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1. INTRODUCTION 

GENERAL ASPECTS OF THE LABORATORY PRACTICES 

The present volume car.. be considered as a continuation 

aud complement of -the study "Analytical Methods for Testing 

Bauxite, Alumina and Intermediate Products" (UNIDO/ITD. 171.) 

published by UNIDO in 1973. The material o~ the practices is 

based on the knowledge of the first seven volumes of "Group 

Training in Production of Alllillina, 19"/9'·. 

At compiling the laboratory practic~s the aim was to de­

monstra te the most important instruments, measuring and 

evaluation methods needP.d to bauxite evaluation from the 

point of view of Bayer process, taking into consiceration that 

the chemical analyses, the mineralogical, petrolcgical and 

physico-chemical investigations should have their share beside 

the t~chnological investigations, corresponding to the prin­

cipl8s laid down in Volume 6, just as an up to date technolc­

gical evdluation can not be imagined without using modern 

material science investigations. 

Laboratory methods applied to technological evaluation 

of bauxites can be classified into the following three groups 

from the view-point of their general use and standardization: 

1. International standardized methods (ISO standards) 

2. Standards and evaluating m~thods accepted between 

different countries or companies (naticnal standards) 

3. Non standardized methods used by certain companies in­

doors. 
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It is evident that in the first place the chemical ana­

lytical methods used for quality control of raw material 

(bauxite) and com."Ilercial product (alumina) are prescrib~d in 

iLternational standards. The application of certain quality 

control methods is usually layed down in the quality require­

ments of commercial contracts. 

For the technologjcal investigations and for some mi­

neralogical (quantitative phase analysis,electronic ray 

methods) and physico-chemical investigations, not only the 

standards but the detailed review of the methods, too are 

missing from the literature. 

The reason is that beside the difficult standardisation, 

these methods have mostly a "Know how" character. 

We tried to collect the laboratory practices in a lcgi­

cal order and to give s11ch a detailed descripticn that the 

secondary school qualified staff of a target-laboratory being 

established in any country could master them. 

The theoretical principles of the measurements are 

described in the previous volumes, so we disregard thei~ 
repetition. 

----



I 
2. X-RAY DIFFRACTOMETRY (XRD) 

PRINCIPLES 

The X-ray dif fractometric phase analysis of powder mixtures 

is based on two independent principles: 

a) An X-ray diffractogram of a phase (peak positions and 

relative in~ensities) is uniquely characteristi~ for it. 

This allows a qualitative phase analysis. 

b) I .. , the integrated intensity of the j-th line of the phase 
l.J 

· i relates to its weight fraction (x.) according to the 
l. 

equation 

I ... = 
l.J 

K .. x. R .. 
l.J l. l.J 
3 i µT 

( 1) 

where: 

K.. is a coPstant depending on the characteristics 
l. J 

of the apparatus, the X-ray wavelength anc ~he 

structure of component i, 

is the densi t~' 0f component i, 

the mass absorption coefficient of the specimen 

including component 

While µT depends on 

i, i.e. µT 

x., I .. is 
l. l. J 

pertional to x .. The deviation 
l 

as "matrix effect". 

=Lx. µ .• 
) J 

not strictly pro-

is usually referred 

R.. is the relative intensity of the j-th line in the 
1. J 

units of the strongest one. 

The various methods of X-ray diffractometric phase analysis 

all use different forms of cq. ( 1) . 
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ABSOL~TE INTENSITY METHOD 

When only one component is sought and its measured in­

tensity is referred to a scale corresponding to pure component 

i, eq. (1) has the following form: 

I .. /I .. (x.=1) = ul../uT x
1
. 

l.J l.J l. 
(2) 

where only uT is unknown. 

Depending on the difference between the mass absorption 

coeificient of the phase i and the remaining part of the 

sample convex, concave or straight calibration curves are 

applied. This Ftethod needs numerous, complex and variable 

calibration for multicomponent systems, so it is not worth 

applying in that case. However, it is the fa.stest method for 

deter~ination of alpha corundum content of aluminas. The mass 

absorption coefficient of ~iiferent aluminas is very close to 

each after, thus the calibration curve is a straight line. 

INTERNAL STANDARD METHOD 

The absorptive characteristics of the sample can be 

dropped out from eq (1) relating I .. to the 1-th line inten­
i J 

sity of the phase s, Isl: 

K .. J x. R .. 

I l.] s l. l.J 
I..Il=K R 

l.J s sl Ji xs sl 
( 3) 

The common factor uT was cancelled fro~ eq. (3). Components 

is an internal standard to which component i is referred. As 

Kij contains apparative 

K .. (K 1=ki)k , where k 
l.J s s s 

parameters as mul tiplyi1~q factors 

depend only on the phases i and s. 

The k factors are usually referred to as intensity conversion 

factors (ICF-s). If one has a calibration curve: I .. /I 1 versus 
l. J s 
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x./x , it is necessary only to mix the sample with a known ]. s 
amount of the standard and measure the relative intensities. 

The weight fraction of the phase i can be read from the ca­

libration curve. As the absorption coefficients have been 

eliminated, eq. (3) always presents a straight calibration 

curve which can be characterised by its slope. It is some­

times more advantageous to d~lute the specimen with known 

amount of the component, whose concentration is to be de­

termined. In this case the amoun~ (anJ even the identity!) 

of the standard compone?".c s need not be known ("solution 

with unknown method"). The intercept of the line fitted to 

the relative intensity versus added-unknown-points with the 

axis of added unknown gives the fraction of the unkn~wn com­

ponent in the original sample. 

QUANTITATIVE XRD ANALYSIS WITHOUT STANDARDS 

In the case of n unknow~. component in the specimen, one 

has at least n equations of type (1), but only (n-1) measured 

relative intensities and equ~~ions of type (3). Only if the 

qualitative analysis is complete, one has a normalisatio:1 con­

dition for concentrations:~x.=1, which can be use& for n-th 
J J 

equation. The solution of the linear equation system has d 

symmetrical form: 

:En ~ )-1 
j=1 k. 

J 

(4) 

COMPLEX PHASE ANALYTICAL METHOD FOR BAUXITES AND RED MUDS 

All methods mentioned above require ~he knowledge of the 

calibration curves or ICF-s, or at least samples from the pure 

unknown component with the same ICF as in the sample. In case 

of minerals, and e~pecially of bauxites, a very wide distribu­

tion of ICF-s was found, depending on the geohistory of the ore. 
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The sa~e is valid for the technological materials of different 

processing. The best in this case is to minimize the role of 

ICF-s in the phase analysis. The computer version of this al­

goritt1m is detailed in the theoretical lectures (Vol. 4., 
Chapter 2. } . 

The purpose of this test is to introduce in the different 

methods and problems of XRD (sa~ple preparation, se!ection of 

optimum measuring parameters of the diffractometer, etc.), 

qualiLative c. .• d quantitative evaluation of diffractograms of 

artificial mixtures, 3nd application of the complex method for 

bauxite phase analysis, to check the tehcnological steps by 

qualitative evaluation of red muds, and to qualify aluminas 

by quantitative determination of their alµia corundum content. 

EXP=RIMENTAL PART 

SAMPLE PREPARATION 

Specimens are made from the ground sample (having a 

particle size of less than 63 1um by a hand press in a thin 

alur..inium sample holder (Fig.8.1). Put a piece of abrasive 

paper on the press tool and fit the sample holder on the metal 

peg. Powder the sample on the rough surface of the abrasive 

paper an1 smooth it with the spatula. Lay it on the counter­

par~ of the press tool, slip the whole tocl into the press 

~nd tighten it. Open the press and the tool and cover the back 

of the sample by a flexible cover-plate. Slip the sample holder 

into the magazine and crack it in cautiously (Fig. 8.2). 

Make a record of the sample position and identity, fill in the 
form. 

DESCRIPTION OF THE DIFFRACTOMETER SET-UP 

The bl0ck diagram of a conventional XR diffractometer can 

be found in the Chapter 2. of vol.4 (see figure 4.14). 
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Our XRD equipment is based on commercial Philips units, but 

i~ has been modified to make serial measurements comfortable. 

A quick return motor has been mounted on the goniometer 

(Fig. 8.3. ), the chart motion and low angle start of the 

goniometer has been syn~hronised so that th~ half degree 

markers conincide with the thick lines of the recorder paper 

(Fig. 8.4. ). Additionally a sample selector unit is connected 

to the automatic Philips sample changer. Two scalers are 

mounted working in a flip-flop mode not to waste counts during printing 

~ime. The printer is replaced by a paper tape puncher to pro-

duce diffractometric data for direct evaluation by a computer. 

PREP~P....~TION OF THE DIFFRACTOMETER FOR MEASUREMENT 

Switch on the X-ray generator, the goniometer supply, 

the sample changer control unit, the sample selector unit, 

the high voltage supply of the scintillation detector, the 

scaler the ratemeter and the counter control unit. Turn on 

the tap of the cooling water of the generatoL and the X-ray 

tube. After one minute waiting, turn the h.v. switch of the 

generator to the left, and then slowly, gradually turn it to 

the right, up to 44 kV. ?hen turn the tube current up to 

22 mA. These are the normal operating parameters of our X-ray 

tubes. 

Insert the filled magazine into the sample changer and 

mount on the g8arg appropriate for the chosen goniometer speed 

(the po:rnible combinaticns are :narked in a table on the gonio­

meter). Position the angular limit stops by loosing and tigh­

tening the curled screws L (lower limit) and u (upper limit) 

seen on the Fig. 8.3 • Position the upper side of the vertical 

limit stop of the sample changer to the groove corresponding 

to the highest number of sample in the magazine wanted to be 

measured in the same run. Position the time constant switch 

Of the ratemeter tO the highest Value ('t) I Which Satisfies 

the condition: 
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sx't=4 (5) 

wheres is the goniometer speed (degree p~r mlnute),'l: is the 

time constant of the ratemeter in seconds. This condition 

guarantees that peaks w~ll not be overintegrated on the record. 

The recording may be started by pushing the "START" button on 

the front panel of the sample changer control unit. Then open 

the X-ray gate 3 by pushing the button 3 on the generator panel 

after turning the selectort switch under it to the position 

"rv". Now the diffractometer set-'!.lp is ready for operation. 

CAUTION! 

The X-ray radiation is dangerous for the human body, es­

pecially for the eyes. Please, do not touch the radiation 

protection between the X-ray tube and the detector. In normal 

use the equipment is radiationproof. 

EXERCICES 

QUANTITATIVE DETERMINATION OF THE ALPHA-CORUNDUM CONTENT 

OF AN ALUMINA SAMPLE BY THE ABSOLU'l'E INTENSITY METHOD 

Prepare four paralel samples from the material and use the 

100 % alpha-corundum standard (available in the laboratory) as 

reference. For the sake of simplicity, put the standard sample 

into the position 1 of the magazine. Starting the measurement 

the way describ0d above, take a short record of the reference 

sarple from 23 to 28° (in 28) with 1°/min. of goniometer speed. 

The proposed sensitivity: 1x103 cps. Find the line of =orundum 

(a 75 % line with 012 Miller indices) at 28-25.6°. Position the 

lower angle limit stop slightly below 24° and mount the gears 

on appropriate for 0.5°/rnin. goniometer operation. Switch on 

the printer and turn the pre3et count switch of the scaler tooo. 

Preset the measuring time to 100 sec on the timer PW 4261. As 

soon as the sample has moved in, start the scaler. When it has 

stoped, reset it and preset the measuring time to 200 sec. 
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After ~his measurement count backg~cund for 100 sec again. 

When the next sample has moved in, repaat Lh~ whole procedure. 

The pr.inter automatically reads out the scaler when it has 
stoped. 

Evaluation 

The sum of the two counts measured for 100 sec (back­

grounG values) are to subract from the count measured for 200 

sec to obtain the integrated intensity (I) of the corundum 

peak (see Fig. 8.5.). The ratio of this with respect to the 

integrated intensity (Ist) of the standard (100 % alpha-corundum) 

gives the fraction of alpha-corundum in the sample. 

The statistical error in the concentration 

is usually less than the reproducibility error in the sample 

preparatioo. calculate the averase and the e.'Tpirical standard deviation of the 

conmdum content for the four parallels by p:>cket calculator P'fK 1030. 

Please make notes of the parallel concentrations, the avera~e, 

as well as the statistical and standard deviations. 

QUANTIATIVE DETERMINATION OF HEMATITE IN AU UNKNOWN 

MIXTURE OP HEMATITE-SYLVITE (KCl) -CORUNDm~ BY THE 

"SOLUTION WITH UNKNOWN METHOD" 

The unknown mixture (sample "U") with x weight per cent 

hematite and two additional samples with x+20 and x+40 weight 

per cent hematite content are available. 

Study the diffractograrn of the unknown (chart available). 

Mark and identify the lines of hematite, corundum and sylvite. 

(Tables are available in the laboratory.) Select the shortest 
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SEC 

Fig.8.5 

DETER Ml NATION OF THE ALPHA-CORUNDUM 
CONTENT 

THE JOINT AREA CJ= THE HORIZONTALLY STRIPED TRAPEZOIDS 

IS EQUAL TO THAT OF THE VERT! CALLY STRIPED 
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29 interval in which all three phases have a single, nonover-

lappi~; peak with a pretty high (>30 ?er cen~) relative inten­

sj~y. Set the angle limits and take a 0.5°/min. record of the 

three !;amples ("U", "U+20", "U+40") in the angle interval 

chosen. 

Evaluation 

Determine the integrated intensities of the peaks supposing 

a linear background and estimating the area of the peaks by 

that cf an approaching triangle (see Fig. 8.6.). For the rel­

ative inten~ities of the chosen line of hematite with respect 

to the chosen line of the standard, the hematite content of the 

sample is to be determined by the method described in para 

Internal standard method. 

QUANTITATIVE DETERMINAT!ON OF ALL THE THREE PHASES IN 

SAMPLE "U" WITHOUT STANDARDS 

Determine the further necessary peak intensities from the 

record of the sample "U" by the trianqle method. Take the 

standard intensity conversion factors (relating to c~rundum) 

from the JCPDS Index and use the formula (4). 

STARTING AN AUTOMATIC SIMULTANEOUS CHART AND PUNCH 

TAPE-DIFFRACTOGRAM PREPARATION OF A BAUXITE SAMPLE 

Set the lower angle limit to s0 and the upper one to 46°, 

mount on gears for 0.25°/min. operation, switch on the flip­

-flop mode scalers and the tape puncher. Select the sensitivity 

as 1x10
3 

cps and an appropriate time constant for the ratemeter, 

and start recording. The automatic data collecting system pre­

pares the records in an all-night operation. 
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Fig.8.6 

DETERMINATION OF INTEGRATED INTENSITY BY THE 
TRIANGLE METHOD 

-- ____ ' _'9'; 
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QUANTITATIVE .\NALYSIS OF A RED MUD DIFFRACTOGRAM BY 

MEANS OF THE TABLES AND FILES AVAILABLE. IN THE LABORATORY 

Mark and try to identify the peaks on the chart and make 

a note of the phases present in the sample. Focus attention to 

the retained aluminium phases and silicates beside the main 

red mud phases. Make use of the knowledge of the technological 

steps (for example lime addition, if any) and data of the 

chemical analysis available. 

QUANTITATIVE PHASE ANALYSIS OF THE BAUXITE SAMPLE 

(MEASURED PREVIOUS NIGHT) BY THE COMPLEX METHOD DESCRIBED 

IN CHAPTER 2. OF THE VOL.4. 

1. by a "hand evaluation" of the record 

2. with the aid of the HP 9830A desc calculator 

(demonstration) 

The follo~1ing steps of the evaluation are necessary along 

the lines of exercices 1-5: 

a) Complete qualitative analysis making use of the dif­

fractogram chart by means of tables available. 

b) Determin~tion of the line shifts (due to foreign atom 

subs~~tutuion) of goethite, hematite (and to diaspore, calcite 

or siderite if any) hy f~tting the anatase 110 line to the 

riqht position (29 = 25.3°). Correction of the composition ac­

cording to the calibration curves (line shifts versus mole per 

cent of the isomorphous substitution) available in t'.rn labora­

tory. 

c) Determination of the integrated intensitie:3 of the 

main lines of the phases in the sample by the trianqle method 

and correction for overlapping with the help of the tables of 

relQtive intensities. 

d) The distribution of oxides for the phases according 

to the chemical composition of phases (Table 8.1) making use 
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Table 8.1 

CHEMICAL COMPOSITION OF THE PHASES IN OXIDE PERCENTAGES 

Al203 Fe2o 3 
Si02 Ti02 cao MgO FeO P205 Mn304 co2 Na20 L.O. I. 

% % % % % % % % % % % % 

Hematite 1.0 100.0 0 0 0 0 0 0 0 0 0 0 

Boehmite 85.0 0 0 0 0 0 0 0 0 0 0 15.0 

Cancrinite 32.8 0 38.6 0 0 0 0 0 0 0 26.6 1. 9 

Scrlalite 32.8 0 38.6 0 0 0 0 0 0 0 26.6 1. 9 

Pero.vskite 0 0 0 58.8 41.2 0 0 0 0 0 0 0 

Goethite 1.0 89.9 0 0 0 0 0 0 0 0 0 10. 1 

Corundum 100.0 0 0 0 0 0 0 0 0 0 0 0 

Gi.bbsite 65.4 0 0 0 0 0 0 0 0 0 0 34.6 CD 
I 

Dias:p:>re 85.0 1.0 0 0 0 0 0 0 0 0 0 15.0 ~ 

Kaolinit 39.5 0 46.5 0 0 0 0 0 0 0 0 14 .o U1 

Portland 0 0 0 0 75.7 0 0 0 0 0 0 24.3 

ca-alurrinate 30.9 0 1.0 0 36.4 0 0 0 0 0 0 32.7 

Na-titanate 0 0 0 56.3 0 0 0 0 0 0 43.7 0 

Ilmenite 0 52.6 0 52.7 0 0 47.3 0 0 0 0 0 

Siderite 0 68.9 0 0 1.0 1.0 0 0 0 31.1 0 38.0 

Magnetite 0 103.5 0 0 0 0 0 0 0 0 0 0 

Lithio[hillite ·2s.3 0 0 0 0 0 0 0 56.8 0 0 17.9 

Magnesite 0 0 0 0 0 47.8 0 0 0 52.2 0 52.2 

Anatase 0 0 0 100.0 0 0 0 0 0 0 0 0 

calcite 0 0 0 0 56.0 1.0 0 0 0 44.0 0 44.0 

L'olanite 0 0 0 0 30.4 21. 7 0 0 0 47.7 0 47.9 

Quartz 0 0 100.0 0 0 0 0 0 0 0 0 0 

Ru tile 0 0 0 100.0 0 0 0 0 0 0 0 0 

Pyrite 0 66.7 0 0 0 0 60.0 0 0 0 0 33.3 

Maghemite 0 100.0 0 0 0 0 0 0 0 0 0 0 

Crandalli.te 33. 1 0 0 0 12.1 0 0 41 • 1 0 0 0 13.7 
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of forrnule (4). The relaLive intensity conversion factors and 

their standard deviation are given in the Table 8.2 (see. 

Chapter 4., too.}. The evaluation is helped by standard forms 

with the main bauxit components (Fig.8.7). 

e} Recalculation of the phase composition with modified 

relative intensity conversion factors (but inside the interval 

marked in Table 8.2) starting from the point d} if the L.O.I., 

or the sum of the phase percentages significantly deviates from 

the values measured chemically. Summary of the results of the 

phase analysis in a table, marking also the modifi3d composition 

of phases due to isomorphous substitution. 

Take part on the demonstration of cvmputer version of 

the phase anali ti cal method descri lJed above ( 1 hour) . 

I 
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Table 8.2 

INTENSITY CONVE~SION FACTORS, THEIR STANDARD 

DEVIATION AND THE RELATIVE INTENSITY CONVERSION 

FACTORS 

Phase nar:te ICF St.dev.of ICF 

Hematite 2.6 1 

Boehmite C.1 

Cancrinite 1 1 

Sodalite 1 1 

Perowskite 1 1 

Goethite 2.7 0.9 

Corundum 1 1 

Gibbsite 0. 9 0.2 

Dias pore 1 0.2 

Kaolinite 5.4 1. 5 

Portland 1 1 

Ca-alumin::ite 1 1 

Na-titanate 1 1 

Ilmenite 1 1 

Siderite 0.3 o. 1 

Magnetite 1 1 

Lithiophillite 4.9 1 

Magnesite 1 

Anatase 0.3 0. 1 

Calcite o. 4 0.2 

Dolomite o. 4 0.2 

Quartz 0.2 0. 1 

Ru tile o. 4 0. 1 

Pyrite 0.6 o. 2 

Maghernite 1 1 

Crandallite 5 2 

RICF 

1 

1 

1 

1 

1 

1. 2 

1 

1. 2 

1 
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3. ELECTRON OPTICAL INVESTIGATIONS 

THE MORPHOLOGICAL INVESTIGATION OF ALU?>!INA HYDRATES AND BAUX­

ITES BY SEM 

THE PURPOSES OF THE EXERCISE 

SEM is a very useful tool to study the rnorphol~gical featu­

res of bauxite~, alumina hydrates and alumina. The purposes of 

the exercise are the following: 

1. Taking of some charactaristic photographs about a 

sandy and a floury type alumina hydrates. 

2. Comparison of three selected bauxite samples accord­

ing to the following points of view: 

a) typical grain size 

b) space filling 
c) morphology of individual crystals contained in the bauxite 

samples. 

3. Evaluation of some pictures of sandy and floury 

alumina hjdrates investigated earlier. Making a table as shown 

hereunder: 

Type of the alumina hydrate: sandy 

Largest size of agglomerates: about 160 1urn 

Smallest size of agglomerates: about 20 1um 

Smallest size of individual crystals: about 1 1urn. 

Characteristic features of single crystals: some wavelike 

crystal faces, step-like growing faces. 

(Comments: these features can be: smooth or wavelike crystal 

faces,etched pits, growing defects, secondary crystals, twins, 

layered growing crystals) • 
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SHORT DESCRIPTION OF THE SEM TO BE USED IN THE EXERCISE 

Our SEM is a JEOL JSM-U3 type with about 20 nm resolu­

tion power in secondary electron mode. The most important 

parts of the instrr nent are the following~ 

1. Body of the microscope: contains an electron gun 

with a directly heated hairp:i.n-like volfram filament and a 

Wehnelt cup with an anode; two condenser lenses with two con­

densei apertures to demagnify the image of the filame~t; an 

objective lens with an objective aperture to focus the beam 

onto the surf ace of the specimen; coils to scan by the finely 

focused electron beam on the surface of the specimen; a 

detector for secondary electrons: this is a photomultiplier 

with a collector plate; a detector for collecting X-rays 

generated by the high-energy incident electrons and a spec­

imen holder with a goniometer which can be operated from 

outside of the column. 

2. Evacu~tion system: it is connected to the body of 

the microscope. This system contains highly efficient oil­

-diffusion and rotary pumps to get and maintain about 

5 x l0- 5 torr (6.65 x lo 3Pa) vacuum inside the column. 

3. Power supply and electronic units: by means of 

these units the microscope can be supplied with the appro­

priate accelerating voltage (from 5 kV upto 50 kV) and the 

currents of the lenses can be set, further the brightness 

and the contrast of the two cathode-ray tubes can be c.:on­

trolled. 

SHOR'1' D:C:SCRI:?TION OF THE J!::E-4B/4C VACUur: EV.T\..POP.ATOR 

This instrument has been designed for the preparation 

of specimens to be observed by electron microscopes, es-
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pecially SEM-s. The most important parts of the instr-..iment 

are the following: 

1. Bell jar: it is furnished with two independent elec­

trode-pairs for evaporation of two different kinds of ffietals 

or a metal and carbon. There is a cartridge for eighteen 

specimens of 12 mm diameter. This specimen holder can be 

tilted and rotated to evaporate the materials uniformly onto 

all the specimens. 

2. Vacuum system: contains a highly efficient oil­

-diffusion pump and a rotary pump to get and keep the vacuum 

at about 1 x lo-5torr (1.33 x l0-3Pa). There are valves 

which must be operuted manually, therefore the operator must 

take care to follow the operating sequence. 

3. Power supply unit and vacuum meters: there is a 

torroid transformer to heat up for example the volf ram basket 

for evaporation o~ gold or copper. If the vacuum in the bell 

jar is higher than lo-2 torr (l.33Pa) it can be measured by 

an ionization type vacuum meter. Below this pressure a glow 

discharge tube can be applied. 

THE OPERATING SEQUENCE OF THE SEM EXERCISE 

1. Preparation of alumina hydrates and bauxites: 

Take copper sample holders and paint them with a small 

quantity of "carbon black" to make good contact between the 

holder and the sample. By means of tweezers spread small 

quantity from the alumina hydrate taking care to cover the 

holder uniformly. In case of a bauxite sample first take a 

piece of appropriate size and put it on the sample holder 

(painted by carbon black) with the freshly broken surface 

outwards. Put the samples into the bell jar of the evapora­

tion instrument, put the sharpened carbon rods on their place 

between two electrodes, then a gold wire of a few mm length 

----~ 
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into the W basket. Close the bell jar and evacuate the system 

to about 1.33 x lo- 3Pa. First evaporate carbon with 40 to 50 A, 

afterward gold by about 30 A (in th.ts latter evaporation take 

care to the slow increase of the heating current upto the 

required value: o~i.-_erwise gold can splash from the basket} . 

2. Examination of the samples by the SEM: 

Put the hydrate specimen into the specimen holder of the 

JSM-U3. Set the accelerating voltage to 25 kV, the switch of 

PMT to "5" and the emission current to about 10-loA. First 

examine tl.e specimen on the TV screen looking for the charac­

teristic shapes of the agglomerates and individual crystals. 
-11 -12 Then decrease the sample current to about 10 to 10 A by 

setting the condenser lens-~witch to a larger value, then take 

photographs of the characteristic grains, individual crystals 

and defects taking care to the brightness and the contrast 

of the pictures. In order to take pictures put the scanning 

time to 50 sec, the blende of the camera to 5.6. Use Crwo 20 

type black and white film to take pictures. In order to study 

the grain-size distribution of the hydrate sample, take pic­

tures with lOOx magnification: i.e. from about 1 1um
2 

area. 

For examining of the space filling of the hydrate-agglomerates, 

take photographs with lpOOx or 300x magnification depending 

on the sizes of the agglomerates. In order to study fine 

structure of the surfaces of individual hydrate crystals, 

take pictures with lQOOOx or 3qooox magnification. 

In case of bauxite samples the best method is to make 

series of pictures taken with different magnifications about 

- some characteristj~ features. 

Sununary of the exercise (handing in measurements in the 

prescribed form} 

At the end of the exercise a short report has to be 

written about the characteristic features (see the starting 

par of this exercise} of the two different types of alumina 

hydrates in the form of a table and about the typical 

morphological details of the selected bauxites. 
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EHERGY DISPERSIVE ANALYSIS OF BAUXITE SAMPLES 

THE PURPOSES OF THE EXERCISE 

The energy dispersive spectrometer measures X-ray energy 

directly producing a spectrwl~ of counts versus energy. 'I'he 

X-rays are excited by the interaction of incident high-energy 

electrons with the sample. 

The purposes of the execise are the following: 

1. prepare bauxite specimens suitable for ED analysis; 

2. qualitative deb~rmination of the elements present in 

:JnE: selected bauxite sample by making ED analysis :!:irst on a 

larger area, after in some "points"; 

3. making maps of one selected element (for example Fe) 

about a few parts of the selected bauxite. Comparison to the 

morphological features. 

SHORT DESCRIPTION OF THE INSTRUMENT TO BE USED IN THE 

EXERCISE 

The most important parts of our energy dispersive micro­

analyzer produced by EDAX (model 711) are the following: 

1. Silicon detector: this is operated at liquid nitrogen 

temperatures to reduce the dark current and thermal noise 

and permit the accurate measurement of the very low currents 

caused by X-rays. The charge collected by the detector is 

very small since only a few hundred or thousand electrons are 

produced by each X-ray. It is amplified and filtered. In­

tegration of the signal is used to produce a train of pulses. 

Each pulse lasts several microseconds, to average out elec­

tronic noise and allow precise measurement of its height 

which is proportional to the energy of the X-ray that pro­

duced it. 
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2. Multichannel pulse-height analyzer: is a special 

purpose computer which is used to measure and store the above 

men'tioned pulses in a spectrum. Our multichannel analyzer 

has 800 channels which are divided into two memories of the 

unit. 1'he analyzer is connected to a DISPLAY to show the 

spectrum (like as shown in Fig. 8.8). The analyzer is attached 

to an X-Y recorder (PM 8141) to record the spectra. 

3. Nova-3 computer: is applied to carry out e.g. the 

substraction of the background, stripping of the elements, 

calculation of the intensity of the elements, quantitative 

analysis making corrections for the atomic number, absorption 

and fluorescence effects etc. The computer is connected to a 

dual floppy-disc system. 

THE SEQUENCE OF THE EXERCISE 

1. Preparation of the sample: 

Embedding: for cold mounting an epoxy type resin is used. 

The two components are mixed then filled around the sample 

being in the aluminium ring. 

Grinding and polishing: the procedure is long and tedious 

and extreme care must be taken during the later stages since 

it is very important to produce flat, smooth surfaces. Three 

steps have to be applied: course grinding with an alumina 

suspension type C (grain size: 1 
1

um) , then with another 

suspension type A (grain size: 0.3 1urn), at last with mag­

nesia suspension No. 40-6440-018 produced by Buehler. 

Evaporation of gold onto the surface of the specimen: see 

previous exercise. 

2. Examination of bauxite sample by ED microanalyzer: 

Switch on the multichannel analyzer ann computer and 

put the two floppy discs into the diskette drive unit. Place 

your specimen into the sample holder of the JSM-U3 SEM. 

Set the accelerating voltage to 25 kV, the emission current 
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Fig.8.8 

THE ENERGY DISPERSIVE SPECTRUM OF A SELECTED 
AREA FROM A BAUXITE ORIGINATED FROM GHANA 
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First examine the sample on the TV 

screen looking for the characteristic features of the baux­

ite. Check the co·unting rate, choose 100 sec time for analysis 

and the energy-range from OKeV upto 16KeV and start with the 

analysis about a characteristic area of the specimen. During 

analysis use the "Sample !dent." push-button for identifica­

tion. Load the operating system (DOS 32) using any of the 

EDAX-supplied masters. When the analysis is ready, use the 

following program commands: Al (ENTER from analyzer), Bl 

{STOHE spectrum on diskette) and A4 (STRIP element) in order 

to get the net peak area for the selected element. Choose a 

single crystal situated in the selected area and analyse by 

a "point". To do this switch on the scanning mode switch to 

point and compare the recorded spectra to the earlier. Make 

some similar analysis about some selected areas and "points" 

and compare the elemental compositions. 

In order to make map of an element set the "Sample 

!dent." push-button to the required element and choose an 

appropriate window for the element. Set the scanning time 

to 50 or 100 sec put the wire of the 352 Ratemeter to the 

plug Jll and take out the wire of the photomultiplier from 

the plug J9. Make pictures from a few selected element­

-distributions and compare them to the morphological features 

of the bauxite. 

Summary of the exercise (handing in measurement in the 

prescribed form) 

At the end of the exercise a short report has to written 

about the comparison between morphological features and 

elemental distributions. The report has to contain the photos 

of the morphological features, the results of element stripp­

ing programs and maps of the selected element distributions. 

---~-~' 
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4. INFRARED AND THERMOGRAVIMETRIC INVESTIGATION 

INFRARED SPECTROPHOTOMETRIC INVESTIGATION OF BAUXITE AND RED 
MUD SAMPLES 

PURPOSES OF THE EXCERCISE 

As mentioned in Volume 4., infrared spectrophotometry is 

a useful method to study the main minerals of different types 

of bauxites, on the ~asis of vibrational and rotational states 
of the molecules. 

The purposes of the inf rared spectrophotometric exercise 
are the following: 

1. Qualitative and quantitative determination of boehmite, 

giobsite and kaolinite in case of a Hungarian bauxite 

sample, by means of a ready calibration curve. 

2. To get acquainted with the possibilities of the infrared 

spectrometric method for investigation of the main 

phases of the red mud obtained from che examined bauxite. 

INSTRUMENT TO BE USED IN THE EXERCISE 

The instrument to be used in the exercise is ~ double-beam, 

perfectly automatized, UR 20 /produced by Zeiss, Jei1a/ infrared 

spectrophotometer. It is working in the analitical wave-number­
-! 

range: 400-5,000 cm . Basic parts of the spectrop:1otomcter are: 

1. Sou1ce of radiation is made of a 6-8 mm diameter silicon 

carbide rod. Because of strong em1~3ion of the radiation 

source, water-cooled jacket is applied. 

2. Monochromator: there are t~=G~ prisms in the monochroma­

tor permitting spectral resolution. The prisms must be 

made of materials admitting infrared radiation in the 

given range and the dependence of their refractive in­

dices on the frequencies should be adequate. According 
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to these two requirements different prisms must be used 

in different ranges of spectra. In case oi our instru­

ment, KBr /400-850 cm-1/, NaCl /700-~000 cm-1/ and LiF 

/~600-~000 cm-1; prisms are applied. Because of the 

hygroscopic nature of alkaline halides, the monochroma­

tor is climatized to 35 °c and dried silica gel is used 

for the protection of prisms. 

3. Detector is a thermocouple. 

4. Recorder: the registration takes place on a paper coated 

by wax. The wave-number absorbance sc1le is plotted 

simultaneously with the spectra. 

THE SEQUENCE OF MEASUREMENT 

To carry out infrared spectrophotometric measurement first 

we have to make the samples suitable for the investigation. Our 

samples are pellets and spectroscopically pure KBr produced by 

Merck can be applied to make pellets. KBr must be dried for 

4-5 hours at about 110 °c before using. KBr to be applied in the 

exercise will previously be dried (i.e. the participants get 
0 dried KBr) . The bauxite has to be dried also at about 110 C, 

then to be cooled in a dessicator. 1.00 gr dried KBr is weighed 

in dn analytic balance and 1.5 mgr from bauxite to be examined 

has to be weighed and added to KBr. The participants get dried 

and weighed bauxite and they have to homogenize it in an agate 

mortar. The homogenized KBr-bauxite mixture is placed into the 

mould assembled in the exercise and pellets have to be made by 
2 means of an air-hydraulic press at 150 kp/cm . 

After the sample preparation 

meter by the main switch, then we 

slit program: 

aperture: 

registration rate: 

registration paper rate 

running-up time of the pen: 

we switch on the spectrophoto­

set the following parameters: 

4 

8 

64 -1 cm /min 

10 rrun/100 cm -1 

16 sec/0-100 %/. 
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The next step is to put the pellet with-bauxite into the 

"sample beam" and the KBr pellet without bauxite into the 

"reference beam", respectively. Then the measurement is started 

by switching the spectrometer knob on. If we also turn on the 

"end of the program" knob, the instrument will indicate the end 

of the measurement by sound of bell. During measurement records 

the IR spectra automatically on the paper covered by wax. The 

ready spectra can immediately be evalu~ted. 

QUALITATIVE AND QUANTITATIVE EVALUATI0N OF IR SPECTRA 

Among the bauxite mine·:als boehmite, gibbsite, diaspore, 

kaolinite and goethite can easily be investigated by IR spectro­

photometry. The possiblity of IR spectrometric determination of 

the other accompanying minerals /for example: calcite, dolomite, 

pirite, hematite/ is precluded due to different reasons. These 

reasons can be: absorption band of some minerals is not intensive 

enough or their small intesity bands are disturbed by the more 

intensive bands of other phases. 

In our domestic samples diaspore can not - or only in a 

very small quantity - be found, therefore, the characteristic 

IR absorption bands of boehmite, gibbsite, kaolinite and goethite 

can be studied. The characteristic frequencies of frequently en­

countered bauxite minerals are the following: 

boehmite: 750, 

gibbsite: 755, 

kaolinite: 750, 

3700 

goethite: 800, 

1080, 1155. 3100, 3290 cm- 1 ; 
-1 800, 840, 975, 1030, 3455, 3540, 3625 cm 

790, 918, 940, 1015, 1039, 1110, 3628, 3658, 
-1 

cm ; 

897, 3130 
-1 

cm 

It can be seen from these data that there are overlapping 

absor?tion bands, therefore, the spectra can be evaluated by 

some difficulties. According to this it is useful to make iden­

tification of th~ phases by means of the vibrational bands of 

0-H groups. 
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In IR spectra of red mud samples the most important absorp­
tion /extinction/ bands are the following: 

5 6 0 t 6 2 5 t 6 BO t 7 4 0 sodalite: 

cancrinite: 

goethite: 

boehmite: 

carbonates: 

460, 
-1 990 cm 4 6 0 t 6 2 5 t 0 80 t 

Boo, 900 cm- 1 ; 

1080 t 3100 I 3290 

1475 cm- 1 • 

-1 cm 

-1 cm ; 

In this case the evaluation is also difficult according to 

the overlapping bands of some phases. However, the identifica­

tion of goethite by means of its absorption band at 800 cm-l can 

be more easily carried out in case of red mud than in case of 

bauxite. From the spectra of red mud it can be seen /checked/ 

whether some boehmite remained undigested in the sample. Carbon­

ates can well be identified by their band at 1475 cm-1 . In order 

to determine a given phase quantitatively, a band of the phase 

must be chosen which is not disturbed by the other bands of dif­

ferent phases. Such specific analytical bands can be the follow­
ing: 

in of boehmite: 3100 -1 case cm 
in of gibbsite: 3455 and 3530 

-1 case cm 
in of kaolinite: 3700 

-1 case cm . 

The most intensive bands of goethite have small intensities 
at -1 -1 

BOO and 900 cm , respectively, and the band at 900 cm is 

highly disturbed by some other aluminium-minerals. In a red mud 

where these disturbing phases are not present goethite can well 
be identified. 

In order to make quantitative analysis in IR spect1a ab­

sorbances (A=lg I /I) /it was known as extinction in the earlier 
0 

literature/ of the characteristic analytic bands at the maximums 

of the bands can be determined using some correction curves. 

Evaluating bauxite or red mud samples with known composi­

tion-calibration curves can be obtained by plotting the absorbance 
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measure at individual a~sorption band of the given phase versus 

the weight per cent of this phase. By means of calibration 

curves the quantities of boehmite, gibbsite, kaolinite /in case 

of bauxite/, and goethite /in case of red mud/ can be calculat­

ed from the absorbances evaluated in accJrdance with the IR 

spectra of the samples. It must be noted that any calibration 

curve can be applied only for sample with a microstructure sim­

ilar to the structure of the sample from '-lhich the calibration 

curve was obtained. It is useful to make calibration curves for 

each bauxite deposit or alumina samples of the plant produced 

by a given technology. 

Summary of ti1e exercise /handing in measurements in the prP­
scr ibed form/. 

At the end of the exercise the short report must contain 

one recorded spectrum about the selected bauxite sample and the 

qualitative and quantit...ative determination of the above mention­

ed phases of the chosen bauxite in form of a table as shown in 

Table 8.3. 
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Table 8.3 

Accu~ate wave-numbers of maximums in the absorption bands de­

tected on the spectrum 
JL-1 -1 1. /cm I 

2. 

3. 

The following phases are present according to the detected ab­

sorption band-maxima 

rnine:~al 
wave-~umber of the stretching band for unambiguos 

identification 

Absorbances of the phases which can be determined quantitative­

ly measured at the analytic band-maxima a· d elemental concentra­

tions calculated by ~eans of the absorbances and calibration 

curves 

phase: 

wave-number of the analytic band: 

Io: 

I : 

concent=ation 

/weight per cent/ 
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DERIVATOGRAPHIC DETERMINATION OF MINERAL COMPOSITION OF 

BAUXITE AND RED MUD SAMPLES 

THE PURPOSES OF THE EXERCISE 

The aim o~ derivatographic measurements of bauxite and red 

mus samples is to get information about their mineral composi­

tion in order to complete the data obtained by other methods. 

According to the above mentioned aim, the purposes of the exer­

cise are the following: 

1. making the derivatogram of one selected bauxite sample; 

2. quantitative determination cf mineral composition of 

one bauxite sample originating from Jamaica by means of 

data obtained from earlier performed wet chemical anal­

ysis, derivatographic and X-ray diffractometric measure­

ments. 

SHORT DESCRIPTION OF THE INSTRGMENT TO BE USED IN THE 

EXERCISE 

Our derivatograph, as mentioned in Volume 4., is working 

according to a method developed by L. Erdey - F. Paulik and 

J. Paulik and was produced by the Hungarian Optical Works. The 

most important parts of the instrument are: 

1. Motor case: this contains one EMG 2895 type A.C. voltage 

stabilizer and one torroid transformer to set the heat­

ing rate to 5 °c/rnin, 10 °c/min or 20 °c/min. 

2. Heating furnaces: the somple can be heated upto 1000 °c 

or 1500 °c, respectively. The special sample holder 

crucible is placed on a porcelain tube. The thermocouple 

introduced through the hole of the porcelain tube has 

its junction in the infolding bottom of the crucible. 

This thermocouple is connected in series with opposite 

polarity with another thermocouple - ~he latter hP.ing 
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inserted into the centre of a second.crucible filled 

with an inert material - Al
2
o

3 
annealed at 1300 

our case. 

o ...... 
.._ in 

3. Balance case: this is attached to the porcelain tube in-

to which the crucible containing the sample is placed. 

This tube is connected to the analytic balance for weigh­

ing the sample. In this case there are three high sensi­

tivity galvanometers: one for measuring the temperature 

of t!'le sample, the other for establishing the tempera­

ture difference between the materials contained in the 

two crucibles, the third for measuring the rate of weight 

loss. One set of weights decreasing the sensitivity is 

placed into this case, too. When the weight changes oc­

curs, a permanent magnet moves freely inside a solenoid. 

4. TG signal converter: here any deflection of the balance 

is converted to an electrical pulse. 

5. Lamps case: a~ approximately homogeneous light emitted 

by a halogen lamp with high radiated power is distribut­

ed to the mirrors of the galvanometers by means of op­

tical fibers. 

6. Recorder: has four channal, each of them is connected to 

one galvanometer. The light signals of the high-sensi­

tivity galvanometers are converted to electronic pulses 

and amplified by an electronic amplifier. These amplified 

pulses are registered by an alternatively moving record­

ing pen. Four curves /T, DTA, TG 3nd DTG/ are recorded on 

a registration paper placed on a drum. 

THE SEQUENCE OF DERIVATOGRAPHIC MEASUREMENT 

The instrument is switched on by the main ~witch. The heat­

ing rate is chosen normally to 10 °c/min. The motor is set to 

100' and the starting voltage to 77 V, respectively. (This value 

was determined by calibration measurement£ carr:a., J out earlier.) 

The TG-signal converter and the halogen lamp we are switched on 

and the galvanometers of the registration unit are set free. The 

- _· _ _:'9 

I 
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sensitivity of the galvanometers is set according to the sample. 

To study bauxites for DTA: 1/10 mV, for DTG: 1/15 mV, for T: 

1000 °c can be set. At the registration unit the sign "T" is put 

to 20 °c. TG signal is set in accordance with the "O" position 

of the balance. 

Weighing the sample is carried out in the balance case 

~imilarly to other analytic balances. Depending on the quality 

of bauxite the weighing is performed to the special platinum 

crucible with knowledge of ignition loss. If the bauxite con­

tains a lot of boehmite, lgr bauxite is weighed, if it has a 

great quantity of gibbsite, less is weighed than in the earlier 

case: about 0.8 gr. In this latter case the offset of the bal­

ance is set to 200 mgr. 

The averaged bauxite milled below 63 
1

um is put into the 

crucible by a spatula. After carrying out the weighing, furnaces 

are fixed to the crucibles. The balance is set free and it is 

necessary to wait for its neutral position, afterward the DTG 

switch is set free. Light signals have to be checked and motors 

of recording apparatus and writing heads have to be switched 

on. Heating unit and the motor of program-disc are switched on. 

The dcrivatogram is ready in 100 min, since the temperature 

reaches 1000 °c by this time. Then the instrument is switched 

off, DTG switch is set off, afterwards the balance is arrested. 

The furnace has to be lifted up a little. The derivatogram can 

be evaluated imrned:i.ately. 

EVALUATION OF DERIVATOGRAMS 

Evaluation is carried out by a so-called complex method. 

This means that wet chemical analysis and X-ray dif fractometric 

data are necessary to the evaluation of the curves cf thermal 

analysis. 
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Temperature-values can be marked by a r~ler on the T 

curve. The temperatures of endothermic or exothermic peaks in 

OTA and DTG curves, respectively, can be read off. Knowing 

these peak-temperatures a qualitative determination of individual 

components can be obtained; these data can be compared with the 

data of X-ray diffractograms (see Table 8.4). 

The quCJ1titative analysis can be carried out by means of 

TG and DTG curves. The starting and ending points of individual 

reactions are marked en DTG curve, then these are pr0jected on­

to the TG curve. The loss of weight /in mg/ of each component 

can be read off the TG curve. Knowing the stoichiometric formula 

and the weighing, the percentual quantity of each component can 

be obtained. For example in case of gibbsite: 

in case of boehmite: 

14 case of goethite: 

and in casP. o~ kaolinite: 

I 
I 
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Der i vatcqraFh le Determ1nat lon of the Mlner.>l Phases <kc.:urring ~lost 

Fre•iuentlz in l'auxites and Red ~uds 

M1ner..1l f1">rmula 
CoMppnent 

lost 

GibLsite Alz03.lH2Q )H20 

!Lchrr.i t e l\! .. ') 
1

.11 20 

t Oi.1::;i.-·:'re) 

K.tol!nitc 

<: 'l 1'"'1 re 

Sud._)~ L tc 

2. ;>11p 

o_r,11p 

i .. ;:z~1ij.;'",t::_· ! . l .. -:-s i01 .. 1 .. 7n 2~ 
1.71120 

C.i-A 1-s i l icate-h;·drate 

2CaO.Al 2o
3
.zsto

2
.4H

2
0 

Peak 
tempera­

tur:e 
oc 

S'I0-610 

76Cr700 

------. -------~-----

c:al·~ium hy•lrnx1ce 

<'.a(OllJ 
2 

520 

lSO 

Te~r-~­

ture 
ranqe 
oc 

l«>-420 

28::>-4-IO 

Table 8.4 

Calc.:ul.~tion formula 

Al 2o
3 

\ = 101.94.G/49.5~5 
Gibbsite \ ~ 156.0.G/49.555 

Alz03 1 = IOl.94.G/l5.o2 

Boehmite \ = 119.%.G/18.02 

Al 2o 2 I = IOl.94.G/36.03 

Sio
2 

1 = 120.12.G/l6.04 

Kaolinite'= 2~8.IO.G/36.04 

re 2n 3 ' = 159. 70.G/18.02 

Goethitc \ = 177.72.G/18.02 

cao \ = 56.03.G/44.0I 

Calcite \ = 100.09.G,'44.0l 

CaOMg<) \ 

Do lo<'li t ... 

96. 4•). G/88 .02 

= 184. 42.G/88.02 

101.'H .G/30.1;3 

Na
2
o i 80.5A.G/lC.I;) 

Si0
2 

i 102.10.C/10.~3 

Sodalite l = 315.25.G/J0.63 

CaO \ 168.24.G/72.06 

Al
2
o

3 
\ = 101.94.C/72.08 

Si02 \ = 120.12.G/72.08 

Ca-,\l-sll.-hydr. 1 = 41i2.18.G/82.()8 

.--------------~------------

2&:.H:ZO 

168. 24 .G/ J~ .(14 

Al
2
o

1 
'" lrJl.?4.G131i.04 

Si0
2 

· l20.12.C/36.n4 

Ca-Al-sili~ate-hydratc ~ 

Cao ' • 50.0H.C/18.02 

C~(OH) 2 ~ = 74.10.G/18.u: 

C:.10 \ 1~8.24.G/72.08 

Al
2
o1 I r. lOl.94.G/72.08 

Calcium .llwn1n.1te hycir.:it" ' 

42ii. H .G/16 .04 

ns. n.G/72.0!> 

G measured we1ght c~ange in the given tempt!r~ture r~n~e. 

for r:a lculatlnq bo .. hmitc the rcs1du.i1 0.2S mol<!? water of 1it-bs1tc >ih .. 11 be subtracted 

fr..,m ~he wf'tqht chanqc. 

___ -_:9' 

r 
\ 
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In some special cases the calculation can not be carried out 

with data according to the stoichiometric composition, and expe­

rimental factors must be taken into account. For example gibbsite 

bleeds 2 1/2 moles of its water content upto 400 °c, the rest is 

lost at a higher temperature, in the position of the boehmite. 

Therefore, this value must be substracted from the weight loss of 

boehmite. In bauxite samples boehmite contains more than one 

~ole water. According to a lot of investigations in the case of 

bauxite goethite contains 1 1/3 moles of water. Careful calcula­

tion is necessary to give the correct composition, comparing it 

with all the information obtained by other methods. 

Sununary of the exercise /handing in the measurement in the 

prescribed form/. 

At the end of the exercise a short report has to be written 

containing one ready derivatogram about the chosen bauxite and 

a table with the qualitative and quantitative determination of 

the mineral composition of a selected bauxite examined earlier. 

The table can be similar to the ~able 8.5. 

( . 
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Evalu<1tion of Derivatograms of !3auxi!:e and Red ltuu from H.:ilimb.:i 

(see Fig. 8,9) 

~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~-~~~~~~~~~~~ 

Sample 

Dauxite 

(Halimbal 

Red mud 
(Halirnbal 

Temperature 
range 
oc 

270-380 

380-450 

450-570 

570-720 

720-800 

100-320 

320-460 

460-690 

690-820 

Weight 
less 

i 

5.2 

1.0 

5.54 

(6.0-0.46) 

2. 1 

0.8 

4.5 

1. 9 

0.9 

o. 9 

Mineral comp. 

uibbsite 

GoeL~1ite 

Boehmite 

Kaolinl. te 

Calcite 

Derivatograph. 

Wet analysis 

SodaliLe 

Goethit.e 

Bo0hmi te ( O. 4) +Pyrite 

Calcite 

Derl.vatograph. 

Wet an~lysis 

Mineral 
comp. 

16. 4 

9.9 

37.0 

15.1 

l. 8 

46.3 

18.8 

2.4 

2 .o 

Al 203 

... 

10. '.' 

31. 11 

6 .o 

48.l 

49.2 

15.0 

2 .o 

17.0 

16.3 

Na 2o 
., 
' 

11. 8 

11. B 

10.B 

Si0 2 
'!; 

7.0 

7 .o 
6.8 

15.0 

15.0 

14.3 

Fe 203 

i 

B.9 

8.9 

23.7 

16.9 

16,9 

44.2 

Tabh: 8,, 

cao 
i 

l.O 

l.O 

l. 1 

1.1 

1.1 

l. 5 

J •n, 
SS 

8.3 

8.4 

8.8 

8.0 

Boehmite was calculated by subtractiny th~ 0.25 mole water of gibbsite from the weight loss. The difference 

between the amount;:; of Fe 2o3 determined b~, w•:.-t analysis and Fe 2o 3 determined in form of goethite gives the 

hematite content of samples. Thus hem~tit.e c;)ntent of bauxite is 23.7 - 8.9 = 14.8 \; hematite content of 

red mud is 44.2 - 16.9 = 27.) ~. 

CXl 
I 

w 
l.O 

I 

I 
• 
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BAUXITE (HALIMBA) 

OT 980 

TG O/o 

0 

l!! 
4 

UJ 
0 ..... z 8 
N v; N 
:I: co 0 

12 co u 
C> 

RED MUD 
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Fig. 8. 9 

DERIVATOGRAM OF A HALIMBA BAUXITE 
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5. CHEMICAL ANALYSIS OF BAUXITE (AND RED MUD) 

DETERMINATION OF MOISTURE OF AN AIR DRY BAUXITE SAMPLE 

Principle: A weighed sample of an air-dry bauxite is 

heated at 130 °c during three hours. The loss in weight is 

equal to the hygroscopic water. 

Procedure: Place a clean opened weighing bottle in the 

drying oven and heat it at 130 °c during 30 minutes. Close 

it in the oven and allow to cool in the desiccator filled 

with silica-gel. Place the closed bottle beside the balance 

for 20 minutes, open it for a moment and weigh (T). 

Transfere 2-3 g of bauxite to the weighing bottle, close it 

and weigh (B). Dry the sample for three hours at least at 

130 °c taking off the cover. Carry the dried sample in the 

weighing bottle to the desiccator and closed. After cooling 

period weigh the dried sample likewise mentioned before (C). 

where 

Calculations: 

Moisture (loss in weight) % B - C = 100 . B _ T 

T the weight of empty weighing bottle (q) 

B the weight of bottle and sample before drying 

c the weight of bottle and sample after drying 

( g) 

(g) 

Precision: Variation coefficient is 2 at 1-2 % moisture. 

Time cons "lmption: 3 1 /2 hours. 
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DETERMINATION OF LOSS ON IGNITION OF BAUXITE 

Principle: A weighed sample of an air dry bauxite is 

heated at 1100 °c during two hours. The loss in weight is 

equal to the water and co2 content, however, some side­

-effects have to be considered too originating from the 

heat reaction of minor components. 

Procedure: Ignite a cleaned platinum crucible with cover 

in an electric furnace at 1100 °c during ten minutes. Cool 

it in a desiccator and weigh (T). Introdu'::e about 1-2 g of 

bauxite and weigh (B}. Heat slowly the covered crucible to 

red and hold at this temperature (400-450 °c) for 15 minutes. 

Ignite the opened crucible with the sample at 1100 °c for 

two hours. After ignition cover the crucible immediately and 

place it in to a desiccator. After 20 minutes cooling weigh 

it (C) • 

Calculations: 

Loss on ignition % = 100 . 
B - (C+H) 
B - (T+H) 

where T the weight of empty crucible (g) 

B the weight of crucible and sample before ignition (g) 

C the weight of crucible and sample after ignition (g) 

H moisture ~ontent of bauxite sample (g) 

Precision: Variation coefficient 0.2. 

Time consumption: 2 1/2 hours. 

___ ·_:w 
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DISSOLUTION OF BAUXITE TO DETEID'JNE ITS Si02 ~ Al2o3 AND 

Ti02 CONTENT 

Principle: A weighed sample of an air dry bauxite is 

solved in sulfuric acid/hydrogen peroxide mixture. The 

silica content can be separated as insoluble dehydrated 

silicic acid. 

An alternative dissolution may be performed in triacid 

mixture (HCl - HN03 - H2so4). 

If bauxite contains Al2o3 as diaspore a preliminary 

transformation is needed by a heat treaL~ent with 

Na2co3 - KN0 3 . 

Procedure: Weigh 0.9 - 1.1 g sample on analytical 

balance and transfer it to a 400 rr.l beaker, swirling it 

after addition of 10 ml of distilled water. Add 30 ml of 

1:1 tt 2so4 and 5 ml of concentrated tt 2o2 and evaporate till 

the white fumes of sulfurtrioxide appear. Let the dissolved 

material cool and dilute carefully with 100 ml distille~ 

water washing the salts from the watch glass to the beaker 

too. Heat the beaker without boiling till the salts dis­

solve. (Silicic acid remains as precipitate.) Filtrate the 

hot mixture on a filter of medium grades of porosity to a 

400 ml beaker and wash the silicic acid precipitate with hot 

diluted (1 %) sulfuric acid six times. The volume of fil­

trate is about 250-300 ml. Determine the Si02 content from 

the precipitate while evaporating the filtrate to 170-180 ml. 

PRELIMINARY TREATMENT OF BAUXIT SAMPLES CONTAINHJG DIASPORE 

Weigh 0.9-1.1 g sample and 0.8 g Na 2co 3 , 0.2 g KN0 3 mix 

in a platinum crucible. Heat the crucible in an electric 

-----
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0 furnace at 900 C for 30 minutes. After cooling transfer the 

mixt~re with the help of 10 ml disti~led water to a 400 ml 

beaker and continue the procedure as usually. 

DETERMINATION OF Si02 CONTENT OF BAUXITE 

Principle: The filtrated and washed precipitate (in­

soluble residue of dissolved bauxite) is ignited at 1000 °c. 
After coolins the silicic acid is evaporated as H2SiF6 with 

hydrofluoric acid in ~~e presence of sulfuric ~cid. The 

residue is ignited again. The loss in weight is equal to the 

Si0
2 

content. 

Procedure: Transfer the wet precipitate prepared accord­

ing to the dissolution procedure to a platinum crucible and 

dry it on a hot plate or in an owen. Heat it in a.~ electric 

furnace, keep the door open till the filter paper is ashed 

and ignite at 1000 °c for one hour. Let the crucible cool in 

a desiccator and weight it (A). Wet the ignited precipitate 

with 5-10 drops of 1:1 H
2
so

4 
and pour 5-8 ml of concentrated 

HF solution to the crucible. Evaporat~ the mixture without 

boiling to dry. Heat the residue on a gas burner to red and 

ignite in a furnace at 1000 °c for 20 minutes. After cooling 

weigh it (B). Fuse the residue with 1 g of K2s2o7 for 5-10 

minutes at about 400 °c and after cooling solve the mixture 

with the filtrate of the dissolution process. Pour the solu­

tion and the filtrate to a 250 ml volumetric flask, wash in 

the crucible and beaker too. After cooling fill it to the 

mark with distilled water. This solution is used to determine 

the Al
2
o

3 
and Ti02 content. 

Calculation: 

Si0
2 

% = 100 • 
A - B 
M - H 



I 

1 
-i 

8-45 

where A the weight of crucible and ignited.precipitate (g) 

B the weight of crucible and ignited residue (g) 

M the weight of air-dry bauxite sample {g) 

H the moisture of bauxite ( g) 

Precision: Variation coefficient 1. 

Time consumption: 5 hours (with dissolution procedure). 

DETERMINATION OF Al2o3 CONTENT OF BAUXITE 

Principle: The aluminium content of an aliquot of the 

dissolved bauxite is separated as soluble sodium aluminate 

from the other components remaining as insoluble hydroxides. 

The aluminium can be determined by complexometric titration, 

taking into account the loss due to the adsorption of 

alumiriate on the hydroxide precipitate. 

Procedure: Transfer 100 ml of aliquot of the solution of 

bauxite with a pipet to a 400 ml beaker. Boil the solution 

and add 25 ml of 10 F NaOH and 5 ml of 3 % hydrogen peroxide 

with a graduated cylinder and boil it exactly for three 

minutes. Cool the solution, transfer it to a volumetric 

flask and filtrate using the filtration apparatus seen on 

Fig. 8.10. Set the position of the rins on the stand so that 

the rubber plate fit to the edge of the funnel. Shake the 

flask containing the solution to be filtrated and place it 

to the stand, closing the orifice with your finger. Open the 

flask and loosen the Hoffmann valve. As the filtration 

starts, the solution fills the funnel to the neck of the 

upper flask and only the filtered solution will flow from 

the flask. After quantitative filtration transfer 100 ml of 

filtrate with pipet to an Erlenr;•ayer flask and pi pet 20 ml 

of 0.12 F EDTA to the solution. After mixing neutralize the 

solution in the presence of phenolptalein indicator with 

1:1 HCl. Add 10 ml of acetate buffer solution of pH 5.5 and 

- -- -::. 
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250 ml VOLUMETRIC FLASK 

10 cm rp FUNNEL 
_....,....___ 15 cm </J Fl LTER PAPER 

RUBBER HOSE 

=:z:z:::z:m HOFFMANN VALVE 

Fig.8.10 

ANALYTICAL FILTER 
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some boiling stones, cover it with watch gla~s and boil for 

5 minutes. Let the solution cool and titrate with 0.05 F zinc 

acetate in the presence of 10 drops of 0.1 % xilenolorange 

to red-violet colour {V ml) . 

The titer of the EDTA solution must be determined daily 

as follows. Transfer 100 ml of 1 ? NaCl solution and pipet 20 

ml of 0.12 F EDTA to an Erlenmayer flask. Add 100 ml of 

acetate buffer of pH 5.5 and 10 drops xilenolorange indicator 

to the solution and titrate with zinc acetate titrant {V ) • 
0 

where 

Calculation: 

v the consumpthm 
0 

v the consumption 

sample {ml) 

{ V - V) t . 6 , 2 5 
0 

M - H 

of zinc acet:aLe 

of zinc acetate 

t the titer of zinc acetate titrant 

titrant 

titrant 

{ g/ml) 

M the weight of air dry bauxite sample { g) 

H the moisture of bauxite { g) 

Precision: Variation coefficient is 0.5. 

Time consumption: 1 hour. 

Note 1. 

at blank {ml) 

at 

If the bauxite has a large Cao content a preliminary 

separation is needed with urotropine. 

Not 2. 

The loss of Al content due to the rtdsorption effect of 

hydrcxide must be corrected depending on the Al2o 3 and Fe 2o 3 
content of the sample according to the next table. 
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Fe2o
3 

% 

Al2o3 % 15 20 25 

45 0.15 0.20 0.25 

50 0.15 0.20 0.25 

55 0.15 o. 20 0.30 

The properly selected value must be added to the de­

termined Al2o3 content. 

DETERMINATION OF Ti02 CONTENT OF BAUXITE 

Principle: The titanium forms peroxo complexes of 

yellow colour with hydrogene peroxide. The intensity of 

light is direct proportional to the concentration of the 

titanium content. Measure the intensity of light with a 

spectrophotometer. The disturbing effect originated from 

the yellow colour of the ferric complexP-s can be eliminated 

with phosphoric acid. 

Procedure: Transfer 50 ml of aliquot of the solution 

of bauxite to a 100 ml volumetric flask with pipet. Add 5 

ml of 10 % hydrogen peroxide and fill to the mark with 

sulfuric acid - phosphoric acid mixture. Measure the optical 

density of the solution at wavelength of 410 nm in a cuvet 

of 1 cm of pathlength. The reference cuvet is filled with 

distillc1 water. The exact performance of light intensity 

meas 11rement is written in the manufactures manual. 

Prepare the calibration curve as follows: Transfer 

2, 5 and 10 ml of standard solution to three 100 ml volu­

metric flasks with buret which are equal to 1.0, 2.5 and 

5 mg of Ti0
2

. Pour 40 ml of sulfuric acid - phosphoric 

acid mixture to the flask with graduated cylinder add 10 ml 

of 10 % hydrogen perioxide and 4 ml of 1:1 HCl. Fill the 

flask to the mark with distilled water and shake. Measure 
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the extinction of the solution at wavelength ·of 410 nm in a 

cuvet of 1 cm of pathlength. The reference cuvet is filled 

with distilled water. 

Calculation: Read the Ti02 quantity from the calibra­

tion curve (a) corresponding the measured optical density. 

. 
1 

10 • a 
Ti02 % = 00 . M _ H 

where a the Ti02 content of the part of sample (g) 

M the weight of air-dry bauxite sa1T1ple (g) 

H the moisture of bauxite (g) 

Precision: Variation coefficient is 5 . 

Time consumption: 1/2 hour. 

DETERMINATION OF TOTAL IRON CONTENT OF BAUXITE 

Principle: Fuse the bauxite sample with KOH flux, add 

sulfuric acid and permanganate to oxidize the iron to ferric. 

The excess of permansanate is removed with concentrated 

hydrocloric acid and the ferric ions are reduced with a 

little excess of SnC12 to ferrous ions. The ferrous ions 

are titrated with potassium dichromate titrant in the pre­

sence of diphenylaminesulfonic acid after addition of HgC1 2 
and phosphoric acid. 

Procedure: Weigh in 0.5-0.6 g of air-dry bauxite to a 

dry silver dish. Add 7-8 g of granulated potassium hydroxide 

and 5 ml of ethylalcohol Burn the alcohol moving the dish, 

fuse the mixture on a gas burner and heat it for five minutes. 

Cool the fused material and solve it in 50 ml of distilled 

water. Pour the solution to a 300 ml Erlenmayer flask with 
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th~ precipitate solved from the dish with th~ee times 10 ml 

of 1 F sulfuric acid. Add 15 ml of 1:1 sulfuric acid to the 

flask. Boil the solution and add 2 % potassium permanganate 

dropwise till the colour of solution remains violet. Add 

15 ml concentrated hydrocloric acid, boil it and add 5 % 

SnC12 dropwise until the yellow colour of the digest changes 

to colorless and add even two drops in excess. Cool immediately 

to below room temperature pour once 20 ml of 5 % HgC12 into 

it and add 20 ml of 20 % phosphoric acid after one minute 

wait. Start the titration, them add 2-3 drO?S of 0.2 % diphenyl- r' 

sulfonic acid indicator with 0.05 F K2cr2o7 titrant. The end 

point colour is violet. 

Calculation: 

F O % = lOO . V . 0.003992 
e2 3 M - H 

where V consumed K2cr
2
o7 titrant (ml) 

M the weight of air-dry bauxite sample (g) 

H the moisture of bauxite (g) 

Precision: Variation coefficient is 0.2. 

Time consumption: 45 min. 

DETEP.MINATION OF CHROMIUM AND VANADIUM CONTENT OF BAUXITE 

PRINCIPLE 

After an alkaline oxidati'Jn fusion of bauxite t!1e fuse 

is extracted with hot distilled water. The chromium is in 

the form of chromate, the vanadium forms vanadate in this 

solution. The chromium and vanadium content can be measured 

together with titration performed with Fe 2 titrant, and 

the end point can be detected potentiometrically with the 

application of platinum and reference electrode pair. The 

I 
I 
l-



8-51 

products of this reduction are V (IV) and Cr (III) ions. 

After this titration the vanadium can be selectively oxidized 

with permanganate and the excess of permanganate can be 

decomposed with sodium azide. The vanadium content can be 

measured once more with Fe
2 

titrant. 

PROCEDURE 

Weigh 5 g air-dry bauxite, 30 g of granulated sodium 

hydroxide and 1 g of sodium peroxide to a silver crucible. 

Melt this mixture with a Bunsen lamp and keep it in melt 

phase for half an hour. Let it cool and add about 40 ml of 

distilled water, boil it, and pour the solution to a 500 ml 

volumetric flask. Repeat this till the whole melt is solved. 

Fill up the solution with distilled water to the mark, and 

let the precipitate settle. Pipet 200 ml from the clear 

solution to a 400 ml beaker and add 40 ml of 1:1 diluted 

sulfuric acid. 

Take the electrode pair to the solution and titre with 

0.01 F ferrous ammonium sulfate. Stir the solution continuously 

with a magnetic stirer during the titration. 

Give 0.1 F of KMn0
4 

to the solution till its colour 

remains pink. Add 3 ml of 5 % sodium azide solution and after 

five minute waiting, titre the solution with ferrous 

ammonium sulfate likewise before. 

Calculation 

v2 . f . 0.000909 . 2.5 

V205 % = 100 . 
G - H 

(V - V2) . f . 0.000253 . 2.5 
Cr2o3 % 100 1 = . 

G - H 

( 
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where v
1 

consumed volume of titrant at the.first titra­

tion (ml) 

v
2 

conswned volume of titrant at the second titra-

tion (ml) 

f titer of the ferrous anunonium sulfate titrant 

G v.ieight of air-dry bauxit sample (g) 

H moisture content of bauxite {g) 

PRECISION 

Variation coefficient is 3. 

TIME CONSUMPTION 

Half an hour. 
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6. BAUXITE GRINDING AND DIGESTING LIQUOR PREPARATION 

BAllXITE GRINDING 

The aim of bauxite dressing is to get the ore more pre­

meable and digestable for digesting liquor. However, the exces­

sive comminution spoils the red mud settling and it is detri­

mental to the energy consumption too. So the optimal grain size 

after comminution (at minimal energy consumption) is to be 

guaranted. 

A suitable practice, for characterizing the grindability 

is to determine the Bond index de5cribed in the periodical 

"Zement-Kalk-CT.ps" No. 10/1957 in details. 

Nevc_~heless, i~ the practice of Qanufacturing alumina, 

wet grinding is carried out in presence of caustic (digesting 

liquor) when the caustic has also chemical and disintegrative 

effect on the ore. It is advisable to model this process also 

in laboratory. This laboratory test serves only for getting 

acquainted with the method; if someone wants to determine the 

optimal conditions of grinding (liquor concentration, solid 

concentration, ball charge in mill, comminution time) he has 

to carry out a set of test at various, systematically chosen 

parameters. 

AIMS OF THE LABORATOP.Y TEST 

1. Getting acquainted with the grinding instruments used 

for laborato~y investigations (jaw crasher, hammer mill, ball 

mills, colloid roill, dry sieve series, wet sieve series, air 

jet sieve, air jet classsifier). 

2. Carrying out a grinding test on a Hungarian bauxite 

sample; evaluation of grindability based on bauxite grain size 

distribution determined before and after grinding. 
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EXECUTION OF TEST 

a) Prepare a slurry of 150 gs dry bauxite - grain size 

less than 3 mm - and 450 mls distilled water and feed to the 

wet sieve series gradually. Weight the waight of each screen 

oversize fraction after 3 hours drying on 105 °c for the in­

itial grain size distribution determination. 

b) Carry out the wet grinding in a porcelain ball mill. 

The sizes and b~ll charge of the mill is fixed. The pulping 

liquor composition and quantity depends 0n the quality of the 

examined bauxite. 

Using this Hungarian Iszkaszent~1orgy bauxite prepare 

the slurry from 150 gs of dry bauxite sample and 500 mls of 

Almasflizito plant liquor (caust. Na2o = 200 gpl, caust. molar 

ratio = 3.5) and feed the slurry into the ball mill. Stop ro­

tating the mill after 0.5 hour grinding, remove the slurry 

from the balls and centrifuge it. Repulp the solid phase with 

500 mls boiling water for removing its caustic car.tent and 

centrifugate the slurry again. Repeat it 3 times. 

c) Repulp the residual solid material with 450 mls of 

distilled water and feed it gradually to the wet sieve series, 

and ceterrnine the grain size distribution of bauxite after 

grinding as it is written in paragraph a) . 

d) Plot the screen oversize fraction curves (before 

and after grinding). Evaluate the effectivity of grinding by 

making a comparison between the two curves. 

DIGESTING LIQUOR PREPARATION 

Depending on the technological investigations connected 

to the bauxite evaluation, plant liquors contaminated with 

organic and inorganic inpurities of synthetic sodium-aluminate 

liquors are applied to laboratory investiqations. 
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For most of the technological investigations (grinding, 

predesilication, digestion, red mud settling, precipitation) 

a plant liquor used for processing similar bauxite to the in­

vestigated one is applied. So, the laboratory investigations 

approach much more the plant conditions, because the organic 

and inorganic contaminants of the solution have significant 

influence on the technological processes like on the Al2o3 
dissolution and equilibrium solubility in digestion, Al(OH)

3 
yield and product alumina hydrate quality in precipitation 

etc. (see Vol. 2. ) . 

Contaminant-free synthetic liquor is used in cases when 

the aim is to examine the dissolution and accumulation of some 

contaminants (e.g. organic content), or the technological ef­

fect of certain contaminants is studied. 

PREPARATION OF SOLUTIONS OF GIVEN CONCENTRATION AND 

MOLAR RATIO 

Gsing Plant Sodiu.~-aluminate Liquor 

The required molar ratio is fixed by dissolving NaOH or 

Al(OH) 3 (at 140-150 °c). The appropriate concentration is fixed 

by .-:: i lution in case of using plant liquor of known concentration 

and molar ratio. The requi=ed salt level of the liquor can be 

adjusted by salt removal with evaporation or Na2co3 addition if 

necessary. 

Synthetic Solution 

Dissolve the required amount of NaOH in water to fix the 

caustic concentration and add in small quantities the required 

amount of chipped aluminium of appropriate purity to fix the 

given molar ratio. Carry out this process in a room fire apart, 

under hood because hydrogen is escaping at dissolution by the 

following form: 



8-56 

The solution warms up and evaporates at dissolving, hence, 

the volume of the solution is to be fixed after dissolving and 

cooling to the room temperature. 

EXERCISE 

Prepare digestion liquor solution for digestion experiments 

of concentration and molar ratio fixed by the instructor. 

Caution: Use protecting gloves and mask if you handle strong 

raustic every case! 

• 
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7. PREDESILICATION OF BAUXITE 

INTRODUC'l.'ION 

Predesilication of bauxites means the dissolution of 

reactive Si0
2 

content of bauxit~s into sodium-aluminium-hydro 

silicates. The principal aim of predesilication is to reduce 

the scaling formation rate at the slurry side of the indirectly 

heated equipment of alumina production (slurry preheaters, 

autoclaves), bringing about an increase in the operation cycle 

time and a decrease in the amount of the specific energy re­

quirement for heating. Similarly, a significant objective is 

to ensure low Si0
2 

content of alumina - principally in case of 

processing gibbsitic bauxites. 

Parameters of the Predesilication Process: 

Temperature: 95-100 °c 
Retention time: 4- 8 hours 

Solids content: 200-600 g/l 

Aluminate liquor concentration 

in terms of kNa2o: 130-180 g/l 

In case of using the above parameters, the reactive silica 

content can be transformed into sodiurn-alurninium-hydrosilicate 

with 60-80 per cent efficiency, in the function of the reaction 

characteristics of the bauxites' Si0
2 

content. Determi~ation of 

the predesilication efficiency is based on determining the in­

creasing ~1 ~ 20 content of the solid phase, simultaneously with 

the progression of the predesilication proce~s (sodalite for­

mation). 

The predesilication efficiency can be calculated by the 

following formula: 

Si02 r . 0.688 . 
100 per cent, 

( 
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~a2om : Na2o content in the predesilicated bauxite 

(slurry) 

Fe2o 3 m Fe2o 3 content in the predesilicated bauxite 

(slurry) 

Fe2o
3 

bx" Fe2o
3 

content of the bauxite to be processed 

Sio2 r : reactive Si02 content in the bauxite to be 

processed 

0.688 weight ratio of Na2o- and Sio2 content in the 

sodium-aluminium-hydrosilicate 

EQUIPMENT AND MATERIALS REQUIRED FOR THE EXPERIMENTS 

oil bath autoclave of 6 bombs, which can be thermostated by 

+ 1 °c accuracy. Detailed description of the equipment is 

given in the chapter on digestibility tests (8 experiments) 

bauxite of Known chemical- and mineral composition, ground 

for 0.1-0.5 1um grain size 

sodium-aluminate solution of known composition (Na2o ; cause. 
Al2o

3
; M; Si02 ) 

hot wash liquor of 2 g/l Na2o t content caus . 

laboratory centrifuge (revolution number: 3000 r/min.) 

PERFORMING OF THE EXPERIMENT 

The amount of bauxite necessary to attain the given 

solids content, and 150 ml digestion liquor are weighed in 

the digestion bombs. After sealing the bombs, they are placed 

into the oil bath preheated to 95 °c, when the temperatu~e 

falls slightly. The experiment is considered to be started 

after the required temperature is attained. 

During the experiment, samples are taken for 0.5; 1.0; 

1.5; 2.0; 4,0 and 8.0 hours after the starting time. 
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Liquid and solid phases of the samples are se~arated by 

centrifuge. 

The following components of the liquid phase must be 

determined: 

Na 0 2 caust. content 

A1 2o3 
content 

Molar ratio 

Si02 con ten~ 

Predesilicated bauxite has to be prepared for the solid 

phase analysis, requiring the following measures: 

washing of the mud - by the use of 300 ml washing liquor 
0 of 95 C temperature, 2 g/l Na2o content - three times per 

each sample 

mud drying - on 110 °c, for 12 hours 

mud grinding - to below 0.1 or 0.063 1um, resp. 

The following components of the desilicated mud must be 

determined: Loss on Ignition; Fe 2o3 ; Si02; Na 2o. 

EVALUATION OF THE EXPERIMENT RESULTS 

Progression of the predesilication process has to be fol­

lowed in the function of time, both from the solid- and liquid 

phases' aspect. 

Recording of the experiment conditions, measured and 

calculated data required for the evaluation, and the diagram 

illustrating the result is shown by the example of Tables 

8.6 and 8.7 and Fig.8.11. 

I· 
i· 

t ( 
I . 



Bauxite: 

L.O.I. 

Fe
2
o3 

Si02 total 

Si02 reactive 

Aluminate liquor: 

Na 0 2 caust. 

Al
2
o

3 

Molar ratio 
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Table 8.6 

% 

( 

g/l 
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Table 8. 7 

Bal.Ddte 
slurry 
rontent 

Compositicn of liquid phase 
No. of 
Sarrq:>le 

1. 

2. 

3. 

4. 

5. 

6. 

g/l 

Tine 
h 

Composition of predesilicated bauxite 

No.of 
Sample 

1. 

2. 

3. 

4. 

5. 

6. 

Loss on 
ignigion 

% 

= 

Na 0 2 

Si02 r . 0.688 

Fe203 bx. 

% 

= 

"1 Rl 
~ Si02 %: (1- ~ ) 100 = 

R2 

R1 R2 
kg/kg kg/i<g 
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8. BAUXITE DIGESTION AND RED ~·IUD SETTLING 

THE OEJECTIVS OF DIGESTION TESTS 

The aim of the digestion tests is to characterise the di­

gestibility of bauxite samples, investigated during the pre­

vious practices, by plotting the caracteristic curves of diges-

tibility. 

Besides the optimization of the digestion parameters, the 

digestion tests are applied for investigating the following 

technological problems: 

optimizat~on of the digestion paramters from the view­

-point of the phase-transformation of goethite to hematite 

optimization of the dosage of the digestion aids (e.g. CaO 

in the case of diasporic bauxites) 

production of red mud for further investigation. 

This laboratory exercise includes the plotting of the 

characteristic curves of digestibility and the determination 

of ~he most important material ratios calculated on the basis 

of the digestion test only. 

The digestion process can be modelled very well in labo­

ratory. 

-LP.BORATORY EQUIPMEN~S USE~ FOR DIGESTION TESTS 

Laboratory autoclaves of 100-5000 cm3 volume are made of 

steel, equipped by suitable stirrer and controlled or program­

-controlled heating are used for bauxite digestion modell 

tests. 
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A suitable vc:ume of the experiment is chosen corresponding 

to the further experimental program following digestion. 

In case the ~ettling features or causticization of the red 

mud gained at the digesting process is examined, it is suitable 

to accomplish the digesting tests in a larger volume (some 

litres in vol). 

When the only objective is the optimization of the diges­

tion parameters and we need the aluminate liquor and the amount 

of the red mud for chemical analysis, it is enough to carry 

out the experiments in 100-200 cm3 volume. 

We give some illustrations in the following of the basic 

equipment most frequently used for alumina technological 

tests. 

OIL-BATH EQUIP~IBNT FOR DIC:''.STION 

The equipment is fit with thermostate controlled electric 

heating and filled with high flash-point oil. Six autoclave bombs 

can be placed in it. The autoclave bombs are turned by a rotary 

mechanism at 18-20 rev/min. soeed in order to stir the material 
3 

inside the bombs. 'rhe vclume of autoclave bombs is 100-200 cm 

The schematic drawing of the equipment is shown in Fig.8.12. 

The conception for sealing the autoclave bombs is illustrated 

in Fig.8.13.The oil-bath equipment for digestion can be used in 

a temperature range of 100-260 °c, mostly for investigation 

tests; e.g. for experiments, conducted for plotting the charac~er­

istic digestion curves. 

The digesting temperature can be controlled in a range 

of + 1 °c. 
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) 

Fig. 8.12 

OIL BATH EQUIPMENT FOR DIGESTION 
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Digestion tests can also be carried out in autoclave bowbs 

rotated in salt-bath or air thermostate, in the same way. 

AUTOCLAVE WITH MECHANIC STIRRER 

Autoclaves (1000-5000 ~m3 ) equipped with mechanic stirrer, 

and by direct electric heating or placed in oilbath are used 

for laboratory digestion, in case a larger amount of ·slurry 

required. The section drawing of an autoclave of this type is 

illustrated in Fig.8.11. 

DIGESTING EQUIPMENT FOR DIGESTION ON EXTRE~E HIGH 

TEMPERATURE (> 250 °c) 

The apparative development of bauxite digestion progresses 

more and more in the direction of high tempP.rature digestion and 

the application of tube-reactor. So the high temperature diges­

tion is often needed for laboratory modelling. 

The applied equipment for modelling high temperature 

processes (250-350 °c) i~ shown in Fig.8.15. 

The equipment consists of an aluminium cylinder rotating 

round the horizontal shaft which is s:.ipplied with controlled­

-electric heating. Six autoclaves (200 cm3 vol.each} can be 

put into the holes of the cylinder. 

PLANNING OF DIGESTION TESTS 

The optimm~ parameters of digestion are to be determined 

by digestion tests of different bauxites. The chemical and 

mineralogical coffiposition of the bauxites are known from the 

bauxite analyses (1-5 exercise}, and the most important spe­

cific data have to be determined on the basis of digestion 

test. 
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Each group has to perform the digestion test with the 

bauxite samples they analysed before (1-5 exercise). 

Each group has to determine on the basis of the test 

results of bauxite, the mineralogical type of the prepared 

bauxite sample (gibbsitic, boehmitic, diasporic). 

en the basis of the diagram on the equilibrium solubility 

of aluminium minerals given in Volume 6, the approximate 

optimum of digestion temperature and liquor concentration is 

to be shown. The characteristic curve of digestibility charac­

terising the digestibility of the bauxite sample is to be 

plotted by application of the chosen digestion temperature 

and liquor concentration. 

The ratio of digestion liquor necessary for the required 

aluminate liquor-molar-ratio after the digestion, can be cal­

culaced as follows. 

We determine the so called liquor figure i.e. the required 

amount of NaOH (expressed in Na~O), necessary to digest 1 kg 
L. 

bauxite, supposing theoreti~al recovery of the alumina 

Na2o. Al 2o3 . 1.7Si02 . a2o composition for the Na-Al-silicates 

and aa caustic molar ratio after digestion. 

N = 0. 608 oa (a-S) + 0.608 S ( 8. 1) 

where: 

N liquor figure 

aa the required molar ratio after digestion 

a Al2o
3 

content of bauxite, g Al 2o3/kg bauxite 

S reactive Si02 content of Lauxite, g Si02/kg bauxite 
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The active NaOH content of the digestion liquor expressed 

in Na2o can be deter~ined by the following formule: 

where: 

Na
2
o . active = ( 8. 2) 

Ck caustic Na2o content of digestion liquor, gpl 

°o caustic molar ratio of digestion liquor 

aa required molar ratio of the aluminate liquor 

Taking into account the two expressions given above: the 

required amount of bauxite for 1 1 digesting liquor can be 

calculated by the following f ormule suppose the required molar 

ratio is r:A. : a 

Ck(a -a ) 
G = o a __ 

Na 
0 

kg ( 8. 3) 
a .0.608.a (a-S)+a .0.608S 

o a o 

Based on the above relationship let us calculate now the 

weights of bauxite necessary for plotting the characteristic 

digestion curve, with regard to the mineralogical type and 

chemical composition of the bauxite and concentration of the 

digesting liquor. 

The volume of the digestion liquor is 1SO cm3 in each 

experiment. 

The bauxite weights for the 5iA bombs di~estion test 

series are calculated for the following molar ratios (aa): 

1.2; 1.3; 1.4; 1.5; 1.6; 1.8 
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In case of diasporic bauxite 3 % Cao is added in each 

experiment, calculated for the weight of dry.bauxite. 

PERFORMANCE OF THE DIGESTION TEST 

Switch on the oil-bath digestion equipment and heat it up 

to 100 °c, pour 150 cm3 of digesting liquor of given concentra­

tion (plant liquor possibly) in each of the autoclave bombs. 

Add the quantity of bauxite - quantity of CaO in case of dias­

poric bauxites - (counted as written in 8.3) to the digestion 

liquor, charged in order of increasing molar ratio (decreasing 

weight of bauxite). After that stir the suspension well with 

a glass-rod. Check the sealing of the bombs! Th9n put the 

autoclave bombs into a special vice made for fastening the 

lids to the bombs. 

Put the sealed autoclave bombs into the oil-bath equip­

ment and fix them well. After we had been convinced that the 

autoclave bombs are fixed well, switch on the rotator, and 

start to heat the bath to the required digestion temperature. 

After attaining the required digestion temperature, continue 

the digestion for 20 minutes in case of gibbsitic bauxite, for 

60 minutes in case of boehmitic and diasporic bauxites. When 

the digestion is finished, switch off the rotator, take out 

the autoclave bombs, put them on the edge of the oil-bath 

equipment. After 4-5 minutes cool the autoclave bombs with 

running cold water to 50-60 °c. After cooling open the auto­

clave bombs and separate the aluminate liquor from the red mud 

content of the digested slurry by centrifuge. Centrifugation 

is carried on for 10 minutes at 3000 rev/min. velocity. Sepa­

rate the aluminatc liquor for analysis. 

Analyse the caust. Na2o and Al 2o3 content of the alurninate 

liquor. Wash the red mud samples in the following way. 
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Prepare a diluted solution (Na2ototal = 2 gpl concentra­

tion) from the digestion plant liquor used for the digestion 

test and heat it to the boiling point. It corresponds to the 

concentration of the liquid phase of well treated red mud in 

the end of the washing line. 

After removing the aluminate liquor, repulp the remaining 

red mud intensively in each of the cells with 400-500 cm
3 

di­

luted solution made as above. Then centrifugate again and af­

ter centrifugation pour out the caustic wash liquor. 

Repeating the repulpings and centrif~gation three times, 

put the separated red mud into a dryer to dry on 110 °c for 

a night. 

After drying prepare and grind the red mud minus 100 1um 

for chemical analysis and minus 63 1um for X-ray investigation. 

The following chemical components have to be 1etermined 

in the red mud of the digested bauxite: 

Fe2o3 
Al2o3 
Si02 
Ti02 
L.O.I. 

Na2°total 
cao 
MgO 

The analysis is to be completed by atomic absorption 

spectrophotometric method. 

Take X-ray dif ractograms of all the six red mud sa~ples 

of the digestion test. 
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EVALUATION OF THE EXPERIMENTS 

RECOVERY CALCULATION 

On the basis of the chemical composition of the bauxite 

and red mud, calculate the Al2o
3 

recovery of digestion at all 

the six experiments using the following formule: 

= 

(Fe203)bx" (Al203)m 

(Fe203) rn 
• 100 = 

'Ihe computation is b;;i.sed on the equal amount of Fe2o3 
both in the taux~~P. and the red mud. 

In brackets F~2o 3 and Al2o
3 

content of the bauxite (bx) 

and ~·ed mud (m), wpct. 

PLOTTING THE CHARACTERISTIC CURVE OF DIGESTION 

Construct the characteristic curve for digesting on the 

basis ~f the experimental data of the investigations. 

Accord:~g to Eur0pian practice 

Caust.Na
2
o 

Al 2o
3 

molar ratio in aluminate liquor 
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According to American practice 

weight ratio in aluminate liquor 

caust.Na2co
3 

= 1.7096 caust.Na2o (causticity expressed in 

sodium-carbonate) 

DETERMINATION OF THE OPTIMUM MOLAR RATIO ~FTER DIGESTION 

Determine the optimum molar ratio after digestion on the 

basis of the characteristic curves of digestibility according 

to the American and Europian nomenclature. 

DETERMINATION OF THE :-Ia20/Si02 MOLAR RATIO 

On the basis of the chemical composition of the red mud 

del2rmine the Na2o/Si0
2 

molar ratio characteristic to the 

bound soda losses, by the following formule: 

Na 2o 
molar ratio = Si02 

% wpct of red mud. 

60 
62 

I 

l· 
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DETERMINATION OF THE SPECIFIC BAUXITE CO~SUMPTION 

From the characteristic curve of dige&cibility, determine 

the alumina recovery corresponding to the optimum molar ratio 

after digestion. After that determine the specific consumption 

of dry bauxite by the following formule: 

where: 

Q 

!' 
a 

- 990 
Q -'?_'.a (t/t alumina) 

the weight of dry bauxite (t) needed for producing 

1 t alunina (if no other losses would occur after 

~ % digesticn) 
100 

Al2 ~3 content of bauxite, kg/t 

The equation relates to 99 % Al 2o3 in alumina product. 

DETERMINATION OF SPECIFIC RED MUD PRODUCTION 

On the basis of the determined specific bauxite consump­

tion and the chemical compositions of bauxite and red mud, 

calc~late the quantity of the produced red reud for the produc­

tion of 1 t alumina, by the following formule: 

Fe203 bx % 
G = Q (t/t alumina) 

Fe203 m % 

where: 

bx: bauxite 

m : red mud 



-
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DETERMINATION OF THE BOUND Na2o AND Al2o
3 

LOSSES 

Determine the loss of the bound NaOH and Al 2o3 referred 

to 1 t alumina product on the basis of the determined specific 

red mud production and the chemical composition of the red mud 

by the following formule: 

WNaOH G (Na2om) 12.9 (kg NaOH/t alumina) = . 

2Na0H 80 
1. 29 = 62 = Na2o 

w 
G (Al203. m) 10 (kg Al2o 3/t alumina) Al 2o3 = . 

In the brackets Al 2o3 and Na2o content of red mud, wpct. 

STUDYING OF THE MINERALOGICAL COMPOSITION OF RED MUD 

Complete an X-ray quantitative analysis of the six red 

mud samples gained from digestion tests and compare the dif­

fractograrns for examining the remained quantity of undegisted 

aluminium minerals. 

rtE:D MUD SET'i'LING TEST IN SETTLING TUBE 

The designing parameters of red mud settlers are gain~d 

froffi y-ray absorption settling tests (chapter 9.). However, 

quick, comparative evaluation can be made in the considerable 

more simple settling tube. 

The tube s€ttling experiments arc carried out in a mm 

scaled settling tube of 30 cm height and 130 ml volume put 

into a suitable transparent walled thcrmostate vessel. 

'Ihis rrethod is suitable to carpare red nuds obtained from different 

bauxites or digested by different tedmologies, or to cletennine the effects 

of different flocculant aids. 

I 

r 
~ 
I 
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EXERCISE 

Test the behaviour of red mud sample of Iszkaszentgyorgy 

bauxite, prepared for this exercise, at using different floc­

culant aids. 

, FLOCCULANT DOSAGES 

j 
J 

1. Without flocculant 

2. 2 kg flour per t red mud 

3. 50 g ALCLAR-500 per t red mud 

4. 150 g ALCLAR-500 per t red mud 

5. 50 g NALCO SC-81-09 per t red mud 

6. 150 g NALCO SC-81-09 per t red mud 

7. 50 g CYANAMID R-m-50 per t red mud 

8. 150 g CYANAMID R-m-50 per t red mud 

Homogenize properly the slurry of known solid concentra­

tion prepared in advance and fill it into the settling tubes. 

Put the settling tubes into a water bath thermostated at 95 °c 
for about 15 minutes to take up the bath temperature, weigh 

the amounts of f locculant solutions into the tubes and homo­

genize the slurry in the settling tube. Read the mud level 

height at each settling tube at settling times: 1', 2', 5', 

10 I 
/ 

1 5 I t 20 I r 30 I r 40 I I 50 I r 60 I • 

EVALUATION OF THE RESULTS 

1. Plot the mud level height in the function of settling 

time at each test. 

2. Compare the effect of applied flocculants (settling 

ratio, compactivity, clear zone clairity). 
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9. MEASUREMENT OF RED MUD SETTLING BY 0 -RAY ABSORPT:l:ON 

The Soft-Gamma-ray Absorption Model Settler (SAM) unit 

serves for registering the solids concentration profiles de­

veloping in the course of static settling of red mud suspen­

sions, in the function of time {Fig.8.16.). 

In case of a narrow ray-beam, the radiation intensity is 

the exponential function of the solids concentration: 

I = I . exp. (-a. c) c 0 
( 1 ) 

In order to determine the concentration scale, the c0 

initial solids concentration has to be determined in each 

settling test by the traditional method, that is, by measuring 

the weight of the solids content of a slurry of known volume. 

~ne equation (1) is also valid for c initial concentration: 
0 

I =- I . exp. (-a.c ) c 0 0 

The concentration scale is obtained by relating the 

equations no (1) and (2): 

c 

I 1 co 
I = I _2. 

c 0 c o, 

(2) 

( 3) 

Distance data proporti~nal to the radiation intensity 

can be read off the registrate (x ; x ; x ) , and these data 
0 c co 

have •:o ~e us~d f:.·t· the ca ·.cu lat ions: 

c 
c 

0 
( 4) 
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100 200 300 40C 
SOLIDS CONCENTRATION c

1 
g/I 

Fig. 8.16 

SOLIDS CONCENTRATION PROFILES OFA RED MUD 
SLURRY TAKEN BY THE SEDIMENTATION APPARATUS 

J 
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From a series of concentration prcf iles taken during sedi­

mentation, the settling velocity of the solid uc in a pulp layer 

of c concentration can be determined. Fig.8.17 shows a detail of 

the concentration profiles, among others, two ones taken at 

the time t and t+6 resp. The vertical line drawn at c crosses 

the p!'.'ofiles at points z and (z+ A z) . c c 

The layer of concentration c migrates upward at a velocity 

of 

The amount of solids passing through the layer during 

t with a settling rate of u c 

m = (U + u ) c 6 t c c 

(5) 

( 6) 

m can be determined from the concentration profiles as a 

difference of areas O(z+ 6 z) EH and Oz FG. Mark the shaded c c 
area in Fig. 8.17 by A, t:'.hen 

m=c6.z+A (7) 

From Eqs (5) to (7), the settli:.1g velocity in a layer of 

concentration c is 

uc=A/c6t (8) 

The solids flux can be calculated in the fuction of the con­

centration, by the following formula: 

s = (9) 

I 
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t +tit 

c G H 
SOLIDS CCJ.JCENTRATION 

Fig.8.17 

DETERMINATION OF uc FROM THE CONCENTRATION PROFILES 

I 
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The influence of solids concentration on the settling 

velocity is taken into consideration in the Richardson-Zaki 

equation: 

where: 

u 
0 

u = u (1 _e,, )n 
c 0 

Stokes s~ttling velocity 

t: relative solids concentration of slurry, 

C, = c/ gs 
n empirical constant depending on the Reynolds 

number 

( 10) 

Taking into account the solvatation and floe structure, 

the following formula was obtained by Michaels and Bolg~r: 

where: 

(1 - kc)4.65 uf = uo ( 11) 

uf observed settling rate of the slurry-interface 

of concentration c 

u
0 

Stokes settl~ng velocity of an average floccule 

k volume of floccules produced by unit weight of 

dry solid 

Introducing the solvatation factor Cl as a quotient of the 

volume of an average f loc (V} and the average volume of solids 

(v} in the f loc 

a = V/v; 

hence kc = a 6 (12} 

For ideal suspensions a = 1. 

' 

) 

1 · 

I 
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Eq. (11) is valid for the velocity of the slurry-interface 

of the pulp during settling in a narrow concentration interval 

around the c initial concentration. With the well known Stokes­o 
-velocity equation, the .following formula is obtained for the 

settling rate at c initial concentration 
0 

where: 

u 
co = c1 - ae>4.65 ( 1 3) 

u settling rate of the slurry-interface of pulp of co 
c

0 
concentration 

Our experimental technique allowed us to determine the 

settling rate in the slurry too, i.e., the velocity of particles 

passing through a layer of c solids concentration. It was proved 

that Eq. (13)· is also valid for all c concentrations that occur 

in the pulp during settling. 

and 

From Eqs (11) and (13) 

ul/4.65 = 
c 

1/4.65 au
0 

Ss 
c + ul/4.65 

0 

0 =! 18 l,au0 ]

1
/

2 
=!:510 au0 -z )

1
1

2 

<9s -3l)g gs - ~l 

( 1 4) 

( 1 5) 

Having deter~ined the velocity vs. concentration relation 

(Fig.8.18) i.e., u as a function of c, u is given as the c 0 
intercept of the ordinate, solvatation factor a as the quotient 

of the intercept of the abscisse and the solids density, and 

the average diameter of floes D can be calculated from Eq. (15). 

,, 
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PRACTICAL EXERCISES 

Members of the exercise take part in ~arriing out a SAM 

settling test. They get the profile series of a red mud settling 

concentration registered formerly. 

1. Deten:line the co~~entration of the registrate's ab­

scisse, based on equation (3) if c is given. 
0 

2. Draw the H-t d~agram, after reading the eventual 

mud level off the profile curves. Determine the initial settling 

velocity of the mud level (u ). 
0 

3. Draw into the H-t diagram the vertical position of 

the layers having different solids concentrations, in the 

function of the settling time. Determine the velocity of up­

ward raigration (U ) of these concentrations /Eq. (5)/. 
0 

4. Determine the average compactness of mud settled 

during 24 hours and the cornpressi:ir., i.e. t:. quotient of 

the ac0ve value and that of the initial solids concentration, 

c . 
0 

5. Determine the solids flux (9) and the settling 

velocity (8) vs. concentration by the help of a Hewlett-Packard 

calculator, according to Fig.8.17. 

Using the data, plot the batch flux diagram and the 

velocity diagram. 

6. Determine the characteristic flocculant parameters 

from both straight sections of the velocity diagram 

(uol; Dl; al; uo2; 02; a2). 

I 
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10. DETERMINATION OF MAIN COMPONENTS OF RED MUD 

BY AAS AND FLAME PHOTOMETRIC METHOD 

DETERMINATION OF MAIN COMPONENTS OF RED MUD BY AAS ANALYTICAL 

SYSTEM 

Main components of bauxite and red mud can regularly be 

determined by wet chemical methods written down in Chapter 5. 

In case of quick technological. control, the application 

of AAS (a~omic absorption spectrophotometry or analytical 

atom spectrometry} method to determine the main components 

of red mud and bauxite is favourable for evaluation of dif­

ferent digestion experiments due to its suitable reproduci­

bility, less time- and sample consumption as well as ;conomic 

operation costs. 

Principle: The solution of red mud samples made by fusion 

of sample with strontium carbonate-boric acid flux -_nd solved 

in diluted hydrochloric acid is sprayed to a flame selected 

according to the component to be determined. In the ~lame, 

the absorption of the resonant light of the selected hollow 

cathode lamp is proportional to the concentration of the 

component in the sprayed solution. The parts of our AAS 

analytical system are: changer, SP 1900 AAS instrument, a 

Solatron data ~ransfer unit, a Facit punch tape and a 

Hewlett-Packard 9830 table calculator. The fl.ow-chart of 

this system can be seen in Fig.8.19a. 

The intensity data of AAS are recorded on a pun~h tape 

and fed to the calculator. The result is printed as labora­

tory report by a Facit typewriter controlled by the calculator. 

___ ,_, 
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SAMPLES _ _, _____ ,... ELECTRONIC BALANCE 
( LECO EB-25) 

STANDARDS 

• I 

' SAMPLE PREPARATOO UNIT 
(HOME MADE SEGXJENCE 

FUSION ~pp_) 

I 
I 

' SAMPLE CHANC£R 
------~ 

.. SET IN• PROBES 
SP 450 I 

( PYE-UNICAM) I 
I 
I 
t ' 

B C D DATA ,- A AS 
~--..------------1· I (PYE-UNICAM SP1900) 

CORRECTIONS 

' 
DATA TRANSFER 

{SOLATRON) 

PUNCH TAPE 

(FACIT) 

"4-----~ 
I 

__ _.~ •-------~ CALCULATOR ~ TELETYPE ..._.~RESULTS 
DATUM,Sfr:IAL NO, ETC. - HP 9830 I' (FACIT) -LA:~TORY 

UNITS MATERIALS 
---~ 

DATA 

Fig. 8.19a 

FLOW CHART 

~EPORT 

.. 

I 
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PROCEDURE 

SAMPLE PREPARATION 

Weigh in 0.2 g of six different air-dry red mud samples 

to platinum crucibles and 2 g of flux ( 1: 1 mixture o-;: strontiUI!l 

carbonate and boric acid). Take the crucibles to the sequence 

fusion apparatus after ignition of both flames. Set the 

temperature of both flames with the required selection of the 

ratio of town gas and oxygene and with ~he position of the 

valve of preheating flame. Select proper fusion time with the 

two knob of the electronic time selector {about 3-5 minutes 

in the case of red mud samples). Switch on the fusion apparatus 

artd wait about half an hour till the fusion is performed. Ta~e 

the crucibles to 200 ml beakers containing 10 ml of cc. hyd­

rochloric acid and 100 ml of distilled water. Let the mixture 

dissolve from the crucible without heating and transfer the 

sol~tion to a 200 ml volumetric flask washing the beaker and 

crucible with distilled water and fill to the mark. 

Place clear cups to the tray of sample changer and pour 

the sample solutions, "set in" probe solutions and standard 

solutions as well as distilled water to the fifty cups ac­

cording to the given order. The five standard solutions 

consist of required quantity of flux, hydrochloric acid and 

different volume of the El, Ti, Si, Ca and Mg sta~dard so­

lutions 1 to 5 in growing order. The third standard solution 
• 

can be used as "~et in" probe. For the checking of the opera-

tion of AAS analytical system one of standard red mud sample 

solutions with known ~omposition is applied on each tray. 

Water 1, 4, 6, 8, 10, ... 46, 48, so 
Blank solutions 2 I 15 

Standard solutio~s 3, 5, 7, 9, ll, 13 

Set in probes 3, 9, 23, :n, 39, 47 
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17, 19, 21, 25, 27,.29, 33, 35, 37, 

41, 43, 45 

Standard sample solution 49 

Order of samples: blank, standard solutions and water 

on the tray of the sample changer. 

INSTALLATION OF AAS INSTRUMENT 

After becoming familiar with the construction an opera­

tio:i of the AAS switch on the main instrmnent (SP 1900) the 

sample changer, data transfer unit and the punch tape. The 

basic installation of these instruments can be studied in 

the proper instruction manual. 

Control the acetylene, compre~sed air and nitrous oxide 

gas supply and set the reducing valves and gas control valves 

to the required positions. (As the acetylene-air and 

acetylene-nitr0us oxide mixtures can be dangerously explosive 

never leave the instrument unattended with t~e flame burning. 

A proper exhausting system can be applied since toxic heavy 

metal vapors and product may be formed.) 

Turn the ~amp selector knob to the required pcsition 

for the selection of lamp of the eler .. ent to be determir.ed, 

set the suitable lamp current and find the element line by 

turning the monochramo~or control to the required wavelength. 

Ignite a.id adjust the flame according to the element to be 

determined. (In the case of Al, Si, Ti and Ca v.cetylene:­

-nitrous oxide flame can be ~sed.) 

Aspirate the "set in" probe solution to the flame and 

sele~t the requir~d sensitivity by turning the scale ex­

pansion knob in concentration mode. 
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WORKING PROCEDURE 

Set the sample changer to position 1 of tray and take 

tt.e aspirating capillary to the sampling arm. Select the 

4 sec integration interval, start the sample changer opera­

tion in double mode, and start data transfer and punch tape 

and wait till all the fifty sample are aspirated. The opera­

tion of instruments can be controlled watching the read out 

in the display. 

Change the lamp and flame conditions for the next 

element, select the required sensitivity and repeat the 

previous sequence of procedure. The suitable order of elements 

to be determined is: Al, Si, Ti, Ca, as well as Fe and Mg 

bec~use of the change of burning mixture from acetylene­

-nitrous oxide to acetylene-air. 

CALCULATIONS 

Collect the weight, loss on ignition and sodium content 

data from other experiements. Take the punch tape with t!-.e 

recorded intensity data and use the HP 9830 computer accord­

ing to the user manual and the program manuaL The main steos 

of evaluating program can be seen in Fig.8.19b.The resuits 

as a laboratory report is printed witti the selected printer. 

PRECISION 

Variation coefficient 

1 

3 

3 

3 

1 

3 

Element to be determined 

Al 

Si 

Ti 

Ca 

Fe 

Mg 

• 

~11 

! 

' 

11 

Ii 
i 
' 
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700 DATA /6 samples/ DAY 

WITH APPLICATION OF A COMPUTERIZED 

DATA PROCESSING SYSTEM. 

1 RECORDING AND C:uRRECTION 2 COMPUTING 

PUNCHED TAPE 

TA.PF. READER 

OF DA-fA 

correction of 
misprint, error, 
datum serial no. 

MAGNETIC TAPE 

CALCULATOR 

TAPEWRITER 
-------.......1.---

Ir ., 
ii 

I 

ii 

CALCULATQR (HP 9830) 

CORRECTED DATA 

ON ~"1AGNE T!C TAPE 

~ATA i="ILE 

START 

YES 

ENTER 
CORRECTED 

DATA 

LABORATORY REPORT 

HEADLINE 
FORMATING 

COi 'PUT!NG OF STANDARD 
INTENSITIES Er\JD 
CORRECTION FACTORS 

ii 
_GE_N_E_R-AT-IC'_N_O......:iF'---CA.-L-IB-R-AT-10---.N t! 

CURVE SEQUENCES i! 
,I 

SELECTION OF PJ .RT I! 
..___OF CU~R.;..;..V~E _ _, 

COMPUTING 
OF 

CONCENTRATION 
PRINT 

DA TA PROCES31NG 

__ ,_J 

I 
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TIME CONSUMPTION 

6 hours/6 samples for all componen~s. 

FLAME ?HOTO~IETRIC DETERMINATION OF SODIUM CONTENT OF 

RED MUD 

This procedu~e can be applied as a part of the AAS 

analytical system for tie determination of main components 

or red mud and bauxite samples but it is generally used as 

an independent method from practical point of wiev. 

PRINCIPJ..E 

The sodium content ~f red mud can be extracted with 

diluted mineral acid at boil~.ng temperature. After sediment.~­

t:i.on +-he solution containing the sodium content can be 

diluted to the suitable sodium concentration and can be 

determined with flame photometer. In this case tt.~ deterJT1ina­

tion is performed with a Pye-Unicam SP 1900 AAS i~strument in 

emission mode. 

PROCEDURE 

Sample Preparation 

Weigh in 0.5 g of 12 different air-dry red mud samples 

as well as one standard red mud sample with known sodium 

content and transfer them to 250 ml beakers. Swirl the solid 

material with 50 ml of distilled wat~r, add 2.5 ml of 20 % 

ammoaium nitrat~ and 2.5 ml of 1.1 diluted nitric acid. Heat 

the mixture till boiling and continue for 30 minutes. Set 

the pH of the hot solution to 7-8 with 1.1 dilute~ ammonium 

hydroxide (about 3 ml) , add three drops of 30 % hydrogen 

peroxide and boil for another three minutes. J,et it. cool and 

I 

I 

I 
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pour to 250 ml volumetric flask. Fill up to the mark with 

distilled water and take a suitable aliquot (gem~rally five 

ml) to 100 ml vo 1.umetric flask after sedimentation. Fill up 

to the mark with double distilled water and measure the sodium 

content according to the next paragraph. 

Flame P~otometric Measurement 

A Pye Uni cam SP 1900 can be used in ew:i.ssioi"!. 1node. Some 

items of installation of this instrument can be re~d in the 

previous part included in the AJl.S determination of mean 

components. Adjust the wa~·1length scale of the instrument to 

the appropriate setting for the sodium D line, 589 nm. Place 

the 100 ppm sodium solution in the aspirator and open the 

slit to the 150 position. Ignite the acetylene-air flame and 

adjust the wavelength control to maximum response aspirating 

the 100 ppm sodium solution. Set the sensitivity or s~ale 

expansion control knob to give 600 ~eading on the display 

for the standard solution. For zeroing use double distilled 

water as blank. Select the 4 sec integration period and 

measure the sodium light intensity aspirating all the sample 

solutions. Control the intensity of standard solution about 

each fifth sample. 

CALCULATIONS 

A Texas SR 52 programable pocket calculator is used for 

the evaluation of sodium content of samples. The moisture 

corrected equation and the calibration curve from 2.5 ppm to 

15 ppm sodium soh.tion are fed to the program card previously. 

Feed the weight, moisture and intensity data of the red mud 

samples u~ing the required data file knob and read the sodium 

oxide content in percent units. 

___ ~='W 

• 
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PRECISION 

Variation coefficient is 1. 

TIME CONSUMPTION 

4 h urs/12 sample. 
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11. DETERMINATION OF THE PORE SIZE DISTRIBUTION 

WITH MERCURY PRESSURE POROSIMETER 

The instrument is suitable to determine the pore volume 

and pore size distribution of bauxites, aluminas and red muds. 

(See Theory, Volume 5.) 

DETERMINATION OF MACRO-PORE SIZE DISTRIBUTION 

ANALYSIS PROCEDURB 

3ample prepaparation 

Before the analysis the sample has to be cleaned from 

pollutants, which have a disblrbing effect on the measure, 

by degassing in vacuum. 

Detailed outline of the sample preparation is the fol­

lowing: 

1. Dry the sample in a drying oven 

2. Clean and dry the dilatometer and its removable stem 

3. Weight the sample into the sample holder of the djlato­

me~er. The quantity of the sample should be chosen con­

sidering the expected total pore volume 

4. Lubricate in thin layer the ground part and the end of 

the capillary cone with vacuum gre~se 

5. Seal up the dilatometer with its stem and place into 

the filling device 

6. Shut off all three valves (marked M, A, P) of the filling 

device 

7. Close the aerating stopcock of the glass header connected 

with the filling device and upen its bypass stopcock 

8. Set going the vacuum pump 

----:SJ 
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9. Carefully open the P valve of the fillin9 device, taking 

care that the air flow does not take away the powder 

10. After completely opening the valve the material is evacuated 

till 2.10-
2 torr. The period of the sample degassing is 

two hours 

11. After the degassing period, slowly open the M valve and 

fill the dilatometer with me:rcury. Take care that the P 

valve should be opened. When the mercury reaches the 

capillary, close the M valve at every cc. 20 mm level in­

crease. With patting the dilatometer promote the mercury 

penetration into the pores and grain interpaces. 

Hereby the sample preparation has been finished, the 

sample is ready for measuring. 

Description of the Instrument 

In the course of this laboratory practice, a high pres­

sure mercury porosimeter, Type 70H is used. With it the pore 

size distribution can be determihed in the range of 4-38000 nm 

(t1ith the filling device). 

The pores with size higher than 7500 nm can be deter~ined 

with the aid of the filJ.ing device of the instrument. The meas­

uring d2vics itself - in which the analysis of the pores with 

radii smalle~ than 7500 nm is carried ou~ - consists of a small 

autoclave containing the dilatometer. The mercury present in 

the calibrated stem of the dilatometer makes contact with a 

rod, supplied to following the mercury level. Its advancement 

is controlled by a synchronous motor. The mercury level is fol­

lo~1ed electrically by means of an electronic relay which operates 

only with a metallic contact. When a pressure increase causes 

a lowering of the mercury level in the calibrated stem and the 

rod does not make contact with the mercury any more, the motor 

starts and re-establishes the rod-mercury contact. At the same 

-----· 
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time the mercury level change is recorded by the chart redorder. 

The pressure necessary to press the mercury into the pores is 

produced in the pressure multiplier circuit (Fig.8.20,. As a 

result of the analysis the pressure of the system as a func­

tion of mercm::y level is obtained, from which the pore size 

distribution (see Theory, Vol.5.) can be calculated. 

Detailed description of the analysis procedure 

1. Read the height of the mercury level in the capillary of 

the dilatometer, containing the sample. This is performed 

with the aid of a cathetometer, taking care of its horizon­

tality. Read tbe pressure on the manometer. 

2. Close the bypass stopcock of the glass t.eader. Switch 

off the vacuum pump and aerate it w~th opening the 

aerating stopcock. After this the stopcock should be 

opened 

3. With the aid of the bypass stopcock, increase the pressure 

with approx. 150 torr and after patting the dilatometer 

read the pressure on manometer, and the mercury level 

charge by cathetometer. This is repeated until the pres­

sure on the manometer reaches zero value. The last meas­

uring i3 wade on atmo3pheric pressure. 

4. Bring the mercury level advencement neddle ii~ ~~~ auto­

clave head of the porosimeter ir. its upper position till 

the red index under the plate of the bayonet joint is 

seen. 

5. Control the rubber seals. In case of changing them, lu­

ricate w~th grease in thin layer. 

6. Make sure th~t in the bottom of the autoclave there is 

a drop of mercury. 

.., 
I o Take off the dilatorneter from the filling device, wipe 

the grease from its upper end and place it into the auto­

clave with the aid of a wire crook. 

- __ c_~j 
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l. AUTOCLAVE 

~- ROD ADVANCEMENT MOTOR 

3. RECORDER 
4. PRESSURE MULTIPLIER CYLINDER 

7. ALCOHOL RESERVOIR 

8. OIL RESERVOIR 

9. ALCOHOL DISCHARGE SOLENOID 
VALVE 

11. PRESSURE GAU GE 

12. SHUT OFF AUTOMATIC VALVE 

13. HIGH PRESSURE SAFETY VALVE. 

14. LOW PRESSURE SAFETY VALVE: 

co 
I 

l.O 
l.O 

5. LOW PRESSURE PUMP 10. OIL DISCHARGE SOLENOID 
VALVE 

15. HIGH PRE 5SURE MANUAL VALVE 
6. MOTOR OPERATION CIRCUIT 16. CHART ADVENCEMENT DEVICE 

Fig.8.20 

SCHEMATIC DIAGRAM OF THE POROSIMETER 
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8. Fill with abs. alcohol that part of the capillary which 

is free from mercury. 

9. Mount the head of the autoclave ar..d fix it with the nut 

bolt. Screw it gently by hands only. 

10. Screw in the small alcohol overflow valve to half way. 

11. Put paper into the recorder chart, aajust the paper chart 

to zero, and mark the starting point . 

12. Connect the autoclave head to the rod adv~ncement motor 

with the bayonet joint. Connect the advancement motor 

shaft with the rod. 

13. Make sure that the aerating valve is closed. If it is 

not, close it. 

11. Adjust the signal disc of the low pressure circuit to 

~0.5 atm. 

15. Turn on tne MAIN switch. 

16. Switch the "LEVEL B
3

11 to tre lower position. The rod ad­

vancement motor begins to move until reaching the mercury 

level in the stem of the dj 1 ~tometer. 

17. After running down of the motor, turn the switch "RECORDER 

B2 " to the position "ON". 

18. Open the alcohol discharge valve and fill the autoclave 

with alcohol. When the alcohol flows through the over­

flow valve, close it so that no air bubbles would form 

in it. After this closa the alcohol discharge valve, too. 

19. Press the PUMP B
1 

button. The measure is started. Now 

the analysis goes on automatically. 

20. The analysis procedure is finished, when the blue pen 

of the hlgh pressure recorder reaches 2000 atm. Than 

st.op the pump with the PUMB B1 button. 

_-__ ..._, 
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21. Switch the LEVEL B1 to the upper position and with the 

aid of the aerating valve decrease the pressure in the 

autoclave gradually till atmospheric pressure. 

22. After reaching the atmospheric pressure, discharge the 

oil from the cylinder with turning on the OIL v2-switch. 

The piston gradually sinks and when the rod indicating 

its position shows the bottom dead centre, stop the process 

by turning off the switch. 

23. Discharge the alcohol from the autoclave with turr.ing on 

the ALCOHOL v
1 

switch. Open the alcohol discharge-, then 

the alcohol overflow valves and wait until the alcohol 

flows out through a tube at the right side of the instru­

ment. After discharging the alcohol, close the alcohol 

discharge valve and turn the ALCOHOL v 1 switch off. 

24. Close the aerating valve. 

25. Turn off the RECORDER v1 swithch. 

26. Replace the shaft-contact to the screw on the front panel 

of the instrument. 

27. Unscrew the bayonet joint of the driving shaft. 

28. Screw out the alcohol overflow valve. 

29. Turn off the MAIN switch. 

30. Unscrew fixing nut of the autoclave head and take off the head. 

31. Take off t~e dilatometer. 

32. Extract the paper chart from the recorder . 

CALCULATION OF PORE SIZE DISTRIBUTION 

The calculation is carried out with the aid of a data 

sheet. 

·- ___ 4 
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. In the first step the pressure exerted on the material, 

and the decrease of mercury level caused by the pressure are 

calculated. (patm (1) and mercury level lowering {mm) (2) 

columns on the sheet). 

a) Macropore region 

This region ranges from 0 to 760 Hgmm pressure. 

(Values d~termined by the fill~ng device) 

The manometer i~ read off at 0.02 torr, corresponding 

to zero manometer position. Subract from this value the 

subsequently measured reduced pressure values. In this 

way the pressure exerted on the mercury level is ob-

tained. 

Decreases of the mercury level related to the starting 

value can be determin€d subtracting the mercury level 

measured at individual pressures by the cathe~ometer 

from the starting value (2nd column). The height of 

mercury level in the dilatometer filled up to mark is 

150 mm. Subtracting the decreases of mercury level from 

this, gives the pressure of mercury column ir, the 

capillary. 

The pressure exerted on the mercury level and the pre~­

sure of the mercury column in the dilatometer affect 

together the material in the bottom of the dilatometer 

so this two values have to be summed up. So the pres­

sure exerted on the material is obtained in torrs. This 

value is calculated for atm units by dividing with 

760 (1st column). 

b) Meso- and micropore region 

The mercury level decreses at various pressures 

(cc. 2 I 6 I 12 I 20 I 30 I 40 I 50 I 60 I ao I 100 I 150' 

200, 250, 300, 400, 600, 800, 1200, 1600, 1800, 2000) 

are determined from the graph. The pressures are 

___ ._:'9i 
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described in the first, the mercury level decreases 

in the second column. Take care when reading the red, 

low pressure curve off that its values have to be 

corrected with the difference of the dtviation fr0m 

zero at ~he starting. 

2. Determination of the mercury level decrease corrected 

by the mercury compressibility (3rd col':lrnll); of the total cor­

rected mercury level decrease (4th colurnr..) and of the mercury 

colum~ height (5th column). 

Correcting the mercury level decrease read off the 

graph, by the me~cury compressibility gives the 

decrease of the mercury level caused by the ~ercury 

penetration into the pores. The mercury compressibility 

in funct~.on of the pressure can be determined with the 

aid of a calibration curve. The o~tained data have to 

be written into the third column of the data sheet. 

For determining the total mercury level decrease 

(4 column) add together the last measured and corrected 

mercury level decrease in the macropore region, and 

the individual corrected mercury level decreases in 

the meso- and micropore region, respectively. 

The height of the mercury column (5th column) is obtained 

by subtracting the total corrected mercury level de­

creases determined for the individual pressure from 

the value of the greatest total c0rrected mercury level 

decrease. 

3. Calcula.tion of the pore radius ( R, 6th column) and the 

pore volume (V, 7th column). 

The value of the pore radius is determined based on 

the following equation: 

7500 R = p 

------~~ 
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R pore radius in nm 

p : pressure in atm 

In the meso- and micropore region 1 at~ has to be 

added to the pressure values read off the graph, 

because the pressure gauge of the instrument records 

overpressure. The calculated values are tabulated in 

the 6th column of the data sheet. 

The pore volume is calculated by the following equation: 

where: 

A v = Q 
H 

H l1eight of the mercury column, mm 

A : cross-section of the dilatometer 

A= 7.067 mm2 

Q : weight of the sample used 

V pore volume in nun3/g 

The graph of the pore volumes plotted in the function of 

their radii gives the integral pore distribution curve 0f 

~he sample. The most proba~le pore radii values can be Je­

~ermined by its differentation. 

In the course of this laboratory practice, the calculations 

a~e performed with the aid of the 7th program of the Texas-52 

calculator • 

Instructions for use of the program are the following: 

1. Read the side "A" and "B" of the prerecorded magnetic 

card according to the instructions in chapter 11. {Calculation 

of the pore radius and the pore volume). 

T 
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2. After pressinq the key "A": 

!11 the macrcpore region: 

a 

pressure read off 

the manometer - ~UN -
mercury 

level 

p calculated 
- RUN - Coo the cii.splay) 

- RUN - calculated decrease of 

level (en the display) 

When calculating the last point in the macropore region 

the key RUN has to be przssed as soon as the decrease of the 

mercury level is displ~yed. 

3. After pressing the key "B": 

Q value - RUN - t.he last pressure value 

in the rnicropore region 

_ RUN _ related rrercury 

level decrease 

- RUN - the data of the data sheet in due course. 

After each displayed data, pre~s the key RUN. 

4. After pr~ssing the key "C": 

The rata of the macropore region have to be given in the 

order the data sheet. 

After eact displayed data, press the key RUN. 

5. After pressing the key "D": 

values of individual 

pressures in the mi~ro­

and mesopore regions, 

respectively 

values of the mercury 

- RUN - level decreases read off 

the graph 

- RTJN - Valves of the data sheet in due course 

After each displayed data, press the key RUN 
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12. CAUSTICIZATION TESTS 

PURPOSE OF TRE CAUSTICIZATIOK TEST 

Taking into account thaL the composition, crystal-strvc­

ture and~ consequently, the causticizability of sodium-al•.nninium­

-silicates f~r.ned during the Bayer process depend significantly 

on the conta~inants of the digestion liquor (Cl-, co;-, SO~-, 
etc.) and on the digestion parameters (see notes J.n Volume 6), 

it is expedient to perform the causticization test alvays with 

the given red mnd, in order to establish optimum causticization 

technology. 

r.ed mud samples freshly prepared or freshly taken from 

the plant are used for the causticization tests, as their 

causti~izability is consijerably affected by the aging of 

sodium-silicates. 

TESTING EQUIPMENT 

Causticization tests are performed in a closed vessal of 

1 to 2 1 volume placed into water bath, equipped with c· .. osing 

lid and agitator. The vessel can be therrnostated at 90 to 

100 °c. 

RUNNING THE TEST 

Mud from the last washer underflow of the (Almasftizito 

Alumina) plant is used for the red mud causticization tests, 

with known solids content and Na2o total, Na2oc and Al 2o3 
concentrations of the liquid phase. 

Solids content of the red mud slurry to be causticized 

is adjusted to 250 gpl by a liquor of similar concentration, 

and 4 times 700 ml slurry is measured ir.to 4 beakers of 1 

litre volume each. Finally, ground Cao is added to the red mud 

---- ·I 
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doses, calculated in the amount of 1, 2, 3 and 4 mol Cao to 

its bnund Na
2

o content, by the following formula: 

where: 

n 

cao 
a 

56 = nx 0.7 x 2.5 Na2o x 62 

nwnber of C?O mols (1, 2, 3 or 4) calculated for 

the bound Na2o content 

bound Na
2

o content of red mud in percentages 

After adding Cao to the slurry, it is thoroughly stirred 

with a glass rod and filled into preheated vessels of 95 °c 
temperature, placed in thermostated water bath. The vessels 

are closed and the stirrer ~s started. Stirring is carried 

out on 95 °c temperature, for 4 hours. Of the test performed 

by 3 mol Cao charge, the slurry samples are taken after 1, 2, 

3 and 4 hours; of the other tests the samples are taken after 

4 hours, 100-100 ml in each case. Solids content of the slurry 

samples are separated by centrifuge, then it is repulped, 

washed 3 times by 400 to 500 ml of distilled hot water. 

The washed red mud samples are dried on 110 °c temperature, 

then ground to <100 
1

um grain size for the analysis. 

The following components of the Ied mud samples are 

analysed by atomic adsorption spectrometry method: 

Fe2o3, 

Si02 
cao 
Na2o 

EVALUATION OF CAUSTICIZATION TEST 

1. Calculate for each tested sample the causticization 

efficiency, according to the following formula: 

I 
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b' 
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I 

'2 caust. = {1 - -:-.-:-~-) • 100 p.:-:r cent 

Na2o content of causticized red mud, in percentage 

Fe2o3 conten"!: of caustici:--•::d red mud, in percentage 

Na2o content of the initial red mud, in percentage 

Fe2o3 content of the initial red mud, in percentage 

2. Plot the causticization efficiency in the function of 

the applied cao amount • 
.,, 
"(. OJo I 

1 2 3 4 
.nol CaO/mol Na2o 

3. In the test performed by 3 mols of CaO/mol Na2o, plot 

into the diagram the shaping of causticization efficiency, in 

the function of the reaction time. 

~°lo'. 

t time 

4. Calculate the amount of Cao mols for 1 mol of re­

generated Na2o, in case of red mud causticized by additin of 1, 

2, 3 and 4 mol Cao and 4 hours reaction time, using the fol­

lowing fo~mula: 

where: 

n = 100 • c 
a' ·"l. 

62 
. 56 

c Cao content of causticized red mud, per cent 

a' : Na 2o content of initial red mud, per cent 

---~' 
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13. ANALYSIS OF ALUMINATE LIQUOR 

CONDUCTIVITY MEASUREMENT OF ALUMINATE LIQUORS 

INTRODUCTION 

A substantial requirement of process control is that 

the ca~stic soda concentration (ck), the alumina concentra­

tion (c 1, the temporary caustic molar ratio ( oC) as well 
a 

as the salt level (c ) of the process liquor has to be known 
s 

permanently. Thermometric and conductometric concentration 

measurement methods were developed for this purpose (ex­

ercise 21.), as well. 

Changing of conductivity of aluminate liquors in func­

tion of Na
2
o t concentration at different salt levels is 

ca us 
shown in Fig.8.21 at different Al 2o 3 concentrations in 

Fig.8.22 at different caustic molar ratios in Fig.8.23. 

The conductivity of the liquor depends considerahly on ' I 
0 

the temperature of the solution - 1 pct per C on the average -

Fig. 8.24. 

It is seen in Fig. 8.23 that the conductivity is ir..de­

pendent of the salt content (c ) of the bolution at 50 gpl s 
Na 0 so the measurement will be carrie.:i out with 

2 caust' 
liquors diluted to 50 gpl. 

INSTRUMENTATION 

Measurement is carried out with an OSCIMHOMETER equip­

ment of OK-105 type. The characteristic data of the in­

strument are given in Table 8.8. 
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- Table 8. 8 

TECHNICAL DATA OF OSCIM:HOME'I'ER 

Measuring range: 

Measuring frequency: 

Measuring accuracy: 

Measuring sensitivity: 

Stability (without 

diameter compensation): 

Decreasing the error, 

caused by the changes 

of the cell diarreter in 

the case of prescribed 

setting in of the 

diameter-compensation: 

The diameter-compensa­

tion can be used: 

Mains supply: 

Power consumption: 

Dimensions: 

Weight: 

Measuring cells: 

-6 -1 lxlO -50 Mho.cm , depending on 

type of the applied cell 

4MP.z 

+ o. 5 rel. % 

appr. 0.2 % 

the observed values are reproducible 

with a + 0.5 % accuracy, if the tem­

perature is between +15 - +3s 0 c and 

the main voltage fluctuation is not 

more than + 10 %. 

Depending from the changes of dia­

meter and electric conductivity of 

the solution can be 

two to hundredfold 

between the values of 

RANGE 0 - 3000 

220 V/50 Hz 

appr. 15 W 

280 x 200 x 180 mm 

appr. 6.5 kg 

1 measuring coil, 

1-1 400 ml uni•1ersal measuring cell 

beakertype cell and transflux 

glass-cell, made of glass. 

Other cell-types can be also used 

with or made for the instrument. 

I I 
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Measureoents will be done under isotherm conditions, 

namely at 50 °c, so the measuring cell is to be thermostated. 

MEASURING 

Prepare solutions of oC 1 = 1.5 (A/C = 0.642), 

oL 2 = 1. 8 ( 0. 5 3 5} , oC 3 = 2 . 1 ( 0. 4 5 8) , oC 4 = 2 . 4 ( 0. 401} , 

cL 
5 

= 2. 7 (0. 356) , oC 
6 

= 3 .0 (0. 321} using the plant liquors 

of oC = 1. 5 (0. 642) and 3 .0 (0. 321). 

Dilute them to 50 Na2oc gpl (85.5 Na2co3c gpl} for the 

measuring. 

Measure the conductivities of the 6 solutions 5 to,es 

each, and prepare calibration curves. 

RESULTS 

Calculate the arithmetical mean at each point, and 

calculate the actual deviation as well. 

Plot the conductivity values in fuction of caustic molar 

ratio and in function of A/C ratio. Put it away as a calibra­

tion curve to the exercise 14. 

DETERMINATION OF Ga CONTENT OF ALUMINATE LIQUOR BY PULSE 

POLAROGRAPHIC METHOD 

PRINCI'?LE 

The gallium forms weak thiocianate complex which can be 

reduced on mercury working electrode and the polarographic 

wave can be recorded in case of properly selected conditions. 

Main determinating factors are the ionic strength and the pH. 

The application of a pulse polarograph suitable for i~s better 

selectivity and sensitivity. 
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PROCEDURE 

Dilute an aluminate sample to 1:5 volume fraction with 

distilled water and pipet 10.0 ml of this solution to a 

50 ml baker. Add 5 ml cc nitric acid and evaporate to 0.5 ml 

vJlume. Treat it with small portion of 4-5 ml of 30 % hydrogen 

peroxide till the colour of the precipitate becomes white. 

Evaporate to dry and dissolved the residue with 1 ml of cc 

nitric acid and water. Evaporate the solution two times to 

1/3 volume to decrease the acidity. Add 20.0 ml of 7.5 F 

NaCl0
4 

and 3.0 ml of 2 F NaSCN and set the pH of the solution 

to 0-1.5. Poure the solution to the polarographic cell and 

pourge with nitrogene to elil.1inate the oxigen content of 

the solution. 

Know the operation and structure of the Tacussel UAP 4 

pulse polarograph from the ins~rument's manual. Set the 

measuring parameters according to the next data: 

Start potantial: - o. 6 v vs S.C.E. 

End potantial: - 0.1 v vs S.C.E. 

Drop life time: 1.5 sec 

Delay time: 1. 3 sec 

Duration: 40 msec 

Puls amplitude: 40 mv 

Polarisation rate: o. 4 rnV/sec 

Take the polarogram of sample solution, add 0.10 ml of 

standard Ga solution and repeat the procedure. 

-·---~, 
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CALCULATION 

Measure the pe~i. ht.ight of sampJ_e and sample + addition 

peaks and calculate the gallium content with the following 

equation: 

Ga . 10 

where HS sample peak height 

HS+A sample + addition peak height 

CA Ga concentration of standard solution (mg/ml) 

Precision 

Variation coefficient is 5. 

Time consumption 

30 min. 

- __ -_::9, 
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l-i • Al/OH/3 PRECIPITATION AND ANALYSIS OF LIQUID PHASE 

Al/OH/ 3 PRECIPITATION 

Application fields and difficultie> of precipitation 

model tests are described in Chapter 3. of Volume 6. Some of 

the most frequent application fields are enumerated hereunder: 

effect of precipitation parameters - as initial molar 

ratio, Na2oc concentration, precipi ta ti on time, initial 

temperature run-down, seeding ratio, grain size distribu­

tion of seed - on efficiency and on grain-size distri­

bution of the product 

activity determination of seed crystal 

effect of the aluminate liquor contaminants - co3 ; 

Corg; oxalate, Fe2o 3 , Sio2 content - on the precipita­
tion .. 

LABORATORY PRECIPITATION EQUIP~IBNTS 

Precipitation model experiments are carried out according 

to Volume 6 chapter 3., using the most suitable equipment as 

regards the purpose of the test. 

In case of tests which are very sensitive as regards pre­

cipitation such as the rr.odelling of agglomeration, precipita­

tion bombs are used. Digestion bombs illustrated in the exer­

cise No. 8 (Fig. 8.12) are also suitable for precipitation 

purposes. The bombs are agitated in the thermostated agitating 

unit with 17 rev./min. In certain cases iron dissolution from 

the wall of the bomb greater by order of magnitude than that 

of the plant must be prevented as a consequence of the differ­

ence of the tank wall surface per unit precipitator volume. In 

this '~ :ise the precipi ta tor bomb is line with titanium nickel 

or teflon. 

~·-
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If the plant precipitation to be modelled is performed 

in a mechanically agitated equipment, a similar laboratory 

unit must be used (Fig. 8.25). C::tre must be taken for the type 

of the stirrer and for selecting the applied revolution number, 

so that the shear velocities affecting the grain be the same 

as that in the plant equipment. 

A more up-to-date equipment is a laboratory air-agitation 

unit (Fig. 8.26), where the agitation is provided by air blown 

into the draft tube, consequently the hydrate grains are ex­

posed to smaller shear forces. When shaping the unit, care 

must be taken that the total amount of slurry be mixed. Flow 

velocity corresponding to that of the plant can be adjusted by 

the pressure of compressed air. The specifi~ air consumption is 

much higher than that of the plant, due to the difference in the 

pressure conditions. As a consequence of intensive contact with 

the air, much greater evaporation is experienced than in the 

mechanic equipment, therefore, continuous substitution of evap­

orated water has to be ensured. 

Due to the fact described under Volume 6. chapter 3. the 

precipitation tests are often performed under isotherm condi­

tions. In such cases maintaining 2:_ 0.5 °c temperatnre is suf­

ficient. In case of p~rforming longer precipitation tests, heat 

control program corresponding to the plant temperature-regime 

has to be ensured. A simple, natural (logarrthmic} temperature 

control program, suiting the cooling profi~e is used for realiza­

tion of the exercise (Fig. 8.27}. 

PERFORMING THE MEASUREMENT 

Evaluations are carried out in the unit shown in 7ig. 8.25. 

Main data of the unit are given hereunder: 

Number of precipitation vessels: 6 pcs. 

Effective volume of precipitation vessels: 600 ml 

- .'9' 
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Revolution number of the engine: 

Revolution number of precipitator: 

Length of the stirrer: 

1390 r/rnin 

83 r/min 

7 cm 

Velocity of separation is followed by the molar ratio de­

termination based on conductivity measurement, as described 

in exercise No. 13. Grain-size distribution of the product hyd­

rate is determined in the coJrse of exercise 18. and, based on 

the result, the specific surface area is also calculated. 

Required dilutions for the exercises are made of plant 

liquor of about 1.5 molar ratio {A/C = 0.64) above 200 gpl 

Na2ocaust. (340 gp_Na2co 3caust.) concentration; or from similar 
synthetic liquor. The amount of seed hydrate is calculated on 

the basis of the given seeding ratio as follows: 

SC = 

where: 156 
102 = 

0.87 

v 

As = Al2o 3 in seed 

A1 = Al2o 3 in aluminate liquor 

156 1 v 
102 . 0.87 . 1000 /g/ 

molar weight ratio 

= Al(00)3 content of hydrate containing 13 per 

cent adh. liquor 

= volwne of aluminate liquor, in ml 

MEASUREMENT OF CONCENTRATION-DEPENDANCE 

initial temperature: 70 °c 

&lurninate liquor concentrations: 

---' ='' 
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600 ccm 90 gpl Na2oc l'V 160" gpl Na 2co3c 

600 ccm 110 gpl Na2oc "'V 190 gpl Na 2co3c 

1800 ccm 130 gpl Na2oc rv 220 gpl Na 2co 3c 

600 ccm 150 gpl Na2oc rv 250 gpl Na2co 3c 

seeding ratio: 1.0 

samples are taken from the liquor of 130 gpl Na
2
oc (220 gpl) 

content after 1, 2, 3 and 5 hours, and the molar ratio 
is determined 

samples are taken from each vessels after 20 hours, and 

the molar ratio is de~ermined. Total amount of hydrate 

is filtered out, the liquor is washed off by hot, dis­

tilled water and then by alcohol, finally the grain-size 

distribution is determined in the course of exercise 
No. 18. 

SEEDING RATIO DEPENDANCE 

experiments are performed in a liquor of 130 gpl Na
2
oc 

(220 gpl Na2co3caust) 
temperature program starts at 70 °c 

successive seeding ratios should be: 

0.5, 1.0, LO, 1.0, 1.5, 2.0 

in order to follow the change of efficiency versus timE 

samples are taken from the tank with 1.0 seeding ratios 
after 1, 2, 3, 5 hours 

after 20 hours samples are taken from each tank for the 

determination of the molar ratio 

hydrate is treated as described previously. 

SODA LEVEL DEPENDANCE 

1100 ccm synthetic liquor of 1.0 c3usticity (free of soda), 

and 1400 ccrn of 0.75 causticity (i.e. 25 per cent soda) is 
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prepared (molar ratio = 1.5 rv A/C = 0.64; Na
2
oc = 200 gpl 

Na 2co3caust. = 340 gpl). 

Precipitation of synthetic aluminate liquor 

the calculated amount of Na
2
co

3 
is dissolved in hot, 

distilled water 

the r~~uired of NaOH is dissolved during cooling 

the necessary Al-chips are added in small charges, 

under hood because of intensive H
2
-releasing 

solutions of 130 gpl kNa 2o concentration (220 gpl 

Na 2co3 t), of 5, 10, 15, 15, 15, 25 per cent soda ca us 
level < 0.95 ......•.•. 0.75 causticity) are prepared from 

the liquors 

seeding ratio: 1.0 

samples are taken from th~ liquor of 15 per cent soda 

level, after of 1, 2, 3, 5 hours, in order to determine 

the molar ratio 

the product hydrate is treated according to the instruc­

tions described under previous point. 

SAMPLING 

When taking the sample, care must be taken for separating 

the hydrate grains as quickly as possible and not to let the 

solution to cool, as it would induce further segregation. Hyd­

rate £ample can Jnly be taken from the hydrate gained after 

filtering the total content of the tank, and care must be taken 

that the sample be of average quality. After stopping the agita­

tion the hydrate starts to settle inunediately, with a velocity 

corresponding to its size: consequently the slurry sample taken 

in such case can not be representative as regards grain-size 

distribution. The hydrate sample has to be washed cnoroughly by 

water and alcohol, because the Al/OH/ 3 separating from the adh. 

liquor sticks the grains together. 

.~.-' . .:9\ 
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E\_LUA'fION OF TgE RESULTS 

EXERCISES 

1. plottir.g the precipitation effic~ ncy vs. time 

2. plotting the precipitation efficiency vs. the concentra­

tion (1st group), seeding ratio (2nd group) and soda 

level (3rd group) 

3. change in the average grain-size of the product hyd­

rate (fraction below 44 
1

urn), in the functi0n of the 
above 

4. calculation of dispersion, based on three parallelly 

performed ~easurements. 

CALCULATION OF EFFICIENCY 

A1 = initiul Al
2
o

3 
gpl 

A 2 = final Al
2
o

3 
gpl 

In practice it is normed for Na
2
o or Na2co~ t content 

c Jcaus . 
to the molar ratio or A/C, resp., because of may be evaporation. 

. 100 or 

CALCULATION OF DISPERSION 

where: x = 

n 

~ 
i = l 

n 

x. 
l 

·- _· .~\ 
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The results are given in Table 8.9. 

Initial liquor Pr~cip. 

kNa.,O Nail)3c.. R A/C salt tire 
L C level 

Precip-
itated 
liquor 

nolar 
A/C ratio 

Table 8. 9 

Pro-
2prec. duct 

dm 
-4411 

% 

I ·• 
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CHEMICAL ANALYSIS OF ALUMINhTE LIQUOR 

DETERMINATION OF CAUSTIC SODA CONTENT OF ALUMINATE ~IQuG~ 

Pl-inciple 

2- 3- 3- -The disturbing anions (co3 , P04 , vo4 , F ) are precipi-

tated with large excess of barium chloride solution. Use an 

aliquot of clear solution for the titrs.tion with hydrochloric 

acid titrant in the presence of phenolphtalein indicator. The 

alkalinity originated from sodium-hydroxide and sodium aluminate 

is measure this way. The disturbing effects of aluminium content 

can be eliminated with addition of potassium sodium tartarate. 

Procedure 

Pour about 150 ml water to a 250 ml volumetric flask, add 

25 ml of 2u % BaC1 2 solution and swirl the content of the flask. 

Transfer 20 ml of 1.10 diluted aluminate liquor (the dilution 

depend 'Y.1 the caustic sodium content of the liquor) to the flask 

with pipet. Fill the flask to the mark with distilled water and 

close with a ruber stopper tightly. Stirr the mixture shaking 

the flask frequently. Wait till the precipita~e is settled. 

Transfer 20 ml of Seignette salt solution to a 300 ml Erlenmayer 

flask and add 0.5 ml of pheaolphtalein indicator solution. Pipet 

an 5 ml aliquot of the settled clear solution to the Erlenmayer 

flask and titre imediately with 0.1291 F hydrochloric acid 

titrant till the solution become colourle5s (V ml). 

where 

Calculations 

Na2o caustic g/l (V - 0. 06) • 4 = A 

A the volume of the original aluminate liquor (calculated 

from the diluted aliquot) 

V consumed titrant 

' 

I 
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Precision 

Variation coefficient is 0.1. 

Time consumption 

30 minutes. 

DETERMINATION OF Al2o
3 

CONTENT OF ALUMINATE LIQUOR 

Principle 

The aluminium content of aluminate liquor forms EDTA 

complex. The excess of a known quantity of EDTA can be titrated 

back with zinc acetate titrant in the presence of xylenolorange 

indicator. 

Procedure 

Transfer 5 ml of diluted aluminate liquor to a 250 ml 

volumetric flask with pipet and acified with 1~1 HCl till the 

precipitate is dissolved. Fill the flask to the mark. Pipet 

50 ml of this solution to a 200 ml Erlenmay~r flask and add 

25 ml of 0.12 F EDTA solution with pipet to the Ilask. Neutralize 

the solution with 1~1 NH40H in the presence of phenolphtalein 

and add 25 ml of acetate buffer solution of pH 5.5, some boiling 

stones, cover it with watch glass and boil for 5 minutes. Let 

the Golution cool and titrate with 0.07843 F zinc acetate t~trant 

in the presence of 2-3 drops of 1 % xilcnolorange to yellow­

-violet colour (V). 

The titer of the EDTA solution must be determined daily 

by titration with zinc acetate (V0 ). 

-~ --~; 
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Calculations 

(Vo - V) • 4 
Al 2o3 content g/l = A 

where 

A the volume of the original aluminate liquor 

(calculated from the diluted aliquot) (ml) 

V : consumed titrant (ml) 

V • titrant consumed at blank (m~) o· 

Precision 

Variation coefficient is 0.1. 

Time consumption 

20 minutes 

Calculation of caustic molar ratio of alumin~te liquor 

The most important technological parameter of the aluminate 

liquor can be calculated from the known Al2o3 and caustic sodium 
r,ontent by the following methcd: 

Caustic molar ratio 

DETERMINATION OF CARBONATE CONTENT OF ALUMINATE LIQUOR 

Principle 

The Baco3 content of the precipitate originated from the 

caustic soda determination can be decomposed with hydrochloric 

acid. The excess of hydrochloric acid can be titrated back. 

The Na2co 3 content can be calculated from the consumed hydro­
chloric acid. 

I 
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Procedure 

Filtrate the precipitate remained from the caustic sodium 

determination on a Buchner funnel and wash four times with 20 

ml of 5 % bariumchloride solution. Transfer the precipitate 

with filter paper to a 300 ml Erlenmayer flask. Give excess of 

0.129 F hydrochloric acid (about 20-30 ml) (V 1 ) with buret and 

pour 50 ml of distill~d water to the flask. Boil it for ten 

minutes. Titrate the excess of hydrochloric acid with 0.129 F 

sodiwr. hydroxode solution in the presence of phenolphtalein 

CV
2
). The titration can ~e performed in hot solution too. 

Calculations 

where 

v
1 

consumed 0.129 F HCl (ml) 

v
2 

consumed 0.129 F NaOH (ml) 

f
1 

and f 
2 

the proper factors 

C : constant according to the dilution 

Precision 

Variation coefficient is 0.1. 

Time consumption 

20 minutes 

I 
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DETERMINATION OF Si02 CONTENT OF ALUMINATE LIQUOR 

Principle 

The silica content of an acidified aluminate liquor forms 

yellow coloured silica-molybdenic acid which can be reduced 

with ascorbic acid-Fe 3+ redoxi system to molybdenic blue and 

measured spectrophotometrically. The optical density of so­

lution is proportional to the silica content of original sample. 

Procedure 

Transfer 1 ml of diluted aluminate liquor to a SO ml 

volumetric flask with pipet. Dilute it with 10 ml of distilled 

water and neutralize the mixture with 1:4 sulfuric acid in the 

presence of phenolphtalein indicator. Add excess sulfuric acid 

till the solution become clear and an excess of 0.2 ml of acid. 
. 3+ 

Add 1.5 ml of Fe solution and 10 ml of amminium molibdate so-

lution into the flask. Stir the solution with the yellow pre­

cipitate and let it ~ettle for ten minutes. Solve the precipi­

ta~e ~y the addition of 10 ml of 1!4 sulfuric acid and wait 

for ten minutes. Add 2 ml of 2 % ascorbic acid to the mixture, 

make up to the mark with distilled water and swirl. After 

twenty minutes waiting measure the optical density at 850 nm 

wavelength. The silica content can be calculated from the 

calibration curve prepared at the same time. 

where 

Calculations 

Si02 g/l A 
= v 

A s102 value read from calibration curve (mg) 

V original volume of aluminate liquor sample (ml) 

I 
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Precision 

Variation coefficient is 2. 

Time consumption 

30 minutes. 

f·· 
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15. THERMOGRAVIMETRIC INVESTIGATION OF Al(OH) 3 

INSTRUMENTATIO"N 

The thermogravimetric investigations of alunina hydrate 

are carried out in MOM type Derivatograph. The instrument is 

described in chapter 4. of this volume. 

AIM OF INVESTIGATION 

The investigation is carried out in order to study the 

thermal decomposition of alumina ~ydrate during the calcina­

tion process. The phase transformation proceeding during 

calcination is described in volume 2. aA1 2o3 is formed 

through different Al
2
o

3 
modifications from the alumina hydrate 

as a result of heating. 

Transformations of Al(OH) 3 connected to H2o loosing can 

be followed, and the actual formation temperature of aA12o3 
can be obtained by thermogravimetric investigations. Using 

mineralizers, the forming temperature and the transformation 

ratio of aA1
2
o

3 
- an exotherm peak appearing in OTA r::urve 

can be decreased and the physical properties of alumina 

modified. 

INVESTIGATION 

In the course of tr.is exercise the sample obtained from 

the precipitation test (chapter 14.) is to be investigated 

thermogravimetrically. The investigations are to be carried 

out without any aid and with 1 wpct AlC1 3 mineralizer addi­

tion, calculated on Al2o3 content of the hydrate. 

Weigh 1.000 g alumina hydrate (or a homoger1ous mixture 

of alumina hydrate and the mineralizer at investigation with 

mineralizer), dryed at 110 °c, into the ignition crucible. 

- ----. 
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Adjust TG sensivity (a practical value is 500 mg) and the 

heati~g velocity. Go on with heating to about 1,200 °c as a 

final temperature. 

EVALU;\TJON OF RESULTS 

Evaluation is done similary as it is written in chapter 4. 

1. Determine the temperatures of different water loosings on 

the basis of OTA and DTG curve peaks. 

2. Determine the weight of lost water at different stages 

in mgs and convert it into moles. 

3. Determine the forming temperature of aA1 2o3 at ignition 

in presence of mineralizer on the basis of the appearing 

exotherm peak in the OTA curve. 
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16. DETERMINA7ION OF THE SPECIFIC SURFACE AREA 

VOLUMETRIC-DYNAMIC METHOD (PERKIN-ELMER SHELL SORPTOMETER} 

In the course of specific surf ace area determination 

with the volumetric-dynamic method, a mixture of gases con­

taining an adsorbed and a non-adsorbed gas is passed 

over the sample. The concentration and related partial 

pressure of the adsorbed gas in the gas mixture is measured 

before and after passing over the sample. From this two data 

the adsorbed gas quantity and the specific surface area are 

calculated. (Detailed description see in Vol.5.} 

The instrument is suitable for determining the specific 

surface area of bauxites, aluminas and red muds of specific 
. 2 

surfaces higher than 0.5 m /g. 

ANALYSIS PROCEDURE 

Sample Preparation 

The purpose of sample preparation is to clean the surface 

of the alwnina from pollutants (adhesive water ~nd gases 

adsorbed on the surface}, having disturbing effect on the 

analysis without changing the structure of the sample. 

In the course of preparation of alumina samples the 

material weighted in the sample tube is placed into a baking 

oven. It should be dried at ~ temperature of 110 ~ 3 °c 
for 12 hours and further two hours with flowing helium gas 

through the sample tube with a flow-rate of 50 ml/min. 

(Fig.8.28). 

' I 
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Detailed outline of the sample preparation: 

1. Clean and dry the sample tube (Fig. E;. 29) 

2. Cap the closing tubes of the suitable numbers to the 

sample tube, cleaned forreerly. 

3. Weigh the sample tube. 

4. Fill the sample into the tube with a clean, dry funnel. 

5. Remove one of the rubber policemen from the tube. Put 

the rubber policemen into a clean beaker and connect 

the tube with one end to the overhead manifold of the 

baking oven. 

6. Put the tube into the baking oven. 

7. Remove the other rubber policemen too. 

8. Turn on the baking oven. 

9. Set the temperature regulator switch on 110 °c. 
10. When the sample has been baked out (usually 12 hours}, 

open the valve of the helium cylinder. 

11. Set the helium pressure to the value of 5 atm, then with 

the aid of a needle valve set the required flow rate 

( rv 50 ml/min) • 

The sample has to be baked out at least two hours with 

helium gas flow. Then the preparation procedure has been 

finished, the sample is ready for analysis. 

Description of the Instrument 

In the course of the laboratory practice, the specific 

surface area is determined by Perkin-Elmer-Shell Sorptometer 

operating on the basis of the volumetric-dynamic principle. 

The instrument is suitable for determining the specific 

surface of 0.5 - 2,000 rn2/g. Nitrogen is used as adsorption, 

helium as carrier gas. Fig.8.30. 

' 

• 



8-139 

SAMPLE -

35 

Fig. 8. 29 

SAMPLE TUBE OF THE PERKIN-ELMER 

SHELL SORPTOtviETER 

• 



J 

) 

4 

1. DRYERS 

2. FILTERS 

3. FLOW METERS 

4. VENT 

5. PRESSURE GANGES 

6. SAFETY VALVES 

1. PRESSURE REGULATORS 

8. CALIBRATION NEED VALVE 

9. MANIFOLD 

10. SHUT-OFF VALVES 

11. REST RICTORS 
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12. COLO TRAP 

·z 
0 

13. SOAP BUBBLE FLOW METER 
14. DEWAR FLASKS 

15. MIXING TANK 

16. HEAT EXCHANGERS 

11 INPUT DETECTOR 

18. OUTPUT OE T ECTOR 

19. TANK OF THE TEMPERATURE STABILIZATION BATH 

20. CALIBRATION VALVE 

21. BY-PASS VALVE 

22. SAMPLE TUBE 

Fig. 8.30 

FLOW DIAGRAM OF THE SORPTOMETER 
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i'he instrument consists of a measuring unit, a recorder 

and a printing integrator. The components of ~he gas mixture -

nitrogen and helium - are introduced into the system thrcugh 

joints and reach the mixing tank through dryer, filter, pressure 

regulator, pressure gauge and restrictors. The proportion of 

components and related partial pressures are set on the required 

value with the aid of pressure regulator valves and pressure 

gauges. From the mixing tank the gas mixture of given compo­

sition passes through a cold trap serving for gas cleaning, 

the first detector, the sample tube and the second detector 

after ~hich it reaches the soap bubble flow meter serving for 

measuring the flow rate, and finally it leaves the system. 

In case of steady gas-flow, a gas mixture of the same 

composition passes through the thermal conductivity detectors 

mounted before and after the sample, which are in Wheatstone­

-bridge arrangement. Than the Wheatstone-bridge is balanced, 

so that the base line on the recorder has zero value. After 

this the sample tube is immersed into liquid nitrogen. The 

cooling sample adsorbes nitrogen and the composition of the 

gas mixture changes indicated by the detector after the sample. 

The recorder regulated by the Wheatstone-bridge registers a 

peak which is proportional to the quantity of the adsorted 

gas. After reaching adsorption equilibrium the bridge is 

rebalanced, the recorder reaches again the zero base lin~. 

Thercaf ter the cooling bath is removed and the desorption 

o~ the gas is start.ed. The desorption is recorded by the in­

str.ument as a peak proportional to the desorbed gas quantity. 

After the sorption processes, a known amount of the calibra­

tion gas is introduced into the gas mixtur8, by switching 

on the calibration valve. The balance of th~ bri~ge is again 

b£oken and a peak proportional to the calibration gas quantity 

is registered by the recorder. Fig.8.31. 

• 
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Detailed Description of the Analysis Procedure 

1. Connect the soap bubble flow meter to the instrument. 

2. Open the valves of the three gas-cylinders connected 

to the instrument 

a) He carrier gas 

b) N
2 

calibration gas 

c) N2 measuring gas 

Open the needle valves of the three reducers. 

3. Fill the three cold traps with liquid nitrogen. 

4. Turn on the instrument. 

5. Turn the ATTENUATION switch from OFF position (through 

B) to S position. 

6. Turn on the recorder (on the right), (on the left: 

switch of the paper chart). 

7. Turn on the integrator (on the right upper side from 

OFF to STAND BY position). 

8. Set the reductors of the helium and the nitrogen 

cylinders on the value of 1.4 atm. 

9. During this time determine 

a) the room temperature (Tr °K = 0 c + 273) 

b) the barometer pressure (pT) 

c) the saturation pressure of the liqu~d nitrogen 

(po) 

10. Shut off the nitrogen stream and adjust the helium 

stream by setting the GAS MIXTURE 2 pressure regulator 

with the aid of valves to give a reading of about 

22 inches of wate~· on the gauge. Fix the nut bolts. 

11. Allow to flow the helium for 10 minutes. During this 

time control the value of the pressure (1.4 atm.) on 

the gauges of the three cylinders. 

12. Record the flow time of the helium successively three 

times (22 t ) . 
c 

13. Set the nitrogen pressure (GAS MIXTURE 1) on the value 

corresponding to the first point. It is usually 5 

inches of water. Fix the nut bolts. 
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14. Allow the nitrogen to flow for 10 minutes. During this 

time control the value of the pressure {1.4 atm.} of 

the three gas cylinders. 

15. Record the flow time of the gas mixture three times 

(5 tt) • 
16. Set the ATTENUATION switch from S to x1 position. During 

this time adjust zero value on the recorder with the 

ZERO switch. 

17. Switch on the drive motor of the paper chart of the 

recorder {on the left side) • The recorder draws a hori­

zontal straight line till about three minutes. 

18. Turn the main switch of the integrator to MANUAL posi-

tion. 
19. If the pen drawing a horizontal line deviates from 

zero {in three minutes} , reset this value with the zero 

switch of the Sorptometer. 

20. If the Stroboscop is turning, stop it with the ZERO 

ADJUST switch of the integrator. If this condition 

remains for three minutes, calibration can be started. 

21. Calibration of the instrument 

Open the door of the recorder. Shut off its two switches. 

Adjust the needle manually from zero to loo value and 

stop the stroboscop disc with the 100 % ADJUST button. 

Turn on both switches of the recorder. Shut the door. 

The needle has to re-set from loo to zero position. 

If not, repeat the calibration. 

22. Switch the valve on the right side of the Sorptometer 

from SAMPLE to BYPASS position. 

23. After connecting the sample tube containing the examined 

material re-set this switch to SAMPLE position. 

24. Wait until zero line is registered by the recorder and 

the Stroboscop disc is stopped. If it is not so, adjust 

with zero switch till this condition is realized. 

25. Turn the POLARYTY switch of the Sorptorneter to the left. 

26. Turn on AUTO position the switch of the integrator. 

• 
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27. After taking care that horizontal zero line is register­

ed by the recorder 3nd the recorder and the Stroboscop 

disc is not turning, the sanple tube is immersed into 

liquid nitrogen and let in it for cc. 8-10 minutes. 

28. When the recorder begins to register a peak, the print­

ing integrator prints a number. For safety's sake push 

the PRINT button, as it can happen that the automatic 

number printing fails. 

29. After resetting the recoi<ler ~~n on the zero line /i.e. 

finishing the peak/ push again the ~RINT button, the 

integrator prints again a number. Write the difference 

of the two numbers. 

30. After passing 8-10 minutes /by the zero line/ take off 

the liquid nitrogen cooling. Meantime turn the POLARITY 

switch to the right. 

31. Set again the recorder pen on the zero base line so 

that th_e Stroboscop disc should not turn. /Adjust with 

the ZERO switch./ 

32. Push again the PP.INT button. The integrator prints a 

number. 

33. The recorder registers a peak /desorption peak/. 

34. After reaching the highest puint of the curve, immerse 

the sample tube into water. 

35. After finishing the curve, push again the PRINT button. 

The integrator prints a number. The difference of the 

two numbers gives the area under the desorption peak. 

36. Take off the water bath from the sample tube. 

37. Check the recorder. Does it register zero base line, 

does the Stroboscop disc stand? 

3 'L Screw home the INJECT switches /1+2/ to the right. In­

troduce the calibration gas. The recorder of the in­

strument registers a peak, proportional to the quantity 

of the calibration gas. The instrument prints a number 

in the beginning of the peak automatically, in the end 

push t~e PRINT button. The difference of the ~~o num­

bers gives the calibration value. /1+2/ 

39. Return both checking buttons to Cl~ARGE po~l t.ion. 

40. Stop the motor of the paper chart. 

' 

• 
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41. Turn the integrator main switch from AUTO to MANUAL po­

sition. With this the determination of the first point 

is finished. 

Determination of the Second Point 

42. Control th2 quantity of the liquid nitrogen in the two 

cold traps. 

43. Control the 1.4 atm pressure value on the reductors of 

the three gas cylinders. If it is not so, adjust it. 

44. Control that the helium pressure.is on 22. If it is not 

so, adjust it. 

45. Set the nitrogen pressu~e to the second value. In our 

practice it is 8 inches of water. 

46. Wait for 10 minutes meanwhile controlling the 1.4 atm 

pressure value on the three reductors. 

47. Record ·the flow-time successively three times /St/. 

48. Turn on the paper chart of the recorder accordingtto 

point 17. 

49. Turn the POLARITY switch of the Sorptomet~r to the left. 

50. Turn the MAIN switch of the integrator from ~.ANUAL to 

AUTO position. 

51. After this repeat from the 27th point. 

The determination of the third point is carried out 

simultaneously. In this case the nitrogen pressure has to be 

set to 10 inches of water. 

After finishing the analysis, the order of switching-off 
is the following: 

1. Turn the integrator main switch to OFF position. 

2. Turn both switches of the recoder to OFF position. 

3. Turn off the ATTENUATION switch of the Sorptometer. 

4. Disconnect the instrument. 

5. Close the reduct~rs of the three gas cylinders. 

6. Close the connecting pipes of the three gas cylin­

ders. 

• 
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7. Empty the liquid nitrogen from all Gold traps. 

8. Release the gas flow meter, flush the glass tube. 

CALCULATION OF THE SPECIFIC SURFl\.CE AREA 

The determination of the specific surface area is based 

on the areas under the peaks: the proportions of the areas 

under the sorption and calibration peaks equal those of the 

quantities of the sorption and calibration gases. The surface 

area is calculated by the aid of the desorption peak. The 

volume of the calibra.:ion valve is known, so from the propor­

tion of the peak areas the quantity of the desorbed gas 

/V des/ can be calculated by the siraple equation: 

where: Ades = 

vdes = 

Acal = 

veal = 

vdes = 

area under 

desorption 

area under 

Ades 
· veal 

Acal 

the desorption 

volume 

the calibration 

volume of the calibration 

veal 1 = 0.2504 ml 

v = 0.2276 ml cal 2 

veal = 0. 4868 ml 1+2 

peak 

peak 

gas in ml 

/1/ 

The correction factor recalculating the calibration gas 

volume for normal conditions: 

f = 
PT . 273.16 

760 . TR 
= 0.3595 

' 
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where: PT = atmospheric pressure in Hgmrn 

TR = rooD temperature in °K 

the 

v = m 

The desorbed normal gas quantity: 

vdes 
Ades PT = • 0.3595 /2/ 

T 
R 

Putting this value into the BET equation /see Vol. 11./ 
value of v is obtained: m 

p 

Ades PT 0 1 p -
veal o.3595 /1 - __£._I /1 + I /3/ . . 

Acal -R Po 240 

p = partial pressure of the nitrogen in the gas mixture 

Ft = flow rate of the gas mixture in ml/min 

v meter = volume in the soap bubble flow meter between 

the two calibration marks 

V t = 20.09 ml me er 

tt = soap film transit time for the gas mixture /sec/ 

Fa = flow rate of the adsorbed nitrogen gas (ml/min) 

• 
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F - flow rate of the nelium (ml/min} c 

60 v meter 

tc - soap film transit time for helium (sec) 

After determining the V value, the specific surface area 
m 

can be calculated from the 4th equation: 

s = 
v . 4.3529 m 

w 

where: W = sample weight in g 

/4/ 

From the specific surface values obtained from the three 

measuring points, the mean error of the middle value is given 

by the following relationship: 

h = 100 • 

n 
L ;s - s . ; 2 
. 1 m mi 
i.= 

n/n-1/ 

where: S = average of the measured values m 

s m /%/ 

Smi= result of the individual determinations 

n = number of the determination 

/5/ 

In the practice the evaluation of the results is perform­

ed with the aid of a program, made for the pocket calculator 

Texas Typ. Sr-52. 
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The instructions for use of the program_ is the following: 

1. Read side A of the magnetic card containing the cons­

ta~ts of the calculation. Put the card (Program No. 1.) 

into the hole on the right side of the calculator and 

read if with pressing the following keys: 

CLR - 2nd - Read 

2. Run the constants giving program with pressing the 

key 'A'. 

3. Read the sides 'A' and 'B' of the calculating card: 

side 'A': CLR - 2nd - Read 

side 'B': 2nd - Read 

4. After pressing the key 'A' the order of the results is 

the following: 

value p - RUN - value p - RUN - value T - RUN -
o T R 

- value W - RUN 

5. After pressing the key 'B' give the results obtained 

for the individual points in the following order: 

value tt - RL"'N - value tc - RUN - 1, 2, 3 /cal ibra­

tion volume used/ - RUN - Ades - RUN - Acal - RUN 
The calculated surf ace value on the display can be 
seen. 

6. 

7. 

The surf ace val~es of the other points are obtained 

with the respective data, as in point 5. 

The calculation of the average and the error is per­

formed with pressing the key 'E'. 

'E' - S - RUN - h cal cal 

' 



8-151 

17. DETERMINATION OF PHYSICAL PROPERTIES OF ALUMINA 

DETERMINATION OF ALUMINA PHASE COMPOSITION BY CRYSTALOPTICAL 

METHOD 

?RINCIPLE OF DETEIU-'iNATION 

The phase transformations of alumina hydrate during cal­

cination are followed by increase in the refraction rate. 

A met~od developed for oC Al2o3 content determination is 

based on this phenomena which can be easily carried out and 

fairly well reproduced. 

That simple method is very useful when there is not an 

up to date X-ray diffractometer - adequate to the modern 

alumina analyser requirements and expensive - available. 

The essence of the me-~od is that when a crystal of 

unknown refraction rate is inunersed into a liquid of known 

refraction rate, a relief, the so called Becke line appears 

and it moves towards the material of higher refraction rate 

when raising the eye-piece. The refraction rate of oC Al 2o3 
is between 1.752 and 1.768. The most suitable liquid for 

immersion is methylene-iodide (n = 1.74), not only because 

of its appropriate refraction rate but of its relative 

stability. (Its refraction rate does not change during rest.) 

Phases of higher refraction rate than 1.74 are called 

cl alumina. The other phases are sumrnaris~d under the name 

0 alumina. 

The relief oft£ Al
2
o

3 
is definitely positive, inunersed in a 

liquid of 1.74 refraction rate (raising the eye-piece, the 

Becke line is moving inwards the grain) and it has a light 

blue color. 

Transiant Al
2
o

3 
phases of lower refraction rates have a nega­

tive relief and their color is yellow-brownish. 

• 
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It is to be noted that the materials of higher refrac­

tion rate than 1. 74 can be only presumably called c:L.. Al 2o3 
because only the ot:. Al

2
o

3
-rich fraction of the sample is 

determined by this method. 

So the statistical distribution of different alumina 

phases is determined by counting alumina particles of dif­

ferent crystal-optical properties. 

EQUIPMENT AND ACCESSORIES 

a) A transmission microscope with all accessories 

b} A suitable counting equipment 

c) Methylene-iodide, refraction rate= 1.740 (Must be 

freshly distilled and faint colored} 

d) Objective cover sheets made of glass. 

DETERMINATION OF THE PHASE COMPOSITION OF AN ALUMINA 

SAMPLE 

a) Sampling and averaging. Diminish the sample to 0.3 g by 

quartering. 

b) Preparation of the sample for microscoping. Sweep a 

little amount of alumina on the objective sheet using 

a small brush, cover it with the cover sheet and drop 

a little methylene-iodide to the side of the sample. 

Moving the sheets, help the grains distribute equally 

and immerse into the liquid. 

c) Investigation with microscope. Fix the prepared sample 

under the objective lens and analyse at 300/600x m~gnify­

ing. Use a cross line eye-piece for counting the particles 

of different phases. 

d) Determination of ot Al
2
o

3 
percentage. Grains of higher 

refraction rate than 1.740 show a light blue cclor 

through microscope, and the Becke line located at the 

edge of the grain moves towards the middle of the grain 
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~~en raisi~~ the eye-piece. (Fraction I.) 

Grains of smaller refraction rate are yellow and the 

Becke line moves inversely repeating the operation 

written above \Fraction II.). Separate the two phases 

on the basis of the operation written above. 

Determine the number of grains of fractions I. and II. by 

counting the spots, taking only those grains into account 

which are on the cross line. 

PRESENTATION OF RESULTS 

A valvular equipment is used for counting. The distribu­

tion of phase fractions can be concluded only after counting 

1,000 points at least. If fraction I. is point A 

fraction II. is point B 

and their sum is point C, the per­

centage of o[ alumina is calculated as follows: 

x = 1 
A . 100 

c % 

Since all of the grains which were not classified as oL , are 

classified o , the percentage of O' alumina is: 

If a more accurate analysis is needed, the ratio of I. 

and II. fraction inside a grain must be determined also 

because the grains are also heterogenous very frequently. 

DcFending on the phase ratio inside the grain, the valvular 

must be stroken by the following: 
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These properties are dependant on the grade of calcina­

tion as far as the better calcined alumina, and the alumina 

calcined with mineralizer aids are more fragile and break 

into smaller grains of irregular surface in the kiln and 

even more during pneumatic transportation. 

The angle of repose of different aluminas differs from 

30° to 60° (Vol.5. p.5-98.) dependant on properties described 

above. 

PRINCIPLES 

Rough alumina of air dry condition is let to flow through 

a funnel of definite size from a given height without being 

shaken to a definite horizontal sheet and the foot angle of 

the :ormed cone will be determined. 

EQUIPMENT 

The equipment shown in Fig. 8.32 consists of the follow­

ing parts: 

FillJ~-iEL, made of stainless stel 1, equipped with a metal sieve, 

whic!J. is fixed by screwing together the two parts of the 

funnel. The outer shell of the lower part of the funnel is 

screw-threaded and it is driven into its holder. Minimal 

inside diameter of the funnel is 6 mms. 

BASE-SHEET, made of stainless steel or other non oxidizing 

metal possibly marble, minimal size 200 x 270 nuns, surface 

is polished, can be fixed horizontally without being shaken, 

and it is marked by two mm scaled lines intersecting each 

other under the origo of the funnel. A pin is formed in that 

point to set the height. The ~ase-sheet is fixed to 3 screws 

which serve the horizontal adjusting of the sheet. 

FUNrlEL-HOLDER, made of stainless steel, it is fixed to the 

base-sheet so that the immaginar shaft of the funnel in­

tersects the base-sheet rectangular at the origo pin. 
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EQUIPMENT FOR DETERMINING THE ANGLE 
OF REPOSE 
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' EXPLANATION TO Fig. 8.32 

Equipment for determination of angle of repose alumina 

1. screw-threaded 

2. empty metal sieve, hole diameter: 1 mm 

3. made of bronze or brass 

4. height adj~sting cylinder 

5. adjusting screw 

6. screw-threaded nut 

7. concealed into lead 

8. metal washer 

9. screw 

10. fixing screw 

11. central notch concealed into lead 

12. location of adjusting screws 

13. screw-thread 

14. shaft of watergauge 
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Part in the aggregate Strokes on valvular 

Frac I. Frac II. Frac. I. Frac. II. 

4/4 4 

3/4 1/4 3 1 

1/2 1/2 2 2 

1/4 3/4 1 3 

4/4 4 

In this case 4,000 strokes present 1,000 grains. 

ANGLE OF REPOSE DETERMINATION 

INTRODUCTION 

The physical properties, like c(Al 2o3 content, apparent 

density, specific surface area, angle of repose, benzene 

number, density, which serve as grade numbers of alumina, 

show only tenden~ies of coherences. The properties can be 

classified into two groups. PLoperties connected to crys­

talline structure belong into the first one. So the density 

is increasing and the specific surface area is decreasing 

by the increase of o(Al2o3 content but the benzene number, 

angle of repose and apparent density do not show any coherence 

to the o( Al
2
o

3 
content - especially not when it is between 

75 and 90 pct. 

Properties connected to the size, shape and surface 

of the gtains are classified into the other group. Alumina 

of fine grains {floury alumina) is adhesive, the angle of 

repose, th~ benzene number and the apparent density of it 

is higher than those of coar~er {sandy) alumina. 

• 



8-158 

Height adjusting cylinder, a 400 mm high cyli~der, made of 

stainless stell, base and top polished, has a notch in t~e 

base fitting the origo pin. 

DE'i'E!U'.!.lNATION 

Adjust the base line horizontal with the adjusting screw, 

- check it with a gauge. Fit the height adjusting cylinder to 

the origo pin of the base-sheet and sc1ew the funnel into the 

holder as far as the funnel hits the height adjustir.g cylinder. 

After this remove the cylinder and put it aside. 

Pour the air-dry, raw alumina sample of room temperature 

into the middle of the funnel from about 40 mms height, taking 

care of not shaking the equipment. 

The alumina flow is to be between 20 and 60 gs per ninute. 

If the alwnina flow gets januned at the sieve, help with a 

small brush without shaking the equipment. 

Finish the alumina-inflow when the top of the alumina 

cone reaches the funnel. So a frustum cone will be formed 

which has a 6 mms diameter upper sheet. 

Mark the foot of the alwnina cone round (with a pencil), 

read the length of the 4 diameters of the cone. 

COMPUTATION OF RESULTS 

An~le of repose in degrees (R) is calculated in the 

following way: 

2H 
R = arc tg 0 _ d 

1 

• 



8-159 

~here H height of alumina cone, namely the distance 

between base sheet and outfall stub of the 

funnel (mm) 

Note 

D arithmetical mean of the 4 diameters (mm) 

d inside diameter of the outfall stub of the 

f unne 1 (mm) 

In case of a unit prepared on the basis of the given 

dimensions, a simplified formula is obtained, as follows: 

R = arc tg 

TEST TOLERANCE 

80 
D - 6 

The difference between the arithmetical mean of 3 tests 
0 and the unique tests must be less than + 1.5 

DETERMINATION OF APPARENT DENSITY 

PRINCIPLES 

Air-dry, raw alumina is let to fall into a cylinder of 

known volume standing on a horizontal base and not shaking. 

The mass of alumina and water of known volume will be balanced 

and the ratio of the two masses will give the apparent 

density. 

EQUIPMENT 

FEEDil~G FUNNEL, made of glass, or plastic or polished, 

stainless steel; its parameters are: 



.J 
8-160 

inside diameter 10 mm 

cone angle 60 0 

stem length 8 mm 

stem inside diameter 6 mm 

OFF HOLDER VESSEL, made of glass or plastic or polished, 

stainless stell, is a plain cylinder of 200 ccm volume, 

height-diameter ratio is about 6 to 1. 

DRIVING SHELL, made of glass, or transparent synthetic 

material, inside surface smooth, both ends of the cylinder 

are open, height 10 cm. 

ADJUSTABLE HOLDER RING,mounted to a scaffold for fixing 

the feeding funnel to an appropiate position. 

DETERMINATION 

Determination of the volume (water value) of the off 

holder vessel. Weight the mass of the empty vessel with 0.05 g 

accuracy, put on flat base, pour distilled water of room 

temperature to the brim. The difference of the two values 

is the water value which is considered to be the volume of 

the cylinder. 

Note: density of water is not taken into consideration 

because it does not change the results inside the accuracy 

range of the determinatior .• 

Determination of the mass of known volume alumina. 

Determination is carried out with a dry, shaking-fix cylinder 

standing on a plane base, at room temperature and air-dry, 

raw alumina of room temperature is used to it. 

' 

I 

I 

' 
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Put the off holder vessel on a shaking-~ix plane, 

horizontal base, mount the feeding funnel with the adjustable 

holder ring to the fix standing scaffold so that the stem 

stub of tha funnel should be have the same shaft of the off 

holder cylinder and the distance between the edge of the 

cylinder and the outfalling stub of the funnel should be 

10.0 cm. Place the driving shell on the edge of the cylinder 

(in/outside diameters are the same) so that it is close to 

the outfalling stub of the funnel but do not touch it. Let 

the airdry, raw alumina sample flow into the middle of the 

funnel from 4 cm height above the funnel, with a constant 

flow taking care of not to shake it meanwhile. The alumina 

flow is to be 20-60 gs per minute. 

Note: if the alumina flow got jarr..illed in the funnel stem 

stub it through with a piece of wire, taking care of not to 

shake it. 

Stop feeding alumina when the cone formed by falling 

alumina rises above the edge of the cylinder. Remove the 

alumina excess above the cylinder volume so that lift the 

funnel with the adjustable holder ring and pull the driving 

shell lightly, pass the hold-off cylinder without moving it. 

Clean the cylinder outside and weight its mass with 

0.05 g accuracy. 

COMPUTATION OF RESULTS 

The apparent density (L) is determined by the following 

formule as a ratio of the mass of alumina anC the mass of 

water of the same volumes. 

L = 3 
g/crn 
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where GA alumina mass of given volume (g) 

Gw water mass of given volume (g) 

TOLERANCE 

The admissible maximum difference between parallelly made 
determinations is 1 relative pct. 

J 

I 

• 
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18. DETERMINATION OF GRAIN SIZE DISTRIBUTION OF Al(OH) 3 

INTRODUCTION 

There are two ways to determine the grain size distri­

bution of powderlike materials, the direct and the in­

direct method. In the present exercise we will determine the 

grain size distribution of an alumina hydrate sample washed 

and dried for the purpose of determination with air-jet 

sieve serie - direct method - and turbidity measurement 

with photoextinction sedimentometer - indirect method. 

GRAIN SIZE DISTRIBUTION DETERMINATION WITH AIR-JET SIEVE SERIE 

The operation principle of an Alpine made air-jet sieve 

shown in Fig.8.33 is the following: the dry sample is 

placed on the sieve and the grains smaller than the sieve 

opening are transported by and air-jet to the collector. 

The air-jet blows the Saill?le from under the sieve through a rotating 

slot, of sieve opening radius length. The fine grains pass 

through the sieve opening dowuwards and can be collected 

on a filter below the sieve (see Vol.5. Chapter 5.) 

Sieving is carried out by the so call0d negative order 

on the sieve serie. It means that 50 gl of the sample is 

placed on the finest sieve and after air-jet sieving the 

residual material will be weighed. After that the sieve will 

be changed for the finest but one, and the operation will be 

repeated with the weighed residual sample. Only one sieve 

plate can be used for one air-jet sieving. By weighing the 

residual material on certain sieves, the points of the sieve 

residue curve c~n be gained directly. 

Plot the distribution and the frequency curves of grain 

size on the basis of the analysis. 
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GLASS RATE 

AIR ANO FINE GRAINS EGRESS 

AIR INTRODUCTr ON 

• 

Fig.8.33 

OPERATION PRINCIPLE OF AN ALPINE AIR-JET SIEVE 
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Al(OH) 3 GRAIN SIZE DISTRIBUTION DETERMINATION BY PHOTOEXTINC­

TION SEDIMENTOMETER 

Determine the grain size distribution of the Al(OH) 3 
sample used for the previous test by a photoextinction 

Sedimentometer type EEL. Look up the determination principles 

in Vol.5. the operation and the important parameters of the 

instrument EEL are described in the brochure enclosed to the 

instr 1.mient. 

Carry out the determination in the following way: 

Clean the sedimentation cells thoroughly and perfectly, 

dry them, wipe the outer surface of the shorter side 

till it becomes bright, taking care of not to touch these 

sides any more. 

Pour suspension liquid (30 ~~ct glycerine distilled water 

solution) up to desired height {h = 4.0 cm). 

Place the cells to the cell holders of the sedimento­

meter. Put the reference cell to the holder No.l and 

keep it there to the end of the measuring. 

Let the instrument switched in for half an hour before 

you start measuring, in order to eliminate disturbing 

effects. 

Adjust the torsion fibre regulator, having the plugs 

removed from the front of the galvanometer, so that the 

hair-li~e is to be at the infinite (co) sign of the 

logarithmic scale (the ~cale below is linear). 

Read the extinction at given times. The reading times 

of extinction values are given in Table 18.1 showing 

the settling times of grains of 110, 90, 70, 56, 44, 

36, 28, 22, 18, 14, 11, 9, 7, 5.6, 4.4, 3.2, 2.8, 2.2 

diameter in function of the temperature of the suspension 

liquid. 

' 



8-166 

Calculate the extinction differences Et.-Et. 1 from the i . i-

extinction values at given times (Et.-E ) • It will belong 
1 0 

to the mean of the grain fraction settled out at that 

interval (d .) . 
r.u 

The average grain size (d .) of the fraction is the mi 
aritmethical mean of the under and upper limit of the 

grain size fraction i. 

Read the extinction coefficient (K ) belonging to d . m mi 
from Table 8.10 of the instrument brochure. 

Calculate the weight rates of the size fractions by the 

following formule: 

g. = 
1 

The physical meaning of gi i~ the elementary surf ace of 

fraction i. 

Calculate the weight percents of fractions as follows 

Lg . 
.L 

• 
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Table 8 .10 

SETTLING TIME TABLE UF ALUMINA HYDRATE IN ~O WPCT 

GLYCERINE-DISTILLED WATER SOLUTION FROM h = 4.0 cm 

Temperature 0 c 

20 21 22 23 24 25 26 

110 9" 9" 9" 8" P." u 8" 8" 

90 14" 14" 13" 13" 13" 12" 12" 

70 24" 23" 22" 21" 21" 20" 20" 

56 36" 35" 34" 33" 32" 31" 30" 

44 S9" 57" 55" 54" 52" 51" 49" 

36 l' 28" 1'25" 1'23" 1'20" 1'18" 1'16" l' 14" 

28 2'25" 2'21" 2'16" 2'12" 2'09" 2'05" 2'02" 

22 3'59" 3'51" 3'44" 3' 38" 3 I 31" 3'26" 3'21" 

18 5'53" 5'42" 5'31" 5 I 22" 5'12" 5'04" 4'57" 

14 9'42" 9'24" 9'05" 8' 50" 8'34" 8'21" 8'09" 

11 15 I 41" 15'12" 14'47" 14'17" 13' 53" 13' 30" 13'12" 

9 24' 23' 22' 21' 21' 20' 20' 

7 39' 38' 37' 36' 35' 34' 33' 

5.6 61' 59' 57' 55' 54' 52' 51' 

4.4 98' 95' 92' 90' 87 1 84' 82' 

3.2 146' 142' 137' 133' 129' 126' 123' 

2.8 241' 234' 226' 219' 213' 207' 203' 

2.2 392' 380' 368' 357' 347' 338' 329' 

For the sake of sparing time do not determine the size 

bution below 7 /um. 

27 

8" 

12" 

19" 

30" 

48" 

1'12" 

1'59" 

3'15" 

4 I 48" 

7'55" 

12' 48" 

19' 

32' 

49' 

00' 

119' 

197' 

320' 

distri-

• 
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Calculation is pro~rarnmed on a table calculator. After feedinq 

in the extinction values, it prints the size distribution and 

frequency wpct-s. Using these data plot the grain size distri­

bution and freq\EnOJ curves of the alumina hydrate sample. 

Compare with curves obtained from air-jet sieve investigations. 

For an example data of an alumina sample grain size 

distribution determination by sedimentation in distilled water 

is giv~n in Table 8.11. 

After finishing the tests let us get acquainteJ with an 

up to date size distribution analyser, a new Frit~~h product, 

Analysette - 20 Sedimentograph. Measuring principles are 

similar to these for the EEL photosedimentometer, but it is 

much more quick and has a fully automatized evaluation system. 

• 
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Table 8. ll. 

DATA OF ALUMINA GRAIN SIZE DISTRIBUTION 

IN DISTILLED WATER 

t Et .-E 
,1 c 

97' 1 

15"35" /. 

3' 53 11 2.5 

58" 3 

26" 34 

12'' 70 

F. -E '-'t. t .. ,l. ,1-1 

1.0 

0. 5 

0.5 

31 

36 

d. 
ml. 

3.5 

7.5 

15 

25 

37.5 

K. 
m1 

2.8 

2.1 

l. 9 

1. 6 

l. 33 

g. 
l. 

1.28 

1. 78 

3.94 

484.37 

1015.02 

w. 
1 

0.08 

0.11 

0.26 

32.16 

6 7. 39 

1506. 39 100. 00 



I 

-1 
I 

> 1 

8-170 

19. CHEMICAL ANALYSIS OF ALUMINA 

DETERMINATION OF THE TRACE ELEMENTS OF ALUMINA 

Determination of Si0
2

, Fe
2G3 , v2o

5 
and Ri02 content of 

alumina by emission spectr9graphic method. 

PRINCIPLES 

The emission spectrographic quantitative analysis is 

based on the relation between the power of the emitted 

radiation of a properly selected wavelen~th and the quantity 

of the corresponding element in the sample. This relation is 

quite complicated and depends among others, on the excita­

tion mode and temperature as well as the size, form and 

material of electrodes. 

In the case of emission spectrographic determination 

of the trace elements of alumina, an air-dry alumina sample 

is mixed with graphite po~der and excited in a cup-formed 

graphite anode with a de. are using a specially formed 

graphite rod as counter electrode. 7he radiated light is 

recorded on a photographic plate and the intensities of 

reference and analyte line pairs are measured with a den­

sitomeler after development of the plate. The concentration 

of ~he element to be determined can be evaluated from the 

intensity ratio of analyte/refcrence line pair v~. concentra­

tion curve. 

PROCEDURE 

By the knowledge of the construction and operation of 

the Zeiss Q-24 quartz spectrograph, load the plate holder 

with special plate in complete darkness. Return the holtler 

I 
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to the spectrograph and set it at the uppermost position. 

It is assumed that the instrument has already been 

focused, adjusted and is ready to use. 

Prepare the sample by mixi.ng it with graphite powder 

in 1.2 fraction in a corundum mortar. Fill up the hole of 

the drilled graphite cup like anode (hole size 4 x 3 mm) 

with this mixture and place it on a sample stand. Take the 

next sample and prepa1e it similarly. Place a prepared 

graphite anode in the arc st?rJ, and a drilled pin like 

~size 3 x 12 mm) graphi~e rod as counter electrode too. 

Adjust the position of the arc stand, so that the distance 

be 2 mm between the two electrodes and to take the light 

spot to the slit of the spectrograph. Place the safety 

slide to the rlght position. Strike the de. arc setting the 

current intesnity to 6 A, open the slit of the spectrograph 

and take an exposure. Now lower the plate to the next posi­

tion and repeat the procedure with the sample. 

Take the plateholder to the darkroom, bathe the plate 

4-8 min in the developer depending on th·.:! quality of the 

plate, then rinse it in water and place it in the fixer 

for another 15 min. Dry th~ plate at room temperature. 

Measure the blackening of the analyte/reference line 

pairs with Zeiss microdensitometer acco~ding to the user 

manual. 

The selected line pairs can be seen hereunder: 
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Element line pairs concentration range 

Si Si 2516.1/ Al 2669.3 0.005 - 0.1 

2881.6/ Al 3064.3 0.003 - 0.1 

Fe Fe 2598.4/ Al 2669.2 0.005 - O.l 

2755.7/ Al 3064.3 0.005 - 0.1 

v v 3184 .0/ Al 3064.3 0.001 - 0.5 

Ti Ti 3349 .0/ Al 3064.3 0.001 - 0.1 

CALCULATIONS 

The concentration of element to be determined can be 

read on the calibration curve prepared with accurately 

analysed standard samples. The blackenings of the analyte/re­

ference line pairs are plotted against the log concentra­

tion of the element. 

PRECISION 

Variation coefficient is about 5-10. 

TIME CONSUMPTION 

The consumed time depends on the number of samples. 

DETERMINATION OF TOTAL SODIUM CONTENT OF r\L ur~INA !3Y 

FLA.ME SPECTROPHOTOMETRIC m:THOD 

PRINCIPLE 

An air-dry alumina sample is fused with H3Bo 3 flux at 

900 °c in a platinum crucible and the mixture is extracted 

with dtluted hydrochloric acid. The sodium content of this 

solution is measured by flame photometric method. 
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PROCEDURE 

Weigh 0.5 g of an air-dry alumina sample and mix it with 

1. 5 g boric acid in a platinu1n crucible. Heat the mixture at 

900 °c for twenty minutes. Let the crucible cool and wash the 

content to a 250 ml beaker with hot distilled water. Add 25 ml 

of lF hydrochlo:-ic acid and boil the mixture till t!le fused 

material is dispersed. After cooling transfer the mixture to 

a 100 ml volumetric flask and fill up to the mark. Let the 

mixture to settle, fill up to the mark and pi pet from t~1e 

clear solution to a 25 ml beaker. Measure the sodium content 

of this solution. Adjust the SP 1900 AAS instrument properly 

according to the procedure included in the flame photometric 

determinaLion of sodium content of red mud using the same 

standard solution. Use a previously prepared boric acid solu­

tion as blank. 

CALCULATION 

Use a Texas SR 52 pocket calculator to evaluate the 

sodium content of alumina samples. The program card enclosed 

contains the data of standard calibration curve and basic 

~quations are ne~ded. Feed the weigh, moisture and intensity 

data of the alumina sample using the required data file keys 

and read the sodium content in percent units. 

PRECISION 

Variation coefficient is about 5. 

TIME CONSUMPTION 

4 hours/12 sample. 
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APPLICATION OF THE LECO CS-46 INSTRUMENT FOR THE DETERMINA­

TION OF C AND S CONTENT OF ALUMINA 

PRINCIPLE 

The LECO CS-46 system is suitable for the determination 

of carbon content 0 .0001 to 5 .O % and sulf11r content 

0.0001 to 0.4 %. The system consist of three parts, the 

Electronic Balance EB-2~ the Induction Furnace and the De­

terminator. 

A closed loop flow system filled with pure (99.95) 

oxygen is utilized to burn the sample in the Induction 

Furnace. Approximatel: 97 % of the cari.:>on is oxidized to 

co2 and about 3 % burns to CG ~except on low carbon samples 

where very little CO is formf~·::.). The sulfur oxidized to 

so2 . The gases resul tlng fn.111 combustion are circulated 

around the loop at high pumping rate and the concentration 

becomes homogeneous ve~.' rapidly. The carbon dioxide (C02 
Low Range, co2 High Range) carbon monoxide and sulfur dioxide 

contents are measured by ::i:R adsorption. All three 11ases are 

detected separately in the same chamber1 

The solid s:t:lte detHctors are energy detectors. Filters 

an~ u.sed to pass thf~ appr~priate IR wavelengths to each 

de t.:ictor. In the ilbsence of CO, c:o2 and SO:>. the energy 

rE!Cei.ved by each detector i':-.; maximum. Du?.:"i.ng combustion the 

IR .lbsc rption of CO, C0~1 and so2 gc:.ses in the chamber c..:ause .. 
a .lor:s of energy; there f ,·1:re a less in signa~. results which 

is p~opo~tional to the conc8ntration of ea=h ga~. 

. . 
! 
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PROCEDURE 

Sample preparation. ~lumina sample dried at 300 °c 
2 hours is used for the analysis. 

The CS-46 instwnent is completely am .. omatic, but 

there is also a possibili~y to work with manual mode. 

1. Push the "Power" switch to the up position 8 huurs 

before beginning the work. 
2. Check the temperature cf the thermostate, it must 

be 47-50 °c. 
3. Push the "Power" switch of the Electronic Balance 

(20 minutes before) • 

4. Open the oxygen the pressure it must be 30 PSI. 

5. Push the switch GAS. 

6. Pust' the switch PUMP (loop pressure 4-5.2 PSI). 

7. Push the switch "AUTO MODE". 

8. Depress and hold the FLUSH switch until the carbon 

DVM is nearly stable. Release the "FLUSH" switch before 

proceeding, 
9. The Carbon DVM must be indicate between 

+0.2995 - +3.005. If it is does not, adjust co2 Lo~ Gain. 

10. The Sulfur DVM must indicate between 

+o.0002 - -0.0002.If it does not, adjust C02 LOW ZERO. 

11. Induction Furnace, Filament Voltage on, High 

voltage on. 
12. Place the crucible on the EB-25 Balance pain. 

13. Depress the TARE switch on the AWC control box. 

14. Add about 0.5-0.7 g alumina sample to the crucible. 

15. Depress the ENTER switch on the AWC Control box. 

The WEIGHT in light will glow red. 
16. Add 2 scoop of LECOCEL .accelerator to the crucible. 

17. Set the UP/DOWN switch t0 DOWN on the furnace. 

18. Place the loaded crucible on t~c pedestal. 

19. Set the UP/DOWN switch to UP. The analyze cycla 

will begin when th~ furnace is dosed. 

I 



1 8-176 

20. 

21. 

Observe the BURN light on the Determinator. 

When the Carbon and Sulfur READ lights glow red 

record the values displayed on the DVM-s. 

22. Set the UP /DOWN switch to DOWN and remove the hot 

crucible with tongs. 

Return to step 12. 

While the sample is burning _ second sample may be 

weighed on the EB-25. 

It is recommended to calibrate the values evry day by 

using alumina (or steel) standards. 

CALCULATION 

It is expedient to make 5 parallel determinations and 

to calculate the average values. 

PRECISION 

The variation coefficient for the carbon content of 

alumina is 5, for sulfur is 10. 

TIME CONSUMPTION 

On"? simultaneous determination is finished in one 

minute. It is expedient to make 5. 

• I 
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20. X-RAY SPECTROMETRY AND AUTOMATIC BAUXITE 

ANALYSIS BY NEUTRON ACTIVATION 

X-RAY FLUORESCENCE ANALYSIS OF BAUXITE SAMPLES 

The principle of the X-ray f luoresc~nce analysis is the 

following: the elements of the materials are excited to emit 

their characterist5.c radiation. By measurement of the wave­

length of tL.- emitted characteristic radiation the elements 

present in the sample can be identified and the measured 

intensities are proportional to the concentration of the 

respective elements. 

THE PURPOSES OF THE EXERCISE 

1. Preparation and measurement of the intensities of 3 bauxite 

samples by means of a Philips PW 1540 vacuum spectrograph. 

2. Concentration evaluation with a HP 9830 desk calculator 

SHORT DESCRIPTION OF THE INSTRUMENT TO BE USED IN THE 

EXERCISE 

Fig. 8.34.represents the arrar.gement and working principle 

of Q conventional spectrometer like ours. A spectrometer con­

sists basically of a system of slits or collimators and mono­

chromator, the analysing crystal in our case. 

Excitation; X-ray tubes with various anodes (W, Mo, Au, 

Ag, Rb, Cr) are available. Oloice may be made according to the 

~lements to be determined. Dependin~ on the composition of 

the sample, the excited spectrum will consist of characteI­

istic lines of different wavelengths. Table 8.12. To isolate 

a selected wavelength, an appropriate analysing crystal is 

used. 

I 
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Dispersion of the radiation: A portion of the excited 

radiation passes through a primary collimato·r. The purpose 

of the collimation is to limit the divergence of the X-ray 

beam. The collimator system consists of parallel plates with 

given distances (160-500 1um). The selection of the optimum 

collimator must be made taking into account the dispersion 

of the analysing crystal employed. From the primary collimator 

the parallel beam is allowed to fall into the surf ace of a 

single crystal. Here the radiation is diffracted in accordance 

with the Bragg-relationship: 

n = 2d.sin 9 

After diffraction, the radiation passes through a second­

ary collimator to the detector. In order to disperse success­

fully the radiation in the 0.2-26 ~ (0.02 nm-2.6 nm) range, 

it is necessary that a suitable d-value analysing crystal be 

available, with consideration to the angular range over which 

the spectrometer will function. The upper limit of the spectro­

meter is normally fixed by the angle at which further movement 

I 

of the detector system is prevented by the presence of the • 

sample chamber. The magnitude of this particular angle will 

depend upon the particular spectrometer design but generally 

it is about 145° (2 ). The lower limit is set by the angle 

at which the analysing crystal no longer intercepts the 

majority of the incident radiation. The dispersion of the 

analysing crystal can be derived from the Bragg equation. The 

longest possible wavelength that can be dispersed with a 

given crystal is limited to A= 2d but in most cases it is 

only ).. = 1. 6d (due to technical reasons) . Table 8. 13 shows 

the data of the most commonly used analysing crystals. 

Detection: The most widely used detectors in X-ray 

spectrometry are the scintillation counter and the flow 

proportional counter. The scintillation counter is used for 

the detection of shorter wavelength (0.02 nm-0.25 nm) while 
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Table 8.12. 

EXCITATION ENERGIES IN kV-s 

K L M N 
Element Atomic number series series series se!'.'ies 

kV kV kV kV 

Mg 12 1.30 

Al 13 1. 55 

Si 14 1.83 

Ca 20 4.03 

Ti 22 4.95 

Cr 24 5.98 

Fe 26 7. 10 

Cu 29 8.86 
. i 

Mo 42 20.00 2.87 0.51 0.06 I Ag 47 25.5 3.79 o. 72 0.10 

w 74 69.3 12.1 2.81 0.59 

Au 79 80.5 14.4 3.43 0.79 

Pb 82 87.6 15.8 3.85 0.89 • 

Table 8.13. 

' ANALYSING CRYSTALS 

J 

J Crystal Reflection 2d 51cing Wavelength Detectable a tans 
Plane region ~ K series L series 

Lithiun Flooride {200) 4.028 0.2-3.8 K - Ag In - u 
Penta erythritol (002) 8.742 3.3-9.0 Al - Ca Rb - Sb 

Potassium Hydrcgen ( 1011) 26,4 9.0-26.0 O, F, Na, v - As Phtalate (KAP) M:j 
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for the detection of the longer wavelength (0.15 nm-2.6 nm) 

flow counters are applied. Their great advantage is the short 

dead time (0.02-0.2 usec) and that the mean pulse amplitude 

is directly proportional to the energy of the incident X-ray 

photon. Their proportionality allows the elimination of un­

wanted pulses by use of energy discrimination methods in the 

form of pulse height selection. Application of pulse height 

selection methods gives considerable improvement in peak to 

back-ground ratio too. 

SEQUENCE OF THE EXERCISE 

1. Preparation of samples: For the X-ray flu0rescence 

spectometric measurements the sample must be prepared into 

a suitable form. This depends on the sa.Ttlple material (metal, 

alloy, oxide, ore etc.) a~d on the order of magnitude of the 

~lement to be determined. The sample peraparation consists 

of bead-fusion from fine powder (60 
1

um). By diluting and 

fusing the samples with the flux material th~ 'O called 

matrix effects are eliminated or reduced considerably. In 

case of bauxi~es, 0.3 g of the previously ignited and ground 

bauxite are weighed in after determination of the ignition 

loss, then the bauxite is fused with sodium tetraborate at 

a temperature of 1050-1100 °c. The weigth of the finished 

bead should be about 3.4 g. The fusion takes place in 

platinum crucibles alloyed with 5 % gold. The advar-tage of 

this alloy is that the melt do(;S not v.iet the walls of the 

crucibles and the beads can be removed from them without any 

loss. Beads are fused either with electric (preferable high 

frequency) furnaces or with gas burners. When working with 

'Jas burners, care must be ta!~en for not to damage the platinum 

crucibles: always heat them in oxidizing flame, never let 

them get into the reiucing area of the flame. After melting 

the beads are cooled rapinly to room temperature. Standards 

are prepared in the same way. 

I 
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2. Measurement of the intensities in a Philips PW 1540 

vacuum spectrograph equippe~ with automatic sample changer. 

a) Switching on: water cooling, high vol~age generator, 

compressed air to the pneumatic sample changer, 

electronical units. 

b) Set~ing of the parameters according to Table 8.14., 

starting the ~eletype for printing and punching. 

EVALUATION OF DATA 

As z-~ay spectrometry is not an absolute analyticc.l 

method, the measured intensities can be converted into con­

cent~ation values only by rela~ing them to measurements on 

standards. The standard may be an accurately analysed sample 

or an artifical one (wefghed in of pure oxides). T;.e best 

cl.1oice of the standard is when its composition is very near 

to that of the samples to be analysed. In this ca~~ the inten­

sity values are converted to concentration values by a simple 

proportionality: 

where: 

c x 
R x 
est 

Rst 

: 

. . 
: 

c 
x = 

concentration 

count rate of 

concentration 

count rate of 

. c .... 
SL. 

of element in sample 

element in sample 

of the same element in the standard 

the same element in the standard 

When analyses of a series of samples are performed where 

more or minor deviations from the standard compositon may 

occur, corrections for interelement effects are necessary. 

In this case, too, actual analyses are carried out by using 

the ratio (unknown/standard) method, and then calculating 

----'-· 
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Table 8.14. 

EXEMPLARY CHART FOR SETTING THE PARAMETERS 

Elercent Line Anode kV/rM.a Collircatorb Crystal Detector Measuring 
tiire 

Al Ka Cr 40/24 c PE Fl.C. 40 s 

Si Ka Cr 40/24 c PE Fl.C. 100 s 

Ca Ka Cr 40/24 F LiF Fl.C. 60 s 

Ti Kc Cr 40/24 F LiF Fl.C. 20 s 

Fe Ka Cr 40/24 F LiF Fl.C. 20 s 

., 
a The power rating of the generator 

i 
used is limited to 'j kW 

b 
F fine collimator (160 1um>; = 
c = C)arse collimator (480 1um) • 

•: 
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the concentrations from the usual relationship. But this time 

coefficients for interelement effect correction are included, 

in the equations previously determined from a series of 

measurements. The calculations are carried out by a small 

program, in which corrections for background and for dead 

time are also included. (Dead time correction is a built-in 
program in modern equipments). 

R [1 ] e x 
est · + o<; . • .1eTi0

2 
+ oCCa lleeao = . . Fe2o 3 Rst Ti 

R 

ll l:ie dccao] eTi0
2 

x 
est · - o(;Fe • + 1a • = . R Fe2o 3 st 

R [1 i1c,,. o ] eeao 
x 

est - c:N . !J.cF 0 - r£ = 
Rst 

. . Fe Ti . 
e2 3 -1 2 

R l1 /J.C • /J.C.,, 01 CSi0
2 

x 
est + clAl + oC = 

Rst 
. . Al 2o

3 
. 

L Fe _e2 3 

R [1 LicSi02 
c x 

est - o<i + rC tic ~ = . . . Al 2o3 Rst Si r.>o . Fe 2o 3 ... --
..... 

where: llc = c - c Fe2o 3 xFe 2o 3 stFe;.o3 

Summary: (handling in measurt."'!ment in the prescribed form). 

At the end of the exercise a short report has to be written 

containing the concentrations of the 'Jain .::omponents of the 
three bauxite samples. 

---~l 
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FAST DETERMINATION OF THE Si02 AND THE Al2o
1 

CONTENT 

OF BAUXITE SAMPLES BY NEUTRON ACTIVATION 

THEORETICAL INTRODUCTION 

Due to the action of fast neutrons, part of the Si atomic 

nuclei changes into radioactive 28Al ato~ic nuclei in the 

course of the following nuclear reaction: 

The activation intensity of t~e irradiated sample depends on 

the Sio2 concentration and the neutron flux. The half life of 

the radioactive substance is 138 secs. During the radioactive 

decay of each 28Al atomic nucleus, a beta particle and a 

photon is released and by this way it transforms into a stabile 
28

si automic nucleus. The slow neutrons activdte the sample's 

Al atomic nuclei, through the 

atomic reacticn. 

Therefore activation in both cases results in the same 

atomic nuclei, and there is no difference in their radiation 

either. (Total interference.) The sample's Si rind Al content 

can be c.etermined, if it is irradiated witi:1 both types of 

neutrons and the rasulting activity is measured separdtely. 

Hungary's Bauxite Industrial ~~alytical Automat uses a 
248 Am-Be neutron source to produce the two kinds of radiation. 

Mostl~, fast neutro11s are available at the centre position of 

the cylinder shaped neutron source, where the position for 

activation is siLuated. The sour~e is surronded by a paraffin 

moderator, which slows down the neutrons, so here slew neutrons 

~~e in majority. In the side activation position therefore a 

larger portion of 28Al nuclei will be activated as ~ompared to 

___ -_-.,j 
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the 28si nuclei wherE!as in ~he previc,us position this relation 

is reverse. 

The radiation intensity fr.om the activated sample in the 

first position depends mainly on the number of Si nuclei i.e. 

the Sio2 concentration, or. the other hand the activation car­

ried out in the second position depe~ds mainly on the Al2o 3 
concentration. 

The impulse counts measured in each measuring channel 

are function of the sample's intensity and the concentration 

of the contributing substan~es. The impulse counts measued 

in the Si channel is given by the following equation: 

( 1 ) 

The impulse rate measured in the Al channel is 

(2) 

The k 1-k4 constants stand for the sensitivity of the 

measurement 

- k 1 equals the Si02 sensitivity o~ the Si channel, cpt/% Si02 , 

- k 2 equals th3 Al2o3 ser.sitivity of tie Si channel, cpt/% Al
2
o3 , 

- k 3 equals the Si02 sensitivity of the Al cha:rmel, cpt/% Si02 , 

- k 4 equals the Al 2o
3 

sensitivity of the Al channel, cpt/% Al 2o3 • 

The k contants are characteristic of the equipment used. 

Their value depends on the activation and measurement geometry, 

mor1:?over, on the duration of the activation and rneasi.;rement 

cycles. After the measurement of the irnpul~e counts, the in­

verses of equations (1), (2) make possible to determin~ the 

sample's Si and Al components: 

~---~1 
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(3) 

( 4) 

The q 1-q2 inverse cx:nstants have to be determined on the 

same equipment frorr. ~he neutronactiration data obtaineo from 

standard bauxite sampl ·!s of knowr. r-h""-:.!.cal composition. 

From mathematical aspects, the NAA measuerment of two 

standard samples would be eno.Agh ro calculate the inverse 

constants from equations (3) and (4), nevertheless, the de­

viation of chemical analysis and NAA necessltat(:;,; the use of 

data from several samples for accurate calibration. 

From the measured data the inverse constants are determined 

by Gauss'3 1-east square statistical method so that the devia­

tion of computed cata fro~ knowr. chemical analysis would become 

a ml.nimum. 

The Si0
2 

and Al2o
3 

co;.1centrations of unknown bauxite sam­

ples can be determined from equations (_) and (4), using a 

calibra~ed equipment. 

7HE EQUIPMZNT s=T-UP 

The Bauxite Industrial Analytical Automata deliv~rs the 

sampl~s closed into polyethyler~ tubular packages, by pneumatic 

tube transport into the activation and measuring positions. 

From the ground bauxite samples, 2-2 tubes have to be 

filled with 8.5 gra..-nms of the substance each, l:.y compression. 

The automata's sample magaz.ine may handV·~ 1 O sample pai~·B 

sir:mltaneously. The samples are moved about pairwise in a 

cyclic mar.n.cr and then measured for co1 .. ponent. content. Finally 

the equipment prints h.ardcopy. To incr.-ease the measuring ac­

curacy, the samples may be run se,rer.::il times, rel::!ulting paral­

lel mea~uring data. 

---~l 
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The first sample pair on the first forwarding step reaches 

the X-ray fluorescent measuring position, whe~e the slight 

0 -radiation of inbuilt radioactive sources, ~nduces ~he samples 

to emi~ fluorescent X-rays (Fig. 8.35.). 

In the first measuring position the Cao and Tio2 co~centra­

tions, in the other t~e Fe2o
3 

concentration can be determined. 

During the second cycle t~e first sample ~air is in the 

'G-transmissional and .h'= neutrontransmisslonnl positions, 

w1 ~re radiation abscrption can be measured depending on the 

composition and on the humidity of the sample, respectively. 

In the meantime the second sample pair reaches the X-ray f lG­

orescent measuring position. 

In the third cycle ore of the tubes of th~ first sample 

pair reachi:s the fast neutr0~1 activation space, wt.ereas the 

pair'~ other tube the slow neutron space, and until the next 

~ycle they are activated according to the abo~e mentio~ed re­

action equations. 

In the next step the activated samples are transported to 

a Geiger-Milller instrument, which measures the radiation inten­

sity during radioactive decay i.e. t~e impulse rates in accor­

dance with equations (1) and (2). 

Finally the tubes are returned into the magazine, but in 

an inverse order. This way when the process is repeated the 

tube t~at has been exposed to fa~t neutrons, is then exposed 

to slow neutrons. As a result. of the repeated ruhs, by averag­

ing ~he data, failures due to sample prep3ration can be lessened. 

The equipment after each cycle prints the impulse counts of 

each channel or, depending on the adjustion, the component con­

centrations by using equations (3) and (4) and the equipment's 

mini-computer. Naturally it is necessary in the second case to 

.=alibrate the equipment with S:.andards and to include the q 1-1 4 
constants into the computing unit through wiring. 

--~J 
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MEASUREMENT EXERCISE 

Those who take this exercise, receive the impulse count 

data of 10 previously and repeatedly -un bauxite samples, in 

the prin~ed output format of the analytic aut~mata. 

1. Calculate the Si and Al channel's average impulse 
counts fo_ each sample respectively. 

2. Det~rmine from the known chemical composition of the 

first 5 samples and from the impulse counts the q
1
-q

2 
constants. 

3. By using the calculated constants and the samples' 

average impulse counts calculate from equations (3) and (4) 

the Si02 and Al2o3 concentrations of all 10 samples. 

4. Produce a table illustrating the deviations of chemical 

analysis and the computed data, comment on the results. For each 

component determine the correlation bet•.-;een chemical arid NAA 
analysis. 

A preprogrammed mini-calculator is available for the com­
putation. 

APPENDIX 

Gauss's least square method to minimize error, for two 
variables 

To determine the q 1-q4 constants we use n sample units. 

Let a 1., b., A., B. be the variables of the i-th bauxite sample, .l 1 .l 
where 

ai - stands for the Si02 concentratlon of i-t.h sample, in % 

bi - stands for Al 2o3 concentration of the i-th sample, in % 

A. - stands for the impulse rate of the i-th sample measured .1. 

in the Si-channel, in cpt 

B. - stands for the measured impulse count of the i-th .L 

sample in the Al-channel, in cpt 
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Due to measurement errors, q 1-q
4 

constants to be computed 

will not be exact, so equations (3) and (4) are not valid. 

The following equations are to be used, instead: 

B. - a. = a. 
l. l. l. 

(5) 

q 3 • A. + q 4 . B. - b. = ~i 
l. l. l. 

( 6) 

The a., f3 . deviations between NAA and chemical analysis l. l. 

would naturally be different for each sample. Gauss's method 

prescribes to keep the square sums to a minimum 

min, and 
n 2 
~ ~- = r~~J =min. 

i=1 l. 

'Ihese two conditions result the followi~g four: 

1. dba] 
dq1 

= 0 

2. d~a] 
aq2 

= 0 

3. 
d@c] 
@q3 

- 0 

4. @fu1J 
~q4 

= 0 

Ey analyzing the 1st condition we find: 

= 2 

so, because 
dai 

= A. 
~ l. 

-~to(, ~,(i ]- 4C -('.:.. . 0-- - c::._ (q
1 

.A .• a. 
1 oq1 1 1 

+ q 2 .A .. B. - A .• a1 ) = 0 
l. l. l. 
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By placing the summation sign before each member und using 

square brackets, we get: 

Simularly expanding the other 3 equations, we get the fol­

lowing four normalized equations, where the variables are the 

cross products of NAA and chemical analysis date. By solving 

them the q 1-q4 constants result. 

1. q1 . [AA] + q2 • (Aa] = [aA] 
2. q1 . [AB] + q2 • [aa] =[as] 
3. q3 • [AA]+ q4 • [AB] = [bA] 

4. q3 [AB] + q4 [Ba] = [ba] 

The 1st and 2nd furthermore tPe 3d and 4th equations are 

to be solved in the same way as simultaneous equations. 

The mini-computer program used during the exercise after 

feeding in a., b., A., B. is preprogrammed to do the computing 
1 1 1 l. 

and to print the constants. 

-----::9'' 
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21. THERMOMETRIC TITRATIONS FOR THE DETERMINATION OF 

MAIN COMPONENTS OF 1 LUMINATE I.IQUOR 

PRINCIPLE 

The caustic soda content (Na
2

o) can Pe titrated with 

hydrochloric acid titrant. The end point of titration can 

be indicated by a heat effect due to the different heat of 
2- -

reaction of OH and cc 3 + h 30 reactions. 

(OH + H 3o-~2H20 about 14 kcal/mol.) The disturbing effect 

of precipitated Al (OH) 
3 

can be eliminated by addition of 

Seignette salt as complexing agent. The Al2o 3 content can 

be determined after titration of the Na2oc. The tartarate 

complex of aluminium can be decomposed by a~dition of potassium 

fluoride according to the following equation: 

Al(OH)
3
-tartarate + 6 F- ~AlF~- + 30H 

The hydroxide ions set free can be titrated as previously. 

PROCEDURE 

Transfer 10 ml of 1:10 diluted aluminate li4u~~ to a 

100 ml beaker containing 20 ml of 25 % Seignette salt solu­

tion and a stirrer road, and dilute it with distilled water 

to 50 ml volume. Take the beaker tc the measuring cell of 

the thermometric titrator, start the stirring and set the 

sensitivity knob to the "K" position. Set the working point 

to 16 V and switch on the automatic buret filled with 

2 N HCl. At the end point the buret will stop and the con­

sumed volume of the t~trant can be read off (Vc1u1). Give 

20 ml of 40 % KF.2H
2

0 solution to th~ beaker, set the 

sensitivity knob to the "A" position and set the working 

point to 21 V. Start the automatic buret and read the con-

-- - _ '311' I 
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sumed volume of the titrant off when the buret stops 

(Va .ul) • 
I 

Calibrate for both Na
2
oc and Al 2o 3 ! T".vo or three different 

al\11inate liquor samples of known composition are required for 

th~ calibrations. The procedure is the same as the previous one. 

CALCULATIONS 

The result of titrations can be calculated according to 

the following equation: 

where y 

111 

x 

and b 

y=rn.x+b 

the un.1<na...n aJncentration (Nap c and AJ.2o3, resp.) 

constants calculated from the calibration 

experiments (different for Na2oc and A12o3, resp.) 

consumed vo.Lume of ti tran t (Ve and Va /11' resp.) 

A pock~t calculator is very useful for the performance of 

this calculation. 

PRECISION 

Variation coefficient is 1. 

TIME CONSUMPTION 

15 minutes in the case of determination of caustic 

molar ratio. 

' 
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Note: The caustic molar ratio of red mud and-hydrate slurry 

can be determined without filtration of solid phase. Titre 

the 1:10 diluted slurry sample according to the previous 

procedure. 

k = 1.645 

- - - - •. 
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