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208 PRACTICAL METALLURGY.

before by dipping in water, 50 that the slag may be
readily detached when cold. The refined button should
be flat or only slightly depressed on its upper surface,
with a thin film of an orange red colour; it should be
soft, malleable, and tough ; should break with difficulty
and have a fine silky fracture. If impure, it has more
or less the character of coarse copper.

(¢) Cleaning Refinery Slag to extract the Copper.

Fuse the slag with 20 grains carbonate of lime, 30 of
tartar and 10 of charcoal, and weigh the button of
copper obtained with the refined button.

Refinery slag is either grey, flesh-coloured, pink, pale
red, blue, or bluish green, from the presence of copper
oxide, or deep red from the presence of cuprous oxide,
which is probably due to the refining flux being too
“gharp,” i.e., containing 00 much nitre.

The effect, produced on copper by the presence of other
metals may be seen by reference to § 26. -

ASSAY OF YELLOW ORES OF COPPER.

§116. Pyritic ores are the most abundant ores of copper,
and when pure may be represented by the formula
(Cu,S,Fe,S,) containing 3481 per cent. of copper.

The dry assay of copper ores by the Cornish method
is intended to give the purchaser an idea of the quality
and quantity of metal that can be obtained by smelting
but the loss is greater in the assay than in the smelting
on the large scale. The loss of copper in the dry assay
is shown by the table on the following page.

The Cornish assay comprises the following opera-
tions -—1. Fusion for regulus. 2. Roasting the regulus
obtained. 3. Fusion for coarse eopper. 4. Cleaning the
slag from No. 3. 5. Refining the coarse copper. 6.
Cleaning the refining slag.

COPPER ASSAY.

Assuming the o :
> & the ore to contain from 10 to 2 =
of .(.rlrpfp(:r, the fu!lowing fluxes may be lake)n:g, -l:e:::::"ti
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(l:!.) Fusion for Regqulus.
e qQ N
prev;(;litqlll:: T::HPLII“;T“ pnt_i]‘r;,:. 36 b) which has been
g rious "N;\viti.‘ alec Tlﬁ} placing over a hot furnace in an
e Im.“-d :n.‘ 1 1e ore and fluxes must be ground
. (]i\-iﬁi{," g;:.‘;?:‘ :lf:i‘tll l{fI.lilI:l}‘L‘n'S:I.Il‘y, as a fine state
- g atly assists in the chemical reactions
%}]l:;l:! ::‘t”r) between the components of the mt::::th
B, it,.._ztullcnts should be well incorporated, placed in
I)l)l‘ﬂ]:_J s :;!;:].Itilli. ‘f"h‘,’l" mn‘orf‘ml with about 50 grains of
o t.\:l place in a hot fire, using same precautions
given in § 115.  Only a moderate draught should be
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210 PRACTICAL M ETALLURGY.

allowed at first, which may be regulated by partly closing
the damper, and drawing the back brick slightly for-
ward, so as to allow a little air to enter without passing
over the crucible; as the operation proceeds, the brick
is pushed back so as to close the furnace and the damper
opened. After a few minutes, effervescence oceurs, pro-
ducing large bubbles which may cause some of the ingre-
dients to overflow the sides; these bubbles may be broken
by touching with an iron rod.  In about fifteen minutes
all action ceases, and the mass settles down inte tranquil
fusion. The pot must then be removed from the fire by
tongs, and a rotatory motion imparted to dissolve any
sarticles from the sides, and cause the whole of the
regulus to collect into one button ; then pour the whole
contents into a half-round mould. When the slag on
the top has set, it should be slightly squeezed with the
tongs in the centre to form a lip, so that it may be
removed from the mould and dipped in water to make
the slag brittle, and facilitate its separation from the
regulus when cold. The mass should not on any account
be left in the water till cold, otherwise the dampness
will prevent perfect separation. Any glag adhering t0
the regulus should be carefully scraped off with a knife.
(Generally one or two small shots of regulus will be
found round the edge of the glag, and must be detached
and added to the main button. If the regulus cannob
be easily detached from the slag, the latter should be
re-meltod with a little sulphur or iron sulphide to obtain
another small button of regulus.

The slag from yellow ores is generally glassy and
dark green or black in eolour, due to oxide of iron. A
good slag should be uniform throughout in colour and
constitution, and not variegated or streaked ; should be
frangible and readily detached from the regulus. The

addition of fluor-spar in the fusion facilitates the separi-
tion. Too much of the latter, however, produces a thick
stony-looking slag which corrodes the erucible.
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212 PRACTICAL METALLURGY.

at the end is put in each pot, being nsed for oceasional
stirring during the process. The operation should be
commenced at a low red heat, -and the temperature
gradually increased to a clear red. For the first twenty
minutes frequent stirring is necessary to prevent clotting,
afterwards only occasional stirring will be required. 1f
the temperature is too low at first, sulphate of copper is
formed ; if too high, the mass will frit together and
prevent perfect oxidation. The completion of the
roasting may be determined by removing the crucible
from the fire and wafting a current of air across it with the
hand, when no odour of sulphur dioxide will be pereeived
if the oxidation is complete. In order to decompose any
sulphate which may have formed, 20 grains of finely-
powdered anthracite is added, and the roasting continued
with stirring for ten or fifteen minutes at a bright red
heat. With a successful operation the powder should
remain free from lumps to the end. If any lumps are
formed by clotting, the regulus must be ground in the mor-
tar again with a little anthracite, transferred to erucible,
and again roasted. Any particles adhering to the stirring
rods must be completely scraped off. Tnstead of a
erncible, the roasting may be performed in a scorifiery
previously rubbed with hematite powder, and heated ina
muffle : this method requires less attention than the
former.

(c) Fusion for Coarse Copper.

The roasted regulus is mixed with—

50 grains of carbonate of soda, 80 grains of tartar, and 30
grains of borax. Or, 80 grains of tartar, 30 of borax, an
90 of nitre, in the same crueible employed for roasting,
which avoids any liability to loss as is the case when it
has to be transferred from a scorifier. Put into a hot
fire and proceed as deseribed in § 115 ().

(d) Clean the slag aceording to directions given il
$115 (B).

GREY ORES.
e il

(¢) Re : e
It) shm_{i]l('leldnd]dm" refinery slag as in § 115 (¢)
he observed that roas b 2 {¢c).
substance to a rie A1 Lhat Ic asted regulus is a simi
o ice to a rich oxidised ore, and m: 15 18 a similar
e same way. » and may be treated in

.GREY ORES.
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nic and sulphur, and at the same time pre-

to expel arse
vent agglomeration of the powder.

GERMAN C( )PPER ASSAY.

Cornish method

«ation differs from the
5 obtained, as a

§ 118. This opers
in several p;n'livul:nw:; and the result
seneral rule, are said to be a little higher.

The fluxes and re-agents employed are borax, glass,
salt, charcoal, _e.:mp'niu-, and black flux (uhmined by
deflagrating tWo parts of tartar and one of nitre), whie

is used as a reducing agent.
e :
The method comprises the
1st. Roasting to oxidise and remove VO
and. Melting for coarse copper-
ard. Refining the crude copper ©

following n'i'wr.dinns :
latile impurit-ios.

hiained from No. 2

(@) Roasting. .
About 60 grains of the tim-l_\'-pnwdurcd ore 18 placed

in a roasting dish or scorifier, which has been pre-
viously rubbed with an unctuous variety of hematite to
prc\-'ct'u_- the ore sticking to the vessel, introduced into
a red-hot mufile, and stirred for about fifteen minutes,
or until no odour of sulphurous acid is pars:ei\'ad, using
all the ]}re(:autirms mentioned 1N the Enghsh method.
The dish is then removed from muffle, the p{m‘der
brushed into an sron or bronze mortar, and mixed with
15 grains of graphite, and thoroughly im-nrp_ur;\tcd by
grinding with pestle. This mixture 15 then 1111_;rmluv:ul
o into a peculiar egg--s\mpcd crucible (Fig. b8), which
E ig laid sideways 71 the hot mufile, with its open
"a end to the front, and roasted till sweet, which
N4 generally takes ten to fifteen minutes. When
L Tead and antimony are present, & low tempera
Fig. B8 nre, with careful stirring, is required to prevent

clotting.
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!{“}) Melting for Coarse Copper.
B rOAAtAd: ore 36 mixed’
3 18 mixed wi =
flux, and on the top are with 60 grains of black
flux. 25 p op are thrown 130 i
X, 25 to 30 grains of 30 grains of black
grains of borax. :I‘Ih I;tllll;“'!lt-[-(_.ll g];m‘."m“l e m.uJO
e 1€ \\'|“,-'- S ; n = p-
of common salt, : is covered w. 5 ;
e \r{']m]i, and on the top a piec ”fh llm grains
< i e . g d < y of charcos =3
to 15 grains 'Jf‘-itrl:(' ore is rich and free l'r-uu]‘li:‘-“;d] 0
o o arsenic are added to produce : ead, 10
I"L“' o 16 crucible is then cov 0 nuny Seiid
r 3 . b T TN o =
ig. 58, and placed in fful, as shown in
B i0ally -raisod to s muffle. The temperature i
] y rais Escirs et rature is
tion taking : a very bright red
removed -:“H;”TUIEL half an heur. The t*rl‘u-iltlnille e
u'““l'iil: ‘” :“'v( to cool with its contents, ¢ t.| T ol
e the button of copper. The sl: s, and broken
ark-green glass, and the button of » slag should be a
erust of regulus. n of metal free from any

’(]i_:) Refining.
he coars:
rse copper obtai i
P tained in the last operation

18 wrapped in a piece :
of Imr'n[x, al:dt l::l ce of paper®with an equal weigl
heated in the njulﬁl}fd Iln a small red-hot Sl‘nri?i;::
melts, when the bri 'k d| v few minutes the ecoppe
moved to .-;I[.,w‘. 2 ”( osing the muffle should hl.!“l“
s of the f“_-l‘_tr.umrut, of air to pass over it {']‘IIE
button of cop ;“ ]:—1-; metals gradually pass from off [[w
sinks ]'H‘Hl‘;!f}ll];}ll“ \; tich at last emits a greenish li"}]l“
e r.ﬁa:nmx. and solidifies. The “'Ni—fl-_'_
B Totion of 1:::, \ ('-(‘}!D]t'll in water, and, \\‘ht,n“:.‘,]:lh
ediming of m]]]jﬂ! I;e;‘h lllwt:u-hwl from Ahainlhe s iy
A unuxi;]j.;pdh ‘l.vl.\ll'l on the principle, that cop ye:
are present e "T ong as more oxidisable "'il‘tl.;
form a fusible sl oxides of which unite with b 5
S siag. orax to
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and sulphate
in a muffle till the sulphur 1s nearly
a little of ammonium ¢
sulphur is expelled.

PRACTICAL ME TALLURGY.

THOD FOR THE VALUATION
OF COPPER ORES, SLAGS, AND ALLOYS,
CONTAINING COPPER, LEAD, BISMUTH,
NICKEL, AND COBALT.

§119. (a) Roasting.

About 4 grammes of the ore,
s, are taken for assay.

containing sulphides
Roast on a scorifier
expelled ; then add
.arbonate, and heat until all the
Ores containing gypsunl, heavy
alkaline sulphides in combination with
first fused in a crucible with 4
borax, § gramme of colophony
d with 10 grammes of common
sle (Fig. 59) s covered and heated
for thirty to forty minutes in a muffle. If the
metals exist as oxides along with gypsum, ete.,
then 1 gramme of metallic arsenic is added to the

L above mixture. The sulphide of sodium produced
& by the action of sulphur on borax, passes into
be dissolved out with hot water.

spar, and
metallic sulphides, are
grammes of vitrified
and the whole covere

calt. The crucil

the regulus, and may

(b) Conversion info Arsenides.

"The roasted ore or regulus is mixed wit
of arsenic, and heated for fifteen minutes in a cove
crucible (Fig. 59) pl:wvd in a red-hot muffle until all
arsenical vapours are evolved.

h 4 grammes

(c) Union of Metallic Arsen ides into @ whole, and Separe
tion of Lead and Bismuth by Fusion with Suitable Fluxes.
If the crucible used in the preceding o
the mass contained in it is covered wit
to 1 gramme of iron wire, according to the

lead present, 8 g__fi‘;uimms

peration is sound,

h from 4 grammé
amount of

of black flux, and 2 to 3'
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ammes Tl
g]{l)*-m - (,):.“:“”f.iﬁl borax, and the whole covered with
> (‘h}lr;nil((,:llu;’h nf pun{i[(;] common salt, and a piece
L e top. The cover i : L
then it is placed i ywwer is put on crucible;
= t;:; is placed in hot muffle, when a L‘,’E‘Iihl'llly : 1cible ;
n = T < £ "TeAS-
l:j" : ,lpt'mt"r" 18 used for twenty-five to thirty ihote
Remove, eool and break open the pot. T gt
be dark green or black L3555 4y pos he slag should
common salt, and at th(: lmm..;:l mi._hl a grey crust of
) T ; ne or § : the re

lead, which contains the sily 1 or side is the reduced
antimony, if present ll. silver, bismuth, and some of the
¥ esent, but no copper. T S
be detache : pper. The regult av
et u_llul from the lead with a knife by b ] S
away with a pestle in a mortar. Bi , ttj:  breaking

as lead, 1 = i war. Jismuth acts the s
\f I: nt, be mng l)!"!l,l‘lc, 18 more d“}it']l][ £ same
rom the regulus. . to separate

(d) .\"r']mrqHun of Arseni
of Arsenide of Iron and Oxi Zine fi
o i of ul Oride e fri
!keT.lhm-nu!r:f of Nickel, Cobalt and Copper. il
_ The d'r.-_;umt!cs are placed with 2 to 3 grar 3
In a scorifier, and raised to a white heat A
g coriic, o a » heat 1n a muffle. ;
s q\,‘“““lj“ s, the muflle is partly opened, and as q;\"n*-l”
J = P 5 ; . 2 y ¢ a8k 1 48
K y has acquired a bright vapourising surf s
temperature is so regulated that s oot -
may form on the a‘u?'f‘tl‘« ar IIM‘ ot
k. e surface and pass into the borax. If
<t ature is toc £ 2 388 o1 bri
if too low, the wi i, e
B , the whole surface becomes oxidised 'l'h:
3 iil.ln;-:.(.-{l!flll)il‘ll" when the surface becomes tranc uilL
S es of arsenic begin to escape. At this as;tl ;
3 Qi " ), o - 1 r ¢ : o
o _.lemu_lhul, and zinc volatilised If the a s
= : ; 2 aA8sayv gels
Bh”“w with a crust before the temperature f't"llul':
o m1 ll[]hllf.hL]t‘ll(_\ of borax, and the operation %’1 :
epeate V. i - : “Th.
s Ii:.; trt: with more borax in another scorifier Tlh::
as&fmm - ’<,}mf)\ ed, partly quenched in water, and cleaned
ag by tapping with a hammer ' =

3 ;
r(r("}) }ir‘mmvrl of Excess of Arsenic by Polatilisation
wj(_h“; 'l-:t_t-nl?fl‘;})-ta]]l('ll from the last operation i mixed
grain of borax wrapped in a little tissue paper, then
et
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218 PRACTICAL METALLURGY.

placed in a cavity scooped out of a lump of charcoal and
melted in a closed muffle; when the metal exhibits a
shining appearance and begins to evolve arsenical
VAPOUTS, the mufie is partly opened to increase the
volatilisation. When vapours cease, remoye from mufile,
and weigh the button, which should have a dull, black
surface and contain the definite compounds—
Co,As,, Ni As, and CugAs,

(f) Separation of the Arsen ides of Cobalt from the Arsen-
ides of Nickel and Copper.

The weighed button of speise is wrapped in paper and
placed in a hot scorifier, containing about 1 gramme of
horax, and heated nearly to whiteness ; a current of air
is then admitted to oxidise the cobalt. which is scorified
by the borax. Two or three pieces of charcoal are placed
in front during the coruscation. As soon as a green film
of arsenide of nickel appears, the vessel is removed,
partly quvnc!wd in water, allowed to cool, the speise de-
tached and weighed. The loss represents the Co,As,
containing 61 per cent. of cobalt.

(g) Separation of Arsenide of Nickel from Arsenide of
Copper. y

The speise obtained from the last operation is treated
with borax as before, heated till no more green films
appear, and arsenical vapours begin to come off from the
decomposition of arsenide of copper. The temperature
must be gradually Jowered as the arsenide of nickel 18
removed, because the arsenide of copper is more easily
fusible. The button is again weighed ; the loss repre
senting the Ni As,, and the arsenic volatilised from the
copper ; so that the nickel cannot be computed till the
amount of copper is known.

(k) Volatilisation of the Arsenic combined with Copper, and

estimation of Nickel and Copper- L
The button of arsenide of copper 1s laid in the cavity

LEAD ASSAY. a1e

of a piece of glowing charcoal placed in a muffle, and the
latter closed till the speise is melted. The nnllih- de =
15 then opened ; the charcoal drawn near the front wl '”'.II
is partly blocked np with glowing coals and the t:-lt‘n]-

rature kept at a bright red, until films of cuprnus:u;en.it 2

egin to appear on the surface of the metal. The tem wr{
ture is then raised until the metal exhibits the Ijui dl.
green colour of pure copper, and the films which fm::
upon it 'szkv their appearance at the top and not on tl l
sides. The assay is then removed, quenched inl w-tt;'lb
am_i the button of copper, which should be m'i!lv:d.f;.
weighed. The weight of copper obtained indicates the
amount. of copper present in the assay. To :in'-tvrzmi. :
the.nl('kel{ the copper is calculated as Cu As,: the I'I:‘
su]tll‘}: weight is deducted from the known r\I\“l:i-f'l'lt :i: IIIL;
arsenides of nickel and copper together and the cliﬂ'-‘f.
ence gives the weight of NiAs, which contains 61 'I-
cent. of nickel. = R

If the copper alloy is free from nickel and eobalt, as is
often the case, then the operations ( f) and (g) }n:(:a;m"
unnecessary, and the process is reduced to the se x;r-ntin:n
of arsenide of iron, including antimony and ;'i.lll(‘ ‘fl:nlll
the arsenide of copper. (Watt’s [lic-iinn:n:\',]m:u h:’., vol.ii )

ASSAY OF LEAD ORES AND PRODUCTS.

§ 120. (a) This assay may be conveniently divided into
two classes. The first, comprising all those which con
tain sulphur, phosphorus, and arsenic, such as galena
pyromorphite, ete. The second, including all substances
other than the foregoing, which contain Tcad hin ‘n; 0\1

dised state, such as carbonates, oxides, etc.

: 1.(}(35) T}E}e fluxes and reagents employed are - —Metallic
llln, alkaline carbonates, black flux, nitre, tartar, sodium
chloride, carbon, and borax. :
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220 PRACTICAL METALLURGY.

(¢) Metallic iron completely decomposes sulphide and
silicate of lead, as shown by the following equations :—
PbS+ Fe= FeS+Pb.
2Ph0,Si0, + 2Fe = 2Fe0,5i0, + 2Pb.

(@) Sodium carbonate partially decomposes galena,
forming some metallic lead ; the remaining lead sulphide
passes into the grey fusible slag, thus :— :

7PbS + 4Na,0 = 4Pb + Na SO, + 3(PbS,NagS).

If iron be added along with the sodium carbonate, the

reduction is complete.

(¢) Nitre completely decomposes galena when present
in the right quantity, but if in excess, the reduced lead
would be oxidised.

9PhS + 2KNO, =80, + K80, + N, + 2Pb.

(f) Tartar and charcoal reduce oxides, and favour the
reduction of galena, ete., by is'ﬂalm_g a portion of the
lead, and forming a quantity of alkaline sulphide.

FIRST METHOD.

§121. For this purpose take a sample of galena weighing
about 12,000 grains ; dry ; powder in an iron MOrtar;
pass through a sieve with sixty mvv.v-hns to the inch and
well mix together. It may sometimes happen that mak
Jeable particles remain which will not pass through the
sieve ; these must be put on one side and assayed separ
ately, the proportionate amount of metal being added to
each assay made from the above quantity.

a) Assay in Earthen Crucible. ) :
'(I‘i)\c pot “used is about 33 inches high and 11 131&!1]&8
wide (Fig. 35 d). Take 400 grains of ore, 300 grains of

LEAD ASSAY. 291

carbonate of soda, and 30 grains of tartar ; well mix
and introduce into the crucible, then* cover with an-
other 100 grains of carbonate of soda, and insert a
piece of hoop iron bent into a  shape. Or,
instead of 400 grains of carbonate of soda, 350 grains
may be mixed with the ore and tartar, and 50 grains of
borax placed on the top. Place the crucible into a hot
fire containing no black coke, but all in the glowing state;
cover the mouth of crucible loosely with a piece of coke;
well pack round with hot coke ; cover furnace with bricks
at top so as to exclude the air as much as possible during
the operation, and heat for about fifteen minutes. Take
hold of the iron with tongs, stir the contents of crucible
with it, carefully shake into the pot any globules of lead
adhering to the iron, and invert dt so as to have the bow
rt at the bottom ; again cover with piece of coke, and
eat for about ten minutes longer, when the liquid should
be tranquil, and the reduction complete. Now remove
the iron, taking care to detach any lead ; remove crucible
from fire, and pour the contents into a dry, half-round
mould. AMow to stand until perfectly cool; then detach
slag by hammering the button placed edgewise on a clean
anvil so as to squeeze off the regulus and obtain the lead
in & rectangular shape. Again hammer the edge so asto
produce a rough square shape. Finally, hammer the cor-
ners so as to make 1t octagonal in shape, thus:—
If the mass be at all hammered on the larger flat O
surface, some of the regulus will be forced into the
lead, making it very difficult to remove, and thus giving
too high a result. The metal thus treated will be soft
and malleable if pure. A layer of glistening lead sulphide
indicates, of course, that the reduction has been incom-
plete. If the heat is continued too long and air admitted,
some lead will be oxidised and form silicate with the
clay of the crucible, whilst some will be volatilised. A
hard, brittle metal indicates the probable presence of
antimony and arsenie.
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Instead of the hoop iron bent in N shape, two pieces
may be used, placed so \/. Or three wrought-iron
nails, inverting as before at the end of fifteen minutes. X
On making experiments with hoop iron and nails, as de-
seribed above, the following results were ol tained from a

sample of galena :—

78:50 per cent.
78.75 e

l

In the third case there is a tendency of the nails fo
carry away a little lead, especially if not reversed during
the process.

Some assayers use iron filings, but this is not to be
recommended, as particles of iron are liable to be
retained by the reduced lead and increase its weight.

(b) Assay of Galena in an Iron Crucible.

In this case the addition of metallic iron is dispensed
with, the crucible itself answering the purpose, being
gradually worn away by repeated operations. For this
purpose a piece of good wronght-iron plate about 4 inch
thick is turned up in the form of a crucible, and the
edges welded. The bottom is filled with a thick iron
plug, which 1s then firmly welded to the sides, and the
whole finished smooth by hammering on a suitable
mandril. Such a pot may be used alone when assaying
pure galena, but it is generally advisable to add fluxes a8
in a clay pot. When used alone, it should be heated to
redness, and the powdered ore introduced by means of &
copper scoop Or a piece of clean sheet-iron bent in the
form of a spout, then replaced in the fire, well packed
round with coke, and covered also with a- piece of coke

LEAD ASSAY.

The temperature is then gradually raised, during whicl
the contents become liquid, giving nff-qu:;.ntiticfof ,,‘ 5
In ten to fifteen minutes the sides of the pot simul ihln"
scn_tpexl with an iron rod to detach any particles of n:et'“i
which may adhere to it. The erucible is again cove “'i]
and left in the closed furnace another five n?itmtee tll t;l

mnun’cd,':'uu] .th, contents poured into a Inif‘.:-nu“.[;
mnu!d. T'he su]_ua are then scraped with an in:n rod lt“e

obtain any particles of lead remaining, which particl ,
are cleaned from slag, and added to the main Il 1k t}
metal, and the whole weighed. ( S

f(c) As \s'mught-_irtm crucibles are expensive, pots made
of malleable cast-iron may be substituted, but the tem-
perature must not be allowegd to get too high, or the
erucible itself will melt. ; <25
For fusion in an i i
i an iron pot with fluxes, the following
proportions may be used :— gaiiecr s

L | I '

_(')re,’ - - 500 grs. | Ore, - 7 RO |
Sodic carbonate, 500 ,, | Sodic carbonate -I.'nu. 3t

Tartar, - 50 ,, | Tartar, 1" Lhp

Borax, - 50

¥

With the first proportions, about 50 grains
bonate of soda are Il_*ft}tn cover the I::i,‘(illr:;::flt:[‘: t:]{:1 ‘im:;
in the pot. In the second case the 50 'a.‘iim.-f[}‘l e
serve this purpose. PR
4 .:\‘!. hcfur.c, the eruecible is made red hot, removed from
T};,‘hre .w introduce the assay mixture and then replaced.
e operation is conducted in precisely the same way as
when the iron crucible alone is used. g + 3l
'[)I)(’?}'ttl-lil;_‘; on the same ore as mentioned in § 1214, th
following results were obtained from two ;1.'\'3*;1;-5 ;e ;
78:60 per cent. and 78:88 per cent.
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proportions of fluxe
Either of the two following proportions may be used :—
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(d) Assay of Pyromorphite, known as Green Linnet.
Phosphate of lead ores are treated with the following
s, and assayed in an earthen crucible.

\
L [ IL
Ore, - - 300 | Ore = 300
Carb. of soda, - 350 | Carb. of soda, - 400
Tartar, - : 100 Charcoal, - 25

Borax, - 30 Borax, - - 30

The first three substances are well mixed together,
placed in clay crucible, and covered with the 30 grains
of borax. The temperature should be gradually raised,
and care should be taken to obtain a uniform heat in all
parts of the pot, as a somewhat violent reaction oceurs,
and the substance is liable to boil over, when the assay

would be vitiated.

The general temperature
galena, and a good bright
with. The lead is detache
weighed. The following results were

above mixtures :—
1st mixture, 62-23 per cent. 9nd mixture, 61:96 per cents
6216 = G1:605 0

- 3]

should be higher than with
red heat obtained to finish
d from slag as before, and
obtained with the

2 1]

METHOD EMPLOYED IN THE UPPER HARTZ

f the finely powdered ore is mixed
s its weight of dry carbonate of
of the Hessian shape, and
r of common salt about$
on, and the pot put into
ised to its highest heat
the mouth of the

§122. 5°7 grammes o
with three or four time
potash, placed in a clay crucible
the mixture covered with a laye
inch thick. The lid is then put
a hot miuffle, which is then ra
To prevent andue acecession of air,
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mutffle is surround i i
€ ded with glowing
oo ] ing coals. In from twenty
d-nn;.l::}i ;mtr}mte.s the mass will be perfectly flls&’d“'('lt']tl-‘
8 ] b t] T < 2
famper ten]“-‘ partly closed, and the mufile o ;em;l
pod’ iperature has fallen to a low red he % : d
>. {0 .y q » oy - v : ; 1;L ¢
all th:E::;t'I]a, Ellnc. disappeared. The temperature :1:”;
mass i i t_f ¢ maintained sufficiently high to L(- :T
« -S Yo T .3 L = °eD ?
f»; : lli”}:([ ect ftmcu!. T'he assay is left at this o
w(l( r;a; ier fifteen minutes, then removed all \ p(l”nlt‘
)l, the erucible broke ‘ Mgt
n, the sl tac
button of lead welghed : o8 detschion, antiihe
If the assay has bee) ‘
L th'l‘l,':;::? t}14? l_n'un ;zm-nssful, the button of metal
he characteristic colour, malleability =
ke L : , malleability, and softness
g !t :r_ inful. If the slag shows on ‘the surfa ‘(:u *?
hf‘: .d ion Iljlllvth{h metal lead-orey spots with a 1‘ ‘t “"J
stre, there will generally be clistenin | sulohide
Sre, 2 _ y be glistening lead sulphide
oo :Illlklhll{ on !Hm surface of the button of II}l t‘]l
:h then has a dark colour 1 iy
i A : r and high metallic lustr
:}fltllo,!:mlrfnn is laminated, brittle, and white in ttt.l i
ére has been an insuffici . ¢
. _ 5 1ency of flux, or tl
i 2 ! Y O , Or the metal ¢
gh(i:] l;nr'nnun) and arsenic. When successful H:] ]U"l]
] ony : ssful, the les
bri][;lint l.l.‘rll.‘ a bluish appearance, rather dull rh::
ant, he slag should be homogeneous : il
settled down towards the bottor fh A I'IIII; e
e o ww : itom of crucible, showing
! ,t‘!“ nr has been proper fusion. The sodium chlori ;r
7] o ~ a ¢ 3 r - ¥ ‘ :
(—,hj(.].;”-ir ]:_nm:_« a thick light-coloured slag overlyine 1;:
u‘(i,h\q' ark coloured slag which contains the -Im'-?a]l:‘
oxides. A porous slag containing metallie glol e
fates too small a quantity of Hu\"- : ]l S
B oo s L X or too low a tempera
o s‘b.n]hfmt‘ vitreous slag, too hich a ter “-}
and scorification of lead ¥ B

weture,

8129, o Q
§122A. Lead Matt (PbS) and Lead Fume are smeltad

:;l‘"‘l:]}]tl t;l._::‘:l:;"l(‘il[,m.n (if }lnl‘&}.\' and coal dust to the potas-
v ;N;;“-I;:l.!,’ .Hil‘!}il" first heat continued longer than
l‘edllwclhl({ g f.??“!‘-h. ‘] I.“' ]_ml.-t.?‘h of the carbonate is
e I} :I:hllllll,r“ hile it yields its oxygen to the
I i the matt forming sulphuric acid ; the liber

P
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226 PRACTICAL METALLURGY.

ated potassium takes up sulphur from another portion
of the matt forming potassium sulphide. The matt
would in this way soon lose all its sulphur if a com-
bination—a sulphur salt—of potassium_sulphide with
Jead sulphide did not form, and resist all further action
of the potassinm carbonate thus :—

AK.CO, + TPbS = 4P + 3(K,S,PbS) + K80, +4C0,.

SECOND METHOD.

§ 123. The assay of oxidised ores and products free from
sulphur, arsenie, and phosphorus, is a simple operat ion, if
care be taken that sufficientcarbon or carbonaceous matter
is added, to reduce the oxide to the metallic state. The
metalliferous matter must be ground and passed through
a fine sieve.

(a) Take 400 grains of ore, mix with 600 grains of dry
carbonate of soda, and 15 to 20 grains of charcoal, place
in a clay crucible, which should not be more than half full,
and cover with a layer of common salt. The crucible
should be phu'.r_zd well down in the fire, and must be
kept at a moderate temperature, carefully watched
ghrough the space between the two bricks to see if any
portion through swelling up of the fluxes passes over the
sides. In such a case, the draught should be checked
and the bubbles broken as they form, by means of an
iron rod : but if the crucible is placed well down in the
fire, and all parts at the same temperature, this nuisance
will be avoided. In a few minutes the boiling will ceasg
and gas will no longer be given off ; then raise the tem-
perature for a few minutes, when the mass will soon
sottle down into tranquil fusion. Remove from firgy
impart to crucible a rotatory motion to shake down all
purtides of lead, so as to form a single button ab the
bottom, and pour into a dry mould, which has been
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ghcr]:ta:ﬁi ht:;, I;revent the f1rnletal sticking. When the

] as been successfully performed, t}

t 58 boen & y pe , the coole

la o will ;{rv_‘bent a smooth concave surface with a ntr];:l\::sl.

tl}lle re.t s;a.f]cr plan is to allow the contents to ool in
pot, and break the latter to obtain the lead. The

y LS & (I e Fig S]: ) &
i h 1ts a h ring A, 18 1'[( n n ere: Il &r
I'b AR wit amme d on a
a.m:l} I-U-"\il”(’.EIe of t,Ile %].‘\a‘7 y B0me § ]'hl” p(bl tions cannot
ﬂ.lWr'l)‘ 5 [K, S(.’Il«“t"(‘d h‘ mec hdnu -11 means. l hf'\ may ]K‘
ovel ) ng 1 5 ]l ' 3
g alt containin “I hllr’l L']ll
remov l ' b3 Ilﬂ INng in water nte g g C &
ﬂnd hrllshl!’]b“ the ‘m('.t.ll W 1!}}] a h l.t‘il b] llﬁh.

(6) Instead of the i :
stes 3 assay mix iven above, eg
eorrect results may be ulat-zi':::-tiu;'e. St above, Of[wl“}'
i ) amed by either of the follow-
3 by "
400 grai l £
S grains ore. | 400 grains ore
2 » carbonateofsoda. | 800 black fl
200 tartar. | 7 5 e

3

= i
tach « above mixed s
of the above mixed and covered with borax

ESTIMATION OF SILVER IN LEAD.

)] 3 4 ’
4 E'a;‘:ft(m}:f]f::“ ’()Tfi}i of lead contain silver, this metal is
<2 c}“.m Lt .I_...uu its amount estimated in a sample
taine(i : : ‘-L er 18 unknown. This information is ascer-
)y subjecting the lead obtained to the

cupellation. it

U ['his method i_a' based on the fact that lead
. : .1{ current of air is oxidised, while silver
(jwie;:' ntii:hter.c«l”(_cxcu[u.l!hut it absorbs some of the
¥e 2chanically), and when this is effi in a
porous receptacle, t} i i or
: acle, the -oxide of lead is ¢

e bk ad 1s completely ab-
1, leay ing the silver on the surface in the nnalloyed

state, or "t“l'l ed only wit f'(}i(] |||(I mer il(*]‘\-{ of the
> ¥ l ]l v <
: A h = < nemoers o f h(
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(¢) The assay for silver is.conducted in shallow vessels
made of bone ash called cupels, a description of the manu-
facture of whieh is given in § 22. . The cupels are placed
in & hot mufile, and left for a few minutes to attain the
game temperature, which shonld be of such a degree
that the lead may melt in a minute or two after its in-
troduction. The lumps of metal are weighed and then
charged into the cupels. When melted, the muffle door
is elosed until the operation is completed. If the tem
perature is too low, the lead will oxidise instead of
melting, forming a thick crust on its surface, then when
the temperature is raised, the lead is spirted up through
this erust causing loss. If the temperature is too high,
dense fumes will arise from the volatilisation of lead
sarrying with them particles of the molten metal, hencé
causing a loss of silver. When the right degree of heat
is secured, the lead will have a bright and convexa
pearance, the vapours arise gently, and be prompHy
carried away by the draught, but there will be no
violent projection of liquid particles, and the film of
oxide as it forms will be carried from the top to the base
of the liquid button, there being absorbed by the bone
ash. Towards the completion of the process, the film of
oxide becomes much thinner, producing a display of
iridescent colours. In a chort time these disappear, a
the silver remains bright. During this stage the tems
perature should be raised by opening the damper, 5088
to remove the last traces of lead from the silver. The
phenomenon of « flashing,” which is quite distinet from
brightening, then takes place. The button cools down
below its solidifying point without actually becomilg
solid, and then suddenly emits a bright light or flashes;
and then becomes solid. :

(b) Suceess also depends on the quantity of air pas
ing through the muffle in the draught. - When the aE
current is too rapid, the cupel is cooled, and the 1
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being oxidised faster than the oxide can be absorbed by

the cupel, the oxide may completely cover the metal and
rotect it from further oxidation. When the cu.rrun‘l, i

too feeble, the completion of the assay is unneces&;aril;

delayed.

be(r) When properly conducted, the assay button should
round, h[‘l;ﬂ!l. and smooth on its ni}[-wr surface, and
when cold, easily removed from the cupel by a ]):I.‘j.[‘ of
pliers. Any matter adhering to the bottom may be
gnw_vud }_ay}sqm;ezmg the button with the pliers, or
pping on the edge with a hammer, ¢ ing wi
a hs . and brus T W
a hard tooth brush. g
: Silver contained in lead or ores is reported in this coun
in tro es, dwts., 2 i 140 Ths.
Iy y ounces, dwts., ‘sn(l. grains, per ton of 2240 Ibs.

: (:ll) ]1 hfa following are the results from two buttons of
ead obtained from the assay of 400 grains of galena in
earthen crucibles mentioned in § 121.
l‘.m'l obtained - 3120 3138
Silver : 202 -204
Wt. of Pb. | [ No. of grains | [ W. of Ag |
ingrains. | inllb. f ') obtained. [ ™
312 - 7000 g 202 : 4532
, Ibs. in 1 ton. RS
1 Ib. : 2240 3 4532 : 101562.
(_?ne, .11111 of t-h(; ;i‘hm'c lead therefore contains 10152
grains Ag, and this is reduced to oz. and dwts. thus:—
oy 6| 10152
1 4] 1692
2,0 42,3
21°3-0.
ThThe lead contains 21 oz 3 dwts. of silver per ton.
e amount of silver per ton of ore is calculated in same

way, substituting 400 in the first orti :
Y, _ e first proportion for 312, and
both results shown as follows :— :
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‘ Per Ton of Lead.| Per Ton of ()rr-_

= - |
| grs. | oz |dwts! grs. | oz ialwts y

1. Wt. of ore 400 | 0 ,l i | =5

| lead 312 | Wt. ong 2021 2 3 ‘ 0 ‘ 16 | 9

2. Wt. of ore 400} 5 ol | o e Lo
| =, lead 3138/ 2424 ha HE

§ 1‘7'& d.}?l(‘ nhu“mf'dmnum nf 51]‘. er contained in one
ton of ore corresponding to the weight obtained from 400

grains:

| 1f 400 Grains . e If 400 Grains | P Ove
Vgt <)rc‘)'irlrl One Ton of Ore ! of Ore vield [)ni?;?“-iefm ro
| fine Metal will give | “fine Metal y

dwts. v gr.
1 ; 200
3 | 300 24
b 400 32
500 40
600 49
006 700 87
007 800 65
008 000 73
009 1-000 81
010 2-000 163
020 3000 | 245
030 4000 | 326
040 5000 408
050 6-000 490
060 7-000 571
070 3-000 653
080 9000 735
090 10000 816

-100

.
001

002
003
004
005

coccoocoCk

(=R - S U =

When the silver n!nt.unml in the above processes cof-
tains gold, it is separated by dissolving out the silverin
nitric acid, and the weight of the gold is deducted hefore
u}-mputmg1 the amount uf silver ])r(‘sent

ASSAY OF SILVER ORES, PRODUCTS,
AND ALLOYS.

This assay may be conveniently studied under three
heads, viz. :
I. Treatment of bullion, coin, and plate.
I1. Ores of all kinds containing silver.
III. Various products and waste matters containing
silver, such as litharge, slags, sweep, ete.

First Method. BuruioN, CoiN, AND PLATE.

§ 126. This assay is effected by means of cupellation
which has been partly explained under the assay of
argentiferous lead. Care must be taken that the sample
employed represents the avhole mass from which it is
obtained, as alloys of silver and copper are liable to
undergo liquation, so that different parts of the same
ingot will give discordant results.

(a) Professor Roberts-Austen has made a special study
of this subject. He cast the alloys in eubical fire-brick
moulds, in which they could be cooled either rapidly
or slowly. His results are embodied in the following
table .—

{

Partsof | Maximum Vari-

; lggtsol | Rateof | ation of Silver
Name of Alloy. 1‘:;;‘]1;;&"'0‘ Cooling. | n different

i part=,
I T =
{ British standard | a rapid | 128 per i(N)O
coin | slow 14

0ld French rapid | 101 i
standard coin z slow 18 i

Levol’s homo- 71893 alow a8
geneous alloy

AgCua | 630:3 slow 211 ,,

AgCu, | 3333 slow |128 ,,
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