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1. INTRODUCTION

It is the Bayer-technology that is used worldwide in the
industrial processing of the bauxites. This technology involves
great demands on investigaticn and analyses. The compositica of
bauxite to be processed, the efficiency of desilication and di-
gestion, moreover the getting into solution of the contaminants
should be known. The efficiency of settling, filtration and pre-
cipitation has to be checked mainly Ly 2nalytical methods.
Plant control and process cont:-ol is mainly based on analytica!
measurements, tco and that is why plant operation without ana-
lytics in unimaginable. For that very reason it is ne .essary tc
deal in detail with the analytical problems of the a umina pro-

duction.

When analysing bauxites one has to proceed on the bzsis «f
4 aspects.
a) Surveying and determination of bauxite rescurces
b) Qualification during exploitation
c) Controlling the process of aluminag production, prepara-
tion of balances

d) Accounts between supplier and consumer

When qualificating aluminas primarily the testing =f those
components is necessary which are undesirable for metaliurgic.:

processing.

Testing of red muds provides i.portant information amnno

others about the rate of alumina and caustic soda losses.

The analysis of aluminate liquors renders help for the
control of the precipitation process and the reduction of

contaminants in the precipitated alumina hydrate.

The many-sided investigatior in the alumina industry and

researching requires the whole verticality of the anaiytical

LY




procedures, including the conventional chemical and most up-to-

-date physical-chemical procedures

These are as follows:

Gravimetry

Fitrimetry, p tentiometry
Photometry, spectrophotomztry
Thermometry

Optical emission spectral analysis
Atomic absorwtion analysis
Nuclear analytical methods

Spectrometric and X-ray spectrometric analysis

Particular agreement usually brought about between sup-
plier and purchaser stipulates the standard specifications and
testing methods to be applied for the determination of the in-

dividual components.

A separate problem is caused by the analysis of samples
arising with different and varying compositions during the

technological research work.




2. GENERAL ASPECTS OF THE METHODS USED IN BAUXITE,
RED MUD, AND ALUMINA ANALYSIS. GRAVIMETRIC,
TITRIMETRIC AND INSTRUMENTAL METHODS

Principle of the gravimetric analytical method:
A weighed portion of a sample of known quality is taken and
the component to be determined is transferred mostly from the
liquid phase into a form suitable for separation and identifi-
cation. The component is weighed either in the elementary
state or after being transformed into a coumpound of known
composition. The determined component is expressed in terms
of percentage of the charged quantity the calculation of
which is carried cut on the basis of the data obtained and accord-

ing to the law of stoichiometry.

This investigation method is rarely adapted now in the
alumina industry, however, it ic still indispensable in some
areas. For instance in the case of arbitration analyses and
checking of results of instrumental measurements of the silica,
sul fur content of bauxites and moisture and L.0.I. {(Lcss On
Ignition) values the gravimetric method is used in every case.
Similar practice is adapted at the testing of particular red

muds or bauxites selectively separated.

At the volumetric (titrimetric) analytical method standara
solution of a known concentration is added to the solution of
the weighed test material the former being capable of entering
into quick and full reaction with the component to be deter-
mined. The amount of component sought for can be calculated
from the volume of the standard solution consumed. For the
indication of the end point of reactions, were it not be per-

:ived by the change of the colour of the solution itself,
indicators are generally used which by changing their colour
fairly indicate the termination of the reaction. Potentiomet-
ric and conductivity measurements may also be adapted. The

volumetric testing procedures can be further broken into acidi-




-alkalimetry, oxidimetry, redoximetry, etc.

The titrimetric method is used for the determination of
particular components of bauxites and red muds. The complexomet-
ric method is used for the gdetermination of Al1.0., of the sam-
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ples, or Ca0 and MgO-content exceeding 4 % in the samples.

The oxidimetric method is used for the determination of
Fe203 and FeO the titrant being potassiu~— dichromate. If the
sample contains more TiO., than 5 % the determination is made

by FeCl3 standard solutign.

Molar ratio and total caustic from the aluminate liquors is

also determined by titrimetry.

Well proved method for the determination of chromium and vana-
dium content of samples is thz potentiometric end point indicat-

ing procedure.

The photometric or spectrophotometric testiny procedures
find wide range application particularly for the determination
of minor tracing components.

The photometric, or more exactly spectrophotometric measure-
ments are based on the selective light absorption or more
generally on the selective absorption of the electromagnetic
radiation. The quantitative analysis is rendeved possible on
the basis of the Lambert-Beer's Law.

The light source and the cell containing the material to be
tested, the light resolution unit, the photometer itself, the
evaluating unit, a micro-ammeter or recording unit represent
the basic elements of the photometers and spectrophotometers.
The light resolution unit is generally combined of colour
tilters at the photometers, while in the spe: trophotometers
monochromators are used.

There are spectrophotometers available for the application in
the ultra-violet, visible and infrared ranges. Good resolving
power is characterising the UNICAM and PERKIN-ELMER spectro-
photometers. The spectrophotometric method is used for the




determination of T102, V205, MnOz, Ga203 and PZOS—Content of

bauxites and red muds. From the alumina the contaminants cf

5102, Fe203, TlOz, VZOS and Cr203 are determined. From the

aluninate liquors V,0., Fe203, Ga2 37 etc. are regularly ana-
lysed.

The basis of the ithermometric analytical method is the
fact that every chemical reaction is accompanied by the change
of heat content and consequently change in the temperature.

This change of the temperature is measured with various sensors.

The thermometric analysis is applicable for cases where
great change of enthalpy occurs and the reaction takes place

quickly and quantitatively.

An instrument has been developed for this purpote. in
Hungary and ic is well applicable for the analysis of aluminars

liquors (total Na,0 . caustic Na,G, Al.O C02), for che dJetes-

'
mination of the siderite content of baixite and for caryying
nut of special physical measurements (i.e. adsorption neat,
diluticn heat). There is a possibility to extend the investi: .-
tion over the determination of individual components cof bauxite

and red mud and the composition of vanadium salt.

Principle of emission spectral~analytical method:

The suitably dressed test material is excited. On the effect . ¢
excitation a light radiation takes place in the course of re-
turning of the electron from the unstable higher enerqgy leve!
to the stable, lower energy level. The radiation beam is re-
solved by a prism or diffraction grating. The intensity of the
resulting spectral lines is measured and the concentration of
components in question is determined by evaluating curves plot-

ted by means of the standards.

For the spectral analytical lests a quartz and a glacs

prism spactrograph and a spectrometer with ARL 35000 ICP
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excited monochromatoir are at our disposal.

The bauxite samples are tested partly in the dissolved

state partly in the pulverized form:

- from the liquid sample aluminium iron, titanium and
silicon content is measured by coupling inductively
high-frequency a plasm excitation source.

The temperature of the produced argon-plasm comes to
about 9000 °K which - according to literary data -
considerably reduces the adverse matrix effect disturb-
inc the testing of the given element, or the interac-
tions between the elements, or in some cases even elim-
inates it completely,

- from a pulverized sample the tracing contaminants such
as beryllium, gallium, zinc, chromium, vanadium and

manganese are tested by the Q-24 spectrograph.

Red mud is tested similarly to the bauxite: here the

gallium content is determined.

The silicon, iron, titanium, vanadium content of the al-
umina is tested with the Q-24 spectrograph in a pulverized
form.

From the aluminate liquor gallium is determined by means
of the Scheibe-Ryvas method using excitation in an alternative-

-current interrupted arc.

When applying the atomic absorption method the material
to be tested is broughc to atomic state into the way of constant
intensity light beams and the slackening of the intensity of
the light is measured. Hollow cathode lamps are used as sources
of light. The change taking place in the high-temperature area
is indicated by a photometer equipped with a monochromator.
For this purpose Pye UNICAM and PERKIN ELMER instruments are

available. Main components of bauxite and red muds ij.e. Fe, 37




A120

37 TiOz, Ca0, MgO and 2nO are determined with the atomic
absorption method without aiming at the arbitration analysis
accuracy. Emission fiame photometry is used fcr the determina-
tion of Nazo-content of the red muds. AZ3 is used for the de-
termination of Zn0O, MgO ané Ca0O from the aluminate liquors.
Flame photormetry is used for the determination of Na20 frem
the alumina and AAS for the determination of CaO, MgO, 2ZnO and

Cu0 from the same.

The advantage of the method is its cuickness and that it
provides the possibility of the individual components to be
determined without any separation as compared to those men-

tioned above.

The X-ray fluorescent analytical method has been developed
in the last 20 years and has become extensively used. The ele-
ments present in the material to be tested should be excited
in a way that eacr element emits its radiation of character-
istic wave-length. Measuring the wave-length of the emitted
X-ray the qualitative identification of the elements being
present can be carried out. If the intensity of radiations of
various wave-lengths is also measured the amount of the indi-
vidual elements can be determined, too. The method can e used
for the determination of any main and contaminating compcnents

ranging from 9F to 92U.

Recently there is a possibility to carry out quantitative
determination of Si02, A1203, F8203, TiO2 and Ca0 from the
bauxite and the red mud by using the "solid solution” (bead-

-casting) dressing methed

In the ccurse of sample dressing the amount of L.O.I. can

also be determined.

From the alumina the Sioz, Fe203, V205, Ca0 and ZnO-con-

tent is determined by means of this method.




Nuclear analytical measurements find rather wide range of

application in the industry. Their main goal is the quick data
supply. When using the neutron-activation process particles are
produced which arz charged by an ion-source of a neutron gene-
rator ana after that they are accelerated and focussed in vacu-
urr by means of ion optics while they reach the targets suitable

for producing neutrons being able to release.

Deuterium and tritium are used most frequently which are

bombarded by neutrons.

The advantage of the neutron generators lies in their
comparatively easy location, and in their low demand on radia-
tion protection because radiation danger occurs only during

operation.

The Geophysical Institute has recently developed an in-
strument which is equipped with an Am-Be neutron source. The
unit can be used for the determination of Nazo, 5102 and Al?_o3
in th2 bauxites and red muds on the basis of the principle of
neutron activation and for the determination of CaoO, TiO2 and
Fezo3 by using the radioisotopic excitation X-ray emission
analysis.

The neutron activation analyzer is being used for several years

for the determination of SiO, and A1203 in the bauxite mines.

2
Besides the other test procedures sometimes the polarog-
rapnic methods are also needed e.g. for the determination of

Zn, Mo, Ga in different solutions.

In addition the LECO quick analyzer is successfully used

for the determination of C and S in the aluminas.

"rom the above mentioned the wide-range application of
anralyticai-chemical and chemical-physical methods can be seen

in the alumina industry.




The exact course of the concrete analysis of the individual

samples will be dealt with in the following chapters.
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3. MAIN INSTRUMENTS AND ANALYTICAL METHODS

In the previous chapter a short description has been given
about the most important conventional wet analytical and instru-
mental methods used in the alumina production according to
Bayer. In this chapter a detailed description of those instruv-
ments and methods will be given which on basis of their wide
measuring range and rapid operation are also useful for the
automated checking of plant operation. These instruments which
recently can be found in each alumina plant are as follows:

1. Emission Spectrum Analyzers

2. X-ray Spectrometers

3. Atomic Absorption Spectrometers

4. Instruments used for thermometric measurements (e.q.

Aluminathermoquant)

5. Electroanalytical Instruments.

EMISSION SPECTRUM ANALYZEPS

From the mid-thirties the optical emission spectrum ana-
lyzers came into general use in the aluminium smelters for metal
analyses. Their area of application has been gradually extended
on the materials of the alumina industry primarily alumina, then
bauxite and red mud. The main difficulty with these samples is
their non-conductive character in contrast to metals, thus the.ir

excitation is highly circumstantial.

Operation of the Emission Spectrum Analyzers (1,2)

It is well known that the excited atoms are emitting de-
finite light radiation characterising only the atom in ques-
tion, which can be observed by means of optical resolving
system - the spectrograph and spectrometer - in the form of
spectrum. The basis of the quantitative spectrum analysis is
supplyed by the fact that the atomically excited elements are

- pea




emitting line spectrum characteristic any time of their

material quality. The correspording spectral lines are

compiled in charts in the literature (1).

Quantitative tests are based on the fact that the more
atoms of the element in question are present in the licht
source the hicher the intensity of the spectral line of a certain element is.
From the radiation intensity of the spectral lines quantitative

chemical counclusions can be drawn (2).

The quantitative cevaluation is carried out by means of

the reference standards.

With the spectral analysis first the atoms have to be
excited this can be made in case of the products cf the alumina
industry by a direct or alternative current arc generation,

furthermore, low-voltage spark generation and recently by ICP.

The spectral analyzers can be divided into two groups.

1. Spectrographs by the use of which the spectrum resolved
according to the wavelength is fixed on a2 light-sensi-
tive emulsion. After the development the intensity of
the spectral line is measured by means cf the pho-
tometer.

2, Spectrometers by the use of which the line intensities
are measured by appropriately set photomultipliers

and accessory electronical measuring units.

Sample preparation

For the spectral analysis solid, powdered, conductive, non-
conductive and liquid samples may be used. Since by means of
this method usually small amounts of materials are tested
special care should be taken of the homogeneity of the samples.
Apart from the rapidity and high automation capability of the

spectral analysis the main advantage of it is that small amounts




Mo asturement

The selection of excitation procedures and the term of
exposure required varies according to the type of the sample

and components to be analyzed.
Evaluation

When foliowing the quantitative evaluaticn the ratio of
riie intensity cf the analyzing pairs of lines is determined
on the pasis of their blackening and after that the composi-
tion is generally determined by using approbate standards
(wet chemically analyzed or weighed ones) prepared by similar

ways.

The crror of the spectral anaiysis kv spectrographs is
ruision and the error of photometry. This can be

senerally maintained at a level ¢f 5 . In case of spectro-

X-7AY SPECIPROMETERS

X-ray spectrometers applicable in a wide measuring range
(100 to 0.001 %) for the testing of elements ranging from
Fluorine (atomic number 9) to urarium (atomic number 92) came
irnts general use in the last years in the alumina industry.
This is partly due to the great development of the sensitivity
and automated condition of X-ray spectrometers available and
partly due to the fact that the sample preparation and calibra-
Fioa has been solved for mest of the products (bauxite, red

mud, alumina) in the alumina production.

\
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The working principle of the X-ray spectrometers (indi-
.;ated in Fig.3.) is as follows: the sample is placed into the
spectrometar and the elements of the sample are excited by the
radiation of the X-ray tube to emit their characteristic radia-
t.on; then the fluorescent X-ray radiation is resolved by the
analyzer crystal into its spectrum. The characteristic radia-
~ion is measured by a counter placed on the goniometer set at

an angle of 28 that correspcnds to the individual elements (3).

In the irradiated homogeneous sample the concentration and
the measured intensity may be expressed by the following equa-

tion:

i i i (1)

were: Ci the relative concentration of fluorescent element i
Ri the corresponding relative fluorescent intensity

Fi the interelement effect correction factor

Since Ri represents the fluorescent intensity related to
the pure element i and since Fi represents the effect on the
element to be measured caused by the other elements present
in the sample the X-ray fluorescent method is not an absolute
one and can only be practicable if evaluation based on chemi-

cally analyzed or prepared standard samples is parallelly made.

Sample Preparation

T™wo kinds of methods can be used for sample preparation
depending on the nature of the sample and the quality and
quantity of elements to be determined:

1. Powdered, homogenized, pressed specimens

2. TFlux fusion (bead preparation)
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At first properly powdered (to - 30 /um) and homogenized,

pressed samplex had been tested. This method, however, proved
to be adequate only for testing alumina where the impurities of
the order of 0.1 to 0.001 % besides the main component of A1203
ocould be fairly determined from the pressed tablets. In such
cases it is expedient .o carry out the test directly from the

original material to avoid the dilution of the minor impurities.

This method did not prove to be adequate for the case of
bauxite and red mud because very poor accuracy could be achieved
due to the mineralogical composition and grain size of the sam-
ples and the interelement effect. The 2ffect of grain size and
mineralogical composition can be eliminated by the flux fusion,
(with NaEB4O7 and Li.B,0 resp.)-the so-called bead prepara-

. 27477
tion (4,5).

For the fusion high frequency induction fnrnaces are used i
where the fusion time is very short, 2 to 3 minutes or so. It
is expedient to carry out fusion in an Au-alloyed platinum
crucible because its wall does not become wettened by the melt
during fusion thus enabling the melt to be completely discharged
from the crucible. The test is performed on the homogeneous

beads prepared this way.

Measurement

For the excitation of samples of the alumina industry it
is advisable to apply an X-ray tube with Cr target because this
is the most efficient method used for the excitation of elements
of atomic number less than 23.

Evaluation
Since the X-ray fluorescent method is not an absolute one

proper standard samples are required for the evaluation of the
test results. The standards are carefully analyzed samples (e.q.




bauxite, red mud, alumina), however, good use can also be made

of standard samples composed of oxides weighed together.

Sample preparation in this case has to be performed by the

mode similar to that one in case of samples to be determined.

The composition of the standards should closely approach
those of the samples to be tested, because in this case che
matrix effect respectively the interelement effect can some -
times be neglected (Fi = 1). If multi-component - varying the
concentration of the components within wide limits - samples
e.g. bauxite, red mud are tested, the interelement effect is
not negligible but it should be taken into account by applying

either empirical, or mathematical corrections.

The most advanced applicable form for the practical evalua-
tion is the self-consistent calibration method outlined by
Tertian (4).

According to this the calibration has to be performed as
follows: the oxides of the element to be measured should be
added one by one to the sample used as a basis of calibration
the latter containing all the elements to be determined. E.g.
for the calibration of a system having, x number of components
x + 1 samples are required, the standard and standard + x
component addition and all the samples are measured for the
intensities of all of the elements and thus the mutual effect
of the individual elements is calculated. This method applies
to calcined and to raw bauxites as well. For further details

see literature (4).

An error of the X-ray spectrometric methods expressed as
the standard deviation is 1 to 3 % relative error depending
mainly on the sample preparation, out of which the instrumental
error does not exceed 1 %.




ATOMIC ABSORPTION EQUIPMENTS

The AAS analytical technique developed in last years of
the fifties has been introduced in the alumina industry quite
rapidly for its relatively low expenses and simple sample pre-
paration (in some cases solutions of sample can be used directly
without any other procedure) . This technique can be applied
mainly if analytical problems need complicated procedures. (i.e.

determination of Mg, 2Zn, Na, etc.).

Working Principle of the AAS Units (6,7)

A component present at a given concentration in the solu-
tion is excited to the atomic state by thermal energy. The
atomic vapour depending on the concentration of the component
will absorb the resonant frequency light of the light source.
The wavelength of the light absorbed is characteristic of the
quality of the component, its intensity, however, is propor-

tional to its amount (concentration).

The AAS methcd is not an absolute one so the light absorp-
tion of suitably prepared reference solutions is compared. Since
the resonant light source provides the resonant lines of a sin-
gle element, in general, this is not a multi-element measuring
method. Due to the small number of resonant lines spectral in-

terference has to be considered only rarely.

The AAS-equipment consists of an atomizing unit, the reso-
nant radiation source, light dispersion part and a light inten-

sity meter.

The task of the nebulizing and atomizing unit is to prod-
uce atomic vapour proportional to the concentration of the com-
ponent to ke measured. For this purpose special gas burner and
atomizing systems or electrically heated metal ribbon or graph-

ite tube is used. The AAS-equipment is generally supplied with




gas burrer atomizing system. Apart from the viscosity of the

solution to be tested and material quality of component and

matrix to be measured the efficiency of atomization addition-

ally depends on the design of the atomizer, the rate of atomiza-

tion, the temperature depending on the chemical composition of

the flame and the character of the flow of the flame (construc- ,
+jon and shape of the burner head). The atomizing gas burner

svstem is of decisive importance concerning the accuracy of

tl.e measurement.

Of the electrothermic atomizer (ETA) equipment the heated
graphite tube has become mostly widespread. The ETA-system is
generally used for trace analyses. Its further advantage is

that small amounts of material are rcguised.

As light sources the hollow-cathode lamps are generally
used. For certain elements higher sensitivity can be achieved

when applying electrodeless discharge lamps {EDL) .

With the modern equipments using mciulation of the heat-
ing current (also as a consequence of the separation of light
@bsorption ard emission) long life (about 2,000 working hours)
can be achieved. In the AAS-units normally 3 to 6 lamp-hclders

are provided.

A double-beam optical system serves as a light-detecting
unit. Corresponding to the ultra-violet and visible range of
wavelengths, furthermore, the thermal stress optical systems are
used which are built-up of quartz or quartz-lined units havirg
good resolution power (dispersion of 3 to 4 nm/mm). For thz
correction of the background radiation a deuterium lamp is

normally installed.

The measurement of light intensity is performed with a
photomultiplier. Modern devices, in general, provide digital

display for the extinction and enable auto-zero setting and




measurement under various integration times. Direct electronical

display of concentration and curve correction possibility re-
guired from time to time is also ensured. The AAS-units can also

be us2d in emission (as flame photometers).

Samcie “reparation

By means of the AAS-units normally only solutions of the
samples can be analyzed. Therefore most of the samples cof the
alumina industry nave to be digested or dissolved prior to ‘.ne
investigation. For this purpose high-capacity target units

{automatic digesters) are available.

For testing larje quantities of samples now automatic

sample changers are expediently used.
Measurement

The solution of adequately prepared samples are atomized
in the burner head by the use of different gas streams depend-
ing on the component to be tested. Gas mixtures most frequently
used for the irn.estigation are: air/acetylene, and N20/acetylene,

respectively.
Evalua*ion

The evaluation is ca.~ied out by a calibration curve plot-
ted according to the extincction and concentration of reference
solutions prepared sirilarly to that of the sample or by the
standard addition.

The sensitivity of the AAS-method is 1 to 100 ppm (due to

the preparation of soluiions) when using flame-atomizing unit.

The errnr of the method is generally ' *o 5 % relative

error when using flame-atomizing uvnit. When using electrothermic
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atomizer, however, it comes to 5 to 10 %&.

THERMOMETRIC ANALYZERS

An instrumented laboratory contrcl method, especially for
the measurement of high concentrations is the thermometric con-
centration measurement. Simultanecusly with the chemical (and
phisical) changes heat effects appear which - in chemical reac-
tion - are proportional with concentration. The direct thermo-
metric concentration measurement started with the activities of
H.J. Howard. (8)

In Hungary I. Sajo® was the first to develop rapid thermometric
(9) methods. In the past 15 years I. Sajé and his co-workers

have developed a thermometric analyzer "Dithermanal® and for

the alumina industry a specialized type the "Aluminathermoquant™.

Principle of the Measurement

Direct thermometric concentration measurement is based on
the exact measurement of the chance of temperature which accom-

panies chemical reactions:

N .Q =¢Cc . AT (2)

Nm = the amount of the component to be measured, in moles
Qm = the molar heat of reaction, Kcal/mol

C = the heat capacity of the system, Kcal,'C

T = the change of temperature in the system, °c

.

&



From the equation (2) the amount of the component in question

is

™ (3)

and in molar concentration

Q .V (4)

V = the volume of the solution.
If the value of the factor oV is held constant during
the measurement by a suitable m selection of the condi-

ticis of measurement equation (4) can be written as

m (5)

Equation (5) naturally remains valid if another concentration
is introduced instead of the molar concentration.

Description of the Measuring Instrument

The exact measurement of the change of temperature is
possible if two thermistor bridges are operated in a differ-
ence circuit. The temperature of the two measuring cells of
indentical construction changes equally in principle due to the
effect of the environment. Actually, however, one cannot prod-
uce two measuring cells with completely identical thermal in-
sulation and heat capacity. Therefore, in spite of the differ-




ence circuit, a slight unidirectional change of temperature is

observed in the system (2 to 5 minutes) the change of the

temperature is practically linear for a short period and can be

compensated electronically in a simple fashion. Figure 3.2 shows

the sketch of the measuring instrument.

These measuring instruments can measure the changes of
temperature which occur during chemical reactions with an erro
of less than + 1.1073 - 2,104 ©c.

The construction of the instrument permits an indication
of the amount of the component in question directly ir g/l or
after the insertion of suitable shunts and the transformation

of the thermal effect into an electric signal.

Sample Preparation

For parpose of the thermometric analysis liquid samples,

solutions can be used.

Thermometric Measurement

Selective and specific chemical reactions are used for

the measurement of the various components.

After suitable preparation of the sample its solution is
placed in the measuring cell. (see fig. 3.3). After the estab-
lishment of the thermal equilibrium the reagent is added from
a pipette introduced into the solution.

The instruments are calibrated by analyzing standard samples
with conditions which assure the constancy of the member 6977
in equation {4) both during calibration and during the m
analysis of the unknown sanples.

Tnermometric analysis can be carried out rapidly with the pre-

cision of the classical analytical methods.

r

%,
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ELECTRO-ANALYTICAL INSTRUMENTS

The electro-analytical techniques can be divided into three
main groups: equilibrium and dynamic measuring methods, as well

as those making use of the conductivity of ions.

With the equilibrium measurements the electromotive force
is measured in currentless state (potentiometry), with the
dynamic measurements the "electron” as a universal reagent is
used so that current is constantly maintained to flow
through the measuring cell (voltametry, polarography) . When
measuring the conductivity the transport cf ions is measured on

the basis of their electric conductivity (ccnductometry, os-

cillometry).

on the basis of the above the electro-analytical instruments

can be divided into three groups, too.

Measuring Instruments of Pctentiometry (10)

This is a high input resistance voltmeter and a measuring
cell which consists of reference and indicator electrcdes.
Recently ion-selective electrodes are widely used for the

measurement of different ion-activites. i

Voltammetry, Polarography (11)

The modern polarographs, in general, consist of a poten-
tiostat as a voltage source, a control signal cenerator re-
quired for the production of polarization voltage signals and
the compensograph, respectively oscilloscope necessary for the
measurement of the current. For coulometric measurements a

current integratnr is also needed.



The measuring cell consists of a working electrode (mer-
cury or solid electrode), a reference electrode ané a counter-

->lectrode.

Conductivity Measurement (12) is commonly carried out by

a 1.000 Hz frequency measuring bridge.

For cscillometric measurements electrodeless inductive or
capacitive measuring cell is used. Oscillometric measurements
have an important role in rapid control of the technological
process. For instance, frcm the conductivity and density of

0, total Na.,O and Al.O_-con-

the aluminate liquors caustic Na 2 293

2
tent of those can be determined (13).

In addition to the instruments enumerated here, the alu-
mina plant's labcratories possess wet analytical sections, too.
Constituents of the wet labcratories are: photometers, svectro-

otcmeters, titrimeters and other instruments. Working prin-
ciple cf the spectrophotometers is well-known thus some liter-

ature is referred only to (14,15).

It is only the quick analyser utilizing the neutron ac-
tivation or X-ray fluorescent measuring method - the instrument
used in the alumina industry - which have not been mentioned
jet. It will be discussed later under the paragraph dealing
with the individual types of samples {e.g. drescription of

automatic bauxite analyzer (BEA) in Chapter 7.)



4. SAMPLING FOR CHEMICAL ANALYSIS.
SOLID AND LIQUID SAMPLES, AVERAGING,
SAMPLE VOLUME

The sample represents part of the material to be tested
with the purpose to give information about one or more pro-
perties of the entire amount of the material.

Consequently the composition of the sample - at least
within certain limits of error - must be identical with the

entire material it was taken from.

For statistical calculations relative to sampling see
the technical literature (16).

The mode of sampling is generally put down in standard
specifications (17), however, certain deviations may also
occur, the basis of which could be either a well established

experience or a trade contract, too.

The sampling technique established in a processing plant
or the sampling activity required in the course of the re-
search work should also be included here.

Furthermore the random test is also frequently per-
formed.

The task of the technologist is the processing of the
bauxite deposit samples collected for him and sending them
for further analytical and other tests. These samples should
be handled as representative samples. The other samples occur
in the course of the bauxite processing technology (red mud,

aluminate liquors, alumina hydrate, alumina).




The samples are solids or liquors as regards the state of

matter, or the mixture of the above ones i.e. slurries (red
mud slurry, alumina hydrate slurry). The three kinds of samples
nave to be prepared for the chemical analysis by different
ways. Primary aspect is that the sample should reserve its

representative character.

PROCESSING OF SOLID SAMPLES

Solids are mostly lumpy with various grain sizes, hetero-
geneous the latter condition being frequently the function of
the grain size. During movement and transportation the material

can alsc be size-graded.

The material received must be homogenized prior to sampl-
ina. This is frequently difficult if the emount is little and
Lig lumps are in it. In this case a comminution is necessary
previously. For the extent of comminution it should be accepted
as a directive that any heap of material could first be pro-
cessed as a sample if the weight of its biggest lump is less
than 1/1.000 to 1/3.000 of the weight of the bulk. This is a
very strict preconditicn, if it is disregarded the sample can

loose its representative character.

For information Fig.3.4 indicates the weight of the biggest
permissible individual particle corresponding to the weight of
any weights cf a given heap of material in the course of homo-
genization. (This condition is advisable to be checked by

screening and measurement.)

Only a certain portion of the material received or ex-
tracted for testing will become the sample. There are several
teasons fer this fact; it is expedient to reserve part of the
material in its original state so cost and time required for
sample preparation can be reduced and no surplus material is

stored.
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Based on the above consideration, the amount of material
should be quartered. The reduction is always preceded by a
comminution and homogenizing procedure i.e. the averaging.

Comminution should be continued as long as the state of

103 MT 3. 10 ()

is achieved.
p = the weight of the biggest particle
M = the weight of heap to be reduced.

The reduction of the sample is made according to a con-

vergent geometrical progression,

(7)

M the weight of heap to be reduced

q=20,5
In practice instead of the circumstantial weighting satis-
factory results are also obtained by means of screening.

If the entire amount of material can pass through the
screen of a given mesh the stipulation under equ. 6 is sat-
isfied.

The relation between the weight of the particle and its
diameter(d) can be calculated with the knowledge of the ap-
proximate specific gravity (T ) of the matter. It will not be
a mistake if the shape of the particle is assumed to be
spherical:

p =0,524 a3p (8)

- ey




p = the weight of the biggest particle

T = approximate specific weight of the matter.

The weight cf materials of various specific gravity are

plotted against the particle diameter in Fig. 3.5.

Now the suitable set of screens has to be selected in order
to have particles corresponding to the subsequent weights of

p., 1/2 p, 1/4 p, etc., passing through it.

The standard scrren scales are generally designed on the
basis of the \5’3 aperture ratio e.g. Tyler Std.Screen
Scale (18). Thus the amount of the sample can be reduced to
its 1/4th volume by a single screening step. Every second

member of the screen scale is used for checking the grain size.

For testing bauxite and red mud the 100 /um size or even

less is generally used.

The mode of sample preparation required for the various

instrumental and wet tests will be outlined there.

SAMPLING FROM LIQUORS

The liquor samples may be purely liquid phase or they mey
contain solids sometimes in considerable amount; the latter

ones are the slurries.

The solid state samples occur either in the static or in
the dynamic system. A storage tank, for instance, is considered
as a static system and a production process, in turn, as a

dynamic one.

The alumina production is a continuous process. The liquid

phase (and the slurry) exists in dynamic balance (e.g. & prop-

e
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erly running line of settler and washers) or in a metastable

state (e.g. the batch precipitation).

The aim of sampling is to maintain the momentary state.
If the sampling point is es..blished and sufficient number
of samples are taken within a given time interval the set

of samples will be representative related to the process flcw.

During the technological tests most frequently the static
systems are met with. The sampling procedure is also simple as
sometimes the entire amount of material may also constitute
the sample. Inhomogeneity of the material represents signi-
ficant source of errors when sampling liquors and slurries.
Segregation according to specific weight and settling of solids
from the slurries can be avoided only by careful and thorough
stirring. This imperfection frequently occurs with the scatic

systems.

In order to counterbalance momentary fluctuations for
testing dynamic systems the "input" and "output" material

flow has to be more frequently sampled.

When analyzing liquor samples - provided that they were
extracted from a system of a metastable state - frequent
troubles arise from the instability of the sample. The deccipe-
sition must be prevented by an appropriate method this may
be either dilution, or the maintaining of an adegquate tempera-
ture or simply the condition of carrying out the analysis
nefore the sample starts decomposing. Anyway, the procedure
preventing the decomposition shculd be satisfactory not to

alter the representative character of the sample.




AVEPAGING OF SAMPLE AND THE AMOUNT OF THE SAMPLE

Aim of the averaging of a sample is to provide suitable
reduced amount of sample corresponding, however, to the com-

position of the large bulk of material.

The sample can become falsified by the shift in the ratio
2f the individual components in the course of quartering of
the sample. The problems can be avoided by thoroughly homoge-
nizing the sample by repeated rehandling or by the use of

mechanized methods.

Similar source of error occurs with the technological
test performed in the laboratory, e.g. solids can become

classified after centrifuging.

Segregation or settling can also cause some errors with

tne liquor and siurry samples.

As a general rule, careful homogenization has to be per-
formed prior to reduction or partition and analysis of samples.
The time necessary for homogenizing the samples should be es-
tablished experimentally. This can be easily done by the addi-
tion of some easily and accurately measurable tracing conta-

minants prior to homogenization of the sample.

The change of the amount of the tracing contaminant is
determined from the samples taken from time to time will fair-
ly indicate the homogeneity of the sample in the function of

time.

The homogeneity of the powdered bauxite samples can thus
easily be checked, i.e. by the addition of Zn0O at a rate of
0.0l to 0.1 %. After leaching it with ammonium hydroxide it is

measured by the polarographic method.

-




No figures generally valid for the amonnt of samples can

be given.

It may be considered as guiding principle that it is

advisable to keep 3.5 times the amount of material necessary

for the entire test as sample.

Further aspects for the amount of samples could be the

following:
- relevant standard specification
- agreement set up between parties

- necessity.

Wea



5. FROPERTIES OF BAUXITE, RED MUD AND ALUMINA FROM THE
POINT GF VIEW OF CHEMICAL ANALYSIS

The bauxite is a raw material, the red mud is a waste pro-

duct and the alumina is the final product.

The raw material bauxite is a rock; its geological criteria
are described in Vol. 1, and its chemical composition can be

seen in Table 3.1.

The chemical analysis provides information about the ele-
mentel composition of the material tested. The result of the
analyses may be expressed in several terms. It is common with
rocks and minerals that the components are expressed in terms
of oxides. This is understandable because no simple and reliable
reiiod for the determination of c¥ygen in the analysis of mi-

nerals and rccks has heen established up to now.

Anyway, this mode of expression should be used with reser-
vation, because the composition expressed in oxides if formally
used may be misleading, too. Therefore it should be thought
over in each case separately which form to use for expressing
the data and why to do so. As an example it can be mentioned
that when summarizirg the analytical data cf calcite bearing 5
bauxite the amount of co, cannot be added to the other oxides
because the former has already been covered by the figure of
L.0.I. Neither the composition of pyrite (FeSz) can be stated
in the form of Fe203 and 503.
The composition of aqueous solutions and salts is expedient
to be expressed in the ionic form; by the comparison of the equiva-
lent weights of the cations and anions the reliability of the
analytical results can also be checked. In spite of the above

mentioned the mode of expressing in terms of oxides is fre-

quently used in the industry which is advantageous with tech-




Bauxite Main Components, Major Impurities,

Trace Elements

Tahlie 3.1

Main Components

Major Impurities

Trace elements

0.5-60 % 0.01-1 % 0.1-100 ppm
A1203 Cao Ga
Fe203 MgO Mo
8102 Mn304 (MnOZ) Zn
T102 P20S Mi
H20 VZOS Cu

Cr203 Cc
F ks
CO2 Na
C org. K
total S/S R.E.*
50,
4
FeO Pp
ZrO2 B
etc.

* R.E.: Rare Earths




nological calculations, however, it could be a source of mis-

understanding.

As an example the caustic Nazo-content should be mentioned;
it has little concern with the sodium, as actually OH-ions are
measured!

The elemental composition is normally given for the ana-
lysis of alloys and organic compounds.

It can be seen from the above that the chemical analysis
provides some information about the chemical composition of
the material tested provided the possible modes of expressions
are consciously used. The chemical composition itself is not
always enough for the modern investigation, it has to be com-
pleted with other parameters, e.g. the mineral composition
(see Vol.4.).

There are chemical analytical methods which may be con-
sidered as micro-technology. By means of those methods the
analytical laboratory provides some more information for the
technologist in addition to the chemical composition i.e.
the extent of technological applicability-in certain relation-
of the material tested.

Classical example of this is the so-called "pyrite sulfur"
content in the sulfuric acid production or the “available Ca0O"-
content of burnt lime.

Methods of this kind exist in the alumina industry, too;
the determination of reactive Sioz, non-reactive 5102, avail-
able A1203, causticisable Nazo-content.

Of course, some parameters enumerated and used in the
alumina industry depend on the adopted technology. The required
parameters can be selected in the laboratory and by the use of
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As an example the sort of bauxite containing muuh guartz
should be mentioneé the silica content of which represcnts
non-reactive SiO2 when digesting at low temperature; thce pro-
cessing of the same by the high-temperature techrology is nc
more econcmic.

Concerning the methods intended to be selected two vrovertiv:
of the sample should be taken into account from the woint ot
view of the analytics:

- elemental composition

- mineralogical compcsicion.

The elemental composition may vary within a wide range,
thus an analytical procedure has to be s2lected by rezns or
wihich the side by side aetermination of componernts Lr.osone in
the sample in a given ratio can be performed, zc the moicria

effects could be reducea to the minimum.

The mineralogical composition has a decisive rcin in wro
course of dissolving the sample: gibbsitic bausites sre ac.”
soluble, the diasporic ones, however, «én be <Zissnlved onlv

after being fused with alkaline substance beforel

The same applies to red muds, toos, and che same tame: L
alumina plavs a special role from this noint of view fsce b, 3-a4;
Effects of two properties of the samplie in respecth ~foihe A -

lysis are dealt with without aiming at conpleteness norcuncer .

THE ROLE OF MINERAL COMPOSITION IN THE CHEMICAL ANALYLIS

The mineral composition affects the solubiiity of tuc

sample. Several minerals have been detected in the btaaxrtie,

the condjitions of solubility of those are highiy aiversifina.
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.27 even in oxicizing acié mixtures. The high disversity
 ite ¢utent of certair bauxites can ke dissclved, already

nrdreenioric acid. R

It iz cormon rule for the dissolution that an amount of
ralgn material as high as by all means necessary should only
¢ used for the dissolving of the sample in order not to in-
cve :se the matrix effect superfluously. iIt is well known tha*
*he analysis of pure materials, "typical specimens”™ always

provides excallent resuiis.)

The dissolution of 2 sample is nothing else than breakin
L g g

a8 Lhe oovsval lattice: thiz reguires input energy. Practically

re

.ooiro e gnt fol o preaxking the crvstai jattice iL.e. reacticn

Lo "% o ds L=t oan imugz-ant Tacls . This can be increased by
MreLsading e Jelotity cf reaction 1.2, elavating the temper -
Pute. Tas ocovsta. lxinice can collapse snder the effect of hieat-
.Goang the soapiont new phase shows more favourable character

abi7ity =han *he original ons,

Ti:us thy precuaditions of the dissolution are given: i

- trarsier f evnergy (for the use nf some sovt of chemical

- in.reasing of volocity (increasing of temperature:
baiirne:, meoting, ignition)
~ direct custruction of the crystal lattice (thermal
cr- xing of the lattice to above the temperature of
dccomposition) .
f.r the theerv and practical performance of the same the tech-

nogir literature is relerred to (19), (20).

Prepens g oo the minera)l composition the bauxite and red

s samples Lre enlul le in various solvents:
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- in acics

- after thermal cracking in acids

- after alkaline-oxidizing shrinkage in acids

- after fusing with alkaline medium in acids

- after alkaline-oxidizing fusing in acids.
When dissclving the samples preference should be given to the
methods by means of which the lezast amount of foreign sub-

stance is introduced to the system.

The dissolved sample is analyzed along with all sub-
stances used for the dissolution. The applicable analyticail
procvedure depends on:

- the quantity of main compcnents

- the ratio of main components

- the type and amount of solvents or fusing substances.

whereas the determination of auxiliary components re-
gquires generally the application of special methods, trace
elements, however, should at all times ke determined in

szcordance with those descrikbed above.

The behaviour of the dissolved sample is described below.

THE FUNCTION OF COMPOSITION IN THE CHEMICAL ANALYSIS

As various kinds of possibilities for the chemical ana-
lys=s ar- available, as many relations can be found between
the amount of the component to b~ determined and the signal
generated Ly the latter. Thus the component (x) to be deter-

mined may be described as a funciton (f) of a signal {s).
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This was the w.y how gravimetry, titrimetry and numerous other

srocedurss based or [functional relation had been developed.

A common feature of all the procedures is that the com-
perents in excess of those to be determined modify the signal
to some extent. Distortion of the system can be caused either
Ly the components of the samples themselves or the substances
cronsciously added in the course of the analytical procedure.
The first factor cannot be influenced because it is a given
cond:tion. The other factor can be kept at constant level and

its effect can be taken into account.

Thus cconcerning the analysis the substantial interfering
effect may arise because of the composition of the sample itself.
The interfering effect (err-or) always occurs, but its degree is

cifferent i.e. it may be neglected for the practice or not.

The negiigible error should not be considered, the some-
what highzr, however, should be reduced to the acceptable level.
rror can re c¢iminished in two different ways:

- selection of & suitable methced (functional relation)
wherein the signal is not afiected by the composition
of the sample,

- removal of the compcnent interfering with the signal
by a suitable method from the system.

It ensues from the befcre-mentioned that for the analysis of
bauxite, red mud, alumina and every other material a method
should be adopted which performs a distortion-free signal for
the component intended to get measured, either

- without the separation of interfering components, or

- after the partial or complete separation ¢f the 1in-~

terfering compounds.

The composition of bauxites and red muds varies within
wide ranges. The summary of practically applicable methods is

given in the function of sample composition.
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The possibilities shown in Fig.3.6 may become nil in spe-=
cial cases; searching for methods better to use and the finding
of these neans the enrichment of the chemical analytical sci-

ence.

The basic principle of the methods indicated in the fig-
ure has been discussed in detaii under Chapter 2 and 3, res-

pectively.

ALUMINA FROM THE POINT OF VIEW OF CHEMICAL ANALYSIS

From the point of view of analytical chemistry alumina
substantially differs from bauxite and red mud previously dealt
with because while the latter ones are multi-component materi-
als alumina is a homogeneous one - considering the analytical
aspect - containing A1203 usually more than 98 % and the occurr-
irg other elements are contamipants. Consequently it remains
mainly the matrix effect of the A1203 that has to be reckcned
with, and in most of the cases the interfering interaction of

the contaminants can be neglected during the analysis.

The mode of chemical bond and mineralogical structure of
the contaminants of the alumina is not known in all cases;
that i3 why the contaminants are internationally calculated in
terms of oxides. Major contaminants of the alumina manufactured
according to the Bayer process are adnesive moisture, chemi-
cally bound water the latter to be determined at various tem-
peratures as a loss of mass and finally the Nazo-content. The
crder of magnitude comes to some decimals of percent. Other
cont aminants occurring in alumina (See Fig.3.7) are of the

0.1 to 500 ppm order of magnitude.

Alumina is fairly resistant chemically, at an atmospheric

pressure it cannot be dissolved in bases and acids (except for

concentrated phosphoric acid). Therefore, at the analytical
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6. PREPARATION OF BAUXITE, RED MUD AND ALUMINA FOR
CHEMICAL ANALYSIS

The aim of the preparation is to make the sample taken
from the bulk of material in guestion suitable for the chemical

investigation.

The preparation starts already at the sampling when tho
material is crushed, its mass is reduced, dried if necessary

and packed.

The samples of materials used and incipient in the course
of alumina production comprise more or less amount of moisture.
The amount of moisture should also be known therefore a sepa-
rate sample has to be taken for the determination of moisture.
This operation is not easy to carry out because the sample
must not loose any of its original moisture content during the
preparation. This is demonstrated by the condition that a se-
parate "moisture sample" is generally taken which serves ex-
clusively for the determination of moisture.

For the chemical investigation the sample resulting after
quartering and averaging is used.

The sample used for chemical analysis is expected not to
change its condition during transport and storage.

The sample may alter upon standing. The change may have
a physical or chemical character; by adequate preparation
those changes can be avoided or reduced to a negligible level.
In the alumina industry primarily the change of moisture con-
tent has to be reckoned with, Minimum change in the state oc-
curs if the sample is in equilibrium with its environment.
For the purpose of chemical analysis and for the sake to en-
sure weight constancy the dried and adequately powdered sample
should therefore be brought to equilibrium with the humidity
of the environment. This is ensured by spreading the sample

f ol
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in a thin layer for a considerable period, practically for a
few hours.
With the testing of hydroscopic materials, for example, solid

NaOH, the sample has to be isolated from its environment.

Other kinds of physical changes, for example recrystalli-
zation, do not play any role in the Bayer technology as

regards the chemical analysis.

Chemical changes occur similarly under the effect of the
environment. As an example it should be noted that at the
drying operation of the causticized red mud the sample contain-

ing unreacted Ca(OH)2 will fairly change the composition.

Ca(OH)2 forms CaCO3 under the effect of Coz—content of
the air, thus the original Ca(OH)2 and CO3_-—content of the
sample cannot be determined, even more also the measurement

of moisture content becomes illusory.

In order to avoid chemical changes the sample should be
prepared so as to hinder respectively minimize the interfer-
ing chemical influence arising under the effect of the envi-
ronment.

On the basis of the above it can be seen that the preparation
~f the sample has to be carried ouf in accordance with the

objective aimed at.

when analysing red mud the relation of the Sioz, A1203
ana Na20-contents has to be determined, the sample may be
dried since the chemical changes do not influence the abcve
relations. If the amount of unreacted Ca(OH)2 retained in
the red mud has to be determined the sample should be pro-

tected from the COz-content of the air.

It belongs to the preparation as well that to what size

the sample should be reduced to. No definite answer can be




giver. in this concern. The velocity of dissolution is directly
proportional tc the increase of grade of dispersity of the
sample. It ensues from this that samples slow to dissolve
should be ground to finer grain size than those faster to

dissolve.

It is a general experience that the hardness and the mecha-
nical strength of the samples slower to dissclve is also higher
thus the finer the grains are ground the more foreign contami-

nating material is worn off the grinding equipment.

Considering the above only a compromising solution can
be found. The sample should be pulverized to a suitable grain
siZ so as to achieve acceptably short time of dissolution at
the chemical analysis and at the same time a minimum contamina-
tion due to the grinding apparatus.

Of course, the practical selection of the dissolution or di-
gesting chemical process for the rapid dissolution of the
sample is also at our disposal.

Practical figures for the grain size are as follows:

- for fairly soluble gibbsitic bauxites: 150 /um

- for mixed type gibbsitic-boehmitic bauxites and red

muds: 100 /um

- for hard diasporic bauxites: 50 /um
In this case the samples fairly meet the analytical require-
ments. 1t is also important to remark that non-uniform break-
age of the mineral grains of different hardness occurs during
the pulverization. After pulverization the larger grains
should be separated by sieving and further pulverized as long
as the entire amount of sample passes the required mesh aper-
ture. When screening the particles should pass by the action
of shaking rather than rubbing or even by the use of a brush

causing the contamination of the sample.

Packing of the sample represents the last phase of the

sample preparation.
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The sample should be placed into an adequate container or
pottle, sealed air-tight. A label should be provided stating
the neme of the material, place and date of origin, the amount
of the sample, code number of the sample, possible special
data and the signatures of the sampler and the dresser, res-
vectively. Quite often happens that samples prepared for che-
rical analysis are received. The duly labelled and corked, pos-
sibly sealed sample guarantees the proper preparation and at
the same time confines the responsiblity of the laboratory to
within the good quality of the analytical work and not beyond
st. It is proposed for the technological laboratory investiga-
tion that the technologist and the analyst should consult the aim of
the investigation, about the suitable sample preparation d
the performance of the analytical method to be applied.

International Standard Specification (ISO 2927-1973)
specifies how to take the representative sample of alumina
used mainly for the production of aluminium.
This contains detailed prescriptions for the sampling of alumina
for the cases of

- transportation, loading

- unloading, storing and

- taking samples from the flow.
This standar¢ specification establishes the amount of laborato-
ry sample to be 300 g. The reduction of the bulk sample to
this weight is carried out by means of quartering method,

known for pulverized materials, as quickly as possible.

when sampling due care should be taken of the unchanged

physical and chemical state of the alumina.

The particle grain-sizes range between a few micrometers
to 300 /um- Therefore, the alumina should be ground and pulver-
ized and screened untill all the material passes through the

screen of mesh aperture 0.2 mm.

As already indicated (page 3-46) alumina is a very hard

>




material, it should be carefully ground because it can become
contaminated by the construction material of the grinding mill
or the mortar (e.g. when pulverizing in the agate mortar the
Sioz—content of the alumina increases). For the pulverization
of alumina corundum mortar should only be used. Similarly hy
+he use of the alundum mortar the alumina can become contami-

nated (particularly by CaO, Mgo and 5102). !

Care should be taken of the construction material of the
screens the selection of which should be made depending on thre

contaminant to be determined.

Then 300 g of pulverized, screened and thoroughly mixed
sample is placed irto a suitable container {possibly platinum)
and dried at 300 + 10 Oc for 2 hours. The sample is allowed
to cool in a desiccator then it is placed into an air-tight
container of such a capacity that it is nearly filled by the :
sample (21 ). ‘-
This sample is used for both the physical and chemical tests.

ror the required labelling of the sample, see page 3-50.
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7. DETERMINATION OF THE MAIN CHEMICAL COMPONENTS OF
BAUXITES. COMPARISON OF DiFFERENT ANALYTICAL METHODS.

Main components of bauxite and their amount has already
been indicated (see Table 3.1lConcerning the HZO-content of the
sample it should be additionally mentioned that it should be
divided into three parts:

- moisture (water content of mined or delivered bauxite)

- zdsorbed moisture (water content of sample drestsed for

the analysis and balanced with the humidity of the en-
vironment)

- structural water (chemically bound water content of

the oxide-hydrates)

Theoretical concern of the determination methods cf the

individual main components are dealt with hereafter.

MOISTURE CONTENT

Moisture content of the mined ore is a characteristic
feature not to be negligible. It causes excess costs on trans-
portation, the costs are further increased in the alumina plant
because the water content of bauxite dilutes the digesting
liquor and this excess water has to be evaporated in evaporator

sets by the use of expensive thermal energy.

Concerning quarry sap respectively the conditions of the
moisture content of the bauxite cargo the relative standard
specifications or the agreement set up between the Seller and
the Purchaser will provide for. The measured "moisture content”

rarely approaches the actui:l state, *he results should be re-

garded as being convention:l.




MOISTURE CONTENT OF THE AIR-DRY SAMPLE (ADSORBED MOISTURE)

First of all the attention should be drawn to a wrong
aspect. The sample is dried before the analysis and the meas-
uring lot is taken from this material. According to our meas-
urements bauxite adsorbs considerable amount of moisture within :
a short time from the environment, which primarily falsifies
the figure for L.0.I. and furthermore errors occur with the
measurement of the main components, too. Red muds are even more
hygroscopic than bauxites, thus the errors would increase. In
order to justify our statement a figure is shown indicating the
increase in the weight of a bauxite sample dried at 130 °c, then
cooled to 25 ©c in a desiccator and finally exposed to the open

air (Fig.3.8).

The sample may pick up moisture tc a few 0.1 z. Conse-
guently, during the weighing procedure (1 to 2 minutes), by the
time the lots for all the determinations are measured out a

change in weight as high as 1 % could occur.

Therefore the measuring out of an air-dry sample balanced
with the humidity of the environment is recommended. The dried
sample may attain at the air-dry state within a 4 to 16 hours
exposure to the open air.

Of course, the amount of adsorbed moisture content has to be
measured. Its measure will be the loss irn weight after having

the sample dried. The temperature ot drying is higher than 10C °c,
accurate data can be achieved by the thermogravimetry only (see

also Vol.5.)this may be approached by drving for 2 hours at 130 °C.

In the knowledge of the moisture content of the air-dry
sample the data of the other analytical results should be trans-

formed to the dry basis.
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DETERMINATION OF LOSS ON IGNITION

The measurement of loss on ignition compensates more or
less the so far lacking method for the measurement of the oxygen
content. The amount of L.0.I. - after some consideration - may
be used to decide the adequacy of the analysis upon. (The sum-

mary of measured components comes to 100 %).

During ignition structural changes take place in the bauxite
and in the red mud. After having ignited at a given temperature

the stable form of the mineral components is obtained.

A loss in weight can be commonly observed because the vola-
tile components (Hzo, COZ, etc.) are driven off. The increase in
weight can be only the consequence of some kind of oxidation,
this is, nowever, of secondary importance in the samples of the
Bayer-type aluminium industry (e.g. pyritic bauxites). Related i
to the ignition temperature of the samples the treatment within
the .range of 1000 to 1100 %c is common. Reliable temperature
data may be obtained by means of the thermogravimetric analysis
(22) .

There are different opinions concerning the period of
ignition, we represent the point of view that those L.0.I. val-
ues which are in agreement with the thermogravimetry approach

the actual value best. !

Empiric data: ignition for 2 hours at 1050-1100 Cc.
Stable form of the individual components at the above tempera-
ture:

- H20 - gets completely removed

- Co,

- organic substance - gets completely removed

- gets completely removed (even from red muds)

- sulfur content (pyrite, sulfates) - gets removed to
the highest degree. If large amounts of Ca are pre-

sent it can be partly retained, so thermoanalytical
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test should be carried out to clear up the conditions

- silicon - its stable form is SiO2 even for its com-
pounds

- aluminium - the stable form is A1203; this may also be
hygroscopic when ignited for a short period

- iron - its stable form is Fe203, however, the presence
of manganese can result in some proportion of EE304,too.
This error may be negligible.

- titanium - its stable form is TiO2

- calcium - its stable form is Ca0O. If no suitable anions
are available the ignited sample is hygroscopic and
picks up CO,, too, (Ca0 + Hzo-——-Ca(OH)z) and
Cao + C02—-CaCO3), respectively

- sodium - this is the most sensitive component, because
several compounds of it volatilize at higher tempera-
tures. After having ignited losses have to be reckoned
with. The error limits at the margin of the tolerance

- the other components by virtue of their share are of

secondarv importance.

DETERMINATION OF THE SiOz-CONTENT

The Sioz-content of bauxite represents a measure of value,

tr.us its accurate determination is of vital importance.

The methods generally used for the measurement of Sio2 are
referred to in the technical literature:

- gravimetric (19)

- titrimetric

- spectrophotometric (23) method
Not everyone of the enumerated methods is suitable for the
determination of the Sioz-content of the bauxite.

In the course of the determination of SiO2 one typically
meets with the possiblities of the analytics and the require-




ments of the technology. The reguest is to be fast and accurate,
the possibility, in turn, the slow and moderately accurate
character cf the methods. This relates, however, to the clas-
sical analyses only.

There are methods available, which enable the rapid and accurate
analysis, however, with the use of expensive, and sensitive in-

struments.

If technological tests are made, the classical analysis or
the fast analysis based on a classical principle yields good

result.

The accurate measuring result is influenced by the in-
ccmplete dehydration of silica. The dehydration is difficult
to be performed in the case of bauxites being difficult to
digest, because the dehydration is less complete in the pre-
sence of alkali metals (the compounds of the digesting sub-

stances).

There are several possibilities for solving the problem:

- duplicate predesilication of the silica

- single predesilication of silica, then spectrophoto-
metric measurement of dissolved SiO2 in the filtrate
and application of experimental correction

- with samples of identic feature a single predesilica-
tion of silica and empiric correction

- measurement by the AAS method and calibration against
a reliable standard sample

- fast analytical method - reliable standard samples.
If no high accuracy is intended to be achieved when
measuring the Sioz—content of the bauxite an absolute error

ranging 0.15-0.6 % can be taken into consideration.

There are bauxites available which contain SiO2 less than

1 $. The classical gravimetry can not be applied with their




3-58

analysis, it is expedient to apply here the spectrophotometric

measurement.

Larger amounts of SiO2 can be also analyzed by spectropho-
tometry. By an adequate spectrophotometer even 40 % of SiO2 can

be accurately determined.

The question of reactive and non-reactive SiOZ-content is

frequently raised from the point of view of technology.

if the sample is acid soluble the non-reactive quartz
remains undissolved along with the silica-gel precipitating
from other Si02 compounds. Diluted hydrogen fluoride solution
dissolves the latter within a few minutes whereas quartz hardly
dissolves. After filtration and washing, it can be ignited and
established so.

DETERMINATICN OF THE Fe,O

2 3-CONLLNT

Iron is mainly represented in the bauxite in the form of
Felll, the Feli figures as a subordinate. From technological
aspect the determination of the total iron content is essential.
When analyzing bauxite the measurement of F8203 is the easiest
to perform, partly because none of the components interfere
with its determination, partly because proper analytical methods
are at our disposal.

Methcds serving for the measurement of the Fe203-content:

- permanganometry (24)

- chromatometry {(24)

- titanometry (24)

- ascorbinometry (24)

- complexometry (25)

- stannometry

- spectrophotometry (23)
- AAS




3-53

The determination of the FeIlI-content (26) requires much
caatior due to the intaerfering compcnents and still the results

are nct much reliable.

DETERMINATION OF THE TiOz-CONTENT

Tio, varies within a wide range (0.5-10 %) in the bouxites.
The spectrophotometric method (27)used commonly yields accep-
table.results only below 5 %, in cases of higher Tioz-content
the differential-spectrophotometric method or the reductometric
analysis (28) provides adequate result. Recently the thermo-

metric method has also been proposed for the measurement of

higher amounts cf Tioz.

Should any method be selected, the measuring error would

Q
o

noz be reduced to below 0.1-0.3 abs.

DETERMINATION OF THE A1203-CONTENT

Apart from SiO2 (and other detrimental materials tc tech-

rology) the measure of the value of the bauxite is its A1203-

content.

The determination of A1203 is one of the most difficult
tasks of the analytical chemistry because several other com-
ponents being present interfere with the accurate determina-
tion.

Larlier arnd for guick infcrmative tests even nowadays the
Al O.-content is claculated on the basis of the differencec.

273
Those results can, however, only be of an informative charac-

ter.

There are numerous methods recommended for the determina-

tion of the h1203-content in the technical literacure.

Il
2
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The interfering eifect outlined under Chapter 5 can be
noticed toc the greatest extent at the determination of the
Al.D.-content. Therefore most of the methods carrying out the

273

determination of A1203 without the elimination of the interfer-
ing components yield faulty results. The error can amount to a

few %.

A few methods are only available for the determination of
the A1203-content of bauxites. Apart from the valid, however,
rot always proper standard specifications it is hard to find
any references in the literature. The alumina plants processing

bauxite are generally not publishing their analytical procedures.

The principle of three basic analytical methods are dis-
cussed below:
- complexcmetric titration without the separation of the
interfering components,
- compliexometric titration with the separation of the in-
terfering compnnents,
- potentiometric titration with nartial separation of the

interfering components.

Ccmplexometric Titration Without the Separation of the

Interfering Components

The principle of this method is that all the metal ions
are converted into a complex form by excess EDTA solution
(ethylene-diamino-tetraacetate) then the excess amount of
complex-former is back-titrated by Zn2+ standard solution.
Under the effect of fluoride ions the Fe-EDTA complex will
not, however, the Ti-EDTA complex will rapidly decompose at
room temperature. If now the excess amount of the EDTA solu-
tion is measured only the A1-EDTA complex is in dissolved state
which when boiled will decompose under the effect of fluoride
ions. After cooling the amount of EDTA equivalent to the A1203

can be measured.




Complexometric Titration With the Separation of the

Iinterfering Ccmponents

The method described under nace 3-€0 will not supply
accurate results with extreme 'I‘iO2 to 1!\1203 ratios. If the Fe .0, to

273
Alzo ratio is high, indication problers arise due to the solution's own colour.

3 )
The mentioned sources of error can be eliminated if the

A1203—content of the R203 precipitate separated by hydrolysis

is dissolved by NaOH. The loss of A12

cipitate residue may be taken into account by making correc-

O3 adsorbed on the pre-
tions.

Potentiometric Titration (29)

The Al}+ ions in the filtrate of SiO2 can be converted to

aluminate by means of excess NaOH:

3+ - AL -
Al + 40H —», l\l\OH)4 / (10)

When neutralizing by acid solution to a given pH value /Al{OHFQ/-

can be obtained.

Under the effect of KF the following reaction takes place:

- - 3" o
/ Al(OH4) / + 6F —-A1F6 + 40H (11)

The OH equivalent to the A1203—content can be titrated.

Other ions of the solution ¢é> not interfere considerably,

the error may be compensated by correction.

{



Gtilisable Al,0,-Content

From the point of view of alumina production the amount
of A1203 recoverable from bauxite is of importance. If the
bauxite sample is ‘reated with NaOH solution at a temperature
corresponding to the technological parameters it gets digested.
After filtration a solution containing little amount of sili-

cate is obtained.

If its A1.O0. and SiO.-content is determined an index-num-

273 2
ber of the available A1203-content is obtained.
Al,03 .vailable - 21293 tora1 ~ O-8 Si0;

INSTRUMENTAL TESTS MADE FOR THE DETERMINATION OF MAIN
COMPCNENTS OF BAUXITE

A-ray Spectrometry

As it was already mentioned under Chapter 3, the X-ray
spectrometry is very good for the investigation of the main
components of bauxite and excellent for carrying out fast
series-analyses. Due to the influence of the mineral compcsi-
tion the examination of the main components of bauxite cannot
be performed from the pulverized sample directly. Bauxite is
ignited at 1100 ©c and L.0.I. value is estcblished.

Then it is fused with borax at a ratio of (1:9) (bead prepara-
tion). The parameters of the analysis are givea in Table 3.2.
Besides the main parameters (5102, Fe203, A1203, Tioz,, Cao

can also be determired by this way if the latter exceeds 0.5 %.
The evaluation is carried out by means of standard specimens
composed of weighed-in aluminium oxide, iron III-oxide, silicon

oxide, titanium oxide and calcium oxide compounds or by stancdard

bauxite samples (4,30) analyzed by wet methods.
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By means of this method SiQ TiO Fe_O, and Al_O, content

. '
of bauxites can be determined byzmaking relitive erroi gf maxi-

rum 2 ¢. The method is extremely fast. When using automatic bead

preparation an amount of 20 to 100 samples can be analyzed in a

day for 5 components. The automatic device enables overnight

work, too. The sample preparation, i.e. reduction of grain size

¢ minus 60 /um corresponding to the measurement, is the most !

laboursome procedure requiring due attention.

X-Ray Analysis of Bauxite

Working Conditions (Cx target) 55 kV/44 mA

Table 3.2
Meassuring . .
Component Crystal instrument Goniometer Collimator

al PET* Flow-Counter 145,10 °© Coarse
Si PET Flow-Counter 109,20 ° Coarse
Ti LiF Flow-Counter 86,10 © Fine
Fe LiF Flov-Counter 113,20 ° Fine
Ca LiF Flow—-Counter 37,30 °© Fine

* Pentaerythrite

Determination of Major Components of Bauxite by AAS (31)

The determination of the major components (A120:, Fe203,
Sioz, TiOZ, Ca0, MgO; in the red mud Na20, too) of bauxite and
reé mud is one of the most important analytical tasks in an
alumina production plant. As the base of AAS methods for dif-
ferent siliceous materials have been elaborated during the last

.ecade its application can be promising on this field. A well

developed and partly automated AAS system gives a veyvy economic
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solution for these problems considering the proper accuracy and

speed of the rethod.

Some methodological questions had to be solved for the prop-
er operation, these are the elaboration of the most suitable
sample prepzration, the elimination of the matrix ef’-.cts and ,
the correction of the possible instability of the AAS instru-
ment originating from the long time operation at a high tempera-

ture as NZO - acetylene flame is used.

The bauxite and red mud samples were fused with the mixture
of SrCO3 - HBBOBat 1006 °k temperature. The application of SrCO,
as a flux eliminated the matrix effects, too, being a good ioni-

zation buffer.

The slight instability of the AAS instrument had to be cor-
re-ted because of the high accuracy requirements. By the applica-
tion of some (5-6) "set in" probes in a series of 50 samples
and a computerized correction procedure this disturbing effect

can be eliminated.

This AAS system can be applied for the analysis of bauxite
and red mud samples for the mentioned 6 or 7 components. The
variation coefficients for the different components are: A1203 1,
0,5, SiO2 3, TiO2 3, C»0 5, I1g0 5, NazO 1.

Fe203

Thermometry

In some cases the direct 2nthalpometry can be advantageously

used for the analysis of bauxites.
The suggested selective chemical reactions for the determination

of the main components of bauxite are as follows:




3-6%
$i0,:
siF?T + 2KV _H:. K.SiF ‘
6 2 6 (12)
FeZO3:
L+ 2+ 4+ '
2Fe3+ + Sn2+ R 2Fe + Sn (13)
T102:
+
.4+ H .
T: + H,0, = H,TiO, . H,0, (14)
A1203:
. - .+ + - -
Al(OH;3 + 6F + Na + 2K + JHCO3 —
—=3c5%7 + 3H.0 + K_NaAlF ‘
! 2 2 6 (15)

Thermometric methods can be used if the "sensitivity” cf reac-
tion, that is the thermal effect arising during the measurement,
iz sufficiently high. This condition is fulfilled for the above
reactions with the bauxite analysis.

It can be stated in general, that the thermometry is advantagenus
for the determination of elements being present in high concen-

~ration, thus for bauxite, too. (13)

Nuclear Analysis of Bauxite and Red Mud

The nuclear measuring technique, primarily the neutron
activation analysis is widely used recently for the rapid
guantitative analysis of the main components of bauxite and
red mud. (32, 33)

The method is based on the phenomenon according to which

part of the atomic nuclei in the cample exposed to the radiaticn
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cf reutrons are convertod to radicactive atomic nuclei. After
the activation the resuiting radioactivity can be detected by

twe measurement of the radiation.

The rate of activation of the elements present in the sam-
ole depends on the properties of the atomic nuclei of the same,
moreover the intensity and duration of the irradiation and the

concentration of the element in the sample.

With usual bauxites and red muds on applying a short time
irradiation by slow neutrons mainly the aluminium gets activated,

by fast neutrons in turn the silica and sodium.

Under those circumstances the activation procedure produces
short half-life radioisotopes the activity of which cease within
a few minutes thus the samples are practically inactive after
tne measurement and do ict regquire iny protection against radia-
tiorn. Main advente te of ths method :iies 1n the fact that in omn-
+rast to tne wet cheirical analvees iittle sample preparitory
work is reguired. Cuc to the hizh penetration power of the neu-
tron radiatizit uniform irradiation is perfcrmed over the total
volume of the sample the unly measurze to be taken is to fill up
uniformiy the tube with the sample material ground to 1 mm
grain size. The resuiting radio-isotopes also possess high
renetrative beta and gamma radiation. The measurement of the
same is carried out automatically withocut getting into corntact ;
with the material. Thus after having the sample filled into the
tubes no further manual work is required. With Hungarian bauxite
mines and alumina plants the natively developed make of an
"Automatic Bauxite Analyzer" ("BEA") is used extensively. Its
sample storing capacity is for accomodating 10 pairs of sample
tubes simultareously. A pneumatic tube dispatch system serves
for the passing of tubes to the activation and measuring posi-
tion and for the changing over of the samples. Any number of

runs or repe:xtad measurement of the samples can be carried out.

The nuclear reactions having maximum yield taking place in the




course ¢f activaticn irn the case of bauxites and red muds, are

as follows:

27Al (n,gamma) 28Al

2851 (n,p) 285

‘3Na (n,p) 23Ne '
23 20

Na (n,alpha) F

The measuring accuracy is disturbed if the sample comprises
other elements easy to get activated. The most impcrtant in-

terfering nuclear reactions are as follows:

]
3"P (n,alpha) 28A1

SlV {n,gamma) 52‘] 1

If the samples contain phosphorus and vanadium merely in hardly
changing quantities their interfering effect can be eliminated
by the calibraticn procedure.

The buiit-in processor of the "BEA"-unit prints the result of
reasurement converied into oxide values. The equipment has to
be calibrated by means of samples containing known emounts of
Al,0,, Si0, and Na,0. The tubes should be filled with 10 g of !
sample each. One run of 10 pairs of samples takes about 1 hour.

The use of the version of the X-ray fluorescent analysis ap-

plying nuclear radiation source is also spreading. For the

determinatiocn of Ca, Ti and Fe content of the bauxites suitably

238Pu) emitt-

ing soft gamma radiation are used. X-ray fluorescence is excited

selected racdioactive radiating sources (ssFe and

by means of these and low-selectivity radiation meter is used.
The measuring accuracy is less than that of the energy-selective

measuring systems, however, the unit is simple, and provides a

cheap fast analytical method.
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COMPARISION OF THE VARIOUS ANALYTICAL METHODS

We have to introduce some basic concepts in connection with
error computation if we wish to make a comparison between the
various analytical methods, for detailed account we refer to

the special literature (34).

The accuracy (Ei) of a measurement is characterized by the

difference between the measured (mi) and the real value (x)

i i (16)

The real value is not a known quantity, still it can be well
epproached if we compound a "reference sample®” of pure mate-
rials, and the analysis is carried cut on this sample with
the given method.

The precision of the measureme:nt iz characterized by the
difference in wicn the single results differ from each other
if the measurement is repeated several times. The devia*ion
{D) shows the declination of the single measured value from
the arithmetical mean (M) i

The standard deviation (&) is used for characterizing this
grade of declination

n (18)
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where n = number of measurement

We shall use the standard deviation for characterizing the de-
viation in the followings.

It should be noted here that the standard deviation provides an
approximative value; if the number of measurements is low other

statistical computation methods are used (35).

We should like to draw the attention to the fact that the
reproducibility of the measured values does not give any in-
formation about the accuracy of the method it means rather that
the measured values are close to a value wich may significantly

differ from the real one.

A measuring method can be considered optimum one if its
deviation and accuracy are equal but this occurs rarely in the

pratice.

Less precise methods (with great deviation) are not suit-
able to achieve better results even if we increase the number
of measurements only a more punctual determination of the de-

viation is possible.

It is expedient to take the deviation of analitical methods
into consideration in the technological calculations or other-

wise we can get to incorrect conclusions.

Relatively little attention is paid to the accuracy and
precision of the various analytical methods of certa.n com-

ponents the effectiveness of the methods is overrated.
The special line of the laboratory making the analysis
also effects the results the measurements of industrial lab-

oratories (mines, factories) are more reliable.

We give two examples to illustrate the attainable accu-

racy and reproductibility. One is based on the data taken from




the literature (36), the other on our own measurements.

The data taken from the literature involve analytical re-
sults measured by different laboratories. We have taken out the
results achived by chemical methods AAS and X-ray spectrometry

for comparison.

The components tested: SiOz, A1203, Fe203 Ti02 and Cao0.
Tests were carried out with a standard bauxite sample.

Fesults are summarized in Table 3.3.

The results of our own investigations are calculated uti-
lizing the measurement data of 4 laboratories. Tests were car-
ried out on two bauxite samples each laboratory has performed
parallel measurements and we had used the arithmetic mean of

the results in our calculations.

Two gravimetric methods were used to determine SiO2 two
complexometric and a potentiometric measurement for A1203,
chromatometric method for Fe,O0, and spectrophotometric method

273

for the determination of T:’.O2 were used. Results are summa-

rized in Table 3.4.

It turns out clearly from the data of the two tables what
deviations and accuraciec can be expected when analysin«
the main components of the bauxite.
If results of different laboratories are compared the permis-

sible deviation and the tolerance are recorded.

A lower tolerance can be chosen rather in case of iden-
tical analytical methods than in the case of different ones.

It is expedient to employ precise methods for technolo-
gical investigations because smaller differences can be in-
dicated wich their help still we have to know the methods of
the plant utilizing the results of the tcchnological test to

be able to compare the results.




Comparison of the Analytical Methods (Data from the Literature)

Table 3.3
The number of | Nessurea  Yarigeon (RO Ctanderd.
Chemical methods
8io0, 21 7,46 0,51 + 0,10
A1203 20 54,24 1,13 + 0,04
Fe,O4 20 23,51 0,86 + 0,24
TiO, 18 2,40 0,25 0,00
cao 17 0,30 0,18 + 0,13
AAS
8io, 3 7,78 0,54 + 0,42
A1203 3 54,07 0,67 - 0,17
Fezo3 3 23,06 0,47 - 0,21
TiO2 1 -
cao 4 0,17 0,08 0,00
X-ray spectrometry
Sio2 4 7,39 0,48 + 0,03
A1203 5 54,93 1,89 + 0,63
Fe203 5 22,89 1,39 - 0,38
Ti02 5 2,58 0,25 + 0,18
CaOlO 5 0,22 0,06 + 0,05

TL-¢
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Compariscn of the Analytical Methods (Our Own ideasurement.)

Table 3.4
The number of Measured Variation Accuracy devi-
Component Sample measurements value % abs % ation from Metth
the standard
SiO2 l A 10 4,05 0,07 + 0,02 H2804
1F 10 6,31 0,11 - 0,02
1A 9 4,07 0,10 + 0,04 triacid
1 F 8 6,32 0,08 - 0,01
1\1203 1A 9 55,11 0,48 - 0,22 EDTA after separation
lF 9 51,08 0,53 - 0,31
1F 8 51,11 0,65 - 0,28 the camplex
1A 4 54,87 0,80 - 0,46 Potentiometric
1 F 4 51,27 0,85 - 0,12
Fe203 1A 9 23,40 0,18 0,00 Chromatometric
l1F 9 18,81 0,23 - 0,16
TiO, 1A 8 2,32 0,08 - 0,01 Hﬁ0€ - H2804 spectro-
1 F 8 2,46 0,16 - 0,03 photometric
1A 7 2,35 0,l6 + 0,02 H,O0, - H,SO —H2P04
1 F 7 2,48 0,25 - 0,01 s%e%trop%otémetr C

ZL-¢

T~ .
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8. DETERMINATION OF MAJOR IMPURITIES OF BAUXITES

Bauxite as a sedimentary rock comprises also several im-

203, Fe203, Si02, TiO2

and HZO)' Some of those elements influence the iechnological

purities besides its main components (Al

process (e.g. organic carbon, carbonate, sulfide, etc.) and
some of them in turn, get enriched in the process circuit and
contaminate the final product alumina (e.q. VZOS' PZOS' etc.).
Some impurities can be recovered from the Bayer-cycle as valu-
able by-products (e.g. vanadium salt). Major impurities of
bauxite are enumerated in the order of importance in Table 1I.
The impurities are commonly figuring in the range 0.0l to 1 §&,
however, in some extreme cases (primarily in the samples of the

bauxite prospecting work) they go fairly beyond 1 %.

The impurities are commonly expressed in terms of oxides.
Total sulfur content is calculated in terms of SO3 and within
this value sulfide and sulfate content is also establist.d.
Cther anions are expressed as anions (e.g. fluoride, chloride,
etc.). This is particularly useful in the calculation of the
diffraction mineral composition. The Fe(II) is used to be cal-

culated as FeO.

As it had been already mentioned under Chapter 5 for the
determination of those major impurities usually special meth-
ods are used. From the aspect of wet analysis the following
should pe kept in view:

- separation from the interfering main components

- separation from the interfering major impurities and

trace elements

- adoption of specific reactions and methods if possible

where the interfering effect of those impurities can

be neglected.

That is why the separation by distillation (orjanic carbon,

3 r

CoO F‘, etc.) or the AAS methods are often used.
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ror tine Jdetermination of part of the elements enumerated
.7 rthe tabie T. (Ca, Mg, Mn, V, Cr, Zr) the emission spectrum

ana.ysis is highly suitable.

EMISSION SPECTRAL ANALYSIS

Spectral analysis of the additional components of bauxite

can usually be carried out directly from the pulverized sample.

ilomogenized bauxite sample pulverized to below 0.09 mm and dried

at 110 °c is homogenized in the agate mortar with pulverized
cobalt and pulverized grarhite powder at a ratio of 5:1:10.
The homogenecus mixture is placed into the carbon cup elec-
trode. The upper electrode is a rounded-off-end graphite elec-
trode. The exposures are made under a direct current arc at
current intensity of 10 A. The sample to ke tested is used as
i ~node. The nechad of completse burn-cff is used in order

tc avoid womponents easy to volatilize frem partial distilling
auas, Cobalr pows:r is used as a su-called inner standard. For
the evaluaticn it is expedient “o adeopt the following analyz-

ing line parrs:

Aralysing Line Pairs

Table 3.5
Component Line pairs used, X Concentration ( itcver limit) %
Cao Ca 3179.3/ Co 3072.3 0.1 |
2158.9/ Co 3072.3
MgO Mg 2790.8/ Co 2632.2 0.05
MnQ Mn 2933.1/ Co 2632.2 0.1
V5,0 Vv 3102.3/ Co 2632.2 0.05
Cr203 Cr 3015.0/ Co 2989.6 0.01
Zx0, 2r 3273.0/ Co 2989.6 0.01

The evaluation takes place by means of reference samples. At
“he spectral analysis of the major impurities a rzlative error

of 20 to 25 % should gencrally be recroned with.
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DETERMINATICN OF THE IMPURITIES
Determination of Calcium Qxice

Calcium is mainly represented in bauxite in the form of

the following minerals: calcite CaCO dolomite aaMg(COB)Z,

’
gypsum CaSO4.H20 and apatite CaS(F,Ci,OH) (PO4)3. (37)

Its determination may be performed, as it was done earlier, by !
the classical gravimetri- method after the separation from the

main components, namely siiicon, aluminium and iron (19) or by

the volumetric EDTA method.

Today the AAS can be considered to be a good and fast
method for the determination of little quantities of CaO in
bauxite. The measurement can equally be performed from the
stock solution made after the separaticn of $i0O, or from the

2
solution of the fusion made by SrCO3 + H3303 for the determina-
tion of main components of bauxite the test being carried ou:
in the N20/acety1ene flame. The variation coefficient of the

determinations of calcium by AAS is 5 2.

Ca-content of bauxites is fairly determinabie by the X-ray
spectrometry. If CaO-content exceeds 0.5 % the bead fusion
method described under Chapter 7 can be used. In case of less
Ca0O-content than 0.5 % and owing to the dilution occurring at
the bead preparation it is more advantageous to carry out thc i

/

without dilution and any bonding material. In case pressed

test on tablets pressed of 30 ,um size pulverized material ;

tablets are used che determination accuracy fcr calcium is 2

to 3 rel %. Its time requirement is about 15 minutes.
Determination of Magnesium Oxide
Some 0.1 % of magnesium oxide present in the bauxite is

mainly represented in *‘e form of dolomite. The enrichment in

dolomite can be detected in the Halimba (Hungary) bauxites (37}.




The macnezium ~ontent has been formerly determined by the
wet chemical mothod, gravimetrically as M92P207. Recently the
s datermination is used (24) . These determinations are lengthy
uecause they require much precedential separation procedures.
~he scheme of the classical separation is given in Fig. 3.9.
~he complicated separation procedures indicated in the figure
. be by-passed if the determination is made by the AAS meth-
.. This can be carried out from the stock solution made of
the filtrate of the 5102 - without further separation - or from
the arect fusion described for the main components of bauxite
ipart 7.). The AAS measurement is carried out in the acety-
lene/air flame. Relative error of the method is 5 %. Evalua-

tion is made by a calibration curve. Further advantage of the

AAS method is vhat little »MyO-contents (0.0 % magnicude) can

2150 be determined.
parermination of the Oxides of Manganese
nangapese ocanrs in bauites in the magnitude of order

ranging 0.0l to some 0.1 3. NG uniform calculation of manganese

cor zent exists. MnC, Mn,04 is comm:cnly established, expressing

16 elementary Mn would be cnrrect. Mist frequent minerals are
. s e ++  +4
I.avsnannite (an.Mn04) and lithiopharite (u;zAlgan MR 035.1&50).

in some bhauxites the occurrence of Mn exceeds 0.5 3 (e.g. the
Jamaican baurite). Manganzse content —an be determined spechtro-
vhotometrically from the stock solution resulting after the se-

paration of $i0,. Manganesz is cxidized with potassium peri-

cdate in sulfuric 2cid medium to permanganate {(MnO the vio-

4 )
‘et colcur of which is measured spectrophotometrically. The

P

method is very accurate with a relative error iess than 5 5.
By thr use of the differential spectrophotometry the errxor can

be further reduced.
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Fig. 3.9
WET CHEMICAL ANALYSIS OF THE BAUXITE




Drecr et of Va0 ane Tr,04
~ . -

RS RIS Se T eru: accurs in bauxite in 0.01 respectively 0.1
nzagnitude, wmiinly as an accompanying substance of the
-+ . minerals (embedded) and in the form of vanadate. Chromite
minceral ’Cr)EeOA nas been identi.ied in Hungarian bauxites (37).
The wvanzdi. T can be recovered as a valuable by-product ci
the Bayer-type alumina production. During the digestion about
30D * of the V Os—content of the bauxite gets enriched in the

2

aminate ligu~- in the form of Na3VO and forms crystalline

4
rits with the phosphate and fluoride present in the aluminate

4.NaF.l‘)H 0) (38), respectively 2Na3PO4 .NaF. l9H 50

(3v). The crystailine salt can be removed by cooling from the

s
ligquor (2Na,VO

process circuit. Tuls so called vanadium salt is a valuable

setoraal fav the purpoi2 of producing sodium polyvanadatce

= - - o = & 1y
ST L. Tl rac L xenination of he VZO -content cf bauxites
3
CE pr CErnoe,

purine tio oot chamicst determirati ns, as mentioned al-
resLy Lt s alion procediare from the main components is
i ilsponsable. Lires iren is a component easy to oxidire or
rodove, as Welbkl as ~siourful component o acid medium {highly
ismeriering with riocomerric metaods) primarily the large

~aantitios <. ivon should be serarated. The oxidising fusiun

with NaOH is very s...able for this purpose during which many
of vre accompsn, ine slerents and trace contaminants dissolve

Juantitati srly nec Pig.o 3.10.

At th: Lllkaline =xidising fusion all the =2lements ir-
rospective of any mineral form become digested i.e. the ab-
sorniion offect of the iron precipitate has to be reckoned
witr. This con e avolrded by making stock solutisn then Iiiter-
ina an a'ituoe portion and carrying out the examination within

@ chert tince, the determination of V,0; and Cr 0, car he car-
4 ) L0 2

ricd out from *he golution by titratina the Y{V) and Cr{vi) by




Bauxite

fusion with NaOH + Na202 '

dissolution with water

precipitate solution
Fe (OH) , (h]ﬁjij_ |
Ti(OH) , (vog.)J {
Mn (OH) ,0 (Cr04);:
Ca(OH)2 (M004i-
Mg (OH) (s0,) .
Zr(OH)4 (Ga03)’
(ZnOB)
(Si0,)
(/b.so,)‘j .
‘,3__ t
Poé) i
(F) ‘
(cli
|
Fig.3.10

SEPARATION OF THE MAJOR IMPURITIES AND TRACE
ELEMENTS OF THE BAUXITE
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mesns o7 Jenlir-ampcnium sallate standard  sclution
are(II;.(NH4)2\SQ4)2.6HZG) up to the potentiometric end point
indication {platinum - calomel electrcde). Then it should be
~widised cold by KMno, , in this case vanadium oxidises to

v(V) only and after decomposing surplus permanganate it can be
mecasured by Fe(II) standard solution. When subtracting the
standard solution consumed for V.,O. during the second titra-

+icn from the summary of the firitstitration V205 + Cr203 the
consumpticn of iron (II) standard solution equivalent to

Cr203 is obtaiaed. For the analysis it is expedient tn start
sith 5 g matevial. Because of the high accuracy (3 to 5 rel.s)
»f the method it is expedient to adopt it for research work or

dissolution baiances.

VZOS may also ke cdetermined from bauxite by means of the
phouvomeiric methoed. After the alkaline oxidising fusion the
vanadiam (V) forms & colourful complex compound with sodium-
-vnospherus-tungstai2 or n-benzovl-N-phenyl-hydreoxyl-amine.
The complex compound can be extracted from the acid medium by

chlorcform.

For the determinatiorn of Cr,04 the highly sensitive

bipheny: carbazidc photometric method is commonly used.

Determination of P205—Content

ons-content ¢f bauxites varies within wide limits ranging
some 0.01 % to 1 2. Most important phosphate minarals of
carstic bauxites are crandallite CaAlflKﬂDdPO4)2, apatite
CaS(F,Ci,OH) (PO4)3. Furthermore fermorite (CaSr(F)PO4) and

monazite CePO, also contain phosphorus.

Major part of the phcsphorus gets in form of Na3PO4 in
the alzaline phase during digestion ané bccomes enriched
there. Part of 1t is removed by the vanadium salt.

If the digescson of bauxite is performed in the presence orf

s
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lime the amount of phosphorus getting into the aluminate ligunr
1s .y far less, because 1t forms Ca3(PO4)2 and gets into the
295~
content can be performed by the classical gravimetric method

as (NH P (Mo .0, .}

g 3P M030,5) 4
sclution the same can be determined titrimetrically by back-

red mud. The aralytical chemical determination of the P
or after having it dissolved by alkaline

-titrating the alkaline solution. Recently exclusively spectro-
vhotometric methods are used. The determination takes place
from the stock solution made of the filtrate of SiO2 and colour
intensity of the blue phosphorus-molybdate complex is measured.
The error or the method is 10 rel.% for cases below 0.1 % and

5 % for cases akove this figure.

No other instrumental methods (X-ray spectrometry) are used

for the determination of P.O_.-content.
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Determination of t'lucride Content

Some bauxites ccntain fluoride at a cencentration ranging
0.01 to 0.1 3. Fluoride is likely to be mainly representad in
~e mineral form of apatite CaS(F,Cl,OH) (PO4)5. when digest-
ing bauxite major part (70 to 80 %) of it gets into the liquer
in the form of MaF and gets enriched there. Minor perticn of
it is removed from the system along with the vanacdiui salt,

Vo

4Ja3 .NaF.l9H20. Causticization also reduces it consicerably.

4
Aluminium interferes with the determinaticn of fluoride
should it either be made volumetrically or spectrophotnmetri-
caily, so it has to be separated. The Willard-Winter distilla-
ticn method is best for the separation (40), according to which
“ZSiFG is distilled from the sulfuric acid medium by steam
stripping. Fluoride concentration can be measured in the dis-
tillate either titrimetrically by Th(NO3)4 standard solution
or spectrophotometrically by alizarine or as it is recen®ly
done oy the use of fluoride-selective electrodes (41) (see

}'r“'! Yo,
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Flucride content of the bauxite can generally be determined
with & relative error of 5 3. The organic substance in bauxite

a
doez not interfere with the volumetric determination.

Carbonate and organic impurities occurring in bauxites play

an impcrtant role in the Baver technology.

Both impurities get considerably enriched in the process
circuit and cause technological problems if they exceed certain
concentration values. Owing to those mentioned above it is im-
portant to determine their percentage in the bauxite and though
their gquantity is comparatively little yet they are counted as

imgortant components.
Determination of the Carbonate Content

The carbonate minerais easily decompcse under the effecc

of arids wnile releasing CO The decompositinon is actualls

2°
rapid in the cose <f carbonate minarals, in carbonate-holding
rocks if the carbonate mireral is lecsted in the internal part
of the particle or it is covered with another crust hard to
dissolve the velccity of dissolucion gets censiderably moder-
ated. The ertire amount of COZ can generzlly be releesed by

tnc ocmplete dissolution of the sample and separated by a lonacr

distillation.

For the deternination of a smalier amount (up to few 2
of COZ the distiilation method is reccmmend ° (32). 30 to 4D &
phosphoric acid sclution is suitacle for the decomposition of
carbonates. ‘Ghe incipient COZ along with the condensing vapour
is received 1n a known amount of Ba(OH)2 solutién- The appara-
tus for the detcrnination of CO2 is shown ir. Fig. 3.1l. The pro-
cedure requires much care and the attention to some sources of

error i1s drawh hoere below:
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CCZ loss may occur during the deaeration of the distiller
because of the kydrolysis of the carbonates. The error can be

eliminated by the addition of a small amount of Ba(OH)Z.

The presence of much Mn(IV) compound can cause positive error
bccause part of the organic impurity could oxidise to carbon
dioxide. The error is not significant and by the addition of
some reducing agent e.g. hydroxylamine sulfate it can be elim-

inatel.

Any volatile acidic component causes positive error, when
carrying out very exact investigation, this also has to be

reckoned with.

In addition it should be noted that the carbonate content

of red muds can also be measured by means of the above method.

For the Getermination of a larger amount of carbonate it
is more expedient to adopt the gravimetric method (19), by the
use of phosphoric acid already described for the dissolution

of the sample.
Determination of the Organic Substance

After having eliminated all the carbonate content of the
sample the oxidation made in the liquid phase can be used for
the determination. A precondition of the accurate measurement
is that the CO2

the same time the loss of volatile organic compounds is avoided.

resulting from carbonates is driven off but at

puring the removal of carbonates, if the sample comprises oxi-
dising material (e.g. MnOz), the oxidation to CO2 of the organic
substance should be inhibited. In the course of preparation the
organic inclusions should also be released. Finally the or-
ganic material content of the sample should be fully oxidised

to CO2 i, the liquid phase.
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Phosphcric acid is suitable for the decomposition of car-
bonates. Wher carrying out the decomposition with the reflux
condenser even after two hours boilirng no losses in organic
substance can be observed and the CO, completely escapes. Ade-
guate concentration phosphoric acid can even release organic
substances from the inclusions. If it is inferred that the or-
ganic substance gets oxidised the addition of a reducing agent
would eliminate the error. Formerly chromic acid or dichromate
had been used as an oxidising agent. The oxidation by chromic
acid is not complete (43), the more drastic potassium peroxy-
disulfate (xzszos) can be used instead but only if the ox-
idation is catalyzed by silver ions (AgZSO4).

O

£ course, the chemicals used should contain organic con-
taminations only in traces. This relates also to the measuring
device, notably tap grease must not be used for grindings and

traps. i

pParticular care should be taken to avoid any organic <on-
tamination when the maipulation is made. If the material tc be
tested takes its origin from a drill hole sample ore shoulad
gather information about +he condition whether for the flusing
of the bore hole any liquor containing organic substance has
been used or not. If so, the sample is not representative from

the aspect of determination of organic substance.

Similar error occurs if the sample is sieved
through a sieve the cloth of which being made of some kind or
organic fibre. The vapours of the softening agent of the plastic

bags used for packing may also cause problems.

The oxidation is carried out in the apparatus shown in
Fig.3.12. The role of its sections is the following:
1. Reaction vessel, serving for the oxidation taking place
there, heated by controllable electric range
2. Dropping funnel for the oxidising agent.
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. Dlectrically heated guartz tube with manganite tilling

or vi purpose of the oxidation of the volatile or-
canic substances.

4. Flectrically heated quartz tube with copper metal filli-
ing. The latter binds the oxygen gas evolved from the
oxidising agent. The CuO formed at the same time addi-
tionally ox*lises crganic compounds possibly nect having
been oxidised in the tube 3. (The absorption of the
oxygen gas is the precondition of proper running cf the
cooler No.5.)

5. Cooler-condenser.

6. Receiving flask.

A,B,C, valves for cooling water level control.

Overation of the apparatus is cutlined in the practical sectiocn.
Determination of the Sulfur Cuntent i

Sulfur is generally represented in the baouxite in the forn
f sulfide and sulfate at a rate of 0.Cl-C.2 %. In sowe oy

)

syritic bauxites the sulfur content may ke even much highoo.

Sulfide mineral of the carstic bauxiies is pvriti

rarcasite Fe52 its accompanying mineral. The amount of

iz far less than that of the pyrite. Tn addition mi.o:
~f sulfide may occur in the form of sphalerite, Zn3 and galenir:,
PbS. The group of sulfate minerals is large so here only the

most important ones will be enumerated.: aiunite maxwurﬁné!&?)/
aluminite Alz(OH)4(SO4).7H20, melanterite Felod .7H20 and rozenite
FreS0O,
e.q. gypsum CaSO

.4H.,0. Tn addition there are the alkali-earth su!fates
&

a
4.2H20, anhydrite CaSO4, bavite BasS®, ceiestite
SrSOd, otc.

The crystalline pyrite does not alter during digestion
and gets entirely into the red mud. Less stable sulfaide win-

erals are attacked by caustic and finally after oxidation they
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wiirl figure as Zul.)SG4 in the liquors. If bauxite is abundant
ir sulfide minerils the red mud assumes inferior character as

f._ as settling 1is concerred.

This is the reason why the total sulfur moreover the sul-
fide sulfur and sulfate sulfur content of bauxites has to be

determined accurately.

Total sulfur content can be accurately and properly de-
termined either after the alkaline oxidising fusion or after
the oxidising digestion made with Lunge acid (inverse aqua
regia) by the gravimetric method, the resulting BaSO, precipi-
tate weighed or by the combustion method during which the total
sclfur content ic kurnt to form 802, the latter being measurable

by the iodometry according to the following equations:

S 2 2740 (19)

(20)

Recently the automatic target instruments enable th< direct
IR detection of 502 releasing during combustion. (For examnple:
LECO (S-46 type).

sulfide sulfur. It is a pity that no reliable analytical
method for the determination of sulfide sulfur from bauxite is
1+ our dispcsal. Thus the sulfide content can only be measured
indirectly:

S ... =E& - S
suifice total sulfate.
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Sulfate sulfur is determined gravimetrically after the
alkaline fusion. This method yields good results only for low
(less than 0.5 %) 503-content. In case of high pyrite bauxites

the method is unre:iiable.

As the sulfur content of the normal industrial bhauxites
is generally low, i.e. 0.1 to 0.2 % (in terms of 803) the de-

termination of the total sulfur content is generally sufficient

L e

(and this is usually expressed in terms of 503).
Determination of Iron (IT) content

Minerals containing bivalent iron also occur in bauxite
(i.e. siderite FeCO3, etc.) and sometimes the knowledge about
them is essential. The hydrofluoric-sulfuric acidic dissolution
as used for silicates (26) is adopted for their determir.ation.
The procedure should be conducted by the exclusion of air cr in i
an inert gas atmosphere /in order to avoid the oxidation cf
Fe{II}/. Boric acid is added in order to bind hydrofluoric acid

and ircn (II) is measured oxidimetrically by K2Cr207.

Fairly reproducible results can be expected with this
method in case the investigation specifications {grain size
distribution, measured out charge, amount of acid, heating time,
inert gas atmophere, etc.) are precisely observed, despite the

error of method exceeds 10-25 %.

The thermometric method can favourably be used for the

determination of siderite (FeCO3) content of bauxites.

The essence of the method is that the Fe (II)-content is
partially dissolved in the presence of excessive, however, known
amount of oxidising agent (K2Cr207). At a suitably chosen acid
concentration the carbonate easy to dissolve dissolves and the
incidental magnetite (Fe304) remains practically unchanged.

Likewise the compact form of pyrite interferes a little, in the




presence of finely distributed pyrite positive error should be

reckoned with.

An excess of oxidising agent during dissolution excludes
the interfering effect of the oxygen content of the air and
back-titration with a reducing reagent (FeSO4) can be performed :
without the need of filtering the undissolved residue of the
sampie. The method is applicable for siderite content exceed-

ing 1 %.

Determination of ZrOZ-Content

Bauxites generally comprise some hundredths % of ZrOZ.
This cea: usually be found in the form of 2ro,. It does not
dissolve in caustic during digestion, thus it gets entirely
into the red mud.

Zircon is mainly determined by spectral analysis in :
accordance wit those described on page 3-04. Its determina- '
tion may also be solved by the spectrophotometry (by alizarine,

Asenazo III, xylenol-orange), however, i* is rarely used due
to its circumstantial character, (and because of the indifferent
behaviour of Zr0, in the Bayer process circuit).

N




9. DETERIIINATION OF THE TRACLE ELEMENTS OF BAUXITES

Thie most important trace elements are indicated in Table 3.1.
Thess.: trace elements occur in the magnitude of order ranging
0.1 to 100 ppm, yet some of them exceed also 100 ppm. In scme
bYauxites, for instance, Na- and K-content can get enriched up
to 0.1 %. The zn-content of bauxite frequently attains at 200
tc 400 ppm. Similarly Ce of the rare earths can exceed 100 ppm.
The other trace elements are figuring within the range 1 to

60 ppm in general. Since the way of mineral bond of these
trace elements is uncleared in most cases it is expedient to
calculat> and establish the same in the elementary form rather
tnan in oxides. Some of the trace elements getting intc the
Bayer process circuit become enricned in the liquors to such
an extent that even the recovery can be economic, as in the

case of callium. Mc becomes similariv enriched i:: the liguors.

Other part of the trac: elements, however, is undesirable
in the process circuit because they adhere to the hvdrate and
contaminate the final product alumina (i.e. by &n, Cu:, etc.}

In the plants the spectral analysis is commonly used tor :the
determination of trace elements of bauxite. The method descriked
for the main impurities of bauxite ’see p.3-74 ) is commonly
adopted by the use of Cc internal standard. By this method Ga,

Mo, Ni, Cu, Be, As-content of bauxite is commonly determined.

Apart from the spectral analysis mainiy the wet chemical,
primarily spectrophotometric, organic extracicion combination
spectrophotometric AAS and flame photometric {Na, K) methcds are

commonly used,
Determinaticn of Gallium
Ga-content of bauxites comes to about 10 to %0 ppm (44).

Two third of it gets into the process circuit. Its recovery from

the Bayer process circuit is economic. Apart from the spectral
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analysis, CGa can be determined by making the ccmplex compound
formed with malachite-green, then extracting by benzene and
m:-asuring the colour inteasity. In crder to eliminate the in-
turfering effect of the interfering Fe IN-ions they are reduced
by TiCl3
solution prepared from the filtrate of the 5102. Relative error

to Fe (II). The determination can be mace from the stock
of the measurement is about 10 %.
Determination of Molybdenum

Bauxites comprise also molybdenum in the range 5 to 30 ppm
{44) . One half of the amount of Mo charged with bauxite gets
into the process circuit the other half leaves with red mud and
alumina, respectively. The portion of Mo present in the process
circuit does not adversely affect the quality of alumina because
tre oxide of molybdenum (M003) is a volatile compound and alumina

-ts releasea from it during the calcination.

hpart fror the spectrum analysis, Mo can be determined by
rrecipitating it with o -benzoisoxime and using polarography
2fter the separation of the former. There is also a possibiiity

for the photometric determination (23).
Determination of Zinc Content

Bauxite usually comprises also zinc in the magnitude of
100 ppm. 30 % of it dissolves, the balance leaves with red mud.
Most 0f the zinc getting into the liquid phase gets deposited
on the hydrate particles during the precipita*ion process and
finally contaminates the alumina. 2inc is an undesired contami-

nant at the electrolysis because it enters the al'minium metal.

¥or the determination of the Zn Content the AAS method is
the best one. The determination may be carried out directly from
the stock solution made of the filtrate of SiO2 (see Fig.3.9).

e measurement is conducted in the acetylene/air flame. The

-
h

-
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relative error of the measurement is 2 %. In addition, there
are some spectropnotometric methcds referred to in the lictera-
ture (23).

Zn-content may also be measured polarographically.

Determination of Ni, Cu, Be-Content

The determination of Ni, Cu, Be represented at level of
10 ppm or below takes place by the spectral analytical method,
however, one may find also fairly elaborated spectrophotometric
procedures in the literature. Those methods, however, requiring
lengthy separation and ccncentration procedures are rarely a-
depted.
The trace elements in question generally do not interfere with

the Bayer process and contaminate alumina only to a minimuin

extent. (Ni and Cu may figure to less thar 1C ppm in the «lumina’

The Be may be of interest as Al indicator (see Vol.I.)
Detarmination of As

Some bauxites comprise also As in the magnitude cf about
19 ppm. Almost the entire amcunt (~90 %) of the arseric cis-
solves in the process liquor and can be removed from it along

with the vanadium salt.

The best method for the determination of the arsenic is
the one after the destruction of the organic substance of
bauvxite the distillation of AsCl3 from the HCl medium. From
the distillate arsenic can be measured by the end-point poten-
tiometry using XBrO, standard solution. The bromate solution
oxidises As (IID) to As(V).It is advisable to start with a meas-
ured-out charge of 5 to 10 g.

Reiative error of the measurement is about 5 %.

The As can also be oxidised in the distillate and detcr-

mined by ammonium molybdate in the form cf molybdenum-blue by

—ﬁ——ﬁhtﬁdl




means cf the spectronnotometry. The error of this method is
serewhat higher than thaet of the titration.Its advantage, however,
is that weigning-ovut charges (0.5 tc 1 g) are sufficient. The

As—-content can be measured by spectral analysis, too.

For the investigation of K, Jda-content of bauxites the
fiaine photome* ric respectively AAS methods arc expedient to be
adopted. The determination of these constituents is motivated

mostly for research type work.

The occurrence and behaviour of RE in the Bayer process
circuit is reported by Logomerac (45). At the determination
the total RE is used to be measured spectrcphotometrically.
The individual determinaticiis are made by the instrumental

meiiods (MSP spectrum analysis, activation analysis, etc.).

It comes rarely tn the detsrmination of the rare elements
icuring in Table 7, however, nct being dealt with in detail.
Thelr investication 1s requested fcr the research work in gen-

eral. For their determinaticn mainly the spectrochotometric

mechods are us=23 (23],

Detailed description about “n2 trace elements occurring

in bauxites 1s given by Pearscn (46). Their behaviour in the

Bayer process circuit is dealt with in deicail by Logomerac (4.:.
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DETERMINATION OF THE MAIN CHEMICAL COMPONENTS
CF RED MUD

The determination of main components of red mud is essen-
tially identical with those described with bauxite. There is some
deviation in as much as red mud contains the main components of
bauxi-e in a ratio different to the latter and depending on tne
technology one or two main newer components also enter the sys-
tem, i.e. Nazo or Na20 + Cao.

In addition same change of the methods outlined with

bauxite may also be necessary due to the shift in propor-
tions,

CHANGE OF THE ANALYTICAL METHOD DUZ TO SHIFT IN PROPORTIONS OF
THE IAIN COMPONENTS

Substantially three components may require a medified

Al,0., and TiOz.

analytical procedure: the measure.-ent of Si02, 293

Variation of the method at the measurement of SiO2
The gravimetric determination cf Sio2 can be misleading
in the presence of alkali metals and alkali-earth metals for
two reasons:
- in the presence of alkali metals dehydration of the
silica gel is not completed, i.e. lack of SiO2 arises,
~ in the presence of alkaii-earth metals a silica ge
gets con:-am_nated by alkali-earth metal sulfate, this
is to be reckoned with during the further treatment of
the precipitate.

The first fault can be avoided if *the silica is separated by
a double evaporation or if time is to be saved and minute amount
of solved or colloidal Sj.o2 iz determined by a quick spectro-
photometral method from the aliquot portion of the filtrate of
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the only cnce precipitated silica.

The CaSO4 precipitating along with silica gel reacts with
the Si0O, at high ignition temperatures (1000-1100 %c¢) comuonly

used.

2

CaSO4 + SlO2 — Ca8102 + 503 (21)

After the fuming off with HF-hZSO4, CaSO4 remains.

CaSLO3 + HZSO4 + 4HF---—CaSO4 + SJ.F4 + 3H20 (22)

Thus the lcss of weight presumed to be equivalent to the SiO2
is daocteored by #ne drfferences 6f molecular weight existing

between CaSiO3 and CaSO4.

The errcr may be avoided if the ignition is carried out
ar 800 °C both for the silica residue and that of the fuming
off procedure. With extreme 5102 to Ca0 ratios, for :xample
causticized red muds, it is expedient to get leached Ca0 off
by cooking with HNOB, then the solution should be neutralized
by NHAOH, the R203
determined after filtration,

+ SiO2 precipitated and then 5102 can ne

Determination of A1203

Large amounts of Ca0 interfere with the determination of
hlzogv Therefore it is not expedient to use the separation by
NaOH described above for the bauxite. Instead of this the

processing of R203 precipitate separated ky the hexamethylene

tetramine method is recommended for the determination of A1203.

wi-a
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Letermination of TiO2
The spectrophotomel -ic measurement of TiO2 vields good
results even in case of red muds. However, TiO2 gets enriched
to such an extent in red muds of high T102 bauxites that the
accuracy of the spectrophotometric determination is no more
sufficient.
In this case the use of the differential spectrophotometry is
advisable or the reduction by Hg-amalgam and the subsequent
titration with Pe3+ standard soiution. Tioz,if being in greater
concentration can also be measured by the thermometry.

Determination of Other Main Components

When measuring the adsorbed moisture, loss on ignitioun
and Fe203-content the methods descriked with bauxite can be
used without any modification.

Determination of the Two New Main Components

Determination of the Nazo-content.
Na20—content of red mud originates from two sources:
- sodium aluminium silicates resulting during digestion,
and

~ the Na,O-content of the adhering aluminate solutinn

2
resulting from inproper washing of the red mud.

Thus between bound and soluble Ns,0-content are differenctiated.

Commonly the summary of the two and the soluble xazo—conteﬁt

are determined.

Of the common methuds serving for the determination of
Nazo the precision flame-photometric and the thermometric
methods may be used. The flame-photometric method is the mere

advantageous one of these two methods.

R =N




Bound and socluble Na,O-content of the red mud are equally
solukle by cooking it with HNO3-NH4NO3. The degree of leaching
comes to 99.7 to 99.9 %. After the leaching the solution is
alkalized by NH
Then the Na

4OH then the precipitate is filtered and washed.

2O-content of the filtrate is determined by means
of the flame-photometer or ato: c absorption spectrophotometer

in the emission. Precondition of a good measurement lies in the
state of being capable of measurirg with a relative error of

1 $ by the irstrument used. If grealer measuring lots are used,

the Na,O-content can also be measured by the thermometry,

2
however, this method requires some more time.

Arising from the feature of the task the measurement of

soluble Na,O0 produces only conven*ional results.

2

After aqueous cooking of the sample the alkalinity of the
solution is titrated by standard acid solution or zfter leach-
ing by ammonium hydroxide its Na*-content is measured by the
flame-photometer. The determination is an important task because
it provides information about the NaOH-loss occurring during

the processing technology.
Determination of the Ca0O-Content

The AAS method used with bauxite provides no more good
results above 2 to 3 $ of CaO-content.

Serviceable methods are: Precipitation of Ca-oxalate
(CaC204)
by EDTA-solution. Filtered and washed precipitate may be meas-

from a slightly acidified solution previously masked

ured by the gravimetry or may be titrated by the standara

“4Mn0, solution or determined by the acid-base titration.

4
From red muds containing large amounts (10 %) of CaO the
amount of Ca0O can be measured by the thermometry by the use of

K,C,0

26,04 reagent after having leached by nitric acid and alkalized

R




by ammonium hydroxide.
Other Aspects for the Analysis of Red Muds

For the dissolution of red muds containing undigestecd

diespcre the methods described for bauxites must be used.

If applying a low-temperature technology undigested
guartz (Sioz) remains in the red mud. Ites quantity can ke

determined by the method outlined there.

The organic material content of red muds provides inforwma-
tion about the level of the organic content in the process
circuit. The principle of measurement is identical with that

outlined under the analysis of bauxites.




11. DETERMTINATION OF THE LESS IMPORTANT COMPONENTS OF
RED MUD

~e analytical determination of the less important compo-
~er-s of red mud is essential from the fcllowing points of
view:
- investigation of dissolution of the less impcrtant
comporenis and trace elements of the bauxite in the
Bayer process
- determination of the total material bealance of the
less important and trace elements
- effect of certain less important elements on the sedi-
mentation of red mud
- enrichment of the less “mportant and trace elements in
the red mud, their possible recovery for utilization

purposes.

The mos= .mwsrtant tasits among them are the dissolution
te_ts ard th2 completion of total material balance. Knewing
ine quantities in the dissolution tests it is sufficient to

Zetcrmine the component reguired in bauxite and red mud.

As we have learned in the former chopter ihe main COmpo-
neats of red mud nave modified (compared with bauxite) Na20
and CaC have become main components end the quantity of less
important contaminating compcnents and trace elements have
changed similary. Their quantity increaser in some casecs (no
dissoiutior takes place, or only to a negligable extent) or

tneir quantity decraes=2s in some cases (dissolution).

It may ke stated as a general case that the major impu-
rities and trace elements of bauxite are tested with the
analytical methods described already in ccnnection with the

bauxite.
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Sometimes a modification of the analytical methods is
required due to changes in the major components (Na.O, CaC) arnd

a significantly increased iron content.

A simple and quick method for the determination cof the
less important components of red mud is the emission spectral
analysis mentioned in connection with the bauxite in chapter 8.
The usage of reference standards corresponding with the composi-
tion of the red mud is essential during their emission spectral
analysis (high Nazo possibly high Ca0). Bauxite reference stand-
ards are not adequate for this purpose. The usage of inadequate

standards implies too great errors.

The altered composition of red mud has to be taken into
consideration in case of AAS measurements as well, especially

at the determination of MgO and ZnG.
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12. CHLMICAL ANALYSIS OF SODIUM ALUMINATE LIQUORS

fHEIR MAIN CCMPONENTS AND IMPURITIES
Aluminate Liquor

Amphcteric elements can be made to dissolve both by H3O+

and OH -ions hence they may behave as bases and as acids, too.

+ - n+
Me + nH3O . Me + nH2

0O+ % nHZ (23)

Me + nH,0 + XOH'Z—™ (Me/OH/ , )*~

Me 2 + 5 (n+x)H, (24)

The mars acticon law is valid for their solutions and
consequentlv, eon :hanging the OH'-concentration respectively

the activity, their hyéroxides can ke precipitated:

X7 (25)

n+ + g, ——— o 4 ’ !
Me + nCh . M:./Oh/n + xOH —‘.'(Me/'O[l/n+x)

n = valeance
n+x = co-ordination value in the alkaline medium
1f the clement in question is aluminium, its alkaline solution

is called aluminate liquor.

As it can be seen from the equation (25) no solution of
optional OH' to (Al/OH/,)’ ratio can be produced because, if
the OK'-concentration (activity) falls below a certain value

the decorposition of the (Al/OH/4)' commences.

In order to characterise the aluminate solutions apart
from their concentration the OH’ to (Al/OH/,)’ ratio should
bLbe known as wall. This may be expressed in several manners,

it should be agrced how to make one’s choice,

- a




In the alumina industry sodium hyaroxide solucrion is used

for the dissolution of the aluminium content of bauxite. In the
course of precipitation the total aluminium content of the solu-
tion cannot be completely be separated. Hence the liquor com-
prises two main compnents notably the sodium hydroxide and the
sodium aluminate. In addition, the liquor becomes carbonate-
-ferous by the time due to the carbonate content of the ore

and the carbon dioxide picked up from the air.

Though the silicates are hard to dissolve in aluminate
liquors fror the point of view of technoloqy the silicate cor-
tent is also placed among the main components along with the

contaminating organic substances.
Terminology

when evaluating the analytical data cf the alumirate sc-
lutions, misunderstanding may arise from the non-unifeorrm denomi-

nation of the individual components.

Substances which are dissolved in the plant aluminate

liguors are given in Table 3.6,

Though the solution comprises ions nevertheless the
exidic composition is established in general. Denomirations

adopted in the alumina production technclogy arc as follows.

Caustic _soda as Na, 0. ust.

Ok-alkalinity of the solution representing the sum cf
OH and the fourth dissociating OH of (Al/OH/4)- expressed
as Na20.

Soda as Na20 carbonate

Coz"-content of the solution exprecssed in Nazo.

"




Alkaline soda as NaZOA

The amount of Na20 equivalent to all aklaline hydrolyzing

anions.
Total soda as Na20T
+ .
Total Na -content of the solution expressed as NaZO.

Al,0, is the aluminium content of the solution expressed

in A1203.

Caustic molar ratxo:(éaust.

The ratio of caustic Na20 moles to A1203 moles in 1 liter

solutin:

Na,0 g/l

caust.
of - 62 = 1.645 NaOcaust. 9/1
K Al,0, g/1 ’ Al,0, g/1

102

It should be noted that in the American technical literature
and in th ractice, too a i a (Na.,oO i > 1
ep ’ , caustic soda ( 2 caust.) is exnressed !

in terms of Na2CO3 and similarly all other components \

caust

given in Na20. The conversion may be made by using the factor:

Na2CO3 I
Na20 :
Na2C03 caust 1'710'Na20caust. and
NaZOcaust. = 0.585.Na2C03 caust’ respectively.




Components of Plant Aluminate Liquors

+ -
Na OH Na,O caustic Naz0..ust.
(Al/OH/4) Na,0 carbonate soda Nazocarbonate
2-.
C03 Na20total NaZOT
2=
$i0% Al,0, Na,0
organic
anions $10,
Corg.
+ 3-
(K") PO P,0g
. 3-
contaminants vo, V20q
F-,etc. F, etc.

Table 3.6

titrable total alkalinity

co1-¢




Trhe -olar ravio used is given by the term M

R®

Furcher on the oxidic terms and the concept will

causct.

Fer the soda and salt corntent, respectively, of the

a.wrirnats solutions the terms of

NaZocarbonate
soda level = Na G ") . 100 (%) and
2 causcfﬂkb carbonate
Na.0., - Na.O
salt level = 2T °2 caust. . 100 (%), respectively,
Naon

are used.
Chemi~al Anclysis of the Main Zonmuonents

The detorminaticon of caustic soda ’Naqunst_)content is made

Ly acid stendard solution. The interfcring anions are previcusly
nitzted Ly Ba-sgalt sosution ara a ccmplex former is used

itartarate, <¢lu.orate) durino zpre titration in order to avoid

the precipitation of Al!()H)3 (27, 35).

Fecr the measurenent of carbonate soda (Na2ocarbonate)

che separated BaCO3 precipitate may be used which is dissolved
in a known arcunt of excess acid zolution. After having CO2
boilzd off the amcunt of acid equivalent to the carbonate
con.ent car. be titrat.ed by NAaOH standard solution. The distil-

latior. gas volumetric method may also be used (24).

For the measurement of the alkaline soda (NazoA) the soda
salts are converted to Na2CO3 by NH4HCO3. The aluminium content
of the solutior is the component that makes the conversion

possil:-le and nrecipitates from the solution at the same time.




ZNa(Al/OH/4) + NH4HCU3 = N32C03 + 2AL(OH). + ¥NH, + #.,0 (26} '

~Na PO

3 + Na(Al/OH/4) + 2NH

4 4HC03 = 2Na2CX)3 + A'LPO4 + ZNH3 + 4H20 (27:

For the measurement of the total scda (Na20¢) the ion

exchange method can be used.
The measurement of the AIZO, can be made by the reaction
cf making complex (EDTA) or by the potentiometric titration.

(See Chapter 7.)

The thermometric titration is a very fast method for the

measuerement of the caustic soda (Na.O ) and Al_0O.-content.
2 caust. 273
i 3
Na?c caust .
NaOH N2+ H,0 =
+
nal Al (OH) ] + H
L 4
Tarc?” —eNa® + H,0 + AL(OH), Tart®" (28,
Al_O
23 2- 2- 2- - N
Al(OH)3 Tart + 6F' ———--AlF6 + Tarc + 30H {29}

The thermometry (for caustic NaZO and A1203), as well as the
spectrophotometry (for COZ) is used in the Gardanre plant for i
the automatic measurement of the aluminate liquors. 10 to 20

samples can be analyzed hourly by this way (49;.

The determination of Si0O,-content can ke performed by
tiie spuctrophotometric method by the measurement 2t the colour

intensity of tne reduced Si-Mo heteropoly acid.

For the determination of the organic contaminants the
pr:roxi-bisulfate reaction catalyzed by silver ions is used
and the amount of €O, cquivalent to that of the organic

matcrial is measured (42).
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In additicn the individual organic components ay also

be measured by means of the gas chromatcgraphy.
Investication of the Contaminants

Of the contaminants of the aluminate liquors the deter-
mination c¢f iron, fluorine, vanadium, phosphorus, gallium,
zinz, sulfate, chloride and molybdenum is cf importance. For
the reason cof calculation the contaminants of the liquors

are also established in terms of oxides.

Determination of the Fe203—Content of Aluminate Solutions
The iron content of the aluminate solutions contaminates
the alumina. During the precipitation about 80 to 90 % of the

iron content of the liquor passes into the alumina hydrate.

The sclutions comprise partly finely distributed col-
icidal size flnatinc¢ iron compounds, partly dissolved iron

du2 to the high OH -concentration.

It is difficult to differentiate between the irons of
tw~ origin becausc Jdue to the small size the clean-cut elimina-
tion cf the floating iron compounds by filtration is har-d to

perform.

The iron content expressed in terms of Fe203 is ir the
magnitude of mas1l thus for its determination primarily the
spectrophotometric methods canr be used. The contaminants
{e.g. organic compounds, F ) are more or less interfering
witli the determination. Of the spectrophotometric methods
for the measurement of iron the SCN  (rhodanide) and the
o-phenantroline reaction is used. Concerning the realization
nf the reaction and the interfering effects several refer-

ences are available (e.qg. 1.).
-
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As per our investigation, gcod resules were achieved wnan
having transicrred the iron alcng with some kind of collector
from the sciution into 2 precipitate and the iron content of
the latter had been measured. For collector ZnS made by the
reaction of Zn-salt and Nazs is used and it is recommended
to adopt the spectrophotometric reaction and the measureirent !

of the colour intensity of the iron-thioglycolic acid corplex.

Fluoride content of the strong liquor can become enriched
to the magnitude of g/1. As already dealt with in Chapter 3,
najor part of the fluoride content of bauxite gets into tne
process circuit. The aluminium content interferes also witn
the determination of fluoride ccontent of liquors, hence
either volumetric or spectrophotometric method were adopted
the previous separation by distillation (Willard-Winter) wouid

Le necessary.

It is more faster if the fluoride caontent o: Jiciovs is ;
measured by a fluoride-selective electrode (i.e. Orinn $«¢-09, '
Radelkis OPF-711%1 type). In solucions comprising alsc alum ::un
the determination cf the fluoride ion concentration ig restrict-
ed due to the formation of alumino-flucoro-complexes Lecause the
electrode measures only the free F -ions. Thare is a further
interfering effect in the presence of silica duee to ths for- i
mation of SiFf-
fluoride from the aluminium complex does not interfere with

~complex. A complex former whnich displaces the

the operation of the electrode thus enabiing the masasurement
beside the aluminium. Edmond (59) and Ingram (51) had usszd
citrate ions as corplex formers, Citrate ions up tc the con-
centration of 1M/l do not interfere with the operation of

the fluoride-selective electrode. The determinations are made
of the ten-fcld dilution. The relative error of the nicasura-

nents is 5 %.

Th2 vanadium ccntent of liquors (for the case of strong

liquors Na,0 180 4/1) can come to 1 g/l. Vanadium salt

caust.




is removed from the Bayer prccess circuit by c¢o-ling spent

liquor or strong liquor (see p. 3-78). Therefore vanadium
content of the process liquor circuit should be permanently
measured. For the determination of the vanadium content the
volumetric potentiometric end point indication method is most
accurate having beer “Aescribed in detail in Part 8. The organic
substance of the liquor interferes with the titration, there-
fore it has to be destructed before the determination. The
destruction may be carried out either by H2504—HN03 or by
KZSZOS in H2504 medium. After having the organic substance
destructed due care should be taken of the complete cecomposi-
tion of the oxidising agent. Since the chromium content of

the liquors is generally less than 1 mg/1 the vanadium can be
oxidised by KMno4
cessive KMnO,/ by Fe(II) standard solution. If the chromium

and directly titrated /by decomposing ex-

content is higher the determination should be made by using
the method described for the bauxite. The relative error of i
the measurerent is less than 5 %.

Vanadium may alsc be determined by means of the spectro-
photometry, however, due to the hich salt concentr.tion and
to the colour of the liquor the application of the differential
spectroscopy 1is expedient.

Phosphorus content becomes also enriched tc the magnitucde
of g/1 in the strong liquor and part of it can be removed
along with the vanadium salt. If Ca additives are used at the
digestion phosphorus content of the liquors considerably de-
creases due to formation of calcium phosphate.

Phosphorus content of liqiors is mainly measured by am-
monium molybdate as molybdenum-blue. The measuremernt can be
directly performed of the ten-fold dilution solutions.

|- Pea
h
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The gallium content of the variocus liquors of the process

circuit is of primary importance from the point of view of the
recovery -f gallium. The equilibrium level of gallium in the
aluminate liquors ranges 120 to 140 mg/l, and 190 to 200 mg/l
in stroag liquors, respectively. The gallium getting into the
process circuit mostly contaminates the hydrate. Gallium can
be measured chiefly by means of the impulse polarographic meth-
od apart from the spectrophotometric one described in Chapter
9. The deposition velocity of gallium is generally very lcw

in the various basic solutions in either acidic or alkaline
medium. If, however, the reduction of the gallium-rhodanide
complex is performed in the 5 to 6 mole high ion strength
electrolite, the reaction becomes accelerated to such an ex-
tent that the diffusion gets controled and thus a fairly de-
fined polarographic scale is obtained which is suitable for
the measurement of the concentration. The evaluation is made
by an addicive method. Variation coefficient of the method

is 2.

For the determination of zinc content of liquors the
AAS is the best method to be selected. When acidified the
liquors can be directly atomized in the AAS-unit.

Molybdenum content of strong liquors may exceed 200 mg/l
(see Chapter 9.). The determination of molybdenum may be car-
ried out by means of the AAS method or after forming and sep-
arating a precipitate (oK-benzoinoxim) by means of the po-
larography, too.

In favour of the removal of the ballast salts the measure-
ment of sulfate content of liquors is als» important. The

amount of Na,SO, in the strong liquor (Na 180 g/1)

20caust.
may attain at the magnitude of 0.4 to 0.6 g/1.

The determination of the sulfate content is made by the
gravimetric method (acidifying and precipitating as BaSO4).

”




The liquors comprise alsc chloride ions in some cases.

This can be volumetrically measured after the destruction of
the organic substance. Excessive amount of AgNO, standard so-
lution of known titre is added to the nitric acidic solution.

AgCl precipitates. The excessive AgNO_, standard solution is

3
back-titrated by KSCN standard solution. Fe(III)-salt is used

as an indicator.

For the determination of the main components and trace
contaminants of the aluminate liquors X-ray-fluorescent meth-
ods are also known (52).
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13. DETERMINATION OF THE CQONTAMINATING COMPONENTS 1IN ALUMINA

A number of contaminating components from the caustic so-
lution segregate simultaneously with the alumina hydrate separa-
tion in the Bayer alumina producing process, Or they link to
the larga-surface precipitates (sorption) and cannot be totally
remcved even by washing. Certain contaminating components may
get into the alumina during calcination (e.g. sulphur). The
contaminating components of alumina exercise disadvantageous
influence on the utility of aluminium in the aluminium metal-
lurgy and deteriorate its properties in industrial applications.
From the aluminium metallurgical poiunt of view certain im-
purities are disadvantegeous because they contaminate the metal
while separating along with the alvmiiium during the electro-
lysis. Two of the most critical impurities are Fe203 and Si0,.
Both 1*02 and V20S are undesirable contarirating components

when producing conductivity grade metal.

Some contaminating components NaZO, PZO5 for example
nave an unfavourable influence on the electrolysis, as Na20
modifies the cryolite-melt’s molar ratio (3NaF/AlF3) toward
the caustic direction. Fig. 3.7 gives a survey about the con-
taminating components of alumina. Examining the figure it
turns out that Na20 is the major contaminating component of
the aiumina if we leave out of consideration the here¢ not in-
dicated moisture content (which can be measured by a loss of
mass at 300 °C and loss of mass at 1100 °cy. a part of this
Na,0 content, the so-called water-soluble Na20 originates
irom the insufficient washing of the caustic solution. Re-
cently the determination of the total Na20 content (water-
-solubletcombined Na20) is general. The sequence of the
contaminating components in the Fig. 3.7 provides at the same
time their order of undesirability from a metallurgical point

of view.




“he anz.ytic determination of the contaminating components

~
P

slumina is ¢ssential first of all because of plant super-

'ision reascn:z aand the rAarketability of the finished product.

Appart from the classical chemical analytical rethods
mainly spectral analysis, AAS and X-ray spectrometry are used
f.r the determination of the alumina's contaminacing compo-
nents. Sometimes electroanalytic (polarographic) methods are
2gplzed to determine certain components like Cu and Zn. Ac-
~ivation analysis methods may be suitable in certain cases
{e.g. PZOS)’ Single-purpose equipments working cn the princicle
cf IR spectrophoto: :try (after burningjare also used to de-
teridine the carbon and sulphur content of alumina. Not the
cxact guantitative determination of contaminating componernts
is the aim of the mass spectrometric tests of aluminas but we
rather strive after a semi-quantitative comparative investiga-
+-on eoncerning 3l the elemencs. This methnd is malnly used
recently ir e research work. Taklie 3.7. gives z summary ot
tne various methnds Io2r tne Jdeterrination of cuntaminating

components o the alvmira,
Classicil Chamical Me'uncds

Cnem:72] tests have to be carried cut on sampiles pre-

pared always accarding to the instructions cof chapter 6.

As menvioned before the dissolution or attack of the
alumina does not mean an easy task. The most frequently used
methods for attack can be divided into two groups:

- method by alkaline fusion

- metiod by acid attack under pressure.

A great number of variations of the alkaline-fusion meth-
oG is used. Tre oldest one is che fusion with soda-borax
rix-ure (53). Today instead of borax boric acid 13 neced. This

i1s recommended by the 150 standard as well (54).

} ety
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Methods for the Determinction of the ontamirnazing Components
of Alumina
Table 3.7
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dur the e lernination of alkali metals (NaZOL Li2C03, H

+ Lizfﬁs, Li?3407 in some cases H3BO3 Qor 8203 is used as
< T . n1ng agent.

3693

Experiments have been carried out since the 50-ies (55)
~.elng with the acid attack of alumina under pressure in a
zez.2d glass tube between 200-300 °c. Special difficulties in

‘115 case arise first of all with the material of the tube

r

o8

isznlve (56). Recently steel attacking boms with heat resist-

rtvelf because even the components of boror.-silicate glass may
ant p

lastic lining are applied generally, nevertheless it
needs to be thoroughly investigated, whether or not a compon-
ent “eacts with the plastic during the attack. The run of
the attacks under pressure ne=2ds a long time, 12-16 hours as
a rule, but their great advantage is that further processing
can be done with a relatively small salt-concentration. This
«l.zd ror artach is mainiy used in case of AAS and solution

Jmizsion Spectrometric testings.

fhe € aucd 5 .entent of the eluxina can be determined
voocr o guickly ans witnh sufficient accuracy in special combustion
oguioments (¢.g. Leco CS~4tj. 1If we tzat the alumina in an
zxuwn flow its carbon will burn into CC, or CO, 1ts sulphur
inte 50,. Accelerating agents are added to help the combustion.
The Cn, Ccz and 50, content of the cumbustion product is meas-
ured by IR denrctors. If oxygen alore gets into the measuring
cell the total energy of the IR radiation will reach the de-
tectors. The combustion products (COZ' Co, 502) in the meas-
uring cell absorb energy during the test and this energy is
proportional to their concentration. This causes a decrease
iii the energy reaching the detectors and this diminished
energy 1s measured by means of the detectors. Taking the
anourt of the charge into account the C and S quantity is
indicated on the DVM in % after rectifying, amplifying and
tinear transforining of the signal. The evaluation of the

cesults is carried out by comparison with rnference standards.
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The C and S content of the alumina can be determined with
4-7 % orror by means of this method: within a very short time

approximately 2 minutes.

there are internationally standardized methods at our
disposal today for the determination of the most important
contaminating components of the alumina, which have been
tested and verified several times. We give a summary of them

in see Table 3.8.

Spectrophotometric methods are applied in most cases (e.g.
Si02, Fe203, Tioz).
Sometimes an extraction process preceeds the spectro-
photometry because of the small concentrations (e.g. VZOS'
PZOS' ZnO) . AAS method is prescribed by the standards a couple
of times (e.g. CaO, Mg0O, ZnO, MnO). In the case of fluoride
and boron - because of the interfering effect of the cluminium -

a distillation separation is necessary.

We wish to stress that the fluoride content of the alumina
in the range of a 0.01 % order and the 8203 content being even
less, have no harmful effect from a metallurgical point of
view; their determination is required rather because of their

role as mineralizators added to the alumina (A1F3, 5203).

Dissolution methods are sometimes applied for alumina
analysis. Production plants used to test the soluble Na,0
content reqularly. The principle of the method is that the
Na20 content adhered to the surface dissolves when boiling
with water and can be measured by titrating with acids. The
widespread application of the flame-photometers has forced
back the former method; today the measuring of the total Naj0
content may be regarded as general. The sulphur content of
aluminas can be determined in a similar way by means of dis-

solution. The sulphur content in the alumina is mostly present
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Standard Methods Used for the Analysts of Aluminiua Oxide

Table 3.8

Component

Frinciple of the determination

Method

Field of
application
__Range

ISO Wumber

Loss of mass
at 300

Drying of the test portion at m°c
for 2 h and determination of loas of
mass

903-1976

Loss of
at 000
and 1200

Ignition of two test Bortloru pre-
vmussy dried at 300 C one at
1000 °C and the other at 1200 %,
for 2 h .

806-1976

Na,0

Fusion of the test portion with
mixture Lt Cn_‘on 0, or

Li,C0,+Li B U5, Bigsolunon in
uci i:pln!u‘n of the solution

into a flame

1€17-1976

Preparation
of soluwion
for analysis

Alkaline fusion method

904-1976

r.zo 3

Alkgline fusion, reduction of
iron(III) to iron(Il). Formation
of the iron(II)-1.10-phenanthrol-
ine complex. pH 1.5-4.2. Photo-
metric measurement at wavelength
510 nm

>0.005 %

905-1976

5102

Alkaline fusion, formation of the
oxidized molybdosilicate, selec-
tive reduction. Photometric mseasu-
resent at wavelength of 815 nm

N.005-0.025
0.025-0.25

1232-1976

‘Hoz

Alkaline fusion teat solution.
Formation ¢f the titanjum-di-
antipyryl-methane complex. Photo-
mctric measurement of the colowed
complex at a wavelenth of 420 na

> 0.001 &

900-1977

Alkaline fusion, test solution,
oxidatinn to V(V). Formation o
vanadiua N-Renzoyl-Nphmylhydroxyl-
-amine compiex. Extraction of the
violet colo.red complex. Photametric
seasurement at a wavelength of 524 rm

0.0003-0.016 ¢

1618-1976

7205

“reparation of solution froms a tesy
eortion by alkaline fusion and by
dissolution in nitric acid (pH 2).
Formation of the phosphomolybdic
complex. Extraction by 2-methyl-
propan-1-0l. Raduction of the
complex by SnCl, in the organic
phase. Spectro tometric measure-
ment at a wavelength of 730 nm

> 0.0005 %

2829-1973

10.

Preparation
of solution
for salysis

Method by hydrochloric acid attack
under pressure

2073-1976
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Table ).8 (cont.)

Frinciple of the determination

Method

Fleld of
apglication

Range

1S0 Nusber

LA I8

In0

Alkaline fusion, treatment >f the
fused nass with HNO . Separation of
the Zn in the form 8f thiocyanate by
extraction with metyl-isalag;l keton.

Re -extraction with ! solution. For-
mation of the PAN-zinc complex.
Extractton a! the PAN-zinc complex
with chloroform and photometric
measurement at a wavelenqgth of 560 rem

photo-
petric

R
2072-1971

Dissolution by attack with HCl under
pressure aspiration of the solution
tn acetylene atr flame mecasurement of
the absorption of the 213.8 nm line
emitted by zinc hollow-cathode lamp

>0.002

2076-1976

12.

(Mn)

Dissolution with nhydrochloric acid
under pressure. Aspiration of the
solution in an alir/acetylene flame
and measurement of the absorption of
the 279.5 nm line emitted by a man-~
ganese holiow cathode lamp

0.00026~0.0065
(n 0.0002-
-0.005)

33%0-1976

13.

Ca0l

Alkaline fusion. Frecipitation of the
calcium in alkaline medium with
naphthyl-hydroxamic acid solution.
Spectrophotometric measurement of
the excess of naphyl-hydroxamic
acid at wavelength of 404 nm

{Spectro-

>0.01 %

Dtssolution by attack with HCl under
pressure. Additicn of Na-ions tc
stabilize the promotion ol the emis-
sion of Ca and lanthanum tons or
triethanolamine to increase the sen-
sitivity. .
Aspiration of the solution into ace-
tylene diritrogen monoxide flame and
measurement of the absorption 422.7
nrm line eritted by a calcium hollow-
-cathode lamp. Ca0 contents greater
than 0.03 acetylenc/air flame can be
‘uled

>0.003 %

2063 -1976

Dissoluticn by attack by H,SO, under
pressure. Separation of thl (fuorlne
by distillation. Formation of the
blue coloured complex between F and
alizarin complexone lanthanum chioride.
Spectrophotometric measurement of the
complex at a wavelength of 620 nm

L oXgtd

>0.003

2828-1973

15.

520

Dissolution with H,.PO,, separstion of
B by distillazion &s thyl Lorate.
Formation of the red coloured complex
between 8 and curcumin. Spectrophoto-
metric measurement of the cumplex at
a wvavelength of 550 nm

Spectro-
photo-

mtrc

> 0.0006

20865-197)




in the form of sulphate, which is quantitatively dissoluble

with Na2C03 or (NH4)2C03. After dissolving the SO4 being

in solution it can be separated with BaCl,. Rather large

10-30 g charges of samples are required to make possible the
measurement of the small BaSO, guantity.

Spectral Analysis of the Alumina

The long duration of wet assay of aluminas made the pro-
duction plants turn toward instrumental measurements. Spectral
analysis seems to be one of the most suitable methods for this
purpose. Alumina has to be mixed up with graphite powder in a
1:2 ratio as the first step. Then the mixture is e2vaporated by
direct current arch anodic excitation with a graphite cup elec-
trode. The determination is done by quartz spectrograph in the
ultra violet spectral range. The preferred spectral line pairs
2re measured¢ by photometry ané the ccncentration of the individ-
ual contaminating components is determined from evaluating

carves plotted on the basis of the analysed standard series.

Contaminating components tested regularly by the help of
spectral analysis are: Na20, Sioz, Fe203, TiOZ, V205, Ca0. In
the case of MgO, BeO and Ga203 special reference standards
arc required, which can be made by mixing spectral-clean
Johnson-Matthey oxides with natural alumina.

It seems to be expedient to use the total evaporating
metihod in the analysis of alumina samples if we want to eli-
minate the errors originating from the crystal structure of
alumina (o(A1203, /5A1203). The average error of the spectral
alumina analysis is about 5 % relative error. Flame photometry
guarantees more accurate results as a rule, in case of deter-
mining Na20 content.
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X-Ray Spectrometry

X-Ray spectrometry is specially adequate for the determina-
tion of the contaminating components of the alumina. It seems

to be expedient to carry out tre determinations on compressed
pastille samples, as the concentration of the contaminating
components is low. This technique is suitable for measuring
§i0,., Fe203, TiO,, Ca0, ZnO, V205, SO3. The relative error of

the method is about 2-5 %. Sodium is the lightest element gen-
erally attempted using a conventional X-Ray fluorescence-spectro-
meter, and the possibility of its accurate determination at low
concentration was considered doubtful. In order to achieve best
conditions for the determination of Na thallium acid phthalate

(TAP) crystal was purchased.

Greater accuracy than with the wet zssay method can be
achieved when measuring the direct A1,0, content of alumina ii
beads, fused with LizB4O7, are used. Relative error as srail

as 0.2 % can be obtained by this method !57).
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