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COMPLETE SPECIFICATION.

, Improvements in the Recovery of Values from Metalliferous Sla.gé.

I, James Brown Herresumorr, Junior, of 624, Beach Street, in the City of
New York, United States of America, Chemist, do hereby declare the nature
of this invention and in what manner the same is to be performed, to be par-
ticularly described and ascertained in and by the following statement:—

My invention relates to the treatment of metallurgical slags with which is

" associated, either chemically or mechanically, a proportion of the metal

ingredients of the molten mass from which the slag was produced, or with
which it was last in contact and from which it has been removed. The object
of my invention is to recover, in whole or in part, from these slags, associated
or contained metallic ingredients obtained from the molten mass, the invention
having especially important application in cases in which the slag carries with
it relative]iy very valuable metallic ingredients.

"It has been proposed in prior processes for recovering mineral values from
slags, to use slags, obtained when refining blister copper in a reverberatory
furnace, as silicious material when bessermerizing copper matte, or to pour
slags, produced when treating copper matte in a converter, into a reverberatory
furnace containing matte, or to geliver the slag, ifrom which the values are to
be recovered, into a converter twenty feet %ong' containing matte and then
blowing air through the matte and slag which then fall from the converter
into a forehearth about twenty feet'long for the purpose of compelling all the
matte prills to sink to the bottom of the forehearth and to join the body of
molten matte. :

. Now, whilst it is true that by merely bringing the slag and matte into
contact with one another as above set forth, a slow equalization of the metallic
contents takes place, the reaction is not sufficiently rapid to render the process
commercially practicable.

To obviate this disadvantage and according to the present invention, the
metalliferous slags, whilst in the molten condition, are passed through a series

of baths of molten material containing a smaller percentage of -the metal to be .

extracted from the slag than was originally contained in the molten material
from which the slag was originally separated, each bath of the series containing
a smaller percentage of said metal than the bath immediately preceding
it in said series. The intimate mixing of the slag and molten material may
with advantage be effected by mechanical action as hereinafter deseribed, but
in some cases the molten material may be selected so as to react chemically
with the metal values, or some of them, which are contained in the slag, and in
such cases the action will be either wholly chemical or partly mechanical and
partly chemical. .

The molten material may for example be produced partly or wholly by treat-
ing the molten slag with reducing agents, such as reducing gases; or it may
be obtained by smelting operations.

In order to illusirate my invention fully and completely, I will now describe
it more specifically and particularly as applied to the metallurgy of copper,
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and in doing so reference will be made-to the accompanying drawing which
shows schematically an .arrangement of apparatus by the use of which the
process may be.carried out... Copper slags (that is, slags obtained from con-
verters or-from reverberatory- or smelting furnaces) are principally silicates of
iron, but they all have associated thierewith copper values and in most cases
" they also carry gold and silver. Copper smelter slag, for example, which 1y
principally an iron silicate, contains, besides small quantities of gold and
silver, copper in the form of copper silicate and of copper matte mechanically
entangled with the iron silicate and dissolved therein.. The amount of such
ingredients depends of course upon thg_ grade of the matte produced. by the
smelter. Tn general the percentage of copper contained in the slag is about
109, -of the percentage of copper in the.matte produced by the smelter. If the
smelter is so operated and conditions are so maintained that a matte containing
609, of copper is: produced, the percentage of copper in-the slag is about-6%;
with a 409, matte the slag loss is about 4%, copper. :
Enploying the apparatus illustrated, the smelter slag produced by the smelt-

ing furmace 1, which also produces (say) 609 matle, is run into a series of-

settling tanks 2, 3, 4 and 5. - The tank 2 will contain the 609, matte of the
furnace, but in the tanks 3, 4 and 6 is placed a molten bath consisting ‘of ‘a
low grade matte, i.e., a molten material containing a smaller percentage.of
copper than the origiral 609, matte, and in each tank 3, 4 and § is placed a

lower grade of matte than the preceding tank contains. - For example, tank 3-

may, contain 209, matte; tank 4, 10% matte; and tank 5, 89 matte. “The
slag and matte froin the furnace 1 discharges into the tank 2 and the slag
separates out on top; this slag overflows and drops into the tank 3 and mixes
with the 209, matte therein and thus loses a part of its contained copper; after

part of the contained copper (and with 1t, of course, gold and silver) is recovered:

in this manner in tank 3, the slag in its then condition overflows into fank 4,

and because of the still lower grade of matte in tank 4 a Yurther_removal of

copper from the slag is effected. In like manner a further reméval is effected
in tank 5 and also in the long trough 6 down which, together with the purified
slag, a still lower grade of matte, say 59%, is ran. This matte may be suppled
from the smelting furnace 9. From the trough 6, the slag and 59, matte dis-

charge into the rotary mixer 7. The mixer may be of any suitable é¢onstruc-

tion, preferably being provided, like the tanks and trough, with a refractory
kining, and may be rotated in any suitable manner. X¥rom the mixer 7 the slag
and matte flow into the settling tank 8, from which the slag and matte may be

drawn off separately. The process may be conducted wholly or partly con-

tinuously or intermittently.

The tanks, trough, mixer aund settling tank may be heated, as by combustion
of coal, charcoal or oil, so as to maintain the contents in liquid condition and
preferably also so as to maintain a neutral or reducing atmosphere in contact
with the materials being treated.

The slag in the settling tank 8 will contain about 19, of the percentage of
copper in the settling tank matte in accordance with the general rule expressed
above. Accordinglv. if a 59, treating matie has beern employed in the mixer 7,
the copper in the slag will be about .059, although before treatment it con-
tained .69 copper. The saving of .b59 copper, and equivalent amounts of
gold and silver, thus effected, makes the, process very valuable commereialiy.
The process is capable of effecting important economies also in the production
of the matte, or other material from which the original slag was obtained.
For example, the copper blast furnaces or reverberatory furnaces or converters
can advantageously be run with richer reguli and: more silicious slags so that
both the cost of flux and of converting will be' reduced. The larger metal values
‘associated with the slag incidental to such a method of .éperation will not
represent a less, as heretofore, but can be recovered by my process. '

. If desired, the slag from the 5% matte of the settling tank 8 may be cot-
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veyed into another tank and there mixed with a still lower grade of matte, and
then allowed to settle out and this process may be continued indefinitely, using
in each case a lower grade of matte, until practically all of the metal values of
the original slag have been extracted. : ]

The low gra,(fe matte will, upon mixing, wash out and thus replace the high
grade matte associated with the slag; it will also chemically react upon the
copper in the slag in the form of copper silicate so as to substitute iron for
the copper thereof. , The process is largely mechanical in its action, but, as 1
have sﬁown, it may act chemically as well. The low grade matte of the mixing
operation is gradually enriched in copper, and measurably also in gold and
silver, and affer a time should be replaced by matte of a lower grade; this may
be accomplished by trandferring the matte.of each receptacle to the receptacle
immediately before it in the treating series. :

The above process as set forth in conmection with copper metallurgy, can
readily be applied advantageously to the metallurgy of other metals, such as
old, silver, tin, lead, nickel and cobalt. In gold or silver metallurgy, metallic
ead may be used as the molten material corresponding with the low grade
matte used in the copper process described above. In tin metallurgy a slag
composed mainly of iron or calcium silicate, but containing tin silicate, is pro-
duced ; with such a slag a molten material such as molten pig iron would
preferably be employed, in which case, iron, free or in combination with tin,
will react with the tin silicate of the slag, with the production of tin which
would dissolve in the iron and iron silicale which goes into the slag. In lead
metallurgy, the smelting process would preferably be conducted with excessive
amounts of lead silicate in the slag so as to produce a purer lead bullion than

kept as low as possible. The high metal values in the slag, in the shape of
this excessive lead silicate, can readily be recovered by my process in which low
grade lead matte would preferably be used as molten material.

Having now particularly described and ascertained the nature of my said
invention and in what manper the same is to be performed, I declare that
what I claim is:— .

1. A process for the recovery of metallic values from metalliferous slags,
which consists in passing the metalliferous slags, whilst in the molten condi-
tion, through a series oif baths ¢f molten maierial containing a smaller per-
centage of the metal to be extracted from the slag than was contained in the
molten material from which the slag was originally separated, each bath of the

" series containing a smaller percentage of said metal than the bath immediately
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preceding it in said series, substantially as described.

2. A process for the recovery of metallic values from metalliférous slags as

claimed in Claim 1, wherein the slag and molten material are mixed by pro-
jecting the one into the other, substantially as described. :

3. A process for the recovery of metallic values from metalliferous slags, as
claimed in Claim 1 or in Claim 2, whérein a substance or substances capable
of chemically reacting with some or all of the metallic values contained in ‘the
slag is added to the mixture of metalliferous slags and molten materials. .

4. The employment of the process for the recovery of metallic values from
metalliferous slags as set forth in Claim 1 or Claim 2 or Claim 3, for recovering
copper from copper metallurgical slags, substantially as described.

Dated this 14th day of April, 1917.
" A. M. & WM. CLAREK,

, . o Chartered Patent Agents,

53 &_54, Chancery Lane, London, W.C. 2.

Redhill: Printed for His Majesty’s Stafionery Office, by Love & Malcomson, Litd.—1918,

- is obtained in the ordinary and usual processes wherein the slag loss must be -
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