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SUMMARY

The more significant alternative processes for producing
magnesium oxide from magnesite/dolomite are briefly reviewed. On
the basis of the known chemical and wineralogical characteristics of
the Savage River magnesite, it is considered that the calcination/
carbon dioxide pressure leach process represents the most technically

viable of the alternative processes.

Five samples of Savage River magnesite have been carefully
characterized and two of these subjected to a series of laboratory
scale calcination tests. The results of these tests have been
correlated with the compositions of the samples and are to be used to
design technical scale tesfs to be carried out in the next stage of

the overall project.

Leaching tests have commenced and although the tests have
not been completed, it is quite apparent that the kinetics of the
dissolution reaction are markedly dependent on calcination conditions,
Samples calcined at relatively low temperatures are quite reactive
and it is pessible to produce a concentrated magnesium bicarbonate
solution close to saturation under what appear to be technologically

and economically viable conditions.

---000---




INTRODUCTION

Magnesium oxide (Mg0O, magnesia) is an important industrial

raw material, The applications of magnesium oxide are dependent
upon the grade and chemical reactivity of the material and range
from the manufacture of refractories to additives in cosmetic and
pharmaceutical formulations. Although magnesium oxide occurs in
nature as the mineral periclase, the commercially utilized oxide is
derived either from sea water or from minerals with high magnesium
contents such as magnesite and dolomite. Whatever the source, the
magnesium oxide is obtained by calcination of an intermediate mag-

nesium salt or magnesite itself,

The physical properties of magnesium oxide, particularly
specific gravity and surface area, vary greatly with the nature of
the material thermally decomposed, the time and temperature of
calcination, and the presence of traces of impurities., . Temperature
and time of calcination have a marked influence on the reactivity of
the oxide. Material produced at calcination temperatures below
900°C (caustic~burned magnesia) is relatively easily hydrated with
water and dissolves more readily in mineral acids than does oxide

prepared at higher temperatures {(dead-burned or sinter magnesia).

The market value of magnesium oxide depends on its physical

and chemical properties as well as on purity, particularly with

respect to its iron content. High grade magnesium oxide has an iron

specification of less than 0.15%. The current price of magnesia is

of the order of $150-300/tonne.

A rather large, relatively high grade deposit of magnesite
has been outlined in the Savage River region of Tasmania, and at the
request of Mr. E,.R. Hudson of Industrial and Mining Investigations
Pty Ltd, the Division has undertaken a detailed study of the pro-
duction of magnesium oxide from this material. Before discussing
the scope of the present study, it is appropriate to outline the

alternarive processes available,
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f!” PRODUCTION OF MAGNESIUM OXIDE

There are three basic approaches to the production of

magnesium oxide:

(a) From sea water or brines, using calcium oxide, calcium hydroxide

or calcined dolomite to precipitate magnesium hydroxide (1-4):
M‘gCl2 + Ca0 + H,0 — Mg(OH)2 + CaCl, (1)
Mg012 + Ca(OH)2 — Mg(OH)2 + CaCl2 (ii)
Mg012 + Ca0-MgO + 2H20 — 2Mg(OH)2 + CaCl2 (iii)

The magnesium hydroxide is thermally decomposed to the oxide.
Because of the relatively low magnesium content of sea water
(approximately 1.5 gpl), very large volumes of liquid must be
processed; the size of the plant negates the very low cost of
the sea water or brine. The use of calcined dolomite as the

precipitant (reaction iii) obviously increases the yield of mag-

increase capital and operating costs. The magnesium hydroxide
tends to have a very low settling rate and is relatively diffi-
cult to filter. Settling and filtering rates can be increased
by the use of flocculants etc., but these tend to have a detri-

mental effect on product purity.

(b) Physical beneficiation of magnesite/dolomite before or after
calcination. The common impurities found in magnesite/dolomite
deposits include hematite, quartz, calcite and layer silicates
such as talc and serpentine, These impurities normally occur és
discrete entities and can be removed by reverse flotation prior
to caleination (5) or by heavy media separation after calcination
(6). The viability of these techniques depends upon the degree

of liberation of the impurities during crushing and grinding.

(c) As noted above, the iron content of the magnesium oxide product
has an important bearing on use and market price. In some mag-
nesite/dolomite deposits, iron is present by substitution of iron

for magnesium in the magnesite/dolomite crystal lattice. In these

' fiesium hydroxide per unit volume of sea water or brine, but will
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cases it is not possible to remove the iron impurity by physical
means and it is necessary to use a complete dissolution technique,
the iron-containing impurity remaining in the leach residue or
being precipitated from the pregnant leach liquor prior to re-

covery of the magnesium oxide.

It has been established (7) that the iron in the Savage
.River magnesite is present in solid solution with the magnesite so
that a complete dissolution process represents the only technologie-
ally viable process for treating this particular source of magnesium
oxide, It is also apparent that, although the deposit contains a
small but significant amount of dolomite, the dominant mineral is
magnesite. Thus the deposit can be referred to as a magnesite ore-
body. The relatively low dolomite content is of economic importance
since it follows that the amount of solids to be removed from the

pregnant leach pulp is small.

DISSOLUTION OF MAGNESITE/DOLOMITE

Numerous processes have been proposed for recovering high
grade magnesium oxide from magnesite/dolomite ores involving com~
plete dissolution of the magnegium content, recovery of an insoluble
magnesium salt and calcination of the latter. Many magnesites/
dolomites tend to be relatively unreactive so that a number of the
proposed processes involve a preliminary low temperature calcination
stage to ensure réasonably rapid dissolution kinetics. The more

important of the dissolution processes include the following:

{a) Sulphuric acid leaching of magnesite (8}. Magnesium goes into
solution as the water soluble sulphate, and aftef removal of
insoluble impurities (chiefly calecium sulphate), the pregnant
liquor is neutralized with magnesia to precipitate iron.
Hydrated magnesium sulphate (MgSOa-xHZO; z =1,5-4.0) is re-
covered by pressure crystallization. The product is thermally
decomposed to the oxide, the sulphur dioxide/sulphur trioxide
evolved being converted to sulphuric acid in a contact plant for

recycling to the leaching stage.

(b} Hydrochloric acid leaching of calcined magnesite (9). This is

L1



(e)

(d)
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essentially the same as the sulphuric acid process; calcination
of the magnesite is used to reduce the dissolution of iron as
well as increasing magnesium dissolution kinetics. The hydrogen
chloride evolved during calcination of the hydrated magnesium
chloride is readily recovered as hydrochloric acid of the approp~

ridte strength for recycling to the leachiﬁg circuit.

Nitriec acid leaching of dolomite (10). Both calcium and iron
tend to go into solution as the respective nitrates, necessitat-
ing complex purification stages before recovering hydrated
magnesium nitrate. A nitric acid plant is necessary to recover

the nitrogen oxides during calcination as nitric acid.

Leaching of calcined magnesite/dolomite with carbon dioxide at
atmospheric pressure (l1-17) or at an elevated pressure (11,13,
18,19}, Magnesium oxide reécts with carbonated water to form a
solution of magnesium bicarbonate

MgO + 20, + H,0 — MNg(HCO,), ' (iv)

Calcium and iron oxides do not react in a similar fashion to any
appreciable extent and these can be filtered off. Magnesium
bicarbonate is unstable in the solid state and a hydfated carbon-
ate such as MgC03-3H20 {nesquehonite) or a basic carbonate such
as 4MgCO3-Mg(OH)2-4H20 (hydromagnesite) can be readily precipit-
ated from the pregnant magnesium bicarbonate solution by lowering
the carbon dioxide content of the solution by air sparging and/or
heating, The precipitated magnesium carbonate/basic carbonate
is readily calcined to the oxide and the carbon dioxide evolved

returned directly to the leaching circuit.

0f these four processes, the carbon dioxide leach process

has several advantages:

an acid plant is not required,

corrosion is reduced, and

selectivity with respect to dissolution of

iron and calcium is highest.
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Disadvantages of the carbon dioxide leach process are: T
- pre~leach calcination is essential because magnesite
itself shows only very limited reactivity with an
aqueous solution of carbon dioxide, and
- magnesium bicarbonate is very much less soluble in
water than is magnesium sulphate, chloride or nitrate
so that the plant size must be substantially greater

for the same throughput of magnesium

The solubility of magnesium bicarbonate is markedly depend-
ent on temperature (decreasing with increasing temperature) and
carbon dioxide partial pressure {increasing with increasing pressure),
Thus by pressure leaching at a relatively low, controlled temperature
1t should be possible to achieve acceptable dissolution kinetics and

pregnant liquor concentrations.

Overall, and particularly in view of the fact that the
Savage River magnesite contains an appreciable amount of iron in
s0lid solution with the magnesite, it is considered that carbon
dioxide pressure leaching of calcined magnesite represents the most
viable of the alternative processes, both technologically and

economically.

A gimplified, schematic representation of the carbon
dioxide pressure leach process is shown in Figure 1. The magnesite
ore is dry crushed to a suitable size for calcination either in a
rotary kiln or a fluidized bed reactor; coal is probably the best
fuel, Calcination conditions must be chosen to ensure maximum yvield
of reactive magnesium oxide, Following calcination, grinding is
carried out to reduce the calecine to a suitable size for leaching.
This can probably be selectively carried out, with rejection of hard
impurities such as quarte. Wet grinding would be best since it is
necessary to cool the calcine in order to carry out leaching at about
20°¢. Leaching is carried out on a continuous basis in a series of
stirred autoclaves,. The carbon dioxide evolved during calcinatiom
of the ore and of the precipitated carbonate/basic carbonate would
need to be scrubbed and compressed before re-introduction into the

leaching circuit. The autoclaves would need to be fitted with

A u.
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cooling coils to control the exothermic dissolution reactionm.

After separation of the insoluble residue, the pregnant liquor can be
sparged with air to precipitate Mg003-3H20 (nesquehonite) or heated
above about 50°C to precipitate a basic magnesium bicarbonate. After
recovery of the solid product, which is readily calcined to the oxide,
the magnesium-containing mother liquor is returned to the leaching
circuit. The conditions of the second calcination step are determ-

ined by the type of product required - caustic or dead burned magnesia,

SCOPE OF THE PRESENT STUDY

Although many aspects of the carbon dioxide leaching pro-~
cess have been described in the literature, there are virtually no
technical or engineering data available which would permit the
desigﬁ of a suitable plant for treating Savage River magnesite. The
generation of sufficient data would necessitate detailed laboratory

and technical scale studies on representative samples of Savage River

magnesite.

Under the terms of the agreement between the Division of
Mineral Chemistry and Industrial and Mining Investigations Pty Ltd,
the Division is to carry out the following experimental work on suit-
able samples of Savage River magnesite using the carbon dioxide

pressure leach process:

(a) Characterization of magnesite samples. The chemical and miner-

alogical characterization of the samples provided is essential in
order to be able to understand and interpret the results obtained

in the chemical processes.

(b) Calcination of magnesite. The effects of time, temperature and

particle size on the subsequent leaching steps are to be assessed.

(¢) Leaching of calcined magnesite. Parameters which affect the

dissolution rate, including time, temperature, carbon dioxide
pressure, pulp density, particle size and degree of agitation,
are to be investigated in detail and related to the pre-leach

calcination conditions.

(d) Recovery of pregnant magnesium bicarbonate soclution. This will

include determination of settling rates and ease of filtration.
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(e) Precipitation of magnesium carbonate/basic carbonate. The ease .

of precipitation of a readily filtered product, its identificat-
ion and characterization, and the possibility of recycling the

filtrate after solid-liquid separation are to be determined.

(£f) Calcination of the precipitated carbonate/basic carbonate. The

influence of time and temperature on the physical and chemical

properties of the magnesium oxide product are to be assessed.

Initially the above experimental wofk is to be carried out
using laboratory scale equipment. The data generated from these
studies are then to be used to design and/or modify suitable tech-
nical scale equipment. Sufficient experimental work will be carried
out using this equipment to enable a preliminary economic assessment
of the carbon dioxide pressure leach process as applied to Savage
River magnesite to be made, This assessment would not involve
detailed plant design, but would provide reasonable estimates of the

probable unit capital and operating costs.

At present it is anticipated that the laboratory scale
studies will take a minimum of six months and that completion of the
technical scale study and the associated economic assessment may

require an extension of the contract period.

EXPERIMENTAL

MATERTALS

Five composite samples, each approximately 50 kg in weight,
were received from the Tasmanian Department of Mines. The composite
samples consisted of roughly crushed diamond drill core, the approx-

imate compositions (%) of each sample being

MO a0
MAG 1 26 23
MAG 2 44
MAG 3 41
MAG 4 42
MAG 5 37 10

These compositions are based on the assays of the fractions making up

each composite sample.

188013
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‘1' The Savage River magnesite orebody apparently consists of
magnesite with bands of dolomite interspersed throughout. Samples
MAG 2, MAG 3, and MAG 4 represent composites principally composed of
magnesite, sample MAG 1 is chiefly dolomite, while sample MAG 5

represents a mixture of magnesite- and dolomite-rich fractions,

Each composite sample was separately spread out on a clean,
dry concrete pad and thoroughly mixed. Three separate grab samples
of each composite, each of about 100 g, were taken for chemical and
mineralogical analysis. These grab samples were dry ground in a

laboratory hammer mill to 100%Z -100 mesh.

In view of the large number of laboratory scale tests con-
sidered necessary to generate sufficient data for the design and
execution of the technical scale test programme, it was arbitrarily

decided to concentrate laboratory scale calcination and leaching

sidered as representing the two chemical and mineralogical extremes
of the Savage River orebody. Samples of intermediate cowposition,
such as MAG 5, should show a reactivity directly related to that of
samples MAG 1 and MAG 3.

After mixing and recovery of the grab samples, samples
MAG 1 and MAG 3 were split in half, one fraction of each being kept
for reference and the technical scale test programme, the other
fraction being dry screened, the +%", -%'"+7 and -7 mesh fractions
being collected.* Grab samples (approximately 50 g) of each fract—
ion were collected for chemical and mineralogical characterization.
The -%"+7 mesh fractions represented 60-707 by weight of each com-
posite sample. All of the laboratory scale calcination and leaching
tests were carried out using the —-%"+7 mesh fractions., For some of
the calcination tests thils particle size was used without further
size reduction; for a limited number of calcination tests the -%"+7
mesh samples were dry ground in a laboratory hammer mill to 100% -100
mesh, The calcines derived from the -%'"+7 mesh samples were ground
in 4 similar manner prior to leaching. Sieving of the high temper-
ature calcines was relatively more difficult because of the tendency

of the material to absorb meisture

*
A1l mesh sizes are BSS.

l tests on samples MAG 1 and MAG 3. These two samples can be con-
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CHEMICAL ANWALYSIS ‘

The magnesium, calcium and iron contents of the magnesite
samples, calcines, leach residues, intermediate and final products,
pregnant leach liquors and recycle filtrates were determined by
atomic absorption spectrophotometry using the fdllowing gample

dissolution techniques where appropriate,

~ Magnesite samples and intermediate and final products: digestion
in dilute hydrochloric acid. The digestion conditions were such
that only the carbonate containing minerals were dissolved,
Undissolved material in the initial magnesite samples was

collected and reported as an acid-insoluble residue.

— Calcines and leach residues: fusion with sodium peroxide-sodium

carbonate,

The carbonate contents of the initial magnesite samples, leach
residues and intermediate products were determined by combustion in

a LECO furnace.

X~RAY DIFFRACTION

[

All of the magnesite samples and calcines, as well as
selected leach residues and intermediate and final products, were
analysed by X-ray diffraction using a Philips X-ray diffractometer.
Normally the XRD patterns were recorded using fixed operating con-
ditions (sensitivity 4 x 102, time constant = 1, 2°/min) to allow
direct compariscn of the composition of the samples. Under these
conditions, minor fractions of each sample could be identified, The
XRD patterns of the calcination products were also recorded under
conditions such that the strongest reflection was 90-100% full scale
deflection {relative intensity); this was achieved by altering the
sensitivity, keeping the time and scan rate constant. These
patterns allowed the decomposition of magnesite and dolomite to be

carefully followed and related to the weight losses on ignition.

The phases present in each sample analysed were identified
by comparison of the recorded patterns with those listed in the ASTM

index.
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DIFFERENTIAL THERMOGRAVIMETRIC ANALYSIS/THERMOGRAVIMETRIC ANALYSIS

DTA and TGA curves of all of the magnesite samples and of
selected 1each residues and the intermediate products were recorded
using a Rigaku Thermoflex Thermobalance/Differential Thermal Analyzer.
Approximately 15 mg of each sample was heated at a rate of IOOC/min
in a static air atmosphere. In one experiment the air in the
apparatus was flushed out with carbon dioxide and a carbon dioxide
atmosphere maintained over the sample during heating by passing a

small flow of carbon dioxide through the apparatus'during the test,

CALCINATION

250 g samples of the -%'+7 mesh fractions of MAG 1 and
MAG 3 were placed in identical silica dishes and heated at a given
temperature for a given time in a preheated electrically heated
muffle furnace, Halfway through the heating cycle the positions of
the silica dishes within the muffie furnace were reversed to ensure
each sample underwent the same heating profile. After removal from
the muffle furnace, the samples were cooled slowly to room temperat-

ure and the loss in weight on ingition calculated. A number of the
fractions that had been dry ground to 100% -100 mesh,

Suitable samples of the intermediate products were calcined

in the same furnace at the required temperature.

SURFACE AREA

The surface areas of several of the calcines were determined
by nitrogen adsorption (BET method) using a Carloc Erba Series 1800

Sorptomatic instrument.

PRESSURE LEACHING

Equipment

Laboratory scale pressure leaching tests were carried out
in. an Autoclave Engineers 2 litre stainless steel autoclave (model

AFP-2005). The autoclave was initially fitted with an 4" 0D

I calcination tests were repeated with samples of the -%4'+7 mesh
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sampling tube and needle wvalve; in a test run it was found that this
readily became blocked by solids settling out of the pulp so it was
decided to machine the head of the autoclave to take a %" OD sampling
tube and replace the needle valve with a quick action ball valve,
Even so, it was found necessary to blow out the sampling tube and
ball valve with high pressure carbon dioxide after each sampel to
prevent build-up of solids in the sampling tube, The Teflon seats
of the ball valve were replaced regularly since they became scored

and leaked after several kinetic runs,

It is known that the solubility of magnesium ions in a
sclution éaturated with carbon dioxide decreases with increasing
temperature, that the kinetics of dissolution of magnesium oxide in
such solutions is also influenced by temperature, and that the
reactions taking place are exothermic,® To achieve a controlled
temperature necessary for kinetic measurements, a refrigerated
ethylene glycol-water mixture was pumped through cooling coils of
the autoclave, The temperature of the leach pulp was measured with
a RIKA indicating temperature controller (model PB-6A1R-M, sensitiv-
ity + O.IOC). The refrigerated ethylene glycol-water mixture, pro-
duced in a modified refrigerated drinking fountain with a 10 litre
insulated holding taﬁk, was pumped through a solenoid valve actuated
by the indicating temperature controller. If the temperature of
the leach pulp was above the set point of the controller then the
valve opened and the refrigerated ethylene-glycol mixture passed
through the autoclave cooling coils. Once the temperature of the
leach pulp was reduced to the required temperature, the solenoid
valve was deactivated and the refrigerated ethylene glycol-water
mixture returned to the holding tank via a bypass line. In all
cases the temperature of the ethylene glycol-water mixture was main-
tained at least 10°C below the required leach pulp temperature. The
heat transfer through the autoclave cooling coils was quite rapid

and it was possible to control the leach pﬁlp temperature to +0.1°.

*As well as the exothermic nature of the dissolution reactions, the
temperature of the leach pulp is affected by changes in ambient
temperature and by heat generated by mixing. Because the auto-
clave was well insulated, a change of 5°C in ambient temperature
only produced a leach pulp temperature change of 0.2°C,  Energy
expended during mixing at a stirrer rate of 900 rpm caused a
temperature rise of approximately 0.1°C/h.
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The magnetically-driven-stirrer shaft of the autoclave was
l itself driven by a 0.25 hp electric motor via a flexible drive belt.
By altering the pitch circle diameter of the pulley on the electric
motor, the autoclave stirrer shaft could be rotated in the range
500-~1500 rpm. The stirrer shaft was fitted with a Snyder sub-
aerator which drew carbon dioxide from above the level of the leach
pulp down through the stirrer shaft, the gas stream being sheared.by
the blades of the stirrer to form minute bubbles of gas throughout
the leach pulp. In this way the leach pulp was continuously satur-

ated with carbon dioxide throughout each leach test.

Procedure

The autoclave and refrigeration system are shown. in Figure
2;. Figure 3 is a diagrammatic representation of the autoclave. The
operation of the autoclave and the collection of leach pulp samples

for a typical kinetic run include the following steps:

~~ One litre of distilled water is added to the clean, dry autoclave
which is then raised into position with the pneumatic air leg.

The indicating temperature controller is set at the appropriate

then allowed to equilibrate overnight at the required temperature.

- The following morning the autoclave is lowered and a weighed
sample of calcined magnesite is carefully added, ensuring that no

solid adheres to the walls or baffles of the autoclave.

—~ The autoclave 1is raised into position and bolted to the head using
a tension wrench. At the operating pressures (0-200 psig) the
autoclave is sealed via a Viton "0" ring. During tightening the

autoclave is flushed with carbon dioxide by opening valves V3 and
Va4,

- After tightening and flushing the autoclave, valve V3 is closed,
the stirrer motor turned on and the required carbon dioxide

pressure adjusted via valve V4.

— High pressure carbon dioxide is blown into the autoclave via the
sampling tube and valves V1 and V2, This ensures that there is
no leach pulp in the sampling tube and ball valve V2. The

working pressure is readjusted via valve V4,

l temperature and the refrigeration unit turned on. The system is
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— As the reaction proceeds carbon dioxide is consumed so that the
pressure drops; the pressure is continuously monitored and

adjusted as necessary by operation of valve V4,

- After the required time interval approximately 5 ml of leach pulp
is bled out of the sampling tube by opening valve V2, After
nofing the volume, the sample is discarded. This sample is taken
to ensure that the sample collected for analysis comes from the
bulk of the leach pulp and not from within the sampling tube,
Approximately 10 ml of leach pulp is then collected in the same
manner. This is quickly filtered through a 0.6 micron Millipore
filter (without washing) into a clean dry flask kept at 0°C in an
ice bath. 5 ml of the filtered pregnant leach liquor is recov-
ered by pipette and made up to volume for analysis.* The
sampling tube is blown free of leach pulp with high pressure
carbon dioxide by opening valves V1 and V2. Valves V1 and V2
were closed when the pressure reached approximately 25 psig above
the operating pressure. The pressure is readjusted to the oper-

ating pressure by venting excess carbon dioxide through valve V3,

- After the required time intervals, further bleed and analytical

leach pulp samples are collected as above.

~ At the end of the kinetic run the stirrer motor is turned off and
valve V3 opened. The autoclave is unbolted and lowered using
the pneumatic air leg, and the pregnant leach pulp recovered and
filtered as quickly as possible, The clarified pregnant leach
liquor is stored for recovery of an intermediate product while
the leach residue is either dried at 110°C for chemical and

mineralogical analysis, or discarded.

- The éooling coils, thermowell, sampling tube, stirrer, baffles

*In the first few tests a given volume of leach pulp was collected
in a graduated cylinder containing a known volume (about 10 ml) of
ice cold water. After filtration, the pregnant liquor was made up
to volume. Because of the turbidity of the leach pulp, the volume
was difficult to read and it was felt that this could lead to a
significant experimental error. Another gource of experimental
error was eliminated by the use of a Millipore filter system with a
0.6 micron polyvinyl membrane rather than a conventional Buchner
funnel and paper filter, It was found that the finest paper
filter available would not hold back the very fine solids in sus-
pension whereas these were retained on the Millipore filter and
thus did not contaminate the filtrate for analysis.
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and autoclave are carefully cleaned and dried for the next

dissolution test.

THERMODYNAMIC CALCULATIONS

The heats of various calcination and dissélution reactions
were calculated using the REACT program of the CSIRO THERMODATA
system (20). Solubility data as a function of temperature and

carbon dioxide pressure were taken from various literature sources.

RESULTS AND DISCUSSION

CHARACTERIZATION OF MAGNESITE SAMPLES

The chemical analyses of the three grab samples of the five
composite magnesite samples are given in Table 1. As would be
expected, there are gmall differences in the compositions of the
three grab samples of each composite arising from non-homogeneity.
The data are consistent with the estimated contents provided by the
Tasmanian Department of Mines and also. indicate that the composite
samples contain > 90% carbonate minerals. The chemical analyses (%)
of sized fractions of MAG 1 and MAG 3 composite samples are given in

Table 2, .

The X-ray diffraction patterns of composite samples MAG la
~-— MAG 5a are shown in Figure 4, Table 3 shows the mineral assembl-
ages of the composites deduced on the basis of the relative intens-
ities of the diagnostic reflections.” The X-ray diffraction pattern
of the sized fractions of MAG 1 and MAG 3 show minor changes in the
relative intensities of the major reflections - Figure 5 shows the
patterns of the MAG 1 sized fractions. The X-ray diffraction data-
of the sized and unsized grab samples are consistent with the chemical
analyses ghown in Tables 1 and 2. This confirms that the patternms

are capable of providing a rapid indication of sample composition.

X-ray diffraction patterns of the acid insoluble residues

* H

The reflections of the talec mineral, whose composition was not
deduced, are subject to orientation effects and are often enhanced,
which may lead to an apparently high talc content.
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after hydrochloric acid digestion showed them tc be primarily quartz

with a small amount of talc.
Composite sample MAG 1 was light grey in colour while the

remaining samples were "white' with a small and variable amount of

iron staining.

CALCINATION OF MAGNESITE SAMPLES

As noted previously, it is necessary to calcine the mag~
nesite to magnesium oxide prior to carbon dioxide leaching to ensure
reasonably rapid kinetics. Calcination conditions need to be
defined carefully to ensure maximum decomposition of magnesium car-
bonate to an oxide with maximum reactivity with respect to dissolut-
ion. Magnesite, calcite and siderite decompose according to the

following reactions:

MgCO, — Mgl + CO, (v)
CaCO3 —+ Cal + C02 (vi)
FeC03 + 0.2502 — 0.5F9203 + sz {vii)

Dolomite undergoes the following overall decomposition reaction:
MgCa(CO3)2 —> Mg0 + Ca0 + 2CO, (viii)

There 1s considerable evidence (21) that in fact dolomite decomposes

in two stages:

MgCa(CO,), — MgO + CaCO, + CO, (ix)

3

Mg0 + CaCO, —— Mg0 + Ca0 + CO2 (x)

3

With the exception of reaction (vii), these reactions are endothermic,
that is, they require heat. The heats of reactions (v) ~— {(viii)
3 CaCOa,

temperature are given in Table 4. The temperature at which the

per mole of MgCO FeC0, and MgCa(C03)2 as a function of
above decomposition reactions take place depends on particle size,
degree of crystallinity, atmosphere and heating rate but are of the
order of 700, 950, 600, 700 and QSODC-respectively for reactions (v},

(vi}, (vii), (ix) and (x).
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Differential Thermal and Thermogravimetric Analysis

The differential thermal analysis and thermogravimetric
analysis curves show the heat and weight losses of the decomposition
reactions of the composite samples MAG la ———.MAG 5a in a static air
atmosphere, as well as those of MAG 3a in a flowing carbon dioxide
atmosphere. Figure 6 shows the curves of MAG la in static air and
of MAG 3a in static air and flowing carbon dioxide. The curves of
MAG 2a, MAG 4a and MAG 5a in static air are essentially the same as
those of MAG 3a in static air. The differences between the curves
of MAG la and MAG 3a in static air are immediately apparent and can
be related to the mineralogical composition of the samples. The
differences in the curves caused by the different atmospheres above

sample MAG 3a during heating are also apparent.

All of the differential thermal analysis and thermogravi-
metric analysis curves show three endothermic peaks and associated
weight losses, The amount of iron present in the composite samples
is quite low (Table 1) indicating a low iron carbonate content,

Thus the curves can be considered as being caused by:

(a) Decomposition of magnesite

magnesite + dolomite 4+ calecite — dolomite + calcite + MgO-+-CO2

(b) Decomposition of the MCC03 portion of the dolomite

dolomite + calcite + Mg0 — calcite + Mg0 + CO2
(c) Decomposition of the calcite portion of the dolomite and any

free calcite

calcite + MgO0 —— Cal0 + MgO + CO2

Assuming the dolomite has a magnesium to calcium ratio of unity,
which is normally the case with natural dolomites, it is possible to
calculate the mineralogical composition of the samples using the
weight loss data. In these calculations it is necessary to consider
the possible errars introduced by the decomposition reactions of the

minor phases.

- Quartz undergoes a structural change (o > B transition) at about

573°C - this is indicated by a small endotherm, There is, of
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course, no associated weight loss with this transition. In all -

of the composite magnesite samples this endotherm would be masked

by the more intense magnesite decomposition endetherm.

— Talc dehydroxylates at high teﬁperatures and this would tend to
give high weight losses, particularly in the third decomposition
stage, However, the low talc contents of the samples, as indic-
ated by the X-ray diffraction patterns of the original composites
and acid soluble residues, suggests that the error due to the
presence of talc would be quite small and can be consequently

ignored in the mineral composition calculations.

- The available literature (21) indicates that whether the iron is

‘present as a simple carbonate [siderite, FeCOS], a complex carb-
onate [pistomesite, FeMg(COB)z] or in solid solution with magnes-
ite, the iron carbonate will decompose at a temperature slightly
lower than that of magnesite. The calculations have thus been
corrected té allow for the presence of iron carbonate by reducing
the magnesite content by an amount equivalent to the chemically

determined iron content.

The differential thermal analysis peak positions, thermo-
gravimetric analysis curve weight losses, the corresponding
uncorrected and converted mineral compositions, ;he elemental com-
position corresponding to the corrected mineral composition and the
chemical analysis data are given in Table 5. There is good agree-
ment between the elemental compositions derived from the differential
thermal analysis and thermogravimetric analysis curves and the
chemical analysis data indicating that the assumptions made in

deriving the first set of data are not greatly in error.

The differential thermal analysis and thermogravimetric
analysis data clearly indicate that it is necessary to heat the
Savage River magnesite to at least 700°C to ensure that the magnesite
is decomposed to magnesium oxide. If the sample contains an apprec-
iable amount of dolomite then it will, for economic reasons, be

necessary to recover the magnesium content of the dolomite. This

means that the magnesite content of the dolpm magt be decomposed.

Since

L

This requires a calcination temperature of 750-800°C
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calcination is an ehergy_iqtensive unit process, 1t is essential that
optimum conditions be éccurately detérmined with representative
samples. It is known that a lower heating rate tends to reduce the
maximum temperature required for complete decomposition so there has
to be a compromise between calcination time and calcination temper-

ature,

The carbon dioxide atmosphere test on sample MAG 3a confirms
reports (11,12) that the atmosphere above the sample has an important
effect on decomposition temperatures. In the present case, the
artificially applied carbon dioxide atmosphere affects the kinetics
and temperatures of the decomposition reactions, For both the free
magnesite and the magnesite component of the dolomite, the decompos-
ition temperature is increased by 60-70°C while for the calcite
component of the dolomite the decomposition temperature is increased
by 140-150°C. At preéent no suitable explanation has been found for
the broadening of the second differential thermal analysis peak in
the carbon dioxide atmosphere test. The increased decomposition
temperatures indicate that in the technical scale tests, as well as in
the commercial plant, it Wiil be essential to continuously sweep the

carbon dioxide out of the calcination kiln.

Muffle Calcination Tests

The effects of time, temperature and particle size on the
weight loss on calcination of samples MAG 1 and MAG 3 (muffle tests)
are shown in Tables 6 and 7. Also shown in Tables 6 and 7 are the
relative intensity ratios of the principal X-ray diffraction reflect-
ions of magnesite, dolomite, magnesium oxide and calcium oxide,
Figures 7 and 8 show the weight loss as a function of time and temp-
erature respectively,. Figures 9~12 show the X-ray diffraction
patterns of the calcines derived from the -%"+7 mesh fractions ground
to 100% ~100 mesh, From the data presented in Tables & and 7 and

Figures 7-12, the following conclusions can be drawn:

~ For a given time, weight loss increases as temperature increases
and for a given temperature, weight loss increases as time

increases.

188024
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~ The overall weight loss of MAG 3 is greater than that of MAG 1;

this is consistent with the higher carbonate content of the former.

- MAG 3 reaches its theoretical weight loss more rapidly as the

temperature increases than does MAG 1.

- For a given temperature, there is virtually no change in weight
loss on ignition after 1.5-2 hours even though the calcination

reaction may not have"proceéded to completion.

- For a given set of calcination conditions; the loss in weight of
the fine material is less than that of the coarse sample. This
is because of the lower heat transfer properties of the finer

material.

~ The temperature required to reach the theoretical weight loss is
lower for MAG 3 than it is for MAG 1. This is consistent with
the fact that MAG 1 has a significant dolomite content, which

requires a higher decomposition temperature,

The data in Tables 6 and 7 and Figures 7-12 are consistent
with the known greater thermal stability of dolomite compared with
magnesite and the thermogravimetric data (Table 5 and Figure 6).

For example, the weight loss of MAG 1 at 970°C from the muffle and

thermogravimetric tests are 44.8% and 43.6% respectively.

During calcination there are several noticeable changes in

the physical properties of the initial magnesite samples:

- Above about 500°C the colour of the major portion of the samples
changes from grey/white to a light brown. Some of the particles

do mot change colour.

- The particle size of the calcined material is considerably

reduced,
— Many of the larger particles show the development of cracks.

-~ The hardness of the calcined samples is considerably reduced.

These changes, which are shown in Figures 13 and 14, are

w
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congistent with the oxidation of ferrous iron to ferric iromn
[reaction (vii)] and a loss in weight of up to about 50%, the latter
causing a reduction in sample volume. The particles which remained
hard and white were shown to be quartz. The lower heat transfer
properties of material ground to 100% -100 mesh were quite apparent
on sectioning the sample bed; the colour graded from light brown at

the upper surface to white at the bottom of the sample.

It is well known (22) that the physical and chémical prop-
erties of materials formed by thermal decomposition reactions are
markedly dependent on the heating profile used. Magnesium oxide
formed by decomposition of magnesium hydroxide, magnesium carbonates/
basic carbonates, etc. has been shown to have a surface area depend-
ent on the temperature of preparation; the time of heating has a
less marked effect (23,24). Similar effects were observed in the
present study for the product formed on decomposition of MAG 3 '
{-%"+7 mesh ground to 100% -100 mesh); Figure 15 shows surface area
as a function of temperature. The surface area rapidly decreases
as the calcination temperature is increased from 590° to BSOOC;
above this temperature there is only a slight reduction in surface
area. Since chemical reactivity is dependent upon surface area, it
is to be expected that calcination conditions will have an appreciable
effect on the kinetics of the carbon dioxide pressure leaching

reactions.

CARBON DIOXIDE PRESSURE LEACHING OF CALCINES

Theoretical Considerations

Considering only the magnesium oxide content of the calcine,

the follewing reactions take place during leaching:
++ - .
MgO + 2C02(g) + H20 — Mg (aq) + ZHCOB(aq) (xi)
Mg0 + H,0 ——r Mg(OH)2 (xii)

Both of these reactions are exothermic; .at 25°C the heats of react-
ion are respectively 41.4 and 8.89 keal/mole. Thus the dissolution

of 40 g magnesium oxide in 1 litre of water saturated with carbon
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dioxide could produce a temperature rise of approximately 4000*,

Magnesium bicarbonate is stable only in solution and the
anount formed in solution is determined by the solubility of the

solid phase formed.T

MgCO,+3H,0 + C0,(g) — Mg’ (aq) + 2HCO,(aq) + 3H,0 (xiii)

Assuming unit activity coefficients and ignoring the formation of.
CO§ anions and any complexing by Mg(HCOB)_, it can be shown that the
concentration of magnesium ions in solution 1s proportional to the

cube root of the carbon dioxide partial pressure, i.e.

Mg 7] @ P[CO, ] I

Yanat'eva and Rassonskaya (25) have studied the MgCO3~H20 and
CaCO3~MgCOB—320 systems at a carbon dioxide partial pressure of
approximately 100 Kpa (1 atmosphere). Using their data and the
above relationship, the solubility of magﬁESium (expressed as gpl)
as a funetion of carbon dioxide partial pressure and temperature is
showm in Figure 16. - Also included in Figure 16 are the experiment-
ally determined solubility data of Doerner and coworkers (11). It
is quite apparent that there is good agreement between the calculated
and experimental data. From Figure 16 it can be seen that solubil-
ity increases as the carbon dioxide partial pressure and the
temperature increase and decrease respectively. This indicates
that from a solubility point of view, leaching should be carried out
at as low a temperature and high a pressure as practical, However,
the situation is complicated by the fact that it is possible to form
a supersaturated magnesium bicarbonate solution (11); This ‘arises

because the reaction producing soluble magnesium bicarbonate
+ - : . .
MgO + ZCOZ(g) +H,0 — Mg (aq) + ZHCO3(aq) (xiidi)

involves two separate reactions

* .
The heat of reaction does not give any indication of the rate at
which this heat is generated; it also assumes that there are no
heat losses.

Tabove about 15°C, MgCO3+3Hz0 is the stable phase - below this temp-
erature, MgCOj3- SHZO is formed.
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Mg0 + mﬂzo + 002 — MgCOB-:L'Hzo (xiv)

MgCO3 H20 + 002 — Mg++(aq) + ZHCOE(aq) {xv)

If reaction (xv) removes the product of reaction (xiv) as fast as it
is formed, then for all practical purposes no crystals of hydrated
carbonate are present. Thus supefsaturation could lead to severe
operating problems since a change in operating conditions may result

in precipitation of hydrated magnesium carbonate, MgCO -xHZO, from

the pregnant leach liquor.  Moreover, it is known {11? that an
excess of magnesium oxide will precipitate MgCOB-éﬂzo from bicarbonate
solution; this precipitate will accelerate a reversal of reaction
(xv) if the solution is supersaturated. It is possible, however,
that supersaturation could also be beneficial under certain operating

conditions.

The solubility of calecium oxide in leach liquers saturated
with carbon dioxide has been shown by Yanat'eva and Rassonskaya (25)
to be considerably lower than that of magnesium oxide. In addition,
calcium solubility is at a minimum for a given temperature and carbon
dioxide partial pressure when the solution is saturated with respect
to magnesium carbonate. For a saturated magnesium carbonate solution

the solubility of magnesium is approximately 100 times greater than

that of calcium,

For the carbon dioxide pressure leach process, the rate of

formation of a pregnant leach liquor will be controlled by:

calcination conditions
time

temperature

carbon dioxide pressure
pulp density

agitation

leach liquor composition

The kinetics of the dissolution reaction [reéction (x1)] need to be

accurately determined in order to

- (a) choose a set of standard leéching conditions for determining the

effects of the above parameters and to allow comparison of the
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~

reactivity of different magnesite samples, and "F\

(b) provide data for design and cost estimation purposes.

Results

For the kinetic studies, bulk samples of MAG 3(-%"+7 mesh
ground to 100% -100 mesh) were calcined in the muffle furnace under
the following conditions:
950° 16 h

o

700 3h

Before the kinetic data are discussed, the following points are to

be noted:

- With the 70000 calcines the pressure dropped quite rapidly for the
first two hours or so necessitating almost continuous readjustment
of the pressure to the required value. After this period the
rate of pressure drop was much lower and towards the end of a
kinetic run (after 5-8 hours) there was virtually no pressure

drop.

- With the 950°C calcine the pressure dropped slowly during the

whole leaching periocd,.

4

- The solids in the leach pulp samples settled quite rapidly
although the leach pulp samples became progressively more diffi-
cult to filter. There was also a progressive darkening of the

colour of the filtered solid residue.

- At the end of each leach test the pregnant leach pulp was
recovered from the autoclave and the solids filtered off.  Some
of the residue was extremely fine and it was normally necessary to

refilter the first filtrate.

- All of the clarified leach liquors were stored {either separaﬁely
or bulked) for later recovery of intermediate and final products.
Appropriate leach residues were recovered for chemical and miner-

alogical characterization.

The data for the 950°C/16 h calcine are presented in Table

8 and Figures'17 and 18; the following conclusions can be drawn:
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- At an uncontrolled temperature of approximately 20°C, the rate of
the dissolution reaction increases as the carbon dioxide partial
pressure is increased from 50 psig to 100 psig. A further

inecrease to 125 psig has no effect on kinetics.

— At a carbon dioxide partial pressure of 100 psig an increase in
temperature slowly increases the rate of reaction, At 13.5%

the reaction is still proceeding slowly, even after 24 hours,

-~ For these particular calcination conditions, maximum dissolution

achieved is about 207% of the total available magnesium.
- A maximum magnesium concentration of 2 gpl is not practical, nor

. LA ~tanlin Armq

Leaching data for the 700°C calcines are not complete but

is the extended time required to achieve this concentratiom. gprNﬁAA

it should be pointed out that pregnant liquors containing in excess
of 8 gpl magnesium (that is, approaching saturation) have been
cbtained after about 2 hours when operating at about 20°C  and carbon
dioxide at 100 psig. Such a concentration represents about 85-90%
dissolution of the total available magnesium. The leaching data for
the 700°C calcines will be discussed in detail in the next quarterly
report. The large differénce_in the behaviour of the 950°C and
700°C caleines is consistent with the fact that the 950°C calcine

has a much smaller surface area than that produced at 700°¢. The
results clearly indicate that the dissolution of the magnesium oxide

in the calcine is markedly dependent on the calcination conditions.

SUMMARY OF RESULTS/GENERAL CONCLUSIONS

-~ X-ray diffraction readily indicates the dolomite to magnesite

ratio of each ore sample.

- The ore should be crushed to a small enough size to permit even
yet 'complete' calcination. Heat transfer and solid flow prop-

erties during calcination would alse influence the best ore size.

- On calcination there is a reduction in weight and bulk volume of
about 50% and 10% respectively. During calcination there is also

a marked reduction both in particle size and hardness. These
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factors indicate that grinding to a suitable particle size for

N
leaching would be carried out most economically after calcination. "'

- Any quartz present in the ore can be removed by selective grinding
and screening of the calcine. This reduces the overall load on
the grinding circuit as well as reducing the amount of solids that

have to be removed from the pregnant leach pulp,

~ Dolomite is thermally more stable than magnesite. Moreover, the
temperature required to decompose the magnesium carbonate content
of the dolomite is greater than that of the magnesium carbonate

present as magnesite,

-~ Surface area and hence chemical reactivity are dépendent upon the
time and temperature of calclnation. To cobtain a reactive pro-
duct it appears that a lower temperature but longer time are more

appropriate than a higher temperature for a shorter time.

- To ensure that the calcine has a suitably high chemical reactivity
for leaching, it would be advantageous to keep the dolomite con-
tent of the ore as low as possible, This would increase the
proportion of the leach feed which would be dissolved and thus
decrease the amount of unreacted residue that has to be removed

from the pregnant leach pulp.

- It is advantageous to remove the carbon dioxide surrounding the
ore during calcination since this lowers the temperature necessary
for 'complete' decomposition. However, as the carbon dioxide is
to be recovered and used in the leaching stage, it should not be

diluted too much.

- The kinetics of the dissolution of the magnesium oxide component

of the calcine are markedly dependent on the calcination conditions.

~ For high temperature (9500C) calcine, leaching at room temperature
with a moderate carbon dioxide pressure is more appropriate than
at a lower temperature even though the solubility of magnesium

-carbonate is higher at the lower temperature.

- For low temperature (70008) calcine, it is possible to dissolve

about 90%Z of the available magnesium in a relatively short time

NN EE mn TN I N I I I I EE B I S B I B EE N R .
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yielding a solution:which approaches saturation with respect to

magnesium carbonate,

PROPOSED FUTURE WORK PROGRAMME

In the next three month period it is anticipated that the

following will be carried out:

~ Completion of laboratory scale leaching tests including the
effects of particle size, pulp density, agitation and leach

liquor composition.

- Recovery and characterization of intermediate and final products
(hydrated magnesium carbonate and magnesium oxide respectively)

from clarified pregnant leach liquors.
— Standard leach tests on calcines formed under different conditions.

- Testing of technical scale rotary kiln with particular emphasis

on retention time, temperature profile and étmosphere.

- Determination and, if possible, carrying out of the necessary
modifications to the technical scale autoclave rig to suit the

%
present process.

~ Compilation of data for capital and operating cost estimates,
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