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1Il. A new Method of affaying Copper Ores.
By George Fordyce, M. D. F. R. 8.

Read Nov. 25, 1779.

P R O C E § &

'AKE 100 grains of the ore, powder it finely, put
it into a {mall matrafs or a glafs phial, pour upon
it half an ounce of nitrous acid, of the ftrength com-
monly fold by the name of agua fortis, that is, the pure
acid diluted with about four-times its weight of water;
and half an ounce of muriatic acid fold by the name of
{pirit of falt; place the veflcl in a fand heat, or if you
have none, an iron pot or fire thovel with fand may be
put over a common fire, and the matrafs or phial fet in
it. Raife a moderate heat, an effervefcence will take
place for the moft part; when this ceafes increafe the
heat till it is renewed, and {o proceed till the liquor
boils, which is alfo to be done if no eflervefcence takes
place; boil them together for a quarter of an hour.
Remove the veflel from the fire, and let it cool, then
pour into it two ounces of water, fhake them together,
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Dr. FORDYCE's Method, &c. 31
and let them ftand till the liquor is clear; pour the clear
liquor into a bafon where it may be preferved.

Add to the refiduum a frefh half ounce of each of the
acids, and proceed again in the fame manner, mixing
the clear liquor with that procured by the firft procefs.

The fame operation is to be repeated until the freth
acids acquire no tinge of blue or greerr.

Diffolve half a pound of mild fixed vegetable alkali,
commonly fold by the name of falt of tartar, in a quart
of water. Purify the folution either by filtration, or let-
ting the impurities {ubfide, and decanting the liquor
clear into a glafs veflel. Pour the folution of the alkali
flowly into the bafon containing the fluid, procured by
the former procefles, until the whole matter be precipi-
tated from the acids.

Add, by a little at a time, as much vitriolic acid, com-
monly fold by the name of oil of vitriol, as will re-dif-
folve the whole, or only leavea white powder; if there
fhould be any fuch powder, which is feldom the cafe, it
muft be feparated by filtration.

Having the liquor in the bafon now clear, put into it
‘a piece of iron, bright and free from ruft, and at leaft an
ounce in weight, and leave them together for twenty-
four hours, the copper will be found precipitated, prin-
cipally on the furface of the iron, and fometimes in a
powder at the bottom of the bafon. |

Decant
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Decant the fluid from the copper and iron with great
care into another bafon, fo that as little as pofiible or
none of the copper be carried along with it.

Wath the metals in a pint of water; let them fubfide
perfectly, and pour this water into the fecond bafon, with
the fame care,

Repeat the wafhing three times. If any copper be
found in the fecond bafon, let the wathings ftand in it
for half an hour, fo that the metal fhall fubfide; decant
the fluid carefully off, and return the copper into the firft
bafon. Pour upon the copper and iron one ounce of vi-
triolic acid, and two ounces of water; let them ftand to-
gether for a quarter of an hour, or until the copper fhall
be eafily feparable from the iron. Separate the copper
from the iron, taking great care none be loft; the re-
maining iron may be laid afide. Pour the acid from the
copper, after it has fubfided, into the fecond bafon, and
wath the copper with a pint of water, and repeat the
wafhing three times, as before directed.

Great care is to be taken, in decanting both the acid
and wathings into the fecond bafon, that none of the cop-
per goes along with them, and left any fhould, they
ought to ftand for half an hour in the feccnd bafon, and

be decanted from it alfo with care, and if any copper is
3 found



affaying Copper Ores. 33
found at the bottom, it is to be wathed and added to the
reft,

The copper is now to be dried and weighed, and
gives the proportion contained in the ore.

Obfervations on the above procefs.

It is about twenty years ago that I contrived fome me-
thods of affaying ores, which might avoid tedious and
troublefome roaftings and fufions in great degrees of
heat, which require a dexterity which is only to be ac-
quired by great practice, and which after all form a pro-
cefs that is often various in the refult, and feldom thews
the fubftances contained in the ore, excepting the metal.
The principles on which thefe proceffes depend, as far as
regards copper ores, are,

Firft, Metals are attracted more ftrongly by acids than
by fulphur, with which they are often combined in their
ores. In confequence, if a metal be combined with ful-
phur in an ore, it may be feparated by applying an acid,
which will unite with the metal, and feparate the ful-
phur. The metal may generally be {feparated from the
acid in its metallic form by means of another metal,
which attracts the acid more ftrongly.

VoL. LXX. F Secondly,



34 Dr. ¥ORDYCE’s Method of

Secondly, Arfenic unites with vitriolic, nitrous, and
muriatic acids, forming a corrofion or compound not fo-
luble in water; whereas moft other metals may be united
with one of thefe acids, or a mixture of them, fo as to
form a compound foluble in water: therefore, if there
be arfenic combined with a metal in an ore, if it be dif~
folved in fuch acid diluted with water, the arfenic will
fall to the bottom in a white powder or cryftals, and the
folution being poured off will contain the metal, which
may be feparated from the acid by another metal as
before.

Thirdly, the calces of metals may be diffolved in acids,
whether they be pure (of which there are few inftances
in ores) or combined with gas, refpirable air, or other
vapours; therefore, if the metal in an ore be in the form
of a calx, we may find an acid which will diffolve it, and
we may afterwards precipitate it in its metallic form as
before.

Fourthly, When an ore is to be aflayed, it thould be
feparated from the quartz, fpars, and other earthy mat-
ters, with which it is often mixed, as perfectly as pofli-
ble; however, after all our care there will be often a part
of them {0 intimately mixed with the ore, that it cannot
be entirely cleared. Many of thefe earthy matters do
not diffolve readily in acids: therefore, if the metal of an

ore
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ore be diffolved in an acid, {o as to form a compound fo-
luble in water, the folution of the metal may be poured
off, leaving {uch earthy matters behind.

Fifthly, If the earthy matter fhould diffolve in the
acid, it is feldom to be precipitated by a metal: thereforc
if both earth and metal be diflolved, on the application
of another metal, which attrats the acid more firongly,
that which was combined with the acid will be precipi-
tated, and the earth left in the folution. ‘

Sixthly, Acids attract the metals with different powers:
therefore, if two metals be combined with an acid, if
we apply to the folution a mafs of that which attraéts
the acid ftrongeft, the other will be precipitated. The
mafs being weighed before and after the precipitation,
the difference will be the quantity of additional metal
diffolved ; if, therefore, we pour off the liquid from the
precipitate, and apply another metal, which attracts the
acid ftill more ftrongly, the fecond metal will be precipi-
tated, which being weighed, and the weight loft from
the mafs deducted, gives the weight of the fecond metal.
As this principle is of great ufe in inveftigating the cle-
ments of mixed metals, we fhall give an example. Sup-
pofe copper and filver mixed; diffolve the whole in pure
nitrous acid, properly diluted with water; apply to the
folution a mafs of copper, the filver will be precipitated.

Fa Pour
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Pour off the folution, and wath the filver and undifiolved
copper with water; pour the wathings into the folution;
weigh the mafs of copper left, and mark what it has loft;
apply to the folution a mafs of iron, the whole copper
will be precipitated. Pour off the fluid, and wath the
precipitate carefully, dry it, and weigh it, deduct the
weight loft from the mafs of copper, what remains is the
weight of the copper in the mixture; if this weight,
together with that of the filver, be the weight of the
metal originally expofed to examination, there is no rea-
fon to fufpeét any mixture of another metal.

If the metals mixed are unknown, if we can find an
acid which will diffolve them, we.may try to make a
precipitation with the metal which is loweft but one in
the order of eletive attrations, and fo proceed to the
next above it, until we come to the higheft; and by this
means we fhall obtain all the metals in the mafs.

There are other principles on which I have founded
various procefles for aflaying; but thefe are {ufficient for
copper ores, all the different known fpecies of which I
have actuully aflayed, and therefore have ventured to
offer this procefs to the confideration of the Society;
firft, as only requiring an apparatus which can be
bought at any apothecary’s or chemifts, and as capable

of being performed by a perfon totally unacquainted
with
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with chemiftry, {o that any preprictor of an eftate, or
his fervant, may ,dciexjmine if an ore be of copper, and its
value; fecondly, as affcrding an affuy-mafter a more
perfect manner of determining the ;mlue of a copper
ore; and, laftly, as a procefs by which the naturalift may
inveftigate not only the copper in an ore, but its various
other contents.

There is but one known {pecies of copper ore in
which the copper is not capable of being combined with
aqua regia, which is blue vitriol, which is fometimes
found{olid, butmore frequently in mineral waters; from
this the copper may be precipitated by iron immediately.

We have lately had many opinions publiflied of me-
tals being found in mineral waters combined with various
fubftances. I never examined any mineral water in
which I found the metals combined with any other {fub-
ftance but vitriolic acid; and am certain, many authors
have been mifled by not knowing this property of me-
tallic falts, vsz. that if we diffolve them in a fmall pro-
portion of water, or if there be fuperfluous acid, the fo-
lution will remain perfe&t when expofed to the air; but
if the acid be perfeétly faturated with the metal, and the
proportion of water to the metallic {alt be very great, on
expofure to the air it is decompofed, the metal precipi-
tating in the form of a calx, and the acid being loft.

This.
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'This may eafily be tried by taking common green or blue
vitriol, diffolving an ounce in three ounces of water by
boiling, letting them ftand to cool, and filtering the folu-
tion. If this folution be cxpoféd to the air it will remain
perfect; but if we drop a drop or two of it into a wine
glafs full of water, in a few minutes the tranfparency of
the water will begin to be difturbed, and the metal in a
thort time will fall down, in a red powder if it be iron, in
a blue powder if it be copper.

An hundred grains of the ore is fufficient to give the
copper contained to one hundred part; if greater accu-
racy be required 1000 grains may be ufed.

The mixture of nitrous and muriatic acid is the moft
proper acid mzen/trutm for copper ores, muriatic acid dif-
{olving moft readily the calces of metals, and nitrous
acid when they are in their metallic form; a metal in its
metallic form being a compoundof a pure calx and a {fub-
ftance, which has been called inflammable air, but which
is an oil found out by sTaHL to exift in metals,and which
we would call the oil of metals. The nitrous acid de-
compofes this oil, at the fame time that it a&ts on the calx
itfelf, and leaves it alfo to be acted upon by the muriatic
acid.

When copper is combined with fulphur in an ore, it is

in its metallic form; in diffolving in an acid its oil rifes
in
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in vapour; or vapours produced by the decompofition of
this oil occafion an effervefcence.

All the calces of copper I have tried are combined
with gas, refpiravle air, or other vapours, excepting one,
which is of a light green colour, brittle,and which breaks
fmooth like glafs; a fpecimen of it is contained in Dr.
HUNTER’s mufeum: this diffolves without effervefcence,
the others all effervefce. A boiling heat is neceffary to
render the folution compleat, of which great care is to
to be taken.

If there be any fulphur in the ore, it appears quite
clear in Jumps; a {mall portion of it, however, is de-
ftroyed by the nitrous acid. Earthy matters infoluble in
acids, if any, and arfenic, appear in a powder at the bot-
tom. If there be any filver it is mixed avith this powder,
and is to be extracted by melting it with black flux and
litharge, and cupelling in the common way. If there be
any gold it may be taken out of the folution by w=ther.

When the copper is combined with nitrous and muri-
atic acids, it might be thought fufficient to apply the iron
immediately; but it is much more convenient to preci-
pitate it from them, and combine it with vitriolic acid,
on account of the convenience of wafhing the precipi-
tate, which is in a more compacted mafs. .

If
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If there be any calcareous earth difiolved, the vitriolic
acid will combine with it, and form a white powder,
which will be left after the copper is re-diffolved, and
muft be feparated carefully from the folution.

After the precipitation of the copper, it is necefiary to
get rid of the falts perfectly before we apply the vitriolic
acid, otherwife part of the copper would be re-dif-
{olved.

Vitriolic acid will not diffolve copper in its metallic
form, and may be applied to diflolve any iron that may
be mixed with the precipitate, as well as to loofen cop-
per, which fometimes adheres to the iron.

The folution of the iron muft be carefully wafthed off
from the copper.

There is a criterion by which we may judge certainly
if any of the copper be loft. Let all the wafhings and
every thing, except the copper, be put into a veflel toge-
ther; pour in folution of fixed alkali till no further pre-
cipitation takes place; let the precipitate fubfide, and
pour off the liquor; apply to the precipitate folution of
volatile alkali, {fold by the name of {pirit of /a/ ammoniac;
thake them together, and let them ftand for an hour; if
the folution of the alkali acquires a purplifh blue co-

lour, the procefs is imperfect, if it does not, it is perfect.
3 If
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If the procefs be imperfeét, which is always for want

of care in the decantations, pour in as much vitriolic

acid as will diffolve the whole precipitate, apply iron to
the {olution, the remaining copper will be procured.

Vor. LXX. G



