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352 BISMUTH.—METALLURGY.
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BISMUTH.

The contents are then well stirred
gd till
][nllli-I. and then ladled into eonical. monlds.

becomes pasty.

to effect complete mixture, rehea

""H.\-.

The
bismuth, together with the cobalt speiss, subsides
to the bottom, and on cooling is separated from the
8peiss, which, however, still retains about 2 per
cent. of bismuth.

Refining—1The bismuth obtair

ed by these metl
is contaminated with arsenie, iron, copper, and silver

The greater part of the arsenic may be removed h_\'
strongly heating the bismuth in
];l}'i.'l‘ of charcoal, when the ars

rucible under a
1 off in
-i]-_-'.ruf ron

tr

vapour. TAMM recommends immersing

in bismuth fused under a layer of borax.

the still fluid bismuth may be decanted from the
iron arsenide, which solidifies more rapidly.

moved by treating the fused metal with one-sixteenth
part of a mixture of 8 parts potassium cyanide, with
J parts of sulphur, the ecrucible being kept covered
during the deflagration that ensues.
then well stirred and the flux allowed to set, upon
which the metal is poured out.

Antimony may be removed by heating the bis-
muth with about 3 parts of teroxide of bismuth for
each part of antimony present, the antimony being
converted into oxide, while the oxide of bismuth is
at the same time reduced to th

The metal is

e metallic state.
Bismuth, when required pure, may be prepared

by dissolving ordinary bismuth in just sufficient
nitric acid, filtering from arseniate of bismuth and
other insoluble impurities, and then largely diluting
with water, which precipitates the hismuth as basic
nitrate. This precipitate is washed and digested
with potash, after which it ain washed, and
finally reduced to the metallic
charcoal in a crucible.

state by heating with

Properties—Bismuth is a white metal with a tinge |
of red. It erystallizes in rhombohedra closely re-
sembling eubes, which are obtained arfificially in the
following manner:

A large quantity of bismuth is
fused in a crueible ; while still red hot the crucible
18 embedded in hot sand, g0 as to cool glowly. When
part of the metal has solidified and there is a firm
crust on the surface, two holes are made in the crust
with a red-hot rod, and through one of them the |
metal still remaining liquid is poured off ; the other |
hole serves to admit air.

Upon breaking the erust |
the solidified portion will be found beautifully erys-
tallized, the erystals having
caused by contact with the air while yet hot.

an iridescent tarnish,

Bis-
muth is exceedingly brittle, and it has so little
tenacity that a rod one-tenth of an inch in diameter
only sustains 40 Ibs.

Pure bismuth melts at 264° C. (607° Fahr.); at
high temperature it volatilizes, and may, though with |
great difliculty, be distilled. Its specific gravity is |
variously given at from 96 to 9-8, the higher number
i :t.  When subjected
ssure, instead of being rendered denser, it is
reduced in specific gravity. Thus MARcHAND and
SCHEERER, by submitting a eylinder of the metal to

VOL. L.
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REFINING—PROPERTIES.
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1l mass of iron.—(WEBER.)

tion

Bismuth,

like water, expands on solidification ;

but while w

» expands on cooling from 4° C. to
t, bismuth only expands at the
moment of solidification.—(Tripe.) When fused it
1 degrees below its melting
point without solidifying, but the instant that solidi-

fication begins, the temperature rises to the fusing

the freezing poi

can ]\I‘ ('”l?!\'l] 5

point, and remains so till the whole has solidified.—
(URe.)

Bismuth is not affected by dry

and is only

slightly acted on by a moist atmosphere ; its vapour

| decomposes steam (ReGyavrt), and the solid metal
Copper, according to the same authority, may be re-

at a white heat decomposes water.
heated in the

When strongly
air, it burns with a bluish flame, evolv-
ing ]i:_:.:ui I\'l-”-’a\‘.' fumes of bismuthous (?.\iill‘, Bi.( l.:,
In chlorine gas, divided bismuth takes fire, forming
bismuthous chloride, BiCl,. It is att with
di but is
I'l‘:14|1'[‘\'

ked

eids

iculty by hydrochloric and sulphuric

dissolved by slichtly dilute nitric or nitro-
hydrochloric acids, forming bismuthous nitrate and
chloride respectively. It also enters into combination
with most of the non-metallic elements, and with
many inorganic negat
Uses in the Aris.
useful by itself

ive radicles.
-Bismuth
and hence is chiefly ex

with

to he
ployed in the

is too brittle

other metals, generally lead

=

the resulting

alloy the property of expansion

on solidif red to.
bismuth is of considerable wvalue, its alloy with tin

being very sonorous.

tion above reft In bell-founding,

Bismuth is sometimes 1-|J|]-]n|\'l-11 in .\:[l_']'i_'i.'lf\'lnt:

e property, which
on, and
for the same reason it is used by die sinkers in the
fusible metal employed to test the aceuracy and
finish of a die.

Fusible metal is an alloy of

causes the alloy to take a very exact impre

ismuth, tin, and lead.
Thus, an alloy of 8 parts bismuth, 5 of lead, and 3 of
tin melts at 202" Fahr.; and another, consisting of 2
parts bismuth, 1 of lead, and 1 of tin, liquefies at
200775 Fahr.—(Rosge.)
in ]Jni]in:_r water.
These fusible meta
ble by the addition of

Both these alloys are liquid

5 are rendered still more fusi-

all quantities of mereury;
guch alloys are serv
tomical preparations.

The soft solder employed by pewterers consists of
1 part bismuth, 2 of tin, and 1 of lead; and the same
a bath for temper-~
ing steel instruments, and has also been used in

able for taking casts of ana-

making the cake moulds for faney toilet S0APS,

An alloy for eleetrotype moulds is composed of 8
parts bismuth, § lead, and 3 tin. It melts at 228°
Fahr. It is allowed to cool till it acquires a pasty
consistency, and the warmed medal, or other article,
pressed upon it and kept under pressure till cold.

If 2 parts of hot mereury be added to 1 Ir.‘H'!‘ of
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BISMUTH.—OXIDES.

fused bismuth, a pasty am
after a time becomes granular, hard, and partly
crystalline. Since a small quantity of bismuth only
slightly diminishes the fluidity of mercury, it
casionally used to adulterate the latter. This fraud
may be detected by shaking the mercury with air,
when a black powder separates.—(GMELIN.)

Bismuth and silver, when fused together in equal
proportions, form a bismuth-coloured alloy. The
silver may be extracted by cupellation, in the same
manner argentiferous lead. Gold
also be extracted from its alloy with bismuth by
cupellation.

Platinum and also palladium readily alloy with
bismuth; 1 part of platinum or 2 parts of palla-
dium form rerally with 2 parts of bismuth, grey,
brittle, fusible alloys.

Bismuth when alloyed with copper renders the
copper harder, but at the same time brittle :
of bismuth and 1 of copper form an alloy having
the red colour of copper and the erystalline texture
of bismuth.

If a small quantity of bismuth be added to lead, it
makes the latter tougher without becoming brittle.
Equal weights of each give an alloy which resembles
bismuth in all its properties, being of red tint, brit-

18 OC=

as from

B

tle, and laminar.

Oxides.—Four oxides are known, viz.:—The di-
oxide, Bi,0,: bismuthous oxide, or the trioxide,
Bi0, ; tetroxide, Bi,0,; and bismuthic oxide, or
the pentoxide, Bi. 5

Bismuthous oxide, or the trioxide (Bi,0,) iz the
most important of these, and the only one which has
received any industrial application. It occurs in
nature as bismuth-ochre, associated with oxide of
iron, carbonic acid, and water, at Schneecberg and
Joachimsthal, and with gold in Siberia. It may be
readily prepared by heating the neutral or basie
nitrate until nitrie fumes to be
When pure, this oxide is of a straw yellow colour;
at a red heat it fuses to an opaque glass, which,
while hot, is dark brown or black, but on eooling
In the arts it is used for
h tem-
liceous

cease evolved.

in becomes yellow.
fixing the gilding on porcelains, since at a hig
perature it acts as a powerful flux towards
It is also employed to destroy the colours

matters.
which would be given by many substances used as
fluxes.

Hydrated bismuthous oxide {'Hi_._(')_;.]]_,'[')) forms as
a white precipitate, when an alkali is mixed with a
solution of any bismuthous salt, and as a white
powder, when the basic nitrate or chloride is tri-
turated with an alkali. When boiled with potash, it
is converted into the yellow oxide through loss of its
water of hydration. Heated with an alkaline solu-
tion of metallic sulphides, it eonverts them into the
corresponding oxides.

[_[Ih" r}xi‘i(' -ﬂll!! h:\'ill':]t(' '\\'][[‘” t]'{_‘.’lf!'ll \Tit‘h fl“'i‘].‘:
form bismuthous salts, of the general formula Bi,R,,
R being univalent,

Bismuthous salts, with the exception of the yellow
chromate, are white or colourle most of those
which contain oxygen are non-volatile, and decom-

may |

4 parts |

am is obtained, which | pose at a red heat.

The chloride is, however, vola-
The neuntral salts redden litmus paper, and
are » quantity of water,

N Bi(NO,).,5H,0. To pre-
pare this salt the metal is dissolved in v acid
with the aid of heat, and the solution econcentrated
ent

tile.

composed by

itrates.—Ternitr:

L

by evaporation; on cooling it deposits in delique
transparent prisms. The er
dilute nitric acid, and on mixing thi

stals dissolve easily in

solution with
water an insoluble basic nitrate precipitates, an acid
salt remaining in solution.

Basic Nitrate or Trinitrate of Dismuth
muthum Album, _1fr.'_-'_.l /] -’_J.Ir- _.'r;."n'.lr.'lr."."‘f, Flake TVhit \ﬁ
This compound is formed in the manner just men-
tioned, but to obtain the maximum yield, it is
recommended to add 24 parts of hot water for each

(Bis

I' Cent,

part of ternitrate; by this treatment 45 pe
of the basic nitrate is obtained.

should not be used in washing the precipit

1 water

Too mm

is rendered more basic by this treatment.
filtered liquid from the precipitate may be evapor-
ated to dryness, or nearly so, and again decomposed
addition of water, when a further quantity of the
3 from the

+ galt i3 obtained. The washi

precipitation may be used for decomposing this
second ||||:<uri1'_\'. The ]-Itl'i['::_'t[ metal must be used
in the first instance if a pure produet be de
since the subnitrate is liable to contain arseni

5!'\'4].

; illl’i
other impurities if this precaution be not taken.
Basie nitrate of bismuth thus obtained is a pearly
white powder of a loose texture, presenting the
appearance of crystalline scales under the miero-
Prepared from acid solutions with but little

scope.
water it has a silky lustre, and the erystals are acicu-
lar. The salt manifests an acid reaction witl
It varies to some extent in composition, according
to the temperature and the quantity of the water
employed in its preparation, but it agrees pretty
closely with the formula Bi(NO,),,Bi,0,,3H,0.
Oxychloride of bismuth may be prepared by

1 litinus.

..‘ul{]in:_f water to a solution of the chloride, or by
| pouring a solution of ternitrate into a solution of

common salt. It is used as a paint, and is known as

| Pe arl white.

Basic nitrate of bismuth has been
employed in medicine. It is admini pringi-
pally in affections of the stomach which are unac-
companied by any organic digease. It
particularly prescribed to relieve gastrodynia and
cramp of the stomach, to allay sickness and vomit-
Dr. PEREIRA gave
ietion with ]II\'i]I"P—

has been

ing, and as a cure for pyrosis,
it in the form of powder in con

.1"_\'illli[_‘ I'Il'i'.l I[]ixtul'i'. Zl'li‘l Telnal \.l_’ll l]lii[ E!'.(‘ '[h']!lll'llt.

geldom failed to obtain benefit from its use. Dr.
TueorHiLUSs THoOMSON recommends it in doses of 5
grains, usnally combined with 3 of gum arabie and 2
of magnesia, given every four or six hours in the
He thinks that
both for efficacy and safety it surpasses our most
[t has also
been administered in- intermittent fever and spas-
modic asthma. HARNEMANN divected a portion of it
to be introduced into a hollow tooth to allay tooth-

diarrhoea accompanying phthisis.

approved remedies for that complaint.
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ache.

septum nasi in uleeration of that part, and as a loecal
1'<'|:|n'i]_‘.' in chron

In small doses it
4
L

kin di

A,

ts as an

the secretion: but in larce doses it is undoubtedly

poisonous, It disorders the digestive orcans, L'_‘i.'i]_-'.ju;_‘r

pain, vomiting, and purging, sometimes affecting the

nervous system, producing giddiness, insensibility,
cramp of the extremities, and even death.

itant
a specific

Upon the lower animals it acts as a loeal ir

and caustic poison, and appears to exerci
influence over the lungs and nervous system.

It was formerly extensively employed as
metic; bub even here its use is dangerous

C08-
since
when thus employed it produces spasmodic trem-
bling of the face, commonly ending in paralysis.
Detection and Estimation—DBismuth in solution is
thus characterized :—
Sulphuretted hydrogen, in

hily acid or in alka-
line solutions, throws down the black tersulphide.

Alkalies precipitate white bismuthous hydrate, in-

soluble in excess of the precipitant.

Potassium chromate throws down the yellow chro-

mate, soluble in nitrie acid and ingoluble in potash.
Soluble sulphates produce no precipitate, which
fact, in conjunction with the insolubility of the

hydrate and chromate in potash, distinguishes bis- |

muth from lead.

Water throws down a white basie salt in solutions
of the
of free
where

chloride and nitrate, unless a laroe 1J1|;mt'l'l_\'
Where such is the case, or
the solution is very dilute, it is evaporated

acid be present.

nearly to dryness previously to the addition of

water ; and if sulphuric acid be present, some sodium
or ammoninm chloride should be added. The basie
salt being insoluble in tartaric acid, distinguishes it
from antimony. T action with water is very
Jefore the blow-pipe, bismuth, with
nts on charcoal, gives a brittle metallie

118 T

charaeteristie.
reduecing
bead and a yellow incrustation.

I
those of its compounds which are free ftom admixture
with other metals, the body is brought into the state
of mitrate by acting on it with nitric acid, diluting
the solution with water, heating almost to ebullition,
In

ipitate thus

timation.—When bismuth has to be estimated in

and precipitating with carbonate of ammonia.
weid the pre
produced would eontain gome oxychloride, which on
iemition would decompose, and part of the bismuth
the bismuth is

presence of hydrochlor

volatilize as chloride. In such a case
first precipitated from the acid solution with sul-
phuretted hydr and the tersulphide washed,
removed while moist, toge with the filter, to a

beaker glass, and converted into nitrate by means of

nitric a

. The end of the decomposition is indi-
cated by the separated sulphur
colour,

suming a yellow
The remains of the filter paper are then
filtered off, after addition of dilute nifric aecid, and
the filter 1ed.
are then mixed, and the bismuth precipitated with

well was The filtrate and \\:r.¢.|'1|'||_:_"':
:lltlluu1|i1|'||| t-.'u'lu::l:ll'c. the Hu|1lli'all |u-inlu- }t\'ilit_‘q

as above mentioned. The precipitate is to be col- |

It was also used with advantage by Dr.
PEREIRA, in the form of ointment applied to the |

stringent, diminishing
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lected in a filter, washed with water, dried, trans-
ferred as ole from the paper to a
porcelain crucible, and ignited. The filfer is then
burned separately, and the ash added to the oxide
in the erucible and weighed. If ]lij_-'lll_\_' onited the
oxide fuses, but does not decompose. As the ter-
oxide contains 896 per cent. of metal, the amount
of bismuth may easily be calculated.
usually found associated with other metals—gene-

Bismuth being

rally lead, silver, copper, arsenie, and iron—it may
be interesting to give the process whereby the
quantity of bismuth is ascertained in mixtures of
these metals. The method also serves to detect
adulteration in the preparations of bismuth, par-
ticularly when compounds of those metals are
i used.

| The ore or compound is treated with nitric acid
till dissolved, and this solution filtered and diluted
with water; the washings of the residue, if any, are
| added, and a stream of sulphuretted hydrogen passed
through it as long as a precipitate is produced. The
vessel is then gently heated upon the sand-bath till
the whole of the sulphides fall dowx ; these are
filtered and washed with water i!]l]l]'("_lllilfe'li with
,St]iphlll'v“uql ]I_\'tll'll;_"l'l]. the
paper is next digested with a strong solution of sul-
phide of potassium, which dissolves the sulphide of
arsenie, leaving the sulphides of lead, silver, copper,
and bismuth, which are separated from this solution
by filtration and washing.

The substance upon

These sulphides are then
dissolved in nitric acid, the solution thus produced
largely diluted, andthe silver precipitated by hydro-
chloric acid. When the silver chloride has subsided,
it is filtered, and the filtrate and washings evapo-
| rated with excess of sulphuric acid till the latter
begins to be evolved. Sulphate of lead is thus
formed, which is removed by filtering rapidly while
hot, and washing the precipitate with water acidu-
lated with sulphuric acid. The filtered solution now
contains copper and bismuth., To separate the latter
mix the diluted solution with carbonate of soda, in
slight excess, add solution of cyanide of potassium,
heat gently for some time, filter, and wash. The
compound of bismuth on the filter containg some
| alkali, to remove which it is dissolved in nitrie acid
and reprecipitated by ammonium carbonate, as above
directed. The precipitated bismuth is then treated
in the same manner as before.

The quantity of each of the other constituents
may be ascertained by weighing the precipitates
By
adding ammonia to the filtrate containing the iron
this body is thrown down as sesquioxide, which may
be ecollected, dried, ignited, and weighed. The
copper in solution, after the precipitation of bis-
muth, is ascertained by evaporation with strong
sulphuric acid, to decompose the cuprocyanide of
potassium, after which the copper may be thrown
down by addifion of caustic potash in excess and
boiling. The black precipitate, consisting of oxide
of copper, is well washed with boiling water, dried,
ted from the filter, ignited, and weighed.
gives the amount of oxide of copper.

already procured in the case of lead or silver.
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