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The present invention broadly relates to the treatment
of ores, and more particularly to a novel ore agglomerate
and to an improved method of making the agglomerate.
More specifically the present invention is directed to the
formation of agglomerates from finely particulared
metallic and non-metallic minerals, and particularly iron
ore concentrates which are in a finely particulated state
and which must be agglomerated to facilitate subsequent
handling of the ore and the smelting thereof during sub-
sequent processing.

A large variety of processes are commercially em-
ployed for the benefication of low grade ores to remove
therefrom the undesirable constituents or gangue and
to upgrade the ore into a concentrate of high valuable
mineral content. It is conventional in such ore dressing
operations to pulverize or grind the low grade ore as
mined to a relatively fine particle size in order to free
the locked gangue of silica and other impurities therein
enabling physical separation thereof from the valuable
minerals in the ore. The concentration of the pulverized
ore relies on the differences in the physical properties of
the mineral and -gangue such as the differences in their
specific gravity, surface energy, magnetic permeability,
and the like, enabling separation thereof by techniques
such as gravity, flotation, magnetic concentration, and
the like. In order to achieve the necessary degree of
concentration of the low grade ore, it is frequently nec-
essary to subject the ore to one or successive pulverizing
operations wherein the ore is reduced to a fineness in
particle size less than about 4 mesh.

Due to the dusting and packing tendency of ore con-
centrates or other minerals obtained directly from the
mine or subsequent refining operations in such a finely
particulated state, in addition to the difficulty of handling
and transporting such ores, it has been found desirable
and in some instances necessary to agglomerate the finely
divided particles into relatively large sized lumps in
which they can be conveniently handled, transported, and
smelted. In the methods heretofore employed or pro-
posed for use, the finely divided ores have been agglomer-
ated by sintering molded lumps or globules of the finely
particulated ore at relatively high temperatures such as,
for example 2200° F. for prolonged periods of time
wherein incipient fusion of the particles takes place to
form a friable mass which is thereafter crushed and
screened. Alternatively, pelletizing processes have been
employed wherein the finely particulated ore is mixed
with bentonite and lime or crushed limestone and there-
after heated at temperatures of about 2400° F. to about
2500° F. to form hardened pellets. In still other ag-
glomerating processes heretofore known, suitable binders
such as sodium silicate, coal tar, bitumen, spent sulfite
liquor, etc. are mixed with finely paritculated ore after
which the ore is pressed or extruded into lumps which
may then be heated for prolonged periods of time at an
elevated temperature to form integrally bonded masses.

Each of the foregoing heretofore known processes
have one or more inherent disadvantages which are over-
come in accordance with the practice of the present in-
vention. For example, the use of various binders for
forming agglomerates of the finely divided ore introduces
materials in the resultant agglomerates which are carried
over into subsequent smelting operations resulting in
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increased quantities of impurities and slag formation
and in a corresponding reduction in the efficiency of the
operation. Alternatively, the use of such high tempera-
tures for prolonged periods of time for effecting a
hardening of the molded lumps or pellets constitutes a
tedious and costly operation in view of the massive
equipment and high energy required and frequently pro-
duces agglomerates having insufficient strength to resist
breakage and attrition during subsequent handling and
storage.

It is accordingly a primary object of the present in-
vention to provide an improved agglomerate of a finely
particulated ore and to provide an improved method of
forming the agglomerate which overcomes the disadvan-
tages present in processes of similar purpose heretofore
known.

Another object of the present invention is to provide
a novel agglomerate of a finely particulated mineral
which incorporates therein a controlled quantity of a
fluxing agent substantially uniformly distributed through-
out thereby facilitating subsequent smelting operations
and avoiding the necessity of a separate addition of such
fluxing agents during the smelting operation.

Still another object of the present invention is to pro-
vide an improved agglomerate of a finely particulated
mineral or mineral concentrate which is of high strength
and impact resistance enabling relatively rough handling
thereof during shipment and storage without incurring
any appreciable breakage or attrition of the agglomerate.

A further object of the present invention is to provide
an improved process for forming agglomerates of a finely
particulated mineral which overcomes the need for mas-
sive and expensive processing equipment and which is
simpler and substantially more economical than agglo-
meration techniques heretofore known.

A still further object of the present invention is to
provide .an improved agglomeration process wherein
burnt limestone can be employed for mixing with wet ore
concentrates or minerals facilitating a rapid reduction
in the moisture content in the ore to within a desirable
moisture range avoiding the necessity of employing heat
or special drying techniques to remove the undesirable

- moisture content thereof.
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Still another object of the present invention is to em-
ploy an improved agglomeration process for finely
divided minerals and mineral concentrates wherein rela-
tively low temperatures can be employed to promote
the hardening reaction of the agglomerates thereby pro-
viding for a substantial savings in the cost of heat
energy.

A still further object of the present invention is to
provide an agglomerate of finely divided ore and to pro-
vide a method of making the agglomerate whereby the
resultant agglomerate is substantially devoid of carbonate
compounds that, if present, decompose during subsequent
smelting operations and liberate carbon dioxide gas
which effects a dilution of the conventional smelting
gases employed and concurrently reduces the efficiency
of the smelting operations.

The foregoing and other objects and advantages of the
present invention are achieved by employing a hydro-
thermal reaction for forming hard, crush-resistant porous

agglomerates of finely particulated metallic and non-

metallic mineral concentrates and fines, incorporating
therein controlled proportions of the oxides, hydroxides
and carbonates of calcium and magnesium as well as
mixtures thereof in the presence of heat, pressure and
moisture. In a preferred form of the present invention
small controlled quantities of the oxides, hydroxides and
carbonates or bicarbonates of the alkali metals can be
added further promoting the hydrothermal reaction and
effecting the formation of higher strength agglomerates.
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The composition of the mixtures and agglomerates as
herein disclosed and claimed are described in terms of
percentages by weight unless otherwise indicated. It will
also be understood that the fluxing and binding agent,
namely the oxide, hydroxide and carbonate of calcium
and magnesium are expressed in the subjoined claims in
terms of a weight equivalent basis calculated as calcium
oxide (CaOQ) or magnesium oxide (MgO) as the particular
case may be. Similarly, the oxide, hydroxide and carbon-
ate or bicarbonate of the alkali metals such as potassium
and sodium are expressed in terms of a weight equivalent
basis calculated as sodium oxide (Na;(O) or potassium 0x-
ide (K0), as the particular case may be. It will be further
understood that the term “finely particulated” mineral or
mineral concentrate encompasses finely divided minerals
and mineral fines such as hematite, magnetite, chromite,
pyrolusite, wolframite, scheelite, cobaltite, cassiterite,
zincite, smithsonite, sphalerite, phosphate rock, galena,
pyrite, bauxite, cuprite, malachite, chalcocite, copper
oxide, and the like, derived from natural sources or con-
ventional ore concentrating operations, as well as mix-
tures thereof.

The present invention is particularly adaptable for ag-
glomerating iron ore concentrates into high strength
crush-resistant agglomerates of a desired size and con-
figuration in which they are eminently suitable as a charge
material to blast furnaces. In accordance with the prac-
tice of the present invention, concentrates of conventional
iron bearing ores such as hematite and magnetite, for
example, which are concentrated so as to conventionally
contain from about 45% to about 70% iron calculated
as Fe and the balance gangue which is comprised primar-
ily of silica can be inexpensively and simply agglomerated
either alone or in admixture with fines from other sources
into high strength agglomerates incorporating a homo-
geneous distribution of a non-gas producing fluxing agent.
In order to effect a purification of low grade iron ores, it
is conventionally necessary to grind or pulverize the ore to
a particle size ranging from about 4 mesh to less than
about 400 mesh or fine enough to unlock the iron oxide
minerals and thereby facilitate separation of the major
portion of the mineral from the gangue. This separation
is conveniently achieved by either one of the conventional
wet separation techniques well known in the art such as
froth flotation and/or magnetic processes; for example,
wherein the resultant iron ore concentrate produced is in
the form of an aqueous slurry from which it can be fil-
tered resulting in a filter cake generally containing be-
tween about 5% to about 15% water. Iron or other
mineral concentrates which are concentrated by dry
methods can be simply blended with water in the amount
of about 1% to about 14% so as to properly form a co-
hesive mass of the finely particulated mineral.

The appropriate proportion of the fluxing or binding
agent can be added and substantially homogeneously
mixed with the finely particulated mineral or mineral con-
centrate either by directly mixing the two dry particulated
materials, by admixing slurries of the two materials fol-
lowed thereafter by filtration, or by blending the dry flux-
ing and binding agent into the wet filtered mass of the
mineral or concentrate. The particular blending tech-
nique employed will vary depending on the particular
form in which the mineral is available as well as the de-
sired water content of the blended mixture in order to
facilitate the preliminary formation of pellets, briquettes
or extrusions of the wet mixture.

Any one of a number of suitable molding, pelletizing,
briquetting or extrusion techniques can be satisfactorily
employed for forming compacted lumps or agglomerates
of the wet green mixture which are thereafter subjected
to the hydrothermal reaction under controlled temper-
ature, pressure and moisture conditions effecting a hard-
ening of the lump into a porous crush-resistant agglom-
erate. The average size and size distribution of the par-
ticles of the mineral as well as the particle size of the flux-
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ing and binding agent in addition to the water content of
the green mixture will vary depending on the mineralogic
characteristics of the mineral or mineral concentrate and
the particular molding, pelletizing or extruding technique
employed. For example, when a pelletizing process is
employed for forming the preliminary green agglomerates
such as by employing a drum or disk to form spherical
pellets of the desired size, it is generally preferred to con-
trol the water content of the admixture within a range of
from about 3% to about 10% and to include fines of less
than about 325 mesh representing at least about 20% of
the mixture which has been found to facilitate the forma-
tion of spherical masses by this technigue, On the other
hand, when the preliminary formation of the green ag-
glomerates is achieved through a briquetting rol] press, for
example, lower moisture contents such as about 5% are
preferred and the size of the particles in the mineral and
the size distribution thereof is less important. It will be
apparent from the foregoing that the particular size range
of the particles in the mixture as well as the quantity of
water contained therein can be optimized for each specific
mineral and mineral concentrate and for each specific
technique employed for forming the green unreacted ag-
glomerates.

A further factor influencing the size of the particulated
mixture is that relating to the ultimate strength of the
reacted agglomerate. Generally, it has been found that
an increase in the crushing sirength of the agglomerates
is obtained as the fineness in size or as the percentage of
extremely fine particles is increased which is believed to
be directly attributable to the increased surface area per
unit volume of the material providing an increase in the
total area of the resultant bond.

In view of the foregoing considerations, the mineral or
mineral concentrate may conventionally have a range of
fineness in particle size ranging from about 4 mesh size
to subsieve sizes, and preferably ranging below about 20
mesh with at least half less than 270 mesh. The partic-
ular size range or degree fineness in size of a mineral
concentrate will generally be determined by the miner-
alogic character of the material, the particular process em-
ployed for benefication of the low grade ore and the eco-
nomic considerations involved therein. It has been found
that conventional commercially available concentrates
have a degree of fineness of particle size of this general
magnitude and are eminently satisfactory for agglomer-
ation in accordance with the practice of the present in-
vention.

The composition of the agglomerates comprising the
valuable mineral, the gangue or impurities, the flux or
binding agent, the accelerating agent if desired, and other
suitable additives as may be desired to facilitate the sub-
sequent reduction and smelting of the agglomerates must
be controlled within certain limits in order to obtain the
benefits of the invention. With respect to the metallic
or non-metallic mineral concentrate such as iron ore con-
centrate, for example, it has been found that the type and
concentration of the conventional impurities therein, such
as silica, alumina, carbonates, bicarbonates, sulfates, sul-
fites, phosphates, oxides, hydroxides, magnesium, calcium,
sodium, potassium, etc., is relatively unimportant to ob-
tain the requisite strength of the cured agglomerate.

In addition to the mineral constituent which is present
in the form of an oxide, hydrated oxide, sulfide, carbon-
ate, phosphate, etc., and the residuary impurities in the
mineral or mineral concentrate, the agglomerate con-
tains from about 1% up to about 30% of the fluxing
or binding agent calculated as calcium oxide (CaO).
Binding agents suitable for forming the agglomerates
comprising the present invention include calcium car-
bonate such as aragonite and calcite, calcium hydroxide,
calcium Joxide, dolomite (Ca0.Mg0.2CO,), magnesite
or magnesinm carbonate (MgCO3), mesquinite

(MgCO0;.3H,0)
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hydromagnesite or basic magnesium carbonate
(3MgC03.Mg(OH),.3H,0)

magnesium hydroxide, magnesium oxide, as well as mix-
tures thereof. Of the foregoing materials, the hydrox-
ides and oxides of calcium are preferred particularly in
view of economic considerations and of these, calcium
hydroxide constitutes the preferred constituent. In some
instances, however, burned lime or calcium oxide is pref-
erably employed which when admixed with a wet min-
eral concentrate reacts with the water content thereof
effecting the formation of calcium hydroxide, resulting
in a corresponding decrease in the net water content of
the mixture and through the exothermic reaction gen-
erates heat which acts to heat the mass causing further
evaporation of water. This feature is particularly de-
sirable when wet minerals or mineral concentrates are
available having water contents in excess of that desir-
able for achieving optimum molding pelletizing, briquet-
ting or extruding efficiency whereby the water content can
be reduced to the desired level without the need of em-
ploying extraneous heat or other drying equipment.

The quantity of the flux or binding agent employed as
hereinbefore set forth, may range from about 1% up
to as high as 30% or more of the admixture. It has
been found that by employing the flux or binding agent
in amounts less than about 1% inadequate strength is
obtained, in some instances, of the resultant reacted ag-
glomerate whereby it is rendered relatively fragile and
susceptible to breakage and attrition during subsequent
handling in transportation and storage. Accordingly, the
quantity of the flux and binding agent is preferably con-
trolled in an amount greater than about 1%.

The upper limit of the concentration of the fluxing
and binding agent is dictated by the quantity of the silica
and other slag forming impurities in the mineral con-
centrate in order to achieve satisfactory fluxing thereof
during the subsequent smelting operations. It is gen-
erally desirable to employ an amount of fluxing and
binding agent sufficient to satisfactorily flux the gangue
contained within the agglomerate. Amounts in excess
of this quantity do not appreciably improve the strength
of the resulting agglomerate and serve only to dilute the
ore mineral content of the agglomerate and thus would
constitute an uneconomical practice. Conventionally,
the quantity of the flux and binding agent calculated
as the weight equivalent of calcium oxide is controlled
within a range of about 5% to about 20% and usually
about 10% for most iron ore concentrates. For typi-
cal commercial iron ore concentrates which contain from
about 60% to 67% iron calculated as Fe, and from
about 3% to about 10% silica, a quantity of the flux
and binding agent ranging from about 7% to about 11%
has been found eminently satisfactory for achieving a
high strength agglomerate and for providing efficient flux-
ing of the agglomerate during subsequent blast furnace
operation.

The particle size of the flux and binding agent may
generally range from about 60 mesh to less than about
400 mesh and preferably all less than about 270 mesh.
A size range of the flux and binding agent coarser than
about 20 mesh increases the difficulty of effecting a sub-
stantially uniform distribution thereof throughout the
mixture and provides insufficient surface area in some
instances to obtain the requisite high strength bond. It
is for this reason that the size of the finely particulated
flux and binding agent or mixtures thereof be controlled
within ranges below about 60 mesh and preferably with
at least half of the material in sizes.less than about 270
mesh. For agglomerating purposes there is no lower
limit of particle finess, this depending on the degree of
grinding required to unlock the ore mineral.

In addition to the foregoing constituents it has been
found that the inclusion of an oxide, hydroxide, car-
bonate or bicarbonate of the alkali metals such as po-
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tassium or sodium or blends thereof to the mixture i
amounts ranging up to about 1% calculated on a weight
equivalent basis of sodium oxide (Nay0) or (K;0), has
provided an acceleration of the hydrothermal reaction
and a corresponding increase in the strength of the re-
sultant agglomerate. Concentrations of the accelerator
agent in excess of about 1% also. provide an improve-
ment in the strength of the resultant agglomerate, but
concentrations in excess of about 1% are usually unduly
corrosive to the blast furnace linings during subsequent
smelting of the pellets. For this reason, it is preferred
to retrict the quantity of the accelerator to a maximum
amount of about 1%. On the other hand, while con-
centrations as small as only one tenth of a percent pro-
duce a measurable increase in the strength of the re-
sultant agglomerate, it is generally preferred to include
the accelerator agent in amounts ranging from about
25% to about .75%. Of the foregoing accelerator
agents, the hydroxide, carbonate or bicarbonate of so-
dium are preferred primarily because of economic con-
siderations of which the hydroxide and the carbonate
are the preferred forms.

The accelerator agent is preferably added to the mix-
ture in the form of an aqueous solution which may range
in strength or concentration from about 10% by weight
up to about 75% by weight and preferably a 50% solu-
tion. It is also contemplated that the accelerator agent
can be added in dry form while in a finely particulated
state but due to the hygroscopic nature of these ma-
terials and their toxicity and corrosivity, it is preferred
to employ agueous solutions which provide the further
advantages of handling and uniform distribution through-
out the mixture. The particular concentration of the
aqueous solution of the accelerator agent can be varied
consistent with the consideration of such factors as the
water content of the initial green mixture and the opti-
mum water content desired consistent with the particular
type of molding, pelletizing, briquetting or extruding op-
eration to be employed for preliminarily forming the
green agglomerates.

Other extraneous or suitable additive materials may
also be included in the mixture which do not deleterious-
ly affect the subsequent hydrothermal reaction and the
strength of the cured agglomerate. Additives such as
these may be desired depending upon the particular type
of smelting operation to be performed avoiding a sepa-
rate addition of this additive material to the smelter in
which it is not as uniformly distributed as in the case
wherein it is preliminarily incorporated in the agglom-
erate.

As hereinbefore set forth, the mixture of the mineral
concentrate together with the flux and binding agent,
either through the formation of an aqueous slurry of the
constituents followed by filtration or the dry mixing of
the constituents followed thereafter by the addition of
water or a solution of the accelerator agent for achieving
a wet mixture suitable for molding, pelletizing, briquetting
or extrusion, or by mixing the dry flux and binding agent
with a wet concentrate, provides for a homogeneous mix-
ture wherein the fluxing agent is uniformly distributed
throughout the agglomerate substantially improving the
fluxing characteristics of the agglomerate and the effici-
ency of the subsequent smelting operation. Any one of
a number of well-known mixing or blending apparatuses
can be satisfactorily employed for the purpose of achiev-
ing a substantially homogeneous blend of the several con-
stituents comprising the green mixture.

The resultant green mixture of the finely particulated
mineral incorporating a controlled quantity of the flux
and binding agent together with a small amount of the
accelerator agent, if desired, and other additives if de-
sired is thereafter subjected to a molding, briguetting,
pelletizing or extruding operation wherein the wet mixture
is formed into green agglomerates of the desired size and
configuration consistent with the achievement of optimum
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strength and smelting characteristics. The agglomerates
are preferably formed of a relatively compact configura-
tion such as in the form of cylinders, spheres, eggs, pil-
lows etc., in which they are substantially devoid of any
thin sections or sharp angularities which are susceptible
to fracture or breakage during handling. The particular
configuration of the green agglomerates is also controlled
so that the nesting characteristics of a plurality thereof are
such as to prevent tight compacting preventing the pas-
sage of a heated moisture-laden fluid therethrough dur-
ing the subsequent hydrothermal processing. Agglomer-
ates of the general configuration hereinabove set forth
provide satisfactory open stacking characteristices where-
in the surfaces of the individual agglomerates are not ob-
scured and provide sufficient bed porosity to facilitate the
circulation of a hot pressurized fluid therethrough. These
same porosity characteristics are also desirable during the
subsequent smelting operation of the agglomerates, facili-
tating movement of the reducing gases and the like
through the agglomerate charge.

The resultant green agglomerates during prior handling
and molding, pelletizing, briquetting, or extrusion usually
lose a portion of their moisture content. A net moisture
content within a range of from about 3% to about 8%
represents the preferred range of moisture content during
the hydrothermal reaction. Moisture contents of less than
about 3% generally do not provide sufficient cohesion of
the mass whereas moisture contents in excess of about
8% are sometimes undesirable because the mass is too
plastic to retain a molded, balled, briquetted or extruded
shape. It is for this reason that the moisture content of
the green agglomerates prior to the hydrothermal reac-
tion is preferably controlled within a range of from about
3% to about 8% and more usually from about 4% to
about 5%.

The resultant green agglomerates are thereafter charged
to a chamber or pressure vessel in which they are heated
to an elevated temperature under pressure and in the
presence of moisture to effect a hardening and bonding
of the individual particles into an integral high strength
agglomerate. The particular hydrothermal reaction
which occurs- is not completely understood but it has
been found that pressure, temperature, time and moisture
content contribute toward the reaction and the strength
of the resultant agglomerate. By increasing the pressure
and/or temperature, the rate of reaction is increased en-
abling stronger bonds to be obtained for the same length
of time or enabling agglomerates of equal strength to be
produced in a shorter time. Experimental analyses sug-
gest that the hydrothermal reaction results in the forma-
tion of a bond comprising a reaction product of the flux-
ing and bonding agent, water, the impurities in the min-
eral such as silicon dioxide and alumina, as well as with
the oxide, hydrated oxide, carbonate, phosphate, etc., of
the mineral itself. During subsequent smelting, any hy-
droxides or carbonates in the agglomerate tend to de-
compose liberating water or carbon dioxide gas which
escapes and accentuates the porosity of the agglomerate.

It will be apparent from the foregoing that the tempera-
ture, pressure, time and amount of alkali hydroxide, car-
bonate or bicarbonate to produce a reacted agglomerate
from a specific type of finely particulated material of sat-
isfactory strength are interrelated and these variables must
be correlated and optimized in accordance with available
equipment and economic considerations to provide ag-
glomerates of the desired strength. The application of
heat to the green agglomerates may be achieved in any
one of a number of methods such as by employing steam,
heated moisture-laden air such as flue gases saturated with
moisture and by direct or indirect heating and the like.
Since heat is necessary to promote the hydrothermal re-
action and represents a significant cost factor of the proc-
ess, economic considerations such as the availability of
waste heat and recovery sources will conventionally dic-
tate the particular heating medium and temperatures em-
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ployed consistent with achieving a hardening of the green
agglomerates within commercially practical time periods.
Of the foregoing techniques, the use of steam has been
found eminently satisfactory since it simultaneously pro-
vides a source of heat energy and moisture necessary for
the hydrothermal reaction. Steam under pressure has
been satisfactorily employed for effecting a hardening of
the agglomerates within a reasonable time that are of the
requisite strength and crushing resistance.

In consideration of the foregoing factors, it has been
found that temperatures ranging from about 200° F. up
to about 700° F. can be satisfactorily employed to achieve
a hardening of the green agglomerates within reasonable
time periods. The maximum temperature usable is dic-
tated by that at which fusion or unwanted thermal de-
composition of the additive constituents or of the mineral
occur which in the case of iron ore concentrates is about
2200° F. In this latter instance it is preferred that tem-
peratures of less than 600° F. be employed for curing
iron ore agglomerates. The lowest temperature suitable
for initiating the hydrothermal reaction is about 200° F.
but in view of economic considerations as to the curing
time required for achieving satisfactory strength, a tem-
perature of at least about 300° F. and preferably about
400° F. is employed. In addition, while the hydrothermal
reaction can satisfactorily be performed at atmospheric
pressure, it is preferred to employ pressures greater than
atmospheric up to pressures approaching the capacity of
a conventional pressure vessel so as to decrease the time
and improve the strength of the resultant cured agglom-
erate. When steam is employed as the heating medium,
the pressure and temperature thereof are interrelated and
are selected to achieve optimum curing characteristics de-
pending on attendant economic considerations. Similarly,
the quantity of moisture in the fluid or disposed in contact
with the green agglomerates during the curing reaction
should be maximized to achieve the hardening reaction
within a reasonable time.

In order to further illustrate the composition of
the agglomerates and the method of making them in
accordance with the practice of the present invention, the
following examples are provided. It will be understood,
however, that these examples are provided solely for the
purposes of further illustration and the specific composi-
tions and conditions employed are not intended to be
limiting of the scope of the invention as herein described
and as set forth in the subjoined claims.

EXAMPLE I

A dry hematite concentrate derived from iron ore as
mined in the state of Michigan and concentrated by a
froth flotation technique, was employed for forming ag-
glomerates in accordance with the practice of the present
invention. The hematite iron ore concentrate had a
chemical composition and a size distribution as set forth
in the following table:

Analysis of hematite iron ore concentrate

Composition Size Analysis

Constituent Percent Mesh Size Percent

8
P05 -
Volatile oooooooaoo

The dry hematite concentrate was mixed with approxi-
mately 4 to 5% water for a period of time until a sub-
stantially uniformly moist blend was obtained. There-
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after, a bonding and fluxing agent comprising finely par-
ticulated calcium hydroxide was added to the blended
mixture of the hematite concentrate. The calcium hy-
droxide was derived from calcined precipitated calcium
carbonate which was thereafter mixed with water, dried
and screened, resulting in a finely particulated calcium
hydroxide having a particle size of less than about 325
mesh. The amount of calcium hydroxide employed was
varied in three different batches to provide concentrations
of about 10%, 15%, and 20%, respectively. To aliquot
portions of each of these batches were added 0.5% and
1% by weight of sodium carbonate in the form of an
aqueous solution. To separate portions of the batch comn-
taining calcinm hydroxide, a sodium hydroxide accelera-
tor agent also was'added in amounts of 0.5% and 1%.

The resultant blended mixtures were thereafter
briquetted in a cubic mold under a pressure of 24,000
p.sd, forming one inch cubic briquettes. The green
briquettes were thereafter charged into a 2-gallon high-
pressure autoclave which was provided with electrical
heating elements into the bottom of which about .4 gal-
Jon of water was placed and thereafter the autoclave was
heated to a temperature of about 380° F. under a pres-
sure of 200 p.s.i. Individual samples of each of the green
briquettes were reacted for controlled periods of 14, 1,
3, 5, and 7 hours, effecting hydrothermal hardening of the
briquettes. Thereafter, the briquettes were removed from
the autoclave and dried at a temperature of about 230°
F. prior to further physical and chemical analyses.

EXAMPLE II

A second series of agglomerates was prepared in ac-
cordance with the present iinvention employing a mag-
netite iron ore concentrate of Canadian orgin having a
chemical and size analysis as set forth in the following
table:

Analysis of magnetite iron ore concentrate

Composition Size Analysis

Constituent Percent Mesh Size Percent

—35 4-48
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100. 00

The dry magnetite concentrate was blended with water
to provide a water content ranging from about 4% to
about 5%. After a substantially homogeneous moist mix-
ture was obtained, a fluxing and bonding agent compris-
ing calcium hydroxide of the same type employed in Ex-
ample I was added in amounts of 16%, 15%, and 20%.
Aliquot portions of each of the batches were separately
employed to which aqueous solutions containing sodium
carbonate in an amount equal to 0.5% and 1% by weight
were added forming a homogeneous green mixture. Each
of the batches was thereafter subjected to briquetting in
a manner as described in Example I and were hardened
in the autoclave in the same manner as the briquettes
comprised of the hematite iron ore concentrate.

The hardened briquettes or agglomerates prepared in
accordance with Examples I and II were subjected to
crushing tests in a hydraulic press by which a load was
applied at a rate of 500 pounds per second. The direction
of the application of the crushing load was made in the
same direction as the briquetting pressure and in direc-
tions perpendicular to the direction of briquetting pres-
sure. The results of these tests were averaged to obtain
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an average crushing strength of the agglomerates. In
addition, test specimens of each of the briquettes were
held for a period of 5 hours while immersed in boiling
water to determine the resistance of the hardened agglom-
erates to moisture.

The test results obtained on the several test specimens
are graphically illustrated in FIGURES 1-6. FIGURE 1
portrays the relative crushing strength of the hematite
iron ore concentrate containing 10% calcium hydroxide
without and with varying percentages of the sodium
hydroxide and sodium carbonate accelerator agent. FIG-
URE 2 is similar to FIGURE 1 illustrating the crushing
strength of the hematite concentrate incorporating 15%
calcium hydroxide and varying proportions of the sodium
carbonate accelerator agent, whereas FIGURE 3 illus-
trates the effect of employing 20% of the fluxing and
bonding agent with similar proportions of the accelerator
agent. FIGURES 4-6 illustrate similar test data obtained
on the agglomerates prepared from the magnetite iron
ore concentrate employing varying proportions of the
calcium hydroxide bonding and fluxing agent and sodium
carbonate accelerator agent.

It will be apparent from the data as portrayed in FIG-
URES 1-6 that increases in the crushing strength are ob-
tained as the duration of the hardening period in the
reactor is increased and as the percentage of the bond-
ing and fluxing agent in the agglomerate and the quantity
of accelerator agent added is increased. It is further
apparent that the use of higher quantities of the bonding
and fluxing agents do not appreciably increase the strength
of the agglomerate as indicated by a comparison of the
strengths obtained between the agglomerates containing
15% and 20% of the bonding and fluxing agent. This
is apparently due to the fact that a prescribed quantity
of the bonding and fluxing agent enters into the reaction
and any amount in excess thereof merely acts as a diluent
in the agglomerate.

It is also apparent from these data that the curing time
to achieve a satisfactory crushing strength is appreciably
reduced by including higher proportions of the bonding
and fluxing agent and by adding a small amount of the
accelerator agent thereto. Both sodium hydroxide and
sodium carbonate produce substantial increases in the
resultant crushing strength of the cured agglomerate.
The sodium carbonate under the influence of heat, pres-
sure, moisture and calcium hydroxide in the autoclave is
believed to decompose and reacts with water forming so-
dium hydroxide which is thought to activate the surfaces
of the iron ore particles thereby accelerating the hydro-
thermal reaction.

It will also be apparent from the data as illustrated in
FIGURES 1-6 that the agglomerates made from the
magnetite concentrate had substantially higher crushing
strengths than corresponding agglomerates made from
the hematite iron ore concentrate. These data suggest
that the finer sizes of magnetite iron ore concentrates are
more conducive to bonding by the hydrothermal reaction
than hematite iron ore comcentrates, although in both
cases satisfactory high strength agglomerates are ob-
tained.

'To determine the effect on the strength of the briquettes
or agglomerates as encountered during typical blast
furnace operations, specimens of the agglomerates made
from both the hematite and magnetite iron ore concen-
trates incorporating varying proportions of the flux and
bonding agent and accelerator agent were heated over a
period of 4 hours to an elevated temperature (1832° F.)
and held at that temperature for a period of about 1 hour
in a neutral atmosphere and thereafter tested. These
data indicate that only minor increases in the crushing
strengths of the agglomerates occurred after being sub-
jected to high temperatures. Similar tests were con-
ducted employing a reducing atmosphere (29% H,, 22%
CO, 48% N,, and 1% CO, by volume). While some
reduction occurred under these conditions, the agglomer-
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ates still retained the major proportion of their high
crushing strengths.

Minerals and mineral concentrates other than iron ore
concentrates can be satisfactorily agglomerated in accord-
ance with the practice of the present invention. The
following additional example is provided to illustrate
other typical minerals in oxide, hydrated oxide, sulfide,
carbonate, etc. form from which high strength crush
resistant agglomerates can be satisfactorily made.

EXAMPLE III

A series of other typical minerals which can be satis-
factorily agglomerated in accordance with the practice of
the present invention are listed in the following table.
Each of these minerals in a finely particulated state were
agglomerated in accordance with the method previously
described in connection with Example I. Blends were
prepared of each mineral with 15% by weight calcium
hydroxide (11.1% equivalent CaO) of the same type em-
ployed in preparing the hematite iron ore agglomerates
set forth in Example I. In addition, the blended mixtures
contained 1% by weight sodium carbonate as an accelera-
tor agent.

Each of the green blended mixtures of the minerals
were briquetted forming cylindrical briquettes having a
diameter of 34 and a length of 34 inches and rounded
ends. The green briquettes were thereafter subjected to
the hydrothermal curing reaction in accordance with the
method previously described in Example I for a period
of 7 hours. The specific mineral, its chemical analysis
and the crushing strength of the resultant briquettes are
set forth in the following table:

Mineral analysis and crushing strength of briquettes

Crushing

Mineral Chemical Analysis Strength,

Pounds

Percent

Chromite (Cry03+Fes03) - 9.80 716
Pyrolusite MnOgz) .ceeocoeos 5 283
Wolframite (FeWO)ocanae.-- 3 967
Scheelite (CaWO,) 3 1,012
Cobaltite (CoAsS) f 1,120
Cassiterite (Sn02) - - 3 844
Zincite (ZnO) .- . 384
Smithsonite (ZnCOy) A 1,957
Sphalerite (ZnS) 3 444
Phosphate Rock (Caa(PO4)z)_ Ca;(PO;)z ........... 76. 80 400
Galena (PbS) 81 767
Pyrite (FeS) I‘eS 70.41 6067
Bauxite (Alz03) Al O3 55.00 1,200
Cuprite (Cu0-}Fe;0y) Cu 6,15 833
Malachite (CuCQ3+Cu(0OH)z) | CuC03.Cu(OH);._..| 87.36 410
Chalcocite (Cug8). CusS .| 72.37 365

Copper Oxide (Cuz0.Cu0)...] CUleemmm 84.11 25

It should also be pointed out that a reaction time of 7
hours was employed to assure substantial completion of
the hydrothermal curing reaction. Reaction times sub-
stantially shorter than 7 hours can be employed to produce
agglomerates of these minerals which are of satisfactory
strength and crush resistance.

It will be apparent from the foregoing that the agglom-
erates formed in accordance with the practice of the pres-
ent invention are unique in structure and composition and
provide for substantial improvement in the handling and
storage of finely particulated ores. Such agglomerates
can be simply and economically made in accordance with
the method comprising the present invention thus provid-
ing a significant advancement in the technology of ore
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dressing and treatment. While it will be apparent that the
preferred embodiments herein illustrated are well calcu-
lated to fulfill the objects above stated, it will be appreci-
ated that the invention is susceptible to modification, vari-
ation and change without departing from the proper scope
or fair meaning of the subjoined claims.

What is claimed is:

1. The method of making a mineral agglomerate which
comprises the steps of providing a finely particulated moist
mineral having an average particle size of less than about
4 mesh and a moisture content of from about 3% to
about 14% , admixing therewith a finely particulated bond-
ing agent selected from the group consisting of calcium
hydroxide, calcium oxide, magnesium hydroxide, magne-
sinum oxide, and mixtures thereof, in an amount greater
than about 1% up to about 30% until a relatively uniform
mixture is obtained, adding to said mixture an accelerator
agent selected from the group consisting of the oxides,
hydroxides, carbonates and bicarbonates of the alkali
metals in an amount of about .25% to about 1% calcu-
lated as the oxide form, forming the blended said mixture
into compact discrete masses, and thereafter contacting
and heating said masses under pressure by steam to a
temperature of from about 200° F. to about 700° F. and
maintaining contact for a period of time sufficient to
form hard and integrally bonded masses.

2. The method of making an iron ore agglomerate
which comprises the steps of providing a finely particu-
lated moist iron ore containing from about 45% to about
70% iron calculated as Fe and the balance gangue having
an average particle size of less than 20 mesh and a mois-
ture content of from about 3% to about 14%, admixing
with said iron ore a finely particulated bonding agent se-
lected from the group consisting of calcium hydroxide,
calcium oxide, magnesium hydroxide, magnesium oxide,
as well as mixtures thereof in an amount of from about
5% to about 20% until a relatively uniform mixture is
obtained, blending into said mixture an accelerator agent
selected from the group comsisting of the oxides, hydrox-
ides, carbonates and bicarbonates of sodium and potas-
sium in an amount of about .25% to about 1% calculated
as the oxide form, forming the blended said mixture into
compact masses, and thereafter contacting and heating
said masses under pressure by steam to a temperature of
from about 200° F. to about 700° F. and maintaining
contact for a period of time sufficient to form hard and
integrally bonded iron ore agglomerates.

3. The method of making a mineral agglomerate as
set forth in claim 1, wherein said mineral is bauxite.

4. The method of making a mineral agglomate as set
forth in claim 1, wherein said mineral is chromite.

5. The method of making a mineral agglomate as set
forth in claim 1, wherein said mineral is pyrolusite.
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