
CH.A.PTER XII. 

TYPICAL M.ETALLURGIOAL PROOESSES. 

Olassification of Processes.-The methods that are adoptad in 
extracting metals from their ores may conveniently be grouped in 
the following manner :-

The thick, black Roman numerals refer to the Thermal Equations, 
Chapter XI. 

A. DRY PROCESSES. 

I. a. By Sirnple Fusion with Suitable Fluxes. 

(a) ln blast or rever• l. Gold . 
·} This process is only ap
• plicable to metals in an 
· uncombined form. 

beratory furnaces. 2. Silver 
3. Platinum 

(b) In tube-furnace. 
4. Copper 
5. Bismuth By liquation. 

{3. By Sirnple Heating. 

(a) In kilns or rever- l. Mercury (l .) 
bera tories. 

From its aulphide, the 
prescnce of air being 

( b) In retorts. 2. Arsenic 
necessary. 

From sulphides of 
arsenic and iron, air ex
cluded, always with appli
ances for condensing the 
volatilised metal. 

II. By Reduction of Oxide by Cm·bon. 

(a) In blast • furnaces 
or, morerarely, in hearths 
or crucibles. 

(b) lnreverberatoryfur• 
nace. 

~- ~~Hi~) '} Usually after previous 
3: .Antimony (IV. ) : roasti_ng of sulphide or 
4. N ickel •. . arsemde i 

6. Nickel . . ous carburisation of the 
5. Iron (V. ) . ·{ Usually with simultane-

7. Manganesa . . liberated metal. 
8. Tin. 
9. Bismuth. 
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(e) In retort-furnaces. 
11. Arsenic . ore; and with volatilisa-
10. Zinc (VI.) . . { Alwaysafterroasting the 

J 2. Sodium . . tion of the libcrated metal. 
(d) In furnaces heated 

electrically. 
13. Aluminium (Vll.) 
14. Calcium, chro

mium, etc. 

III. By Concentration as Sulphide; 

usually followed by reaction between sulphide and oxide, 
or between sulphide and sulphate. 

(a) In reverberatory 
furnaces, 2. Lead (ill.) . an timony, the removal of the 

{ 

Usually after partial roasting; 
l. Copper (II.) sometimes, in the case of lead and 

3. Antimony . sulphur and precipitation of the 
metals is aided by a cbeaper • 
metal, iron. 

(b} In liquation-fur· 
nace. 

(e) In Bessemer con• 
verter. 

4. Copper. 

IV. By Concentration in Sulphide, or .Arsenide, 

and subsequent smelting as in II. or III. 

In reverberatory or l. Gold. 
blast-furnaces. 2, Silver. 

3. Copper. 
4. Nickel. 
5. Cobalt. 

V. By Concentration in Otlier Metals, hy Fusion. 

Usually in blast-fur- 1. Gold. Tbe metal is subsequently con-
naces, but often in re- 2. Silver. centrated or extracted by (1) 
verberatory fnrnaces. S. Platinum. cupellation, (2) crystallisation 

( Pattinson process), (3) liquation, 
( 4) recourse to wet metbods, (5) 
superior affinity of a third metal 
(zinc i n Parkes' process), (6) 
electrolysis. · 

VI. By Reduction of a Haloid Salt. 

I n reverberatory fur- l. Aluminium. { Tbe balogen is removed by 
naces or in crucibles. 2. Magnesium. sodium. 

B. PROCESSES INVOLVINO THE USE OF MEROURY. 

. (a) I n cradles, flnmes, stamp} J . 
batteries, concentrators . . 1 G Id As pa:t oftheoperation 

(b) I n pans and appliances of · 
0 

• • l of dressmg the ore. 

va~~~\::aps: : : : } { ~jJi~be:
0

process. 
(b) In barrels · · · 2. Silver(Vill.) Cazo process, 
(e} In copper-lined tubs , Modern pan. amalga-
(d) In cast-iron p&ns , • m&tion. 
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C. W ET PROOESSES. 

a. Metlwds of Solution. 
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'l'~ese processes are us11ally conducted in earthenware vessels, 
cast-1ron pans, or vats, usually lined. 

l. Gold • 
2. Platinum 
3. Silver . 
4. Bismutb 
5. Nickel . 
6. Cobalt . 
7. Zinc . 
8. Copper 
9. Lead. 

l. Gold . 
2. Silver • 
3. 

I. a. Solution in Acids. 

. . In aqua regia. 

. In :i.'itric ~~ sulphuric acid. 

. In bydrochloric acid. 

: } The o~des, obta_ined by roasting sulpbides 
or arsemdes, are dissolved usually in bydro

. chloric acid. 

b. Solution in .Alkaline Salts. 

In potassium cyanide, 

In hjposulphite;'. 

II. Roasting to Sulphate, and exti·acting with Wate1·. 
l. Sil ver (X.) . 
2. Copper (II.) 

(Ziervogel process.) 
The metal is precipitated by iron. 

III. Roasting with Salt, Soluble Chloride being f onned. 

l. Silver(IX,). 
2. Copper 

. (Augustin and Von Patera processes.) 

. (Longmaid and other processes.) 

IV. Form,ation of Soluble Chloride by Gase01.is Clilorine. 

l. Gold . 

2. Silvcr . 

l. Silver 
2. Copper (XI.) 
l. Gold . . 
2. Platinum 
l. Bismuth 
2. Nickel 
3. Cobalt. 
4. Zinc . 
5. Lead • 

Plattner's process and its modifications. 
Or bromine may be usecl, a soluble bromide 
being formecl. 

Any silver chloride, formed in tbe treat
ment of gold, may be dissolved out by 
sodium hyposulphite or brine. 

{3. Methods of P1·ecipitation. 

·} Replacement by a cheaper metal. 
By a precipitating agent • 

: By a reducing gas. 

:} By precipitation, followed by i-eduction in 
: tbe dry way, 
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D. ELECTROLYTIC METHODS. 

At the present time, ele~trolysis is m~inly empl?Y~ _in the 
refining of copper, 1 less so. m gold ~nd silver _refinmg, m the 
precipitation of gold from d1lute solut1ons, 8 ~nd m the treatmont 
of ar"entiferous load. Numorous electrolytic methods of extract
ing :'nd refining metals from their ores have been ~rought 
forwar<l ; few, however, havo advanced beyond the experunental 
stage, of which the following are examples :-

l. Copper 
2. Lead . 
3. Gold . . 
4. Aluminium 
5. Antimony . 
6. Zinc . 
7. Steel . 

From blister-copper or regulus. 
Bett's process, . 
By nascent chlorine produced electrolytically. 
]<'roro aluminium in its fused salts. 
Borchers' process. 4 

Electrolytic wet or dry methods. . 
Various methods, sorne already described. 

Full descriptions of the methods adopted in extracting even the 
principal metals from their ores are not needed here, as tho 
student has an ablmdant technical literature at his disposal. It 
is far more important for the student to become familiar with the 
nature of metallurgical operations generally, so that be may see 
how tbey differ from tbose conducted either in _the laborator:r or 
in purely chemical works. Renco a few t~p1cal metallurg1cal 
processes with considerable complexity of detall have been chosen 
for somewhat full treatment, since a knowledge of such groups of 
processes as those adopted at Swansea, Denv~r, and Freiberg 
gives the student a clearer insight into the pract10e of metallurgy 
than desultory reading affords. 

Welsh Method of Copper-smelting.-'l'his metbod, in modified 
forros conducted in reverberatory fumaces, was until recently 
empl~yed for a largo proportion of the w~rld's production of 
copper. In Germany a blast-furnace method 1s employ~ for thc 
earlier stages. The one broad distinction between . thIS method 
and the W elsh method consista in the fact that m the latter 
copper sulphide is the reducing agent, whilst in the ?erman 
process it is carbonic oxide. Both processes dep_end essent1al~y on 
the affinity which copper has _for sulphur, wh1ch_ º?-ªbles _1t to 
forro a regulus while the assoc1ated metals are elimmated m an 
ox.idised forro. 

In the Welsh method (fig. 183) comparatively poor ores, con
sisting of copper pyrites with a considerable p~·oportion of iron 
pyrites, containing 5 to 15 per cent. of copper, r1cher ores of the 
same composition containing 15 to 25 per cent. of copper, and 

1 Peters, Copper Smelti'TIIJ, p. 576; Mineral Industries, vol. vü. (1899), 
p. 229. 

2 Rose, Mdallurgy o/ Gold. 
3 Ibid. 
• Dingler's Polyte,clmiscltes Journal, vol. cclxvi. (1887), p. 283, On electro

lytic methods consult Ba.lling, Die .Electro-Netallurgie. 
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copper pyrites with oxidised ores, are mixed so as to contain 
9 to 15 per cent. of copper. The smelting method varios with 
the natlll'e of the ore, but in 
its original form comprised six 
distinct processes : -

l. Calcination of Mixed Ores. 
-This consista in roasting the 
pyritic ores, whether rich or poor, 
containing iron pyrites, arsenic, 
and antimony. The roasting is 
always incomplete, and the extent 
to which it is carried depends 
on the proportion of sulphides 
available for the subsequent 
operations. 

2. Fusion of the Roasted Ores 
f01· Regulus.-The ores are fused g 
with slag rich in cuprous oxide, 5 
known as me,tal-slag, from the ~ 
fourth operation. Fluorspar is (/) 
useful as a flux, and is added a: 
with oxides and carbonates. The ~ 

a. 
operation gives two products- o 
a regulus, coarse-m,etal, in which 0 

it has been attempted to concen- ~ 
trate all the copper, and a slag, C/J 

orefm-nace slag, which seldom f3 
o contains more than 0·5 per cent. o 

of copper and is mostly thrown &: 
away. The regulus contains 30 :i: 

to 34 per cent. of copper and ~ 
23 per cent. of sulphur. It also 3: 
contains a notable quantity of 
arsenic, antimony, and tin. 

3. Calr:ination of Coarse-metal. 
-This calcination is always in
completo, but its degree of per
fection depends on the quantity 
of oxidised ores which it is possible 
to reserve for the subsequent 
operation. 

4. Fusion of Calcined Coa1·se
me,tal.-In this operation roasted 
regulus and sulphuretted ore rich 
in copper, and containing but 
little stilphide of iron, are employed. Oxidised ores of copper, 
free from arsenic, antimony, and tin, are also added. Two pro
dncts are obtained, regulus, containing 65 to 80 per cent. of 
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copper, and 18 to 22 per cent. of sulphur, and rnetal-slag, wbich 
is a ferr.ous silicate, containing a little oxide of copper and shots of 
metallic copper, the total amount of copper it contains being 
2 to 3 per cent. This slag is melted in operation 2. 

5. Roasting the Regulus.-This operation is very complex, and 
comprises a series of roastings and fusion in an oxidising atmo-
sphere. lts object is to purify the regulus and to scorify tbe 
iron, and to bring as much as possible of the copper to the 
metallic state. To operations of this character tbe W elsh smelter 
applies the term roasting, as distinguished from calcining. Two 
products are obtained, bliste1·-coppe:r, containing about 98 per cent. 
of copper, anda slag, roaster-sla.g, which always contains oxide of 
copper, shots of metallic copper, and often a small proportion 
of arsenic, antimony, and tin. This slag is usually added to the 
charge in operation 4. 

6. Refining and Toughening.-The object of this operation is 
to purify the copper by oxidising the foreign bodies that it con
tains. The refining should bring the metal to the malleable 
state of marketable copper. The slag obtained, refinery-slag, is 
very rich in copper, about 55 per cent., and is added to the charge 
in operation 4. 

In the original W elsh method of copper-smelting, reverberatory 
furnaces were exclusively employed, the area of the grate being 
generally about one-fifth of that of the hearth. The tendency, 
however, has been of late years to reduce the number of operations 
by judiciously mixing burnt pyritic ore with oxidised ores and 
slag, and running to a regulus in small cupolas or blast-furnaces. 
St~bsequent enr~chment of the regulus, reduction, and refining are 
st1ll conducted m reverberatory furnaces. The ore is charged-in 
through a flat hopper, in which it is allowed to dry for some time 
before being introduced into the furnace. The interna} dimensiona 
of the calcining-furnaces are usually 30 feet by 12 feet, or 21 feet 
by 12 feet. The charge is 3 to 6 tons of ore, the calcination 
occupying twelve to twenty-four hours. The doors are then closed, 
and the temperature raised in order to decompose the sulphates. 
The gas evolved may consist of 10·6 per cent. of sulphurous and 
carbonic anhydrides, 9 per cent. of oxygen, and 80 per cent. of 
nitrogen. 

The reverberatory furnaces, in which the fusion for regulus is 
effected, are so arranged as to give a high temperature, and the 
fireplace is consequently large in comparison with the laboratory 
portion. The bed consists of a series of layers of compressed sand 
cemented with metal-slag. It is about 15 to 20 inches in thickness, 
and slopes in all directions towards a tap-hole. There is a door in 
proximity to thc flue, and through this door the slag is skimmed 
without allowing the air to pass over the regulus and oxidise it. 
In front of the tap-hole is a perforated receptacle, which can be 
lowered by a crane into a tank full of water. The bed is about 
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14 feet long, the distance between the top of the bridge and the 
roof being 23 inches. The charge is usually 2 tons of ore. Slags 
from subsequent operations are added, and fluorspar, if much 
earthy gangue is present. The materials used in the first fusion 
for regulus are chiefly oxides and sulphides of copper and iron, 
and the opcration coruiists essentially in obtaining copper sulphide, 
thus:-

201¼0+ 2FeS + 2Si02 =2Cuil +2FeSi03 

Regulu1. Slag. 

The sulphides must be in excess, otherwise copper will be 
reduced and oxide of copper formed which will pass into the slag. 

The calcination 1 of the regulus is effected in a furnace similar 
t-0 that used for the first calcination. The charge is 3½ to 6½ tons 
of regulus. The reactions taking place are similar to those in 
the first calcination. The process occupies twenty to thirty-six 
hours, and 12 per cent. of the sulphur is eliminated. 

The second fusion is conducted in a similar manner to the first 
fusion for coarse-metal. The charge is 2 tons of calcined coarse
metal and 12 cwt. of slag and oxidised ores. '.L'he regulus 
obtained consists of white-metal (75 per cent. of copper), or blue
metal (60 per cent. of copper), or pimple-metal (81 per cent. of 
copper). The slag is a silicate of iron, with about 4 per cent. of 
copper. The reactions are similar to those that obtain in the first 
fusion for regulus. Blue-metal contains sorne sulphide of iron, 
and pimple-metal contains an excess of the oxidised copper com
pounds. When very impure ores are dealt with, it is often found 
advisable to allow a little coarse copper to forro as bottoms. 

The roasting of these different varieties of regulus is conducted 
in a reverberatory furnace with a deep hearth. The procesa is 
prolonged as much as possible, and thus the arsenic and antimony 
may be caused to escape before the actual reducing action com
mences. When the pasty mass has collected at the bottom of 
the fm·nace the temperature is raised, and the reaction between 
the sulphide and the oxide takes place, metallic copper being 
formed. The chief reactions may be expressed thus :-

C'½S + 2Cu2O = 6Cu + SO2, 

Cu2S + 2CuO = 4Cu + SO2• 

This impure copper, blister -copper, is rofined in furnaces 
similar to those used for fusion, except that the bed is deeper and 
the fireplace larger. The charge consists of about 10 tons of 
blister-copper in the forro of pigs, which are loosely stacked, and 
an abundant supply of air is provided, so as to oxidise the metal as 
much as possible. 'fhe temperature is raised gently to the melt
ing-point of copper ; it is then moderated in order that the fusion 

1 Copper•sruelters call these operations calcinaticn, but roaiting would be 
more accurate. 
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may be prolonged and oxidation occur. The melting occupics 
five to six hours, and thc moderate heating is continued for fivc 
to six hours more, in ordcr that the iron, antimony, arsenic, etc., 
may be completely oxidised. The temperature is then raiscd 
much higher for three to four hours more, when the oxidiscd 
products form a thin slag, containing a considerable quantity of 
copper oxide. This is raked off, and the surface covercd with a 
layer of the purest anthracite or charcoal. A long polo of wood, 
green wood by prcference, is pushed beneath the surface of thc 
molten metal and held down by a suitable metal bar. The violcnt 
cvolution of gas from the wood causes the metal to splash up 
amongst the carbonaceous covering, and this, with the gases from 
the wood, reduces, to the metallic state, the copper oxido that 
exists dissolved in the copper to the extent of 4 per cent. A 
small amount of the oxido must be left, and the workman judgcs, 
from a sample that be takes from time to time and tests by 
breaking in a vice, wbether it is still "underpoled" or at "tough
pitcb," that is, rea.dy for market, or "overpoled." If tbe last, he 
removes the carbon covering, and exposes the metal to tbe action 
of the air.1 

In the so-called "direct" process, first successfully carried out 
at tbe Cape Copper W orks, one portion of the rich regulus is 
carefully roasted in revolving cylinders or automatic rake 
calciners. Tbis is tben mixed with the unroasted portion and 
~melted in reverberatory furnaces, tbe above equations represcnt
mg the changes. The feature of this method is that refincd 
copper is produced in the one furnace and not tbe intermediatc 
product, blister-copper. The original W elsb process has now 

' undergone such modification tbat very little differcnce exists 
betwecn it and the methods adopted in Germany at the well
cquippcd smelters of the Mansfeld Gewerkschaft, and also tbose 
of Freiberg and in the Harz mountains. In many of the modero 
works 2 in the United States the reverberatory furnace has bcen 
entirely dispensed with, and the process adopted consists in blast
furnace smelting for a regulus which is conveyed in the moltcn 
state to Bessemer converters. Here a.ir is blown through tho 
molten regulus, and copper is reduced to the meta.llic sta.tc the 
reactions taking place being practically the same as those 'that 

1 Fuller information on the Welsh method of copper-smelting will be found 
in the following works :-

p~~Y, Me;,allur[l!J, vo_I. i. (London, 1861), p. 314. 
Y man, Gopper Smelting: lú History and Processes, 1881. 
Howe, Copper Smclting, Washington, 1885. 
Le Play, Prodd.'8 Métallurgü¡ucs emplq¡és da11S le Pays de Galles Paris 

1848. ' ' 
Rivot, Príncipes ginirau:,; d1t Traitement des Mi11üau;i; 111.dall,nues P11ris 

1871. -, ' ' 
Peters, Copper Smelting, and also Tite Prin.cíples o/ Copper S11ielti1v¡. 
' Peters, Copper Smclting. 
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take place during reduction in reverberatory furnaccs. The 
copper reduced in tj1e converters is cast direct into anode plates 
and passcd on to the electrolytic refineries. 

Smelting of Gold and Silver Ores in Colorado.-The following 
is a short sketch, borrowed from Mr R. Pearce's 'Prcsidential 
Address, delivered at the meeting of the American lnstitute of 
Miníng Engineers, in Juno 1889, of the methods formerly used at 
the Boston and Colorado Smelting W orks. Tbese methods, how
ever, ha.ve now been replaced by more modero processes. 

About 200 tons of ore aro smelted per da.y, the ores including 
a great variety of copper, silver, and gold ores from Colorado, as 
well as from other Western States and Territoríes, and averaging 
40 to 60 oz. of silver and ½ to 1 oz. of gold per ton, and 2 to 3 
per cent. of copper. About 90 per cent. of tbe ore contaíns no 
copper, the other 10 per cent. furnishing that metal in sufficient 
quantity to makc up the general average to 2 to 3 per cent. 
Half the ore, 100 tons per da.y, is roasted in furnaces or in kilos, 
but the operation is not complete in either case, as sulphur is 
always allowed to remain to the extent of 5 to 7 per cent. The 
other l 00 tons are smelted without roasting. The roasted ore 
and siliceous ores are mixed so as to yield a slag containing 40 por 
cent. of silica and a regulus ( ore metal) conta.ining 40 por cent. of 
copper and 400 oz. of silver and 6 oz. of gold per ton. Tho 
capacíty of each furnace is a.bout 25 tons of ore per day, with 
2 tons of rich slag added from other operations. In this smelting 
13 tons oharged yield 1 ton of ore-metal. This regulus always 
contains a certain amount of lead, but the proportion rarely 
cxceeds 10 per cent. 

In tbe next stage of the process, the charge consists of a mixture 
of two-thirds of roasted ore-metal and one-third of unroasted ore
mcta.l, together with the rich siliceous silver ore, in quantities 
sufficient to prevent corrosion of the furnace by the iron in the 
regulus. The concentration-furnace in wbich this operation is 
effected stands 3 feet above the level of the ore-furnace, so that 
the rich slag from the former may, when skimrned, flow direotly 
into thc lattcr, where it is reduced to tbe conditíon of ordinary 
ore-furnace slag. This effects a great saving in the cost of re
smelting these rich slags. The regulus obtained conta.ins 700 to 
800 oz. of silver and 10 oz. of gold per ton, together with 60 per 
cent. of copper, eacb ton representing 20 to 21 tons of ore. This 
regulus is now ready for the extraction of the sílver, which com
prises the follówing operations :-

Rough roastíng. 
Fine grínding. 
Fine roastíng for silver sulphatc. 
Lixivia.tion, and the precipitation of the silver. 
Refining and melting of the cement silver. 

The regulus is crushed so as to pass through a screen of 6 
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meshes to the inch, and roasted for twenty-four hours. The bulk 
of the sulphur is driven off, and oxide of copper is forrned, the 
mass still containing sufficient sulphur for the subsequent opera
tion of roasting for silver sulphate. After cooling, the roasted 
material is ground finer under edge-rollers and passed through a 
60-rnesh screen. It is then ready for fine roasting or conversion 
of the sulphide into sulphate. 

This operation, based on principies poiuted out by Ziervogel, 
lasts about five homs. The first stage is conducted at a low 
temperature, and lasts about an hour and a half, copper sulphide 
being oxidised with evolution of heat. In the second stage, at a 
slightly increased temperature for an hour and a half, the material 
increascs in volume, and assumes a porous appearance froro the 
!ormation ?f copper sulphate. In the third stage, the temperature 
1s further mcreased for an hour, or until the silver is completely 
changed into sulphate. If cuprous oxide is present at this stage, 
it will, during the operation of lixiviation with water, cause the 
reduction of the silver sulphate to roetallic silver. The charge is 
consequently vigorously stirred, and turned over, in the fourth 
and last stage, in order completely to oxidise any cuprous oxide. 
The results of the operation are very roaterially affected by 
arsenic, by antiroony, and, above ali, by bismuth, roetals which 
forro insoluble silver compounds. The lixiviation of the roasted 
regulus is effected in tubs, and nothing but hot water is required. 
The solution, charged with silver sulphate, is allowed to flow over 
copper plates for the precipitation of the silver, a procesa requiring 
b~t li~tle attention. The solution enters tank No. 1, charged 
w~th sil ver, and lea ves tank No. 2, charged with copper, and 
w1thout a trace of silver. It finally flows over scrap-iron for the 
precipitation of the copper. In the precipitated silver, sorne 
copper is fo1md in the forro of cuprous oxide or as metal. This is 
reroo~ed by prolonged boiling with water containing a small 
quant1ty of sulphuric acid, into which air is injected by a small 
steam-jet. The copper sulphate formed is carefully washed out 
of the silver, which is then dried and melted into bars of an 
average fineness of 999. 

The residues from the silver extraction contain about 40 oz. of 
silver and 10 oz. of gold per ton, and 65 per cent. of copper as 
cupr~c oxide. They also contain lead and bismuth as sulphates, 
ªIl:d. 1ron as ferric oxide. They are mixed with pyritic ores con
tammg gold, pyrites rich in sulphm·, and siliceous gold ores, and 
are smelted direct for regulus with 65 per cent. of copper, and 10 
~ ~5 oz: of gold ~n~ 80 oz. of silver per ton. The slag, which is 
srmtlar m compos1t1on to that from the ore-furnace, is thrown 
away. 

This regulus is treated so as to obtain a rich copper-gold alloy. 
This process involves two operations-(1) a combined roasting and 
sroelting, and (2) a refining of the crude alloy. The aim of the 
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process is to concentrate the gold contained in the regulus into a 
rich gold- silver-copper alloy, containing also the bulk of the 
impurities existing in the regulus. This process is similar to the 
Swansea method of making "best selected copper." At Argo, 
about 12 tons of slabs of regulus, residue metal, are placed on the 
hearth of a large reverberatory furnace, and melted after partial 
oxidation. In the last stage of the melting, a reaction takes 
place between the oxide and sulphide, and a certain amount of 
metallic copper is líberated. This contains nearly all the gold, 
together with any foreign metals present in the regulus. The 
charge is tapped into sand-moulds, and the first few pigs nearest 
the tap-hole are found to have, under the enriched regulus, plates 
of this impure copper, commonly known as metallic bottoms. The 
proportion of these to the whole tap of regulus, or pimple-metal, 
is about 1 to 15. The bottoms contain 100 to 200 oz. of gold to 
the ton, and about 300 oz. of silver. They are subjected to pro
cesses of refining and separation, whereby the gold is recovered. 

The pimple-metal, if the operation has been properly conducted, 
contains O·l to 0·2 oz. of gold per ton, 90 oz. of silver, and 77 per 
cent. of copper. It is crushed, roasted, ground fine, and again 
roasted to form silver sulphate. In fact, it is treated by the 
Ziervogel process in precisely the same manner as the rich silver 
regulus; but, as it contains little gold, a separate set of furnaces 
is used. The residue consists almost entirely of copper oxide with 
less than 10 oz. of silver per ton. It is dried, packed in barrels, 
and sold to the manufacturers of sulphate of copper, or is reduced 
to black copper by roelting with small coal slack in a reverberatory 
furnace. 

Thus it will be seen from the above brief sketch how intimately 
associated are the modero methods of metallurgy as applied to 
gold, silver, copper, and lead. For a full description of tbese 
methods the students should refer to the other volumes of this 
serics.1 

In these volumes detailed descriptions are given of the modern 
methods of treating complex ores containing the four above
mentioned metals in quantities sufficient to render their extraction 
profitable. It will be seen to what a high state of efficiency the 
processes have been carried; how by judicious dressing the 
sulphides and oxidised material are carefully separated and sub
jected to special treatment, in the case of silver ores by the 
modifications of the original amalgamation processes and the 
newer " wet" processes. In these, stress is laid on the operation 
of roasting, this being regarded as the crucial point upon which 
the commercial success of the process may depend. Consequently 

• the object of dressing methods is to limit the amount of material 
requiring this treatment, and to effect the operation by appliances 
which shall give a high efficiency. 

1 Collins, Metallurgy of IM.cl an<l Silver. 
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Freiberg Process.-The smelting works at Freiberg,
1 

in 
&uony, were originally cstablished to treat tbe ores obtained 
from the mines of the district. At the present time, ores fro1n all 
parts of the world are also smelted. There are also two works, of 
which the more important (the Halsbrüche Hütte) is situated 
about three miles from the town of Freiberg, the other (tho 
Muldenhütte) being somewhat more distant. 

The ores treated consist chiefly of the sulphides of lead; but 
silver and copper are always present in the mixture of ores which 
constitutes the fu.rnace-charge. The plant also includes furnnces 
for the treatment of ores of zinc, arsenic and antimony fume. 
As an incidental process, sulphuric acid is made both by the 
ordinary lead-<)hamber method, and by a process in which the gases 
contaiuing the sulphurous a.nhydride are stated to be passed over 
perforated cla.y slabs covered with platiniscd asbestos. Bismuth 
is also extmcted from the portions of the cupellation-hearths in 
which is collected the greater part of the bismuth that wru; 
originally contained in the lead trca.ted. Provision is also made 
for the extmction of copper, nickel, and coba.lt present in the ores. 
The various departments of the work are kept distinct, and tlle 
treatment, as a whole, centres round the smelting of the lead ores, 
the various residues from the treatment of other ores, frequently 
rich in the precious metals, being added to the lead-smelting 
charge. It is in this latter treatment that the distinctive features 
of the Freiberg smelting procesa are found, the lead ores being 
smelted in admixture with the copper ores and argentiferous and 
auriferous residues. For this purpose the Pilz water-jacketed 
furnaces are used. They were originally introduced about the 
year 1865 to replace tbe older types of blastrfurnace which had 
long been employed. The extraction of silver by the classical 
Freiberg amalgamation procCtiS, conducted in ba.rrels, was alsi:> 
abandonad about this period, and was replaced by the method 
still in use, by which the precious metals are collected in the 
smelted lead. The main features of tbis proccss are as follows :
In order to impart the necessary degree of strength and coherence 
to enable them to bo treated in the blastrfu.rnace, as woll as to 
obta.in them in pieces of a size adaptad to such treatment, the ores 
a.re first roasted at a temperatura sufficiently high to clot the mass. 
This is effocted by subjecting a stútable mixture of ores to an 
oxidising roasting in a long-bedded reverberatory furnace. The 
sulphur of the ore is in this way oxidised, and the metals are left 
chiefly in the forro of oxides. Towards the end of the roasting 
the temperatura of the furnace is raised to a degree sufficient 
to partly íuse the oxidised charge then present; the roasted 
material can in this state be withdrawn from the fuma.ce into 
sheetriron wheel-barrows, in which it is allowed to solidify. The 

1 The description of tbis process bu been left practically in its original 
form, as it includes severa! typical metallurgica.l opero.tions. 
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and othcr impurities prcscnt, which had failccl to he elimiuated 
l,y thc liquation pro1:ess, are oxidised, and n portiou oí the lead 
heing siu111\ta11cously oxidisecl ancl fused, they pass iuto this oxide 
scum, and can be removed with it. Owing to the ,·aryiug clcgrce 
of oxidisaliility oí the sewral impurities, the fnscd lithargc 
obtained at diffcrent stagcs of this process contains relatiwly 
larger or i;maller quantities of thc various irnpurities. Thesc 
litharges, aftcr· rcmoval from thc furuace, are kept separa.te, ancl 
are k11own l>y the n:unc of the more important impurity thcy 
contain. Each of them is afterwurds reduced by itself in a small 
blast-furnace, the product being in each case a readily mnrke~iblc 
hard load, the impuro lithargc hcing fin,t fuscd with a small 
percentage of carl,on to reduce a portion of the lead, and in this 
way to collect any silver that may be present in t~e reduced lead 
fom1ed. Any copper, too, that may ha.ve pa.<;sed into thc liquated 
lead is nlso oxidised, but thc bismuth remains with the lead. 
Small quantities of thc precions 111etals always pass into the fused 
oxide \ayer on the surface of the lead, but by far the largor 
proportion of that originally charged ioto the furoace rcmains 
with tho purificd lead. 'l'his lead is thcn trcated by thc ordinary 
Pilttinson process, the lead bciog !in,t melted a.t a low temperature 
and then allowed to cool b'radnally, the lcad crystals poor in silvcr 
being separated from tho richcr molten portion. This treatmcnt 
is rcpeated in the ordinary manner until the poor lead contains 
O·l per cent. of silvcr. Instead of continuing to troat this lead by 
tho Pnttinson process, the Parkes proccss of desilverisation by thc 
aid of zinc is cmployed for the purpose of extracting thc rcmaining 
silver and gold, the load from this trentment heing dezincified 
by an oxidising fusion, after which it is ladled into moulds and is 
rcady for tho mnrket. Thc rich Pattinsonised load is cupcllccl in 
cup<>llation•furnaces of thc German type, with non-absorbent mar! 
h~s. 'l'hc cupellation is so conducted that the lea.el, being chnrgecl 
into a hcarth of largo sizc, is oxidi:;ed until the residual material 
contains about 80 per cent. of the prccious mctals. This requircs 
a highor temperature for its further trcatment, and it is thercforo 
removed from the large furnacc to a similar but much smallcr one, 
in which tho reinaining portion of the load is climinatl'Cl, the ínst'<l 
gold and silvor bcing granulatcd by pouriog into water, thc 
granules dried, and the gold and silver parted by the aicl of 
sulphuric acid. 

'l'he litharge, if of a yellow colour, is rcduced to thc mctallic 
state by a reclncing-fnsion in 1\ small Pilz fnroace, but any red 
litharif that is pr()(luced is sold as such. Thc hcds of hoth thc 
largo and thc :;mall cupcllation-furnaces show green spoh; at thc 
places whero tho final product.-i, rich in gold and sil ver, colledcd; 
thc bismuth, not being removed hy oxidation until ncarly ali tlio 
lcacl has beco oxidisod, passcs into thesc portions of the marl-ht'Cls, 
colouring·thcm green. These green patchcs aro carefully remo,·e<l, 
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disso\ved in hyclrochloric acid, and thc hismuth oxychloricle is • 
prccipitated hy clilution with water. 'l'hii; is cither sold ns imch 
aíter pmification, or ebe is rcduood to the 111etallic state by fusion 
in crncihlcs with iron. Thc other portions of thc marl cupcllatiou 
licds, bcing rich in lcad, aro 011 this a.ccount ndded to thc various 
smelting charges. 

Zin<'.-Thc argentiferou.s zinc ores are roasted, the sulphurous 
auhydridc cvohcd hoing collected and converted into sulphuric 
acid. The dc:mlphurised ore is then mixed with carhon, nnd 
placed in thc rotorts, which are hcatcd in a regencrative furnacc 
hy gaseous fue!. The zinc distils ovcr, and is collccted in fire• 
clay receivers. The re.sidues left in thc retorti; contain tho 
precious metals, and are charged into the Pilz furnaccs with the 
lead ores. 

The zinc rich in silver and gold obulined by the Parkes process 
is distilled in an ordinary ~1organ furnace, which cousil;la·of a 
hoodcd crucible conuüned in a wind-furnacc. This completes 
thc lcad-smelting process proper, both the gold and silver prc.~ent 
in the oriwnal material~ trcated having l,een collectcd, and the 
desilvcrisod lead obtained in a form in which it is reacly for thc 
market. 

The cuprifer011s 1·eg11lus rcsulting from the orc-smeltio~ contains 
usually but a few per cent. of copper, and cousists chicfl.y of the 
sulphides of iron nnd load. It may be mentiooed th1lt it is 
necess:uy to have considerable quantities of iron pre:;ent in the 
furoacc-charge, partly on account of the desulphurising actioo of 
tho recluced metal, and partly because considerable quantities oí 
zinc are usually present, and thc zinc-oxide, passing into thc slag, 
would render it oxccedingly pnsty and difficult to fusc, wcre it 
not for tho counteracting infl.uencc of largo quantities of fcrrous 
oxide. 

This regulus, if it8 composition is such that this trcatment is 
aclmissiblc, is roasted in kilns, the sulphurous a.nhydrido produced 
heing utilised in the manufacture of sulphuric a.cid. \Yhen 
roru;tcd the regulus ii; ndded to the slng-smelting chnrge; the 
grcater portion oí the load-oxide containcd in the roasted rcgulus 
is then roduced to the mctallic s~\te, and a second regulus is pro
duced, which is poorcr in lead but richer in copper than was the 
onc rcsulting from tho orc-smcltiog. This rogulus is too rich in 
copper to admit of its being roru;ted in kilns, thc tendency of the 
pieces of regulns to clot together during the roasting l,eing too 
grcat; it is thcrcfore roasted in "stalls" which are lmilt of brick, 
and much rcsemble ordinary cattlc-stalls; they aro roo~:s.-;1 with 
low surrounding walls and a slightly sloping bcd. On this l,cd 
wood is placed, the rcgulus to he roastcd being piled up on it, 
and then covored over with a compact fayer of finely divided 
ronsted pyrites or rchrulus. The stalls aro placed in rows side 
by side

1 
and back to back, a tunoel beiog lcft hctween overy two 


