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“This invention relates to a process of refining
cobalt ores.

The ores from which cobalt is obtained gen-

erally contain other metals, together with arsenic

and/or sulphur, which, from the stahdpoint of

‘obtaining cobalt, are 'regarded as ‘impurities.
Thus far in the refining of cobalt the presence
of arsenic and sulphur in the ore has presented
considerable difficulty with respect to separating
, these ingredients from the cobalt. The arsenic
and sulphur must be completely removed since
their presence renders the cobalt objectionable
for use in the cerami¢ industry or for use in the
preparation of enamel frits. The difficulty in
refining the cobalt ore has been due to the fact
that the ore contains metals such as iron and
nickel which have properties similar to cobalt,
and due to the fact that the nickel and cobalt
directly combine quite readily with the sulphur
- and arsenic,

Heretofore the recovery of cobalt has usually
started with smelting the ore in a blast furnace
and in such case, the arsenic and sulphur was
.availed of to form a speiss or matte in which the
cobalt and nickel would be present in the form
cf sulphides or arsenides. The usual process then
involved treating the speiss or matte by grinding
-and roasting to remove the excess of arsenic or
sulphur. The arsenic would pass off as arsenious

- oxide which could be recovered leaving the heav--

ier metals as oxides. However, by this method
it was impossible to remove all the arsenic and

10

15

20

28

30

it was then necessary to treat the speiss by other _

methods to remove the arsenic and sulphur as
impurities and separate out the cobalt and nickel.
In treating cobalt ore in this way it is generally

necessary to precisely control the amount of iron -

36

permitted to go into solution during the forma- -

tion of the speiss or matte since the. presence

of some iron is necessary to enable the removal of _

the arsenic by wet methods employed subsequent
to the grinding and roasting of the speiss to drive
off excess arsenic. Moreover, during the roasting

*of the speiss it is generally necessary to exercise

a rather precise control of the amount of arsenic
driven off by roasting, since the presence of a

" cerfain amount of arsenic is necessary in order
to enable the removal of the iron, the iron and
arsenic assisting in the removal of each cther and
forming ferric arsenate upon the neutralizing of
an acid solution of the ground and roasted speiss.
Another reason for permitting iron to enter the
speiss or matte is to minimize the loss of cobalt
and nickel in the slag.-

One of the principal objects of this invention is
to provide a process for refining cobalt ore which
is not dependent upon smelting the ore to form a
speiss or matte and in which roasting is not neces-
sary to separate the arsenic and sulphur from the

. cobait.
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A further obJect is to prov1de a process for re-
fining cobalt ore in which the arsenic and sul-
phur are converted into:soluble salts which are
separated from the cobalt by lixiviation and re-

. covered as & commercxa,lly valuable by-product.

A further object is to provide a process for re-
fining cobalt ore in which the arsenic is recovered
as a commercially valuable by-product and in
which one of the products formed during the re-
covery of the arsenic may be employed in the
recovery of the cobalt.

A further object is to provide a process for re-
fining cobalt ore in which the ore is fused with
other materials by the application of heat to
form soluble salts of the arsenic and sulphur
which may be removed from the ore by leaching
and to convert the metal content of the ore into
insoluble oxides.

My invention, then, consists of the steps here~
inafter fully descnbed and particularly pointed
out in the claims, the following description. set-
ting forth in detail certain steps embodying the
invention, such disclosed steps const1tut1ng, how-
ever, but one of the various ways in which the
principle of the invention may be used.

In the annexed drawings, Figs. 1 to 5 are flow
sheets diagrammatically illustrating a plant lay-
out of apparatus suitable for carrying out the
varijous steps of the process of this invention, In
this showing:

Figure 1 illustrates the arrangement of the ap-
paratus by which the material is handled to form
a fused mixture of the ore prior to separation
of the sulphur and arsenic from the metallic ma-
terials, _

Figure 2 illustrates the arrangement of the ap-
paratus. by which the fused material from the

- operation shown in Figure 1 is treated to separate

the arsenic irom the ore in the form of a liquor
and to obtain the metals as a solid in the form
of water insoluble oxides.

Pigure 3 illustrates the arrangement of the
apparatus by which the arsenic liquor obtained
from the operation shown in Figure 2 is treated
to obtain commercial calcium arsenate, together
with sodium hydroxide as a by-product.

Figure 4 illustrate the arrangement of the ap-

baratus by which the metallic oxides obtained

from the steps shown in Figure 2 are treated to
separate out certain of the metallic materials and
to obtain the cobalt in the form of a liquor.
Figure 5 illustrates the arrangement of the ap-
paratus by which the cobalt liquor obtained from
the steps shown in Figure 4 is treated with the
caustic liquor derived as a ‘by-product from the

- steps shown in Figure 3 to obtain the cobalt in

60

the form of the commercially availableé compound.
‘Figure 6 is a side elevational view, partially in

section, of an alternative form’ of apparatus

adapted to carry out the steps intermediate the.
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furnace of‘Figure i and the leaéhing tank of
Figure 2. :

Figure 7 is a top playn Qf the apparatus shown .

in Figure 6.

This invention, generally stated, comprises the
steps of substantially completely separating the
arsenic and sulphur from the ore for the purpose
of converting the metal ingredients of the ore
into insoluble oxides, treating the separated
arsenic and sulphur material to recover the
arsenic as a commercially valuable by-product,
dissolving the metal oxides in acid to enable re-
covery of the cobalt and other metallic elements,

and employing one of the products formed in the

step of recovering the arsenic as an agent in the
separating of the cobalt and other metals out of
the solution.

More specifically, the process of this invention
Jis started by crushing and pulverizing the cobalt
ore which is then mixed with salt; soda ash and
nitre. The amount of soda ash and nitre will in
general be dependent upon the sulphur and

-arsenic content of the ore, the salt being added to .

enable the ore to be fused upon the application of
heat in 2 manner to be described. For an ore
containing 20% arsenic and 12% sulphur it has
been found that a desirable mixture comprises
25% ore, 15% salt, 12%2% soda and 472 % niire.

. "Since the range of arsenic and sulphur in com-
mercially workable cobalt ores or concentrates is
generally between 3% and 15% sulphur and be-
tween 18% and 35% arsenic, the range of mix-
tures of ore, salt, soda and nitre to form a fused
mixture will in general be: ore 15% to 25%, salt
15% to 50%, soda.5%' to 20% and nitre 20%
to 50%.

The mixture of ore, salf, soda and nitre is then
fused by the application of heat and during fusion
the arsenic and sulphur is converted into sodium
arsenate and sodium sulphate, all of the arsenic
being converted into sodium arsenate, and the
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has resulted in the formation of two filtrates or
liquors which have been referred to generally as

i arsenic liguor and cobalf liquor. -

In the treatment of the arsenic liquor, the liquor

" is first heated and gradually introduced info a

mixture of hot milk of lime. Since the arsenic
liquor contains sodium arsenate, sodium sulphate,
sodium chloride, and. sodium carbonate in solu-
tion, the arsenic will be precipitated out as cal-
cium arsenate together with some calcium car-
bonate. The reaction in this step also forms
sodium hydroxide in solution which is recovered
by decanting and employed in a manner to be
described, The precipitate of calcium arsenate
remaining is in the form of a slurry which is
filtered -to form a cake which is then washed,
dried and pulverized, and thus recovered in a
commercially valuable form. The hot milk of

.lime and arsenic liquor are heated prior to being

intermixed in order that the calcium arseriate will
be in a non-gelatinous form and more easily re-
coverabie than would be the case if the solution of

.caleium hydroxide and arseni¢ liquor were inter-

mixed while cold. The precipitate would be gelat-
inous and difficult to recover if these materials
were intermixed in a cold state: The heat sub-
stantially dehydrates the solids precipitated out
of the arsenic liquor. . ‘ .

The decanted sodium hydroxide obtained dur- .
ing the treatment of the arsenic liquor is then
mixed with the cobalt liquor in proper propor-
tions to obtain a pH of between 8.3 and 8.8. In
this step the. cobalt, nickel and some copper and
manganese are precipitated out of the cobalt

Iquor in a form which may be termed basic or

hydroxy-carbonates. It is important that the pH
be maintained within the limits referred fo, since
if the pH is lower than 8.3 some of the cobalt will
remain in solution, and if above a pH limit of 8.8
some of the calcium will be precipitated, thereby

* making the washing and drying of the precipitate

metallic ingredients are separated from the -

arsenic and sulphur and converted into insoluble
oxides. The fused mixfure is then introduced
into a leaching tank wherein g slurry of water
and the fused materials is formed. Thus slurry
is then filtered and the soluble materials, sodium

arsenate and sodivm sulphate, are recovered as &-

filtrate which will be refexred to as arsenic liquor.
The non-soluble materials will be left behind as
a cake consisting mostly of the metallic oxides
of cobalt, copper, iron and nickel and varying
amounts of other materials such as manganese,
silica, alumina, magnesium and lime.

To the filtered solids which were separated from

the arsenic lquor, a solution of 18° Baumé hydro-

chloric acid is added in excess and beated until
41l the metals in the filtered cake are dissolved.
The hydrochloric acid dissolves everything but
the gangue and silica which form & sludge. This
mixture is then cooled to room temperature and
added to @ large excess of a cold emulsion of cal-
_cium carbonate while stirring the same. The
addition of the calcium carbonate will cause the
iron, lead, silica, arsenic if any is left, and other
maierials to be precipitated out of the solution as
solid materials and only the cobalt, nickel, copper
and manganese will be left in the solution as
chloride salts. This mixture is then filtered and
washed with water to separate out the solid ma~
terials and the filtrate and washing liquid which
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difficult and also introducing impurities. The
remaining liquor, containing calcium chloride,
sodium chloride and sodium sulphate, together
with other materials in solution; is decanted and
filtered and the cobalt-containing residue is dried.
This residue of metallic hydroxy-carbonates is
dried at a temperature of 500° to 1000° F. until
plack, and the product thus obtained has an igni- -
tion loss of about 10% %o 20%. In the product
obtained by drying, the metals are present sub-
stantially in the following proportions: cobalt
409 to 50%, nickel 10% to 20%, copper 1% to
39, manganese % %. to 2% %, together with lime
as a chloride 0% to 2%, and the residue, iron, as
an impurity, %% to 1%%. The metals in this
product may then be further separated out by
known processes. . '

Apparatus

The various detailed steps of this invention will
be best understood by reference to the drawings
or flow sheets showing the arrangement of ap-
paratus by which the process of refining cobait.
ores may be reduced to commercial practice. The
ore to be Tefined is preferably ore which has been
treated to increase the cobalt content thereof

. by the removal of the gangue or other foreign’

70

contain the metallic chloride salts in solution is -

saved. This recovered filtrate will now be re-
ferred to as cobalt liquor. -~ - .
At this point, it will be noted that the process

76

-materials. ‘This ore may be obtained in its natu-

ral state or from the discard piles of cobalt-
containing ore which has been subjected to other
refining processes in the recovery of other metals
or materials contained in the original.ore.

As shown in Fig. 1, the ore, soda, nitre and

salt is delivered to the plant and dumped into
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separate piles. The soda, nitre and salt are then

carried by bucket elevators to separate compart- .

ments of a four-compartment storage bin. The
ore is delivered to a feed bin and then taken to
a pulverizer where it is crushed and ground fo
a size of about 40 mesh and is then taken through
the mixer to the fourth compartment of the four-
compartment storage bin. The materials from
the storage bin are delivered in pre-calculated
quantities in the proportions as set forth above
to a weighing hopper and thence to a mixer
where the materials are thoroughly mixed prior
to being taken to a furnace charger for delivery
to a furnace which is preferably of the rotary
. type. - The material, after being delivered to the
furnace, is subjected to a temperature of from
1200° to 1300° F. which fuses the materials into
a liquid mass. The liquid melt or fused mate-
rials is then delivered onto a water-cooled, cast-
iron hearth where the fusion solidifieg and ‘is
then broken up and taken to a crusher. From
the crusher, the fused materials are  taken
through a pulverizer wherein the fused material
is pulverized to a size of about 40 mesh and is

thence delivered to a storage bin for further.

operations. ‘

" Referring to Figure 2, the pulverized, fused
material from the storage bin of Figure 1 is taken
to a weighing hopper from which it is fed to a

leaching tank provided with & portable mixer,

In the leaching tank, the water dissolves the
arsenic and sulphur compounds and other solu-
ble materials out of the fused mixture and this
solution forms a slurry with the remaining in-
soluble metallic oxides. The slurry is then taken
to a filter tank wherein the filtrate which has
been referred to as arsenic liquor is recovered.
The solids are then washed in a wash tank and
then delivered to a cake tray wherein the insolu-
ble oxides are collected. From the caking tray,
the solids are taken to a bin prior to being intro-
duced into-a dissolving tank in a manner to be
describeéd. The filtrate recovered from the slurry
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formed in the leaching tank is taken to a stor- .

age tank. The liquids B, C and D, respectively
recovered from the wash tank, cake tray and
condensing apparatus, ‘are not delivered to the
arsenic storage tank but are taken to a separate
storage tank for use in connection with subse-
quent leaching of additional fused material in
order to concentrate the arsenic content of the
liquor A taken to the arsenic storage tank.

In Figs. 6 and 7, there is shown an alterna-
tive and preferred arrangement of apparatus for
forming the slurry of metsallic oxides and arsenic
liquor. In this showing, the numeral { indicates
a rotary furnace mounted on a carriage 2 for
rotational movement with respect thereto about
its horizontal axis. The carriage 2 is provided
with trunnion arms rotatably mounted in sup-
ports 3 to permit tilting movement of the car-
riage 2 and furnace | carried thereby from its
horizontal charging and heating position to an
inclined discharging position indicated partially
by broken lines as shown in Fig. 6. The furnace
-1 is provided with a chsarging opening 4 at one
end thereof through which the materials adapted
to form the fused mixture may be fed in proper
proportions as by means of a suitable screw con-
veyor. . The other end of the furnace { is pro-
vided with an opening § through which the ex-
haust gases may escape and through which the
liquid fusion melt may be discharged at the
end of a heating operation. When the furnace
is in its horizontal heating position, the opening
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- through the nozzle 14 and pipe 8,

3

§ has communication with a conduit § through
which the exhaust gases may be conducted to the
expansion chamber 7 which in turn ig connected
to an exhaust stack 8. v

An. inclined conveyor pipe 9 is provided with
an opening 10 adjacent one end thereof under-

-neath the furnace discharge opening 5 for a pur-

pose to be described, The other end If of the
pipe 8 has communication with a leaching tank
12. The leaching tank 12 is provided with &
circulating pump 13 and circulating line {4 for
bumping water from the tank 12 to a nozzle 15
located at one end of the pipe 9 under the open-
ing 18. The water pumped to the nozzle i5 will
be returned in a continuous stream to the tank
{2 through the pipe 9,

After a charge of ofe, soda, salt, and nitre is
placed in the furnace I and fused by the appli-
cation of heat, the pump {3 is started to circu-
late water from the tank 12 through the pipe 8.

_Thé furnace is then tilted to the position indi-

cated in dotted lines, and the liquid melt of
fused materials flows out of the discharge opéen-
ing § and through the opening 10 into the pipe’
8. Upon contacting the stream of water flowing:
the liquid melt
will be solidified and broken up into small par-
ticles and will be carried by the water to the
leaching tank 12. The soluble materials of the
fused mixture will dissolve in the water to form
the arsenic liquor and metallic oxide slurry as ex-
plained above. After the materials have been
recirculated through the tank 12 g sufficient
length of time, the pump (3 may be employed
to pump the slurry from the tank 12 through g
pipe 16 to a filiration tank. By this apparatus,
the cooling, crushing, and pulverizing ‘operations
diagrammatically illustrated in Fig. 1 are elimij-
nated. .

In connection with the apparatus shown in
Figs. 6 and 7, it will be understood that suit-
able controls (not shown), for preventing the
discharge of the furnace | unless sufficient water
to prevent damage is flowing through the pipe
14 and nozzle 6, are provided. It will also be
understood that the eapacity of the tank 12 and
pump {3 will be large enough to supply water
to the pipe 9 in an amount sufficient to prevent
damage due to too rapid a generation of steam.

Referring to Fig. 3, the arsenic liguor A ob-
tained from the operations illustrated in Fig, 2
is taken to a steam coil heated storage tanl
from which it is delivered under controlled con-

- ditions to a precipitation tank containing a hot
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slurry of calcium hydroxide., The slurry of cal-
cium hydroxide is produced by slaking a measured
quantity of calcium oxide with hot water. Al
the material from the precipitation tank is trans-
ferred To a decantation tank where the, precipi-
tate is permitted to settle in order that the super-
natant liquor may be decanted. 'This decanta-
tion operation is repeated twice. This decanta-
tion serves.two purposes; first, the precipitate
is partially washed and, second, the whole slurry
15 cooled sufficiently to permit easy vacuum filtra-
tion. The decanted liquors from these opera-
tions have been respectively indicated as A B
and C. Liquor A contains a considerable quan-
tity of sodium hydroxide in solution. Only the
caustic liquor A is saved for subsequent use in
a manner to be described. The slurry from the
last decanting. and settling operation is then
taken to filter tanks and the solids recovered.
The solid material is then pulverized, placed in
bags and stored. This material is commercial cal-
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clum arsenate of a character to be described
below. .

Referring to Fig. 4, the solid material obtained
from the filtering operation shown in Fig. 2 is
taken to a steam heated dissolving tank wherein
it is dissolved in a hot solution of 18° Bé. muriatic

~acid. This solution is ‘then conducted to a pre--

cipitation tank where it is slowly mixed with a
" slurry of calcium carbonate. This slurry is made

by agitating a weighed quantity of whiting in

cold water. This step causes the precipitation

of certain materials.in & manner to be described,’

and the slurry of precipitated solids and liquid
is taken first to a filtering tank where the solids

are separated from the liguor. The filter leaves-

with their adhering solids are transferred to a
wash tank where the last traces of mother liguor
are removed and then the solids, composed of

basic iron carbonate, silica and other waste prod- -

ucts are discarded. The liguors A from the filter
tank and B from the wash tank and C from the
cake tray are pumped to a storage tank. This
liquor contains the cobalt in solution and has
been referred to as cobalt liquor.

-Referring te Fig. 5, the cobalt liquor obtained

2,379,359 B

dition of the ore, soda and nitre, it has been’
found practically impossible to effect a satisfac-
tory fluid-fusion condition of the material re- -
gardless of the temperature employed.

In the fusioh of the ore under strongly basic
and oxidizing conditions, the arsenic and -sul-

" phur are oxidized to the pentavalent and hexa-

10

. metal constituents of the ore.

16

valent conditions respectively, and on leaching
with water yield a solution of sodium arsenate and
sodium sulphate. = The fusing step chemically
separates the arsenic and sulphur from the
The leaching
physically separates the arsenic and sulphur from
the metal constituents of the ore. After leach-
ing, the metals are left as insoluble residues, in

~ their highest state of oxidation-and probably

20
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from the operation shown in Fig. 4 is introduced -

into a precipitation tank together with the caustic

liquor obtained as. 'a by-product during the re-

covery of the calcium arsenate in the operation

shown in Fig. 3. The caustic liquor causes the

cobalt and other materials tc be precipitated
in a manner to be described. The siurry of pre-
cipitated materials from the precipitation tank
is then pumped to a settling tank from which
some of the resultant liquor is decanted. .The
thickened slurry is then filtered, washed and
caked and the liguors A, B and C from these
operations are removed and discarded, as shown.
The cake solids are then taken to a drier for a
drying operation and thence to a pulverizer prior
to being stored. The pulverized material is a
commercially valuable cobalt bearing materia
of a character to be described, -

Chemical reactions

Due to the complex nature of the materials
contgined in the ore and the fact that it is prac-
tically impossible to define chemically the struc-
ture of such materials, the chemical reactions
which take place in the various steps of this
invention. are of necessity based upon assumed
conditions, which, although not inaccurate, can-
not be said to represent the conditions as they
actually exist. Accordingly, it will be under-
stood that the discussion below, of the chemical
reactions is intended as only generally repre-
sentative of what actually takes place, and is
‘given for the purpose of enabling a better under-
standing of this invention to be had.

The step of fusing the ore with salt, soda and
nitre converts the arsenic and sulphur into a
state where the arsenic can be readily recovered
“in a commercially valuable form, and enables
the sulphur and arsenic to be separated from the
remaining constituents of the ore. In this step,
the salt is not believed to enter into the chemical
reaction which takes place during the fusion.
The addition of the salt enables the mixture to
fuse and become fluid quite readily at a compara-
tively low temperature. The fusion becomes
sufficiently fluid at a temperature of about
1200°-1300° F., which is considerably lower than
would be: required if the salt were not added.
Without the salt, in addition toc requiring a much
higher temperature to effect a fusion-like con-
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somewhat hydrated. Using cobalt as an example,
the metallic oxides may be represénted as
C0203.2H:20.

The ore consists of a number of indefinite me- .
tallic arsenides, sulphides and/or sulpho-
arsenides, the metals being principally cobalt,
nickel, iron, copper and -manganese. From its
highly indefinite and complex  state, it is im-
practical to determine and impossible to state the
exact compounds of which the ore is composed,
and therefore, to determine exactly the original
valence or degree of oxidation of the elements
present. For the purpose of calculating the
fusion mixture, 'it has been assumed that each
element is present in its uncombined or ele-
The calculation.thus reduces to
the following probable reactions, using cobalt as
the representative metal and treating all the
metals alike in the calculation: - :

(1) 6As-+10NaNOs3--4Na2zCO3—> B

S 6Na3ASOs-+10NO+4CO2
(2) S42NaNO3->Na:804+2NC | -~
(3)  2C0-+2NaNG3—>C0203+2NO-+NaaO

The uncombined NasO remaining in Reaction
3, very likely replaces - that furnished by the
NaaCOs indicated in Reaction 1 so that in cal-
culating the mix this probability is assumed to be
a certainty and proper adjustment is made.

The reactions of the other metals are assumed
to follow the pattern represented in Equation 3.

The gangue orsilicious and aluminolis materials
in the ore are very probably partially converted
during the fusion to alkali silicates, which in turn
partially break down or hydrolyze-on leaching
with water. C .

The filtrate, or arsenic liquor obtained after
leaching the fused mixture consists principally
of a solution of sodium arsenate (NasAsOs), so=
dium sulphate (Na2S04) , sodium chloride (NaCl)
and sodium carbonate (NaaCO3).

The residue consists principally of the metals,
silica and alumina, probably in the following
representative conditions: B '

Cobaltic oxide, partially hydrated (Co203.2Hz0)
Nickelic oxide, partially hydrated (Ni2O3;.zH20)
Ferric oxide, partially hydrated (Fe203.zH20) .

‘Cupric oxide, partially hydrated (CuO.zHO)

Manganic oxide, partially hydrated

) - . (Mn203.2H20)
and/or
Manganese dioxide, partially hydrated
) ; (MnO2.2H20)
) Sllica,. (Si02.-H20)
Alumina (A1203.7H20)
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In addition, the residue probably contains small
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amounts of most or all of the elements, lead,
caleium, magnesium and silver, in similar form.

As pointed out heretofore, the arsenic liquor is

heated, and run into a hot slurry of milk of lime,
in calculated quantity to precipitate the arsenic
as a “calcium arsenate” of controlled composi-
tion and properties. Due to the presence of

. some carbonate both in the quicklime from which

the slurry is made and in the arsenic liquor, a
certain amount of calcium carbonate, indefinite,
but capable of control, is precipitated along with
the arsenate. The calecium arsenate also con-
tains water of hydration, the amount of which

1o

is controlled by the conditions. of precipitation. -

Commercial calcium arsenate contains about

Percent.

CB0 e e e 42-44
As20s5. - 40-42
CO2 2-4.5

. HaO . e 10-14

The milk of lime and arsenic liquor misture is
calculated to give a precipitate having a compo-
- sition substantially that of the commercial cal-
cium arsenate set. forth above, and such com-
position may be represented by the hypothetical
formula of 4Ca0.A5:05.3H20+2CaCOz as an im-
purity. The sulphate in the arsenic liquor is not
precipitated to an appreciable extent. The re-
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action "in addition .to" precipitating ecaleium 30

-arsenate also gives sodium hydroxide which is
decanted off and recovered as s filtrate. The re-
action of the arsenic liquor with boiling milk of
lime may be set forth ag follows:

(4) 2Na3AsO:-4-4Ca(OH) 2-+-2H=0-
4C20.45:05.3H20 4 6NaOH

The residue of metallic oxides obtained safter

36

leaching the pulverized fused mixture is then

dissolved in hot muriatic acid to convert the
metals to soluble chlorides.’ This reaction may
be given as follows, using cobalt as the repre-
sentative metal. '

(5)  C0202.2H20+6HCIS2CoCl:+ (-4-3) HzO
The silica and alumina partly dissolve. To sepa~

rate out the silica, alumina, iron, etc., the solu-'

tion of metallic chlorides after cooling is then
poured into an emulsion of calcium carbonate in
excess. This precipitates the elements such as
silica, alumina, iron, and leaves the cobalt, nickel,
copper and manganese in solution as chlorides
along with a large amount of calcium chioride,
which is formed by the muriatic acid reacting
with the calcium carbonate. The pH of the
solution after precipitation is 4.5 1o 6.0, indicat-
ing various degrees of saturation of the solution
with CO2. It is important to keep the satura-
tion of Coz high so that no cobalt and nickel pre-
cipitate. - ) L
The precipitate formed by this reaction is not

40
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After filtration and thorough washing, the pre-
cipitate obtained upon addition of the acid solu--
tHon of metallic chlorides to the excess of cal-
cium carbonate, (as in Reactions 6 and 7), is
discarded, and the filtrate and wash liguors;
which have herefofore been referred to as co-
balt liquor are saved. 'To this liquor is added
the sodium hydroxide or caustic liquor obtained
during precipitation. of the calcium arsenate.
The caustic Iiquor is added until a pH of 8.3 to
8.8 is obtained as described above. .

The cobalt liquor and caustic liquor contain
the following principal materials:

- Cobalt Hquor Caustic liquor
Cobalt chloride (CoOly) Sodiun hydroxide (NaOH)
Niekel chloride (NiCls) Sodium sulphate (Na;30y)
Copper chloride (CuClz) Sodium chloride (NaOl)
Manganese chloride (MnCly) Sodium carbonate (NasCO0y)
Caleium chloride (CaCls)
Carbon dioxide (COp)

When the two liquors are united in the proper
proportions the cobalt, nickel, copper and man-
ganese are precipitated probably, as mixed hy--
drates or hydrated carbonates, leaving the re-
maining constituents in solution. The precipi-
tate is filtered off, washed, dried and pulverized
and is ready for use. . The reaction between co-
balt chloride and sodium h_yc}roxide may be rep-
resented thus: .

® CoCla+-2NaOH~Co(OH) 24-2NaCl

It will be observed that the above described
process comprising my invention is distinguish- -
able over the prior art largely in'the preliminary
treatment given to the ore, in that all of the ar-
senic contained therein is preserved and ulti-
mately recovered as an end-product of the proc-
ess. In this particular, the present process is en-
tirely different from those in which the ore in

- the preliminary stages of its processing has been
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clear cut and definite in composition, but con- -

sists principally of silica, alumina (either as hy-
drate or calcium salt or both); and a rather com-
plex indefinite hydrated  carbonate of iron.

Since the reaction products in precipitating out -

the iron. etc. are not ¢apable of exact chemical
definition, the reaction may be indicated only
generally as follows, using iron as the representa-
tive metal. o
(6) CaCo3+4-2HC1->CaCla+HaCOs

¢))] FeCls+3H2CO3->Fe(FCO3)3+4-3HCL -

‘The excess calcium carbonate added neutralizes
the HCl formed in Reaction 7.

heated to a temperature sufficiently high to lib-
erate ab least some of the arsenic even though
such prior srt processes in their initial stages
attempted to convert the arsenic into an oxidized
form. In my process the fusion is carried on. a
such a low temperature and under such strongly
basic and oxidizing conditions as to prevent the
undesirable features of the prior art set forth
above. B

The use of & fusion bath for the ore containing
the constituents named gives rise to a number
of advantages which may be partially enumer-
ated as follows., In this connection, the pro-
portions given in the specification herein are also
important, - The first desirable condition accom-
plished by the fusion as described is the compiete
retention of all the arsenic in the melt, thus en-
abling its complete final recovery in one’ opera-
tion and elimination of bag-houses or other pre-
cautionary measures to catch noxious fumes from

- the smelting. ' The second advantage peculiar to
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this particular treatment is also twofold and has
to do with the relation between the speed. of re-
action and the fluidity of the fused mass. The
fusion as described in the specification permits
the production of a free flowing melt in which
reactions can take place completely and easily . -
and at the same time without danger of explo~
sion or other such hazards. It is possible to pro- -
duce a fluid oxidizing melt by the use of nitre
and soda ash alone.in certain proportions, but
where the proportion of nitre is sufficiently high
to accomplish the desired complete retention of
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the arsenic and complete reaction, these reac-
tions are apt to take place with explosive violence
whereas if the proportion of soda ash is suffi-
cient to prevent undesirable speed. of reaction,
" the reaction is either incomplete or takes place
at a temperature which is too high to be prac-
tical. The sodium chloride in the mixture serves
as a diluent to the extent that it slows down the
reaction sufficiently to.eliminate hazard and at
the same time preserves all the advantages to be
gained by the high fluidity at low temperatures
before mentioned. ‘ - )
The further use of the proportions of sodium
chloride recommended. herein becomes apparent
when the method of recovery of the arsenic is
considered. The arsenic is recovered as calcium
arsenate and must be in a thoroughly pure state
in order to be commercially marketable. If large
quantities of sodium carbonate were to be used
in the fusion mixture, the resulting calcium, ar-
senate would inevitably be so contaminated with
carbonate as to preclude commercial use. By the»
use of sodium’ chloride in place of certain quan-
tities of sodium carbonate, the presence of ex-
cessive amounts of carbon dioxide is avoided
and the recovery of calcium arsenate is made
commercially practicable, by eliminating copre-
" cipitation of undesirable amounts-of caleium car-=
bonate. . :
From the foregoing, it will be apparent that
there is provided a novel method of refining co-
balt ore in which the sylphur and arsenic, pres-
ent as impurities, are first completely separated
from the metal constituents without the neces-
sity of smelting in a blast furnace, or the grind--
ing and roasting required in the refining of co-
balt ore as usually practiced. The process of this
invention, beginning with forming the fused, ore
mixture, enables the arsenic and metals to be
divided into separate phases which are dealt with
individually in a simplified manner. It will be

noted also that one of the by-products obtained

in the treatment of the arsenic is used in the
. treatment of the meétals, The manner in which
the separate phases are treated provides a sim-
plified process of refining arsenical cobalt ore at
a minimum of expense. ' o
Other modes of applying the principle of my
invention may be employed instead of the one
explained, change being made as regards the
steps herein disclosed, provided those stated by
any of the following claims or the ejuivalent of
such stated meansbe employed.
T therefore particularly point out and distinct-
1y claim as my invention:
1. Tn a method of refining cobalt ore, the steps
which comprise forming a mixture of the ore with
" salt, soda, and nitre, and subjecting such mix-
ture to a temperature of from about 1200° F. to
1300° F. to fuse the same. :

2. In a method of refining cobalt ore contain-
ing from about 3% to 15% sulphur and from
about 18% to 35% arsenic, the steps which com-
prise forming a mixture of ore 15% to 25%, salt
15% to 50%, soda 5% to 20%, and nitre 20% to-
509, and fusing such mixture by the application
of heat thereto. . ’

3. Tn a method of refining cobalt ore contain-
ing from about 3% to 15% sulphur and from
about 18% to 35% arsenic, the steps which com-
prise forming a mixture of ore 15% to 256%, salt
15% to 50%, soda 5% to 20%, and nitre 20% to
509, and subjecting such mixture to a tempera-
ture of from about 1200° F. to 1300° F. to fuse the
same, :
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4. The method of separating arsenic and sul-
phur out of cobalt containing ore which com-
prises forming a mixture of the ore with salt,
soda,.and nitre, and subjecting such mixture to
a temperature of from 1200° F. to 1306° F', to fuse
the same. : .

5. The method of separating arsenic and sul-

phur out of cobalt containing ore which com-
prises forming a mixture of the ore with salt,

soda, and nitre, fusing such mixture to form

water soluble salts of the sulphur and arsenie,

and water insoluble oxides.of the metallic in-

gredients, removing and recovering said salts as

a filtrate, and addihg calcium hydroxide to said

filtrate to precipitate the arsenic in the form of

calecium arsenate. ’

6. The method of reflning cobalt ores contain-
ing sulphur and arsenic which comprises treat-
ing the ore to obtain water soluble salts of the .
sulphur and arsenic, and water insoluble oxides
of the metallic ingredients, removing and recov-
ering said salts as a filtrate, adding said filirate
to hot milk of lime to obtain calcium srsenate as
a precipitate and a liquor containing sodium hy-
droxide, forming a second solution of said ox-
ides in muriatic acid, adding said second solution
to an excess.of an emulsion of calcium carbonate
to precipitate some of the metals oub of solution
as impurities, filtering said second solution to
remove sald precipitated impurities, and adding .
said liquor containing sodim hydroxide to said

. filtered second solution to precipitate the cobalt
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out of solution.
7. The method of refining cobali ores contain-
ing sulphur and arsenic which comprises forming

. a mixture of the ore with salt, soda, and nitre,

fusing said mixture to obtain water soluble salts
of the sulphur and- arsenic, and to obtain the
metallic elements in their oxidized form, remov-
ing and recovering sald salts as a filtrate, adding
said filtrate to hot milk of lime t{o obtain cal-
cium arsenate as a precipitate and a caustic lig-
uor containing sodium hydroxide, forming a sec-
ond solution of said oxides in murlatic acid, add-
ing said second solution to an excess of an emul-

_ sion of caleium carbonate to precipitaie some of
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of the metals out of solution as impurities, filter-
ing said second solution to remove said precipi-
tated impurities, and adding said caustic liquor
containing sodium hydroxide to said filtered sec-
ond solution to precipitate the cobalt out of so-
lution. - . :

8. The méthod of refining cobalt ores contain-

- ing sulphur and arsenic which comprises fusing’

- 65

60

85

70

78

said ore under strongly basic and oxidizing con-
ditions, and adding said fusion to water to form
aslurry.

9. The method of refining cobalt ores contain-
ing sulphur and arsenic which comprises fusing
said ore to form water soluble salts of the arsenic
and sulphur, and water insoluble oxides of the
metallic ingredients, and leaching said fusion by
introducing the same while in hot liquid form
into a flowing stream of water. .

- 10. In the method of refining cobalt ores, the
step of leaching out the water soluble salts of
arsenic and sulphur, which comprises forming
2 liquid fusion of the ore, and introducing such -
fusion while hot into a flowing stream of water.

11. In a method of refining cobalt ore, the step
which comprises heating a mixture of ore, soda,
and nitre, with sufficient salt to enable the pro-
Quction of a free flowing melf, at temperatures
not substantially in excess of about 1300° F,

12, In a method of refining cobalt ore, the
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step Which comprises heating & mixture-of ore,

soda, and nitre, with sufficient salt to enable the

production of a free flowing melt, in which the
arsenic content of the ore is completely retained.

13. In a method of refining cobalt ore, the step
which comprises heating a mixgture of ore, soda,
and nitre, with sufficient salt to enable the pro-

duction of a.free flowing melt, in which the .

.arsenic content of the ore is completely retained,

at temperatures not substantially in excess of
about 1300° F. ) .
14. In a method of refining cobalt ore, the step
which comprises heating a mixture of ore, soda,
and nitre, with sufficient salt to enable the pro-
duction of a freé flowing melt,. ‘
ROBERT B. SCHAAL,




