into a
conical pile of little cakes with paper between, the bell (of
copper, bronze, or iron) was let down over the pile and glowing
charcoal heaped about it.+ In Northern Mexico, however, this
apparatus has been to a great extent replaced by the Californian
retort described below, or by the above arrangement of flasks.
A modern form of “capellina” used at Potos: (Bolivia) is shown
in Fig. 47.1] A is a circular furnace lined with firebrick, built
over an arched chamber, and provided with holes, B B, for
admission of air and for raking out the ashes; C is the cast-iron
“capellina,” which may be raised when it becomes cracked by a
chain hooked to the ring at the top; when in use it is per-
manently bolted to a cast-iron pipe, D, built into the arch.

* Chism, Trans. A.I.M.E., vol. xi., labe ii.
‘t v. Percy, Metallurgy of Sitver and p. 627.
, op. cit., p. 328, quoted from Rathbone, Engineering, vol.
nxvm. p. 174. ‘
|
\
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140 THE METALLURGY OF SILVER.

Very base bullion is liable to “froth” in the retort, boil over
the trays, and so cause great trouble in removing the spongy
retort metal, besides danger of choking up the exit pipe with
condensed volatile metals. Special care must be taken with
such amalgam to increase the heat very gradually, which is
indeed always preferable.

Retorting Cupriferous Amalgam.—When much copper is present
& spongy wass, which is very rich in that metal, forms on top of
the retort bullion, while poor in silver and brown from oxidation.
This is particularly the case when old tailings are amalgamated
with the addition of a large excess of copper sulphate, as
described in the last chapter. At the Lyon mill* the charge for
a retort was 1700 lbs. of amalgam, which, by raising the heat
gradually, took fourteen hours to distil off, after which the retort
w.s allowed to cool all night. Next morning, on opening, it was
found to contain a shell of dense, compact, semi-fused, slightly
reddish-white material called “ white bullion,” surmounted by a
red-brown brittle and spongy muss known as ‘“base bullion,”
which was readily chipped away from the underlying shell. For
each 100 lbs. of amalgam taken, the average yield of retort
bullion over a period of two years was 14-8 lbs., of which 3-1 lbs.
were ¢ white,” and 117 lbs. “base” bullion. The former aver-
aged during the same period 565 fine in silver and 0-4 in gold;
the latter 37 fine in silver and 1:16 in gold. The concentration
of gnld in the upper part of the mass is somewhat remarkable, in
view of the fact that in pigs of lead bullion it seems to accom-
pany the silver, and is concentrated towards the bottom ; it
affords another instance of the great mutnal affinity of gold and
copper exemplified in the gold-copper crusts of the Parkes
processt and in the “smelting for bottoms” of the Argo matting
process.} The liquation of silver to the bottom of the mass is
only to be anticipated, as its melting point is 100° C. below that
of copper. The mass was taken out in one lump, and samples
taken by chiselling slices clean across it before separating the
two kinds of bullion.

Melting and Reflning Retort Bullion.—Retort silver from
the Patio process is very pure, often running 998 or 999 fine
and seldom going below 995. It therefore requires no refining,
but is simply melted (usually in plumbago crucibles) without
any fluxes, and poured into ingot moulds.

The ordinary wind melting furnace requires neither figure nor
description, being simply an enlarged example of the common
crucible assay furnace with which all students of metallurgy are
familiar. Formerly large iron crucibles holding from 150 to
1500 lbs. each, and handled by small cranes were very widely

* Hodges, Trans. A.I.M.E., vol. xiv., p. 735.
+ v. Part i., chap. xvii. 1 Part ii., chap. xvii.



RETORTING, MELTING AND ASBAYING BULLION. 141

employed. At Pasco (Peru)* 150-1b. crucibles are in use, and
last about forty melts.

At the Haciendas de Loreto (Pachuca) t the large iron crucibles
hold about 1500 lbs. of molten silver (twenty-five bars of 30 kilos.
each), which takes six hours to melt down completely, being, of
course, charged in gradually. When all is melted the crucible
is not lifted, but its contents are dipped out into moulds by
means of iron ladles, an operation which takes forty minutes.
The crucibles cost 350 to $500 each, but are very economical,
lasting on an average for twenty-eight melts or seven hundred
bars.

Plumbago crucibles holding from 1 to 2 gallons and pouring
1000 to 2000 ozs. are most commonly used. Sprouting is pre-
vented by putting a little charcoal powder or chaff into the
mould before pouring, and by covering it immediately so as to
let it cool slowly. ,

The Boss melting farnace for bullion which requires no refining
is shown in Figs. 49 and 50. It consists of a double-tuyered
brazier-shaped forge, with a cast-iron pan lined with a mixture
of fireclay and boneash about 2 inches thick ; the tuyeres at the
back pass through a water-jacket. A fire being lighted and the
pan and brazier filled with charcoal, the blast is let on ; and as
soon as the whole mass is thoroughly glowing, lumps of retort
bullion are gradually charged at the top, together with charcoal
to supply the waste. When sufficient metal has been melted
down to give a bar, the discharge spout is tapped with a steel
rod direct into the ingot mould and stopped again with a bone-
ash plug, a succession of bars being then melted and cast at
intervals of fifteen to twenty minutes only. It is claimed for
this furnace, that the flame being reducing there is less loss in
melting than with a reverberatory. It is certainly more con-
venient and economical of fuel owing to the localisation of the
heat, but it seems likely that the violent draught coupled with
the rapid expulsion of whatever quicksilver might be left in the
bullion, would cause loss by volatilisation considerably greater:
than in the reverberatory.

Retort silver from the Kriohnke process (Chili) is generally less
pure, containing in addition to copper, arsenic from the ores.
This is removed by stirring on the hearth of a small reverbera-
tory furnace, by which means it combines with the iron of the
tools to form a speiss-slag which can be skimmed. The melted
silver resulting is 980 fine.

Retort silver from the Framcke-Tina process would be only
about 980 fine, but that the amalgam before retorting is refined
as already described (Chap. IV.), which brings it up to 990 fine,
and to 996 after refining in charges in 5500 lbs. at a time on

* Pfordte, Trans. A.I.M.E., vol. xxiv., p, 119.
+ Private notes.
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150 THE METALLURGY OF SILVER.

doubt react upon insoluble and undecomposed silver sulphide,
converting it into chloride, but this reaction is strongest after
wetting down. While still red hot the chief action is probably
the formation of SO,, through slow oxidation of undecomposed
metallic sulphides producing SO, which is then further oxidised
to 80O, in contact with the higher oxides of iron, manganese, and
copper present in the heap; this S8O; then liberates chlorine
from unaltered salt, as pointed out by Stetefeldt. The necessity
for heap chlorination is greater the shorter the time the ore
remains in the furnace; hence it is most necessary in the case
of ores roasted in a Stetefeldt furnace.

Influence of Various Substances on Chloridisation. — Lime
appears to exercise an unfavourable influence on chloridisation,
and ores which contain calcite and but little heavy sulphides are
usually roasted with considerable additions of pyrites so as to
convert most of the lime into sulphate. The Aspen ores, for
example, which contain 11 per cent. CaO and 4 per cent. Mg0,
require additions of pyrites sufficient to bring up the total 8
contents (irrespective of BaS8O,, which remains inert) to 8 per
cent. The evil influence of lime, however, is not felt so much in
the furnace as on the cooling floor, where, ‘especially if the ore
be wetted down, the caustic lime acts powerfully on the silver
chloride already formed, reducing it to metallic silver. Th®
presence of much calcite in an ore is, therefore, incomplit.ible
with that full development of heap chlorination which is €
valuable in other cases, and such ores should be treated as so0®
as sufficiently cool to handle, especially if they are to be leach:
Both lime and magnesia are disadvantageous in another wag”
since their chlorides, being distinctly volatile, may help to carr=®
off silver chloride.

Cupric chloride has a very beneficial effect upon the procesZ
both in the furnace and on the cooling floor, but it is important=
to convert as little as possible of the base metals other than-
copper into chlorides, because these other chlorides are equally
objectionable in amalgamation and in lixiviation. The tron
present, therefore, should be converted as fully as possible into
ferric oxide, zinc into oxide and basic sulphate, lead into sulphate,
argenic and antimony into volatile oxides and chlorides, and copper
partly into oxide and partly into chloride. These objects are
attained more perfectly on heavy sulphide ores when an oxidising
roast precedes the addition of salt, and, therefore, both on this
account and because of the lower volatilisation loss, much more
perfect results are usually obtained in hand furnaces where the
salt can be added at any required stage of the process.

Furnaces Employed.— The various furnaces in use for
chloridising-roasting may be classitied as follows:—(1) Rever-
beratories worked by hand; (2) mechanical reverberatories;
/3) revolving cylinders ; and (4) shaft furnaces.
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158 THE METALLURGY OF SILVER.

adrawback on certain ores (Silver King, Yedras, Cusi). Furnaces
of this type are, therefore, much more largely used in silver
mills, and are to be found at Granite Mountain and other mills
in Montana, Palmarejo and others in Mexico, and at Broken Hill,
N.S.Ww.

The consumption of wood may vary from § to } cord per ton
of ore, or, say, 20 to 30 per cent. by weight. The quantity of
ore treated daily per furnace varies from 8 to 30 tons, according
to the amount of sulphur contained ; but the smaller figure only
refers to very heavy ores, and of ordinary silver ores a furnace
27 feet by 4 feet should chloridise upwards of 15 tons per day.

At San Francisco del Oro Hofmann found that ore containing
25 per cent. of zinc and 12 per cent. of lead, both as sulphides,
with very little pyrites, could not be chloridised above 67 per
cent. in a furnace of this description. He, therefore, supplemented
it by a small reverberatory hearth with separate fireplace and
one working door, and added the salt in this hearth, treating
charges of 1400 lbs. at a time as often as this amount accumu-
lated in the drop pit. The results were satisfactory, the
chloridisation being increased to 816 per cent.; some data of
the work done and its cost are given in Table VIIIL.

At the works of the Broken Hill Proprietary Co. (N.S.W.),
eight Howell furnaces, 33 feet long by 4 feet 3 inches inside
diameter, are in use for chloridising siliceous iron ores too poor
in lead and silver for smelting. These ores average about 4 per
cent. Pband 10 to 18 ozs. Ag per ton, mostly in the condition of
iodide and chlorobromide, neither of which is readily attacked
by lixiviation solvents. About 180 tons per day of this ore*
are mixed with 50 or 60 tons per day of tailings from the concen-
tration of lead carbonate ores, which contain 6 to 8 per cent. Pb
and 8 to 10 ozs. Ag per ton. To the ore 7 to 8 per cent. of salt
is added, and to the tailings only 5} per cent. The mixture is
unloaded from trucks into the charging hoppers, and thence fed
automatically by worm screws into the charging pipes connected
with the furnaces. The furnaces have 15 inches fall in their
whole length (slightly under } inch per foot), and generally
revolve about twenty-four to thirty times per hour, being
arranged in pairs which revolve in opposite directions. Of the
eleven cast-iron rings forming each cylinder only the three at the
fire end are lined with firebrick, the remaining eight having a
red brick lining. At 30 revolutions each particle of ore passes
from end to end in about forty-five minutes, and as the total
quantity of ore in the cylinder at one time is about 2 tons
(forming a layer 9 inches deep at the thickest part), the daily
output of each furnace is 30 tons. The fuel is coal, costing
37s. 6d. per ton, the consumption of which is 9 per cent., and the
chlorination test of the roasted ores shows 75 to 80 per cent., as

*® The crushing of this ore has been referred to in chap. vii.
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162 THE METALLURGY OF SILVER.

mineral is fahlerz in bunches with other sulphides, yields over
90 per cent. of its silver to the Russell process when crushed
only through a 10 mesh before roasting, and it is not found
advisable to crush it finer than 16 mesh. This ore, however, 18
exceptional,* and very few ores can be as successfully roasted
with so coarse a crushing.

Quartzose and earthy ores usually require for chloridisation
a high temperature and large fuel consumption ; leady and anti-
monial ores a low temperature. Heavy ores containing a large
proportion of galena, blende, or pyrites require the feeder to be
driven slowly while a high temperature and strong draught
(which means high dust losses) are kept up in the shaft; and
even then the oxidation, and therefore the chloridisation of the
ore as withdrawn from the furnace, is very incomplete. It msy
be said that approximately complete oxidation of ores containing
upwards of 15 per cent. 8 is not possible in the Stetefeldt furnacé,
which is only really suited to the treatment of the so-called
“light ores ” containing less than 8 per cent. of S as sulphide*"
This coincides with the experience of O. Hofmann at Pa
who found that with ores rich in lead and zinc most of the O™
particles were, owing to the high temperature, slagged 193
minute black globules, which were only partially chloridi®®
(17 per cent.) and which were very difficult to re-roast. This :t.
opposed to the claim made by extreme advocates of the Stetefel o
furnace that it is applicable to every kind of ore, and that 3 '
principle of a short exposure to a high temperature is the rig- »
one for chloridisation.

As the ore reaches the bottom of the shaft it is only impo’ i
fectly chloridised, but the percentage of chloridisation incr:
the longer it is allowed to remain in the hopper before witE®~
drawal. At the Lexington Mill the ore on reaching the botto™®
of the shaft only shows 60 to 65 per cent. of the silver to be
chloridised, whereas after two hours in the hoppers the per—
centage rises to 75 or 80 per cent., and after thirty-six to forty—
eight hours on the cooling floor to 92 or 93 per cent. of the total-
It is perhaps not remarkable that the finer particles of the ore
which are carried over with the draught and taken out of the
first flue-hopper, besides being richer, should show a higher per-
centage of chloridisation than the ore which collects in the shaft-
hopper. The deposit from the dust chambers is usually, though
by no means invariably, poorer than the original ore (owing
partly to condensation of volatile bodies, including salt and com-
pounds of lead); but the percentage of chloridisation appears to
be also higher. The following figures show the relative weights,
assays, and percentages of chloridisation in the shaft and flue

* Its composition is given in Table 1X.

+ roc. Colo. Sci. Soc., May, 1893; also Trans. A.I.M. K.,
Wittgburgh Meeting, Feb., 1896.
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TABLE
Reference, I 2. 3
Type of roasting furnace, . . . .
tory tory
Dimensions—Length or height, . . feet, 42 14 30
» Width or diameter, . 10 12 10
Quantity of ore in furnace at once, . 4tons 5100Ibs. 3 toms
Time each charge in furnace, .  hours, 10-12 1 %
Weight of each charge, . . . 1lton 1700Ibs. 1ton
Total output of furnace per 24 hours, bons, 8-10 51 3
Percentage of salt employed, 4 4 6
Average contents of raw ore, ozs. silver, 2885 85 419
Silver contents of roasted ore, . . oz8., 26°10 426
Percentage of sulphur in raw ore, 21-0 26 264
Percentage of chlorination by assay, . 83 76 90
Loss of silver by volatilisation, . per cent., 10-13 7 48
» gold ” . »”
Cost of salt per ton of 2000 lbs., £3 3 6 £ 00
Percentage of wood required for roasting, . 1956 13 3
” coal » »” s
Cost—Labour, £ 3 3 £0 3 6
Power, . . . . . nil .
Fuel, . . . . . . 02 No 03
Oil, light,and tools, . . . . 0 0 details ¢ o
Salt, . . . . . . . 0268 03
Superintendence, repairs, &c., 0 0 6
Total per ton of 2000 lbs., . £0 9 3 £0 5 1 £011

” & per cent. sulphur is added to this ore before roasting.

* —1. Hofwann, E. and M. J., Feb. 23,1889. 2. Kuwabara, §.M.Q.,
». 383. 3. Private comnmmcatwn, 0. Hofmann, Nov., 1896.
Goodale,

«ut'.r Feb. 23, 1889, 5.

Trans. A. I.H.E’ vol.
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RoasTiNg. 1 TON = 2000 LBs.
8an Fr'cisco| Knoxville | Broken Hill | Niederland | Manhattan
oo, | M eroprieary o, e, ™ | Mot E ™
Mexioo. " | Arizona " | N.8.W. '| Colorado. | Nevads. | (DsW¥)- | Colorado.
4 5. 6. 7. 8. 9. 10.
White- | Howell Howell | Briickner | Stetefeldt | Stetefeldt | Stetefeldt
reverb. (mod.)
24 24 33 12 50
4 4’ 8" dia. 5 6" 6 x 6 6’ x 6
1} tons 2 tons | 3700 lbs.
12 8
3700 1bs.
83 30 5 70 82
47 6 5 7 80 122
26-85 50 11 3728 27-92
26:10 36-03 24-63
21-0 01 30 07" 810
816 86 80 90 92:4 790
79 under 6 916
£3 3 6(£6 2 6 £12 1 0(£8 6 8 £1 9 8
27 26 176
16 58
£0 110 £0 2 23/£0 4 2|£0 1 0(£0 1 4
02 2 0 2 33 nil nil nil
0 3 7|£0 8 4 No 0 211 0 3 8| 0 1 9% 009
00 7 details | o ¢ 002 003
027 0786 014 7| 011 8( 0 3 0| 03 7}
0 0 6
£011 3 £05 2+|£1 2 1+/£0198+(£0 5 93 £0 5113+

xvii., pp. 771 and 773. 6. Annual report, 1896, and Private notes. 7. Egleston,

K. Bc.‘t" p- 238. 8. Egleston, op. cit.,

Wateon, Nov., 1896.

of paper.

10. Morse,

g. 259, &c. 9. Private communscation,

. A.I.M.E., vol. xxiii., pp. 6 to 10
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is not only greater but the volume of air brought into contact
with each particle is larger, and the atmosphere is more oxidising.
With gold, an oxidising atmosphere, except in presence of tellu-
rium, gives rise to scarcely any volatilisation, which, however,
is considerable as soon as the atmosphere becomes chloridising,
while the loss of gold is found to be directly proportional to the
time during which the ore is exposed to chloridising influences.
It is, therefore, always advantageous on purely gold ores to first
roast to complete oxidation and then chloridise. Silver behaves
a little differently inasmuch as there is usually much volatilisa-
tion before the end of the oxidation period, but experiments
on the question of subsequent volatilisation after addition of
salt are inconclusive; in some cases a large percentage of
salt appearing to result in lower volatilisation losses than
a smaller quantity. This if well authenticated can only be
explained on the supposition that silver chloride is actually
less volatile in an atmosphere containing a large proportion of
chlorine and salt vapour than in one consisting chiefly of air.*
With silver ores consisting largely of earthy or siliceous gangue
and poor in sulphur the loss of silver is usually greater when
the salt is added after an oxidising roast, whereas with heavy
sulphide ores it is generally less, owing no doubt to the quantity
of sulphates and of undecomposed sulphides left after roasting.
The sulphates decompose the salt very completely, and although
the actual amount of silver volatilised on the finishing hearth
may be greater, it is largely re-condensed and re-absorbed by the
ore on the cooler hearths through the reducing action of the SO
as shown by Christy. Thus Wendt found at Potosi t that the
loss when using Howell revolving furnaces was from 10 to 15
per cent. on a 100-oz. ore, whereas when these furnaces were
replaced by 3-hearth (superposed) gas-fired reverberatories and
the salt added on the lowest hearth the loss was kept down to
5 per cent. A smaller quantity of salt suffices when added in
this way after an oxidising roast than when added at the begin-
ning.

Influence of Tvms.—That time is an important factor in deter-
mining the volatilisation loss is well shown by a series of experi-
ments due to Russell,} who roasted typical ores from six leading
Western mines, without salt, in a muffle at a dull red heat, during
periods which increased by half-hours from thirty minutes up to
three hours. The samples showed a gradually increasing loss,
which was, however, much more regular in some cases than in
others, and a summary of the results was as follows :—

* ». the remarks on the volatilisation of silver in chap. i., p. 2.
t+ Trans. A.I.M.E., vol. xix., p. 101.
1 Quoted by Stetefeldt, 7rans. A.I.M.E., vol. xiii., p. 70.
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the capacity of each of which is } ton of roasted matte, b is
a leaden pipe by means of which the charge is first moistened
with hot water, and & is another larger leaden pipe through
which the leaching solution of copper sulphate mother-lignors,
acidulated with sulphuric acid, flows constantly on to the surface
of the charge at the rate of about 30 gallons per hour for one
and a-half to two hours, or until the escaping liquors give no
precipitate with NaCl. B is a settling-box, and the compart-
ment, C, serves to distribute the hot liquors to ten precipitati
tubs, D, which contain first a 3-inch layer of cement copper an
then copper bars for precipitating the silver. The trough, E,
and tubs, F, contain respectively sheet- and shot-copper to pre-
cipitate the last traces of silver, after which the liquors are run
off, and pumped to a leaden pan where they are re-heated to 87°C.,

Fig. 57.—Leaching Tubs,

with the addition of 3 1b. of sulphuric acid to each 420 gallons
of solution, which both facilitates the solution of silver sulphates
and prevents the separation of basic salts. The copper in the
liquors steadily accumulates and is precipitated at long intervals.
The leached residues generally contain from 8 to 13 ozs. per ton;
they are dried, re-roasted, and again leached, which brings their
silver contents down to from 5 to 6 ozs. per ton. Altogether
from 5 to 5} per cent. of the silver contents of the matte
(144 ozs.) is lost by volatilisation, from 3} to 4 per cent. remains
in the residues, and about 92 per cent. is recovered as cement
silver.

At Argo the leaching is conducted very similarly except that
no sulphuric acid is used in the leaching water, and that the
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precipitation of silver takes place exclusively on copper plates,
which are prepared at the works from the cement copper pre-
cipitated in the scrap-iron tanks so as to recover promptly any
silver which escapes precipitation in the proper tank. As a rule,
about 40 ozs. of silver remain in the residues out of, say, 400
contained in the original matte, or 10 per cent. Formerly, after
re-smelting these residues with gold ores to copper bottoms and
matte, by which the gold became concentrated in the former,
the msidyual matte or “finished metal,” containing 40 ozs. per
ton, was treated by the Augustin process,* but now the Ziervogel
process is repeated on it with the result of bringing down the
silver contents to under 10 ozs. per ton, after which the cupric
oxide residues are chiefly sold to the petroleum refiners, though
a small part was until recently made into copper sulphate.

Treatment of the Cement Silver.—At Mansfeld the precipi-
tated silver, besides particles of metallic copper and Cu,O, con-
tains gypsum. It is leached for a week in the series of tubs, H,
with dilute sulphuric acid (1 : 8) in order to remove as much as
possible of these impurities, and is finally washed with hot water
which brings it up to 995 fine. It is then moulded into blocks,
dried, and melted on a’ reverberatory hearth to be refined,
yielding bars 999 fine.

At Argo the cement silver containing metallic copper and Cu,0
is refined in a tub with a false bottom, below which is the
opening of a pipe through which a mixture of steam and air can
be forced by an injector. The tub contains about 3000 ozs. of
cement silver at a time, together with dilute sulphuric acid
(about 1:100), and when charged the steam jet is at once turned
on. The bubbling up of the air through the perforations in the
false bottom oxidises the copper to CuO, which is dissolved by
the acid, while the steam keeps the solution boiling, and in this
way the whole of the copper is dissolved in about two or three
hours. The copper sulphate solution is drawn off, and the silver
washed with clean water and steam until the washings show no
trace of copper, when it is dried in a long iron pan set on flues
and melted down in plumbago crucibles, giving bars 999 to 999-5
fine.

Residues of the Ziervogel Process.—The treatment of these
is referred to in Chapter X VII.

* v. Egleston, Metallurgy of Silver, Gold, and Mercury in the U.S.,
vol i., p. 147, where the old process is described at length.
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190 THE METALLURGY OF SILVER.

ness, and is from 1 inch (Bertrand, Nev.) up to 16 inches (Broken
Hill, N.S'W.) per hour. The quantity of water required de
pends upon the amount of soluble base metal salts present, and
may be as little as 12 (Broken Hill) or as much as 100 (San
Francisco del Oro) cubic feet, the average being perhaps 25 or 30
cubic feet per ton of ore, and the duration of the process from
two to as long as twenty-four hours. In any case it should be
continued until the addition of sodium or calcium sulphide gives
no further black precipitate but with the latter only a white
<loud of gypsum due to the obstinate presence of sodium sulphate
in the last washings. Sometimes the hyposulphite solution is
turned on as soon as this point is reached, as recommended by
Hofmann,* for by this means time is saved and the access of
sodium sulphate to the hyposulphite solution does not matter
when calcium sulphide is used as precipitant. Daggett,} how-
ever, points out that this plan risks the carrying away of silver
into the base metal precipitate through carelessness in not turning
the escaping solution into the silver precipitating tanks at just
the right moment, besides diluting the stock solution, and
recommends draining out the first wash-water before adding the
stock solution.

The amount of the total silver dissolved out of the ore by the
first wash-water (base-metal solution) varies according to the ore,
from 1 per cent. at Blue Bird (Mont.), 7 per cent. at Marsac
(Utah), and 10 per cent. at Yedras (Sinaloa, Mex.), up to ss
much as 19 per cent. at the Holden mill (Aspen, Colo.). At least
‘90 per cent. of this is contained in the first washings, and is dis-
solved out in the first fifteen minutes after leaching commences.

The copper, lead, and silver in the base metal solution may be
precipitated (a) by means of sodium (calcium) sulphide, or (b) by
means of scrap iron. The first method is not adapted to very
base ores as the precipitate is then too bulky and too much pre-
cipitant is required. The first portion of the precipitate i8
always much richer in silver, and, therefore, it is more usual tc”
aim at precipitating only sufficient copper to make sure o
carrying down all the silver, the remainder of the copper being
precipitated on scrap iron, but in this case precipitation of the
silver as sulphide is always incomplete, and some is always
found in the cement copper. Precipitation by means of iron is,
of course, slower than with sulphide, even if acid be added to
the extent of 1 or 2 lbs. per ton of ore, and it requires a large
number of precipitating tanks, but the precipitate is not so
bulky and is in a more saleable condition. The value of the

recipitate with sodium sulphide may vary according to the
gueness of the ore in copper and lead, from a few hundred ozs.
up to 14,000 ozs. per ton, or nearly one-half silver after drying.
* E. and M. J., vol. xlvii., p. 236, &c.
+ Trans. A.I. M.E., vol. xvi., p. 405.
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hypo. is also very much more rapid in the case of a strong
solution, so that simple oxidation of the precipitant is not suffi-
cient to maintain its strength as is the case with weak solutions;
furthermore, the loss of hypo. carried away in tailings is very
much greater in the case ot a strong solution. On these grounds
Hofmann very.strongly recommends the use of stock solutions
containing only 0-50 to 0-75 per cent. of hypo., for which he
claims the following advantages :—

(1) The extraction of silver can be completed quite as rapidly
as with a stronger solution.

(2) The extraction of base metals is smaller, and, therefore, the
precipitate is richer.

(3) Both the loss of hypo. in tailings and the loss by oxidation
are very small, and, therefore, the strength of the solution is easily
kept up by the natural oxidation of the precipitant.

These claims seem to be well founded, and the practice, at
present unusual, of working with very weak solutions deserve®
to be much more widely practical. A somewhat larger quantit¥
of stock solution would have to be kept and used, but this is o5
small moment.

The total quantity of stock solution required in works treat—"
ing a given number of tons per day will depend partly on the”™
strength of the solution and partly on the size of the tanks,
large tanks requiring a less total quantity of solution than
smaller ones. A works with capacity of 100 tons per day using
large vats holding 50 or more tons each requires about 3500
cubic feet of stock solution, while a 25-ton works requires
1500 cubic feet. The solution, if of the sodium salt, may be
used either hot or cold, the latter being mostly employed for
ores containing calcite, which give an alkaline reaction to the
wash-water, owing to the decomposing action exercised by hot
caustic lime solutions upon silver chloride. With most ores,
however, and especially heavy sulphide ores which give acid
wash-waters, it is advantageous to heat the solutions to about
80° to 120°F. This precludes the use of calcium hyposulphite,
which begins to decompose at about 100° and at 140° F. splits up
into calcium sulphate and sulphur, which, however, re-combine
to a considerable extent at a lower temperature to re-form
hyposulphite.

Sodium hyposulphite is always purchased, but the calcium
salt is manutactured on the spot from the polysulphide employed
as a precipitant, either by means of spontaneous oxidation, which
is sufficiently rapid, or by passing sulphurous acid (generated
from charcoal and sulphuric acid, or from burning sulphur)
through it. In the latter case the polysulphide is completely
converted into hyposulphite according to the following re-
action—

Ca,S5 + 330, = 2Ca8,04 + 48.
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of a comparative test at the Cusi mill which lasted fifty-nine
days, from which it appears that the consumption of sulphur,
using calcium sulphide as precipitant, was no less than 9-3 lbs.
per ton ; while using sodium sulphide the consumption was only
29 lbs. per ton. As the ore was of much the same character,
the two sets of figures are quite irreconcilable, but those reported
by Hofmann are probably the more correct, since he had a longer
experience with Cusi ores. From Russell’s figures Stetefeldt
attempts to prove that, even allowing for the gain in hyposulphite
at current market value, the nett cost of precipitation is con-
siderably greater with calcium sulphide than with the sodium
salt.

The nett result of the Hofmann combined process (starting
with sodium hyposulphite and using calcium sulphide as precipi-
tant) is also somewhat doubtful. The usual opinion, as expressed
by Stetefeldt,* is that the sodium hyposulphite becomes gradually
converted into calcium hyposulphite, and this is no doubt true
when ores are treated which contain an excess of lime. Hofmann,
however, states that although calcium hyposulphite is formed at
first, the sodium sulphate produced during the roasting of a sul-
phide ore, and still retained obstinately after base-metal leaching,
is sufficient to effect a complete double decomposition, whereby
gypsum is deposited in the ore, and the stock solution remains
practically one of sodium salt. It is to be noted, however, that
gypsum is soluble in such a solution to the extent of about 15 per
cent. of the weight of sodium hyposulphite present; and that
according to Schnabel { the solution is accompanied by a partial
double decomposition, with formation of sodium sulphate and a
double sodium-calcium hyposulphite. On this supposition, when
treating very calcareous ores the stock solution would never be
free from calcium hyposulphite, even if sodium sulphide were
used exclusively as a precipitant; whereas with non-calcareous
sulphide ores, even the exclusive use of calcium sulphide as a
precipitant would not suffice to change all the sodium hypo-
sulphite into the calcium salt, as the sodium sulphate in the
roasted ore would undoubtedly precipitate some lime as gypsum.
In all ordinary cases of calcareous ores, therefore, the relative
affinities of lime and soda for sulphuric acid will balance accord-
ing as more lime or more soda is introduced, and the stock
solution must be a mixture of the two hyposulphites.

Relative Advantages.—The advantages and disadvantages of
calcium sulphide as compared with the sodium salt may be sum-
marised as follows :—

* Trans. A.I.M.E., vol. xiii., p. 90; and vol. xx., p. 18.
+ Handbuch der Metallhtittenkunde, vol. i., p. 752.
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Advantages.

1. Greater economy of chemicals,
ially in inaccessible places
where lime is cheap, for then only
one chemical (sulphur) has to be
imported instead of three — viz.,
caustic, sulphur, and hypo.

‘

2. Solutions do not so readily be-
come ‘* caustic,” thus calling for
no bluestone or sulphuric acid as
“remedy.”

3. Gain of the stock solution in
hypo. more than compensates for
the total loss of that substance from
all causes.

4. Sodium sulphate is to a great
extent removed from the stock solu-
tion instead of accumulating there.

5. Lead may be separately preci-
pitated from the silver solution by
means of sodium carbonate.

197
Disadvantages.

1. Precipitating power of one equi-
valent of smlphmg 2: CaS; onlyegne-
third of that which it possesses as
NagS,, hence enormously ter
initial consumption of sulphur, a
large part of which, however, can
be recovered.

2. Greater cost of preparation both
for fuel and labour, as well as larger
plant required.

3. Less solubility, hence a ter
volume of precipitant is adﬁ?; to
the stock solution, which becomes
more diluted.

4. Greater loss by oxidation—
lv;lsxich has the same effect as the
t.

5. Production of a larger bulk of
precipitate which is contaminated
with CaSO, as well as with free
sulphur, which means increased cost
for boiling, drying, and also for
freight and refining.

6. Production by oxidation of such
a large quantity of hypo. that the
stock solution becomes in many cases
too strong as well as too bulky, and
part has to be run to waste.

7. If caustic lime be used to
separate lead, it produces a very
impure precipitate.

8. Formation of scale of gypsum
in filters and false bottoms, as well
as in all pipes, tanks, and launders.

On the whole, it may probably be said that the disadvantages
outweigh the advantages, except in a few cases where transport
is expensive and lime obtainable locally at a cheap rate.
Precipitation.—The silver solution must be stirred or agitated
vigorously during the addition of the precipitant, excess of
which must be carefully avoided, a few inches of space being
always left in the tank so as to run in a little more silver solu-
tion if necessary. Excess of precipitant is indicated by turbidity
in the solution, smell of HgS, and discolouration of the sides of
the tank. Over-precipitation is attended by the very grave result
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supposes that in the case of imperfectly roasted sulphide ores
which sometimes show no improvement in chlorination on being
left in heaps on the cooling floor, a reduction of AgCl to metallic
silver may take place through the direct action of SO, evolved
during the slow oxidation of the heap.

Percentage of Extraction.—The percentage of silver extracted
by the Patera-Kiss process varies from 70 up to about 85 per
cent., as will be shown in the next chapter. Generally speaking,
the percentage extraction is much higher on rich ores than on
poor ones, though at Candamefia (Mex.) in 1835 the tailings
from rich refractory 180-oz. ore treated by this process averaged
from 18 to 20 ozs. per ton.

Hofmann mentions * that the percentage of extraction on badly
roasted charges of San Francisco del Oro ore (which contains no
copper) was improved to the extent of 30 to 40 per cent. of the
previous extraction by the addition of about 2 lbs. per ton of
CuCl; in solution (prepared by boiling a mixture of bluestone
and salt in suitable proportions with steam). The CuCl, is either
added to the water in the vat before charging, or, it is added, a
little at a time, during the whole duration of the base metal
leaching process. The solution which left the ore was colourless,
showing that the CuCl, had been decomposed in passing through
it according to the equation CuCl, + ZnS = CuS + ZnCl.
By this modification the ordinary Patera process is brought very
near to the Russell process, but, however advantageous the
addition of CuCl, might be to ores containing no copper such as
those of San Francisco del Oro and Yedras, it is difficult to see
how any possible benefit could arise in the case of cupriferous
ores.

The Russell Process.t—Reference has been already made {
to the fact that salts of copper yield, with alkaline hyposulphites,
double salts soluble in water and more 8o in excess of alkaline
salt. The best known of these (the two-third salt of Lenz) has
the formula 2Na,S,0,. 3Cu,S,0,, and is a yellow powder which
can be dried at a temperature of 40° C. and 18 stable up to 80°C.,
above which it rapidly decomposes, yielding Ou,S and free sul-
phuric acid. It is soluble in 352 parts of cold water, but in
only eight parts of a 5 per cent. solution of sodiura hyposulphite.
These double salts exercise an energetic action upon all silver
salts as well as on the metal itself, ¢ which can only be compared
to the action of Cu,Cl, upon these salts, though the parallel is
by no means close.” || The most noteworthy point, however, in

* v. also chap. ix., where the influence of CuCl, in increasing chlorination
on the cooling floor is referred to.

to. Sbetefe%dt, “On the lixiviation of silver ores with hyposulphite solu-
tions” ; also Trans. A.I.M.E.. vol. xiii., p. 47 ; vol. xv., p. 355; vol. xx.,
pp. 3 and 16; also Daggett, ibid., vol. xvi., p. 362, &e.

tIn ChaP i. on the properties of silver and its compounds.

¢l1t, Trans. A.1. M. E., vol. xiii., p. 56.
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three different raw ores from Sombrerete showed extractions
by extra solution of 70, 81, and 86 per cent., as compared with
extractions on the same ores by ordinary solution of 25, 3, and

8 per cent. respectively. It should, however, be understood
that these results are merely those of laboratory experiments
with excess of solvent, and cannot be taken as indicative of
similar working results on the large scale. A further series of
experiments by Russell proved that on many raw ores the per-
centage of extraction was materially greater where they had
passed a 90 mesh than where they had passed one of 40 mesh
only, but that with roasted ores the percentage of extraction
seemed to be but little affected by the degree of fineness. This

is a most important practical point, for the rapidity of leaching
is inversely proportional to the degree of fineness, and hence i%
is advisable to keep the ore as coarse as possible, having regs

to the facility of roasting; e.g., a 16 or 20 mesh will serve fO°
many ores, especially those of light character, while a 30 or o
mesh will be required for sulphide ores containing much lead *
zinc. Still another series of experiments * in roasting Yed
ore with 7 per cent. salt in a mufile for a gradually increasise— 4
length of time varying from a half to two and a-half minute™
showed that from 67 to 86 per cent. of its silver value wi
converted into a form soluble in extra solution, though wi &
ordinary solution the percentage extracted remained consta f
at about 64-3. This result indicates the remarkable effect c——
momentary roasting in a Stetefeldt furnace on all light ores=>"
especially those containing sulpharsenides and sulphantimonide/s
of silver disseminated through a gangue of quartz and calcite ==
Such ores are particularly well adapted to the Russell proce

after a short roasting with only a small proportion of salt ~’
because any metallic silver formed in roasting, together witl;

the arseniate and antimoniate, is attacked and dissolved
by the extra solution, while the solubility of Ag,AsO, and
Ag,SbO, is actually increased by the presence of caustic alkalies
in the solution, their behaviour in this respect being directly
contrary to that of AgCl.

It should be clearly borne in mind that although the extra
solution is so energetic in its action upon all silver compounds,
the solvent capacity of a given volume of it for AgCl is less than
that of an equal volume of ordinary solution containing the
same total amount of hyposulphites. In most cases, therefore,
it is advisable to dissolve out as much as possible of the AgCl
by ordinary solution, and then act upon the residual metallic
silver and sulphide by ¢ extra.”

With the object of diminishing the consumption of copper
salts as well as of purifying the precipitate, it is advantageous
in many instances to make the extra solution which has already

* Daggett, Trans. A.I.M.E., vol. xvi., p. 463.
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ore is acid or alkaline. The average consumption of hypo. for
acid ores is greater than for alkaline ores.

The extra solution employed varies in strength from 15 to
23 per cent. of hypo. and from 05 to 1°1 per cent. of bluestone.
It is almost invariably made up on top of the ore charge by
adding the required amount of bluestone to a small quantity of
ordinary solution, together with the amount of hypo. found by
experiment to be the consumption per ton treated. The whole
of the required hypo. is added to the extra solution because—
(1) The full amount of hypo. is required in order to dissolve the
copper salt and keep it in solution, whereas the ordinary solution
will do its work even if temporarily much lower in strength.
(2) The “extra” solution after doing its work becomes ulti-
mately converted into ‘“ordinary” solution, part of its copper
remaining in the ore and the rest going into the precipitate.
When making up the extra solution on the surface of the
-charge the weighed quantity of chemicals is placed in a perfor-
ated wooden box and the stream of stock solution allowed to
flow through. Making up the solution in a separate tank, how-
-ever, saves a little time, and is, therefore, sometimes adopted,
-especially with some alkaline ores which leach best when treated
with a large volume of weak extra solution, which, running
through the ore, leaves all its copper behind, becoming conve
into ordinary solution. In the case of “acid ” ores the function
of the extra solution is to dissolve silver as sulphide and other
combinations not acted upon by ordinary solution. Tt is, there-
fore, necessary to employ a strong solution, and advisable to
“circulate” it through the ore particles by pumping it back, so
as to dissolve out as much silver as possible and to remove most
of its copper from the solution, as otherwise waste of copper
and debasing of the silver precipitate would result. Frequently
after circulation, even for five or six hours, the solution still
contains so much copper as to be capable of serving as a “specisl
extra ” solution on the next tank charge immediately before the
regular extra, by which means not only is the “special”’ freed
from copper, but the following regular “extra” mixes with a
solution of its own strength instead of becoming diluted with
water or ordinary solution. _

In the case of a simple alkaline ore, comparatively free from
metallic sulphides, there is little danger that silver will remain
in the sulphide condition after roasting, and therefore the chief
use of the extra solution is not to attack insoluble compounds,
but to protect the silver chloride from the action of caustic lime,
which throws it back into the comparatively insoluble metallic
-condition. It is, therefore, quite possible and in many cases
advantageous to add all or part of the required bluestone in the
first wash-water, by which means its copper contents are preci-
pitated upon the ore particles as carbonate, and then the ordinary
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TABLE XI.—CoMPARATIVE EXTRACTION OF SILVER BY
AMALGAMATION AND LIXIVIATION.

Alkaline. Acid.
3 b =} LI : ] -g
§4. (e8| ool i | 02| 8d | £
>Rg | gS~ .;-:—; 5~ |94 233 (53| %
387|439 | 337|224 |54 | 258 |21
3% |RES|mmg (o8| Ed B | §A§
Reference, . 1. 2. 3. 4. 5. 6. 7.
Amalgamation, | 70°6 | 822 | 650 | 821 | 754 703 | ... | 748
Patera process, | 53-0 | 825 | 711 | 825 | 783 | ... | 825 | 730
Russell process, | 8340 | 927 | 87°5 | 925 | 848 | 76°1 | 581 | 82°1
|
References.—1, 2, 4, and 5. ett, Trans. A.I.M.E., vol. xvi., pp.

475, et seq. 3. Letts, E. and M. J., Jan. 4, 1893. 6. Hoyt, Private
communication. 7. O. Hofmann, Private communication.

It is to be remarked that mill results by the amalgamation
and Patera processes often fall very far short of the percentage
indicated in the assay office by a “chlorination test” with ordi-
nary solution, whereas with the Russell process the percentages
indicated by laboratory experiments can generally be realised,
and occasionally slightly exceeded in practical working results
on & large scale, provided the roasting be efficient. Further, it
is found by experience that with ‘‘light” ores low in lead and
zinc the results obtained in the mill are, to a certain extent,
independent of the perfection of the roasting, whereas in the
ordinary process a badly-roasted charge will frequently show
a falling-off in extraction of 20 to 40 per cent. The bad influence
upon extraction of the “reversion” of AgCl to Ag,8 or to Ag
which is disastrous in the ordinary process is also much less
important in the Russell process, so that generally speaking the
results are more uniform.

The questions of arrangement of plant, consumption of chemi-
cals, and cost of operation by the Patera and Russell processes,
together with comparative data of the work done at different
mills, and detailed descriptions of the practice at certain typical
localities, will be dealt with in the next chapter.

* The Marsac ore is pmctically neutral, and the Ontario ore, which much
resembles it, is only slightly acid.
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CHAPTER XII

HYPOSULPHITE LEACHING PRACTICE.

Preliminary Treatment.—The crushing of ores as a prelimi-
nary to their treatment by lixiviation is generally performed by
means of stamps, rolls and other mills only proving successful
where coarse crushing is found to be sufficient, as at Broken
Hill and Sombrerete. The following table shows the crushing
plant, &c., in use at some well-known lixiviation mills:—

TABLE XII.—CRUSHING PREPARATORY TO LIXIVIATION
AT VaRrlous MiLLs.

Blue Bird. | Marsac. | Holden. |Sombrerete. |Broken Bﬂl’
I |
|
Number of stamps, . 80 30 30 2 4% g,
Weight per head, . .| 9001bs. | 750Ibs. | 8501bs. |( &3 | 522
Drops per minute,. . 90 92 92 Fhy | REE
Height of drop, . .| 7ins. 8 ins. 3] °g °
Mesh of screen, . . 30 20 8 6
Duty, tonsper24 hours, 2-3 tons | 33 tons
Class of dryer, . . .| Rotar Rota Shelf Ro none
Class of roaster, Stetefeft'lt, Stetef;?c’it Stetefeldt | Reverb. [W.Howell
Number of roasters, . 1 1 6 8
Total crushing capacity
tons per 24 hours, . 150 70 100 110 180
!

For a description of the chloridising-roasting of these and
other ores see Chapter IX.

Construction of Leaching Plant.—The plant for the Russell
process does not necessarily differ in any respect from that
required for the older Patera process. The details,of Russell
plants, however, have been so admirably worked Qut by the
late C. A. Stetefeldt * that they have become, with few altera-
tions, the standard for lixiviation plants everywhere, whether
using the Russell process or not. A general plan of a Russell
plant is shown in Fig. 59, in which A A are leaching vats, BB

* v, Stetefeldt *On the Lixiviation of Silver Ores with Hyposulphite
Solutions ” ; also same author, T'rans. A.I. M.E., vol. xx., p. 3; tt,
Trans. A.I.M.E., vol. xvi., p. 432, et, seq. ; Hofmann, Trans. A.I.M.E.,
vol. xvi., p. 662, &c.
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214 THE METALIURCY OF SILVER.

Jead peecipiation tanks, C C and D D silver precipitation tanks,
and E E wash-water precipitation tanks F, G, and H are pre-
cipitate storage tanks. O O press tanks, and P P filter presses,
whiie Q R, and § are respectively the dryving furnace, grinder,
and sampler for the precipitates; I I and J J are respectively
the solution sumps and solution storage vats, K being the
Montejus or air-pressure cylinder for raising the solution from
the former to the iatter.

Leaching Tanks.—Theee, often called *“ore vats,” are shown
in plan and section in Figs. 60 and 61. The best material is
clear welii-scasoned Oregon pine, white cedar, or other straight
grained soft wood. Both staves and bottom should be from
3 to 4 inches thick according to size of tanks, which nowadays
in larye plants is seldom less than 17 feet diameter. The staves
must be carefully cut to the radii of the finished circle, nothing
being placed between the joints but a thin coat of white lead,
which many experienced metallurgists omit altogether. The
bottom planks are gro. ved. the grooves filled with white lead
and tight tongues driven in: the bottom is cut 2 inches larger
in diameter than the tank and is gained 1 inch into the stowes
all round, a chime of 9 inches being usually left for security.
When finished the tanks are hooped up with 1}-inch round iron
rod provided with threaded ends passing through forged lugs
and fastened with nuts, or flat iron may be used. The tanks
are viven three good coats of white lead paint inside and out to
prevent atscrption of solution, and all the iron work is coated
with asphait varnish to avoid corrosion, while the heads of
bolts. &c., should be well imbedded in white lead, though oak
dowels should be used wherever possible instead of bolts.

Mode of Working.—The false bottom should be close down
upon the bottem of the vat, both so as to secure greater resist-
ance to the strain on the filter cloth and in order to leave as
little space as possible below the ore in which solutions can
collect and mix. The circular framework of 1} by 1 inch slats
crossing at right angles should rest upon the bottom of the tank,
leaving a §-inch annular space all round. The slats are covered
with one thickness of cocoa-nut matting, and the canvas filter
cloth, 6 inches larger in diameter than the tank, is fastened into
the annular groove by driving in a }-inch rope. The threaded
flange forming the solution outlet is bolted through the bottom,
both bolts and heads being imbedded in white lead. The tanks
should always be filled from the top by means of a small track
running over the whole series.

The tank here figured, which is the ordinary Stetefeldt form,
is about 7 feet 9 inches deep, permitting a charge of ore 6 feet
6 inches deep. Daggett strongly recommends * these and even
deeper tanks, pointing out that increased depth does not :1ate-

* Tyans. A.I.M.E., vol. xvi., p. 304.
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220 THE METALLURGY OF SILVER.

centrifugal pumps would be too much corroded by them. The
Montejus system is decidedly preferable, as the same tank
then serves for suction of the solution through the ore vats and
for forcing it up to the precipitation vats, being connected as
required either with the vacuum pump or with the compressed
air pipes.

The other principal appliances required are cast-iron lesd-
lined tanks for preparing the alkaline sulphide precipitant,
plain india-rubber piping and stiffened hose, and ejector or
Montejus pressure pumps worked by steam, or preferably by
compressed air. Johnson filter-presses of gun-metal are com-
monly used for the semi-fluid sulphide and carbonate prec-
pitates, and a steam drying-room is required for the cakes of
pressed and washed precipitates. None of these appliances
require illustration here.

Trough Lixiviation.—This plan was proposed by Hofmann*
for leaching galena ores which percolate very slowly (San Fran-
cisco del Oro), and others which set hard on the addition of
water, like those of the North Mexican Mine (Cusi). The rate
of extraction in hypo. solution, other things being equal, depends
upon the rapidity with which the solvent passes between the
particles of ore, and, therefore, it is the volume of solvent
brought into contact with the ore rather than the time during
which it acts which is the important factor in determining the
rate of leaching as distinguished from the rate of filtration.
The ore is shovelled or delivered by a worm-conveyor into a
V-launder or trough through which a stream of the solvent is
flowing, and the mixture of ore and liquid falls into a leaching
tank like that shown in Fig. 62, but with a top overflow, in
order to settle. The troughs may be about 150 feet long, with
a fall of § inch to the foot ; thev may be arranged in zigzag, and
must have an outlet, consisting of a square box provided with
a plug, corresponding to each tank. The quantity of solvent
required is always, at least, equal to the total quantity required
in tank lixiviation, and in practice varies from three times up to
fourteen times the weight of ore treated. When the quantity
is sufficient, extraction in the short space of three-quarters to
one and a-quarter minutes is found to be so nearly complete that
it cannot be materially improved by several hours of ordinary
tank leaching. The separation of ore from liquid is the weak
point as regards raw ores and tailings, but ores which have been
chloridised become so granular that they settle much more readily
than might be expected. In any case the actual leaching is so
much quicker that, even if very large tanks are required for
complete settling of the stream of pulp, the total number of tanks

*E. and M. J. (1887), Sept. 10, p. 185; Nov. 26, p. 393; and (1889),

March 16, p. 265; also Trans. A.1. M. E., vol. xvi., p. 662, where a general
deecription of the process is given, together with plans, &c.
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the very base plumbiferous ores of S8an Francisco del Oro is very
great, only fifteen hours being required for the whole process as
against one hundred and nine hours by the ordinary method
The quantity of solution required on this difficult ore was also
less, being only 108 cubic feet per ton as against 658 cubic feet

r ton by tank lixiviation. It must not be supposed, however,
that these advantages would be shown with all ores—indeed the
contrary is the case with a great number.

The relative advantages and disadvantages of trough lixivis-
tion are :—

Advantagex. : Disadvantages.

1. Simplification of the tank mani- 1. Greater fall required and larger
pulation and of the frecipitstion area which the mill plant occupies.
process owing to the solutions being
more uniform in strength. 2. Impoesibility of using weights
and assays of ore charged into tanks

£ chocking volatilisati
2. Less loss of silver in diluted iuoe:ems.eanso checking volatilisation

base-metal solutions.

3. Larger volume of solution re-

3. Saving of time in leaching and quired on moat oree.

consequent saving in cost of plant

for & given capacity of works, 4. Greater deterioration of the

stock solution by oxidation.

5. Contamination of the silver sul-
phide precipitate with fine ore-slime,
and consequent heavier expense for
freight and refining of the sulphides.

4. Great saving in labour through
making the process automatic.

5. Adaptability to every kind of

ore and possibility of immediately 6. Partial separation of the fine

adjusting the quantity of_ solution :;f:h(:lo;r:: s wr::b;f tﬁ:e mi;’s:l:;
employed to suit changes in the ore ulp becomes impermeable to water.
_f‘”"gi' an increase in the percentage E‘he loss of time in draining and
of galena. rinsing would on some ores nearly
ual the saving of time in leaching,

6. Less quantity of solution re- : while the tailings obstinately retain
quired for leaching difficult plumbi- | some solution, and so the loss is
ferous ores. higher.

On the whole it may perhaps be said that the trough system
is preferable for low-grade heavy plumbiferous and such other
roasted ores as resist percolation without being specially re-
fractory. For all light ores and ores free from lead, as well as
for those which leach rapidly, and for all refractory ores which
contain any considerable proportion of their silver in the con-
dition of metal, arseniate, or antimoniate, the tank system would
seem to offer greater advantages. For raw tailings it is indis-
pensable.

Distribution of Silver in Produocts.—The total percentage
of extraction at various lixiviation plants has been referred to in
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the last chapter, and the following table shows the percentages
of the total silver extracted in the different stages of the
process. Where there is no separate precipitation of lead
carbonate, the silver which would be precipitated in it is all
found in the “regular” sulphide precipitate.

Proportion of Total Silver Extracted. | Yedras. | Blue Bird.| Holden. | Marsac.

In base-metal sulphides, . .| 100 1'14 18-52 725
,» lead carbonates, . . . 1-84 1:04 294
,, mill cleanings, 065

‘‘regular” or silver sulplndes, 900 9702 80-44 89-12

1000 100400 | 10000 | 100-00

Cost of Lixiviation.—The cost of hyposulphite leaching—
-&part from the cost of preliminary crushing and roasting—is
mreatly dependent upon local conditions, and particularly upon
Kreight rates and the distance from manufacturing centres which
=ffect the price of chemicals.
According to Stetefeldt and Daggett the average cost of leach-
3ng by the Russell process in a mill of the capacity of 100 tons
Pper day should be—

s. d. s. d.

Labour, . $0.33t00.30 = 1 44tol 74
Fuel, . 010 ,,021 = 0 5 0 10%
Chemicals, 056 ,,100 = 2 4 ,, 4 2
i . 005, 015 = 0 24, 0 7%
Assaying, &c., 007 ,,008 = 0 3%, 0 4
$1.11 ,, 1.83 4 7% ,,7 7%

“The foruwer figure is somewhere about the cost actually attained
at Broken Hill with the ordinary process, but there is no Russell
process plant in existence working so cheaply. The figure quoted
by Stetefeldt as a maximum is about the actual cost of leaching
at the Marsac mill in 1892 to 1895, but it does not, of course,
include the cost of crushing and roasting. The cost of the
Russell process, however, should never be much greater than
that of the ordinary process, the only additional item being the
bluestone and an extra allowance of all other chemicals, while
the extraction is in some cases much higher than by the ordi-
IIA? process, especially in the case of ores rich in lime.

ables XIII. and XIV. give data as to costs and results at
mills using the ordinary Patera and Russell processes respec-
tively. It should be understood that the figures given as the
cost of lixiviation do not include anything for treatment of
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234 THE METALLURGY OF SILVER.

great waste of time and an enormous consumption of hypo-
sulphite in order to give even an imperfect extraction of silver.
It would appear that lead hyposulphite, though not very soluble
in hypo., is formed in large quantity by the action of sodium
hyposulphite on lead chloride ; when freshly formed in an
amorphous condition this lead hyposulphite is readily decom-
posed by sodium carbonate, but when once in the crystalline
condition it is not perceptibly affected by some days’ exposure
to strong sodium carbonate solution. After considerable experi-
menting a remedy was found in the addition of NaCOj to the
charge, and now after ten hours of silver leaching 360 lbs. of
Solvay soda (7 lbs. per ton of ore) are spread upon the surface
of the charge and the leaching finished as usual. The consump-
tion of hypo. has been by this means reduced from 25 to 4 lbs,
and the formation of crystallised lead hyposulphite in the ore
and filters to a great extent prevented, but it still settles out
in the launders as a hard, tough stalagmitic crust contain ;ﬁ
36 ozs. silver to the ton. It is advantageous to allow the ]
hyposulphite to be formed in this way and then to decompose it
by sodium carbonate rather than to add the latter salt at first,
because a larger extraction of lead is thus secured, and because
the instantaneous decomposition of the lead salt surrounds each
particle of ore momentarily with a strong solution of sodium
hyposulphite by which the extraction of silver is supposed to
be notably increased.

No second washing is given, the charge being merely drained
as thoroughly as possible and discharged ; the saving in time
thus effected, coupled with the abolition of a]l handling of dilute
solutions, quite compensates for the loss of hypo.

In discharging a tank the top layer  to 1 inch thick is care-
fully skimmed off and returned to the “chloridising plant, as it
is found to assay from 6 to 50 ozs. per ton. The condition of
the silver in this layer is not known with certainty ; it cannot
be sulphide precipitate brought back in turbid solution, for the
stock solution after decantation from the precipitate is carefully
filtered before being raised to the storage tank. Some light is
thrown upon its nature by some experiments of Mr. Savage
upon the froth which is observed floating upon the surface of
the solution above the charge. This froth was found to assay
over 200 ozs. per ton, and to contain much amorphous silver
iodide in the condition of an impalpable powder. It is probable,
therefore, that the surface layer of charge owes its richness to
the presence of silver iodide undecomposed in the chloridising
furnaces. After skimming off this top layer a trench is cut in
the tank charge from door to door, and samples are taken separ-
ately of the upper, middle, and lower thirds, and of the bottom
layer, say, 6 inches thick, besides a general sample of the whole

“ha material removed in the trench or cross-cut. The bottom
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240 THE METALLURGY OF SILVER.

process are set up. There have, however, been instances of
failure on the base sulphide ores of Custhuiriachic, on the heavy
pyritous and lead-containing ores of Sombrerete and San
Francisco del Oro, and on the siliceous and ferruginous carbon-
ates of Broken Hill.

The claims made on bebalf of the Russell process by its
advocates in comparing it with the Patera process are as
follows : —*

1. Aﬂiﬂsil;fility ol:'lcoadr:er crushing.

2. ect chloridising - roasti uired ; co: uently less salt
need be usese 8 "8 ™™ e v

3. The roasting may be accomplished in a suitable furnace instan-
taneously, whereas the roasting for the ordinary procees requires time.

4. Results less dependent upon the perfection of chloridisation.

5. More uniform and re, results produced by extra solution.

6. Results not affected by the presence of caustic alkali in the solution
as those of the ordinary process.

7. Greater applicability to ores containing lime or lead.

8. Production of sulphides comparatively free from lead and recovery of
lead as a bye-product.

9. Enormously greater extraction on raw ores, hence ores which require
chloridisation for treatment by the ordinary process can often be treated
raw by the Russell process, saving the additional expenses and loeses.

With the exception of 6 and 7 the validity of all these claims
appears to be more or less questionable.

The undoubted saving in cost of roasting and improved
extraction shown even on such ores as are suited to the process
is offset by the following disadvantages : —

1. Additional cost of the much larger amount of chemicals
required as shown by a comparison of Tables XIII. and XIV.
The average cost of the chemicals used by the four mills treating
ore under the Russell patents is no less than 5s. 4d. per ton of
ore, whereas on the three mills using the ordinary process the
cost is stated to have averaged only about 1s. 6d. per ton.

2. Greater complication in working and the increased number
of operations required leads to the employment of a larger
amount of skilled labour.

3. Additional plant required corresponding to the increased
time taken during lixiviation.

Comparison of Lixiviation (Hypo.) with Amalgamation.
—The advantages and disadvantages of hyposulphite lixiviation
as compared with roast-amalgamation processes may be sum-
marised as follows : —

* Daggett, Trans. A.I.M E., vol, xvi., p. 404,
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Advantages.
1. Smaller first cost of plant.

2. Coarser crushing possible.

3. Smaller amount of power re-
quired, and consequently lower
consumption of fuel.

4. Lower working costs, and
with anything like base ores a
higher percentage of extraction.

5. Utilisation, as bye-groducts,
of part of the lead and copper
contents of the ores treated.

6. Smaller total quantity of water
required.

7. Cost of chemicals used is
usually less than that of those
used in amalgamation, including
quicksilver and pan castings.

8. Small value of necessar
stock of chemicals compared wit.
£2000 to £8000 worth of quick-
silver locked up in an amalgama-
tion mill

Disadvantages.

1. Greater deterioration of plant
if run intermittently.

2. Much closer supervision and
accurate testing are required, in-
volving a larger amount of assaying
and other skilled labour.

3. Much more danger of loss by
leakage, and through carelessness
in manipulation or in testing.

4. Inconvenient condition of the
product (sulphides), the refining of
which requires more skill, involves
larger losses, and is much more
costly than the retorting of amal-
gam and the refining of retort
silver.

The extraction of gold by lixiviation is also, in most cases
slightly greater, besides which small quantities of gold in the
sulphides are paid for, whereas, in the pan bullion, they are not.

At the Ontario and Marsac mills a good opportunity was
afforded during 1891 for comparing the two systems of treat-
ment since both mills ran uninterruptedly on substantially the
same ore.* The comparative results are summed up by Lamb t
as proving that to treat about the same quantity of ore per day
the Ontario (roast-amalgamation) mill required 39 per cent. more
labour, 30 per cent. more stamps (in consequence of finer mesh
of screen), 48 per cent. more salt, 40 per cent. greater cost in
chemicals, double the number of furnaces and very much more
power, while the extraction of both gold and silver on the roasted
ore is slightly less.

On the whole, therefore, the advantages of the Russell process
for ores which need roasting as compared with amalgamation
far outweigh its disadvantages. It is, however, still doubtful
whether it can compete with smelting for heavy ores containing
less than 30 per cent. 8iO,, except where the ores contain exces-
sive quantities of zinc, or in very inaccessible localities where
the price of fuel would be prohibitive, and even in these latter
pyritic smelting will ere long prove a. formidable rival.

* v, Analyses in Tables iii. and ix.  +E. and M. J., Dec. 11.61892.
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Dewey justly claims* as a wonderful result, and summarises
the advantages of the process as follows : —
1) Highly satisfactory recovery of silver.
2) Absence of roasting losses.
(3) Large proportion of silver recovered as ‘fine ” bars.
(4) Small cost of operation, the bluestone recovered, returning
a large proportion of the expense.
(5) Simplicity of the process (and inexpensiveness of the plant)
render it suitable for installation at individual leaching works.

* Loc. cit.
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ture and separates with a fair degree of completeness from the
‘“slag,” or fused mixture of silicates. The sulphur may be
replaced to some extent by As or Sb, even in rare cases by Se or
Te, and the heavy metals under appropriate conditions may be
replaced by Ba, and partly even by Ca, while a great number of
mattes contain dissolved magnetic oxide of iron, Fe,O,, and not
a few metallic iron, copper, or lead, all of which separate out on
cooling with greater or less perfection. Metallic silver and gold*
may also, under suitable conditions, be dissolved by fused matte,
and partially separate out on cooling, though probably this only
happens in the absence of Se, Te, As, and Bi, all of which form
definite fused compounds with the precious metals.

The general consensus of metallurgical opinion goes to show
that a pure iron matte, FeS, is an extremely poor medium
for collecting gold and silver, especially the former, though
an iron matte, containing comparatively small quantities
only of Cu, Bi, Te, and As, may be very efficacious when
the accompanying slags are of bi- or sesqui-silicate type.t
With slags of mono-silicate type, and with those still more
basic, it seems impossible to successfully concentrate the pre-
cious metals without a considerable proportion of copper or
lead in the matte. Very rich copper mattes, however, seem
to collect silver less perfectly than those of moderate rich-
ness, say 10 tn 30 per cent. Cu. Lead matte may be employed
as a collector, instead of a purely iron or copper-iron matte, and
probably with equal efficacy as regards separation from slag, &c.,
except in the presence of zinc, which is quite as harmful in the
matting as in the lead smelting process. Lead matte, however,
pussesses the great disadvantage that, owing to the sublimation
of PbS, the quantity of flue-dust produced is much increased, and
that the volatilised PbS invariably carries with it a considerable
proportion of silver.

As regards apparatus, matte smelting is considered under the
heads of matting in blast furnaces and in reverberatories re-
spectively. As regards the reactions concerned in the process,
however, blast furnace matting exhibits widely ditferent pheno-
mena, according to whether the necessary lieat is generated by
the combustion of coke or charcoal as in the lead blast furnace,
or by the combustion of the sulphur and iron in raw ores. We
have already seen that under very exceptional conditions sulphur
in the lead blast furnace may be eliminated as SO,, instead of
combining with lead and iron to form matte, by the simple
expedient of largely increasing the volume of air per square foot

* v. as regards silver, Egleston, 8. M.Q., vol. xii., p. 201 ; and as regards
gold, Pearce, Trans. A.I. M.E., vol. xviii., p. 454, et “?l;o

+ v. Spilsbury, Trans. A.I. M.E., vol. xv., p. 767 ; also Austen, sbidem,
vol. xvi., pp. 262, 268 ; and Pearce, loc. cit.; v. also Lang, op. cit., p. 22, for
.comments on these references,
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of hearth area—that is, by supplying the furnace through a
number of large tuyeres with more air than can be consumed by
the coke.

A great advantage which matie smelting possesses over
smelting on a lead basis is the wider range of slag composition
with which it is possible to obtain good results in the blast fur-
nace as well as in the reverberutory. The tendency of lead to
combine with silica and its great volatility confines the lead
smelter within comparatively narrow limits of slag composition
(v. Part I., Chap. VIL.), for it is impossible to do good work with
slags which are either too siliceous, too viscous, or which have
too high a melting point. The watte smelter is free to make a
slaz of any convenient composition, so long as it can be made to
separate completely from the matte; and as the question of
volatilisation hardly comes in, it is usually advantageous and
economical to make somewhat siliceous slags melting at a com-
paratively high temperature, their increased viscidity in a fluid
state being more than compensated for by their lessened specific
gravity, which enables the matte to separate out. In the ancient
forms of furnace, and with slow smelting, such siliceous slags
were accompanied by many disadvantages, “scaffolding,” reduc-
tion of iron “bears” and ‘“sows,” local burning out of furnace
linings, &c. In large modern water-jacketed furnaces and with
fast driving such difficulties practically disappear, and quite
siliceous slags (especially in pyritic smelting) are no more diffi-
cult to manipulate than those of more basic character, as will be
seen hereafter. .

Reactions in the Matting Processes.—In the case of matte
smelting in blast furnaces with carbonaceous fuel, or what may
be termed the German system, almost all substances present
in the ore behave precisely as in ordinary blast furnace lead
smelting described in Part I., Chapter VII. In reverberatory
matte smelting and in pyritic smelting, however, some of them
behave differently. The principal differences are brought out
llii Table XVII., borrowed, in the main, from that given by

ng.*

8 * Matte Smelting, New York, 1896, pp. 85-89.
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TABLE XVII.—Coxparisox or Various Sysrems or Suxirive.

Lo ameiting 220 | Reverberatory Matting. |  Pyritic Smeltieg

Lead, . . .| Almost completely | Part enters matte. | Partl bat
recoveredumeh’.i Larger part slag- - ;mﬁ-l

Tron 88 FeyOy, | Eestuoad to Fod and sulph '

ron as FesOy, uced to Reduced ur | As in reverberatory

artly slagged.| to FeO,bnynd then | matting.
artly red by | slagged. Noreduc- I

carbon to metallic | tion to metallic

Fe, which either| iron, or by carbon

enters matte or|{ to FeO.

forms *‘ speiss ” or

‘‘sows.” |

Barytes, . Partly decompmed, Almost all is decom- | With basic lhg ]

forming silicate; and chiefly driven into'
ly reduced to| as silicate with| slag unaltered!
l S, whi«iix enters g:)htilimion of Wi& acid shp
slag (and some- 3. decomposed
times matte also). and llynggaduili-
A part enters the cate.
slag unchanged.

Arsenic, . Reduced chiefly to| Partly volatilised ; | Almost completely
speiss,but partalso | remainder forms| volatilised as
enters matte and | speiss and matte. | AsyS,, part, how-
bullion. ever, being oxi-

dised to As0y
with evolution of
heat.

Sulphur, . Sulphides may in | Partof sulphurvola- | With hot blast ane

as part react direct | tilisedfrompyrites| atom of sulphurin

Sulphides, upon metallic ox- | direct. 'lPha.t in| pyrites is volatil

Pyrites, ides, forming SOy, | other sulphides re-| 1sed assuch. Wlth|

Chalcopyrite, | butchieflymelt un-| acts in part upon | cold blast the § of!

Pyrrhotite. altered,and pyrites | metallic oxides, | pyrites, together:
even absorbs Pb| with evolution of | with that of the|
and Cu to form| SO, whiletheoxi-| other sulphides
matte. : dised iron is slag- | under all condi:

ed. The remain-| tions, is burnt to
derofthesulphides| SO,. A portioncl
simply melt down | the sulphur mey
to matte. even be burnt 0
SOQ. A V&I‘ll»"h

proportion of the

sulphides remain

unburnt as matte.

Sulphur, . From CaSO,(alsoin | Almost entirely ex- | Entirely volati

as rt from PbSO4. | pelled as SOy and | asSQg,which, bow-

Sulphates. ZnS0y, and other | SO, either by the | ever, is partly
sulphates) SO; is| actionofheatalone| socidted into S0
expelled and vola- | or by reaction with | and O.
tilised as SOg. The | 8iO,, forming sili-
remainder being | cates of the metals.
usually the larger | No reduction to
part is reduced to | matte.
sulphides of the
heavy metals,
forming matte.
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prevent the formation of a ocrust. When the forehearth is
brimming over the furnace is plugged, and a crust is allowed to
form on the top; after a minute or two it will be sufficiently
strong not to collapse when the molten slag beneath is tapped
out to the level of the slag spout, and should then be covered
with several inches of coke breeze to prevent further loss of heat
by radiation.

This same form of forehearth may be employed when it is
desired to run the slag from the furnaces continuously, trapping
the blast, by providing an opening at the lower part of the back
plate corresponding with a water-jacketed taphole on the furnace
and bringing the two into close contact. This is now done at
the matting furnaces of the Arkansas Valley Smelting Works
(Leadville). .

< 9 X 5,1/2‘ > 2':-" —>

AR

o
b

< 36" >

<

Fig. 67.—Forehearth. (Front plate with spouts attached.)

Sump Furnaces.—Even when a sump is retained for the matte
a deep bottom is frequently used, as by its use the hot matte is
prevented from cutting into the furnace bottom and enlarging
the crucible, while should sows containing iron or other accretions
be unfortunately formed (an event of very rare occurrence with
large fast running furnaces) their removal is much facilitated.

Sump furnaces are best suited to the treatment of well-roasted
mixtures, producing a matte-fall not over 10 or 15 per cent.;
where the matte-fall is greater than this amount a channel
furnace discharging the whole of its fused product into a suitable
forehearth is more appropriate, since a large quantity of matte
tends to cut out the bottom too much.

Fig. 68 represents in section a large modern sump furnace
which, although originally designed for producing pig copper
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is exceedingly siliceous (52 per cent. 8iO,) and the matte fall, as
already seen, quite small, yet this peculmrly composed charge,
which would ordinarily be considered refractory, is smelted with
a coke consumption of only 15 per cent. by weight of an inferior
coke containing 25 per cent. ash.

The furnaces employed are 132 inches by 36 inches at tuyeres
and 16 feet high to feed-floor. The daily capacity of such a
furnace is about 215 tons of charge.

The matte is worked up by raw smelting with lead ores, as in
the ordinary lead smelting practice ; in doing so it is worthy of
note that it takes up silver from the charge while giving up
nearly all its gold to the lead bullion. The twice run and impo-
verished matte is then roasted and smelted, first to concentrated
matte and then to black copper, which is sold to the copper
refiners.

The gold obtained always exceeds the amount shown by assay,
but the silver falls about 10 per cent. short, which is not sur-
prising, the amount per ton of ore being so small.

Semi-Pyritic Smelting.— At many matting works a portion of
the sulphur contents of the charge is burnt off and some heat
generated with the double object of enriching the matte and
of saving fuel. The following is an example of this practice.

Sunny Corner (N.S. Wales).*—The ore treated at these works
is a complex low-grade mixture composed chiefly of massive
pyrites with blende and quartzose gangue, having chalcopyrite
and galena sprinkled through it in variable quantities, so as to
bring up the average to about 1 per cent. copper and 5 or 6 per
cent. lead. The smelting is conducted in old lead furnaces, the
crucibles of which have been filled up and which are now run
as sump furnaces, producing rich argentiferous matte for ship-
ment.

At the time of the author’s last visit in 1896 there were
three furnaces of tuyere measurement, 36 inches by 84 inches,
with circular ends. His notes are as follows :—The jackets
are of cast iron, their height being 4 feet 6 inches—viz., 10 inches
from the bottom to centre of tuyeres and 3 feet 8 inches from
centre of tuyeres to top of jackets, above which to the feed-floor
it is 11 feet. The furnaces are fed from the top through a short
Pfordtt curtain about 6 feet by 2 feet, and the gases are drawn
off into the usual dust-chamber connecting with a flue which
runs up the side of the hill for 220 yards and terminates in a
short brick stack.

The flue is excavated in the rock and lined with bricks, its
dimensions being 6 feet wide at bottom and 7 feet high to the
spring of the semi-circular arch ; the draught is very great and
most of the flue-dust escapes condensation. Each furnace in
blast requires a blower (No. 6 Root or No. 54 Baker) running

* Private notes, 1896,
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TABLE XIX.—ExampPLES oF Brast FurNace MaTTING.

%4 | 384 | B2 | s g4
# )
Reference, . . . 1. 2. 8. 4. 5.

Dimensions of furnace at tuyeres, | 40” x 40" | 5' diam. |36" x 132"| 36" x 90” | 44" x 144"
Height tuyeres to feed-floor, .| 15 ft. 25 ft. 16 ft. 11 ft. |12ft.6ins.

No. and diameter of tuyeres, .| 3 of 24" | 6 of 24" 12 of 2¢” | 16 of 33"
Total area of tuyeres, .  sq.in.,| 1473 29-46 71-28 176-64
8ectional area at tuyeres, sq. ft., 873 19-63 3 | 225 44
*Tuyereratio, . . . .laboutl-34] 1-50 317 4-01
Tonnage Ent through 24 hours, .| 10or 1l 136 216 36-38 | 2446
*Average hearth efficiency, . . 10 6-93 6-60 1-61 556
*Average tuyere efficiency, . .| 075 462 0°508 1-39
Average blast pressure, . 0z8,, 3? 32 9
Tem ture of blast, . . .| cold cold cold cold
Height of column of charge, . 12 ft. 20 ft. 5ft. |8ft.6ins.
Rate of concentration tons into 1, 3 12:7 20 20 1425
Composition of charge :—
Raw sulphide oree,ge. . lbs., 224
P B} 952
ertwoegold ores, . . » 36
Gozzan and oxide ores, . ,, 112
Limestone, . . . R 224+
Slag,. . . . . 5, 73 338
Total net lbs., . .| 220 2004 1850 4000
! Nature of fuel emlployed, . .|charcoal | coke coke coke ocoke
| Percent of fuel required, . 30 185 15 121 | 144to16
Composition or ore charge :—
Cu, . . . . per cent., 4
8, . . . ” 32
Composition of matte:— -
Cu, . . . . per cent.,| 074 49
Ag, . . . ozs. perton,|12em.5dwt . .
C:‘:, tionof sag” " 4oms.16dwt.
ition of slag:—
Si(;,, e e e 42 48 35 43
FeO and MnO, . . . . 50 5 29 21
Al'O., . . . . . 35 16 . 18 18
CO,. . . . . . 3 24 6 15
, . . . . . .| trace 024 0-41 0°345
Ag, . . . ozs. per ton, | trace 3m.14dwt| 1°150z.

References.—1. Ifn'vate notes, 1888. 2, Egleston, S.M.Q., vol. xii., No. 2, p. 111.

\. Private communication, F. R. Carpenter, Oct. 28, 1896. 4. Private notes, 1896.
\. K. and M. J., Dec. 11, 1897.

* Explanation of these terms is given in part i., chap. vii.
+ Matte in this case—not limestgxlle. part P
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its composition being given in Table XX., side by side with
that of the Transvﬁ reverberatory speiss described in the next
ch;?ter. .

he smelting was performed in a small circular water-jacket
furnace, the fuel being very inferior coke with 20 per cent. ash, the
consumption of which was 19 per cent. by weight of the charge.
The degree of concentration was about 30 to 1, and the slags
contained from 2 to 2% ozs. silver per ton. Owing to the very
low grade of the ore only 835 per cent. of its total contents
became collected in the product, but had the ore been twice as
rich in all probability the loss in slags would have been no
greater, and the “percentage of extraction” would then have
been something like 92 per cent. of the total contents of the
ore. Even this extraction of 83:5 per cent., however, is much
greater than could have been economically extracted by any
other known process.

TABLE XX.—ANaLYsES OF RicH SILVER SPEISSES.

Torreon, Mexico.
Transvaal
1 Speln.
Alloy. | Speiss.
Copper, . . . . . 56-7 371 525
Less.e . e ... 320 282 | 026
Iron, . . . . . 104 36
Silver, . . . . . 081 0-66 .59
Antimony, . . . . trace trace 380
Arsenic, . . . . 203 290
Sulphur, . . . . 31 206
9776 10000
Ag, . pertonof 2240 Ibs., | 265 ozs. | 216 oza.
Au, . v 9 I 1 0z. 18 dwt. l 1 0z. 10 dwt.

References.—1 and 2. Author, private notes. 3. Bettel, Chemsical News,
June 26, 1891.

The activity of speiss, however, as a vehicle for collecting and
extracting silver is very much less than that of matte, though
gold is more perfectly concentrated in the former. This is an
undoubted drawback to its employment, since the silver lost in
slags will probably always be higher with speiss than with matte,
although the slag loss would be comparatively a small matter
if the other conditions were suitable. The peculiar adap-
tability of speiss smelting to arsenical gold ores is obvious, yet
it does not seem to have found practical use hitherto. 8Seoaing

1
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richer in both copper and silver, appear to be very similar to the
Mexican ores smelted to speiss as above described.

In this case the smelting was done in reverberatories and will
be found described in Chapter X V1.

Treatment of Argentiferous Speiss.—This material is always
treated as a rich silver ore, being roasted and smelted together
with lead ores, litharge, or refinery drosses. It is always better
to roast speiss with pyritic ores rather than alone, since in this
case the excess of sulphur in the pyrites combines with the
arsenic to form volatile sulphides, and there is less tendency to
the formation of arseniates.

TABLE XXII.—MATTE ANALYSES FROM BLasT FURNACE

MAaTTING.
|
Zalathna, Gawrilow Mansfeld
Transyl- | Altai Mts., | Rhenish’ | Schemnitz,
vanis, Siberia. ' | Prussia, | BUDEATY.
References, 1 3 3. 4.
Fe, . 6710 20-38 23-60 4689
Cu, . 0-74 6°66 40°37 5:00
Pb, . 223 0-21 082 2:45
Zn, . trace 273 503 6-30
Ag, . 0-036 . 0214 0126
Au, . 0-016 .. .
Mn, . 078
Ni,Co, 059
Al . 047
Ba, 3533
Ca, 004 089
Mg, 143
S, . 2930 2570 2504 3697
Insol., 1-29
As, . 0°10 trace
|
Ag, . per ton, |120s 5dwts. | 70 ozs
Au, . ' 405.16 dwts. '

References.—Same as for the corresponding numbers in the preceding

table.
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<charge in column 1 ; column 5 that of a slag exceptionally rich
in zinc sometimes produced.

TABLE XXV.—ARGO ANALYSES.

Ore charge.®| Matte. Slags.
|
References, 1. 2. 3. 4. j 5 |
|
8i0,, 3390 065 | 41777 | 452 | 36-52
Oy, 15-50 T
| BaO, . 689 | 136 | ..
FeOQ(MnO), 3225 160 ' 35-14
e, . . 10-80 1767 TS
AlLO,, 560 691 75 129
Ca0, 4-80 327 60 3-57
MgO, 2-80 126 37
ZnO0, 6°10 580 76 20-08
Zn, . 273
CuO, . . . 023
Cu, . . . . 2-50 47-30
PLO,. . . . 075 1-50
Pb, . . . . 1-00 8-07
Ag, . . . . 0-093 1-38
Au, . . . . 00059 0-088
S, . . . . 51 21-58
30, .
o, . . . . 64
CO,, . . . . 6-7
99468 | 99°13 996 98°10
Ag, ozs. per ton, . 31 450 3 ..
Ag, v . 1-91 ! 28°75 tr.

References. —1. Peters, Modern Copper Smelting, Tth edition, 1895, p.
446. 2 and 3. H. Pearce, Private communication, Oct. 20, 1896. 4. E. and
M. J., Sept. 12, 1896. 5. Calculated.

The composition of the slags, the analyses of which are given
in Table XXIV., is as follows :—

Zinc Slag, Column 5.—This is almost exactly a sesquisilicate,
its formula working out as

3(4RO. 38i0,] + Ca0. Si0,
R being in this case § Fe and } Zn.

* According to the author’s information the ave ore charge still con-

ns more roasted pyrites than would be indicated by analysis 1, so that

iIag actually produced is intermediate in composition between those
11n columns 3 and 4.
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MATTE SMELTING IN REVERBERATORIES. 305

coal, the clinker, instead of being slaggy, was always rotten and
friable.

The usual rate of concentration with 35 ozs. ore was 164 tons
ore (or 27-5 tons of charge) into 1 of product. With ore of this
grade the recovery of silver averaged about 80 per cent.; with
ore of 40 ozs. a8 much as 91 per cent. entered the matte, 7§ per
cent. going into the slag and the remainder volatilising.

The following analyses give the composition respectively of
the siliceous flux (the presence in which of anthracitic carbon
may be noted as peculiar) and of the slag produced :—

PFluz. Slag.
Insoluble, . . . 3740 SiOg, . . . . 2705
Aly0,, . . . 294 FeO, . . . . 53-30
MnO, . . . tr. FeyOg, . . . . 2:55
FeCOy, . . . 9-57 AlgOy, . . . 450
MgCOp, . . . 892 | MO, . . . . 300
C&CO;, . . . 3040 P, O3 and AS.O;, . . 0-265
Water and volatile, 577 | ShyOsand BiyOs, .  0-230
Carbon (anthracitic) b; Ca0, . . . . 5-32
difference, . . 500 Mgo, . . . . 280
_ PbO, . . . . 045
100-00 Cug0, . . . . 045
Ag, . . e . 0-005
S, . . . . 005
99-97

The matte was subsequently ¢ blown up” on another rever-
beratory hearth furnished with a hot blast, to a crude argenti-
ferous copper which was granulated, the slag from this operation
containing 15 ozs. Ag, as well as 12 per cent. of the copper and
10 per cent. of the antimony in the speiss going back to the ore
furnaces. Analyses of the speiss and of the shot copper are as
follows :—

' |
] Speiss. ' Shot Copper.
I |
Copper, ! 52-50 9355
© Irom, ' 360 f
| , = 0-25
| Silver, . 1-59 3-26
Antimony, . . o 38-00 1-31
Arsenic, . . . | 200 0-60
Sulphur, . o 2:08 } 1-28
Oxygen and loss, . . '
I 100000 | 10000
I Silver, per ton of 22401be., 520 0zs. | 1065 ozs.

20
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TREATMENT OF ARGENTIFEROUS MATTES. 315

Extractson of Gold from the Bottoms.—The treatment of the
copper bottoms at Argo is conducted by a ‘ secret process,”
which, however, probably consists first in melting and granu-
lation, followed by scorification, either with pyrites (Gilpin
County concentrates) by which means most of the copper is
‘“matted ” leaving the precious metals in a greatly enriched
‘““ bottom,” or else by slow oxidation to form oxide of copper,
which is then slagged away by successive additions of litharge,
leaving nothing but a rich gold-silver alloy. In all probability
the process as worked at Argo comprises both operations, the
bulk of the copper being scorified away with pyrites, while the
rich alloy is then oxidised, and scorification finished with the
aid of litharge and powdered quartz to form a lead slag, which
carries away the last remains of copper and other base metals,
leaving the gold and silver on the hearth.

The slags and matte produced during scorification with pyrites
would be simply returned to the ‘ pimnple-metal” furnace and
re-worked with the regular churge. The litharge slag produced
is glassy and red like copper-refining slag, and is sold to the lead
smelters for its lead, silver, and copper contents.

The following analyses of the copper bottoms and of the slag
produced by their scorification with litharge are by Trippel. *

Copper Bottoms. Litharge Slag.

Cu, . . . 9266 8i0,, . . . 14-48
Ag, . . . 10 PO, . . . 609l
Au, . . . 2-93 Cu,0, . . . 11-53
Bi, . . . 1'14 FeO, . . . 6-08
8 . . . 057 ALO, . . . 497
As, . . . 012 MgO, . . . Ol4
Fe, Pb, Zn, &c., . 167 Ca0, . . . trace
8b,0;,. . . . trace

100-00 Ag, . . . undet.

Ag per ton, . . 330 ozs. 98-11
Au per ton, . . 1045 ozs. D ——

The “bottoms ” now produced at Argo are much richer in lead
and poorer in gold than would be indicated by the above
analysis.

2. The Freiberg Sulphuric Acid Process.t—This process de-
pends upon the formation of copper sulphate by dissolving the
sweet-roasted matte in sulphuric acid. Iron would interfere
with the crystallisation besides using up acid to no purpose,
therefore it is an essential condition of the process that the
matte shall be concentrated to a 70 to 72 per cent. white metal.
Further concentration (e.g., to pimple metal) is, however, not
advantageous, owing to the formation of metallic copper, and a

* E. and M. J., June 23, 1888.
+ Schnabel, Handbuch der Metallhtittenkunde, vol. i., p. 624.
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SILVER-COPPER SMELTING AND REFINING. 321

CHAPTER XVIIIL

SILVER-COPPER SMELTING AND REFINING.

REFERENCE has been already made (Introductory to Section IV.)
to the fact that some ores of the precious metals may be concen-
trated by smelting processes, using instead of the familiar /ead
bullion or matte, speiss or metallic copper as vehicles for concen-
tration.

Silver-Copper Smelting— Limilation of the Method.—The
use of metallic copper is confined to ores comparatively free
from sulphur, arsenic, and lead, since the first would give rise
to the production of matte, the second to that of speiss, while
the third would yield alloys of copper and lead, which are
subject to very heavy deductions at the refining works.

It is but rarely that silver ores practically free from lead and
from sulphides of the heavy metals are found in the neighbour-
hood of ferruginous oxidised ores of copper. Such cases do
occur, however, particularly in parts of Mexico and S. America,
and in these cases smelting to argentiferous black copper is at
once indicated as the cheapest and most direct method of bring-
ing the metallic constituents of the ores into a portable and
marketable form. Unfortunately, however, the scope of the
process is still further limited by the scarcity of fuel in many of
the very localities where it would otherwise be the ideal process
of ore treatment.

Plant Employed.*—The plant is identical with that employed
in Arizona for smelting the non-argentiferous carbonate of copper
ores, once 80 common in various parts of that territory, to pig-
copper. The furnaces are completely water-jacketed, the jackets
being usually of wrought iron or mild steel, though sometimes
the inner skin is of thick sheet copper. They always have an
interior “ sump " for the separation ot the fused products, because
the comparatively high fusing point of metallic copper and its
low specific heat cause it to chill much too rapidly to admit of
the employment of exterior forehearths.

Some suitable form of ¢ settler ” or overflow pot is, however,
provided for the collection of small globules of matte or metal
carried over by the slag stream, and the addition in this settler
of thin sheet scrap-iron (as first practised by the author) affords
an opportunity of saving some of the combined copper and silver
in the slag.

* v, the author’s paper in Proc, Inst. Civ. Eng., vol. cxii., pélMS.
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324 THE METALLURGY OF SILVER.

the metal, in the absence of sulphur to combine with it, cannot
be reduced with any reasonable consumption of fuel.

As a matter of practical convenience sesquisilicate slags with
about 40 per cent. 8i0, give about the best results. The general
formula of such slags may be written :—

z(2Fe0 . 8i0,) + y(CaO . 8i0,) + z(ALO, . 38i0,)

where the ratio imay vary between } and § and i

may be
z+y
from %5 or less up to 3.
‘When the ores are very siliceous a bisilicate may be run ; thus
the slag run by the author on one occasion for thirty-one days
continuously when flux ores were scarce (Column 3, Table

XXIIIL) possessed the following composition :—
8(FeO . 8i0,) + 4(Ca0 . 8i0,) + ALO, . 33i0,,

and ran fairly well, though very sticky and containing more
combined copper than usual.

Aluminxte slags may also be run as described by Henrich. *

Costs, Losses, &c.—The percentage rate of extraction in this
process is at least as great as by any other process on poor ores.
Thus, in the case described in Table XXIII., 91-7 per cent. of
the silver was actually extracted from a mixture of ores con-
taining only 74 ozs., and 91'3 per cent. of another mixture
containing 133 ozs., the rate of concentration being about 18 to
1. During another month’s run on low grade copper ores alone,
with a degree of concentration of 35 to 1, the extraction of silver
was 88 per cent. of the total.

The loss of copper in slags, though certainly no greater than
that of lead in lead smelting with siliceous ores, is of more
importance owing to the greater intrinsic value of the former
metal ; on the other hand, there is practically no loss by vola-
tilisation. The absolute loss of copper—viz., 1§ to 13 per cent.
—is much greater than the loss of that metal in matte smelting,
and, owing to the absence of all reducing effect of sulphur, by far
the larger part of the copper lost in slags exists in a combined
state as silicate.

The cost of smelting on a copper basis is not materially greater
than on a matte basis. As with every other kind of smelting,
the cost will depend chiefly upon local circumstances, the prices
of coke and of fluxes, and upon the capacity of the furnace plant,
small furnaces being much more expensive to run than those of
larger size. Some figures of cost under c'ifferent circumstances
are given in Table XX VII. '

One of the disadvantages of the silver-cdpper smelting process
is the way in which small quantities of impurities in the ores
become concentrated in the product. This is shown by the

* E. and M. J., Dec. 27, 1890.
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following partial analyses from Torreon, A being the product of
the run detailed in column 1 (Table XXIII.), while B and O
correspond respectively with columns 2 and 3 of the same Table,
and D is an analysis of black copper from Oker added for the

sake of comparison.

TABLE XXVI.—ANALYSES OF ARGENTIFEROUS COPPERS.

\ B C D
Copper, . ! 957 86-68 96°5 92636
Iron, A 035 038 0°157
BLead, - . ! g:gg 0337
ismut 0-464

Zinc, | 2 undet, 027
Nickel and Cobalt. . : trace 0245
Silver, . 0-36 073 030 0°405
Antimony, trace trace 2950
Arsenic, . 112 329 2154

Sulphur, . . 025 175 031

Insoluble, Oxygen, &c., .| undet. undet.

9776 96-77 9749 99-348

References.—A, B, and C. Author. D. Min. Ind., vol. iv., 1895, p. 14.

The impurity of the resulting product, as soon as any very
large quantity of silver ores containing considerable traces of
lead and arsenic is smelted, is shown in analysis B; this is one
ot the principal drawbacks to the process, since 1mpure copper of
that description is subject to heavy refinery deductions.

TABLE XXVII.—SILVER-COPPER SMELTING AT TORREON,

MEexico.
Normal Work. 3“5‘;3“'
Proportion of silver ores (siliceous), . | Small. Conls)ider- None.
’ able.
Dimensions of furnace at tuyeres, 36-in. diameter circular.
Height tuyere line to feed- oor, ft. 6 ins.

Material of jackets, .

No. and diameter of tuyores,
Total area of tuyeres, . 8q.ins.,
Sectional area at t,uyeres, . 8q.ft.,
Tuyere ratio, . . . .

Tonnage Eut. through, 24 hours,

Average hearth efficiency,.
Average tuyere efficiency, . s e
Average blast pressure, . .

Concentration, tons into l .

wrought-iron.
six of 3 ins. diameter.

4242
707
0+600
40°5 280 404
573 3-96 571
0-955 0-66 0-851
8 ozs. 10 ozs. 11 ozs.
17-8 179 35
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ERRATA.

Page 22, line 26, for ¢ Guanaceir ” read ‘¢ Guanacevi.”
» 41, line 16, same substitution.
» 41, heading of last par., for “Gold amalgam” read “Copper

amalgam.”

» 12, in the first member of 1st equation, for “Cu,Cl” read
“Cu,ClL,.”

,» 87, line 24, for “ Fig. 28 shows the Boss Combination pan”
read “ Fig. 29 shows the Combination pan.”

,» 87, line 34, for ¢ stots ” read *slots.”

» 88, description of figs., for “Figs. 28 and 29, Boss Com-
bination Pans” read ¢ Fig. 28, Boss pan (left hand),
Fig. 29, Combination pan (right hand).”

» 94, description of Fig. 33, sor «Filter” read “ Amalgam
Strainer-safe.”

,» 105, heading, column 10, for ¢ Black Line” read * Black
Pine.”
» 127, line 4, for ¢ Labour, 113 shifts” read “ 0:113 shift.”

,» 156, description of Fig. 53, sor “ Oxland-Hocking Calciner”
read *“ Howell-White furnace.”

» 172, line 8, for ‘*‘thiosulphite” read ¢ thiosulphate.”

,» 176, description, Fig. 56, for ¢ Precipitation tanks” read
“Tanks for Augustin process.”

, 192, line 18, for «practical ” read * practised.”
, 194, line 19, for ‘“feet” read “foot.”

4 200, line 26, for «“CuCl,” read ¢« CuCl,”

214, line 20, for “stowes ” read * staves.”

”
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Page 219, des
tank.”

267, lines 13 and 14, for “Silicate of iron, trisilicate of
alumina, and sesquisilicate of lime ” read « bisilicates
of iron and alumina with trisilicate of lime.”

» 272, line 9, for «“ AsS,” read * AsS,.”

280, line 15, for “ FeO, 28i0,” read “ FeO . 8i0,.”

285, line 40, for “twice blowing up” read “blowing up
in two stages.”

298, description of Fig. 72, for *“ Anaconda furnace” read
“ Plan of hot-air flues of Anaconda furnace.”

299, line 33, for ¢ less than 2 per cent.,” read “not over 3
per cent.”

302, Table XXV, the reference to Columns 4 and 5 should
be exchanged.

305, 1st line below analyses, for “ matte * read “ speiss.”

”

”
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C

CABELL- WHITEHEAD process, 333.
Calcium hyposulphite—
Formation of, 192.
Use of, 186, 192, 196, 225.
Calcium Sulphide—
Adva.nt.ages of, 197.
Preparation of, 195.
Calcite, Interference of, with hypo.
lixiviation, 188.
Calculation of charges for matting
furnace, 263.

Calico, Pan process at, 105.
Candameila, Loss of silver in tailings
at, 200.

,»  Bismuth-silver ores at,22.
Capellina, Retorting amalgam in the,
137, 138.
Carbonate of soda, see Sodium car-
bonate.
Cmq;lca, Peru, Ores of, 27.
Castillite, 22,
Catorce, Ores of, 26.
Cazo process—
at Carizo, 65.
at Potosi, 67.
Construction of plant, 63.
Cost of treatment, 66.
Decomposition of ar,
Loss of mercury in,
Mode of working, 64.
Percentage of extraction in, 66.
Reactions of, 65-t.
Cement silver, Treatment of —
from Augustin process, 176.
from refined sulphides, 247.
from Ziervogel gli-ocess, 185.
Cen7lent, copper, Melting down of,
176.
Cerro Gordo, Patera process at, 188,
Charcas, Ores of, 26.
9 Patio treatment at, 57.
Channel furnaces, 258.
Charleston mills, see Tombstone.
Chemicals used in the Pan process,
92, 105.
Consumption of, 104, 105, 125.
Chemicals used in the Russell pro-
cess, 205, 227.
Chilian mills at Broken Hill, 115.
» at Pachuca, 38.

ntite in, 65.

»» in Peru, 37,
» of iron, 38.
of stone, 36.

Chili, Kréhnke process in, 69.
,» Patio process in, 62. .
Chloride of silver, see Silver chloride.
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Chloridisation, Influence of various
substances on, 150,
» on the cooling floor,
149.
See also Chloridising-roasting.
Chloridising-roasting, 147.
at Broken Hill, 158, 165.
at Caribou, 165.
at Holden Mill (Aspen), 161, 163,
165.

at Huanchaca, 74.
at Kosaka, 152, 164.
at Marsac, 161, 163, 165.
at Ontario, 161, 163.
at Oruro, 74.
at Playa Blanca, 152.
at Potosi, 75.
at San Fco. del Oro, 151, 164, 165.
at Sombrerete, 164.
at Tombstone, 165.
at Las Yedras, 151.
Cost of, 164.
Details of work done, 164.
Furnaces employed for—
Briickner cylinders, 153.
hand reverberatories, 151.
as-fired reverberatories, 152.
owell-White furnaces, 166.
Stetefeldt, 159-163.
Loss of silver by volatilisation—
Diminution of, 170.
Influence of time on, 168.
. of temperature, 168.
,s of volatile elements,

170.
Percentage of salt required, 167.
Preliminary—
Drying and crushing, 147.
of ores free from sulphur, 148,
of sulphide ores, 148,
Christy, 167.
Church, 99.
Clark, 148,
Claudet process, 178.
’ ” at Oker, 179.
Clean-up pan, 93, 94.
Clemes, 169, 170.
Combination pan, 87.
Combination process (so called), 130.
(Comparison between—
blast furnace and reverberatory
matting, 303.
tank and trough lixiviation, 222.
reactions in various systems of
smelting, 256.
roast-amalgamation and lixiviation

(hypo.), 211, 241.
Ruuygﬁ) and Patera proceeses, 240.
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Comparative extraction by amalga-

mation and lixiviation, 211.
Composition of ores, see Analyses.
oty £ L

air for stirring, 219.
Concentration of ore after
mation, 129.
at Standard Consolidated, 130.
at Tombstone, 129.
before amalgamation, 130.
at Black Pine, Mont., 132
at Huantla, Mex., 133.
at Montana Co.'s mill, 131.
at Silver King.
at Silver Plume, 13::
Concentration of tailings on blanket
sluices, 128.
on * planillas,” 53.
GomsumR tion of chemwdn in the
usse| 2u05.
See a%xab
Converter slags at Anaconda, 311.
Cooke, 1, 19
Cooling ﬂoor, Increased chloridisa-
tion on the, 149.
Copiapo, Krohnke process at, 69.
»» Ores of, 27.
Copper, Act.ion of, on silver sulphide,

’ ama.lgam, Use of, 42.
,,’ and sodium, Double hypo-

sulphites of, 18, 200.

” a.rgennferous, Analyses of,
325.

»»  argentiferous, Treatment of,
327

s black, Analyses of, 305.
»» bottoms., Extraction of gold
from, 315.
,» chlorides, see Cuprous and
cupric ch/orides.
” -sllver alloys, 3.
ores, Suitability of,
to Pan process, 98.
to lixiviation, 187.
" sulphate Crystallisation of,
from solution, 145, 247,
32»>.
»»  8ulphate in the Cazo process,
65

” ”

' »»  in the Pan process,

in t,h.e Patioprocess,
44, 45.

” ”

Cosalite, 22.
Cost of Auguatm process in Japan,

,  bessemerisation, 312.

INDEX.

Coet of Cazo process, 66.
» %hlondmng routmg. 164-5.
” ondon process, 9.
” ancke- 78.
» K\;so lixiviation, 223.
» ohnke procees, 72
» Pan process, 104-5.
s  Patio 60.
»»  Ppyritic smelting, 284, 202
»»  refining base bullion, 145.

» . hn2:ntnonsulphlde,
8.
. re-t;_eoting tailings in pans,
127
» roast-amslgamat,lon process
in

»»  roasting at Argo, 181, 299.

»»  Russell process, '22;

»  Semi- pyritic smelti at

Sunny Corner, 210?8
silver-copper smelting, 326.
Crooke process of lead sweating, 318.
Crucll-les for melting silver bullion—
of iron, 140.
lumbago, 141.

Cnmgmg base bullion, 144.

" byl 8(;hilian mills, 37, 115,

,» by rolls, 36, 114, 180.

” by stamps, 33, 84, 85.

» in arrastras, 39

Cryst&lhsatmn of bluesbone, 145, 247,

Cu]};:l ic chloride—
fluence of, on chloridisation, 150.
Interference of, with hypo. lixivia-
tion, 187.
Us;ogf for badly-roasted charges,

Cuprous chloride—
in the Krohnke process, 71.
Precipitate of, mtheHu.nt -Douglas
Cu process, 320
prous oxide causing s le re-
action, 153, 246. § spang
Cusnhumachlc, Cblondma.tlon at,
149.

” Patera process at,
224.
Cyanide of silver, see Silver cyanide.
D

Dagerrr, 190, 214.

Deadwood, Matte smelting at, 267,
271.

Decomposition of silver oxide, 5.




INDEX.

Decomposition of silver sulphate, 6.

De Lamar, Pan process at, 97, 105.

Desilverisation of matte, see Silver
extraction.

Deterioration of hypo. solution,
193.

Dewey-Walter process for refining
sulphides, 248-51,

Direct amalgamation of docile ores,
32

¢¢ Direct ” process for matte concen-
tration, 307.

Dissolving base bullion in sulphuric
acid, lﬁ:. )

ers, Revolving, 112,

Dr):’ Stetefeldg, 113.

Dubois, 199.

Duotility of silver, 1.

Dyscrasite, 22.

EissLEr, 80, 98, 110, 136.

Egleston, 48, 66, 118, 143.
ectrolytic copper refining, 329.
at Anaconda, 330.
Behaviour of impurities in, 330,
Cost of, 331.

Elevator, Quicksilver, 95.

Elkhorn, Mont., Roast-amalgama-
tion at, 120.

Embolite, 21.

Eureka, Analyses of ores lixiviated

at, 173.

. Cle;position of ores at,
Extra solution, see Russell’s solution.
Extraction of gold in arrastras, 41.
from copper bot-

toms, 315
” of silver in arrastras, 43.
from mattes, 313-
; 320. lin
. rom pan tailings,
127.pa &

” ”

”» ”

”

F

FanLERZ, 21.

False bottoms for leaching tanks,
214.

Ferric sulphate in the Patio process,
44

Ferrous sulphate, Action of, on silver
sulphate, 10.
Flasks for retorting amalgam, 136.

341

Fluxes, Use of, in matte smelting,
262.

Fondo, see Cazo process. *

Fondon process, 67.

Cost and extraction,
69.

» s  Mode of working, 68,
Forehearths, 258.
Francke-tina process, 72.
at Huanchaca, 73, 75, 78.
at Oruro, 73. 74.
at Playa Blanca, 73, 75, 77.
at Potosi, 75, 77.
Construction of plant, 175,
Cost of treatment, 78.
Crushing, 73.
Loss of silver in, 78.
Reactions of, 79.
Roasting for, 74.
Working of, 77, 78.
Freiberg, Analyses of furnace gases
at, 264.
" Barrel process at, 117.
’ M':t;e concentration at,
313.
» Ores of, 24.
»»  Silver extraction from
mattes at, 315.
Freieslebenite, 22.
Fuel in matting furnaces, 283.
,. in pyritic furnaces, 281,
Furnace gases, Composition of, 264.
Fusibility of silver, 2.

G

GALENA, Condition of silver in, 7.

' Richness of, in silver, 23.
Gases from blast furnaces, 264.
Gas-fired reverberatories—

for chloridisation, 152.
for Ziervogel roasting, 181.
Gas-fired revolving dryers, 112.
Gawrilow, Analysis of matte pro-
duced at, 275.
Analysis of slag produced
at, 274.
» Matting barytic ores at,
266.
. Silver extraction from
matte at, 317.
Georgetown, Barrel mill at, 118.
Godshall, 167, 170, 199.
Gold, Ac2t(i)on of hypo. solution on,
1.
,»» Extraction of, in arrastras, 41.
in the pan, 97.

» ”
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INDEX. 343
H Iphite leaching processes— K
Precipitanta— ¥
jum sulphide, 194. KaoLiN, Interference of, with amal-
Respective advantages of, 197. gamation, 98.
Precipitation, 197. Kapnik, Lixiviation at, 177.
Reactions of, 198. Keller, E., 330.
Rofgeneration of hypo.— Kerargyrite, 21.
rom sulphide, 193. Keswick, Analyses of furnace gasee
from tetrathionate, 210. at, .

Reversion of silver chloride, 196.
Silver leaching, 191.
Stock solution, 191.

Volume and strength of ditto, 192. |

8tock solutions—
Selective action of, 191.
Deterioration of, 193.
Accumulation of impurities in,
196.

I

IMPURITIES in hypo. solution, 193.
. in argentiferous copper,
330,

Influence of various substances—
on chloridisation, 150.
on lixiviation, 187.
on pan-amalgamation, 98.
Ingenios, 37.
Interference with amalgamation, 98.
” y» lixiviation, 187.
Iodide of silver, see Silver iodide.
»» z.ino7 in the Claudet process,
178.
Iodyrite, 23.
Iron as a fuel in pyritic smelting, 281.
” ”l?)o reagent in the pan process,

. borin};s used in pan charge, 92.

»» Consumption of, in the pan pro-
cess, 93, 127.

s crucibles for melting bullion,
140, 141.

,» -matte as a vehicle for silver
concentration, 254.

s Metallic, in mattes at Zalathna,
285.

,» Reduction of silver chloride by,
15.

+» Reduction of silver sulphide by,
7

»» substituted for copper in tinas,
79.

Jd
Jaums, 807.

" Cos;&f pyritic smelting at,

,»  Heating blast at, 282.
’ Pyritic smelting at, 288,
290-2.

Kiss process, see Hyposulphite leach-
ing processes.
Kokomo, Pyritic smelting at, 280-2.
Cost of, 292.
Kongsberg, Ores of, 24.
v Stirring matte with lead

at, 317.

Kosaka—

Analyses of ores treated at, 173.

Augustin process at, 175.

Cost of, 177.

Chloridising-roasting at, 162, 164.
Knox clean-up pan, 93
Krohnke process, 69.

Mode of working, 71.

Plant employed, 70.

reactions, Cost and Loeses, 72.

L
LAkE Valley, Ores of, 25.
Lamb, 241.

Lang, 255, 263, 272, 285, 289.
Las Yedras, see Yedras. -
‘‘ Luvaderos” in the patio process, 53.
Leaching, see also Lixiviation.
Base-metal, 189,
from bottom upwards, 189.
Method of, 214.
-plant, Construction of, 214-7.
»» of Augustin process, 176.
,»»  of Ziervogel process, 183.
Rate of, 190,
uence of, as conducted at—
olden, 230.
Marsac, 229.
Yedras, 228.
Silver-, 191.
-tanks, shallow 1. deep, 216.
False bottoms for, 214, 232,

Lead—
amalgam in the patio process, 50.
bath, Scorification on a, 244. ’
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INDEX.

Matte, Extraction of silver from, see
Stlver extraction.
Matte smelting—
introductory, 252-4.
Reactions of, 255.
mgmt furnaces, 257-71.
t pressure, 264.
Forehearths, 258.
Fuel and fluxes, 263.
furnace gases, Composition of,

Examples—
Deadwood, 267, 271.
Gawrilow, 266, 271.
Mansfeld. 266, 271.
Sunny Corner, 268, 271.
S tha]at . 265, 2;;
composition, 261.
Sump furm for, 260.
Use of hot blast, 262.
in reverberatories, 292.
Adaptability to fine charges,
294,

Characteristics of, 293.
Cheap fuels employed in, 293.
Comparison of, with blast fur-
nace smelting, 293.
Examples of —
at Argo Works, 209-303.
at Butte, Mont., 296.
Range of slag composition in,
204,

Reactions of, 295.

Matting—
. base %ullifon lbefore solution, 344.
proceas of silver extraction, 6.
” sulphide refining, 245.
Matthiessen, 1.
Mechanical reverberatories, 153.
Melting lixiviation sulphides, 245.
Melting point—
of silver, 2.
of silver chloride, 10.
of silver iodide, 17.
Melting retort bullion, 140.
in Boses furnace, 141.
in crucibles, 141.
in gas-fired reverberatories, 142.
Mercury—
Action of, on silver chloride, 15.
on silver sulphide, 7.
Handling of, by elevator, 95.
by pump, 96. .
Loss of, in mation, 32.
in arrastras, 42.
in the Cazo process, 66, 67.
in the pan prooess, 97, 127.
in the patio procees, 50,

345

Mineral, Idaho, Wood used in blast-
furnaces at, 263,

Mill:)eral Hill, Nev., Pan process at,

4.

Montana—
Pan process in, 105,
Coy ’s combination mill, 131.
Concentration at Black Pine, 132.

Montejus press tanks, 219.

Morse, 158, 198, 230.

Moulto,;l Mill, volatilisation of silver
at, 171.

N
NaTIVE silver, 20.

0

OkER, Claudet process at, 179.
»» Treatment of argentiferous
copper at, 327.
»»  Sulphuric acid process, 327.
Ontario,Utah, ?nalysisofomtre&tod
at, 173.
» Composition of ores, 25.
» Chloridisation on the cooling
floor at, 149.
»  Melting bullion at, 142,
»»  Meltinglixiviation sulphides

at, 243,

» Perc;nta.ge of salt required,
167.

’ Roast-amnlgnmntionat, 120.

»»  Stetefeldt furnace at, 161,
163.

Ores of silver, 22.
» » Analyses of, see

Analyses.

Oruro, Bolivia, Ores of, 27.

s  Cost of treatment at, 78.

»  Crushing at, 73.

»»  Roasting at, 74.

» Working tinas at, 78.
Osmond, 3.
Oxidation of hypo. solution, 193.

' of Russell solution, 207.

Oxide of silver, 4.

P

PACHUCA, Arrastras at, 40.
» Boss process at, 110.
' Chilian mills at, 36.
” Meiting bullion at, 141.
» Ores of, 26.
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Pachuca, Pan process at, 105. Patio process—
” Patio process at, 45, 61. Cost of, 61.
” Rolls at, 30. Crushing for, 35-38.
» _ Retorting at. 138. Loss of mercury in the, 50.

Palmarejo, Roast-amalzamation at, 4 Of silver, 57.-

120, Percentage of extraction in, §i.

Panamint, Salt required for chlori-| Practice at—
disation at, 167. , 57,

Pan process, see also Boss process. in Chili, 44, 50.
chemicals, Use of, &2, in Durango, 60.
Clean-up, 93, 94. Fresnillo, 55, 61.
Construction of pans, 87-9. Guadalupe y Calvo, 49.

” of settlers, 90.

Cost of, 104, 105.

Crushing, S0-5.

Examples of, 104, 105,
Brunswick Mill, Nev., 104.
California Mill, Comstock, 104,
Calico, California, 105.

De Lamar, Idaho, 105.

Harrisburg, Utah, 105.

Mineral Hill, Nev., 104,

Pachuca, Mex., 105.

Sheridan Mill, New Mex., 105.

Tombstone, Ariz., 105.
Handling mercury, 95, 96.

v ore into pans, §6.

H.P. required for, 102.

Interference of various substances
with, 98.

Loss of mercury in, 97.
Percentage of extraction, 97.
Recovery of gold in the, 97.
Reactions of the, 100.
Water supgly required, 102,
Working the charge, 91.

Pan slimes, 125.

Parral, see also Sun Francisco del

O

ro.
Chloridising-roasting at, 161.
, Hypo. lixiviation at, 224.
¢ Parting " doré bullion, 334.
Pasco, l\fclting bullion at, 141.
Ores of, 27.

,, DPatio treatment at, 59. .

Patera process, see also Hyposulphite

leaching processes.

Practice at--

Broken Hill, 224, 232-6.

Cuaihuiriachic, 224

Furcka, Nevada, 224,

Parral, Mex., 224

Sombrerete, 224, 236-9.
htors provess without roasting, 188
Patera, Ven, 19,
Patae pevcese
sialy wredd, 4}

Rom of patic Soor, 43

”»”

9y

Guanajuato, 45, 49, 55.
Pachuca, 45, 46, 49, 61.
Pasco, 59.
Potosi, 59.
Tasco, 57, 61.
Zacatecas, 45, 55, 57, 61.
Proportion o: reagents used, 45.
” of mercury used, 46.
Reactions of the, 51.
Treatment of residues, 55-6.
Use of base-metal amalgam, 50, 59.
,» of hyposulphite, 58.
Washing the torta, 53.
W:;king and testing the * torta,”

Pearce, Rd., 4, 22, 28, 1S6.
Percentage extraction of silver—
in the Cazo process, 66.
in the Fondon process, 69.
in the Francke-tina process, 78.
in the Krohnke process, 72.
in the Pan process, 97, 105.
in the Patera process, 200, 224,
in the Patio process, 57, 61.
in the Roast - amalgamation pro-
cess, 121.
in the Russell process, 210, 227.
in hypo. lixiviation, 200, 224, 227.
in pyritic smelting, 292.
in s‘)eiss smelting, 273.
Real r. apparent, 230.
Percentage of salt required in chlori-
dising-roasting, 165.
Percy, 7, 12, 14, 18, 43. 44, 1886, 253.
Peru, Gr:i;nding in Chilian mills in,
4o

. Patio process in, 59.
Peters, 263.
Pioche, Nev.. Percentage extraction
at, 97.

Straining lead amalgam at,
o3

95,
¢* Planilla ” (hand buddle), 53.
Plant for Boss process, 106, 108.

.. for Russell procees, 213.
Plattner, 18.

[y
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| Polybo.slte 20.

e

INDEX.

Playa Blanca, Crushing at, 74.

Roasting at, 74.

“’70rkmg of tinas at,
8.

”
”

process at, 67.
» Chlondlsmg-roastmg at, 75,
168.

Roasting for Francke - tina
process at, 75.

» Patio process at, 59.

Precipitates, Composition of, from

h; lphite leaching, 229, 231.

Precipitation from hypo. solutions,

197.

of lead from ditto, 203.

of silver sulphate on copper,
145.

”»

’”

tan'}u for Augustin process,

176,

tanks for hypo. lixiviation,
218.

Precipitants in hyposulphite lixivia-

tion, 194.

Calcium sulphide, 195.

Relative advantages of cal-
cium and ium sul-
phides compared, 197.

Sodium carbonate, 203.

” sulphlde, 194
Press tanks for precipitates, 219.
Pretoria, Speiss smelting near, 304.
Promonbonos, Scorification of sul-

phides at, 244.

Proustite, 7, 20.

Przibram, Ores of, 24.

Pump, Quicksilver, 96.

Pueblo, Crooke process at, 318.

ite, 7, 20.

Pyrites, Rlchness of, in silver, 28.

Use of, in chloridisation,

148.

Pyritic smelting, Introductory, 276.
Analyses of furnace gases, 264.
Bye-products of, 285.

Column chargmg, 277,
Cost of, 284.
Examples of —

Keswick, 288,

Leadyville, 286-8.

Mt. Lyell, 285-6.
Fuels employed in the, 281.
Fluxes required, 281
Furnace construction—

At Leadville, 288.

At Mt. Lyell, 286.
Heating the blast, 282.
Hot blast, Use of, 278, 282.

11

”

”

”»

”

P
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Layer charging, 277.
Pyrit{o smelt;‘lnxgl—
Losses in, 284.
Mode of working, 283.
Plant required, 282.
Principles of, 279.
Reactions in, 256,
Slags, Composition of, 278, 280.
to speiss, 289
Various systems of, 277.

Q

QUICKSILVER, see Mercury.

R

RAMMELSBERG, 13.
. (Harz), Ores of, 24.
Rate of leaching, 190.
Raw ores, Action of Russell solution
on, 201.
Reactions of the Cazo process, 65.
of the Dewey-Walter process, 248.
of hyposulrhxt.e hxlvm.tlon, 198.
of the Krohnke process, 7
of the Pan process, 100.
of the Patera process, 198.
of the Patio process, 51-3.
of the Russell process, 208-210.
of the Roessler converter, 246.
of silver chloride, 13.
of silver sulphide, 8
of smelting processes, 256.
of wet - amalgamation processes,

13.
Reagents in the Cazo process, 43.
in hyposulphlte lixiviation, 191,

in the Krohnke process, 71.
in the Pan process, 92.
in the Patio process, 65.
Reduction of silver chloride, 13,
of silver sulphate, 9.
» of silver sulphide, 7.
Reese River process, see Roast-amal-
gamation processes.
Refining base bullion, 143-5.
cement silver from Augustin
process, 176.
cement silver from lixivia-
tion sulphides, 247.
cement silver from Ziervogel
process, 185.
lixiviation sulphides—
by the Dewey - Walter
process, 248-51.

"

”
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Balt, Use of, in chloridising-roasting,
167.

San Francisco del Oro, seealso Parral.
Analysis of ores treated at, 173.
Chloridising-roasting at, 151, 164,
Patera process at, 224.

Percentage of salt required, 167.
8and, Use of, in chloridisation, 148,
Sarrabus, Ores of, 24.

Schemnitz, Analysis of slags produced
at, 274.

Schnabel, 196.

Schneeberg, Ores of, 24.

Scorification process of refining sul-

phide precipitates—

at Alamos, 244.

at Broken Hill, 244.

Semi-pyritic smelting, 268.

¢¢ Settlers,” Construction of, 90.

Shelf dryers, see Stetefeldt shelf
dryers.

Sﬂ&a as 8 flux in pyritic smelting,

1.

Siliceous slags in matte furnaces, 255.

Silver, Chemical properties of, 1

Conductivity of, 2.

Contents of lead carbonate
precipitate, 204, 227.

Contents of base metal sul-
phides, 227.

Distribution of, in hypo. leach-
ing products, 223.

Duectility of, 1.

Hardnees of, 1.

Melting point of, 2.

Loss of, see Loss of silver.

Im;o in base metal leaching,
1

”
”

”»
”

”
”
"
”
”

Phys{oal constants of, 2.
. properties of, 197.
Reversionof, toinsoluble form,
198.
Solubility of, in brine solution,
186,

in hypo. solution,
186.

interfered with by
various substan-

S o ces, fl 87.

cific gravity of, 1.

Volatility of, 3

alluys, 3.

Arsenical and antimonial com-
pounds of, 19.

amalgam, see also Amalgam.
Composition of, 130,
Uses of, 41.

bromide, 17.

” ”

” ”

»

”»”
Silver
”

”
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Silver cement, Washing and melting
of, 176, 185, 247.

chloride, 10.
Formation of, 12.
Melting point of, 10.
Reduction of, by metals, 15.

»» bysulphides, 16, 199.

Solubility of, 11.
Volatilisation of, 12, 167-71.

cyanide, 18.

hyposulphite, 17.
iodide, 17
leaching in the hypo. process,

191-3, 238.

Metallic action of Russell solu-

tion on, 201.

Native, 20.
Ores of, 20, 28.
oxide, 4.

,  Decomposition of, 5.
sulphate. 9.

Precipitation of metal

from, 145.
sulphide, 6.

Action of Russell solu-
tion on, 2ul.
Decomposition of, 6.
R%actionsof metals on,
, 8.
Silver-copper smelting, 321,

Detailspgf cost, 326.g

Plant, 322.

Products, Analyses of, 325.

Slags, Composition of, 324-6.

Working, 323.

Silver-copper treatment, 327-332.

See Llectrolytic copper refining.
Silver extraction from mattes,313-19.
slime, Analyses of, 332.

,s» Treatment of, 332-335.
King, Concentration at, 134.
»” 5, Ores of, 25.

Silver Plume, Concentration at, 134.
Skilled labour in smelting, 304.
Slags—

Analyses of, from blast furnace

matting, 274,
from reverberatory

matting, 302, 303.
Best combinations for, 262, 280.
Composition of, in matting, 261.
Formule of, from Argo, 303.
from bessemerisation, 311.
reverberatory matting, 302,

»» silver-copper smelting, 326.

,» Bpeiss smelting, 305.
suitable for b. f. matting, 274.
pyritic smelting, 280.

”

”

”»”
”

”

. ”
Silver

”»

»

»
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Talc, Influence of, on amalgamation,
98,

Tanks—
Leaching, Construction of, 214-7.
. Shallow v. deep, 216.
Precipitating, 218.
Tasco— '
Crushing by stamps at, 35.
Ores of, 26.
Patio treatment at, 57.
Tatum, 86.
Temperature—
gence of, on chloridisation,
169.
of blast for pyritic smelting, 278.
of hypo. solution in lixiviation,
192, 233.
Tenacity of silver, 1.
Thofehrn’s processes—
for making wire bars direct from
anodes, 331.
for treatment of silver slimes,

333.
Time, Influence of, on chloridising-
roasting. 168.
Tin amalgam used in the patio pro-
cees, 59.

for direct amalgamation, 32,
Construoction of, 33.
Loss of mercury in, 32.
for Francke-tina process—
Construction, 75, 76.
Mode of working, 77.
Tombstone —

Concentration of tailings at, 129.

Pan procees at, 97, 105.
Torreon—

Analysis of silver speiss at, 273.
slags at, 323.
argentiferous copper at,

325.

”
”
Silver apeisa smoiting at, 272.
“ Tortas,” Treading of the, 46.

”

Washing, 53.
Toston—
Pyritic smelting at, 200-2.
Cost of, 292.
Loes of precious metals in, 285.
Transvaal, Speiss smelting in the,
306.
Treading tortas in the patio process,
46.

Trough-lixiviation, 220.
vantages and disadvantages of,

222,
Tllll;ntoru for retorting amalgam,

361
\'
VogEr, 10.
Volatilisation—
of lead sulphide, 254.
of silver—

at Holden Mill, 170, 230.
at Sombrerete, 238.
Influence of temperature on, 169.
time on, 168.
volatile elements, 170.
Volatility of silver, 2.

w

Wair, 5.

Washoe process, see Pan process.

Water slcx.gply required for pan pro-
cess, 102,

Wateon, 201.

Weak stock solution, Advantages of,

192.
Webster Mill, Concentration at, 132.
Wendt, 75.
‘“Wetting down” after roasting, 149,
Wheeler , 87.
Wood substituted for coke in smelt-
ing, 263.
Woodworth sluice, 128.

Y

YEDRAS, Las—
Analysis of ores at, 173.
De;;;ls of Russell process at, 226,
Four-hearth reverberatories at,151.
Percentage of extraction on tailings
at, 229.
Percentage of salt used at, 167.

Z

ZACATECAS—

Arrastras at, 40.

Chilian mills at, 38.

Loss of silver at, 57.

Ores of, 26.

Patio working at, 49.

Washing the torta at, 54.

Zalathna—
Acid process of silver extraction
at, 319.
Analysis of matte at, 275.

of sln.g at, 274.
Composition of roasted ore at, 285,
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Zalathna— Zi 1 process—
Matte smelting at, 265, 271. Sulphate roasting—
Metallic iron in matte at, 265. Coet of, 181.

Zeehan, Ores of, 28. Progress of operations, 188.
Ziervogel process — Treatment of cement silver, 185.
at Argo. 181-184. Treatment of residues from—

ab Mansfeld, 181-184. at Argo, 314.

Analyses of mattes at different
stages, 182,

Coet of. at Argo, 151.

Imcl:_xlzf and precipitation, 184.

Material suitable for, 179.

Percentage of extraction in, 184.

Preliminary roasting, 151.

Reactions of, 9.

Sulphate roasting, 181.

at Mansfeld, 313.

c

Interference of, with hypo. lixivia-
tion, 187.

iod de used in the Claudet process,
178.

Reduction of silver chloride by, 15.

shavings used in pan charge, 92.

-gilver alloys, 3.

BELL AND BAIN, LIMITED, PRINTERS, GLASGOW.
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ENGINEERING AND MECHANICS. 3!

FourTH EpiTiON. Folio, strongly half-bound, 21/.

TRAVERSE TABLES:

Computed to Four Places of Decimals for every Minute
of Angle up to 100 of Distance.

For the use of Surveyors and Engineers.

BY

RICHARD LLOYD GURDEN,

Authorised Surveyor for the Governments of New South Wales and
Victoria.

*.* Published with the Comcwrvence of the Surveyors-General for New South
Wales and Victoria.

*Those who have experience 1n exact Survay-work will best know how to appreciate
the enormous amount of labour represented by this valuable bool.. The computations
enable the user to ascertain the sines and for a di lve miles to within.
half an inch, and this sy xxFERENCE TO BUT ONE TABLE, in pheeot the usual Fifteen
Thus alone is evid of the which the Tables
ensure to every user, ‘and as every Surveyor in active practice has felt the want of such
assistance FEW KNOWING OF THEIR PUBLICATION WILL REMAIN m*rnou‘ré THEM.

—Engineer.

In Large 8vo. With Numerous Illustrations. Price 7s. 6d.

VALVES AND VALVE-GEARING:

INCLUDING THE CORLISS VALVE AND

TRIP GEARS.
BY
CHARLES HURST, Practical Draughtsman.
* C tions I!lust d by 116 VERY CLEAR DIAGRANMS aud drawings and 4 folding-
. tﬁe book fultils 8 YALUABLE function.”— A theneum

“Mn Honsr's VALVES and VALVE-GEARING will prove a very valuable nld and tend to the
production of Engines of 8CIRNTIFIC DRSIGY alid ECONUMICAL WORKIXG. . Will be largely
t after by Students and Designers.”"—Marine Engineer.

¢ UsxyuL and THOEOTGHLY PRACTICAL. Will undoubtedly be found of GREAT VALUE t0
all concerned with the design of Valve-gearing."— Mechanical World.

** Almost XVERY TYPR Of VALVE and {ts gearing is clearly set fordL and illustrated in
such & way as t0 be READILY UNDKRSTOOD and PRACTICALLY APPLIED by either the Engineer,

tsman, or Student. . . . Should prove both uskrrL and vaLTABLE to all Engineers

seeking for RELIABLE and CLXAR information on the subject. Its moderste price brings i
within the reach of all " —/Industries ans Iron.

¢ Mr. Hurst's work is ADMIRABLY suited to the needs of the practical mechanic, . .
1¢ {s free from any elaborate theoretical dixcussione, and the explanationa of the nrlol-
VR of valve-gear are xccompanied by diagrams which render themn XAsILY UNDERSTOOD."

Bcientific American.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, 8TRAND.

7
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BNGINEERING AND MECHANIOS. k

TrIrRD Eprrion. Very fully Illustrated, Cloth, 4s. 6d.

STEAM ~BOILERS:

THRIR DEFROTS, MANAGEMENT, AND GCONSTRUOTION.

Br R DO MUNRO,
Chi¢f Engineer of the Scottish Boiler Insurance and Engine Inspection Company.

GENERAL CONTENTS.—I. EXPLOSIONS caused (1) by Overheating of
Plates—(2) By Defective and Overloaded Safety Valves—(3) By Corrosion,
Internal or External—(4) By Defective Design and Construction (Unsup-
ported Flue Tubes; Unstrengthened Manholes ; Defective Staying ; Strength
of Rivetted Joints; Factor of Safety)—II. CONSTRUCTION OF VERTICAL
BoILERS : Shells—Crown Plates and Uptake Tubes—Man-Holes, Mud-
Holes, and Fire-Holes— Fireboxes— Mountings— Management—Cleaning—
Table of Bursting Pressures of Steel Boilers—Table of Rivetted Joints—
Specifications and Drawings of Lancashire Boiler for Working Pressures (@)
80 lbs. ; (4) 200 lLs. per square inch respectively.

This work contains information of the first importance to every user of
Steam-power. It is a PRACTICAL work written for PRACTICAL men, the
language and rules being throughout of the simplest nature.

‘A valuable companion for workmen and engineers engaged about Steam
Boilers, ought to be carefully studied, and ALWAYS AT RAND.”— Coll. Guardian.

““The book is VERY USEFUL, especially to steam users, artisans, and
young engineers.”—Engineer.

BY THE SAME AUTHOR.

KITCHEN BOILER EXPLOSIONS: Why

they Occur, and How to Prevent their Occurrence. A Practical Hand-
book based on Actual Experiment. With Diagrams and Coloured Plate,
Price 3s.

NYSTROM'S POCKET-BOOK OF MECHANICS
AND ENGINEERING. Revised and Corrected by W. DENNIS MARKS,
Ph.B., C.E. (YALE s.s.s.), Whitney Professor of Dynamical Engineering,
University of Pennsylvania. Pocket Size. Lesather, 15s. TwewnTY-
FIRST EDITION, Revised and greatly enlarged.

LONDON : (;ll‘AﬁLEB GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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ENGINEERING AND MKCHANICS. 3

WORKS BY

W. J. MACQUORN RANKINE, LL.D., ERS,

Late Reglus Professor of Civil Engineering In the University of @lasgew.

THOROUGHLY REVISED BY

WwW. J. MILLAR, CBE,

Late Secretary to the Institute of Engineers and Shipbulilders in Scotiand.

I. A MANUAL OF APPLIED MECHANICS :

Comprising the Principles of Statics and Cinematics, and Theory of
Structures, Mechanism, and Machines. With Numerous Diagrams,
Crown 8vo, cloth, 12s, 6d. FIFTEENTH EDITION.

II. A MANUAL OF CIVIL ENGINEERING :

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car-
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks,
Harbours, &c. With Numerous Tables and Illustrations. Crown 8vo,
cloth, 16s. TweNnTIETH EDITION.

III. A MANUAL OF MACHINERY AND MILLWORK :

Comprising the Geometry, Motions, Work, Strength, Construction, and
Objects of Machines, &c. Illustrated with nearly 300 Woodouts.
Crown 8vo, cloth, 12s. 6d. SevENTE EbITION,

IV. A MANUAL OF THE STEAM-ENGINE AND OTHER
PRIME MOVERS:
With a Section on Gas, O1L, and AIr ExgiNes. By Bryan Donxiw,

M.Inst.C.E. With Folding Plates and Numerous Illustrations.
Crown 8vo, cloth, 12s. 6d. FourTeENTH EDITION.

LONDON ;: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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BNGQINEERING AND MECHANIOS. 37

S8ECOND EDITION, Revised and Enlarged.
In Large 8vo, Handsome cloth, 834s.

HYDRAULIC POWER
HYDRAULIC MACHINERY.

HENRY ROBINSON, M. InsT. C.E, F.GS,

PRLLOW OF KING'S COL!.I?I. LONDON ; PROY. OF CIVIL RNGINBERING,
KING$ COLLEGE, ETC., ETC.

Witb numerous Wloodcuts, and Siytp=nine Plates.

GENERAL CONTENTS.

Discharge through Oriﬁces—Gaugjﬁg Water by Weirs—Flow of Wates
through Pipes—The Accumulator—The Flow of Solids—Hydraulic Presses
and Eifts—Cyclone Hydraulic Baling Press—Anderton Iydraulic Lift—
Hydraulic Hoists (Lifts)—The Otis Elevator—Mersey Railway Litts—City
and South London Railway Lifts—North Hudson County Railway Elevator—
Lifts for Subways—Hydraulic Ram—Pearsall’s Hydraulic Engine—Pumping-
Eungines—Three-Cylinder Engines—Brotherhood Engine—Rigg’s Hydraulic
Engine—Hydraulic Capstans—Hydraulic Traversers—Movable Jigger Hoist—
Hydraulic Wa%gon DroP—Hydraulic Jack—Duckham’s Weighing Machine—
Shop Tools—Tweddell’s Hydraulic Rivetter—IIydraulic Joggling Press—
Tweddell’s Punching and Shearing Machine—Flanging Machine—Hydraulic
Centre Crane—Wrightson’s Balance Crane—Hydraulic Power at the Forth
Bridge—Cranes—Hydraulic Coal-Discharging Machines—Hydraulic Drill—
Hydraulic Manhole Cutter—Hydraulic Drill at St. Gothard Tunnel—Motors
with Variable Power—Hydraulic Machinery on Board Ship—IHydraulic Points
and Crossings—Hydraulic Pile Driver—Hydraulic Pile Screwing Apparatus—
Hydraulic Excavator—Ball's Pu? Dredger—Hydraulic Power applied to
Bridges—Dock-gate Machinery-—Hydraulic Brake—Hydraulic Power applied
to Gunnery—Centrifugal Pumps--Water Wheels—Turbines—Jet Propulsion—
The Gerard-Barré Hydraulic ﬁailway—Grcathead’s Injector Hydrant—Snell’s
Hydraulic Transport System—Greathead's Shield—Grain Elevator at Frank-
fort—Packing—Power Co-operation—Hull Hydraulic Power Company—
London Hydraulic Power Company—Birmingham Hydraulic Power g;-;tem
—Niagara Falls—Cost of Hydraulic Power—Meters—Schtnheyder’s Pressure
Regulator—Deacon’s Waste- Water Meter.

“ A Book of great Professional Usefulness."—Jrom,

*,* The Szooxp Eprtion of the above important work has been thoronghly revised and
brought up to date. Many new full-page Plates have been added—the number being
tnereased from 43 in the Kirst Edition to 69 in the present.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER 8TREET, STRAND,
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THE STABILITY OF SHIPS

SIR EDWARD 1. REED. KCB, FRS, MP,

SEEEET GF TUR Jrella. JRDERS IF ST, STANIRATS OF EUSEIA; FRANCIS JOSEPR OF
> T DAY SN OF JAPAX: VICH-
FEEEDEST 3P TER DEETTTITION O3 NAVAL ARCEITECYS.

i ™ end Tables.

Ts wars 38 Jeem wrroen Tr Swe purces X “-hudﬁaﬂw
Shipbwsicers, ! eficers of ae Ko am: Mercmcie Macmes, and all Stodests of Naval Science,
a2 compisoe -nmmﬁammx&v.dshdy-t-hm

h*am:‘hm:-r—i:mm the Shipbuilder, whether at
Seme wr adwems. e Meowes o Cncuacos neadaced Yy Mre. F. K Mr. Gravy,
M Esmcx, M. Davmaxs. ami M: Sastawcs, are ad givea separately,
Tabies and wortscour eampaes. T3e SO0k Cwczins more than 300 Diagrams, aad =
hm:*-nhm:mtxa_nmmhhdﬂmh
espeoaly S=m s> if e Neansie Marze

The work wio 2303 te Sune =2 & e = hensive and exh ive Treatise
> or :z e Froi - e N of the STaBnITY OF Smirs.
= Sr E>ear> Rexm < " STanssTy or Suzrs s xvaLTamx  In it the STrDENT, new
8 the myect wil dmc e mo= arepaced o o amd al difScalties nt‘th.
WREMOSC CAF€ AT MITIIRST  Ine SN _ATRAT m\_\r :::aﬂtbemofcakmhmu
present 1 e iy exacmed amd the Tables and Forms
e SAINTENER W bd&emmzmm&n- &mdumdlm
= amd Somexssies 0y & axd e & ~vvhnthgmdhushws

akl coodizions Tav Do TSIy represented asd exsiy waderstood : the NAvaL ARCHITECT

wili find Srvagae ogess ea-_:m_v::;:.aa_amatnhmvhchhemldak-
wise have &= seex = A= 4 mos Muw&pmﬂmdvmh“ﬂ
—hy-n:nuez-c TeaA a2 Al esewdere. " —Soresesisy.

**This IMPORTANT ANT YALUABLE WORK . . . camnot be too highly recommended %o
all comaecte: w2t stizTug ioleests T — e

* This YERY IMPORTANT TERATTSE, . . . the MOST INTRLLIGIBLE, INSTRUCTIVE, and
©OMPLETS that bas ever appeared " — Nastarr.

“The volume i3 az ESSENTIAL OxB for the shipbuikiing professica.”— WV,
Keoviem.

COMPANION-WORK.

THE DESIGN AND CONSTRUCTION OF SHIPS.
By JOHN HARVARD BILES, M.InstN.A,

Professor of Naval Arckitecture in the University of Glasgow.

Ir: Preparation.

T)NDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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ENGINKERING AND MKCHANICS. 43

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 16s.

LIGHT RAILWAYS
AT HOME AND ABROAD.
By WILLIAM HENRY COLE, M.Ixst.C.E,

Late Deputy-Manager, North-Western Railway, India.
Contents,—Discussion of the Term ‘‘ Light Railways.”—English Railwa;
Rates, and Farmers. — Light Railways in Belgium, France, Italy, o er
European Countries, America and the Colonies, India, Ireland.—Ro: "Trans-
?‘ort as an alternative.—-The Light Railways Act, 1896.—The Question of

sauge.—Construction and Workmﬁ —I.ocomotives and Rollmf -Stock.—Light
Railways in England, Scotland, and Wales.—Appendices and Index.

“Mr. W. H. Cole has brought together . . . & LARGE AMOUNT ¢f VALUABLK INPORMA-
TION . .. hitherto practically inaccessible to the ordinary reader.' — T¥mes

Ines.
*THERE COULD BX XO BETTER BOOK of first reference on its subject. All classes of
Eogineers will welcome its appearance. '—Scotsman.

Tmizp EpimioN, Revised and Enlarged. Pocket-Size, Leather, 12s. 6d.; also Larger Sise for
Offce Use, Cloth, 12s. 8d.

Boilers, Marine and Land:
THEIR CONSTRUCTION AND STRENGTH.

A HaxpBoox or RuLes, ForMULA, TABLES, &C., RELATIVE T0 MATERIAL,
ScANTLINGS, AND PRESSURRS, SAFETY VALVES, SPRINGS,
FrrrINGs AND MOUNTINGS, &0,

FOR THE USE OF ENGINEERS, SURVEYORS, BOILEX-MAKERS,
AND STEAM USERS.

By T. W. TRAILL, M. Inxst.0.E, F.E.R N,
Late Enginesr Surveyor-in-Chief to the Board of Trada,

*.* To ™ax SpcoND AND THIRD EDITIONS MANY NXW TABLES for PRESSURRS
up to 200 Lns. per SQUARE INCH have been added.

“TRE MOST YALUABLS WORK on Boilers published in England."—S8Aipping World.

““Contains an ENoRu0US QUANTITY OF INPORMATION arranged in a very convenient form. . .
A M0SY USMPUL VOLUME . . . supplying inf Sion $0 be had here eise.”—The Engias.

LONDON : CHARLES GRIFFIN & CO., LIMTED, EXETER STREET, STRAND.

£



42 CHARLKES GRIFFIN & C0.8 PUBLICATIONS.

In Crown Svo, extra, with Numerous Ilustrations. [Shortly.

GAS AND OIL ENGINES:

AN INTRODUCTORY TEXT-BOOK

On the Theory, Design, Construction, and Testing of Internal
Combustion Engines without Boiler.

FOR THE USE OF STUDENTS.

BY

Pror. W. H. WATKINSON, Warr. ScH., M. INnsT MxOH.E,,
Glasgow and West of Scotland Technical College.

Engineering Drawing and Design

(A TEXT-BOOK OF)
Secoxp Epitiox. In Two Parts, Published Separately.

Vor. I.—PracricaL GEOMETRY, PLANE, AND SoLIp. 3s.
Vor I1.—MacHINE AND ENGINE DrawING AND DEsiGN. 4s. 6d.

Y
SIDNEY H. WELLS, Wu.Sc,

A.M.INST.C.E, A.M.INST.MECH.K,

Principal of the Battersea Polytechnic lnnmm and Head of th Engineering Department
pe therein ; formerly of {x“t of the Y. C:ﬁq..

: and Dnl'ieh Lzollqe. London.

With many [Uustrations, specially prepared for the Work, and numerous
Kxamples, for the Use of Students in Technical Schools and Colleges.

“ A THOROUGHLY USERPLL WORK, exceedingly well written. For the many Exampies and
Questions we have nothing but praise.”—Nature.

*“ A CAPITAL TEXT-DOOK, arTanged on an RXCELLENT SYSTRX, calculated to give an Inunk-t
of the subject, and not the mere facuity of methmlml copying.
m' '.o make COMPLETE WORKING-DRAWINGS, fully eu:h step in"the w —

“!'Inlntbook leads mASILY and NATURALLY towards the mnd‘vhmmuehhl pupll
s brought into contact with large and more

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.




ELECTRICAL ENGINEERING. 43

MUNRO & JAMIESON'S ELECTRICAL POCKET-BOOK.
THIRTEENTH EDITION, Revised and Enlarged.

A POCKET-BOOK
ELECTRICAL RULES & TABLES

FOR THE USK OF ELECTRICIANS AND ENGINEERS.
By JOHN MUNRO, C.E., & Pror. JAMIESON, M.InsT.C.E,, F.R.S.E
With Numerous Diagrams. Pocket Size. Leather, 8s. 6d.

GENERAL CONTENTS.

UNITS OF MEASUREMENT. ELECTRO-METALLURGY.
MEASURES. BATTERIES.
TRSTING. DYNAMOS AND MOTORS.
CONDUCTORS. TRANSFORMERS.
DIRLECTRICS. ELECTRIC LIGHTING.
SUBMARINE CABLES. MISCELLANEOUS.
TELEGRAPHY. | LOGARITHMS.
ELECTRO-CHEMISTRY. APPENDICES,

*“WenprrruLLy Pearct. . . . Wonhy of the highest commendation we cam

give it."— Alectyician.
“The STcRLING VALUE of Messrs. MUNRO and JAmizsox’s PocxxT-Book.”—
Zlectrical Review.

Electrical Measurements & Instruments.

A Practical Hand-book of Testing for the Electrical

Engineer.
By CHARLES H. YEAMAN,
Aseoc. Inst. E.E., formerly Electrical Engi to the Corporation of Li

N [/n Preparation.

SeECOND EDITION, 8s. 6d. Leather, for the Pocket, 8s. 6d.

GRIFFIN'S ELECTRICAL PRICE-BOOK.

For Eleetrical, Civil, Marine, and Borough Engineers, Loeal
Authorities, Architects, Railway Contractors, &e., &e.

Epitep sy H. J. DOWSING,
Member of the Institution of Ellﬂ‘mal Engineers; of the Society of Aris; ¢f the London
hamber of Commerce, &c.

““ The ELECTRICAL PricE- Boox REMOVES ALL MYSTERY about the cost of Electrical
Power. By its aid the xxrENsE that will be entailed by utilising electricity on a large or
-nll scale can be discovered.”— A rchstect.

“‘ The value of this Electrical Price-Book CANNOT BE onx—l.rmurrm . . . Wil
save time and trouble both to the eng and the b y.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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NAUTICAL WORKS. 47

GRIFFIN'S NAUTICAL SERIES.

SecoND EpiTiON. Price 5s. Post-free.
A MANUAL OF

ELEMENTARY SEAMANSHIP.

D, WILSON-BARKER, Master MarinNeEr; F.R.8.E., F.R.G.8,, &c., &c.;
YOUNGER BROTHER OF THE TRINITY HOUSE.

With Frontispiece, Twelve Plates (Two in Colours), and Illustrations
in the Text.

“Gﬂlmb Comm’ras l;—The &Bulldmg of ieilinp. Pm of& Hull. Maasts,
— Kno plicing, &c. — Gear, and , &ec.
Amhonp“énlm u” —The Sails, &c —’Hn.ndhng of Boats under 'ﬂ“’
Signals and Slgnslhng—Rulo of the Road—Kee ing and Relieving Watch—
Points of Etiquette—Glossary of Sea Terms and Phrases—Index.

*,* The volume contains the XxW RULES OF THE ROAD.

“ This ADMIRABLE MAXUAL. by CAPT. WiLsoN-RaKKER of the ** Worcester," seems to u®
PERFECTLY DESIGNED, and holds its place excellently in * GrirFFiN's NAUTICAL SERIES,
Although intended for those \vho are to become Ufcers of the Merchant Navy, it wlll bo
found useful by ALL YACHTSMEN."—Athenzum.

* Five shillings will be wzLL sPENT on this litile book. Carr. WiLson-Barxzr knows
from experience what a young man wants at the vutset of his career.”—7The Engineer.

DPrice 3s. 6d. DPost-free.

NAVIGATION:

PRACTICAL AND THEORETICAL.
By DAVID WILSON-BARKER, R.N.R,, F.R.S.E, &c., &c.,

AND

WILLIAM ALLINGHAM,

PIRST-CLASS HONOURS, NAVIGATION, BCIENCE AND ART DEPARTMENT.
witbh Rumerous Fllustrations and Examination Questions,

'GENERAL CONTENTS.—Definitions—Latitude and Longitude—Instruments
of Navigation—Correction of Courres—Plane Sailing—Traverse Sailing—Day’s
Work — Parallel Sailing — Middle Latitude Sailing — Mercator’s Chart—
Mercator Sailing—Current Suhnf—P(mtmn by Bearings— Great Circle Sailing

—The Tides—Questions—A ppendix: Compuss Error—Numerous Useful Hints,
&c.—Index.

» PreciskLy the kind of work required for the New Cert:ficates of competency in grades
from Second Mate to extra Master. . . . Candidates will flad it INVALUABLR."— Dundee
Advertiser.

** A CAPITAL LITTLE BOOK . . . -pechlly Udlpw(l to tho New Examinations. The
Authors are Oarr. ‘WiLsoN-Barxxz (Captain-8 of the Nautical College, H.M.8,

* Worcester,” who has had great experience in the higheﬂ roblems of Navigation), and
MR ALLINGHAM, & well-known writer on the Science of Navigation and Naatical Astronomy. "
— Shipping World.

*,* For complete List of Grirrin's NAUTICAL Sxrixs, see p. 45,

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, S8TRAND,
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PRACTICAL GBOLOGY AND PROSPRCTING. 3

Works by GRENVILLE A. J. COLE, M.R.LA., F.G.S.,
: Professox of Geology in the Royal College of Science for Ireland.

PRACTICAL GEOLOGY
(AIDS IN):
WITH A SECTION ON PALAONTOLOGY.
Br PROFESSOR GRENVILLE COLE, M.R.IA, F.GS.

THIRD EDITION, Revised and in part Re-written. With Frontispiece
and Illustrations. Cloth, 10s. 6d.

GENERAL CONTENTS.—

PART I.—SAMPLING OF THE EARTH'S CRUST.
PART II.—EXAMINATION OF MINERALS,
PART III.—EXAMINATION OF ROCKS.

PART IV,—EXAMINATION OF FossiLs.

“Prof. Cole treats of the examination of minerals and rocks in a way that has neves
Soen mmpted before . . . DESERVING OF THE HIGHEST PRAISE. ere indeed are
* Aids’ INNUMERABLE and INVALUABLE.  All the directions are given with the utmost clear-
mess and precision.”—A thenaum.

“To the ing ! mf‘ logy, Prof. Cole’s book wil be as INDISPENSABLX a8 &
y to the | of a lang —Saturday Review.

“That the work deserves its title, that it is full of ‘A1Ds,’ and in the highest degree

‘rrAcCTICAL,” Will be the verdict of all who use it.*— Nature.

"m EXCELLENT MANUAL . . . willbe A vErY GrRAT HELP. . . . The section
the Examination of Fossils is probably the lu‘rdmkmdy:tpuw e « o FuLL
-dhl;,eued information from the newest and from p h."—Annal.

OPEN~-AIR STUDIES:
An Introduction to Geology Out-of-doors.

By PROFESSOR GRENVILLE COLE, M.R.LA, F.G.S.

With 12 Full-Page Lllustrations from Photographs.
Cloth. 8s. 6dﬁ

For details, see p. 86.

Edited by PROFESSOR COLE.

The “New Land” Series for Colonists and Prospectors

(Bee next page).

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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The “ New Land” Serles
Practical Hand-Books

For the Use of Explorers, Settlers,
Colomists, and all Interested in the opening
up and Development of New Lands.

EDITED BY
GRENVILLE A J. COLE, MR.ILA, F.GS,

Pr:fosnic ¢ Sembgy in the Rosal College of Sciemce for Ireland.
[Large Crown 3Svo, Cloth oc Leather, with Illustrations

Yor .—PROSPECTING FOR MINERALS. By S
Hxsepr Cox. Assoc RS M., M. Inst. MM, F.G.S. Cloth,
3s: Leathsr. mandad corners. 6s. 6d.

© LS smnteed 1L Tiirmae i the NEW Lavs Sexizs sre equal tm merit ¢ the First,
existing lteratare.”

- IR NGITAT M L2 PILusders o saccesds:ly dlng apa gap in
— My seTe

You 2—F0OD SUPPLY. By RoBert Brrce, Agricultural
Saperictendent to the Royal Dublin Society. With many
Ez ravings and Phntographs.  Cloth, 4s. 6d.

- Braces o2k xNrmatac T — Fromers’ Sucetie.

iN PREPARATION.
Vor. 3.—NEW LANDS AND THEIR PROSPECTIVE
ADVANTAGES. By Htce Roeer Miur, D.Se,
F.R.3.E. Librarian to the Royal Geographical Society.

Veor $.—BUILDING CONSTRUCTION 1xy WOOD, STONE,
axp CONCRETE By Jas. Lyvos, M.A, Professor of
Engineericg in the Roval College of Science for Ireland ;
sometime Superintendent of the Engineering Department in
tie University of Cambridge: and J. TayLor, A.R.C.S.1.

*.* Other Voiumes will follow. dealing with subjects of
Plu ARY Iuporrasce in the Examivarion and UTiLisaTioN of
Lands which have not as yet been fully developed.

LONOUN : OHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.




PROSPECTING AND MINING. . [{3

GRIFFIN'S “NEW LAND” SERIES.

Now Rendy. With Ilustrations. Price in Cloth 5s.; strongly bewnd in
’ Leather, 6s. 6d.

PROSPECTING FOR MINERALS.

A Practical Handbook for Prospectors, Explorers, Settlers, and all
interested in the Opening up and Development of New Lands.

8. HERBERT COX, AssocRSM M.Inst. M.M., F.G.8., &e.

GENERAL CoNTENTS.—Introduction and Hints on Geology——The Determina-
4ion of Minerals: Use of the Blow-% , &c.—Rock-forming Minerals and Non-
Metallic Minerals of Commercial Value: Rock Salt, Borax, Marbles, Litho-
gaplnc Stone, Quartz and Opal, &c., &c.—Precious Stones and Gems—Stratlﬁed

eposits : Coal and Ores— fneral Veins and Lodes—{rregular Depos

ics of Lodes: Faults, &c.—Alluvial Deposits—Noble Metals :

Platinum, Silver, &c. ——Lead-—Mercnry—(,o%per—'l‘m—ch—Iron—Nlckol,
&c.—Sul hur, Antimony, Arsenic, &c.—Combustible Minerals—Petroleum—

ints on Prospectmg—-Glosury—Index
o Thln ADMIRABLE LITTLE WORK . . . written with SCIENTIFIC AOCURACY in &
QLBAR and LUCID style. . . . An IMPORTAKNT ADDITION to technical literature . .
be of value not only to the Student, but to the experienced Prospector.’ —Himng

NOW READY. Vol II. ghx)th n;:n{i Engmvmgn and Photographs.

FPOOD SUPPLY.

By ROBERT BRUCE,
Agricultural Superintendent to the Royal Dublln Bociety.

‘With Appendix on Preserved Foods by C. A. MirchkLi, B.A., F.LC.
GENERAL CoONTENTS.—Climate and Soil—Drainage and Rotation of
Cropl—Seedl and Crops—Vegetables and Fruits—Cattle and Cattle-
—Sheep and Sheep Rearing—Pigs—Poultry—Horses—The Dairy

—-The armer’s Implements-—The Settler's Home.

¢ BRISTLEA WITH INFORMATION."— Farmers' Gazsette.

Seconp Eprrion. With Ilustrations. Cloth, 3s. 6d.

GETTING GOLD:

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN.
By J. C. F. JOHNSON, F.G.S,, ALME,

Life Member Australasian Mine-Managers' Association.

GENERAL CoONTENTS.—Introductory : Getting Gold—Gold Prospecting
{Alluvial and General)—Lode or Reef Prospectmg—l‘he Genesiology of (Gold—
Auriferous Lodes-—Auriferous Drifts—Gold Kxtraction—Secondary Processes
and Lixiviation—Calcination or ‘‘ Ruasting” of Ores—Motor Power and its
Transmission—(* omL ny Kormation and Operations—Rules of Thumb: Mining

Appliances and Methods —Selected Data for Mining Men—Australasian Mmmg
Regulations.
¢ PRACTICAL from beginningtoend . . . doals thoroughly with the Prospecting,

Sinking, Crushing, and Extraction of gold.”—Brit. Australasian.

10NDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. SgRAHD.
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WORKS ON MINING. . ) 59

MINE-SURVEYING (A Treatlse on):

For the use of Managers of Mines and Collieries, 8tudents
at the Royal 8chool of Mines, &e. :

By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M,, -
Formerly Instructor of Mine-Surveying, Royal School of Mines. :

SEVENTH EDITION, Enlarged and Revised. With Numerous Dugmn.
Cloth, 7s. 6d.

GENERAL CONTENTS.

General Exp ic M of Dist: Miner's Dial—Variation of
the Magneuc-NeedHurveym with the Magnetic-Needle in presence of Iron—
Surveying with the Fixed Needle—German Dial—Theodolite—Traversing Under-
ground—Surface-Surveys with Theodohte—Plomng the Survey—Calculation of
Areas—Levelling—Connection of Unde{fround and Surface-Surveys—Measuring
Distances by Telescope—Setting-out—Mine-Surveying Problems—Mine th—
Applications of Magnetic-Needle in Mining— Photographic Surveying—Appendices.

“ Has PROVED itself a VALUABLE Text-book ; the susT, if not the only one, in the English
hn;\uge on the subject.”—Mining Fournal.
*No English-speaking Mine Agent or Mining Student will ider his technical libravy
te without it."—Natwre.
‘A valuable accessory to Surveyors in every department of commercial enterprise.
Fully deserves to hold its position as a STANDARD," — Colliery Guardian.

In Large 8vo, with Mlustrations and Folding-Plates, 10s. 6d.

BLASTING:
AND THE USE OF EXPLOSIVES.

A Handbook for Engineers and others Engaged in Mining,.
Tunnelling, Quarrying, &ec.

By OSCAR GUTTMANN, Assoc. M. Inst. C.E.

Member of the Socretses of Civil Engineers and Architects of Vienna and Budagest,
Corvesponding Member of the Imp. Roy. Geological Institution of Austria, &c.

GENERAL CONTENTS.—Historical Sketch—Blasting Materials—Blasting Pow-
der—Various Powder-mixtures—Gun-cotton—Nitro-, gyeenne and Dynamite—
Other Nitro-compounds—Sprengel's Liquid (acid ploswes —Other Means of
Blasting—Qualities, Dangers, and Handling of Explosives—Choice of Blasting
Matenals—Appa.mtus for Measuring Force—Blasting in Fiery Mines—Means of
‘snlung Charges—Preparation of Blasts—Bore-holes—Machine-drilling—Chamber

ines—Charging of Bore-holes—Determination of the Charge—Blasting in Bore.
boles—Firing—Straw and Fuze Firing—Electrical Firing—Substitutes for Electrical
Firing—Results of Working—Various Blasting Operations—Quarrying—Blasting
Masonry, [ron and Wooden Structures—Blasting in earth, under water, of ice, &c.

** This ADMIRABLE Work."—Colliery Guardian.
‘“Should prove a nvade-mecum to Mining Engineers and all engaged in practical 'ori.
—Ivon and Coal Trades Review.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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METALLURGIQAY, WORKS. o ]

Tarap Eprrson. With Folding Plates and Many Iliustrations.
Large 8vo. Handsome Cloth. 36s.

ELEMENTS OF

METALLURGY:

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS
FROM THEIR ORES.

BY
J. ARTHUR PHILLIPS, M.Ixst.0.E, F.C8, F.G.8,, &c
AND

H. BAUERMAN, V.P.G.S8.

GENERAL CONTENTS.

Refractory Materials. Antimony. Iron.
Fire-Clays. ‘ Arsenio, i Cobalt,

Fuels, &c. Zinc, Nickel.
Aluminium, " Me . Silver,

Copper. I Bismut Gold.

Tin, Lead. Platinuse.

*,® Many NOTABLE ADDITIONS, dealing with new Processes and Developments,
will be found in the Third Edition.

“Of the THIRD EDITION, we are still able to say thst, as a Text-book of
Metallurgy, it is THE BEST with which we are acquainted.”—Engineer.

“The value of this work is almost inestimable. There can be no question
that the amount of time and labour bestowed on it is enormous. . . . There
is ocertainly no Metallurgical Treatise in the langusge calculated to prove of
such general utility.”—Mining Journal,

¢ In this most useful and handsome volume is condensed a large amount of
valuable practical knowledge, A careful study of the first division of the book,
on Fuels, will be found to be of great value to every one in training for the
practical applications of our scientific knowledge to any of our metallurgical
operations.”—.A theneum.

“ A work which is equally valuable to the Student as a Text-boak, and to the
practical Smelter as a Standard Work of Reference. . . . The Illustrations
are admirable examples of Wood Engraving.”—Chemical News.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER 8TREET, STRAND.
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METALLURGICAL WORKS. 6s

GRIFFIN’'S METALLURGICAL SERIES.

FourTH EDITION, Revised and Enlarged. Price 15s.

AN INTRODUCTION TO THE STUDY

METALLURGY.

Sir W. ROBERTS-AUSTEN, K.C.B, D.CL, F.R.S,,

Associate of the Royal School of Mines: Chemist and Assayer of the Royal
Mint; Professor of Metallurgy in the Royal College of Science.

In Large 8vo, with numerous Illustrations and Micro-Photographic Plates
of different varieties of Steel.

GENERAL CONTENTS
The Relation of Metallurgy to Chem- Furnaces.

istry. . Means of Supplying Air to Fur-
Physical Properties of Metals. ' naces.
Alloys. Thermo-Chemistry.
The Thermal Treatment of Metals. . Typical Metallurgical Processes.
Fuel and Thermal Measurements. " The Micro-Structure of Metals and
Materials and Products of Metallur- Alloys.

gical Processes | Economio Considerations.

‘“ No English text-book at all approaches this in the COMPLETENESS with
which the most modern views on the subject are dealt with. Professor Austen's
volume will be INVALUABLE, not only to the student, but also to those whose
knowledge of the art is far advanced.”"—Chemical News.

* INVALUABLE to thestudent. . . . Rich in matter not to be readily found
élsewhere.”"—AtAenzum,

¢ This volume amply realises the expectations formed as to the result of the
labours of 80 eminent an authority. It is remarkable for its ORIGINALITY of con-
ception and for the large amount of information which it contains. . . . We
£eCo! every one who desires information not only to consult, but to STUDY
this work."—Engineering.

* Will at once take FRONT RANK as a text-book."—Science and Art,

*“ Prof. ROBERTS-AUSTEN'S book marks an epoch in the history of the teaching
of metallurgy in this country.”—/ndustries. i

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER 8TREET, STRAND.




[ 7 CHARLES GRIPFIN & 00.'S PUBLICATIONS.

GRIFFIN'S METALLURGICAL SERIES.

Tairp Eprriox.

Revised and Enlarged. Handsome Cloth. 2ls.

THE METALLURGY OF GOLD.

T. KIRKE ROSE, D.S¢.Lond., Assoc.R.S.M.,
dssistant Awayer of the Ruyal Mint.

Revised and partly Re-written.

Including the most recent Improve-

ments in the Cyanide Process. With Frontispiece
and numerous Illustrations.

GENERAL CONTENTS.

The Properties cf Gold and its Alloys.

Qhenistry of the Compounds of Gold.

Mode of Occurrence and Distribution
of Gold.

Chlorination: The Preparation of Ore
for Treatment.

Chlorination: The Vat Process.

Chlerination: The Barrel Prooess.

Placer Mining. Chlorination Practice in particular

Shallow Deposits. Mills.

Deep Placer Mining. The Cyanide Process.

Quarts Crushing in the Stamp Battery.  Chemistry of the Cyanide Process.

Amalgamation in the Stamp Battery. Pyritic Smelting.

Other Forms of Crushing and Amal- The Refining and Parting of Gold
gamating Machirery. Bullion.

Conceatration in Stamp Mills. Tho Assay of Gold Ores.

Stamp Battery Practice in pirticular The Assay of Gold Bullion.
Localities. Economic Considerations.

Bibliography.

S A COMPRENMNEVE FRACTRAL TREAITIE v this important subject.”" —TAe Times.
“ThO uver cvwrLy v desenptiva of the CULORINATIVX PROCESS which has yet been pab-

tehel " — Mintey curnad

* Dr. Roar pairad his experience in the Western States of America, but he has secured
detaile of gold-working oo ALl PARTS o the world, and these should be of exRaT szavice

w0 almen. . ..
W the L

Che tour shapiers on CAlorsnation, written from the point of view
0 of the pract:val man and the chemist, TREM WITR
an

TUWRBOOS-
of Metallurgy, which will prove to be ef

srean and
lwsical valoe '—Natwre.

*Adapted foe all who are interectad in the Gold Mining Industry, being free from tech-

nivcalities aa far as powidia but is mocre
tudustry —1ig, mill-managers, reductiva-

wcularly of value to those engaged in the
cars, £¢ “—Cape Trmes.

LONDON: GHA_RLES GRIFFIN & GO., LIMITED, EXETER STREET, STRAND.
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ELEOTRO-METALLURGY. 67

In large 8vo. With Numerous Illustrations and Three Folding-Plates.
Prioce 21s.

ELECTRIC SMELTING & REFINING:

A Practical Manual of the Extraction and Treatment
of Metals by Electrical Methods.

Being the ‘‘ ELEKTRO-METALLURGIE’ of Dr. W. BORCHERS.

Translated from the Second Edition by WALTER G. McMILLAN,
F.I.C, F.CH,,
Sec etary to the Institution of Klectrical Engineers; late Lecturer in Metallurgy
Mason College, Birminjyham.

CONTENTS.

PART I.—ALKALIES AND ALKALINE EarTH METALS: Magnesium,
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium,
the Carbides of the Alkaline Karth Metals.

Part II.—THE EaRTH METALS: Aluminium, Cerium, Lanthanum,
Didymium.

Parr IIL.—TuE HEAVY METALS : Copper, Silver, Gold, Zinc and Cad-
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum,
é‘ungaben, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum

roup.

¢ COMPREBHENSIVE and AUTHORITATIVE . . . not only FULL of VALUABLE INFOR-
MATION, but gives evidence of & THOROUGH INSIGHT into the technical VALUR and
POSSIBILITIES of all the methods discussed.”—T he Electrician.

‘“ Dr. BORCHERS' WELL-KNOWN WORK . . . must OF NECESSITY BE ACQUIRED by
every one i d e subj EXCELLENTLY put into English with additional
matter by Mr. McMILLAN."—Nature,

‘ Will be of GREAT SERVICE to the practical man and the Student.”— Electric Smelting.

In Large 8vo. Handeome Cloth. Price 4s.
TABLES FOR

QUANTITATIVE METALLURGICAL ANALYSIS.

FOR LABORATORY USE.
By J. JAMES MORGAN, FCS,

Member Soc. Chem. Industry, Mamber Cleveland Instit of Engi 8.

SuMMaRY OF CONTESTS.—Iron Ores.—Steel.—Limestone, &c.—Boiler In-
crustations, Clays, and Fire-bricks.—Blast Furnace Slag, &c.—Coal, Coke,
and Patent Fuel. —Water.—Gases.—Copper.—Zinc.—Lead.—Alloys,.—W bite
Lead.—Atomic Weights.—Factors.—Reagents, &c.

*,* The above work contains several NOVEL YrATURKS, nombl{ the extension, to quant’-
tative analysis. of the PRINCIPLES OF ‘UROUPr' SrPARATIONS, hithert) chiefly conflued to
Quilitative work, and will be found to FACILITATE GREATLY the u] erations of Cnguisrs,
A=~saYrRs, and others.

LON06N: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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OHEMISTRY AND TECHNOLOGY.

S{i. Grifin’s Chemical and Technological Publications.

Inorganic Chemistry,
Quantitative Analysis,
Qualitative v
Chemical Recreations, .
Chemistry for Engineers,
, Manufacturers,

'l'ables ror Chemists and

Manufacturers, .
Metallurgy and Electro-

Metallu l;g{
Agrioultu Chemistry.
r&'ﬁ Analysis of, .
Poisons, Detection of,
Technical Mycology (The

Fermentation lndustrles)
Brewing, . .
Cements,
Gas Manufacture,
Petroleum, . .
Oills, Soaps, Candles,
Lubricants and Lubrica-

tion, .
Painters Colours, Oils.
and Varnishes, .
Painting and Decoratmg,
e
0
The Textile Industries
Dyeing, .
., and Cleaning,.
Bleaching and Calico-

Printing, .
Textile Printing, .

Prors. DUPRE AND HAKE, "7‘6
Pror. HuuBoLDT SEXTON, 70

” 70
J. J. Gmnm, 75
MM. BLOUNT AND BmxAM, 71
” ” 71
PRroF. CasTELL-EvANs, . 75
See Previous Section.
Pror. J. M. MuNRo, (1]
H. D. Ricamonp, 75
A. WYNTER BLYTH, 72
" 72
} LAFAR AND SALTER, 79
Dr. W. J. SYKES, 78
G. R. REDGRAVE, 76

‘W.ATKINSON BUTTERFIELD, T4

MM. Repwoop AND HoLLowAYy, 58

Dr. ALDER WRIGHT, . 8o
1 MM. ARCHBUTT AND
f DEELEY, 80
}G. H. HursrT, 76
W. J. PEARCE, 77
‘Wwu. ELBORNF, 75
A. BROTHERS, 73

MM. KNecHT AND RAawsoN, 81

G. H. HursT, 83
GEo. DUERR, 83
SeymMour RoTHWELL, . 82

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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CHENMISTRY AND TECHNOLOGY. 73

SECOND EDITION. Crown 8vo, Handsome Cloth. 21s.

PHOTOGRAPHY :

ITS HISTORY, PROCESSES, APPARATUS, AND MATERIALS.
A PRACTICAL MANUAT.

Comprising Working Details of all the More
Important Methods.

BY

A. BROTHERS, FRAS.

WITH NUMEROUS FULL PAGE PLATES BY MANY OF THE PRO-
CESSKES DESCRIBED, AND ILLUSTRATIONS IN THE TEXT.

GENERAL CONTENTS,

PART. .—INTRODUCTORY : His- | PART I1I.—Apparatus.
torical Sketch; Chemistry and | ppr 1V.—Materials.
Optics of Photography; Arti- : .
ficial Light. ! PART V.—Applications of Photo-
PART II.— Photographic Pro- i graphy ; Practical Hints.
cesses.

‘ Mr. Brothers has had an experience in Photography so large and varied that any werk

by him cannot fail to be interesting and valuable. . . . A MOST COMPREHENSIVE volume,
 entering with full details into the various processes, and vERryY ruLLy illus The
PRACTICAL HINTS are of GREAT VALUR. . Admirably got up.”"—Brit. Jour. of Phetegraghy.

‘“ For the illustrations alone, the book is most interesting; but, apart from these, the
volume is valuable, brightly and pleasantly written, and MOST ADMIRABLY ARRANGED,"—
Photographic News.

““ Certainly the FINEST ILLUSTRATED HANDBOOK to Photognphy which hu ever b-
published. ghould be on the reference shelves of every P phic Society.”
Photographer.

“A lnndbook so far in advance of most others, that the Photographer must mot fail
to obtain a copy as a reference work."—PAetographsic Werk.

“The cOMPLETEST HANDBOOK of the art which has yet been published.”—Scofsman.

““A STANDARD WORK on Photography brought quitc Uy To DATE."—PAhotograghy.

*." This Edition includes all the NEwWer DEVELOPMENTS in Photographic
Methods, together with Special Articles on RADIOGRAPHY (the X Rays),
COLOUR PHOTOGRAPHY, and many New Plates,

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Sxconp EpiITiION, Revised and Enlarged, with New Skcrion
on ACETYLENE,

With Numerous Illustrations. Handsome Cloth. 10s. 6d.

GAS MANUFACTURE

(THE CHEMISTRY OF).

A Hand-Book on the Production, Purification, and Testing
of llluminating Gas, and the Assay of the Bye-
Products of Gas Manufacture. For the
Use of Students.

BY
W. J. ATKINSON BUTTERFIELD, MA,, FIC, FCS,

Formerly Head Chemist, Gas Works, Beckton, London, E.

* The BEST WORK of its kind which we have ever had the pleasure of re-
viewing. The new Edition is well deserving a place in every Engineering
Library.”—Journal of Gas Lighting.

‘¢ Amongst works not written in German, WE RECOMMEND BEPORE ALL OTHERS,
BUTTERPIELD’S CHEMISTRY OF GAS MANUFACTURE."—Chemiker Zeituny.

GENERAL CONTENTS.
I. Raw Materials for Gas VI. Final Details of Manu-

Manufacture. facture.
II. Coal Gas. VII. Gas Analysis.
III. Carburetted Water Gas.  VIII. Photometry.
IV. 0il Gas. IX. Applications of Gas.

V. Enriching by Light Oils. X. Bye-Products.
XI. Acetylene.

®.* This work deals primarily with the ordinary processes of Gas MaNuracruRs

omp.loyed in this country, and aims especially at indicating the principles on which
are based. The more modern, but as yet subsidiary, processes ure fully treated also,
Chapters on Gas Analysis and Photometry will enable the consumer to
the methods by which the quality of the gas he uses is ascertained, and in the
ter on The Applications of Gas, not only is it di d as an illumi , but

also as a ready source of heat and power,

The Incandescent Gas Light is dealt with in an exhaustive manner, and the
latest theories of its physical basis, as well as the practical developments of lighting
by Incandescence, are thoroughly discussed.

In Chapter X. an attempt has been made to trace in a readily-intelligible manner
the extraction ot the principal derivatives from the crude BYr-PRODUCTS.

The work deals incidentally with the most modern features of the industry, in-
?P inter alia the commercial production and uses of Acetylene, to which a

Chapter is devoted in the new Edition, and the application of compressed gas
Street Traction. The needs of the Students in Technical Colleges and Classes have
throughout been kept in view.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,




CHEMISTRY AND TECHNOLOGY. . 3

CASTELL-EVANS (Prof. J., F.I.C, F.CS,

Finsbury Technical College) :

TABLES AND DATA for the use of ANALYSTS, CHEMICAL
MANUFACTURERS, and SCIENTIFIC CHEMISTS. In Large
8vo. Strongly Bound. [Skorily.

*.* This important Work will comprehend as far as possible ALL RULES AND TABLES
required by the Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c.; and
also the principal data in THERMO-CHEMISTRY, ELECTRO-CHEMISTRY, and the various
branches of CEMICAL PHysics which are constantly required by the Student and Wotker in
Original Research.

Every possible care has been taken to ensure perfect accuracy, and to include the results
of the most recent investigations.

ELBORNE (Wm, B.A, F.LS, F.CS)):
PRACTICAL PHARMACY. (Sce p. 106 General Catalogue.)

GRIFFIN (John Joseph, F.CSS.): '

CHEMICAL RECREATIONS: A Popular Manual of Experimental
Chemistry. With 540 Engravings of Apparatus. ZemtA Edition. Crown
8vo. Cloth. Parts I. and II., complete in one volume, 12/6.

Separately—Part 1., Elementary, 2/; Part II., The Chemistry of the
Non-Metallic Elements, 10/6.

MUNRO (J. M. H,, D.Sc., Professor of Chemistry,

Downton College of Agriculture):

AGRICULTURAL CHEMISTRY AND ANALYSIS: A Prac-
TICAL HAND-BoOK for the Use of Agricultural Students. (Griffin's
Technological Manuals.) In Preparation.

IMPORTANT NEW WORK. NEARLY READY.

DAIRY CHEMISTRY:

A PRACTICAL HANDBOOK FOR
DAIRY MANAGERS, CHEMISTS, ANALYSTS.
By H. DROOP RICHMOND, F.C.S,

CHEMISNT TO THE AYLESBURY DAIRY COMPANY.
_Contents.—Introductory.—The Constituents of Milk.—Analysis of Milk.—
Normal Milk, its Adulterations and Alterations and their Detection.—The Chem-
ical Control of the Dairy.—Biological and Sanitary Matters.— Butter.—Other
Milk Products.—Milk of Mummals other than the Cow.—Tables.—Appendix, &c.

LONDON : CHARLES GRiFFIN & CO., LIMITED, EXETER STREET, S8TRAND.
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Painters’
Colours, Oils, & Varnishes:

A PRACTICAL MANUAL.
By GEORGE H. HURST F.CS,

‘Wember of the Society of Chemical Industry; L ontheTechnologyofP-m
Colours, Oils, and Varnishes, the Municipal Tech L, M

SECOND EDITION, Revised and Enlarged. With Illustrations. 12s. 6d.

GENERAL CONTENTS.—Introductory—THE COMPOSITION, MANUFACTURE,
AssAy, and ANALYSIS of PIGMENTS, White, Red, Yellow and Orange, Green,
Blue, Brown, and Black—LAKEs—Colour and Paint Machinery—Paint Vehicles
(Oils, Turpentine, &c., &c.)}—Driers—VARNISHES.

“'l'lns us:ful book will prove MOST VALUABLE.”—Chemical News.

“Ap l in every . EXCEEDINGLY INSTRUCTIVE. The
section on Varnishes is the most ru.:onable we have met with.”—Chemrist and Druggist.

“ VERY VALUABLE information is given.”—Plumber and Decorator.

‘“ A THOROUGHLY rm\crlcu. book . . . the ONLY En(luh work that nmhuonlv
m of the f of oils, iead Twades' ¥

‘¢ Throughout the vlork are scattered hum which are muwul.n'—lmﬁu.

In Crown 8vo, Extra. With Illustrations. 8s. 6d.

CALCAREOUS CEMENTS:

THEIR NATURE, PREPARATION, AND USES.

SWith some Remarks upomn Cement Testing.

BY

GILBERT R. REDGRAVE, Assoc. Inst. C.E.

GENERAL CONTENTS.—Introduction—Historical Review of the Cement
Industry—The Early Days of Portland Cement—Composition of Portland
Cement—PROCESSES OF MANUFACTURE—The Washmill and the Backs—
Flue and Chamber Drying Processes—Calcination of the Cement Mixtare—
Grinding of the Cement—Composition of Mortar and Concrete—CEMENT
TrSTING — CHEMICAL ANALYsIS of Portland Cement, Lime, and Raw
Materials — Employment of Slags for Cement Making — Scott’s Cement,
Selenitic Cement, and Cements produced from Sewage Sludge and the
Refuse from Alkali Works — Plaster Cements — Specifications for Portland
Cement—Appendices (Gases Evolved from Cement Works, Effects of Sea-
water on Cement, Cost of Cement Manufacture, &c., &c.)

“ A work calculated to be of GREAT and EXTEXDED LTy —Chemu:al News.

¢ IMVALUABLK to the Stud A and E ilds

“ A work of the GREATEST INTERKST and CTSEFC ums, ‘which ;ppenn nt s very critieal
period of the Cement Trade."—Brit. Trade Journal.

« Will be useful to aLL interestsd in the MANUPACTURR, UNE, and TEsTIXG Of Cements."—

" LOKDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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THE FERMENTATION INDUSTRIBS. 7

In Large 8vo. Handsome Cloth. With numerous Illustrations.

TECHNICAL MYCOLOGY:

THE UTILIZATION OF MICRO-ORGANISMS IN THE
ARTS AND MANUFACTURES.

A Practieal Handbook on Fermentation and Fermentative Pro-
cesses for the Use of Brewers and Distillers, Analysts,
Techniecal and Agricultural Chemists, and all
interested in the Industries dependent
on Fermentation.

By Dr. FRANZ LAFAR,

Professor of Fermentation-Physiolegy and !Bacteriology in the Technical
High 8chnol, Vienna.

With an Introduction by Dr. EMIL CHR. HANSEN, Principal of the
Carlsberg Laboratory, Copenhagen.

TravsLaTED BY CHARLES T. C. SALTER.

In Two Volumes, sold Separately.

Vol. I. now Ready. Complete in Itself. Price 15s.

*The first work of the kind which can lay claim to completeness in the treatment of
» fascinating subject. The plan is admirable. the classification simple, the stylo is (ood
and the tendency of the whole volume is to convey sure information to the reader.”—
Lancet.

** We cannot sufficiently praise Dr. Lafar's work nor that of his admirable transiator.
No brewer with a love for his calling can allow such & book to be absent from his library.”
~Brexer's Journal, New York.

**We can moat eordml recommend Dr. Lafar's volume to the Members of our pro-
f

fession . . . This treatise will supply a want felt in many industries. . . No one
will fail to observe how well Mr, Saiter han done hll work The publlshen have fnlly
maintained their reputation as regards printing, &, and excel of paper."—
Chemical News.

*,* The publishersdrust that before long they will be able to present Epglish readers-
with the necond volume of the above work, arrangements having been concluded whereby,
upon its appearance in Germany the knglish translation will be at once put in hand.

E)NDO—N: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Dompanion-Volume tv Kneoht and Rawson's Dyeing.”

TEXTILE PRINTING:

A PRACTYICAL NMAWUAL

Includmg foe Processes Used in the Priating of
COTTON. WOOLLEN. SILK, and HALF-
SII.K FABRICS.

T

C ¥. SEYNOUR ROTHWELL, F.CS,

dem. Bx  Oosmxs. mswstves  law iestwrer @ the Mumopel Teckwical Schesl,
Mancresrer.

I Zaxpe fwr. wrt Dincracions an? Privted Patterms.  Price 21s

GENXRAI, CONTENTS

Imeadnrm. Padding Style
Toe Nactper Usel :t Texte Rexist and Discharge Styles.
Paxnrng. Tae Printing of Compound
Thokenes aps Mor3ar Colcurings. &c
Toe Pracor of CiGRar s, The Printing of Woollen Goods.
The it Srie The Printing of Silk Goods.
Couorrs rrelipesd T nect’t or the Practical Recipes for Printing.
Fioce Agppendix.
Dyad Siyres Usedul Tables
Patterns

* BY Fak TEY RLST 33%0 NMIAT PYACTICAL BOOK OG TEXTILE PRIXTINSG Which has yet been
oegtt cch and WL iTg et cte sadnlerd work om tie subj Itis e islly
prectioal ‘o charscier T— Tece. s Neerany.

* TwE wow? PZACT AL MANTAL ¢of TYXTILE PRISTING which has yet appeared. We have
=0 Dewitation 10 raNx Lxg it —The Terir'e Manufacturer.

> Usvorsrxrty M Borswrir's tuok is THX sEsT which bas appeared on rxrriim
rarsTse, and wortk iy ‘orms 8 Cua-panion-Volume to * A Manaal un Dyeing.' " —The Jper
and Caiwce Prinier.

LONDON : CHARLES_GRIFHN & CO., LIMITED, EXETER STREET, STRAND,



THE TEXTILE INDUSTRIES. 8

Large 8vo. Handsome Cloth. 12s. 6d.

BLEACHING & CALICO-PRINTING.

A Short Manual for Students and
Practical Men.

By GEORGE DUERR,
°'TW“" Ch.:m‘&g m Colourm at th: lrw:PlaPArl.:{h or‘k.l.“‘ Bacup
AssisTep BY WILLIAM TURNBULL
(of Turnbull & Btockdale, Limited).

With Illustrations and upwards of One Hundred Dyed and Printed Patterns
designed specially to show various Stages of the Processes described.

GENERAL CONTENTS. —CottoN, Composition® of ; BLEACHING, New
Processes ; PRINTING, Hand-Block ; Flat-Press Work ; "Machine Printing:
MORDANTS-—STYLES OF CALICO-PRINTING : The Dyed or Madder St lad
Padded Style, Discharge and Extract Style, Chromed or Rame(f ours,
Insoluble Colours, &c. —'l‘lnckeners Natural Organic Colouring Matters
—Tannin Matters — Oils, Soaps, Solvents —Organic Acids—Salts— Mineral
Colours—Coal Tar Colours—Dyeing—Water, Softening of —Theory of Colours
—Weights and Measures, &c.

* When & READY WAY out of a difficulty is wanted, it Is 1N 300K8s LIXB THIS that it is found.”—
tle Recorder.

"Mr Dunn work will be found most vszrur. . . . Theinformation given is of arzay
VALUR The Recipes are THOROUGHLY PRACTICAL —Textile Mansfacturer.

GARMENT

DYEING AND CLEANING.
A Practical Book for Practical Men.
By GEORGE H. HURST, F.C.S,,

Member of the Society of Chemical Industry.
With Numerous Illustrations. 4s. 6d.

GENERAL CONTENTS.—Technology of the Textile Fibres—Garment Cleaning
~—Dyeing of Textile Fabrics—Bleaching—Finishing of Dyed and Cleaned Fabrics—
Scouring and Dyeing of Skin Rugs and Mats—Cleaning and Dyeing of Feathers—
Glove Cleaning and Dyeing—Straw Bleaching and Dyeing—Glossary of Drugs
and Chemicals—Useful Tables.

‘“ An UP-To-DATE hand book has long been wanted, and Mr. Hurst has done mn.hné
more comglete than this. An important work, the more 30 that several of the branches
the craft here treated upon are almast English M ls for the guid
of workerr. The price brings it withia the reach of all. "—Dyn and Calico- Prmler

‘“ Mr. Hurst's work DECIDEDLY FILLS A WANT t to be in the hands of
EVERY GARMENT DYER and cleaner in the Kingdom™. —Te.rhlf ercury.

LONDON: GHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.-




8¢ CHARLES GRIFFIN & CO’8 PUBLICATIONS.

Sixteenth Annual Issue. Handsome cloth, 7s. 6d.
THE OFFICIAL YEAR-BOOK

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN
AND IRELAND.
OOMPILED FROM OFFICIAL BOURCES.
Comprising (tegether with other Offieial Information) LISTS of the
PAPERS read during 1898 before all the LEADING 8OCIETIES throughout
the Kingdom engaged in the following Departments of Research:—

5. Science Geenally: i.r., S py- | § 6 E ic Science and Statisti
-.x Ives with 1B .L.’I”.-l sl Qe Engineering, and
P o with § adl § 8 A“;' Milif Saence.

. aval and Mili
lm&dﬂnﬂlhyﬁa § 9. Agricul -ndu‘q"
l;wy:ndl’huo‘nphg $10. Law.

§ ¢ Geology, Geography, and logy. | §11. L
I;my.ndndulm-f'h :xshychdo'y.

“¢The Year-Book of Societies’ FILLS A VERY REAL WANT."—
Engineering.

‘¢ INDISPENSABLE to any one who may wish to keep himself
abreast of the scientific work of the day.”— Edinburgh Medical
Journal.

* The Yzar-Boox oF SocizTims is a Record which ought to be of the greatest use for
the progress of Science.”—Lord Playfair, F.R.8., K.C.B., M.P., Past-President of the
British Associatron.

“It goes almost without saying that a Handbook of this subject will be in time
one of the most generally useful works for the library or the desk.”—7he Times.

T Briash gkuumnow'.u tead o the Vear-Book of the Scientific and
!grned Societies of Great e;lxmn and "—(Art. ““Societies” in New Edition of

yclopaedia Britannica," vol. xxii.)

Copies of the FirsT Issug, giving an Account of the History,
Organization, and Conditions of Membership of the various
Societies, and forming the groundwork of the Series, may still be
had, price 7/6. Also Copies of the following Issues.

The YEAR-BOOK OF SOCIETIES forms a complete INDEX TO
THE SCIENTIFIC WORK of the year in the various Departments.

It 18 used as a ready HanDBoOK in all our great ScCIENTIFIC
CenTRES, MUSEUMS, and LiBrARIES throughout the Kingdom,
and has become an INDISPENSABLE BOOK OF REFERENCE tO every

one engaged in Scientific Work.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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