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This invention relates to the preferential or
selective sulphatization of mixed metallic oxides
and silicates. More specifically the invention re-
lates to the treatment of complex ores, which be-
cause of their earthy character and the intimate
association of their mineral constituents, are not
amenable to known methods of ore dressing and
separation. It is particularly directed to the
hydrated type of ore, consisting of a complex
aggregate of minerals, including metallic oxides
and hydro-silicates, in the smelting of which it
is impossible to avoid reduction of the minor
metallic components, the latter therefore ap-
pearing in the product as alloying impurities.

As an example of the type of ore to which
the invention is particularly directed, may be
cited the nickel chromiferous iron ores of Cuba,
Greece and Borheo. These ores range in analysis,
on dry basis; iron 46 to 52, chromium 2 fo 3,
nickel and cobalt up to 1.2%. These deposits
represent large tonnages of comparatively high
grade iron ore, which it has hitherto been found
impossible to utilize to any substantial degree in
the manufacture of commercial steel products,
such use having been limited to special products
in which the content of nickel and chromium
could be effectively utilized.

A purpose of the invention is therefore to re-
move the nickel, which because of its chemical
stability, is not susceptible to removal in the
course of steel-making operations.

Certain ores of this character, tend to run
higher in alumina, than is desirable for normal

5 smelting practice; a further purpose of this in-

vention is therefore to effect some decrease in
the alumina.

The process also admits of chromium removal,
but to a degree commensurate with g loss in iron.
As it is a specific purpose of the invention to
maintain as nearly as possible the original iron
content of the ore, the process contemplates only
an incidental removal of chromium, which ele-
ment may, however, be removed o an effective
degree in subsequent process steps, well known
in the metallurgical art.

A known method of treating metallic oxides
and silicates, so as to facilitate their removal, is
to convert them to soluble sulphates by roasting
them at suitable temperatures in the presence
of a sulphatizing agent. In the case of complex
iron ores, such as those above referred to, the
purpose of sulphatization is to effect a prefer-
ential conversion of certain undesired compo-

5 nents to soluble sulphates, removable by leaching, v

(CL 75—116)

without incurring serious losses of soluble iron
in the leach solution,

Previous investigators, having in view a selec-
tive sulphatization of non-ferrous oxides and
silicates, associated with iron oxides, have used
as indirect sulphatizing agents, metallic sul-
phides and sulphates, alkaline metal sulphates,
or their chemical equivalents; as more direct
sulphatizers, they have used mixtures of sul-
phur dioxide and air. All of these have been
utilized under various conditions within limits
of temperature, time and concentration. How-
ever, the fact that the partial pressure of sul-
phur trioxide (which is the effective reagent
from whatever source derived) is an important
factor in any system of selective sulphatization
and that it must be effectively controlled, seems
to have been entirely ignored. This fact has
now been fully demonstrated in the course of
experiments in the sulphatizing of ores, and the
knowledge thereby gained has been usefully ap-
plied to an adequate solution of the problem. In
the case of the Cuban ores, for example; it has
been shown that nickel and alumina may be re-
moved and the ore beneficiated to a degree ade-
quate for normal steel making operations, by
exercising the proper control of partial pressure
and temperature during the sulphatizing reac-
tions.

The presence in an ore of several sulphatizable
components, which it is desired to sulphatize in
a preferential or selective manner, complicates
the problem of controlling the degree of conver-
sion of the respective components to their solu-
ble sulphates; particularly is this so in the case
of the readily sulphatizable iron, which is pres-
ent in predominant proportions. The difficulty
of control can be appreciated, if due considera-
tion be given to the fact, that conversion to sul-
phate is reversible within certain ranges of tem-
perature, to the extent that the sulphate formed,
tends to dissociate. Such dissociation, depend-
ing on the particular element from which the
sulphate is derived, may take the form of a direct
reversion to the original oxide or, in certain cases,
to the reduced metal; or, again, it may pass
through an intermediate stage as basic sulphate,
before reverting to the oxide. Whatever be the
mechanism of dissociation, it is necessarily ac-
companied by a secondary dissociation of the SO3
radicle set free by the reversion of the sulphate,
so that sulphur dioxide and oxygen are pro-
duced.

It is well known that the dissociation pressures
of various sulphates differ according to the metal
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from which they are derived. From previous in-
vestigations of paired sulphates, heated to vari-
ous temperatures, it is known that there are also
variations in the pressures set up by different
types of mixed sulphates. With certain excep-
tions, the dissociation pressure is generally that
due to the less stable member of the pair. On the
other hand pairs of certain isomorphous sul-
phates exhibit the characteristics of a single
phase, having a well defined dissociation pres-
sure, intermediate in range between that of the
individual members. From this it becomes evi-
dent, that, in the case of mixed non-isomorphous
sulphates, the member having the highest disso-
ciation pressure, that is to say, the least stable at
the selected temperature, is the more readily de-
composed tc its insoluble form; the other sul-
phate therefore remaining substantially unaf-
fected.

To better understand the distinctive features
of the process herein disclosed, let it be assumed
that the ore exists in a simplified form and that
its important components, iron oxide, alumina,
chromic oxide and nickel oxide are present as
By selecting the proper tempera-
ture and partial SOs; pressure, it should be pos-
sible to sulphatize one or more of the compon-
ents in a preferential manner. For example, at
a temperature of 700° C. and SOz partial pressure
of 120 m/m, only the oxides of nickel and alumi-
num should be sulphatizable. Conversely, the re-
action being reversible, it can be shown that un-
der conditions of complete sulphatization of the
mixture, the comparative stabilities against re-
version, of the sulphates so formed, would run in
the order: chromium, iron (ferric), aluminum
and nickel, with nickel sulphate as the most
stable.

In actual fact however, a complex ore contains
other components, silica for example, which in-
tervene and change the characteristic dissocia-
tion pressures of the metallic sulphates above re-
ferred to. Also the reactivity to sulphatization
of each component is appreciably affected by the
particular mineralogical form in which it exists
in the ore. Nevertheless the general indications
above cited hold true, as to the feasibility of
selective suphatization and a controlled reversion
of the sulphates formed, so long as the compo-
nents to be separated do not have the character
of solid solutions. While the investigations of
single and mixed sulphates, above referred to,
relate to the total dissociation pressures set up,
it is evident that for the purpose in view, viz. a
control of the formation of sulphates and their
maintenance in a stable form, it is the partial
pressure of sulphur trioxide that is the more
readily controlled factor.

As a result, a preferred process has now been
worked out for the treatment of Cuban ores, such
as those of the Mayari and Moa Bay districts;
the features of which are as follows.

As is well known, sulphur trioxide is produced
by the combination of sulphur dioxide and the
oxygen of the air, in the presence of a suitable
catalyst, such as platinum or an oxide of vanad-
ium, at a temperature of about 450° C., the pur-
pose being to attain a high degree of conversion
of sulphur dioxide and the concentration of tri-
oxide being dependent on the ratio of air and di-
oxide used in the process. For the purpose of this
invention, it has been found that in order to
secure the desired results, the generation of the
sulphur trioxide, to be used for sulphatizing the
ore, should be effected at a point in the system,
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entirely separate from the zone of sulphatization.
The gas, so produced, is then brought into inti-
mate contact with the ore to be sulphatized, said
ore being heated to a predetermined range of
temperature in a furnace of suitable type. A
concentration of 25-309% SOz, arising from a 2:1
ratio of air and sulphur dioxide and a 909% con-
version of SQ2, has given particularly effective
results in sulphatization; lower concentrations
may be satisfactorily used, but the time factor in
sulphatization is correspondingly increased; for
this reason it is preferred not to lower the con-
centration below 15%.

An important feature of the present process is
the somewhat higher range of sulphatizing tem-
peratures, 650° C. to 760° C., than that used here-
tofore. If reference be had to known methods
of sulphatizing, by effecting the conversion of
sulphur dicxide in contact with the ore to be sul-
phatized, or by mixing pyrite or similar sulphur
bearing material therewith, it will be seen that
the required degree of SOz conversion cannot be
met. For example, in the case of burned pyrite,
the percentage conversion of SOz to SO3 at 450°
C. is less than 20%; at 500-600° C. with the same
rate of flow, the conversion is still less than 509 ;
and at 700-750° C. it drops to less than 20%.
Whether pyrite be roasted with the ore to be
sulphatized, or whether a mixture of sulphur di-
oxide and air be passed over the ore at 400-500°
C., it is evident that the reaction rate is too slow
fer the purpose sought. Any extension of the
treatment period, to offset the low reaction rate
tends to a corresponding increase in the amount
of iron sulphatized.

Furthermore the sulphatizing temperature is
necessarily limited to that at which the combina-
tion of SO2 and O can best be effected, say 400°
C. to 500° C. Moreover the conflict between the
formation of sulphur trioxide in contact wth the
ore, the latter acting to some degree catalytically,
and the sulphatization of the ore by the gas so
formed, makes it impossible to attain the desired
control of SO3 partial pressure. In other words,
these known methods do not provide the best
conditions, neither in respect to SO3 concentra-
tion, nor in respect to temperature, for effecting
a selective conversion of nickel and other minor
components of the ore to a form suitable for their
removal.

The sulphur trioxide gas is passed into a suit-
able roasting furnace, so devised as to provide
a maximum degree of contact between the ore
mixture and the sulphatizing gas. The ore, or
advantageously a mixture of ore of 5 to 15% of
sodium chloride, should previously be brought to
the desired roasting temperature, 650-700° C. In
heating the ore, moisture and water of hydra-
tion are driven off, their removal being facili-
tated by passing air over the mixture, during the
early stages of the heating period.

The most effective rate of flow for the sul-
phatizing gas should be determined experimen-
tally. In the initial stages of sulphatization SO;
is rapidly absorbed by the ore, but as sulphatiza-
tion proceeds the rate of absorption slows down
appreciably; hence the rate of gas-flow into the
furnace should be cut down accordingly. By ob-
serving the gas leaving the furnace for indica-
tions of unconsumed SO3, and by sampling the
ore at different stages of the roast, these condi-
tions may be adequately controlled.

If sulphatization at 650-700° C. be prolonged
until 90% or more of the nickel has been sulpha-
tized, it will be found that a substantial propor-
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tion of the iron, varying from 20 to 50%, has also
been converted to soluble sulphate. To avoid high
iron losses in the subsequent leaching of the roast-
ed product, it is essential to cause the reversion
of the ferric sulphate to an insoluble form of
iron. This may be effected by increasing the
temperature during the later stages of roasting to
a degree sufficient to decompose, or dissociate, the
ferric sulphate. Within certain limits of temper-
ature, say up to 750° C., and provided roasting at
this higher temperature be not protracted for too
long a period, the greater part of the sulphatized
jron may be caused to revert with but slight loss of

sulphatized nickel.

A move precise and controllable method of pre-
venting the decomposition of the nickel sulphate,
one which is an important feature of this inven-
tion, consists in maintaining on the roasted prod-
uct during the decomposition period, a degree of
gas pressure in excess of the dissociation pres-
sure of nickel sulphate at that temperature, cut
less than the dissociation pressure of ferric sul-
phate.

In the case of Cuban ore, the roasting temper-
ature in the final period may advantageously be
increased about 50° C., say to a temperature of
700-760° C., while maintaining a slow flow of SO3
gas over the sulphatized ore, so as o impose
thereon a total gas pressure, high enough to in-
hibit reversion of nickel sulphate. This imposed
pressure, which may be controlled to the desired
value by a valved outlet from the furnace, is due
to the combined partial pressures of SO3 and of
its own decomposition products SOz and O at that
temperature, and also of the inert gas which ac-
companies the 8Os, It is known that the dissoci-
ation pressure of nickel sulphate at 759° C. is only
about 38 m/m, which value is the sum of partial
pressures of 803, SOz and O. On the other hand
ferric sulphate has a dissociation pressure greatly
exceeding the value for nickel sulphate even at
substantially lower temperatures, which value
increases rapidly as it approaches 700° C., when
it attains approximately 560 m/m. Chromium
sulphate likewise has high dissociation pressures,
whereas the individual pressures of the sulphates
of cobalt, manganese and magnesium (which may
also be present as oxides or silicates in ores of
this type) are still lower than nickel sulphate,
within a temperature range of 700-769° C. Alumi-
num sulphate has a pressure higher than nickel
sulphate but substantially lower than the sul-
phates of iron and chromium.

From this it becomes evident that, the substan-
tial difference between the low dissociation pres-
sures of nickel sulphate (alss of cobalt, man-
ganese and maghesium, when these are present in
sulphatized form) and the comparatively high
pressures of iron and chromium sulphates, ren-
ders possible the selective reversion of the latter
group to their insoluble form, without greatly ai-
fecting the solubility cf the nickel and other solu-
ble metallic salts of low dissociation pressure, by
maintaining over the mixture a total pressure in-
termediate between the extreme values afore-
said. In so far as soluble aluminum is concerned,
the imposed pressure selected should have a
value also higher than that, which would corre-
spond to the dissociation of aluminum sulphate.

It will of course be understood that the values
given above refer to the individual dissociation
pressures of the various sulphatized components.
Because of their influence on each other and de-
pending on their respective proportions, the domi-
nant dissociation pressure of any one group of

3
mixed sulphates will vary from the values indi-
cated. In the same way, the presence of inter-
vening components of the ore, silica for example,
will infiuence the values. However, the wide dis-
parity between the two groups, namely nickel,
cobalt, manganese and magnesium on the cne
hand, and iron and chromium on the other, al-
lows sufficient latitude in which to select the gas
pressure to be imposed. Such selection, in view
of the complex factors involved, is best defer-
mined experimentally and for practical purposes
may be expressed as the total pressure, corre-
sponding to a specific SO3 partial pressure.

By way of illustration it may be stated that
when the decomposition of nickel and iron sul-
phates was carried out at 750° C. the total pres-
sure was 737 m/m, corresponding to an SO3 par-
tial pressure of 237 m/m. The partial pressure
of nickel sulphate at this temperature is but
4 m/m, that of ferric sulphate exceeds the total
pressure figure of 737 m/m. Consequently the
decomposition of ferric sulphate can continue
unopposed, the nickel sulphate remaining prac-
tically unaffected. By actual analyses prior to,
and subsequent to decomposition, it has been
shown that by maintaining the conditions above
specified the incidental reversion of nickel sul-
phate may be limited to 2.5% whereas the iron
sulphate may be decomposed to the extent of
97-98%.

It is further to be cbserved that the above SOz
partial pressure of 237 m/m is close to, but slight-
1y less than, that due to the decomposition of
aluminum sulphate. From this, it is evident that
decomposition of any aluminum sulphate present
would not be avoided, under the conditions speci-
fied. 'To maintain both nickel and aluminum in
soluble condition as sulphates, but revert sub-
stantially all the iron, it would be necessary to
maintain an SOz partial pressure in excess of
that due to the decomposition of aluminum sul-
phate at the decomposition temperature selected.
This can be effected by lowering the temperature
of decompeosition, say to 720° C., at which tem-
perature the SOz partial pressure of aluminum
sulphate would decrease to about 100 m/m; in
consequence any total pressure corresponding
to an SOz partial pressure in excess of this figure,
but lower than that due to the decomposition
of ferric sulphate, would be suitable for inhibiting
the decomposition of aluminum and nickel sul-
phates.

With the temperature range and degree of gas
pressure established, the third controllable fac-
tor, that of time, remains to be considered and
particularly in respect to the comparative dura-
tions of the two roasting periods, the functions
of which are broadly that of sulphatization and
restrained or selective decomposition. In the
first period at the lower temperature 650-700°
C., the initial stages of nickel sulphatization
proceed rapidly but the reaction slows down as
the absorption of SO; hecomes less. On the other
hand prolongation of the time of sulphatization
beyond a certain time promotes a rapid increase
in the amount of iron that may be sulphatized at
that temperature. At the higher temperature of
700-760° C. the sulphatization of nickel tends to
accelerate and at the same time reversion of sul-
phatized iron is promoted. The most effective
combination of the two roasting periods is such
that, the first period results in oversuiphatization
of the ore to the extent that sulphatization of
the iron is permitted to proceed to a substantial
degree, before changing tothehighertemperature.
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There is probably some additional sulphatization
of nickel at the higher temperature which serves
to insure a higher recovery of nickel in a soluble
form, but the main purpose of the second period

-is to decompose iron sulphate without a con-

comitant decomposition of nickel sulphate. With
the Cuban ore referred to, the best results have
been obtained by roasting at the higher tempera-
ture with a slow and controlled flow of SOs for

“a period representing from 40 to 509 of the total

time of roasting. In this manner over 90% of
the nickel has been obtained in a soluble form,
while the solubility of the iron has been limited
to 8% or less. Aluminum to the extent of about

"50% has also been rendered soluble.

The principles of the process as outlined above,
may be applied in an alternative and equally ef-
fective manner, by utilizing the ferric sul-
phate formed in the first roasting period at
650-700° C., as the reagent in the second roast-
ing period at 700-760° C. This can be accom-
plished by making an addition of raw ore to the
product of the first period in amount, such that
the nickel and aluminum in the added ore may
be sulphated by the subsequent dissociation of
the ferriz sulphate, available in the initially over-
sulphated cre. The furnace is then closed and
heated to approximately 750° C. and a total gas
bressure maintained therein, which corresponds
to the selected SO; partial pressure; gas in ex-
cess of this pressure being allowed to escape
from the furnace through a suitable valved con-
nection and recovered for further use on a sub-

_sequent hatch of ore.

After sulphatization has been completed the
treated mass is quickly cooled by quenching in
water. This is necessary, because if the mass be
permitted to cool in the presence of SOs it may,
in passing through the temperature range at
which iron sulphatizes readily, acquire ferric sul-
phate, a result it is particularly desired to avoid.
On the other hand if residual SOz be swept out
by a current of air, there is danger of decompos-
ing some of the soluble nickel sulphate and a con-
sequently less efficient removal of nickel from the
ore. The cooled mass is submitted to a suitable
water leaching for the removal of the soluble
sulphates of nickel and aluminum. Recovery of
these soluble salts may be effected by any methods
known in the art, by precipitation for exampie,
but such metheds are outside the scope of the
invention, the main purpose of which is to main-
tain sulphatization under proper control. Ob-
viously the cooling and leaching may be combined
as one step. The leached residue may be dried
and agglomerated by nodulizing or sintering and
is then in suitable condition for smelting in a
blast furnace.

In certain cases analysis of the leach solution
has indicated that an appreciable amount of
chromium sulphate may be brought into solution.
However this necessarily involves some additional
loss in iron, because cf the known inactivity of
chromic cxide, causing it to sulphatize at a com-
paratively slow rate, and also because the same
measures that may be taken to inhibit sulphatiza-
tion of iron or to promote its decomposition if
sulphatized, will be similarly effective in respect
to the chromium. Therefore, while admitting
the feasibility for certain purposes, of removing
chromium with some increase in soluble iron, by
this process, the preferred practice of the inven-
tion is not directed to chromium removal in any
substantial degree, said removal may be ade-
quately effected by known metallurgical processes.

2,086,015

It will be obvious to those skilled in the art that
the process steps, herein described and the meth-
ods devised for controlling partial pressures in the
reactions of sulphatization, are applicable to a
comparatively wide range of metallic oxides and
silicates specifically and to mixtures of sulphatiz-
able inorganic salts in general, selective treat-
ment of which is based, in part on a selective sul-~
phatization to soluble form, in part on a selective
reversion therefrom to an insoluble condition.

The specific features of the invention are set
forth in the following claims.

‘We claim.:

1. A process for the selective sulphatization of
metallic oxides and silicates in iron ores contain-
ing them, which consists in, treating the ore with
sulphur trioxide gas at a temperature favoring
the formation of soluble metal sulphates having
comparatively low dissociation pressures, raising
the temperature after a predetermined period, so
as to dissociate any incidental metal sulphates of
high dissociation pressure formed at lower tem-
perature, while maintaining thereon a predeter-
mined degree of reaction gas pressure to inhibit
dissociation of those soluble sulphates having low
dissociation pressures, cooling the mass and re-
moving the undissociated soluble sulphates by
leaching.

2. A process for the selective sulphatization of
nickel oxides in iron ores containing them, which
consists in, treating the ore with sulphur trioxide
gas at a temperature favoring the formation of
soluble nickel sulphate, raising the temperature
after a predetermined period, so as to dissociate
any incidental iron sulphate formed at lower tem-
perature, while maintaining thereon a predeter-
mined degree of reaction gas pressure to inhibit
dissociation of soluble nickel sulphate, cooling the
mass and removing the undissociated nickel sul-
phate by leaching.

3. A process for the selective sulphatization of
nickel and aluminum oxides in chromiferous iron
ores containing them, which consists in, treating
the ore with sulphur trioxide gas at a tempera-
ture favoring the formation of soluble nickel and
aluminum sulphates, raising the temperature
after a predetermined period, so as to dissociate
any incidental iron and chromium sulphates
formed at lower temperatures, while maintaining
thereon a predetermined degree of reaction gas
pressure to inhibit dissociation of soluble nickel
and aluminum sulphates, cooling the mass and
removing the undissociated nickel and aluminum
sulphates by leaching.

4. A process for the selective sulphatization of
nickel and aluminum oxides in chromiferous iron
ores containing them, which consists in, adding
a small amount of an alkaline metal chloride to
the ore, heating the mixture to a temperature of
650° C. to 700° C., passing thereover sulphur tri-
oxide gas which has been formed prior to its con-
tact with the mixture, continuing said flow of gas
and maintaining said temperature until substan-
tially all the nickel, a large proportion of the alu-
minum and minor proportions of the iron and the
chromium have become sulphatized to soluble
metal salts, raising the temperature to from 700°
C. to 750° C. and continuing the flow of sulphur
trioxide gas until the soluble iron and chromium
of earlier sulphatization have been decomposed to
insoluble forms, rapidly cooling the mixture and
leaching the soluble nickel and aluminum salts
from the insoluble residue.

5. A process for the selective sulphatization of
nickel and aluminum oxides in chromiferous iron
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ores containing them, which consists in treating
the ore with sulphur trioxide gas at a temperature
of 650° C. to 700° C. for a predetermined period,
until substantially all the nickel, a large propor-
tion of the aluminum, and minor proportions of
the iron and chromium have been sulphatized,
raising the temperature for a further period to
a point not exceeding 760° C. to decompose iron
and chromium sulphates, while maintaining
thereon a total gas pressure which corresponds to
an SOs3 partial pressure greater than that of
nickel and aluminum sulphates but less than that
of iron and chromium sulphates, quenching the
mass and removing the nickel and aluminum sul-
phates by leaching.

6. A process for the selective sulphatization of
nickel and aluminum oxides in chromiferous iron
ores containing them, which consists in, adding
59 to 15% of an alkaline metal chloride to the
ore, treating the mixture with sulphur trioxide
zas at a temperature of 650° C. to 700° C. for a pre-
determined period, raising the temperature for a
further period to a point not exceeding 760° C.
while maintaining thereon a total gas pressure
which corresponds to an SOs partial pressure
exceeding that of nickel and aluminum sulphates
but less than that of iron and chromium sul-
phates, quenching the mass and removing the
nickel and aluminum sulphates by leaching.

7. A process for the selective treatment of iron
ores containing oxides and silicates of nickel,
whereby the nickel constituents may be rendered
soluble preferentially to iron, which consists in,
{reating the ore with a sulphatizing gas at a
temperature to effect the sulphatization. of sub-
stantially all the nickel and from 20% to 50%
of the iron, then raising the temperature to
decompose the sulphatized iron, while imposing
on the mass a total gas pressure exceeding that
derivable from the decomposition of sulphatized
nickel at that temperature, controlling said total
pressure by maintaining a flow of sulphatizing
gas, the partial pressure of which is that corre-
sponding to the total pressure desired.

8. A process for the selective sulphatization of

5

nickel oxides and silicates in iron ores containing
them, which consists in, adding to the ore a small
amount of an alkaline metal chloride, heating
the mixture to a temperature of 650° to 700°
C., passing thereover g stream of sulphur trioxide
gas until substantially all the nickel and a minor
proportion of the iron have been sulphatized,
adding thereto fresh ore in amount, such that
the sulphatizable components of the latter, when
heated to suitable temperature, may react with
the gaseous decomposition products of the sul-
phatized iron derived from the original ore, effect-
ing said decomposition by increasing the tem-
perature to a degree not exceeding 760° C., while
maintaining thereon such a degree of total pres-
sure as to correspond to a sulphur trioxide partial
pressure intermediate between those of nickel
sulphate and iron sulphate, and removing the
undecomposed products of sulphatization by
leaching.

9. In a sulphatizing roast for complex ores un-
der conditions effecting a substantial sulphatiza-
tion of several components of the ore, the method
of selectively controlling the dissociation of the
sulphatized components by maintaining thereon
a degree of reaction gas pressure, greater than
the dissociation pressures determined for such
of the sulphatized components as it is desired
to inhibit from dissociation, but inferior to the
dissociation pressures of the sulphatized com-
ponents to be dissociated.

10. A process for controlling the decomposition
of mixed sulphates which consists in, heating
the sulphates in an atmosphere of sulphur tri-
oxide to a temperature in excess of their appro-
priate temperature of sulphatization, inhibiting
the decomposition of sulphates having lower
dissociation pressure by maintaining thereon a
degree of gas pressure in excess of said dissccia-

tion pressure but inferior to the higher dissocia- -

tion pressure of those sulphates decomposition
of which is desired.

SYLVESTER JAMES BRODERICK.
EARL H. BROWN.
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