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1. INTRODUCTION 

It is the Eayer-technology that is used worldwide in the 

industrial processing of the bauxites. This technology invo 1 \'es 

great demands on investigatir.!"! and analyses. The composi tic,-. c"" 

bauxite to be processed, the efficiency of desilication and di

gestion, moreover the getting into solution of the contamina~ts 

should be known. The efficiency of settling, filtration a,:d ;irc-

cipi tation has to be checked mainly ~y 3nalytical methods. 

Plant control and process cont :-ol is mainly based on analytic.1 ~ 

measurements, too and that is why pl~nt operation without ana

lytics in unimaginable. For that very reason it is ne.essary to 

deal in detail with the analytical problems of the a urnina pro

duction. 

When analysing bauxites one has to proceed on the ba.s is '.' 

4 aspects. 

a) Surveying and determination of bauxite resources 

b) Qualification during exploitation 

c) c.,,ntrolling the process of alumina production, ~;re!><1!."cl

tion of balances 

d) Accounts between supplier and consumer 

When qualificatirig aluminas primarily the testincJ ~: f t r.•J;:.'· 

components is necessary which are undesirable for metail1_,rgi•·,: 

processing. 

Testing of red muds provides i . port,rn t in form.1 ti on .1m0:;:r 

others about the rate of alumina and caustic soda 1 cs:;e~. 

Tne analysis of aluminate liquors renders hc!p for the 

control of the pr0cipitation process and the re~!uctinn rif 

contaminants in the precipi tilted al umi nd hydrate. 

The many-sided investigatior. in the alumina industry ;u1d 

r~searching requires the whole verticality 0f the .rnatytical 

I 
·-- -.\I 
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proceJures, including the conventional chemical and most up-to

-date physical-chemical pro~edures 

These are as follows: 

Gravimetry 

ritrimetry, p-.tentiometry 

Photometry, spectrnphotom2try 

Thermometry 

Optical emission spectral analysis 

Atomic abso~;tion analysis 

Nuclear analytical methods 

Spectrometric and X-ray spectrometric analysis 

Particular agreement usual!~· brought about betwee.n 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. 

'*'- -Ill 

l 
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2. GENERr\L ASPECTS OF THE METHODS USED IN BAUXI~E. 

RED nuo, AND ALUMINA ANALYSIS. GRAVIMETRIC, 

TITRIMETRIC AND INSTRUMENTAL METHODS 

Principle of the gravim~tric 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 cournpound of known 

cornposiLion. The determined component is expressed in terms 

of percentage of the charged quantity the calculation of 

which is carried oot 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 i£ still indispensable in some 

areas. For instance in the case of arbitration analyses and 

checking of results of instrumental measurements of the silica, 

sulfur content of bauxites and moisture and L.O.I. ~Less On 

Ignition) values the gravimetric method is used in every case. 

Similar practice is adapted at the testing of particular rPd 

muds or bauxites selectively separated. 

At the volumetric (titrimetric) analytical method standard 

solution of a known concentration is added to the solution of 

the weighed test material the former being capable of t:nteri.ng 

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 pe1-

;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-

' 
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-alkalimetry, oxidimetry, redoximetry, etc. 

The titrimetric method is used for the determination of 

particular components of bauxites and red mud~. The complexomet

ric method is used for the determination of Al
2
o

3 
of the s~m

ples, or Cao and MgO-content exceeding 4 % in the samples. 

The oxidimetric method is used for the determination of 

Fe2o 3 and FeO the ti trant being potassiu~· jichromate. If the 

sample contains more Ti02 than 5 % the determination is made 

by FeC13 standard solution. 

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 th~ 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 rendered possible on 

the basis of the Larnbert-Bee~'s Law. 

The light source and the cell containing the material to be 

tested, the light ~esolution unit, th~ ~hotometer itself, the 

evaluating unit, a micro-anuneter or recording unit represent 

the basic elements of the photometers and spectrophotometers. 

The light resolution unit is generally combine~ of colour 

tilters at the photometers, while in the S?et ~rophotometers 

monochromators are used. 

There are spectrophotometers available for the application i.n 

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 

--
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determination of Ti02 , v2o5 , Mn02 , Ga2o3 and P2o5-content of 

bauxites and red muds. From the allL~ina the contaminants cf 

Si0
2

, Fe
2
o

3
, Ti0

2
, v2~5 and Cr2o3 are determined. From the 

aluninate liquors v
2
o

5
, Fe

2
o3 , Ga 2o3 , etc. are regularly ana-

lysed. 

The basis of the ~hermometric analytical method is the 

fact that everf ::...!"!·~mical reaction is accomFanied 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 instrllITlent has been developed for this purpo::;c_ in 

Hungary and i;: is well applicable for the analysis o." alurnj nd r•

liquors (total Na
2
o . caustic Na2o, Al 2o3 , co21, for ~he 0e~~:

mination of the siderite content of bauxite and for canyi!la 

out of special p~ysical measurements (i.e. adso~ption heat, 

diluti<".n heat). There is a possibility to extend the invest i.: .

tion over the determination of individual components ...;f bai..:xitc 

and red mud and the composition of vanadiurn sal.t. 

Principle of emission spectral-analytical method: 

The suitably dressed test material is excited. On the e f ff~ct . , : 

excitation a light radiation takes place in the course of re

turning of the electron from the unstable higher enerqy lcvPl 

to the stable, lower energy level. The radiation bec:.iM is r2-

sol ved by a prism or diffraction grating. The :intensity of t:1c 

resulting spectral lines is measured and the concentration c,f 

components in question is determined by evaluating curves plot

ted by means of the standards. 

For the spectral analytical tests a quartz and a glass 

prism spectrograph and a spectromE: tcr with ARL 35000 ICP 

. Oi\I 
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excited monochromato~ 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 acgon-plasm comes to 

about 9000 °K which - according to literary data -

considerably reduces the adverse matrix effect disturb

inq 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 alurninate 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 brough.: to atomic state into thew~ of oonstant 

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-tem~erature 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 i.e. Fe2o3 , 

' 
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Al
2

o
3

, Ti0
2

, Cao, MgO and ZnO are determined with the atomic 

absorption metho<l #ithout aiming at the arbitration analysis 

accuracy. Emission fiame photometry is used fer the determina

tion of Na
2
o-content of the red muds. AJ3 is used for the de

termination of ZnO, MgO and Cao from the alwninate liquors. 

Flame photometry is used for the determination of Na2o frcrn 

the alumina and AAS for th~ determination of Cao, MgO, ZnO and 

CuO from the same. 

The a~vantage of the method is its ~uickness 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 ex~ensively used. The ele

ments present in the material to be tested should be excited 

in a way that eacr element emits its radiation of ~haracter

istic wave-length. Measuring the wave-length of the emitted 

X-ray the qualitative identification of rhe 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 be used 

for the determination of any main and contaminating compc..ner1ts 

ranging from 9F to 92U. 

Recently there is a possibility to carry out quantitative 

determination of Si0
2

, Al
2

o 3 , Fe 2o 3 , Tio2 and Cao from the 

bauxite and the red ~ud by using the "solid solution" lbead

-casting) dressing method 

In the course of sample dressing the amount of L.O.I. ca~ 

also be determined. 

From the alumina the Sio
2

, Fe 2o 3 , v 2o 5 , Cao and ZnO-con

tent is determined by means of this method. 

' 
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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 ar~ charged by an ion-source of a neutron gen~

ra tor and after that they are accelerat:ed and focussed in vacu

urr by medlls of ion optics while they reach the targets suitable 

for producing neutrons being dble 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-9e neutron source. The 

ur.it can be used for the determination of Na 2o, Si02 and Al
2

o 3 
in the ba~xites and red muds on the basis of the principle of 

neutron activation and for the determination of Cao, Tio2 and 

Fe2o 3 by using the radioisotopic excitation X-ray emission 

analysis. 

The neutron activation analyzer is being used for several year~ 

for th?. determination of Si02 and Al 2o 3 in the bauxite mines. 

Besides the other test procedures sometimes the polarog

raphic 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. 

rrom the above mentioned the wide-range application of 

analytical-chemic~l and chemical-physical methods can be seen 

in the alumina industry. 
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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 i1ETHODS 

In the previous chapter a short description has been given 

about the most ioportant conventional wet analytical and instru

mental methods used in the alumina production according to 

Bayer. In this chapter a cietai led description of those instrt>

men ts 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 instrur.tents 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.g. 

Aluminatherrnoquant) 

5. Electroanalytical Instruments. 

E~USSION SPECTRUM ANALYZEP.S 

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 alumi.na industry p:::-imarily alumina, then 

bauxite and red mud. The main difficulty with these samples is 

their non-conductive character in contrast to metals,thus their 

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 char~cterising o~ly 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 

~~. l 

. ·-*'I 
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emitting line spectrum characteristic any time of their 

material quality. The corresponding spectral l~nes are 

compile~ in charts in the literature (1). 

Quantitative tei:ts are based on the fact that the more 

atoms of the element in question are present in the light 

soo.rce the hicjter the intensity of the spectral line of a certain elerent is. 

From the radiation intensity of the spectral lines quantitati~e 

chemical counclusions can be drawn (2) . 

The quantitative evaluation is carried out by ~~ans of 

the reference standards. 

With the spectral analysis first the atoms have to be 

excite~ this can be made in case of the products of the alumin3 

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 a light-sensi

tive emulsion. After the development the intensity of 

the spectral line is measured by m.aans cf the ?ho

tometer. 

2. Spectrometers by the use of whict 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 metho<l usually small amounts of materials are tested 

special care should be taken of the horrogeneity of the samples. 

Apart from the rapidity and high automation capability of the 

spectral analysis the main advan~age of it is that small a~ounts 

1 
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The selection of excitation procedures and the term of 

exposure required varies according to the type of the sample 

and components to be analyzed. 

Evol '.lation 

When following the quantitative evaluation the ratio of 

the intP.nsity cf the analyzing pairs of lines is determined 

on ~he oasis of their blackening r.nd after that the composi

tion is generally determined by using approbate standards 

{we~ chemically analyzed or weighed ones) prepared by similar 

ways. 

!'h-? '-"!.·ror 0f the spectral ana-:.ysis t·_· £;>ectrographs is 

·ll.!e L;J "-he err-i.!1siui1 and the error of photometry. This can be 

·.;a.eraliy maintai.ncd at a le•;el c±- 5 ?.. In case of spectro

~~~ers the error is generally less. 

x--;;AY Si::EC:P.Of<iETEHS 

X-r.:iy spectrometers applic.:lble in a wide measuring range 

(lOO to 0.001 %) for the testing of elements ranging from 

fiuor~nc (atomic number 9) to uranium (atomic number 92) came 

i~~~ general ~se in the last years in the alumina industry. 

This is µartly due to the great development of t.he sensitivity 

and automated condition of X-ray spectrometers available and 

p.J rt ly due to the fact that the sample preparation and calibra

t io.1 h3s br.!Cn solved for most of the produ-::ts (bauxite, red 

rnud, r.:lunina) in the alumina production. 
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The working principle of the X-ray spectrometers (indi

,;ated in Fig.3.1) is as follows: the sample is placed into the 

$pectromet2r and the elements of the sample are excited by the 

r.:i.diation of the X-ray tube to emit their characteristic radia

L_on; then the fluorescent X-ray radiation is resolved by the 

analyzer crystal into its spectrum. The characteristic ~adia

~ion is measured by a counter placed on the goniometer set at 

an angle of 29 that correspcnds to the individual elements (3). 

In the irradiated homogeneous sample the concentration and 

the measured intensity may ~e expressed by the following equa

tion: 

~ere: Ci the 

R. the 
1 

F. the 
1 

F. 
1 

relative concentration 

corresponding relative 

( 1) 

of fluorescent elemant 

fluorescent intensity 

interelement effect correction factor 

i 

Since Ri represents the fluorescent intensity ~elated to 

the pure element i and since F. represents the effect on the 
1 

element to be measured caused by the other elements :_,Jn:sent 

in the sample the X-ray fluorescent method is not an c1bsolute 

one and can only be practicable if evaluation based on chemi

cally andlyzed or prepared standard samples is parallelly made. 

Sample Preparation 

Two kinds of methods can b"! used for sample preparation 

depending on the nature of the sample and the quality and 

quantity of elements to be dete. rmined: 

1. 

2. 

Powder£d, homogenized, pressed specimens 

Flux fusion (bead preparation) 

_ .... --· "'---.~ .. 
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At first properly powder~d (to - 30 
1

um} anJ homogenized, 

pressed samplex had been tested. This method, however, proved 

to be adequate only for testing alumina where the impuriti~s of 

the order of 0.1 to O.<Xll % besides the main compone~t of Al 2o3 
<X>Ul.d be fairly determined from the pressed tablets. In such 

cases it is expedienL ~~ carry out the test directly from the 

original material to avoid the dilution of the minor impurities. 

This method did not prove to be a~equate for the case of 

bauxite and red mud because very poor accuracy could be achieved 

due to the mineralogical composition and gruin size of the sam

ples and the interelement effect. The 3ffect of grain size and 

mineralogical composition can be eliminated by the flux fusion, 

(with Na2B4o7 and Li2B4o7 , resp.} the so-called bead prepara

tion (4,5). 

For the fusion high freque~cy induction f1lrnaces are used 

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 waJ.l does not become wettened ?t the rnelt 

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 rne~hod is not an absolute one 

proper standard samples are required for the evaluation of the 

test results. The standards are carefully analyzed samples (e.g. 

. ·- ~I 
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bauxite, red mud, alumina), howev€~, 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 conq;osition of the standards should closely approach 

those of the samples to be tested, because in this case the 

matrix effect respectively the interelement effect can sor.1£ · 

times be neglected (F. = 1). If multi-component - varying the 
1 

concentration ~f 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 mathe~atical corrections. 

The ~ost 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 perfort:led 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 standaro and standard + x 

comF~nent addition and all the samples are measured for the 

intensities of all of the elements and thus the mutual effect 

of the individ•Jal elements is calculated. This method applies 

to calcined and to raw bauxites as well. Fo~ further details 

see literature (4). 

An error of the X-ray spectrometric methods expressed as 

the standard deviation is l to 3 % relative error depending 

mainly on the sample preparation, out of which the instrumental 

error does not exceed 1 %. 
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ATmac 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 expense~ 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, Zn, 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 method 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 le measured. For this purpose special gas burner and 

atomizing systems or electrically heated metal rjbbon or graph

ite tube is used. The AAS-equipment is generally supplied with 
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gas burr~r ato~izing system. Apart from the viscosity of the 

solution to be tested and material quality of component and 

matrix to be measurec 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

tion and shape of the burner head) . The atomizing gas burner 

system 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-systP~ is 

generally used for t·cace anal:•ses. Its further advantage is 

that small amounts of material are rc~~iL~d. 

As light sources the hollow-cathode lamps are generally 

used. For certain elements higher sensitivity can be achieved 

when applying electrode less discharge lamps (EDL) . 

With the modern equipments using mc.iulation of the heat

ing current (also as a consequence of the separation of light 

absorption and emissioru long life (about 2,000 working hours) 

can be achieved. In the AAS-units nonnally 3 to 6 lamp-holders 

are provided. 

A double-beam optical system serves as a light-detecting 

unit. Corresponding to the ultra-violet and visible range of 

wave lengths, 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 the 

correction of the background radiation a deuterium lamp is 

normally installed. 

The measurenient of light intensity is perf.ormed with a 

photomultiplier. Modern devices, in general, provide digital 

display for the extinction and enabl~ auto-zero setting and 

'- *ii\ 
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measurement under various integration times. Direct electronical 

display of conc~ntration and curve correction possibility re

quired from time to time is also ensured. The AAS-units can also 

be us~d in emission (as flame photometers) -

Sam~~e ~reparation 

By means of the AAS-units normally on~y solutions of the 

samples can be analyzed. Therefore most of the samples of the 

alumina industry have to be digested or dissolved prior to ~ne 

invejtigation. For this purpose high-capacity target units 

(dutomatic dig~sters) are available. 

For testing lar3e quantities of samples now automatic 

sample changers are expediently used. 

~teasurement 

The solution of adeql'ately prepared samples are atomized 

in the burner head by the use of different gds streams depend

ing on the component to be tested. Gas mixtures most frequently 

used for the ir., ~stigation are: air/acetylene, and N2o;acetylene, 

respectiveiy. 

Evalua':ion 

The ~va 1.uation is ca ... ied out by a calibration curve plot

ted ac-::~.::-ding to the exti.,:::tion and c..:oncentration of reference 

solutions prepared si~ilarly to that of the sample or by the 

stanoard addition. 

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

the preparation of sol ui.ions} ·.:hen ;1sing flame-atomizing unit. 

The err0r of the method is generally l ':o 5 % relative 

error" when using flame-atomizi:ig vnit. When using electrothermic 

I 
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atomizer, however, it comes to 5 to 10 %. 

THERMOMETRIC A.~ALYZERS 

An instrumented laboratory contrcl method, especially for 

the measurement of high concentrations is the thermometric con

centration measurement. Simultaneously 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. Howai:-d. (8) 

In Hungary I. Saj6 was the firs~ to develop rapid thermometric 

(9) methods. In the past 15 years I. Saj6 and his co-workers 

have developed a thermometric analyzer "Dithermanal" and for 

the alur.1ina industry a specialized type the "Aluminathermoquant". 

Principle of the Measurement 

Direct thermometric concentration measurement is based on 

the exact measurement of the chanse of temperature which accom

panies chemical reactions: 

N = the m 
Qm = the 

c = the 

T = the 

N • Q = C • /lT m rn 

amount of the component to be measured, 

mc,lar heat of reac+;ion, Kcal/mol 

heat capacity of the system, Kcal,'C 

change of temperature in the system, 

.I 
~ 

oc 

( 2) 

in moles 

... ~1 
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From the equation (2) the amount of the component in question 

is 

c 
N = m o· m 

f::.T 

and in molar concentration 

c = m 

N m v 

V = the volume of the solution. 

If the value of the factor 

the measurement by a suitable 

= c 
Qm.v 

c 
Qm.v 

( 3) 

• /),,T 
( 4) 

is held constant during 

selection of the condi-

ticas of measurement equation (4) can be written as 

c = K • f::.T m ( 5) 

Equation (5) naturally remains valid if another concentration 

is introducen 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-

'"'-"'Iii ... 
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ence c:-i:::.::ui t, a slight unidirectional change of temperature is 

obsen·ed in the system (2 to 5 minutes) the change of the 

te~perature is practically linear for a short period and can be 

compen>ated electronically in a simple fashion. Figure 3.2 sl'XJWS 

the ~ketch of the measuring instrument. 

These measuring instruments can measure the changes of 

temperature which occur during chemical reactions with an error 
-3 -4 0 cf less than+ 1.10 - 2.10 . C. 

The construction of the instrument permits an indication 

of the amount of the component in question directly i~ g/l or %, 

after the insertion of suitable shunts and the transformation 

of the thermal effect into an electric signal. 

Sample Preparation 

p,.)r p·..irpose of the thermor:;etric analysis liquid samples, 

solutions can ~e used. 

Thermomet:r-i c Measurement 

Selective and specific chemical reactions are used for 

the rnP.asurement 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 

in equation (4) both during calibration and during the 

analysis of the unknown san.ples. 

c 
Qm.v 

Tnermometric analysis can be carried out rapidly with the pre

c:Lsion of the classical analytical methods. 
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2. PLASTIC BEAKERS 
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THERMISTORS 

3 

~ 

2 

4 
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SKETCH OF THE THERMOMETRIC ANALYZER 
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7 4 6 

1. DEWAR FLASK 

2. PLASTIC BEAKER 

3. THERMISTOR 

4. PIPETTES WllH REAGENTS 

5. MAGNETIC STIRRER 

6. CEti COVER 

7. CALORIFER 

Fig. 3. 3 

MEASURING CELL OF THE INSTRUMENT 
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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 reagant 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-

ci llometry) . 

On the basis of the above the electro-analytical instrun~nts 

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 electrodes. 

Recently ion-selective electrodes are widely used for the 

measurement of different ion-activites. 

Voltarn.~etry, Polarography (11) 

The modern polarographs, in general, consist of a poten

tiostat as a voltage source, a control signal generator re

quired for the production of polarization voltage signals and 

the compensograph, respectively oscilloscope necessary for the 

measurement of the current. For coulornetric measurements a 

current integrat~r is also needed. 
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The mea~uring cell consists of a working electrode {mer

cu:y or solid electrode), a reference electrode anc a counter

-·.:-lectrode. 

Conductivity Measurement {12) is commonly carried out by 

~ 1.000 Hz frequency measuring bridge. 

For cscillometric measurements electrodeless inductive or 

capacitive measu~ing cell is used. Oscillometric measurements 

have an important role in rapid control of the technological 

process. For instance, frcm the conductivity and density of 

the aluminate liquors caustic Na
2
o, total Na

2
o and Al

2
o

3
-con

tent of those can be determined (13). 

In addition to the instruments enumerated here, the alu

mina plant's laboratories possess wet analytical sections, too. 

Constituents of the wet laboratories are: photometers, spectro

i:ho<:cr:l?ters, ti trimP.ters and other instrUI!lents. Working prin

ciple cf the spectrophotometers is well-known thus some liter

at~re 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. d~scription of 

automatic bauxite analyzer (BEA) in Chapter 7 .) 

. ~1 
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4. SAMPLIHG 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. 

·rhe sampling technique established in a processing plant 

or ~he 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 i~ the processing of the 

bauxi~e 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, alwnina). 

''-~ 
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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 slurr}). The three kinds of sa~ples 

have to be prepared for the chemical analysis by different 

ways. Primary a~pect is that the sample should reserve its 

representative character. 

PROCESSING OF SOLID SAMPLES 

Solids are mostly lumpy with various grain sizes, hetero

ger.eous 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

ing. This is frequently difficult if the cmount is little and 

big 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

ge~ization. (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 

ieasons for 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. 

-. 
. ~1 

,,,,/ 
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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 homogen~zing procedure i.e. the averaging. 

Comminution should be continued as long as the stace of 

is achieved. 

p = the weight of the biggest particle 

M = the weight of heap to be reduced. 

(6) 

The reduction of the sample is made according to a con

vergent geometrical progression, 

n-1 = M • q 

M = the weight of heap to be reduced 

q = 0,5 

(7) 

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 a3 t ( 8) 

'"'-11!\1 .. 
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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., pass;ng through it. 

The standard scrren scales are generally designed on the 

basis of the \Y2 aperture ratio e.g. Tyler Std.Screen 

Scale (18). Thus the amount of the sample can be reduced to 

its l/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 1um 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 m~y 

contain solids someti~es in considerable amount; the latter 

ones are the slurries. 

The solid s~ate 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. a prop-
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4 8 15 
DIAMETER CF THE PARTICLE; (cm) 

Fig.3.5 

THE WEIGHT OF THE PAR"dCLE IN THE 

FUNCTION OF PARTICLE DIAMETER 
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erly running line of settler and washers) or in a metastable 

state (e.g. the batch precipitati~n). 

The aim of sampling is to maintain the momentary £tate. 

If the sampling point is es~ ..blishe~ and sufficient number 

of samples are taken w1 thin a given time interval the set 

of samples will be representative related to the process flow. 

During the technological tests mo~t frequently the static 

systems are met with. The sampling procedure is also simple as 

sometimes the entire amount of material may also con£~itute 

the sample. Inhomogeneity of the material r~presents signi

ficant source of errors when sampling liquors and slurries. 

Segregation according to specific weight and settling of solids 

from the slurries ca~ be avoided only by careful and thorough 

stirring. Tl°' is imperfectior1 frequently occurs with the scat ic 

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 deco;, po-

5i tion must be prevented by an appropriate method th~s may 

be either dilution, or the maintaining of an adequate tempera

ture or sirnpl~· the condition of carrying out the analysis 

before the sample starts decomposing. Anyway, Lhe procedure 

preventing the decomposition shculd be satisfactory not tu 

alter the representative character of the sample . 

.. 

• 
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A'il'EP.AGH~C: OF SA.'iPLE AND 'IHE AMOUNT OF THE SAMPLE 

Aim of the averaging of a sample is to provide suitable 

~educed amount of sample corresponding, however, to the com

position of the large bulk of material. 

The sample can become falsified by the st.ift in the ratio 

·Jf the individual components in the course of quartering of 

the sample. Tht 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. 

Segregath1.-i or sttt l_ing can also cause some errors with 

tne liquor and sl~rry sa.mples. 

As a general rule, careful homogenization has to be per

formed prior to reduc~ion or partition and analysis of samples. 

The time necessary for homogenizing the samples should be es

tabJ ished experimentally. This can be easily done by the addi

Lion 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 ZnO at a rate of 

O.Ol to 0.1 %. After leaching it with ammonium hydroxide it is 

measured by the polarographic m~thod. 

'-.~1 
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No figures generally valid for the amo11nt 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 standdrd specification 

agreement set up between parties 

necessity. 

' 
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5. F ItOPERTIES 02 i3AUXITE, RED MUD AND ALUMINA FROM THE 

POINT GF VIEW OF CHEMICAL k~ALYSIS 

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 i.nformation 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 oxid~s. This is understandable because no simple and reliable 

method for the deterrr.ination of oxygen in the analysis of mi

nerals and reeks has been 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 cas~ separately which form to use for expressing 

the data and why to do so. As an example it ca~ be mentioned 

that when surnmarizi~g the analytical data of calcite bearing 

bauxite the amount of co
2 

cannot be added to the other oxides 

because the former has already been covered by the figure of 

L.O.I. Neither the co~position of pyrite (FeS 2 ) can be stated 

in the form of Fe 2o3 and so 3 • 

The composition of aqueous solutions and salts is expedient 

to be expressed in the ionic form ; by the a:xrparison 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-

. 'Oi\I 
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Bauxite Main Components, Major Impurities, 

Trace Elements 

Main Components 

0.5-60 % 

Al20 3 
Fe2o 3 
Si02 
Ti02 
H20 

~ R.E.: Rare Earths 

Major Impurities 

0.01-1 % 

cao 

MgO 

Mnp4 (~.n02) 

P205 

V205 
Cr2o 3 
F 

co2 
C org. 

total 
s,.......s--
' --504 

FeO 

Zr02 

Ta'Jle 3 .1 

Trace elements 

0.1-100 ppm 

Ga 

Mo 

Zn 

Ni 

Cu 

Cc 

J!.s 

Na 

K 

R. E. "" 

PD 

B 

etc. 

' -41 
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nological calculations, however, it could be a sourc~ of mis

understanding. 

As an example the caustic Na2o-content should be mentioned; 

it has little concern with the sodium, as actually OH-ions are 
measured! 

rhe 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 CaO"
content of burnt lime. 

Methods of this kind exist in the alumina industry, too1 

the determination of reactive Si02 , non-reactive Si02 , avail
able Al 2o 3 , causticisable Na2o-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 



I 
~-\. 

'Ji \"en le· the tec!1noloc1cal laborat11ry. 

As an exampLe ti:.e sort of bauxite containing .riu;,:n a,'-<art z 

should be mentioned the silica content of which re~rescnts 

non-reacti •.re Sio
2 

when digesting at low temperature; the pr:)

cess ing of the same by the high-temperature technology i::; nc 

r..ore economic. 

Con(:erning the r.i.ethods intended to be selected t\o.'O !JrO!_-''-!;:·ti·~-; 

of the sample should be taken into account from the -::oc,int -::;,f 

view of the analytics: 

elemental composition 

mineralogical compcs~tion. 

The elemental composition may vary wi t.:-1in a wide rcmc.1•:., 

thus an analytical procedure has to be s~lected by :~::cs -.Jf 

w:1ich the side by side cieterrnination of com_t)")J,er:ts ;-r.--:.: .. ;·,,_ J."· 

effects could be redliceci to the minimu.'71. 

The mineralogical composition h~s a decl3ive rol" ~~ :~~ 

course of dissolving the sample: gibbsitic bauxites ~r0 Jc~:· 

.';C'l uble, the diasporic ones, however, can be r.:i SS')l Vf-d 'J:-:l ·J 

,1fter being fused witr. alkaline substance bi::fore·. 

The same applies to red r.1uds, to.:', a:1cl t.hc s.oi::ic· 1 
... r.:-:: _: r 

.:iluritna play~,; a sp-:.~ciai r'.)le from this i;oint 0£ 1:ie;,.1 1scc p. 3-.;t..; 

Eff.2cts of t·.m properties of ~he ~ample in resµeci:. .-·f ;_>, ,-,,,. --
J ysis are dealt witn wit::1out. ainir.g at cor•lfilt:teness :--.Jr-.·L.r,c:,-.1. 

THE ROLE OF MINERAL CO¥.?OSITION IN THE C:HEMICAL f>..N.r...L.'£.", ~S 

The rn.!neral compositior. affects the solubi 1 ity ,)f tt•c 

sample. Sc·;cra 1 miner a ls have been detected in I.ht: l·d J,.; ! !. ·~, 

the c:onr'iitions nf solubi lily of tho.:;e are r1igh1y oi'.c~·;: f;.: .... 

·, 

. ""I 
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: t L •.,c. ~ irn·'..::1 that pyrite is .--:i fficul t tc get dis-

n, even in 0xi~izin~ aci~ mixtures. The high dispe~sity 

i_t.t.: c··~·'J'n': of certair. bauxites can ce dissolved, alrea.cy 

It L~ .:::0r:-J'ion rule for the dissolution that an amount of 

:.::i~n :nalerial as high as by ~11 means neces.:;ary sh0uld on}».; 

. '-' used L:•r the dissolving of the sample in order not to in

:se the rna:::.rix effect superfluously. i_lt is well known tha': 

~ !···.:: .:rn~ lysis of pure materials, "typical specimens" always 

?T0~ides excellent results.) 

The dissolution of a s~mple is nothing else than breaking 

tr.10s;'cr ·;f <.:>rv.:!rgy (for the use of S<)l:":e s•l:·t of ch~rni c~.: 

i:.·. r::asin<~ Df v·::.!.oc~ t:y (increasing of t.enper:"lt.ur0: 

o·.;1;!..-,.,, '-:e<'ling, ignition) 

dicect. c~·::-:r-.ruction of the crystal l...1ttice (th1:_.rma! 

...:::-- -~in< :1£ the lattice to abnve the temperature of 

'focnrnp,)Sttion). 

F·,r t.hc tr:·~cn1 .1r.d pract~cal performance of the same the tech

!1_ ,_~;.: ~:r.'.'r<.t.Jrc is !'c.::crred to (19), (20). 

-- --. 
·---~I 
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in acids 

after ~herrr.al cracking in acids 

after alkaline-oxidizing shrinkage in acids 

after fusing with alkaline medium in acids 

after alkaline-oxidizing f~sinq in acids. 

Wh.:?n dissclving the samples preference should be given to the 

mett-.ods by means of which the l.:ast amount of foreign sub

SLa~ce is introduced to the system. 

The dissolved sample is analyzed along with all sub

stances used for the dissolution. The applicable analytical 

procedure depends on: 

the quantity of main components 

the ratio of main components 

the type and amount of solvents or fusin~ substances. 

\\here as the determination of auxi 1 ia!"y components re

quires generally the application of special methods, trace 

elements, however, should at all times ce determined in 

a=c0rdance with those described above. 

The behaviour of the <Hssolved sample is described below. 

7HE FUNCTION OF COMPOSITION IN 'l'HE CHEMICAL ANALYSIS 

As various kinds of possibilities for the chemical ana

lys·::s ar•! available, as many relations can be found between 

tne amount of the component to bn determined and Lhe signal 

q~ner~ted ty the latter. Thus the component (x) to be deter

mined may be described as a funciton (f) of a signal (s). 

x = ( f) s 

,. 
l 

( 9) 

·~I 
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':'.:is ..,,·..1s the·,;_,·~· how ;,Jr.:ivimetry, titrimetry and numerous other 

;.)rocedur-:s b.1sE:d ·J!' f'..lr.ctional relation had been developed. 

A co::nmon feature of all the procedures is that the com

i)Cr:er.t:s in excess of those to be deterr:tined modify the signal 

t.:J sorr.e extent. Distortion of the system can be caused either 

!Jy th.:o corr.ponents of the samples themselves or the substances 

'''r:.sciomdy added in the course of the analytical procedure. 

The first factor cannot be influenced because it is a given 

cPr,ci.;. tion. The other factor can be kept at constant level and 

its effect can be taken into account. 

Thus concerning the analysis the substantial interfering 

effect may arise because of the composition of the sample itself. 

The interfering effect (er,:-or) always occurs, but its degree is 

~ifferent i.e. it may Le neglected for the practice or not. 

Th~ negiiqib~e error should not be considered, the some

wh:it hiqh~.-, 1~1.we:·;er, shol;ld be reduced to the acceptable level. 

The error c1n b~ airninishea in two ~ifferent ways: 

se lcct.i ')n of <.:. suitable method (functional relation) 

where:n the signa1 is not affected by the composition 

of the sa.r.ple, 

remov~l of the co~~cncnt interfering with the signal 

by a suitablE: method from the system. 

P. f~nsl:es frorn the before-"1entioned that for the analysis of 

bauxite, red mud, alumina and every other material a method 

should be a~opted which performs a distortion-free signal for 

the component intended to get measured, either 

wide 

qiven 

withu~t the separation of interfering components, or 

after the partial or complete separation of the 1n

te1·fer inq compounds. 

The compnsit1on of bauxites and red muds varies within 

ranqc::s. The s--.ir1mary of practically applic.'\ble methods i.s 

in the function of sample composition. 
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The possibilities shown in Fig.3.6 may become nii in spe

cial cases; searching for methods better to use and the finding 

of these neans the enrichment of the chemical analytical ~ci-

en:::e. 

The basic principle of the methods indicated in the fig

ure bas been discussed in detail under Chapter 2 and 3, res-

pe~ti vely. 

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 al'..lmina is a homogeneous one - considering the analytical 

a~pect - containing Al
2
o

3 
usually more than 98 % and the oc.:urr

ing other elements are contaminants. Consequently it remLlins 

m<linly the matrix effect of the Al 2o 3 that has to be reckoned 

with, and in most of the cases the interfering interacti0~ 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 know11 in all cases; 

that i3 why the contaminants are internationally calculated in 

Lerms of oxides. Major contaminants of the alumina manufactured 

according to the Bayer process are adhesive moisture, chemi

c,~dly bound water the latter to bE.' determined at v;:irious tE:m

pcratures as a loss of mdss and finally the Na 2o-content. The 

order of magnitude comes to some decimals of percent. Other 

cont 1mir.ants occu;::-ring in alumina (See Fi9.3.7) are of the 

0.1 to 500 rpm order of magnitude. 

Aluroina is fairly resistant chemically, at an atmosphcri~ 

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

concentrated phosphoric dcid). Therefor~ at the analytical 

... 

. 'Oi\I 

I ~-,_ 
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METHODS FOR THE DETERMINATION OF THE MAIN COMPONENTS OF 

BAUXITE AND RED MUD 
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the attack by i1ydrocL lori c .:i':i d under pr•_,;:;su cc 
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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 

fro1n the bulk of material in question suitable for the chemical 
investigation. 

The preparation starts already at the sampling when th~~ 

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 u&ed for chemical analysis is expected not to 

change its condition during transport and storage. 

The sample may alter upon standing. The change rnay 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 •ample 

·~- ... 1 

J 
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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 chemii::al 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 caco
3 

under the effect of co2-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 cha.,ges 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 th3t the preparation 

0f the sample has to be ~arried out in accordance with the 

objective aimed at. 

When analysing red mud the relation of the Si02 , A1 2o 3 
ana Na

2
o-contents has to be determined, the sample may he 

dr~ed sinct the chemical changes do not influence the abcve 

relations. If the amount of unreacted Ca (OH), retained in ... 
the red mud has to be determined the sample should be pro-

tected from the co2-content of the air. 

It belongs to the preparation as well that to what size 

the sample should be reduced to. No d~finite answer can be 

: ... 
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gi ve1. in this concern. The velocity of dissolution is directly 

propor~ional to 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 dissolve 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 

si~ so as to achieve acceptably short time of a;_ssolution at 

the chemical analysis and at the same time a minimum contamina

tion d•1e 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 1um 

for mixed type gibbsitic-boehmitic bauxites and red 

muds: 100 1um 

for hard diasporic bauxites: 50 1um 

In this case the samples fairly meet the analytical require

ments. It 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 brust-. 

causing the contamination of the sample. 

Packing of the sample represents the last phase of the 

sample preparation. 

'*'- ~1 

' 
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Tte sample should be placed into an adequate container or 

bottle, sealed air-tight. A label should be provided stating 

t:1e neme of the material, place and date of origin, the amount 

0f the sample, code numb~r of the sample, possible special 

data and the signatures of the sampler and the dr~sser, res

pectively. Quite often happens that samples prepared for che

reical 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 lab0ratory to 

within the good quality of the analytical work and not beyond 

~t. It is proposed for the technological laboratory investiga

tion that the technologist and the analyst should CXJnSult the ainiof 

the investigation, about the suitable sample preparation ~d 

the performance of the analytical method to be applied. 

International Stanoard Specification (ISO 2927-1973) 

Jpc~ifies how to take the representative sample of alumina 

used ~ai~ly for the production of aluminium. 

T~is contains detailed prescriptions for the sampling of alumina 

for the cases of 
transport~tion, loading 

unloading, storing and 

taking samples from the flow. 

This standard specification establishes the amount of laborato

ry sample to be 500 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-sjzes range between a few micrometers 

to 300 
1

um. Therefore, the alumina should be ground and pulver

ized and scroone.d unti 11 all the material passes through the 

scceen of mesh apeiture 0.2 mm. 
As alreddy indicated (page 3-46) alumina is a very hard 

' . 'Oll 
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material, it should be carefully groL~nd because it can becor..t:c• 

contaminated by the ronstruction material of the grindi r.g mi 11 

or the mortar (e.g. when pulverizing in the agate mortar th~ 

Sio
2
-content of the alumina increases). For the pulverization 

of alumina corundum mortar should only be used. Similarly by 

the use of the alundum mortar the alumina can become contami

nated (particularly by Cao, MgO and Si02). 

Care should be taken of the construction material of the 

screens the selection of which should be made depending on t~c 

contaminant to be determined. 

Then 300 g of pulverized, screened and thoroughly mixed 

sample is placed i~to a suitable container (possibly platinum) 

and dried at 300 + 10 °c 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 tt~ 

sample ( 21 ) • 
This sample is used for both the physical and chemical t~sts. 

For 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 3.1 lConcerning the H2o-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) 

~dsorbed moisture (water content of sample dres~ed 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 of 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 .::osts 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 actu;.l state, ":he results should be re

garded as being convention<!. 

1 
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fo'DISTURE CONTENT OF THE AIR-DRY SAMPLE (ADSORBED MOISTURE) 

First of all the attention should be drawn to a wrong 

asµect. The sample is dried before the analysis and the rneas

ucing 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.O.I. and furthermore errors occur with the 

measurement of the main components, too. Red muds are even more 

hygroscopic than bauxites, thus the errors ~ould 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 to a few 0.1 L Conse

quently, 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 bala~ccd 

with the humidity of the environment is rccor.unended. 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 oc 

measured. Its measure will be the lo:;s ir. weight after havin•J 

the sample dried. The temperature 01 drying is higher thdn lOG 

accurate data can be achieved by the therreogravimetry only (see 

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

•J 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. 

... ~1 

' 
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DETERMINATION OF LOSS ON IGNITION 

The ~easurement of loss on ignition compensates more or 

less the so far !~eking method for the measurement of the oxygen 

content. The amount of L.O.I. - after some consid~ration - may 

be used to decide the adequacy of the ana~ysis 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 ,_;an be commonly observed because the vola

tile components (H
2
o, co

2
, etc.) are driven ofL 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 

to the ignition temperature of the samples the treatment within 

the :.:ange of 1000 to llOO 0 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 o( view that those L.O.I. val

ues which are in agreement with the thermogravimetry approach 

the actual value best. 

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

ture: 
H

2
o - gets completely removed 

co
2 

- gets completely removed (even from red muds) 

organic substance - gets completely removed 

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 Si02 even for its com

pounds 
aluminiuro - the stable form is Al 2o 3 ; this may also be 

hygroscopic when ignited for a short period 

iron - its stable form is Fe2o 3 , however, the presence 

of manganese can result in some proportion of Fe3o4, too. 

This error may be negligible. 

titanium - its stable form is Ti02 
calcium - its stable form is Cao. If no suitable anions 

are available the ignited sample is hygroscopic and 

picks up co
2

, too, (Cao + H2o ~ Ca(OH) 2 > and 

Cao + co2-. 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 

secondary importance. 

DETERMINATION OF THE Si02-CONTENT 

The Sio
2
-content of bauxite represents a measure of value, 

thus its accurate determination is of vital importance. 

The methods generally used for the measurement of Si02 l.re 

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 Si02-content of the bauxite. 

In the course of the determination of Si02 one typically 

meets with the possiblities of the analytics and the require-

... _'Ill 
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ments of the technology. The request is to be fast and accurate, 

the possibility, in t:.irn, the slow and moderately accurate 

character cf the methods. This relates, however, to the clas

sical analyses only. 
There 3re 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

complete 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-

st.ances) • 

There are several possibilities for solving the problem: 

duplicate predesilication of the silica 

single predesilication of silica, then spectrophoto

metric measurement of dissolved Si02 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 Si0
2
-content of the bauxite an absolute error 

ranging 0.15-0.6 % can be taken into consideration. 

There are bauxites dVailable which contain Si02 less than 

l i. The cldssical gravirnetry can not be applied with their 

... _-.\I 
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analysis, it is expedient to apply here the spectrophotometric 

measurernen t. 

Larger amounts of Sio2 can be also analyzed by spectropho

tometry. By an adequate spectrophotometer even 40 % of Si02 can 

be accurately determined. 

The question of reactive and non-reactive Si02-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 Sio
2 

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. 

Iron is mainly represented in the bauxite in the form of 

Fell!, the Fe II figures as a subordinate. From technological 

aspect the determination of the total iron content is essential. 

When analyzing bauxite the measurement of Fe 2o3 is the easiest 

to perform, partly because none of the components interfere 

with its determination, partly because proper analytical rnetheids 

are at our disposal. 
Methods serving for the measurement of the Fe2o 3-content: 

permanganometry ( 24) 

chromatometry (24) 

titanometry (24) 

ascorbinometry (24) 

complexometry (25) 

stannometry 

spectrophotometry 

AAS 

(2 3) 
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The deLermination of ~he Fell-content (26) requires much 

ca..itior. due to tr.e ir:t..=rfering components and still tr.e results 

dre not much reliable. 

DETERMINATION OF THE Ti02-CONTENT 

Ti0
2 

varies within a wide range {0.5-10 %) in the b~uxites. 

The spectrophotometric method (27)used commonly yields accep

table results only below 5 %, in cases of higher Ti02-content 

the differential-spectrophotometric method or the reductometric 

analysis (28) p·.-ovides adequate result. Recently the thermo

metric method has also been proposed for the measurement of 

higher amounts cf Ti02 . 

Should any method be selected, the measuring error wculd 

no~ be reduced to below O.l-0.3 abs.%. 

DETERMINATION OF THE A1 2o3-CONTF.NT 

Apart from Si0
2 

{and other detrimental materials to tech

nology) the measure of the value of the bauxite is its Al 2o3-

content. 

The determination of Al
2
o

3 
is one of the most difficult 

tasks of the analytical chemistry because several other com

ponents being present interfere with the accurate determina-

tion. 
Earlier and for quick infcrmative te~ts even now~days the 

Al
2
o

3
-content is cl .1culatcd on the basis of thP difference. 

Those ~esults can, however, only be of an informative charac-

ter. 

There are numerous methods recommended for the determin.J

tion of the ~1 2 0 3 -content in the technical litera,urc. 

·' ~ • .J 



The i~1terferi~g effect outlined ur.der Cha?ter 5 can be 

r~oticed to the greatest extent at the determination of the 

Al
2
o

3
-content. Therefore most of the methods carrying out the 

de~ermination of Al
2
o

3 
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 Al
2
o

3
-content of bauxites. Apart from the valid, however, 

r.ot 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: 

comp~excmetric titration without the separation of the 

interfering comp0nents, 

cornplexometric t.:i..tr-:!tion with the separation of the in-

terferin~ comp0nents, 

potentiometric t~tration with ::-13.rtial separation of the 

interfPring co~ponents. 

Ccmplexometric Titration Witho~t t~e Separa!ion of the 

Interferi?g Components 

The pr~nciple 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 zn
2

+ standard solution. 

Under the effect of fluoride ions the Fe-EDTA complex will 

not, howe·.;er, the 'l'i-EDTA complex will rapidly decompose at 

room temperature. If now the excess amount of the EDTA solu

tion is measured only the Al-EDTA conplex is in dissolved st::.te 

which when boiled will decompose under the effect of fluoride 

ions. After cooling the amount of ED'l'l~ equivalent to the Al 2o3 

can be measured. 

' 
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Comvlexometric Titration With the Separation of the 

Interfering Ccmponents 

The method described under ~aae 3-60 will not supply 

accurate results with extreme Ti02 to Al
2
o

3 
ratios. If the re2o3 to 

B
2
o

3 
ratio is high, indication prcblern; arise due to the solution's own ooloor. 

The mentioned sources of error can be eliminated if the 

Al
2
o

3
-content of the R2o3 precipitate separated by hydrolysis 

is dissolved by NaOH. The loss of Al
2
o3 adsorbed on the pre

cipitate residue may be taken into account by making correc

tions. 

Potentiometric Titration (29) 

• 
The Al 3+ ions in the fi 1 trate of Si02 can be converted to 

al•Jminate by means of excess NaOH: 

1 3+ 4 I I ) /-A + OH -- I A 1 \OH 4 I ( 10) 

When neutralizing by acid solution to a given pH value /Al(OH' 4/

can be obtained. 

Under the effect of KF the following reaction takes place: 

( 11) 

The OH equivalent to the Al
2
o3-content can be titrated. 

Other ions of the solution f~ not interfere considerably, 

the error may be compensated by correction . 

• 
·~ 
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From the point of view of alumina production the amount 

of Al
2
o

3 
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 Al
2
o

3 
and Sio

2
-content is determined an index-num

ber of the available Al
2
o3-c0ntent is obtained. 

INSTRUMENTAL TESTS MADE FOR THE DETERMI~ATION OF MAIN 

COM?ONENTS 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 composi

tion the examination of the main components of bauxite cannot 

be performed from the pulverized sample directly. Bauxite is 

ignited al 1100 °c and L.O.I. value is est<blishcd. 

Then it is fused with borax at a ratio of (1:9) (bead prepara

tion). The parameters of the analysis are give.1 in Table 3. 2. 

Be&ides the main parameters (Si02 , Fe 2o3 , Al 2o3 , Ti0 2 ,, Cao 

can also be determir.ed by this way if the latter exceeds O. 5 % • 

The evaluation is carried out by means of standard specimens 

compo&ed of we~ghed-in aluminium oxide, iron III-oxide, silicun 

oxide, titanium oxide and calcium oxide compounds or by standard 

bauxite samples (4,30) analyzed by wet methods. 

'°'-~1 
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By rr.eans of this method Sio
2

, Ti02 , Fe
2

o
3 

and Al
2

o
3 

content 

of bauxites can be determined by making relative error of maxi

r:ium 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 qrain size 

C) minus 60 
1

um C.)rresponding to the measurement, is the most 

~ aboursome procedure requiring due attention. 

X-Ray Analysis of Bauxite 

Working Conditions (Cr target) 55 kV/44 rnA 

Compo:ient Crystal 

Al PET* 

Si .PET 

Ti LiF 

Fe LiF 

Ca LiF 

#. Pentaerythrite 

Meassuring 
instrument 

Flow-Counter 

Flow-Counter 

Flow-Counter 

Flo·.'/-Counter 

Flow-Counter 

Table 3.2 

Goniometer Collimator 

145,10 0 Coarse 

109,20 0 Coarse 

86,10 0 Fine 

113, 20 0 Fine 

37,30 0 rine 

Determination of Major Corr.ponents of Bauxite by AAS ( 31) 

The determinat.i.on of the major components (Al 2o:.:, Fe 2o 3 , 

Sio
2

, Ti0
2

, Cao, MgO; in the red mud Na
2
o, too) of bauxite and 

rec mud is one of the most important analytical ta&k~ in an 

alwnina production plant. As the base of AAS methods for dif

ferent siliceous materials have been elaborated during the last 

.ec~de its application can be promising on this field. A well 

developed and partly automated AAS system gives a vet·y economic 

< ~1 
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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 prepc:.ration, the eliil'li.nation of the matrix ef:'.""~-cts and 

the correction of the possi~le instability of the AAS instru

ment originating from the long tirae o~eration at a high tempera

ture as N
2

0 - acetylene flame is ased. 

The bauxite and red mud samples were fused with the mixture 

of Srco
3 

- H
3
so

3
at 1000 °K temperature. The application of sreo3 

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 samoles 

and a computerized correction procedure this 1isturbing effect 

can be elimina~ed. 

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: Al 2o3 1, 

Fe
2
o

3 
0,5, Si0

2 
3, Ti0

2 
3, C;oQ 5, rlgO 5, Na2o 1. 

Thermometry 

In some cases the direct ~nthalpometry can be advantageously 

used for the analysis of bauxites. 

7he suggested selective chemical reactions for the determination 

of the main components of bauxite are as follo·~s: 

<_ ~1 
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Si02 : 

... 
K

2
SiF 

6 
l SiF2 ~ 2K+ H 

+ -- (12) 

Fe
2
o3 : 

3+ 2+ R+ 2Fe 
2+ 

+ Sn 
4+ 

2Fe + Sn --- (13) 

Ti02 : 

T:4+ + H202 
H+ 

H
2
Ti0

3 "2°2 --- . ( 14) 

Al 
2
o 3 : 

Al (OH/ 3 
6F - + 2K+ 3HC0 3 + +~a + + -

---cr.2-
.l ., .3 + 3H

2
o + K

2
NaAlF 

6 
• (15) 

Thermometric m£thods can be used if the "sensitivity" cf i:eac

tion, that is the thermal effect arising during the me~suremer.t, 

i~ sufficiently high. This condition is fulfilled for the above 

reactions with the bauxite analysis. 

It can be stated in gener.:il, that the thermometry is advantage')'lS 

for the determination of elements being present in hiqh concen

~ration, thus for baux'te, too. (!3) 

Nuclear Analysis of Bauxi~e and Red Mud 

The nuclear measuring technique, primarily the neutron 

activation analysis is widely used recently for the rapid 

quantitative analysis of the main compon~nts of bauxite and 

red mud. ( 32, 3 3) 

The method is based on the phenomenon according to which 

part of the atomic nuclei in the s~mple exposed to the radiation 

...1 
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0f r~~trons ar€ ~onverted to radicactive atomic nuclei. After 

the ~ct~vatio~ the resulting radioactivity can be detected by 

t"•e r1easurement of the radiation. 

The rate of activati0n of the elements present in the sam

ple 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 tiroe 

irr~diation 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 

d f•:?W minutes thus the somples are pr.-.r.tical ly inactive after 

ti1e i11e3surernent an-i '10 _-.c !:. re<:f:J'" re my protect.ion against radi a-

ti,.i:. . .Main .:.tiv<:.nt<· Je 0f t:1<· !ne':.hod ::.. .;_(:S tn the fact that in o:n

.. r-ast: t;:, t:1c. wet cl:H::.'.'.l(".:ii aiF-..lyses li t_tle sample prepar3.tory 

work is req11i r.:~"d. Cul:.! \::) the hi :;h ~er.et ·_-ation power of t'.le :-'.e'.J.

tron radiatL;;i :.mifor:n irradiation is performed over the total 

volume of the sa.'11ple th~ .. _mly me?t::>l<re t•"1 be t.'lken is to fill up 

unifc::mly the tube! with the s':tmple material ground to 1 lilJTl 

qra~n size. The resulting radio-isot~pPs aiso possess high 

F~net.rattve bet.:. and g.:l!TliT1a radiation. 1·he measurement of th1:! 

same is carried out automatica 11 y wi ~neut getting in tn coP.tact 

with the r.;aterial. Thus after havinq the sarrple filled into the 

tubeE no turther manual work is required. With Hungarian bauxite 

mines and alumina t-Jlants the natively developed make of an 

"Automatic Bauxi tc Ana.1 yzcr" ("BEA") is used extensively. I ts 

sample storing capacity is for ac:omodating 10 pairs of sample 

tubes simultaneously. A pnewnatic tube dispatch sy~tem serves 

for the passing of tubes t0 the activation and measuring posi

tiun and for t.hc chanqing over of the samples. Any nurrher uf 

runs or rnpe ..:t<:~d me-:-1suremen t of the s~.~µ les can be carried out. 

The n11..:lear rei'lctions having r.iaximu:n yield taking pl.:ice in the 

• i 
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course of activaticn in the casE of bauxites and red mucis, are 

as fol lc¥:s: 

27Al (n,gamma) 28Al 

28Si (n Ip) 28Al 

23Na (n ,p) 23Ne 

23Na (n, alpha) 20F 

The measuring accuracy is disturbed if the sample comprises 

other elements easy to get activated. The most important in

terfering nuclear reactions are as follows: 

31P (n,alpha) 28Al 
51,, ( ) 52~/ v n,gamm3 

If the samples contain phosphorus and vanadium merely in hardly 

changing quantities their interfering effect can be eliminated 

by the calibratic~ procedure. 

Ti1e built-in processor of the "BEA"-unit prints the result of 

ffieasurement converted into oxiae values. The equipment has to 

be calibrated by means of samples containing know~ z~ounts of 

Al 2o3
, Si0

2 
an<l Na2o. The tubes should be filled with 10 g of 

sample each. One run of 10 pairs of samFles takes about 1 !lour. 

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

plying nuclear radiation source is also spreading. For the 

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

selected radioactive radiating sources c55 Pe and 238Pu) emitt

ing soft gdnuna radiation are used. X-ray fluorescence is exc.itE:d 

by means of these ar.d 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 

~heap fast analytical method. 
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COMPARI~ION OF THE VARIOUS A.~ALYTICAL 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 (E.) of a measurement is characterized by the 
1 

difference between the measured (m.) and the real value (x) 
1 

E. = m. - x 
1 1 (16) 

The real value is not a known quantity, still it can be well 

zpproached if we compound a "reference sample" of pure rnate

rJ e:tls, and t:he analysis is carried cut on this sample with 

~he given ~ethod. 

The precis~on of the measureme~t i~ characterized by the 

difference in ·.1icn the singl.e results differ from each other 

if the measurement is repeated several times. The devia~ion 

(0) shows the declination of the single measured value from 

the ari thme':ical :nean (M) 

D = m - M i i (17) 

The standard deviation (~) is used for characterizing this 

grade of declination 

( 18) 

l 
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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 ~he 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 ;rom the real one. 

A measuring method can be considered optimum one if its 

devi~tion and accuracy are equal but this occurs rarely in th~ 

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

wisP. 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 effecti7eness 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, fcctories) are more reliable. 

We give two examples to illustrate the attainable accu

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

·{ 
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the literature ( 36) , tt.e 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: Si02 , Al2o3 , Fe2o 3 Ti02 and Cao. 

Tests were carried out with a standard bauxite sample. 

Results are summarized in Table 3.3. 

The results of our own investigations are calculated uti

lizjng 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 gravi.metric methods wer~ used to determine Sio2 two 

complexomet::ic and a potentiometric measurement for A1 2o 3 , 

drrornatorretric method for Fe 2o3 and spectrophotometric method 

for the determination of T~.o2 were used. Results are sumrna

ri zed in Table 3.4. 

It turns out clearly from the data of the two tables what 

deviations and accuraciee can be expected when analysir.J()' 

thP main components of the ba11xite. 

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 ~lant utilizing the resultR of the technological test to 

be able to compare the results. 

. ·-'"'I 
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Comparison of the Analytical Methods (Data from the Literature) 

Table 3.3 

Component 
The number of Measured variation Accuracy deviation 

measurernen ts value % abs % from the standard 

Chemical methods 

Si02 
21 7,46 0,51 + o, 10 

Al2o3 
20 54,24 1,13 + 0,04 

Fe2o3 
20 23,51 0, 86 + 0, 24 

Ti02 
18 2,40 0,25 0,00 

w 

cao 17 O, 30 0,18 + 0, 13 I 
-J .... 

AAS 

Si02 
3 7,78 0,54 + 0, 42 

Al 2o3 
3 54,07 0,67 - o, 17 

I 

- Fe 2o3 
) 23 ,06 0,47 - 0 ,21 

( 

Ti02 
l I 

cao 4 0, 17 0,08 o,oo ' . 
X-ray spectrometry 

Si02 
4 7,39 o, 48 + 0,03 

Al 2o3 
5 54,93 1,89 + 0,63 

Fe 2o3 
5 22, 89 1,39 - O, 38 

Ti02 
5 2,58 O, 25 + O, 18 

cao 5 0,22 0,06 + o,os 

', 
--- --- __. 
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Comparisc:-1 of th~lyt.:ical Methods (Our Own 1.,easurement) 

Table 3.4 

Component Sample The number of Measured Variation Accuracy devi- Method measurements vc:l ue % abs % ation from 
the standard 

SiO 2 
1 A 10 4,05 0,07 + 0,02 H2so4 
1 F 10 6,31 0, 11 - 0,02 

l A 9 4,07 0,10 + 0,04 triacid 

l F 8 6, 32 0,08 - 0,01 

Al 2o3 l A 9 55,11 o, 48 - 0,22 EDTA after separaticn 

l F 9 51,08 0 ,53 - 0,31 
w 

l A 8 54,99 0,77 - 0,34 EI1l'A after deoatpoeing I 
-..J 

the cxrrplex """ 1 F 8 51,11 0,65 - 0,28 I 

. .-...::-. J 
l A 4 54,87 0, 80 - 0,46 Potentiometric : 

1 F 4 51,27 0, 85 - 0,12 ,. 
' . 

Fe 2o3 l A 9 23,40 o, 18 o,oo Chromatometric 

1 F 9 18,81 0,23 - o, 16 

Ti02 1 A 8 2,32 0,08 - 0,01 H~Ot - H2so 4 spectro-

1 F 8 2,46 0,16 - 0,03 p o ometric 

1 A 7 2,35 0, 16 + 0,02 H 0 - H SO - H P0 4 
1 F 7 2,48 o, 25 - 0,01 

s~e~trop~ot~metrf c 

\. 
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8. DETERMINATION OF MAJOR IMPURITIES OF BAUXITES 

Bauxite as a sedimentary rock comprises also several im

purities besides its main components (Al
2
o3 , Fe2o3 , Si02 , Ti02 

and H20). Some of those elements influence the ~echnological 

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.g. v2o5 , P2o
5

, 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 I. 

The impurities are commonly figuring in the range 0.01 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 so
3 

and within 

this value sulfide and sulfate content is also establist . .o:d. 

Other an1ons are expressed as anions (e.g. fluoride, chlorj_de, 

etc.). This is particularly useful in the calculation of the 

diffraction mineral composition. The Fe(ID 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 foilowing 

should oe 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 (OtJanic carbon, 

co
3 

, F-, etc.) or the AAS methods are often used. 

' :4 
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f-::;r tr~e .. i.E:ter:-:inat:ior. of part of the elements enumerated 

~:1e table 1. (Ca, ~:q, Mn, V, Cr, Zr) the emission spectrum 

.:r.a.~ysis is hig~:ly .:iUi taale. 

Ei•USSION SPECTRAL ANALYSIS 

Spectral analysis of the additional components of bauxite 

can usually be carried out directly from the pulverized sample. 

Homogenized bauxite sample pulverized to below 0.09 mm and dried 

at 110 °c is homogenized in the agate mortar with pulverized 

cobalt and pul"\"0 rized graphite powder at a ratio of 5:1:10. 

The homogeneous mixture is placed into the carbon cup elec

trod£. The upper electrode is a rounded-off-end graphite elec

trode. The exposures are rr.ade under a direct current arc at 

n1rnmt intensity of 10 A. The sampl~ tote tested is used as 

1..·-,.. .:n~de,, '1'ho:: n.e ;-_h:.::d of complete bt.Arn-off is used in orcler 

t.c .:woid :.:-.:>r:;r::::12r, ts easy L' voi ati l: :>:e from partial distilling 

.:J· • .- ... ,·. C.::·oalt pu,;<~r is used as a s.::-called inner st.andard. For 

the evaluation it is expedient to a<lnpt the following analyz

l~i<:J' line p·tl.~S: 

uine pairs used, ~ 
·----------·------
cao 

MgO 

MnO 

V205 
Cr

2
o

3 
7.rO" 

L 

Ca 3179.J/ Co 3072.J 

3158.9/ Co 3072.3 

Mg 2790.8/ Co 2632.2 

Mn 2933.1/ Co 2632.2 

V 3102.3/ Co 2632.2 

Cr 301S.O/ Co 29sq.6 

Zr 3273.0/ Co 2989.6 

Table 3. 5 

Concentro.it.ion ( lc·ier limit)~' 

0. 1 

0.05 

0. 1 

0.05 

0.01 

0.01 

The evaluation tekes pl~ce by meRns of reference samples. At 

Lhe spectral ~n~l'lsis of the major impurities a ralative error 

1,f 20 to 2') ~; should qencraliy be reckoned wjth. 

~---- -
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DETER~!I~ATION OF THE IMPURl TIES 

Determination of Calcium Oxide 

Calcium is mainly represented in bauxite in the form of 

the following minerals: calcite Caco3 , dolomite •,3Mg(C03 l 2 , 

gypsum caso4 .H2o and apatite ca5 (F,Cl,OH) (P04 l 3" (37) 

Its determination may be performed, as it was done earlier, by 

the classical gravimetri.:: method after the 5eparation from the 

main components, n3mely silicon, 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 separation of Si02 or from the 

solution of the f~sion made by srco3 + H3ao 3 for the determina

tion of main compone;its of bauxite the test being c<1rried ou:. 

in the N2o/acetylene flame. The variation coefficient df thP. 

determination5 of calcium by AAS is 5 ~. 

Ca-content of bauxites is fairly dcterminabie by the X-r~y 

spectro~etry. If Cao-content exceeds 0.5 % the bead fusion 

method described under Chapter 7 can be used. In case of less 

Cao-content than o. 5 % and owing to the dilution occi.uring at 

the bead preparation it is more advantageous to carry out the 

test on tablets pressed of 30 
1

um size pulverized material 

without dilution and any bonding material. In case pressed 

tablets :ire used che determination accuracy fer calcium is 2 

to 3 rel %. Its time requirement is about 15 minutes. 

Determination of Magnesiu~ Oxide 

Some 0.1 % of magnesium oxide present in the bauxite is 

mainly represented in •k~ form of dolomite. The enrichment in 

dolomi t1~ can be detected in the Halimba (Hungary) bauxites ( 37). 

1 
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·;:he r.\cwr:e:: i t•;:o ,··c:n t.en t ".as been formerly determined by the 

wet <::!. ::m.;. ~al i'!.c ~.hod, gravi:r.et.rical ly as Mg 2P 2o7 • Recently the 

HrI'/-. J.2terminat ion is used ( 24) • These determinations are lengthy 

:_.ccc-:use they re-quire m·~ch prec;edential separation procedures. 

·;he scheme of the classical separation is given in Fig. 3. 9. 

7hc comp1Lc3ted separation procedures indicated in the figure 

\,'.!: be by-passed if the determination is made by the AAS meth

,_,~i. This can be carried out from the stock solution made of 

the fi:trate of the Si0
2 

- without further separation - or from 

~ht.: .i.rect fusion de.;;cribed for the main components of bauxite 

(Part 7.) • The AAS measurement is earned out in the acety

lene/air fl;:rne. Relative error of the r:iethod is 5 %. Evalua

tioo is mad~ by a calibration curve. Further advantage of the 

A.l\S m~thod is \:hat little ~1yO-ClJi-iLer1t5 {0.01 % magnitude) can 

3iso be determine0. 

C..!t<:::.:r.·~n;=n.i o~; of t!'le Ox ice:; of ~-!anganese 

:·:::.nqanesc o..:r.n rs in ~al::d ~'2s in t~ie :nagni tJde of order 

r.mgin'] 0.01. to s0:i1~ 0. i ~- No uniform CC'>lculation of :iauganese 

1.;,)r ~ent exi •;ts. :11no, ~"1 2 8 4 
is comm.;r. Ly establishi:-d, expressing 

u; elementary !-In would be c0rrect:.. M)st freq·.i~nt minerals are 

I 
. (V u~c ' di· '·h' . h· . '. ,._ Al Mr++Mn+ 4 

0 14H 0) ,;n3~,1c:mn1tP .. n
2

., .• ,.J
4

, an l.t:. 1.op <;n ... 1: . ..,. 2 8 
1 2 10 35· 2 • 

In sor1c bc.md.tes the o·.:currcncc of J.1-':n exceeds o.S i (e.g. the 

:i aruaican bal.U' i te J • MangaE?.se co'". tent C:'.an be deter:rr.i.ncd spect:.ro·· 

~hotometricalJy from the :;tock solution resulting after the se

pa~ation of Si0
2

. Manganese is oxidized with potassium peri

cdat.e in sulfuric 3C:i.d m0cli um to permanganate (MnO~-) the vi.o

: et colcur 0f which is measured spectrophotometrically. The 

method is very accurate with a relative error less than 5 ~-

By th~ use of the differen~ial spectrophotometry the error can 

he further red~ced. 

... ~1 
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BAUXITE 

DIGESTION LTH ACIOS 
FUSION• ACID 

AAS' 
/ I ' 

Ca/ M~ ~n 
I / / 

/ / 

DEHYOtATI ON 

+ 

I / / 
I / ./ 

I / / 

Fl l TRA TION, WASHING 
I /// 

I // 
// M-1~ / 

PRECIPITATE 
Si02 

r------~--Cr 
~ SPECTRO

Ti PHOl0-
SOWTION 500 ml 

ALIQUOT• Plli4 Cl• NH4 OH 

FIL TRAT IOt, WASHING 

/ ~ 
PRECIPITATE R203 

Al (OH }3 

SOLUTION 
.K-OXALATE 

Fe (OH )3 ~ 

;7 METRIC 

FILTRATION 1 WASHNG 

/ '"' 
Ti (OH j4 

PRECIPITATE FILTRATE 
.(NH~}7. H?01, 

• 
Co C204 

' IGNITED 1000-1100° C Fl LT RA Tl ON, WAS HING 

+ + Cao PRECIPITATE 
Mg ( NH4 ) P04 

+ IGNITED 900-1CQ0°C 

Fig. 3.9 

WET CHEMICAL ANALYSIS OFT~ BAUXITE 
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'' n .::.::d Cr~u~ ·~:.::c~!"s in bauxite ir~ 0.01 respectivelv 0.1 . 2. ~ . .) .l 

: ~···;" r· 0r ·::.::qni tude, m:;.in l.y as an accnmpany'..ng substance of the 

- :. ~:. miner a.ls (embedded) .J.nd in the form of vanadate. Chromite 

!'t'ir.(• ra:!. '. Cr.>:-eo.) nas been identi ied in Hungarian bauxites (."fi). - .. 
The v~n~di~~ can be recovered as a valuable by-product cf 

the Bayer-type alumina production. During the digestion about 

JO ~ of the v
2
o

5
-content of the bauxite gets enriched in the 

.,,1 .!!:1i!"1ate liqi..;~_- in the furm of Na
3
vo

4 
and forms crystalline 

s.~i.ts wit:1 the phosphate and fluoride present in the aluminate 

lirpor- 12Na
2
vo

4
.NaF.19H

2
0) (38), respectively 2Nalo4.NaF.19Hp 

( 3'J i • The cryst.31 line salt: can be removed by cooling from the 

process circuit. ':'i.is so called van~dium salt is a valu~ble 

't- :-'·c " CJ r-·1·· .. 0 r t cf banv" .. ,,c: {.J •l 1 " V2 
5

-_, __ ._.__t 1 J . .i..J...\-C._. 

.: '""' . 
"' I.:: 

L·1.a-:.:··.·: ti 

::ed...:,::;!, .:is '.-1.:.·i.: as ··-,J.:rnrful corr.pon•.::nt "it"~ .'.\cid ml!dium '.:high'.y 

1.;·-'~r~-::?r-i.:i-J wit!": r~·~,: .. o:r •. ::tric met:1od:->) p.rimarily ~hC:: lc.1rqe 

,.,:.i.11.tili~s (_,_ i'.·0n shnuir1 b~~ :;cr·JT...!Led. 1'!1c oxidisi.ng fusiun 

w_;_t'.1 HaOH ; ;;; very <;·, .•.ab2e ior t::is purµose dur-in0 which many 

of ~-•,r· ;:ir:cGmfJr.r:·, in•.; ·"~er.icnts and t·r:tce .:onta.minants di~solv.-.. 

l,t. t.!: .... J '.:a1 fr,,, r;;.;idisinci fusion all the elements ir

r'.:'S!-'l.!'.:ti\'<.' of :,~.y irdncrril form become dig~~stcd i.t::. the clb-

3'>1-~.'; _ _;_..,n r-ffer;t (;f th\-: irori precipitate has tr; bt: reckoned 

wit~. ':'hi£; ci,n be i:llf•nded IJy maki.ng stor.k soiuLi.rJ11 then :i:t.er-

... ~1 



precipitate 

Fe(OH)) 

Ti(OH) 4 
Mn(OH) 20 

Ca(OH) 2 
Mg(OH} 2 
Zr(OH)

4 

B.:?u·•i te 

i 
fusion with NaOH 

i 
dissolution with 

Fi9. '3.iO 

water 

solution 

(' , ... ' 3-
\; · . .J • I 

J~ 
(V0.) ..J-

" 

\F} 

(Cl! 

SEPARATION OF THE MJ\,iCJH IMP UR IT IES AND TRACE 

ELEMt:NTS OF THE BAUXl TE 

... _~I 



:·:.:.'.-·:!.' _,: .::'e1'..i.1-;;:r.r.cr:ium s1.1.:.:.:ite standard solution 

.rc(IL .(NH
4

l
2

tS'J.:t)2"6r.
2

o> up to the potentiometric end point 

.::-.:3.icati.on '.p.:aL.n~ - calomel electrode). Then it should be 

·' ._..;.dised ..::old by Kl'-1110
4

, in this case vanadium oxidises to 

\"(VJ only and after deco;:nposing surplus permanganate it can be 

measured by Fe(II) standar~ solution. When subtracting the 

=tandard soluti0n consumed for v2o5 during the second titra

~i~n from the summary of the first titration v2o5 + cr2o 3 the 

co!~sumption of iron (II) standard solution equivalent to 

cr
2
c

3 
is obtai~ed. For the an3lysis it is expedient tn start 

,;i th 5 g mate:..:ial. Because of the high accuracy ( 3 to 5 rel.%) 

of the method it is expedient to adopt it for research work or 

dissolution balances. 

v
2
o

5 
rnay also be determined from bauxite by means of the 

i;b:i·..:orn.e,_rir mcL,c·d. ,\fter the :ilkaJ ine oxidising fusion the 

vanadiam (V) f0r~s a colourful corrplex compound with sodium

-:- '.,;'.)spht rus-t•Jt'<;~; t_a t ~ or r-;-ben:' . .:.iv 1-N-pheny 1-hydroxy 1-amine:. 

T~1e comp.!.e:~ rr)npound C.:1n be extrclcted from the acid medium by 

ch} oroform. 

!-or the d'.:!terminaUor. of cr2o3 the highly sensitive 

bipheny·~ carbazidc photo!11etric met.ho,l is commonly used. 

P
2
o

5
-content cf b~uxites varies within wide limits ranging 

some 0.01 % to .l % • Most important phosphate min·~rals of 

ca rs tic bauxites are crandal lite CaAl 
3

H (OH) 6 (PO 4 ) 2 , ap.:iti te 

ca
5

<F,C.i,(1HJ (P0
4
)3' Furthermore fermorite (C.:iSr(F)P0 4 ) and 

monazite CeP04 also contain phosphorus. 

Major part of the phcsphorus gets in form of Na 3Po4 in 

~he al~alinr phasr during digestion and becomes enriched 

th~re. Part. of il is removed by the van~rlium salt. 

If thv cliq;_~g,_"nr. r.f b<.iu:~1te is performed in the presence or 

... _~I 
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lur.e the ar."1ur.t of µhosphor;.is getting into the aluminate liqt:0r 

is Ly far less, because it forms ca
3

(P0
4

> 2 and gets into the 

red mud. The aPalytical chemical determination of the P2o5 -

cm tent can be perfor~ed by the classical gravimetric method 

as (NH
4

) 
3

P (Mop
10

> 
4 

or after having it dissolved by alkalin~ 

sc lutL.m the same can be determined ti trimetrically by back

-titrating the alkaline solution. Recently exclusively spectro

photometric methods are used. The determination takes placP 

from the stock solution made of the filtrate of Si02 and colour 

intensity of the blue phosphorus-molybdate complex is measured. 

The error or the method is 10 rel.% for cases below 0.1 % a!1d 

"i % for cases above this figure. 

No other instr:.imentai methods (X-ray spectrometry-; arc used 

for the determination of P
2
o

5
-content. 

DetPrmi:-iation of i::'luoride Content 

Some bauxites cc:-itain fluoride at a concentr.1tion raz-.ginr; 

o.ol to 0.1 %. Fluoride is likelj' to be mainly represent;;:·=: i.r. 

;:'!e mineral form of apatite ca
5

(F,Cl,OH) (P0
4
)J. When digest

ing bauxite major part (70 to 80 %) of it grts into the liquor 

i;i ~he form of NaF and gets enriched then'. Minor pcr":ie;n o~ 

it. is removed from the system along wi.th Lhe vanac!i Ui.: salt, 

2~:.~ 3vo 4 .NaF.19H 2 o. Causticization also reducPs it considerablJ. 

Aluminium interferes with the determination of fluoride 

~nould it either be mdde volumetrically or spectrophut0metri

c~ily, so it has to be separated. The Willard-Winter distil la-

t ic.,n method is best fur the separdtion (40), according to which 

H
2
SiF

6 
is disti llcd from the sulfuric acid medium by steam 

stripping. Fluoride concentration can be measured in the di~

til 1.:-ite either titrimetrically by Th(N0
3

l
4 

sLanddrd solution 

or Gi>ec•ropholometrjcally by cili.1,;1r1ne or as it is recen•;l:; 

Joiw ·-'Y the use of fl11oride-sclectivc electrodes 141) (sec 

l ' c I I~ t ~ • ,' • 

·~-~I 

J 
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F! :.i2ridt: c• 1n ter.t v~ the bauxite can generally be deter.nined 

wit~ a r~lative error ~f 5 ~- 7he organic substance in bauxi~c 

doe~ ~ot ~nterfere with the vo!~~elric deterMination. 

Carbonate and organic impurities occurring in bauxites play 

a~ important role in the Ba~1er technology. 

both impurities get considerably er.riched in the process 

~ircuit 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 quantity is comparatively little yet tt.ey are counted as 

important components. 

Determination of ~he Carbonate Content 

The carbonate minerais f!as.i ~y de...::om?CS~ under the effect 

0f :'!':"i j5 v:n.tl": _r;~::.eaE:i.1fj co2. ":'he decompo~ition i.s actuall~ 

ra1Jid in lhe c;~se -;;f <.:lrbonate m:n~!".:>_ls, in ...:::irbnnate-holC.i n.; 

of the particle 0r it is cov~red ~i~h another ~rust hard to 

dissolve the velcci ty of dis so luc ion ~ets c;c·nsiderably moder

ated. The er~.ire amount of CO .. can gener:>lly b~ released by 
L. 

tnc ,~cm?let.:: <lissolutio:-. of the s.:1&."il'lP. .rnd sep;:irated by 3 lo:--.G•.:r 

dist.illa::ion. 

For the dcter:aination of ii smaller dmount (•1p to few ~.) 

of 1-:0
2 

the dis ti.!.!~ ti on method is reccr..rr.end1 : ( _;2) . 10 to 40 !I 

phosphoric <•Cid soL:tion is S'Jt ta0le for the decompusi ti 1):-1 of 

carbonates. ~he incipient co2 along with tte cond~n~i~g vapvur 

is received 1n a known amount of Ba(OH) 2 soluticn_ Th<.' appara

tus !or thl' detf:rr.1ination of co
2 

is shown ir. Fig. 3.11. 1he pr..:r 

cedure requireE much care ~nd the attention to some source~ 0f 

error i.s draw:1 h·-·re below: 



1. FLASK 

2. DROf>PING FUNNEL 
3. COOLER 
4. RECEIVING BiAKER WITH 

Ba /OH/2 SOWTION 

A,B, C · COOLiNG WATER LEVEL 
CONTROL 

150 
ml 

-·-~I.'_···-~ 

2 

1 

Fig. 3.11 
C02 DISTILLATION APPARATUS 

• 
4 

... _'"ill 
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cc2 loss may occur during the deaeration of tha distiller 

because of the t:ydrolysis of the carbonates. The error can be 

eliminated by the addition of a small amount of BalOH} 2 . 

The presenc~ of mud"l M'l (IV) compound can cause positive error 

b~cause 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 elirn

inate i. 

Any volatile acidic compone~t causes positive error, when 

carrying out very exact investigation, this also haG to be 

reckoned with. 

In addition it should be noted that the carbonate content 

of red muds can also be ~easured by means of the ahove method. 

For the determination uf a larger amount of carbonate it 

is more expedient to adopt t!1e gravimetric method ( 19) , by Lhe 

use of phosphoric acid alre~dy described for the dissolution 

of the sample. 

Determination of the Organic Substance 

After having eliminated ~11 the carbon~te content of the 

sample the oxidation f'lade in the 1 iquid phase can be used fr.Jr 

the determination. A precondition of the accurate measurement 

is that the co
2 

resulting from carbonates is driven off but at 

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

During the removal of carbonates, if the sample comprises oxi

dising material (e.g. Mn0
2
), the oxidation to co2 of the organic 

substdnce should be inhibited. In the course of preparation the 

or1anic inclusions should also be released. Finally the or

gan!.c m~teridl content of the sample should be fully oxidised 

t0 co2 ir. the liquid phdse. 

! 

l 
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?hosph~ric acid is suitable for the decomposition of car

bonates. Wher. carrying out the decomposition with the reflux 

condenser even after two hours boilir.g no losses in organic 

substance can be observed and the co2 completely escapes. Ade

quate concentration phosphoric acid can even release organic 

substances from Lhe inclusions. If it is inferred that the or

ganj c substance gets oxidised the addition of a reducing agent 

would eliminate the error. Formerly chroroic 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 (K
2
s

2
o

8
) can be used instead but only if the ox

idation is catalyzed by silver ions \Ag2so4 ). 

Of course, the chemic~ls used shnuld contain organic con-

taminations only in traces. This relates also to the measuring 

device, notably tap gr~ase must not be used for grindings and 

traps. 

Particular care should be taken to avoid any org?nic cou

tamination when the maipulation is made. If the material ta be 

tested takes its origin from a drill hole sample one should 

gather information about the condition whether for the flusing 

of the bore hole any liquor containing organic substance has 

been used or not. If so, the s~mple is not represent~tive fr0m 

the aspect of determination of organic substnnce. 

Similar error occurs if the sample is sieved 

through a sieve the cloth of which being made of some kind or 

organic fibre. The vapo~rs of the softening agent of the plastic 

bags used for packing may also cause probJems. 

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 oxidRtion taking pl~ce 

there, heated by cor1tr0l lab le electric range 

2. Dropping funnel for the oxidising agent. 

... _~I 
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DISTILLATION APPARATUS FOR THE DETERMINATION OF 
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:. r.lect:-iC"ally :1c.:!t'-.!d yUcl!tZ tube v.'it:-. na:.ga:!.i.te tilli.na 

+:'-'!- '._>:! ~·!rpose of the oxidation of ~!:e vc. la t.i. lP. o::::--

~an1c substances. 

4. El~ct::::-ically heated quartz tube with copper metal fill

ing. The lat~er binds the oxygen gas evolved fro~ the 

oxidising agent. The CuO formed at the same time addi

tionally ox.; ~i_ses organic compounds possiblj not hav1n·J 

been oxidised in the tube 3. (The absorptio~ uf the 

oxygen gels is the precondition of proper running cf the 

cooler No.5.l 

5. Cooler-condenser. 

6. Receiving flask. 

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

Oµeration of the apparatus is outlined in the practical secticn. 

Determi.nation of trte Slllfu:c Cunt-.ent 

SulLir is generally represented. in th,_:. ti;;·0xite i: ;he f(:r:,; 

,,f sulfide and sulf.:if:.e at a r.-1te of 0.01-0. 2 ~. In sc:c ·!J·,::_~

:,;y:-i.tic bauxites the sulfur c0ntent may bc ~ven mu:.;h l:ic!h:.!L 

Sulfide mineral Gf tht.• carstic bc.w·:iLes is pyrito: r"'•s 2 ~:na 

1",1rcdsite FeS
2 

its ac~om~1.:myin4 mjncru.i. T~1L <im~)..:n•. ~1f ! '"''"' L!: tc~ 

i::: far less than th3t of the pyrite. Ti1 wdc.!ttion mt"-'! q1.:dnt~:: 1..!'., 

:·f sulfide may occur in the form of :.;ph:il•.:rit.P, ZnS anrJ •jdleL~' ·:,, 

PhS. The group of sulfa~e r.:inerdl;; is Lir~_;r:.• sc• her~: only t!°"!O:.! 

most irnpurtanl onE.5 w11.I be enume.-r.ited.: a~: . .mit•..! (N;lK)r,l(:;il). 'SC' 'i t. .:: ./ 

al11minite JU
2 

(OH) 
4 

(~>0 4 ). iH
2
o, me"!.,rnte.-i:·(.2 F<§»'} 4 • 7H 2u and t:L)Zeni.U-: 

reso
4
.rn

2
o. Jn a<lditiori there are the al\..:J.li-earr.h su!f-3h?', 

e (J qy[-)'-"\l""L C J.S(J 2u 0 ··n~1ydr1 t"' C'aSC'> b=-,·i t f' RaSI"' CE' 1' ~·c;.; t "' 
• • • "' j. ' • 4 • . ;-) 2 , (. . ·'"" - - 4 , ·~ ~ - - .. • ·' , .. .<-. '· '· . -

S rs Q 
4 

I (' +-. C • 

The c:rystalline pyrite does not .1lt.L:r durir.q di<;csti:m 

and ge~:.: i:•r.tirc:ly i.nto the red mud. Less :;L1bl.c· ~ult".uk~ ::in

er<.ils .irC' ;:itla1·;kc~d by c.:.:•.1:-;tic .::nd fin-:dly <1fter r1:odalion !hey 

.... ~1 
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will fi;~p..:r2 as t'-~ 2so 4 in the liquors. If bauxite is abundant 

ir: ,;ul:: .1 cie rd :"ll~ ~-,1 ~ s the red mud assumes inferior character as 

t_ __ as settling is concerr.ed. 

This is the reason why the total s·J.lfur moreover the sul

f ije 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 Baso4 precipi

tate weighed or by the combustion ~ethod during which the total 

sclfur content is hurnt to form so2 , the latter being measurable 

~y the iodometry acc~Ldinq to the following equations: 

il9) 

( 20) 

r\ecently ti·e au::.ornatic target instruments enable th-: :Jirect 

IR Jetec::~_on of .so
2 

i:elE;:asing during ~ombustion. (For example: 

LECO CS-46 type). 

Sul f i(!C r;ul fur. It is a pity that no re liable analytical 

method for the detcrminat.ion of sulfide sulfur from bauxite is 

J~ our disposal. Thus the sulfide content can only be ffieasured 

indirectly: 

C' 
•'!'LI l f i (~ C 

5 total - 5 sulfate. 

.I 
~ 

. ·-~I 



7 , .,. 

I 

l 

... 01'\ 

.J-u7 

Sulfate sulfur is det~rmined gravimetrically after the 

alkaline fusion. This method yields good results only for low 

(less than 0.5 %) so
3
-content. In case of high pyrite bauxites 

the method is unreiiable. 

As the sulfur content of the normal industrial hauxites 

is generally low, i.e. O.l to 0.2 % (in terms of so3> the de

termination of the total sulfur content is generally sufficient 

(and this is usually expressed in terms of so3>. 

Determination of rron (II) content 

Minerals containing bivalent iron also occur in bauxite 

(i.e. siderite FeC0
3

, etc.) and sometimes the knowledge about 

them is essential. The hydrofluoric-sulfuric acidic dissolution 

as used for silicates (26) i.s adopted for their determit.ation. 

The procedure should be conducted by the exclusion of aic er in 

an inert gas atmosphere /in order to avoid the oxidation cf 

Fe(Il)/. Boric acid is added in order to bind hydrofluoric acid 

and iron (II) is measured oxidimet=ically by K2cr2o7 . 

Fairly reproducible results can be expected with this 

method in case the investigation specifications (grain size 

distribution, measured out ch~rge, amount of acid, heating time, 

inert gas atmophere, etc.) are precisely ob~erved, despite the 

error of method c>xceeds 10-25 ~-

The thermometric method Cdn favourably be used for the 

d~termination of siderite (Feco 3} content of bauxites. 

'fhe essence of the method is that the Fe (!!)-content is 

p.:..rtially dissolved in the presence of "?Xcessive, however, known 

amount of oxidising agent CK 2cr2o7>. At a suitably chosen acid 

concentration the carbonnte easy to dissolve dissolves and the 

incidental mngnetite (Fe
3
o

4
> remains practically unchanged. 

Likewi~e the compact form of pyrite interferes a little, in the 

l 
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presence of finely distributed pyrite positive error sho~ld be 

reckoned with. 

An excess of oxidising agent during dihsolution 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 un<lissolved residue of the 

sample. The method is applicable for siderite content exceed

ing 1 %. 

Determination of zr02-content 

Bauxites generally comprise some hunaredths % of zro
2

• 

This ca;~ usually be fo'..llld in the form of Zro2 • It does not 

dissolve in caustic during digestion, thus it gets entirely 

into the red mud. 

Zircon is mainly determined by spectral analysis i~ 

accordance wit those described on page 3-o4. Its determina

tion may also be solved by the spectrophoto~etry (by alizarine, 

Asenazo III, xylenol-orang~), however, i~ is rarely used due 

t0 its circumstantial character, (and becau~e of the indifferent 

behaviour of zro2 in the Bayer process circuit). 
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9. DETEP..!lINATION OF THE TRZ\CE ELEMENTS OF 3AUXI'rES 

T·.1e most important trace elements are indicated in Table 3 .1. 

Thesr.; trace elements occur in the magnitude of order ranging 

O.l to 100 ppm, yet some of them ex~eed also 100 ppm. In sr.~e 

~auxites, for instance, Na- and K-content can get enriched up 

to O.l %. The ~n-content of bauxite frequently attains at 200 

to 400 ppm. Similarly Ce of the rare earths can exceed 100 ppm. 

The other tr~ce 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 into the 

Bayer process circuit become enriched in the liquors to such 

an extent that even the recovery can be economic, as in the 

case of ~allium. Mo becomes simiJ ar~y en!""i ched i ;, the liquors. 

Other pa::::-t of the trac~ elements, however, is unde:;i :-able 

in the process circuit bc~ause th~y adhere to the hyer~te dnd 

contaminate ~he final product alun~na (i.e. by 2n, C~, etc.) 

In the plants the spectral analysis is commonly used tor :~hE: 

determination of trace elements of bauxi.te. The method descritc'"1 

for the main impurities of bauxite (see p. 3-74 ) is commonl7 

adopted by tha use of Co internal ~tandard. By this mcth0d G~, 

r-:D, Ni, Cu, Be, As-content of bauxite i" commonly determined. 

Apart from the spectral analysis ~ainly the wet che~icRl, 

prirnar i ly spectropho 1:ometric, organic exl ra:.:: t ion combination 

spectrophotometric MS and flame photometric ~Na, K) methc;ds arf.' 

commonly used. 

Determination of Gallium 

Ga-content of bauxites comes to abo·..it 10 to 60 ppm (44). 

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

the eayer process circuit is economic. Apart from the spectra~ 

1 
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analysis, Ga can be determined by making the complex compound 

formed with rr.-1lachite-green, then extracting by benzene and 

lt'•:.<0~uring the: colour inte:isity. In crder to eliminate the in-

... _,!"fering effect of the interfering Fe ([I:O-ions they are reduced 

'.)f TiC1 3 to Fe (II). The determination can be maGe from the stock 

5olution prepared from the filtrate of the Si02 • Relative error 

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 bauxlte gets 

1nto the process circuit the other half leaves with red mud and 

alumina, respectively. The portion of Mo present in the process 

r:ircuit does not adversely affect the quality of alumina because 

t~~ oxide of molybdenum (Mo03) is a volatile compound and alumina 

·•s ~eleased f~om it during the cal~ination. 

!.pai-t froP- the spectrum analysis, Mo can be determined by 

c>recipi tating it wj.th o( -benzoL-,oxime and using polarography 

.:ter the ~epa:rdtion of the former. There is also a possibility 

fr~; the photometric determination ( 2 3) . 

Determination of Zinc Conlent 

Bauxite usually comprises also zinc in the magnituda of 

100 ppm. 30 % of it dissolves, the balance leaves with red mud. 

Most of the z~nc getting into the liquid phase gets deposited 

.:m the hjdrate particl-::s during the precipi ta"":ion process and 

finally contaminates the alumina. Zinc is an undesired contami

n<lnt 3t the elflctrolysis because it enters the ai.•1mJ nium metal. 

For the determin-:ition of the Zn Content the AAS method is 

the best one. The determination may be carried out directly from 

th 0 stock £o1ution m..tde of the filtrate of Si02 (see Fig .3.9). 

'i'~.e measurement is conducted in the ace~.ylP.ne/air flame. The 

'~' 
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relative error of the measurement is 2 %. In addition, th•:re 

are some spe~trophotometric methods referred to in the 15 ~era

tur<? (23). 
Zn-content may also be measured polarographically. 

Determination of Ni, Cu, Be-Content 

The determination cf Ni, Cu, Be represented at level of 

10 ppm or below takes place by t~e spectral analytical method, 

however, one may find also fairl7 elaborated spectrophotometric 

procedures in the literature. Those mechods, however, requiring 

lengthy separation and ccncentration procedures are rarely a

dopted. 
The t~ace elements in question generally do not interfere with 

the Bayer process and contaminate alumina only to a minimum 

extent. (Ni and Cu may figure to less th2.n l(; pp.tr i::l 'C'.'~ .:-:lumir •. 'i· 

~he Be may be of interest as Al i~dicator (see Vol.~.) 

Determination of As 

SoMe bauxites comprise also As in the mag~itude cf ao0ct 

lO ppffi. Almost the entire amount (""'90 %) of the arsenic cis

s0l·1es in the process liquor and can be removed fro:n it along 

with the vanadium salt. 

The best method for th~ determination of the arsenic is 

the 0ne after the destruction of the organic substance of 

ba.u-.;ite the distillation of AsC1 3 from the HCl medium. From 

the distillate arsenic c~n be measured by the end-~ojnt poten

tiometry using KBro 3 standard solution. The bromate solution 

oxidises As (IIn to As(V).It is advisable to start with a meas

ured-out charge of 5 to 10 g. 

Rc~ative error of the measu~ement is about 5 ~-

The As can .ilso be oxidised in the distillatE: and deter.·· 

mined by ammonium molybdatt: in the form cf molybdenurn-l' lue by 

f 
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m~ans of Lte s~ectro?hotometry. The error of this method is 

:;._·;-~'Nh ~ t hight.: r t.:1an that of t."ie titration. I ts ad\" ant age, however, 

is ~hat weighing-out charges (0.5 tc 1 g) dre sufficient. The 

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

For the investigation of K, .~a-content of bauxites the 

fi. u.mc 1:--hotome' ric respectively P..AS methods arc expedient to be 

ddopted. The determination of these constituents is motivated 

~o3tly for research type work. 

The occurrenc~ and behaviour of RE in the Bayer process 

circuit is reported by Logornerac (45). At the determination 

the tot~l RE is used to be measured spectrophotornetrically. 

'fhe individual deterrninatio;-:.s are made by the instrumental 

mtU1ods ( M.5P spectrum analysis, activation analysis, etc.) . 

It comes ~-a:::t-:ly trr the det~·n<iin;ition of the rare e!emen~f' 

fi~-·~n.nq iri ~·aol.:: I, howc-ve1, nc·t being dealt with in det<..iil. 

ThE..1r investig-'ltion ts requested fc.r the rEsea:-ch work in qe::-1-

eral. For their determination mainly the spectro~hotomeLric 

Dc~ailed description about. '-!!·.." trace elements occurring 

in b~uxites is given by Pe~rsun (~6). Their behaviour in thP 

Bayer process rircuit is dealt with in de~~il by Logomerdc (4_•. 

... ~1 
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10. DETE:rtMINATION 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 

devia~ion in as much as red mud contains the main components of 

bauxi·e in a ratio different to the latter and depending on lnc 

technology one or two main newer components also enter the sys

tem, i.e. Na2o or Na2o + 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 ANALYTICAi .. METHOD D~ TO SHIFT IN PROPOR'i'IONS OF 

THE ; IAIN COMPONENTS 

Substantially three components may require a modified 

analytical procedure: the measure. .. ent of Sio2, Al
2
o

3 
and Ti0

2 
. 

. 
Variation of the method at the measurement of Sio

2 

The gravimetric determination of Sio2 can be misleading 

in the presence of alkali metals and alkali-earth metals for 
two reasons: 

in t.he presence of alkali metals dehydration of ti~e 

silica gel is n0t completed, i.e. lack of SiO~ arises, 
' in the presence of alkali-earth metals a si 1 ica ge 1. 

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 t:1e silica is separated by 

a double evaporation or if time is to be saved and minute amount 

of solved or colloidal s102 fa detennined by a quick spectro

photometral method from the aliquot portjon of the filtrate of 



l 
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the only ccce precipitated silica. 

The caso4 precipitating along with silica gel reacts with 

the Si02 at high ignition lemperatures (1000-1100 °c) com:.1only 

used. 

Caso 4 + Si02 -- CaSi02 + S03 ( 21) 

After the fuming off with HF-~1 2so4 , caso
4 

remains. 

(22) 

Thus the ~CS!3 of weight presumed to be equivalent to the Si02 
i.; .-foctored by i:he differenc~ of :nolecular weight existing 

between CaSio3 and caso4 . 

The errcr 'l\ay be avoi.ded if the ignition is carried out 

ac 800 °c both for the silica residue and that of the fuming 

off procedure. With extreme Si02 t.o Cao ratios, for ~xample 

causticized red muds, it is expedient to get leached Cao off 

by cooking W.Lth HN0 3 , then the solution should be neutralizec 

by NH 40H, the R2o 3 + Si02 p:::-ecipitated and then s102 can ne 

determined after filtration. 

Determination of Al 2o3 

Large amounts of Cao interfere with the determination of 

Al
2

o 3 • Therefore it is not expedient to use the separation by 

NaOH described above for the bauxite. Instead of this the 

processinq of R2o
3 

precipitate separated ty t~e hexamethylene 

tctramine method is recommended for the determination of Al 2o3 . 
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L~termination of Tio2 

The spectrophotomel -1c measuremer.t of TiO~ yields g\lOd 
L. 

results even in case of red muds- However. Ti02 gets enriched 

to such an extent in red ~uds of high Ti0
2 

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 Fe 3+ standard solution. Ti0
2

, if being in greater 

concentration can also be measured by the thermometry. 

Determination of Other Main Components 

When measuring the adsorbed moisture, loss on ignitiun 

and F~ 2o 3-content the met.hods descrit:ed with bauxite car~ be 

used without any modification. 

Determination of the Two New Main Components 

Determination of the Na 2o-content. 

Na 2o-content of red mud originates from two sources: 

sodium aluminium silicates resulting dJring digestion, 

and 

the Na
2
o-content of the adhering aluminate soluti0n 

resulting from inproper washing of the red mud. 

Thus between bound and soluble Na~O-content are differenctiated. 

Conunonly the summary of the two and the soluble ~;a 2o-conte;.t 
ar~ determined. 

Of the common meth0ds serving for the determination of 

Nc.1 20 the precision flame-photometric and the thermometric 

methods may be used. The flame-photometric method is the more 

~dv~ntagcous one of these two methods. 
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Bou~d and soluble Na2o-content of the red mud are equally 

soluLle by cooking it with HN03-NH 4No3 • The degree of leaching 

comes to 99.7 to 99.9 %. After th£ leaching the solution is 

alkalized by NH 40H then the precipitate is filtered and washed. 

Then the Na2o-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 measurir.g with a relative error of 

l % by the i~strument used. If grea~er measuring lots are used, 

Lhe Na2o-content can also be measured by the thermometry, 

however, this method requires some more time. 

Arising from the feature of the task the measurement of 

soluble Na2o produces only conven~ional results. 

After aqueous cooking of ~he sample the alkalinity of the 

solution is titrated by standard acid solution or ~fter leach

ing by arnmoniw~ hydroxide its Na+-content is measured by the 

flame-photometer. The determination is an important task because 

it provides information about the NaOH-!oss occurring during 

the processing technology. 

Determination of the Cao-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 

(Cac2o 4J fr0m a slightly acidified solution previousll masked 

by EDTA-solution. Filtered and washed precipitate may be meas

ured by the gravimetry or may be titrated by the standard 

"":mo4 sol1Jtion or determined by the acid-base titration. 

From red muds containing large amounts (10 %) of Cao the 

amount of Cao can be measured by the thermometry by the use of 

K2c2o4 reagent after having leached by nitric acid and alkalized 

' 
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by ammonium h:,.·droxide. 

Other Aspects for the Analysis of Red Muds 

For the dissolution of red muds containiri3 undigested 

dicspcre the methods described for bauxites must be used. 

If applying a low-temperature technol,)gy undigested 

quartz (Si0
2

) remains in the red mud. It~ ~uantity can b~ 

determined by the method outlined there. 

The organic mo::iterial content of red muds provides infor:r.a

tion about the level of the organic content in the process 

circuit. The principle of measurement is identical with that 

outlined under the analysis o: bauxites. 

... "'I 

... 



11. uE~EID'.~~ATlON OF THE LESS lMPORTANT COMPONENTS OF 

RED MUD 

T~e analytical determination of the less importa'lt compo

~~r.~s of red raud is essential from the fellowing points of 

'! iew: 

investigation of dissolution of the less important 

compor.cn~s and trace elements of the bauxite in t~e 

Bayer process 
determination of the total material b?lance of the 

less important and trace elements 

effect of cert·ain less importar.t elements on the sedi

mentation of red mud 

enrichment of the less ~mportant and trace elements in 

the red mud, their possible recovery for util.tzation 

p1rposes. 

·r~e nio::;:: .. :ap:>rtant tac:;'.~:; among t?'lern are the c!issolut"in;i 

L•"-~ t.-: i.i!'d U:: C·~'r:ip1 e::lon o~ tGta: n':i.terial balance. Knowing 

~~e qudnt!tj~s in the dissolution tests it is sufficiect to 

.::€'~c,_r:mine th€:: cc0:r.p::nent required in bauxite and red mud. 

As w~ have learned in the former ch~pter the main compo

ncn ts of red ml.Ad have modified (compared with bauxite) Na2o 
and CaC have become .main component.:> and the quantity of less 

i:;.portant contaminating compcnents and trace elements have 

-.:han-;ed simU ary. Their quantity increase:= ii1 some case£ (nc-. 

dissol~tio~ takes ~!ace, or only to a negligable extent) or 

their quantity decraes3s in so~e cases (dissolution). 

It may be stdted as a general case that the major impu

ri ti~s and trace elements of bauxite are tested with the 

analytical methods deacribed already in connection with thA 

bauxite . 

• 
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SometimeE> a 1nodification of the analytical metrods is 

required due to changes in the major components (Na2o, Ca~) a~d 

a significantly increased iron content. 

A simple and quick method for the determination of the 

less important components of red mud is the emission spectral 

analysis mentioned in connection with the bauxite in chapte::- 8. 

The ~sage of reference standards corresponding with the composi

t).on of the red mud is essential during their emission spectral 

analysis (high Na
2
o possibly high CaO). Bauxite reference stand

ards are not adequate for this purpose. The usage of inadeoquat.e 

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 

3t ~he determination of MgO and ZnO. 
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12. CP'..:.MI,_.,\L ANALYSIS OF SODIUM ALU.MINATE LIQUORS 

mu R MAI~ CCNl'ONENTS AND IMPURITIES 

Alunina':.e Liquor 

Amphcteric elements can be made to dissolve both by H30+ 

~~d OH--ions hence they ~ay behave as bases and as acids, too. 

+ Me + nH
3

0 (2 3) 

Me + nH
2

0 + xOH ·~ (Me/OH/ n+x> x- + j {n+x) H2 (24) 
• 

The rna~s acticn law is vdlid for their solutions and 

c·-Jt.s~qu.ent]._·, rn ,...::1anging the OH'-concentration respectively 

Lhe dctivity, t~~ir hydroxides can te precipitated: 

Men+ + nC·h Me/OH/ + xOH' ~(Me/OH/ ) x-
n ----- n+x 

( 2 5) 

n -· v:J.l~nce 

n+x = co-orcination value in the alkaline mcdi:.im 

If the c.lement 1n question is aluminium, its alkaline solut.ion 

is called aluminate liquor. 

As it can be seen from the equation (25) no solution of 

optional OH' to (A 1 /OH/ 4 ) ' ratio can be produc~e<l because, if 

the OH'-concentration (activit¥) falls below a certain value 

the deco· position of the (P.1/0H/ 4)' conunences. 

In order to characteri~e the aluminate solutions apart 

from thci1 concentration the OH' to (Al/OH/ 4)' ratio should 

l>c know11 as w.::11. This may be expressed in several manners, 

it should be agreed how to make one's choice. 

' 



Ir. the alumina industry sod!um hyaroxide soluc:ion is used 

for the dissolution of the aluminiu~ content of bauxite. In th~ 

course of precipitation the total aluminium content of the solu

tion cannot be completely ~e separated. Hence thP liquor com

prises two main compnents notably the sodium hydroxide and the 

sodium aluminate. In addition, the liquor becomes carbonate

-ferous by the tir.te 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 alumin.:lte 

liquors frore the point of view of tec~nology the silicate car.

tent is also placed among the main components along with the 

contaminating organic substances. 

Terminology 

When evaluating the analytical data cf the aliJmir.at~ sc

lutions, misunderstanding may arise from the non-unifor~ denorei

nat:ion of the individual components. 

Subztances which are dissolved in the plant aluminate 

liquors are given in Table 3.6. 

Though the solution comp=ises ions nevertheless the 

cxidic composl tion is established in genera 1. Denomir.at ~.ons 

adopted in the aluminrl production technol0qy arc as follows. 

Caustic soda as Na 2o t _;....;._:______ caus . 

o~-alkalinity of the solution representing the sum of 

OH and the fourth dissociating OH of (Al/OH/
4

1 expressed 

as Na 2o. 

Soda as Na 2o b t -- car ona e 

co 3 ••-con~ent of the solution expressed in Na 2o . 

. .. 

. ~I 
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Alkaline soda as Na 2oA 

The amount of Na
2
o equivalent to all aklaline hydrolyzing 

anions. 

+ Total Na -content of the solution expressed as Na2o. 

Al
2
Q

3 
is the aluminium content of the solution expressed 

in Al 2o3 • 

Caustic molar ratio o(caust. 

The ratio of caustic Na2o moles to Al 2o3 moles in 1 liter 

solutin: 

g/l Na 2o caust. 
62 Na20 t g/l = _ __;_ ____ = 1. 645 caus • 

Al 2o 3 g/l Al 2o3 g/l 

102 

It should be noted that in the American technical literature 

and in the practice, too, caustic soda (Na 2o t ) is exnressed caus . 
in terms of Na 2co 3 caus-t and similarly all other components 

given in Na 2o. The conversion may be made by using the factor: 

= 1 .. 71 

Na2C03 ca.ust = 1 • ?lO.Na2°caust. and 

Na 2ocaust. = 0.585.Na2co 3 caust' respectively . 

• 4 
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Na+ 

(K+) 

oootaminants --

Components of Pl_anl Alumi11ate Liquors 

OH 

(Al/OH/ 4 ) 

co2-
3 

s10;-

organic 
anions 

P03-

V03-
4 

F , etc. 

Na..,O caustic 
"" 

Na20 caLbonate soda 

Na 20total 

Al203 

Si02 

corg. 

P205 

V205 

F, etc. 

Na2°caust. 

Na2°carbonate 

Nl!l20T 

Table 3.6 

Na 2° ti trable total a.lkal:'.nity 

'-~r 

l.oJ 
I .... 

0 
Ut 

.. 

J 
it 

' , .. . .. 
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;.'nt: · ol2r rai_::o usE.:d is given by the term MR. 

FL.re.her en th'? oxidic terr.ls and the c£ ~ concept will caus .... 
L.~ used. 

F'cr the soda and salt cor.tent, respectively, of the 

a ... ?.t:~ir-.at·~' solutions the terms of 

soda level = 
Na 0 2 carbonate . 100 ( % ) ..md Na 0 +Na_Q 2 caust:. · ---L ca.rba'late 

salt level = (%), respectively, 

are used. 

1. ,. 
,..J ~ 

soda 'N~~C t ) content is made 
~ caus . 

acid s!~nd~r~ solution. The interfering anions are previcusly 

r-r·..:::::~9itat..:.:c r.y Bu.-salt so ... •;tion ar.C1 a ccmplex former is used 

:,tJ.rtaratt', .:.;lu .. :onatel jurin':! i:i•e ti trat.ion in order to avoid 

th.:: pn·c1pitation o!: f..l!CH)
3 

(<i7, ;P.il. 

Fer the n'E:ast:n~ne:nt. of carbor.at.--~ soda (Na 2o . t ) caroona a 
thP. separdteli BaCO., precipitate may be used which is dissolv~d 

.J 

in a known .:i.1".::.unt of excess acid sol ut.i.on. After having co2 
boil:=d off th<.:? arr.cunt of acid equivalent. to the carbona~e 

con·.ent ca~ be titr~~ed by N~OH standard solution. The distil

l<.\tior. gas vnlumetrl.c method may also be used (24;. 

r'o.:- the measurement of th(! alkaline soda (Na 20A) the soda 

saH.s arc conver.ted to Na
2
co 3 by NH 4HC03" The aluminium content 

of th~ solution is the component t~at makes the conversion 

pos,;iLh~ and :JreL:if,iU1tr.'!~ fr.om the solution at the same time. 

' 
I 
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For the measurement of the total scda (Na
2

0T) the ion 

exchange method can be used. 

U6> 

The measurement of the Al 2o 3 can be made by the reaction 

of making complex (EDTA) or by the potentiornetric titration. 

(See Chapter 7.) 

The thermornetric titration is a very fast meth0d for the 

measuerement of the caustic soda (Na
2
o t ) and A! 2o.J,-content. ca:..:s . 

Na~O , 
.r caus .... 

NaOH 

N.1[Al \OH),.] 1 
Tan: 2-

+ + II 

. 2-
- .• Na T + n

2
o + .11,.l {OH) 

3 
Tart 

2- 2- 2-
Al (OH) 3 Tart + 6F' -- AlF 6 + Tart: + 3011 

The thermvrnetry (for caustic Na 2o and Al 20
3
i, as \o.'ell as the 

:3;>ectrophotometry (for co2 ) is used ir• the Garda::r.-• t-'lant for 

the atitomatic measurement of tile aluminate liquors. 10 to 20 

Sdmples can be analyzed hourly by this way (49). 

'fhe c.ieterrnination of Si0
2
-content can t~ per formed by 

tlic-> c;9:-..-ctrophotomctric rr.ethod by the measurera0nl .-:.•f t!"le colour 

intensity of t.ne reducc-d Si-Mo heteropoly .'.\Cid. 

For the determination of the organic contarr.ina11ts the 

P·~roxi-bisulfate reaction catalyzed by silver ions is used 

and tht:· amount of co2 c-qui·;alent to that of the orlJ<lnic 

r1atc~rial is mcasur0d (42). 

... _.qJ 

I 

I 
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In a.idition the individual organic components :v1y also 

be measured by mea~s of the gas chromatogra?hy. 

Investigation of the Contaminants 

Of the contaminants of the aluminate liquors the deter

~ination of iron, fluorine, vanadium, phosphorus, gallium, 

?in=, sulfate, chloride and molybdenum is cf importance. For 

the reason 0f calculation the contaminants of the liquors 

are also established in terms of oxides. 

Determination of the Fe2o3-content of Alurninate Solutions 

The iron content of the aluminate solutions contaminates 

the alumina. During the precipitation about 80 to 90 % of the 

iron °.;ontent of the liquor passes into the alumina hydrate. 

':'c.e sc·lu~. ion~ co'tlpr ist: partly finely distributed col

i.c idal s.ize El:Jatinc; iron compounds, i:Jartly dissolved iron 

du~ to the high OH -concentration. 

It is difficult to differenti«t~ between the irons of 

tw-:: origin because du"? to t!'!.e small size the ci.ean-cuL elimina

tion cf the floating iron compounds by filtration is ha_-d to 

perform. 

The iron content expressed in terms of Fe 2o3 is ir' the 

magnitude of mer/ l thus for its determination primarily l'.1e 

spectrophotometric methods can be used. The contaminants 

(e.g. organic compounds, F-) are more or less interfering 

wit!i the determination. Of the spectrophotometric methods 

for the measurement of iron the £CN (rhodanide) and the 

o-phenantroline reaction is used. Concerning the realization 

0f the reaction and the interfe~ing effects several refer

~nc~s are available (e.g. 1.). -

' 



As per our ir.vcs~igati.on, gcod rcsult.s wer.:: ac!-:i.eved ;.m':n 

having transfcr-!'."cd the iron along wilh some kind of collector 

from the solution into ~ precipitate and the iron conte~t of 

the latter had beer. measured. For collector ZnS made by the 

reaction of Zn-salt and Na 2s is used and it is reconunended 

Lo adopt the spec~rophotometric reaction and the measurement 

of the colour inter.sity of the iron-thioglycolic acid complex . 

.:'luoride conte·1t of the strong liquor can become enr.lchec 

to the magnitude of g/l. As already dealt with in Chapter 3, 

~ajor part of the fluoride content of bauxite gets into t~e 

process circuit. The alwninium content interferes also wit;~ 

the determination of fluoride content of liquors, hence 

either volumetric or spectr.:>photometric method were adop::ed 

the previous sepa~ation by distillation (Willard-Winter) ~ould 

be necessary. 

It is more faster l.f the fluor.lde cc::ltent o.:. J :.c:·10i.·s is 

measured by a fl uoride-se!ecti ve <~lectr•:.ide (i.e. Ori~n ~ ::-;J9, 

Radelkis OPF-7111 type) • .::n sol11cions compr:sir1q alsc al:l:-•,·:.'.Uri 

the determination c! the fluoride ion concentiation is res~ri~t

ed due to the formation of alumina-fl uoro-complexes Lpr;3use the 

electrode rr.aas ures only the free F--io:~s. Th2re is a f•!rth(:r 

interfering effect in the presence of silica d~e to ~h~ for-

mat ion of SiF~- ··complex. A complex former which disFJ uc.es r_!,c 

fluoride from the aluminium complex does not interf.e!"e with 

the ope rat ion of the. elcctr0de th us enabij ng tht~ :n0asnrc1nent 

beside the aluminit.:m. Edmond (50) and :::ngram (51) had us:?d 

citrate ions a~ comph~x form8rs. Citrate ions t.:.p tc the cor.

~entration of 1M/l do not interfere with the operati0n of 

the fluoride-sf!lective electrode. The deterrn~naU ons <-1re made 

of the ten-fcld dilution. The relative error of the ncasura

Mrnts is 5 ~-

Th~ vilnadiun; content of liquors (for the case of strcnrJ 

liquors r.Ja 2o t 180 1:J/J.) ccin come t~ 1 q/1. v.:rnac~ium s.:1lt 
- Ci.Ill..<; • 

' ~ 

l 
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is removed from the Bayer pr~cess circuit by co-ling spent 

liquor or strong liquor (see p. 3-78). Th~r~f0re vanadium 

conLent of the process liquor circuit should be permanently 

i!teasured. For the determination of the vanadium content the 

volumetric potentiometric end point indication method is most 

accurate having beer ~escribed 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 H2so4-HN0 3 or by 

K2s2o8 in H2so4 medium. After having the organic substance 

destructed due care should be taken of the complete eecomposi

tion of the oxidising agent. Since the chromium content of 

the liquors is generally less than 1 mg/l the vanadium can be 

oxidised by KMno4 and directly titrated/by decomposing ex

cessive KMnO 41 by Fe (II) standard solution. If the chromium 

content is higher the determination should bP made by using 

the method described for the bauxite. The relative error of 

the measure~~~t is less than 5 %. 

Vanadium may alsc be determined by means of the spectro

photometry, t.o-..;ever, due to the higr. salt concentr..:.tion and 

to the colour of the liquor the application of the differential 

spectroscopy is expedient. 

Phosphoru5 content becomes also enriched to the magnitude 

of g/l 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 liquorE= considerably de

creases due to formation of calcium phosphate. 

Phosphorus content of liq~ors is mainly measured by a~

moni um molybdate as molybdenum-blue. The measurement can be 

directly performed of the ten-fold dilution solutions. 

' 
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The gallium content of the various liquors of the process 

circ1it 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 stro~g 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 

~omplex 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 measurfment of the concentration. The evaluation is made 

by an addiLive 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 (cC-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 2so4 in the strong liquor (Na 2o t 180 g/ll caus . 
may attain at the magnitude of 0.4 to 0.6 g/l. 

The determination of the sulfate content is made by the 

gravimetric method (acidifying and precipitating as BaS0 4 l. 

... _""I 
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The liquors comprise also chloride ions in some cases. 

This can be volumetrically measured after the destruction of 

the organic substance. Excessive amount of Ag~o 3 standard so

lution of known titre is added to the nitric acidic solution. 

AgCl precipitates. The excessive AgNo
3 

standard solution is 

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

as an indicator. 

Fo~ the determination of the main components and trace 

contaminants of the aluminate liquors X-ray-fluorescent meth

ods are also known (52). 

I 

' 
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13. DE'IERNINATIOO OF 'IHE a:NrAMIN1\TING ~'TS lN AI.atINM. 

A nwnber of c0ntaminating components from the caustic so

lution segregate simultaneously with the alumina hy~rate separa

tion in the Bayer alumina producing process, or they link to 

the larg~-surface precipitates (sorption) and cannot be totally 

removed 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 m~taJ 

while separating aloi.6g with the al 1'!!!!i.~1.iw1i during the el~ctro

lysis. Two of the most critical impurities are Fe 2o 3 and Si02 . 

Bot:-i ·1 ... 0
2 

and v
2
o

5 
are undesirable contaminating components 

when producing conductivity grade metal. 

some contaminating components Na2o, P2o5 for exa~ple 

have 3n unfavourable influence on the electrolysis, as Na2o 
modifies the cryolite-melt's molar ratio (3NaF/A::.F 3) toward 

the caustic direction. Fig. 3.7 gives a su~vey about the cnn

taminating components of alumina. Examining the figure it 

turns out that Na
2
o is the major contaminating component of 

the ai.umina if we leave out of consideration the here: not i:t

dicatecl moisture content (which can be measured by a loss of 

mass at 300 °c and loss of mass at 1100 °c). A part of this 

Na
2
o content, the so-called water-soluble Na 2o originates 

from the insufficient washing of the caustic solution. Re

cently the determination of the total Na 2o content (water

-sol ublei combined Na 2o) is general. The sequence of ~he 

contaminating coniponents in the Fig. 3. 7 urovides at the sam:.> 

time their order of undesirability frorn a metallurgical point 

of view. 

'*'--.\. 
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·:·;.,, a:.3 .ytic determination of the contaminating componen\:s 

- • .r- i"'...1.._rnina i:. css~ntial !'irst of all because of plant super

isi ~r. reason~ .'l.11d. the r.1arketabil1 ty of the finished product. 

Appart from the clabsical ctemical analytical ~ethods 

raa ... r.ly :.;pectral analysis, AAS and X-ray spee;t.rometry are us~d 

f·_,r the determination of tr.e al wnina' s .::ontamina ting cornpo

,;ents. Sometimes electroanalytic (polarographic) methods arc 

~'fpl.::..ed to determine certain components like C:: and Zn. l'...c

"'_iv:i.tion analysis methods may be suitable in certain case~. 

(e.g. P
2
o

5
). Single-purpose equipments working en the princi~:l-2 

of IR spectrophoto: . .?try (after burning; :i.re also used to de

ter1.1ine the carbon and sulphur content of al wnina. Not the 

exact quantitative determination of contaminating componencs 

is the aim of the mass spectrometric tests of aluminas but we 

~.-ather strive .:lfter a semi-quantitative comparative investiga·· 

... _,-,:. ('r_;nu:::rn:'..nq 3J. 1. the E:leMencs. ';'~.:._5 :neth:")d i..S !!li:i.iP-ly '..i.3t-.:d 

.::~.!(;G<tly i;- ·· '-:·~· re: search work. Tat.;..e 3. 7. gi 'res .::. summary ~i 

tne varioas met!->0ds ::'.)r ~.he.: de~e:~ri:-!,'ltion of c:)ntaminatir,r; 

c0mpone:nt.s ._ .. - t~:-H~ all'mj_:a. 

Chem:..:-"!l tests have to be carried ot:t on samples pre

pare~ always according to the instructions cf chapter 6. 

As rnent_ior.t~d be:forG the dissolution or attack of the 

al un1iP.C1. does :-1ot 1nean an easy task. The most f requen ti y used 

me~hods for attack can be divided into two groups: 

method by alkaline fusion 

meti•od by acid attack under pressure. 

A great numbe:r of va.Li ~.tions of the alkaline-· fusion ~<:>th

o~ is used. The oldest one is ~he fusion with soda-borax 

,r,jx-::1:.:- (5Jl. Today instead of borax bor.jc acid L; •:sed. Tiu::; 

.i.s n:~.:omm(.•nrlcr.I by t.hc ISO sta:"ldard a~ w<d.l ('.>4). 
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MElhods for the Det.errrtinc:;tion of thP. (~'Jnta;".'Jina:.inq Comoonent~ 

of Alumina 

'!'able 3.7 
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4 .l,i 2 !_-~; 3 , Li_'?2
4
o

7 
in some 

·: - .. rd!lg agent.. 

of alkali metals c:-ia 20i, Li
2
co 3, H3no

3 
cases H3so 3 or s 2o 3 is used as 

Experiments have been carried out since the 50-ies (55) 

~- _.:.' _ng with the acid attack of alumina under pressure in a 

.::e.:-~·:od glass tube between 200-300 °c. Special diffic;.ilties in 

~r' is case arise first of all with the material of the tube 

•_:.~-elf because even the components of boror_-silicate glass raay 

dis~0lve (56). Recently steel attacking horns with heat resist

ant plastic lining are applied generally, neverthelezs it 

neeas to be thoroughly investigated, whether or not a compon

E-nt :eacts with the plastic during the attack. The run of 

tht:· attacks under pressure needs a long time, 12-16 hours as 

a rule, but their great advantage is that further processing 

~an be done -.1ith a re la ti vely small salt-concentration. This 

. :;t:. .rGr ~Jr.tac':-: is maini.y used in case of AAS and solution 

.·~1;.:.';i::m Spectror.1etric +-.estings. 

{'he C .:l::c .• , 11>ntent of the a I u:::.ina can be determined 
.. - .( . - :_iuickJy () l i: .. -,,j th suffici.::;!1t a.cc-m:acy in special combustion 

'!'-Jui ':)"",en ts '''·S· ~eco CS-4t: I. If we i-:eat the alumina in an 

.:~" ·::.n flow its carbon will burn .int~ CC1

2 or CO, its sulphur 

i".'ltc. so2 . Acccle:rating agents are addeJ to help the combustion. 

-:-:1c· (;(), (202 a"ld so2 content of t.he C(;mbustion product is meas

ured by IR a~~~ctors. I~ oxygen alone gets into the measurin~ 

~ell the total energy of tht IR radia~ion will reach the de

tector 1. The combus~ion products (C02 , CO, so2 ) in the meas

uring cell a~sorb energy during the test and this enerqy is 

p.roportional to their concentration. This causes a decrease· 

iii the Anergy reaching the detectors and this chmin1shcd 

encr•;y is rncasllred by means of the detectors. Taking the 

ar.iour·t of the charge into account the C and S quantity is 

inc'!1c._1ted on the DVM in % after rectifyinq, amplifying and 

1lnear transforming of the signal. The evaluation of the 

results is carried out by comparison witt1 r0ference stdndards. 
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The C and S content ot the alumina can be determined with 

4-7 % ~rror 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 veri.fied several times. We give a summary of them 

in see Table 3.8. 

Spectrophotometric methods are applied in most cases (e.g. 

Si02 , Fe2o 3, Ti02). 

Sometimes an extraction process preceeds the spectro

photometry because of the small concentrations (e.g. v2o 5 , 

P
2

o
5

, ZnO). AAS method is prescribed by the standards a couple 

of times (e.g. Cao, MgO, ZnO, MnO). In the case of fluoride 

and boron - because of the interfering effect of the ~luminiurn -

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 s2o 3 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 (AlF 3 , d20 3). 

Dissolution methods are sometimes appli.ed for alumina 

analysis. Production plants used to test the soluble Na 2o 

.:on tent re'}ularly. The principle of the method is that the 

Na
2
o 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 Na20 

content may be regarded as general. The sulphur content of 

aluminas can be determined in a similar way by means of dis

sol ut1on. The :;ulphur content in the alumina is mostly present 

·~-~I 
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Sta~.dard Methvds Used for the Anal1s1a of Al,..lnl,.. Oalde 

' 
• Component Frlnclple of the cletera1nat1on ~thod 

Field o"T 1so•..m.r appll-Uca --
1. ~of- Dryln9 of the test portion at XX> 0c 80l-1t76 

at XX> °c for 2 h and cleteralnat lon of I.- of -·· :z. 
I.ms of~ 19nltlon of two test ~rtlon• pre- 806-1'76 
at 1CXO viousAY drled at JOO C one at 
llld 13J) 1000 C and the other at 1200 °c, 

for 2 h 

). .. 20 Fualon of the test portion with n.. 1617-1'76 
alxture t.l CO 1+o 0 or ..a..1m 
t.liL"O~t.1 2afu~ ~tlsolutlon ln ~ 
HC • pl ra 1 of th<> sol ut ton ..-
lnto a fla- .u1c 

•• Pnprat!m Alloallne fusion -thod 804-1'76 
of solutial 
fer -1.ysia 

5. Fe2o 1 Alkaline fusion, reduction of ~ >o.005 ' I05-1976 
Iron CilIJ to ironlll). For•llon ~ 
of the ironlll)-1.10-phenanthrol- ..utc 
ine coaplex. pH J.5-c.:z. Photo-
-tric -a•L1reaent at vavelen9th 
S10 na 

6. Si02 Alkaline fusion, foraation of the ~ O.CIJ5o-<>..az5 1232-1976 
oxidized ll'oOlybdosillcate, selec- ~ O.OZS..0.25 
tlve reduction. Phota.etrlc -a•u- -Uic 
re .. nt at vavelen9th of 115 n• 

'7. Tlo2 Alkaltne fusion te•t solution. ~ > o.cxn t 900-1977 
For,...tion ~f the tltanl...-di- ~ 
antlpyryl-... thane co11plex. Photo- -.rlc 
111C;trlc -a•~reaent of the oolo.lrwd 
coaplex at a v~velenth of 420 na 

I. V205 1.lkallne fusion, test solLlt~on, ~ 0..000)-0.016 ' 1611-1976 
oxidation to VIVI. Foraation of ~ 
vanadi\D N-llenzoyl-N?'AlYlhydroayl- mtrlc: 
-a~ln• c011"4>lex. Extraction of the 
viol•t colo.•red co11ple11. l'h>t~lc 
-t at a ,..,.lenqth of ~• no 

9. P2o 5 "reparation of sol••tlon fro. a teal ~ > 0.0005' 2129-197) 
~rtion by alkaline fusion and by ~ 
dl•solutlon in nitric acid lpll 21. ..u1c: 
ror"8t1on of the phospho.olybdic 
cO!lplex. Extraction by 2-aethyl-
pcopan-1-01. Reduction of the 
co111>lex by SnC~ln the organic 
phase. Spectro t011etri: aeasure-
mcnt at a vavelen9th of 7JO na 

10. PniparaUcn Method by hydco.:hloric acid attack :107)-1976 
of solutM:ln under prl!s•ure 
fm" -1191.a 

9 
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Table J.I lcont.) 
-- ----·- ---·- -- ----- -

Field Of • Coaponent Fr lnc lplP of th@ d~~e:alnatlon ~thod application ISO K..t>er 

Ran------------------
1 I. ZnO Alka lln,. fusion. treatlftPnt '.Jf tl'ie ~ • (us .. d ,...ss "I th llNO if Separation of = 2072-1971 

the Zn In the forOI f thiocyanate by 
extract lon "l th 11rt;·l-1t:.Jl,11t;l kr-.tork~. 

lie ·extrartlon "1th 11<:1 aolutlon. For-
-tlon of the PAN-zinc co91pl~x. 
Extract ton n l the PAN-zinc CO'"Ple• 
with chlorofcr• and photo~trlc 
~••wrement at a .. a.,.. len'}th of 560 ,. 

Dissolution b-; attacit "Ith llCl ..,der MS >o.ool 2076-1'76 
pressurr asptratton of '-he solution 
ln acetylrne atr fla..., ...,asur....,nt of 
the absorption or the 21 l.I n• I lne 
e•ltted by zinc hollo,.-cathode i...., 

12. MnO 01Ssolutlon with h;-1lro.-h lor 1c acid AAS o~.OJ65 ])90-1976 
(Mn) under pressur~. Aspiration of the , ... o.a:m-

solution In an air/acetylene fla• -<>.CDS) 
and 11easure111C?nt of the abaorptlon of 
the 279. S nm line e•ltted by a 11an-
qanese hollow cathode la111p 

1 ). Cao Alkdlne fusion. Frcclp1tat1on of the ~ >0.01 ' calcium In alkaline 11edlu. vlth ~ 
naphthyl-hydroxa .. lc acld solution. "9trlc 
Spectrophotometric ...-asure...,nt of 
the excess of naphyl-hydroxa•lc 
acid at wave!f!nqth of 40'1 nm 

Dlssol•,tlon t>y attack "Ith HCl under MS >o.OOJ t 20"1-1976 
pcessure. Add1tl~n of Na-l~ns tc 
stabilize the pro1110tlon ot the e•l•-
slon of ca and Ian than .... Ions or 
trlethanola01ine to Increase the •en-
slllvlty. 
Aspiration of t.,e •olutlon lnt.o •c~-
tylene dlnltro9en 010noxlde n .... and 
111easuresnent of the ab•orptlon 412.7 
n• line er.ltted by a calcl.,.. hollo..-
-cathode l ... p. CaO content• greater 
than 0.01 acetylene/air fla- can be 
used 

14. F Dl•solutlcn by attack by H SO under ~ >0.001 21ll-197l 
pres•ure. Separation of thi tfuorlne ph1tO-
by dl•tlllatlon. For..atlon of the Rtrl'. 
blue coloured co01p!ex bet~een F and 
al1zarln cmnpl.,xone lanthall'.111 mlorl.2. 
SIJ'!ctrophoto..,trlc .,.asure1>ent of the 
ca.plrx at a .. avele;vJth of 620 n• 

IS. 8203 Dlasolutlon with Hiro,,; •rpautlon of Spllct%O- >0.0006 296S- t97 l 
B by dlsttll3~lon • thyl <.orate. pilot<>-
For,..t1on of the red coloured complex Rtr'.C 

between B and curcumln. Spert roph.~tn-
l'letrlc 01ea•ure111r.nt of the c•;rnp1v• at 
a vavelenqth of sso ""' 

! 



I 

l 

·-~::::·-·-'-& 

3-120 

in the form of sulphate, which is quantitatively dissoluble 

with Na
2
co

3 
or (NH4 >

2
co3" After dissolving the so~- being 

in solution it can be separated with Bac1 2 • Rather large 

10-30 g charges of samples are required to make possible the 

measurement of the small B~so4 quantity. 

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 2vaporated by 

direct current arch anodic excitation wi_th a graphite cup elec

trode. The determination is done by quartz spectrograph in the 

ultra violet spectral range. The preferred spectral line pairs 

;re measured by photometr/ anc the concentration of the individ

ual conr~w.~nating ~omponents is determined from eval~ating 

.;.:...irves plott'?d on the basis of the analysed standard series. 

Contaminating components tested regularly by the help of 

~pe~tral analysis are: Na 2o, Si02 , Fe 2o 3, Ti02 , v2o 5 , Cao. In 

the case of MgO, BeO and Ga2o3 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 

method in the analysis of alumina samples if we want to eli

minate the errors originating from the crystal structure of 

alumina ( o(Al
2
o3, 8A12o3>. The average error of the spectral 

alumina analysis is dbout 5 % relative error. Flame photometry 

guarantees more accurate results as a rule, in case of deter

mining Na2o content. 

~' 
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X-Ray Spectrometry 

X-Ray spectrometry is specially adequate for the determind

tion of the contaminating components of the alumina. It seems 

to be expedient to carry out the determinations on compressed 

pastille samples, as the concentration of the contaminating 

components is low. This technique is suitable for measuring 

Si0
2

, Fe
2
o

3
, rio

2 , cao, zno, v2o 5 , soJ" The relative error of 

the method is about 2-5 %. SodiUJ? 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 accurac~' than with tl«: wet assay :netl-\od .:-a:"". be 

achie,1ed when measuring the direct Al 2o 3 content of al1;::,;n3 ii 

beads, fused with Li
2
s

4
o

7
, are used. Relative ~rror as s~~ll 

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