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EXPLARATORY NOTES

Reference to "tons" indicates metric tons,

The following abbreviations have been used in this document s |
f - vpire |
ml « millilitre |

The views and opinions expressed in this study are those of the

consultant and do not necessarily reflect the views of the
secretariat of UNIDO,
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In the first of these four studies, i, bos, Funpiae Tipe oy r f the
Hunzarian M lumingam ‘rust, -~uvnsiders the Impliations of tne fa-¢ that 1t 13
te oming 1 reasingly le'v3sary Lo use bauxiti: raw materials that were
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bayer pr:ess, ‘he TJualities 3 cauxites for use 11 the “ayer pro-ess are

8180 ~os1dered 11 detayl,

In the senond dtudy 1n the seéries, Ra)indra Manounna {Hoz1etd Alluminio
lenetu p.t, /enice, ltaly) des~ribes the analytical and technologizal 1afop-
Mmation required by the alumina industry and the testing methods avallable
for ovtaining it. The rejuirements for alumina laboratories of three special-
L1ged kinds arg considered in detai]. I'his study may be onsidered ag being
complementary to the present one.

In the fourth and final study in the series, Samuscl Moment, an American

consul ting industrial sconomisgt, reviews the present state and anticipated

1/ See UNTDO/1TD, 170, UNTDO/ITD, 171, UNIDO/ITD,172 and UNIDO/TITD. 173,
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re.son why thne proparties f tha ha,xite depo its un the 1eveloping

antries grnild te thoroashiy inderstood.

-he present repurt sovers the activities trhat mugs e carried out
11 wixite testing laturatcrnes, outlines muduern testin, netnods and
des rires three tipes of model lahoratory, Whn1sh serve different purpouses
id okt diffepent Wounts, The deylgn of trese lavoratories ls modular,
82 that, ty the idditiun of further itemg of eliipment, tre aimple;t

type an be developed easlly into a more advanced one.

The mogat lmportant teats that have to ve carried out Ln thege
latsratories .ng the equipment reqiired for them are di13~.ssed 1n deta1l,
4nd a full list of titliographical references s provided. (n addition,
the personne} rejuired and their qualifications are listed and
recommendations avout theip training are made. Two annexes give detalled
descriptions of phase analysis and latoratory-scale technological tests

for bauxite, with gome examples.

Mode] laboratories can be bullt near bauxite deposits or connect:d
with aluming plants, either s independent reusearch centres or as parts

of existing research institutos,

and instruments can be utilized to a greater extent, and the laboratory
can fulfil an educational function in training staff members for alumjina
plants. For thesge reasons, local conditions and possibilities for
furthar development should be considered carefully when the decision

about the location of the pPlant is taken, The primary aim of thig report

18 to promote ! ,ixite testing in developing countries. However, it

should be adiaea ‘hat the model laboratories recommended are also
suitable for more developed industrial countries that possess bauxite

resources,




Installation of model laboratories

When relatins investment to the capabilities of the three types of
latoratories discussed here, model latoratories types 1 and \witn some
modifications! can be racomm:nded generally. Wodel latoratory tvpe 3
can te rerommended for resexrch centre: that will form part ot fatar: aluminag
plunts or be in a-sonlation ~4ith existing iniversity fa~ilities. “odel
laboratories of t~th type o .nd type \ are equipped to perfnrm the

educational function of trainiar staff for alumina plant:s.,

If » decision 1s taken, detailed projent plans ind ecost :rleualations
must bLe prepared for the model laboratories. When the test programme
has been approved, detailed instrrctions and specifizations must bte

prepared for all operations.

Orders for projests, proparation of work 3Astrictions,
and training of personnel

Thiefly tecause there is very little 1:terature svailavle on spezific
experience and detailed techniques for bauxite analysis and tecnnolosical
evaluation, it would seem dexziratle tc make one organization responsicle
for all t.sks connected with settin~ ip model latoratories, nwnely the

preparation of detailed projects and cost ralculations, tne prepapiti-n

of work instricticns and the trainine of personnel.




THE FUNCTIONS OF MOUDEL LABORATORIES

Hefore the detailed doscriptlon-, A trief agurvey 1 ziven of the

role and functiong of the laboratories, starting with the simplest.

Model laboratory type 1 1s a asrvice laboratory for the Zeological
exploration of tauxite deposits and for .ge it vauxite miney, It ig
the simplest of the three types discussed and performs the analyses
~alled for by bauxite exploration and nining. It can te located on
site or can form part of an existing laboratory or educational

establishment.

The role of this type of laboratory 1g 48ually restricted to the
determination of tnhe five major constituents of tauxite, as defined by
intarnational practice - loss on ignition (LOI), al.mina (Al203},

silica (3102), iron oxide (Fe_0.) and titaniumoxice (TiOz}, using wet

l 3)
analytical procedures. This type of laboratory fully satisfies the
requirements if the bauxites to be tested ail belong to the saume type

and do not vary widely in composition. The range of cperations of the
laboratory can, in due course, te extended to cover simple investigations
of mineralogical compogitions and digestibility (i.e. A1203 8olubility in
alkalis under specific process conditions, expressed as a percentage of the

total A1203 content ),

An expert wo.ld be rejuirey for the starting ur paryng f the
laboratory, but subsequently it would work independently. From time to
time it would be advisable to .ake use of the facilities of external
laboratories (for example, the laboratories of the large aluainanroduoing
companies) in order to evaluate the technological value of the bauxites.

Model laboratory type 2 ias designed for the chemical and technological
evaluation of bauxites. In addition to performing all the functions of
model laboratory type 1, the oheaical analyses performed in this
laboratory include determination of the impurities in bauxite that are

important from the process point of view (1.0, oarbonates, sulphates,
Pyrite, Ca0, NgO, P205, vzos, fluorine and organio mstter) and the analysis
of aluminate liquor and red mud. Teohnologioal tests are also performed that




are designed to evaluate the bauxite in question in relation to the
Bayer process. These tests are primarily digeetion tests and settling
teets on red sud. This type of laboratory 1e inteanded for testing
bauxites that vary sonsiderably 1a type and oomposit.on, since the
gests mentioned allow the effect of guality variations on practice %o

be followed.

The laboratory may be set up independently or associated with an
alumina plant, or it may aleo form part of an existing sducational
establishment or chemical laboratory. It ie euitable for training
personnel for alumina plants. If the laboratory 1s 1nstalled at such
a plant, it should be equipped to perform all the analytical tasks
agssociated with the Dayer process, such as analyses of bauxite and red mud

slurries aluminate liquor, impurities in alumina, vanadium salt and soda salt.

Model laboratory type } ie a complete reeearch laboratory for bauxite

E

testing and alumina technology and is capable of performing all the teeting

and research tasks connected with the alusina induetry.

In addition to the functions of model laboratory type 2, ite work

includes the analysis of trace elements in bauxites, coaplete phase

analysis of bauxites and red sud, and tschnological evaluation of various
types of bauxite. The laboratory i1e equipped with high-performance
inetruments. It can be organized as an independent research ceantre or
asenciated with an alumina plant. The inclusion of this type of advanced
laboratory as part of a univereity or an existing research institute
esems to be particularly appropriate, einoe this would allow its valuable
equipment to be used for other purposes as well. ‘

It goee without saying that, if required by actual conditions or
requiremente, the functions of the proposed laboratories can be sxtonded
%0 cover other fumotions or reetricted to oaly a few of them.
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Rii a genera] rile, the functions of this lavoratory are 2onfined to
the determinatinn of the five main ~onstituents of bauxite, i8ing wet

Analysis techniques.

)] nation of 0 tuentg of uxite

;orrect sampling is the first and most important condition for ottaining
accurate and reliable analytical resujts. The semple must have the sam.
properties of the bulk material, i.e., 1t must be a trye average sample.
Jamples can be taken on gite froa the material prepared for transport
(1.0, from the railway Yagon or barge), from the raliway wagon at the

reception point or from the belt coaveyor after crushing. Saapling

Jamples are required for hoth chemical analysis and the determination
of the water content., In addition to containing chemica ly combined water,
the bauzite coming directly from the aine has a relatively high "mine
moisture content™, After storage, tne air-dried bauxite has a moigture
sonten. that ig ;n oquilibrium with the humidity of the atmosphers
« "adherent moisture”). .nen chemical analyses are carried out on air-dried
materials, the values obtained must be corrected to give valueg that

relate to material oven-dried at IIOOC.

Samples for chemical analysis are rough ground, their volume isg
reduced by quartering und the sample is ground further until it all
Passes through a 0.09-ga ~crsen.

Jensral methods for the chemiocal analysis of bauxites are to bs found
in handbooke of analytical ohemistry (2,3,4] and sleevhers in the
literatupe. Analytical procedures have been standardized intornntion.lly
by the Iaternational Organisation for Standardisation (I50) ang nationally
by bodiss suoh as the American Society fop Testing Materialse (AS™) in
the Unjited Jtates, thy Deutschs Industrie Normen (DIN) in the
Federal Republic of Germany, GOST in the Unin of Soviet Srcialist
‘epublicy and the British Standards Institutiog (BSI) in the nited Kingdom,

'f “reat ritain and N rthern [reland. H)wever there is very little




in the Citerature thit deal: with the upecific fetai]: and techni Jies

>f raoixite wilyais ¢, The larger al mina-prodiacing ompanies have

their own stundard procedares for roth analyti~ol and te-nnol gical

teats.

Knowledee of the chemiral composition of a baixite 1a f supreme
importance 1n estimating 1t techAnnlocical and commerctial value,  in
many -ises, chemical mnalyals s confined to determining the {ive maln ;
~anstitients 1988 on Lgnition, Ai‘d!, un?, Pn;JS, FtO?;; 1\f thear

total per-ent e 13 iow, the juantity of other impurities 11 psumed to

be ~onstant  *+ .

Loass on 1gnition (LOl, 1+ determined by heating the oven—dried sample
1t 1.1oo°c until a constant weight is reached, and from 1t conclusions
can be drawn ibout the mineralogical composition of the bauxite, particularly
\f the individual mineral constitueata 1in & 4e ara'ed ! hoallne i
stages, and 1f 1gmition tests are combined with the results of digestioa

tests performed inder standard conditions.

Depending on the type of bauxite, various reageats are used to
dissolve the ore for analytical purposea. iibbsitic, gibbsitic~-boehmitic
bauxites are easily dissolved by treatment with mixed acid ' HCl o HIO) . HQSO‘).
For diasporic bauxites, however, fusion with sodium carbonate aand bora:x
is necessary. The zame techaigue is applied with boenmitie-diasporic
tauxites and with red mud containing diaspore to obtain complete solution.

As a rile, A1203 is determined direotly in the dissolved bauxite
sample by volumetric analysis. Both the potaseium flueride prooedure
\titration of the released alkali at pH 10 with H’1) [2, p.51 ] and
complexometric titration (7] are suitable. {The end point is deterwmined
by pH measurement.) Por gibbsitic bauxites ia particular, the Alzo’
content is often determined indirectly, using the forsulas 112031 -

100 - (sxo?x * hzo}ﬂ IS noéx ¢ LOI + L impurities) [6]. In many oases,
this procedure is no less acocurate thaa the direst volumetric

determination of nzo). and L% permits a substantial imoresse ia she

laboratory's workload.




sreat attent, .n 248t te paid t. tne determinution of the axc.int of

Biil:a in taisnites, since its percentage hag o 8a)or infl.ience un the
*NOME s uf tne -AF ST Lrucega. iravimetric analysis of g1l.ca evaporatior,
with “F 0 4 lar ooy s Lub very sccupate And reprodu~.iile proced.re for

latarmining tre tital g1, ntent .f LadXites,

Fror the LT I G S Foitnt of view, 1t ig ot totai siiyca tat
Feictive aiiing ... that whi-r fopmg al mosilicates ln the lij.op,
that ia decig)ve, ilnce digestion ‘vnditions .ffect the value of reactive
3li.78, theie mn.gt te Ti'ted irgether wyth the analytioal ree.ilts.
‘rystalline liartr ~an e distinguiiehed froe the silica ~ontained 1n clay
mineral- 'linite; and from AROrphous eilisa Ly analyti gl Proced.res,
nd the purcent age f reactive 3115 .1 obtained by difference tetween

total silica and non-reacti.e silica quarts) (87,

Non-reactive {4arts i1e preeent in cignificant quantitiee 1n .ome
ZLItteitie taurites, This fact may nave ismportant economy advantages . f
the appropriate operating conditione are choeen.

Fe 0. and T10, are determined by volumetric analyeis .eing bichromate
£ €

3
.4, p.732) and by spectral pactometry 1n the form of titanius acid perorxide,
respectively. Reduotion to Pij' and titrations with hCli. «8ing KN ag
indicator, (9] as well as precipitation with cupferroa are algo suitable

for the determination of 1‘102.

Beutron activation Analysis can be used successfully for the
determination of uzo] and $10, contents in bauzites (107 A tnstrument
developed in Wungary for this purpose (the Automatic Activation Analyser
for Alwminiwm and Stlicen, Type WA-1527), cam detersine A1203 with am
Accuresy of * 0.6 per cent and 510, with aa Socwracy of * 0,3 per cemt,
Thie procedure has o particulariy sright future in the field of baurite

setimates of the bauzite grade cem be aade on site, Bowever, this
instrenent cammet replace the wet amalyticel laberatery ocsapletely, eimce
intermationa} specifications ssually imeist pon the determination of all
five oenetituente,




Model laboratory type 1 can also be extended to perfora anslysee
of aluminate liquor and red aud. PFor the latter, a flame photometer ig

needed for the determination of sodium countent.

& units of model luborgtog type ]

To carry out the functions of model laboratory type 1, the following
rooms are required:
Store-room for bauxite samples
Bauxite preparation room {drying, sisze reduction, screening)
Wet analytical latoratory (sclution of samples, chemical analysis)
Balance rooa
Spectral photometer room
Flame photometer room

Distillation and furnace room (water disti{llation, snalytical drying
ovens and furnaces)

Store~room for reagents, laboratory ware, auxiliaries, aclds, eto,
Office
Lavatory

A specimen layout of model laboratory type 1 ia showa ia figure 1. The
floor space allocated to bauxite sample storage, bauxite preparation aad
the wet analytical laboratory ise large enough to satisfy needs.
1f the laboratory 1s to be extended later to sover technological
'ests and resear~h work. A room 1s provided for the flame photometer

in order to carry sut red mud analysia,

As a general feature, slidiag doors are used throughout %o Save epace
as well as for reasons of traffic safety. The bauxite preparatioa rooa
is well separated from the wet laboratory to Prevent dust aad moise from
entering the laboratory, The speotrometer, flame photometer, balasce
and distillation rooms are all adjoiming, preferably with 8lass partitioa
walls between, and opeaing out 6“0 a small sorridor,

The bauxite storage room can be oquipped with a window opening into
the corridor through whioch samples can be handed in.

The layout shown in figure I ig o compact Arrangement, making the best
use of the floor space (total floor area 153 lz). It has the disadvantage,
however, that if later enlargement of the building beocomes necessary, it
is difficult to add other rooms sasily. Later in this report, an alternative
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layout of modular design that allows for enlargement of the building
at a later date if required ie presonted (figure (1. . A detasled

ded oriet s on et rem 1S siver s W,

store-room for vauxite samnples

The size of the sample required depends on the type of test to be

performed. For chemical and phase analysis, l-kg samples are adequate
but, for process-evaluation tesats, . - - T

deperiing 1ot test i 1 gt

The sample atore is equipped with partitioned shelves. The shelf
seotions are n.mbered to facilitate the looation of a sample at any time.
Jamples are grouped as follows:

As received samples (before pre Ao . Large samples for
technological testing are stored separately.

Pre ed ed o d homo ed 88. [hese are
passed to the laboratory for testing. Large samples in tnis group
are zlso stored separately,

S es r ' after lysig. A part of the sample is retained
after analysis for periods that vary according to the type of tests.
In the ocase of routine analyses, the sample is kept for one year.
Representative sanples and samples for technological tests are kept
for five years, and some of them are kept permanently as referen-e
samples.

R

. These are stored separately and retained for one year
for control purposes. Representative samples are kept permanent ly
as reference standards.

Jauxite pre ation room

This room adjoins the bauxite store room. The sequence of operations
is drying, crushing, soreening and homogenisation. The room 1e thersfore
equipped with a large laboratory drying ovea, a laboratory jaw crusher for
rough size reduction, a ball mill and a vibratory mill for fine &rinding, a
mixing drum for houogoniutidn, automatic screening equipment, a beam eocale
for weights up to 50 kg and a balance for weights up to kg.

For analytioal purposes, the eample is ground to a particle eise of
0.09 mm. For technologiocal tests, particles of 0.3 t0 O.1-am diameter
are usually prepared; finer grinding ie only needed for digestion tests




on diasporic bauxite, Yecnanical size reduction 14 #i8catinly man.al

rinding .nd crushing cannot be used. ince a)ze reduction and streeniny
'‘pParations are lnevitably Accumpanied 1, severe digt !'ormanun, the
badXite preparation room should re located ag far iwyy 48 pussicle ey

the wet latorstory And wel]) Jeparated from tne rest of the tatlding,. Thyg

fhysizal dresming tests, whny~p BA/ Lo reiareg i1n di: ~lipse JWrng to
the propertiey and composition ¢ the ore, ~an alsc pe carried out 1n the

‘dixite preparatjon room,

et tical latorato

fr the dissolation Lf sanples ,nd “ravimetric ang titrimetric anailysis,
‘v 18 provided witn lvw;.]mtory benches for a minrmum of fo,up workers,
"uilt-in cabinets, sinckg ang other auriliary i1temg., Ty fume h>ods are
required for the treatment of samples. Fuel ;a sipplied from

"raopane-tutane cylinders.

‘he balance room 18 equipped with it least two, bt Preferably three,
Malytical balances and Oone balance for weights up to | kg with a

sensitivity of U.01 g, It is important to have highly reliable talances

3748 to eliminate the need for frequent repairs,

The flame photometer required for d-tomining the sodium content in
red mud jgq located 1n 4 Séparate room. Ninor analytical preparation
Opsrations are also carried out here,




Disqllgtion and furngce room

This room oontains a distillation apparatus for supplying the
laboratory with distilled water. The use of ion-exchanged watsr instead
of distilled water is not recommended. Drying ovens and muffle furnaces

for analytical purposes are also located here, since this room s

not
ln constant use, and the heat from the furnaces thus causes the minieum *
of inconvenience. At 1least two Ovens and two furnaces are needed to

easure coantinuity in case of breakdowns.

[

Jtore-room for reagents gad auxili arieg and pcid store

This room is furnished with shelves, and reagents, auxiliaries,

laboratory glassware, crucibles etc. are stored in sufficieat quantities

to ensaure uninterrupted work. Acids are stored in a small ad joining room,

Office

This is the office of the head of the laboratory. It is furnished
with office furniturs, built-in cabinets, files eto.

The reoording of
test data,

calculations, evaluation of test results, and administration

(which should be kept to a minimum) are carried out in this offioe.

vato

The lavatory should be in part of the

building that is sasily aoccessible
for all workers.

In Shis study, changing-rooss and showers are not
discussed, but it goes without saying that such facilities must be provided,

preferably in a separate building. If thias is impossible, they should be
located at one end of the building.

voguilomelite for n.deli lab rat Ty type |

Pers~nnel
—_—nnel

The personnel required for thie type of laboratory is as follows:
1 Chemist with university degres (head of laboratory)
2 operators (for bauxits sample Preparation and sampls storage)

1 chemist with technical school training (head of chemical analysie
laboratory)

3 laboratory assistants (in chemical analysis laboratory)
1 unskilled labourer (olsaning, vashing up eto.)




With this total complement of eight people, the ladoratory can carry out
24 baurxite analyees per day (in respect of the five main oconstituents) or
the equivalent in othsr types of analysis, such ag that of red sud.

‘g Sttt

‘he main items .f e€quipment required f r m de} lab'rat ry type 1
ArE the 1) wygye:

1 large laboratory drying ovea with traye

1 laboratory jaw orusher

1 laboratory bal} aill

1 vidbration mill

1 beam soals for weights up to 50 kg with eet of weights

2 balances for veights up to 2 kg ( sensitivity of 0.01 g) with
st of weights

1 homogeafsing drus

1 sutomated eoreening apparatus with set of screeas for goreen
Malyses

2 fuse hoods
24 platinua orusibdles (25x30 ()
10 platinum oruoibles (40250 am)
10 platinum oruciblse (50255 mm)
4 nagnetic etirrers

3 variable epeed laboratory stirrers

2 infre-red lampe for drying

1 Mohr-Westphal balance

3 amlytical balancee vith set of weights
1 pil meter

1 mpectral photometer

1 conduwotometer

1 flme photemeter

1 apparatus for water distillation

2 &ying oveas for analytical purposes
2 furaces for analytiocal purpoees



in addition to performing the functions of model lsboratory type 1,
this laboratory 18 equipped for:

The determination of i1mpurities in tauxite that are of
significance from a process point of view

Phase analysis of bauxites and red mud by means of 3tand.ard
digestion tests and thermal analyosis

The technological evaluation of bauxites

“hemical analyses connected with the technological evaluation
of bauxites ,red mud, aluminate liquor)

Det ination of b ‘ ytieg O ) jcsnc

As far as the impurities that occur in bauxite are concerned, it is
those that may caise .‘43;0 losses, such as carbonates (calcite, dolomite),
sulphates and sulphides that must most of all be determined. These
impurities  as, for instance)the amount of ’ad + .g' in diasporic tauxites,

are often taken into account in fixing bauxite prices.

Jrganic matter and pyrite may cause operational difficulties in tne
Jayer process. For this reason, it is recommended that they ve determined
in certain types of bauxite. Industrial recovery of veandium and gallium
in the 3ayer process may also neoessitate the determination of these
elements [ 5. In bauxite, zallium is determined spectroscopically; in

liquor, complexometric titration is recommended [11].

Phase analysis of bauxites and red mud by standard digestiog tegts and
thermal analysis

Knowledge of the mineralogical composition of bauxites is of primary

importance, since it is the aluminium minerals that determine the type
of bauxite (gibbsitic, boshmitic or diasporic) and evea the prooedure
that must be used for dissolving the eamples for chemical analyeie [12].
Some examples are given in annex I to thie report. Quaatitative phase
analysis of bauxites gives direct information about the alumina recovery

that can be expected, as shown by the following examples.




Non-react,ve stlica ‘crystalline quartz) does not react with the
digestiag li7.i0or and does not caune NaQO losseus in the cage of nitLaityn
tauxites, Ag result, ores with a high percentage .f juartz rive
hetter resulty in processing than would be expected <n tne vagys .- their
chemical composition alone. Aluminium inccrporated in tne lattire 5f
iron minerals (goatnxtc, nhematite), wnich Cannot te rezovered Witk tne
“ayer process, ~an (e detectied by X-ray diffraction procedures. [f g5
‘ai) 1a added to the digesting liquor, diaspore . which is present in
Juantities of ) per ceat and more 1n most tauxites) alsc remains undigestea.
Fhase analysis of red mud Rakes 1\t possiile to determine the efficiency of
digestion and the distribution of alumina losses among the individual

mineral constituents,

in a latoratory that is not oquipped to oarry out oomplete quantitative
pPhaee analysig using physiocal chemistry Procedures, it 1s sty]] possible
to make estivates of the individual alusinium minerals by using digestion
tests under standard conditions at various temperatures. From these
teats, alwnina recovery can also be estimated, so that they can te
considered to he » method for the technological evaluation >f bvauxite 13
Digestion tests are usually carried out at l?Oo, 1800, and 230° to 240°%;
for 1 tc 3 houps with solutions of 200 P Ha20~‘1?t](_ per litre and
using sample weights that do not permit the equilibrium molar ratio to
be achieved,

At 120°C it ia only the A0y content of the gibbsite that 14
recovered. At 180°- to 240°C. the alumina content of boshmite is algo
recovered, whereas diasporic A1203 18 recovered only in the presence of
J to 4 per cent Ca0, even at 24000.

Thermal Snalysis gives direct information on the aineralogical
compoeition of bauxites and red aud. Theee results, together with the
results of standard digestion tests, may replace complete phase analysis
by X-ray diffrnctonotry in many cases. Therwal analysis is suit ble
for the quantitative determination of carbonates, sulphates and pyrite
48 well as aluminium and iron minsrals [14, 15].




Technologiosl svaluation of bauptes

The practical value of a bauxits is decided by its euitability
for the production of alumina. The tssts discussed in this section
are used to determine thoss properties of bauxites that influence their
s.1tabiilty £ r the Raysr process. Suoh tests ars often restricted
to the determination of digsstibility. Howevsr, other important
characteristios that have a significant effect on sucocessful operation

can also be detsrmined under laboratory conditions.

The most important ocharacteristics that should be teated are:
The grinding oharacteristics of ths bauxits and the partiols
sise required

The amount of digestible A1203 and the digestion coaditions

The caustio soda lcsees tc be expected

The amount of red mud formed and its separability (settling and
filtration charaoteristios)

The effect of impurities (ocarbonate, sulphats, organic matter sto.)
on operation and on the purity of the alumina produced
The prerequisite for ohemical analysis and techaological teete is a
homogeneous sampls. It is recommended that the grinding operation, whioch
ie eseential to obtain euch a sampls, should be combined with grindability
tests. Further teste are required to determine the particle sise that
snsures satisfaotory digestion effioiency. Bauxitss are usually ground
to partiole eises of 0.1 to 0.3 mm. Howevsr, finer grinding ie needed
in the oase of hard diasporio bauxites. Grinding teste are oarried out
in laboratory ball or rod mille. The eiss dietribution is determined by
ecreen analysis. For ths finer fractions, eedimentation methods using a
Sartoriue balancs or a eedimentometer are applied.

The eimplest procedure for detersining reocoverable A1203 is tc treat
the bauxite samplee under standard conditions with aluminate liquor.
This teet, however, doee not yield any iaformation about the operating
conditions required, such as temperature. - lar ratic. To provide
euch information, industrial condittons are simulated in laboratory
batoh teets, and the reeulte of these tests are plotted to givs
digestion ourves for various oconditions. The temperaturee and durations

for thees teets are selected on the basie of phase analyeis results.




A series of tests using different sample weights are made for each
set of conditions. Jample weights are so ochosen that, with some of the

samples, equilibrium ®molar ratio i1s reached in the liquor (1.e. the

liquor becomes saturated with AI?OB)’ whereas with other samples the

final molar ratio is higher than equilibrium and corresponds to the

maximus practical recovery of A1 O, from the bauxite. The digestion

“

ourves are then prepared from Al?()3 recovery plottesd against the molar
ratio 16, 17 ].

These digestion tests are carried out 1n gtee] autoclaves of -
= ant 0 oem capacity, depending on the requirementy of future tests,

The autoclaves are kept at oonstant temperature by being rotated in

electrically heated oil, ecalt or afip baths equipped with temperature

control. The tests oan be combined with preliainary or subsequent

desilication, After dig‘-tion, the aluminate liquor ie separated from

the red mud by osntrifuging, and the red wad 18 washed two or three

times with distilled water, with intermediate oentrifuging. Examplaes

of digestion curves for gibdbsitic, boshmitic and diaeporic bauxites are

&iven in annex (. t . the presen: rep rt,

To eimulats industrial digestion under laboratory oonditions and to
obtain larger quantities of red mud such as are needed for mud separation
tests (by filtering and settling), vertical sleotrically heated laboratory
autoclaves with volumes of °* to0 10 litres are used.

The economics of the Baysr procses are strongly influenced by losses
of caustic soda [17,18]. These loeses can be estimated only partially
from the analysis of red mud (whioh {s ocarried out for prefsrence by
flame photometry) since they represent omly combined and so—called
“adsorbed” caustic; the effect of impurities suoh as carbonates,
sulphatss and organic matter in the consumption of caustio soda is nog
included. Ths washing in ths Preparation of red mud samples should not
be sxoessivs. The ln20 bonded in sodium alumosilicate is caloulated
acoording to a molar ratio of 1.33 moles la20 to 2 moles resctive 3102.
As far as losses due to titanium are oonoerned, the sajority of the
rutile and anatass PAsses unchanged intc the red sud if the oomposition
of ths final liquor approximates to the molar ratio, i.s. if no free
leo remains in the liquor. The losses arising from titanium minerals
4o not exoeed 0.05 tc 0.10 kg ¥a,0 per kilogras of T0, [17].




It i1s almost impossible to avoid extracting some phoasphate, sulpnate,
vanadate, fluoride and orpganic matter. Uther minerals such as pyrite
nd chamosite are attacked either :light¥ly or not at all. ?Pyrite, Noweyver,
severely 1mpairs the settling characteristics of red mud. perial attenti n
should ve paid o the effect of calcite and dolomite. [heir sonversion to
sodium salts depends upon the degree of dispersion of these minerals and
on the temperature of digestion. (n diasporic tiuxites that rejuire ni.rn
temperitures, calcite and dolumite may be -~onverted to sodiur slts ap to
i %0 10U per cent. lour tnis reason, as rentioned carlier, trne ..t
coatent is often taxen into account in the price uf the tauxite. oLosses
of caustio resulting from the craversion of vaurite impurities 1ato sodiam
salts can be calculated from the res.lt; of chemicil and pnase analysis
of buth ~auxite and red mud and from the compositional =hinges in the

liquor.

The anticipated quantity of red mid can be caloulated from the
composition of the bauxite and the red mid ottained in digestion tests.
The separation charaocteristics are investigated by simulating inaustrixl
conditions ia the laboratory. Jettling characteristics are determined in
sedimentation tuses. “alculation procedures exist _1),70| that permit
industrial settling characteristics to Le calculated from the data
obtained in laturatory tests. 8y comparing the indistrial and laooratory
settling characteristics of known bauxites with the lavoratory settling
oharacteristics uf the sample bauxite, conclusions may also e drawn
about its probable behaviour under industrial conditions. similarly,
red mud filtration characteristics can te estimated by similating ind .istrial

vperations in the laboratory.

A procedure btased on the transmisaion of the radiation emitted Ly the
radioisotope thulium-170 has receantly been developed at the Researoh
Institute for Non—Ferrous Metals ia tudapest. This makes a valuacle
contrivution to the range of laboratory settling tests, since it permitsy
the varistion of solids concentration to be followed along the whule
length of the sedimentation tube, even in the densest areas. The
laboratory results compare well with the results of radicieotope tracer
studies in alumina plants on digestion, settling and decomposition

operations,




e

o SRR,

FPinally, techaologioal tsating of bauxites should be extended to
lavestigation of the ef. sot of impuritiss in operations. Points of
iaterest are ths salt coacentration in the procese oycle, ths amount
of salt that must be ®liminated, and ths offect of detrimentul
Jonetituents such ag Orgaaic matisr aand pyrite.

The technological tsets discuseed in this ssction come within ths
potentialitiee of o well-equipped laboratory. Ig Practice, ths numbsr

and type of tasts imeluded {a ths progremme of » laboratery will
dspend on ‘he equipment available and on the demaad.

The ehemisal adalysis of red mud does not differ significantly from
that of bauxite, apart from the additional need for acourate dstsroination
of u.2o, both as eoluble and ag combined Nu20. For thie purpose, flame
photometry ie ths most reliabls and socurate procsdure [21]. If no flame
photometer is available, ths Na can be determined after fusion with
boric aoid (22]. 4Ae a rale, only caustio a0, total Na 0 and uzo3
ars deternined ia aluatnate liquor [23). Ia some oases, the percentages
of voB‘, PO‘)-, 30‘2', cof", ¥, aad C1” (whioh acoumulate ia industrial
liquors, as & result of recycling) are also deternined, ueing normal
analytioal procedures, modified for this purpose [5].

0 orato

Figure [ shows o sohemaiic layout for model laboratory type 2. Owing
to the oharacterietio feature of thig layout, that is, tc the fact
that all the rooms opea iato a central ocorridor, the building ocan sasily
be ealarge’ at a later date if required. By oomparison with aodel
laboratory type 1, showa in figure I, there are two additional rooms
for the techaologioal laboratory. The total floor area 1s 199.5 2.
This layout can be ealarged t0 oonfors to the requiremeats of model
laboratory type 3 by the addition .f $wo rooms for the X-ray laborstory
aad one isstruseat rooa (imdicated ia figure IT by broken 1lines) at one
ead of the bullding. This layout i advantageous if some future
enlargemeat of the lahoratory to form a complete research laboratory
is nu;i”ﬁu. The total floer ares of the ealarged building is
2%6.5 m*,
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The amalytioal activities of model lsdoratory type 2 are carried ia the
sane rooms as model laboratory type 1. Ths iastrumeat for thermal analysis
18 located in the balance room.

The techaological evaluation of bauxitses takes place in the technological
lacoratory, whioh ooasists of two rooms:

A preparation room for Sechacliogical tasts (preparatioa of samples,
preparatory chemiocal operstioas and ligquor analyses;

A laboratory for technologioal operations {digestion, eedimentation,
filtering and decomposition)

WJMW,

‘a this room, all the preparatory work for tsohaological tests is carried
b, Samples are weighed, aluminats liquors for digeetion tests are prepared,
red mud is washed and Preparatory chemical work is carried out, Analysis of
aluminats liguors before and after the digestion tasts should 8lsc be done
hsre. The equipmeat is sisilar to that for the wet laboratory for chemical
analysis. Other Recessary items are a balancs for weights up to | g
.sensitivity 0.0] g), laboratory stirrers, vac.ua filters and f1lter pressss.
The services required apre electricity and €as outlsts, rumaing water and
vacuum for filtsring.

‘atoratory for ‘eohmelogioal operations

Ths operations of the cayer process are simulated in this laboratory. The
nille for the grindadility tests, however, are aot operaved here but in the
bauzite preparation room. ™e sain items of squipnent are: apparatus for
latoratory digestion tasts (set of 6 g0 10 laboratory sutoolaves in 4
thermostatically comtrol]led and eleotrically heated oil or salt baths);
laboratory centrifuges; apparatus for sedinentation tests (thermostatically
controlled sedimentation tubes); Sherwostatically controlled atacepheric
stirrer apparatus for four to six parallel tests (for Llavestigating the
atmospheric digeetion of bauxite, preliminary desilication, Oausticisation,
decomposition ete.); and furmeces for teshaolegieal tests. The reea i,
squipped with laboratory bonches, oabinets, oiaks, a hood above the oil bath,
slectrical and 688 services amd runaing water.




The personnel requirements are the same as those for model laboratory

type 1 with the addition of:

1 ~hemist with technical school training (head of technological
laboratory)

2 operators (for technological testing'

1 chemist with technical school training (for thermsl alalysis)
The total staffing of this laboratory is thus as followe:

1 ~hemist with university degree

) ~“hemists with technical school training

) laboratory assistants

4 >perators

1 unskilled labourer
With this staff of twelve people, the capacity for analysie of the laboratory
is the same as for model laboratory type 1, i.e. 24 bauxite analyaes in resject
of the five main constituents or other equivalent analyses. [n addition,
phase analysis of two bauxite or red mud sanples and tests to determine the

characteristic digestion curves of one bauxite sample can be performed each

day.
i el omes,
e mair ey Borens regalr:d T pr e el o pa ryt oy,
Tl on bt G regaarel U rmodei lar opat ry “vre oare dhe 1 win e

1 ovalance for weights up to 1 kg (wensitivity 0.01 g) with set of
weights

1 laboratory filter prese
laboratory vacuum filter
2 variable-speed, heatable laboratory centrifuges for six tubes eash

1 poroelain mill (1 liter) for grindability teete

1 porcelain mill (5 liters) for grindability tests

1 set of 10 sutoclaves, 250 ml each, with thermostatically controlled
oil bath (individual design and oonstruotion)

1 laboratory autoclave with stirrer, 10 litres

1 *hermostatiocally controlled sedimentation apparatus with sedimentation
tubes (individual design amd construction)

1 ‘hermostatically controlled atmospherioc stirring tus for six
parallel tests (individual design and construction

Polarisation miocroscope
air jet screea

sedimentometer
Jderivatograph
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MODEL LAHORATORY TYIE 3. RESEARCH LABCRAT.RY R
JMUKIGF TESTING ARD ALUMINA HN. LoGY

Unlike model laboratorise types 1 and 2, thi, type of laboratory ie
capable of the widest renge of ressarch and Vesting work in the fisld of
analytiocal, technological and physical investigations oonneoted with the
slumina industry. Ity functions include:

Complets chemical anslysis of bauxites and detsrmination of trace
elements. Among thess analyses are those of soda and vanad.us salte
and deposits in aluming produotion.

Complets phase analyeis of bauxitee and red sud by eeans of X-roy
diffractometry, therwal analysis and iafrared spectsometry.

Determination of impuritiss in alumina and slumina hydrate products
and testing of physioal properties of alumina products.

Investigation of sinter processes.

Y Still mire advan ed lab rat ry f this type, which differs m.gt
Imp rtantly frm the ne d18cussed hore 1n that it inc rp rates a pilot
Plant, is described in detail in the second study in this series,

Dusotions of mode] laborstory type 3
mmm.imm_‘m-

Besides the classical wet procedures disoussed in the previous seotious
of this report, X-ray vacuum spectroeoopy is being used inoreasiangly for the
chemioal amalysis of beuxites. Within the last few yoars, ocoansideradble
Fesearok has beea carried out in this fisld, and the resulte have beea in
Svery way satisfeotory. Reseat work bty Tertian [24,25) has led to the
elimination of the {ater-element (matrix) effect. As a resuls, the acouracy
of determining the saia constituents of beuxits by this procedure is mow
*qual or superior to that of ths wet methods. There is the importaat
additiomal advaatage that both Boasurements and the interpretatioa of the
data can be fully sutomated, ¢o that a very high performance is achieved.

It 1s omly the sampling and the preparation of the samples that is somewhat
difficuls.

) Bee ® ical metheds for testing bauxite, almine and intermediate
producte® (UNI 171), éectien P,
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X-ray fluorescence analysis of bauxites is so highly developed that it
is used in the automation of the Bayer process. [t is successfully applied :
by Montecatini-Edison in Italy, at the Versinigte Aluminium-Werke AG in Bonn, 1n tr. ]
Geochemical Research Laboratory of the Hungarian Academy of Scisnce, 1n the
Research Inatitute for Non-Ferrous Metals in Budapest, at the alumina plant
at Alm&sfUzitd (Hungary) and elsewhere. An adaptation of this sethod for
use in the analysis of red mud is being developed | 26 . However, the
prospects are not so good as with bauxites, since the low atomic number of

sodium does not permit Nazo to be determined.

Emission speotroscopy, spectrometry, polarography and neutron activation
analysis are all suitable techniques for determining trace elements in
bauxites and red mud. Analyses of the soda salt and vanadium salt that are
precipitated in the Bayer process cycle and analyses of the deposits formed
in the processing squipment are performed by both wet analytical and

instrumental methods.

Complex phase analysis of bauxites and red mud

Accurate determination of the mineralogical composition of bauxites
and red mud is possible only by the application of modern procedures, particularly
those of thermal analysis, X-ray diffraction and infra-red spectrometry.
Crystal optical investigations are also valuable for identifying individual
phases and for determining the texture of the bauxite. These procedures are
fully established at the present time, not only in research work, but also
in industrial praotice. In the Alm&sfisitd alumina plant, for example, the
digestiLility of the bauxite and the distribution of A1203 losges in the red aud
are regularly controlled by X—ray diffraction [27].

Among the procedures mentioned, X-ray diffrs ..on yields the most detailed
information, since all of the mineral oconstituents of bauxite can be identified
at detection limits of the order of 0.1 per cent, and the reproducibility and
accuracy of the procedure (1 to 2 per oent) are excellent. The fact that
the aluminium content of alumogoethite and alumohematite can also be determined
ie another advantage {17,28]. As a result of the work of B&rdossy, quantitative
phase analysis of both bauxite and red mud have now been applied successfully
for eeveral yeare in the Geochemiocal Reesarch Laboratory of the Hungarian

Academy of Science, in the Research Institute for Non—Ferrous Metals in




Judapest and at the Almésfizits alumina plant. Details of tne procedure
are given in the literature L 17,27,29].

Quantitative phase analysis of baurites by thermal analysis methods
[14,15]) is particularly suitable for determining the water content combined
in different forms and the percsntages of carbonate, sulphate and pyrite.

[nfra=red spectrophotometry is successful for the qualitative and semi-quantitative

determination of the aluminium minerals in bauxite and red mud and for the
identification of individual clay minerals (30]. Electron micrographs

can be used to determine crystal dimensions. Although electron probe
microanalysis is informative about the distribution of trace elements and
their correlaticn, electron microscopes and electron probe equipment are too
expenasive for the model laboratory recommended in this report,

fegti of alum drate

If the laboratory is located at an alumina plant, it can assume the
function of the control laboratory, with the addition of some extra
equipment. The primary coatrol task is to check the purity of alumina
hydrate and alumina by chemical analysis. Usually, 8102, P0203, Tioz,

ZnoO, P205, \12()5 and !h?O are determined by spectrometry, polarography and
spectral amalysie (5]. Analytical procedures for theas are laid down in
standards and in delivery speoifications. An as-yet-unpublighed X-ray
fluorescence method for the determination of 8102, P¢203, ’I‘iC2, Ca0, Zn0 and
‘J?05 in alusina has been developed in the Research Institute for Non~Ferrous

VMetals in Budapest. Ite results are in full agreement with those from wet
analysis.

3ince specifications for alumina are bescoming increasingly strict, it is
essential that its physical properties should be tested regularly. Specific
gravity, bulk density, percentage of o -11203. &ranulometrio compoeition, angle
of repose, rehydration and index of absorption are determined acoording to
[30 Standard Recommendations. Only simple equipment is needed for these tests.

Invo-tmuon of -y_ltorm REccesses

Labo .tory methods have been developed for eimulating pyrogeaic attack

on low-grade bauxites and red mud. The material is sintered with l.2c03

and CaO on the tray of an eleotric furnace at & specified temperature for a




given period of time, and the sintered product 1s extracted under standard

conditions of liquor composition, temperature and duration. The object

of investigations of this kind ic to determine optimus sintering and extraction

conditions for an unknown sample. Standard proocedures have been established

for various types of raw material.

Yon-bauxitic raw materials are investigated in a similar way but under
different conditions. In the U3SR, for example, nepheline and alunite
are resmilarly tested at the VAMI Research Institute in Leningrad, under
standard conditions in the laboratory to determine the A1203 recovery that

may be expacted.

Physical procedures, such as hot-stage microscopes and heated X~-ray
chambers, are also used successfully for investigating sinter processes.
Among other tests used are granulometric analysis and porosity tests of
the sintered products. The mineralogical composition of the raw materials,
sintered products and extraction residues is determined by the prodedures
discusse~d above in the section on complex phase analysis, primarily by

X-ray diffraction.

n unit (o) lgboratory lﬂ!i

A very flexible layout that permits progressive snlargeaent of the
installation from model laboratory type 1, through model laboratory type 2,
to model laboratory type ) is presented in figure llI. he tasic bnlding
for model laboratory type 1, which has an area of 162.5 r|2, ia characterized
by a front entrance and a central corridor that runs the lengin of the
building; 1t is shown with solid lines in figure [Il. xlvnsi rn an we ume
simply by the addition of rooms at the ends. Model laboratory type < can
be obtained by adding two rooms shown by broken lines, at the left of the
building for the technological laboratory, with a combined area of 38 -2,
for a total area of 200.5 mz. The building can be further enlarged to
permit the complete installation of model laboratory type } by enlarging
it on the right end to house the X-ray laboratory and the instrument room,
shown by broken lines, with a combined area of 57 -2, for a total of
257.5 _2. Side entrances can be put at the ends of the building, if desired,
and the width of the central corridor can be made 2 a, rather than the 1.5 n

shown in figure (11,
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By comparison with mndel laboratory type 2, the funotions of
model laboratory type 3 demand an X-ray laboratory and a laboratory
for instrument testing. Tesis of alumina products and studiee of
sintering processes require some additional equipment, but no extra
rooms are nesded. Instruments for physical tests on alumina and
aquipment for preparing sinter mixes and for leaching the sintered products
are placed in the preparation room of the technological laboratory; the
furnaces are in the operations laboratory. However, if it is expected that
a large number of teats will have to be performed, it is recommended that

the floor areas of these roome be increased.

X-rgy laboratory

For X-ray work, a separate laboratory consisting of two roome ie required;
the larger cne, with a minimum floor area of 20 .2. is for the vacuum
diffractometer and the vacuua specirograph; the smaller one is for specimen
preparation and data evaluation. A small mill for grinding the eamples to
fine powder and equipment for preparing the specimens by fusion techniquee

are also located in this room.

With the X-ray diffractometer it ie poesible to carry out quantitative
phase analysis of bauxites, red mud, alumina hydrate, alumina and deposits
in alusina plants, i.e. an almost unlimited deterwmination of the
minsralogical composition of a wide range of materiale. X-ray vacuum
epeotroecopy, on the other hand, ie a valuable method of quantitative
ehenical analyeis (exception for elemente with low atomio nuabers) for
deterninfag the main constituents, impurities and trace elemente, for
sxaaple, in bauxites and red mud and the impuritiee in alumina preduct,
Howsver, the preparation of samples for thie procedure is very laborious.
If 1t ie to be used for routine teets, one or two peopls will be needed

for the preparation of samplee. )

Iastrument roce

Thie laboratory is intended to complement and control the data obtained
by phase amalyeie and technologioal teste. Microecopee are needed for
orystal optical investigations of the phase oompoeition of bauxite, of the
a.-A1203 oontent in alumina eto. Microecopee with etages that can be heated
are needed for imvestigating sintering proceeceee. Instruments of both the camera
type (Reichert) and the Leitz type are suitable (eee list of equipment below).
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A rapid and acourate sethod of deterwmining &ranulometric compositions
is often needed. Ip sddition to screen analysis, a sedimentometer
(oporating on ths photometry principle) or o sedimentation balance are
rscommended for analysing fractions below 60 ya,

The instrumeat roos sust have eleotrioity servioes and running watsr.
A small mill with o capacity of a few &Tems for fine grinding is needed
for the preparation of samples for therwal analysis.

dequirements f .r m.del lab rat .ry type 3

ers nne’
—C

In addition to the staffing listed for aodel laboratory type 2, the
following are needed;

1 chemist with uaiversity degree (for instrumental analygec)

1 physicist with universisy degree (head of X-ray laboratory)

1 chemist with techaieal ®0kool traiaing (preparation of speoineas for
X~ray analysis and ~ray lcuuu.ut:’

This means that the total staff for model laboratory type 3 should be:

¢ chemiets with univeraity degrees

1 Phyetoist with university degree

4 Chemtets with techaical school training

) laboratory assistanty

4 >perators

1 uaskilled labourer
With this staff of fiftesn people, model laboratory type 3 will be capable
of performing all of the teating and Fesearch tasks comneoted wvith the
aluming induetry.

'mxigmcnt

The main items f equipment required for m,del laboratory type 3, in additiop
‘' the equipment required for mudel laboratories ‘YPes 1 and 2 are the following:

1 farngoe for technological tests
1 gremulometyic alslyser

1 sedimentation balance
1 heatable sioroscope
1 heatable microsoope




1 BET apparatus for measuring specific surfaces
1 infra-red spectrophotometer

1 fine—grinding mill for X-ray specimens

1 X-ray diffractometer

1 X-ray vacuum spectrograph

GENZRAL COMMENTS ON SETTING UP MODEL LABORATORIES

Orgaalisstion

The head oI the laboratory should be an expert ia all the testing
methods used in the laboratory, i.e. in olassical amd iastrumeatal amalyses
and technological tests, depending on the type of laboratory. Adminastrative
work should be restricted to analysis certificates and records.

Material is drawn from the store-room with the approval of the head of

the laboratory. One of the workers in the wet analytical laboratory is

then made responsible for it.

All four of those working in the wet analytical laboratory should be
experienced in all the operations performed there, including the use of
analytical balances, spectral photometer and pH meter. Ome of the chemists
with techaical school training and one of the laboratory assistanss should
be trained in the use of the flame photometer. e U ke e Gt L Ll wla

De Lraincd L CATT) UL i D Dep@ile s ceee dbie i wiibiiee e

0 sonnel

The training of personnel ocan be dome ia two ways:

By giving special training to the senior workers in the laboratory
(the chemists with university degrees and with techaical school
training) at a similar research institute or industrial laborasory.
They can then, in their turn, train the laboratory assistants and
operators.




By on-site activity by experts, in paralle! with the orgaaizational
work of the Laboratory. For this Purpose, three experts with
university degrees (one analytical chemist, one technologist and
one X-ray physicist) are required for stay of about six months.
This period is adequate for training the personnel and starting

up the laboratory.

The latter alternative seems to be the more erxpedient. In this case, however,
it is desirable that the head of the labtoratory be sent on a study tour for

several months in order to gain experience.

P 0 uippe

The complete equipment for model laboratories can be purchased from any
large oompany that sells laboratory equipment, such as Prolabo in France or
Fisoher in the United States of America, Special nstrumente such as X-ray
equipment, infra-red spectrometer, hot-stage Bioroscopes eto. should be
purchased direct from the sanufacturers. Apparatus of an individual design
that is not available commercially can be wanufactured in the workshops of
any large alumina company, such as the Research Institute of the Hungarian

Aluminium Trust.

Reference standards

Reference standards for the calibration and ad justment of instruments
are needed for chemical and phase analysis and for technological testing. Por
this purpose, bauxite and red mud samples that have been exhaustively tested
in every respect (1., chemical and mineralogical compoeition and technological
behaviour) are used. Such samples are rather expensive, but they are esgential
when a laborstory is being set up. Reference standards caanot be purchased
commercially but are available from the laberatories of aluaminium companies.







As an axample f 5 nomplete phase analysis, the experimental results
“n A Huagarian tauxite and of the red ?ud sttained from it in a Hungarian

1lumina plant ty digesticn at f?OOI are discussed telow.

X-ray diffraction patterns ottained with A Miller Mi~ro genarator
and 1 Phillips xoniometer, using uk, radiation, are presented in e 0V,
"he positions of the goethite reflections 14.152 and 2.42% K, respectively ;
forrespond to a substitution of 20 per ceat by A100H. 3ince the bauxite
in jiestion contains 1" per osnt goethite, this 1s 87.i1valent to 1., per cent
of the total Al:'3 in the tauxite being incorporated in the lattice of
roethite.

"he presence of diaspore ie demonstrated both in the tauxite and in the
red rud. From the fact that the reflection of cancrinite at 3.24 f is
more intense than the line at 6.1% i, it may te conaluded that canorinite
13 the predominant phase of the eodiua alumosilicate ia the red mud. The
mular ratio of Al(,ﬁ3 to 3.02 in cancrinite 1s 1 : 2, Since the percentage
of sodalite {e low, the molar ratio of 310? to A‘.?O3 tonded in the form of
sodium alumoeilicate f{s only 2 : 1.0? (for industrial liquors the molar
ratio of JiO? to A12O3 in eolalite is ansumed to be 2:1.10). Tnoomplete
dlkestion ta 1adicated by the boshmite line at 6.117 § on the diffraction
pattern of the red mud. However, hydrolysis losases are low, as demonstrated
by the ecarcely detectabls reflection of gibbsite at 4.844 %. In both
diffraction patterne She heighte of the Peaks used for quantitative determination

are indiocated.

Plgure V ehowe the derivatograme of the bauxite and the red mud
obtaiaed with a MM Derivatograph Type Paulik—Pnultk—Erdoy (weilght of
eample 1 g, heating rate 10°C/-1nuto). On the bauxite derivatogram,
there ie mo oclear separation of goethite from gibbeite and of boehmite
from kaolinite. The Presence of theee mimerals ie indiocated by the
dietortion of the respective peaks, but o queatitative deteraination would
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be dubious. The peak obtaimed at 320°C om the derivatogram of red sud
oorrespomds both %o camorinite aad gibbeite (this is also confirmed by
the L-ray diffraction pattern). The unuswally high peak at 380°C, whioh
corresponde to the endothermio water lose of goethite, seeme to indicate

a stabilising effect of the aluminium atome incorporated in the lattioe,
sinoe pure goethite loeee water at 320°C. The endothermio reactioa of
both boehmite and diaspore is oclearly demomstrated in the derivatogras.
However, 1% is mot poseibdle to distiaguish theee mineral phases froa
esch other.

The iafre-red speotra of the bauzite and the red mud are presented
i ligure /1. Wave aumbers and bands used for eeni-quantitative
deteraination are indicated. Ia the bauxite, diaspors canmot be
discerned very olearly. Ia the red sud, however, its presence is so
clearly manifested that a quantitative eetimate caa be nade. The
relatively high smouat of uadigested boshmite is also olearly showm.
Fo gibbsite, however, cam be detected. The table bel w aummarises
the results obtained by X-ray diffrection, derivatography amd iafre-red

spectroscopy.

Elasralogical eempositisn of hemzite and red mud
Percent
Gamatituent e (Y

Loss em igmitieca (LOI) 20.8 8.1
11203
in gibbeite 285.4 0.4
in boakmite 17.)} 4.0
in diaspere 0.9 1.8
in katlinite 4.4 -
in alumegeethite 1.2 2.6
in sodaliteroancriaite - 10.1
Total u203 49.2 18.9




er-enta e
Conatituent in_bauxlte in red aud

510

2

in kaolinite
in quarts

in sodalite+cancrinite

Total 8102

F‘o203
in hematite
in goethite

Total F0203

i 02

anatase
rutile

Total '1‘102 .

It can be seen from the data that, despite the high temperature of
digestion, the quarts was practically non-reactive, and the A1203 in
diaspore and alumogoethite was not recovered.

The expected recovery of 11203 (soluble 11203) oan be estimated
from the phase analysis data. Theoretical recovery is ocalculated using

the formula:
A1, 0 - 0.8 si0

‘t.—ZJm——L x 100

n [ ]
theor. A1203 total

However, it is more correct to take only resctive silica into oonsideration.

For bauxites of the gibtbsitic and boshmitic types (where no CeO is
added to the digesting liquor), the following formula is recommended to




estimate the recovery of AI?OBz

" modified’ %

.A—IXO}(‘U - K"O.Bb 3102( )-l(g 112031“ -K Al 2% )-A12 A(h) L 100

“203 total

where
the indices t, r, d, g, and h stand for total, reactive, diaspore,
goethite, and hematite respectively, Ky & 1 ie the number of A1203
moles per 2 moles of 3102 in eodium alumosilicate, l(2 2 1 ie the
ratio of unextracted 11203 is diaspors, K3 S 1 is the ratio of

unextracted uzo} inoorporated in the goethite lattioe.

In practice, the raspective valuee are K, = 1,00 to 1,10, K- 0.80 to 1,00
(A ?03 is recovered from highly dispersed diaspore), 13 = 1.00 and
alusinium substitution in hematite is negligibdle (2 to )} per cent). Thus,

the modified formula for Al,O. recovery oan be writtea inm a eimplified

2}
form by assuaing that Kl - K2 K3 =» 1,002
"™ aodified ' ¥ *
Al.O -0.85 si0 -41.0 -A1,0
»—Ld tokal ~ ° 2 resctive 2 ) diagpore ~ 2} goethite , 100
u203 total

To characterize the operation of an alumina plant, the iatroduction
of the term "efficiency of digestion™ ' ie recommended. This term
includes losses attributable to undigested minerals and to hydrolysis and
is ob%ained as the ratio of practical recovery n ora-tica] (Whioh is
obtained by calculation from the composition of the red mud) and modified
theoretical recovery n* _ . . ., euch that:

" practical

{ ]
7 modified

In the example, the various expressions for 11203 recovery have the
following values:

n 91.3 4 (quarts being mon-reactive),
theor,
n® mod., 1

?-K.s-l.OC‘

L8248
nra~t,

n' ‘%%3- 94.7 %




It is importaat to mote that, in the case quoted, the modified
theoretiocal recovery ie lower $ham the theoretical recovery by 4.3} per oeat
owing to the undigeeted Al,‘_,o3 ia diaspore and alumogoethite. Om the
othsr hand, the fact that silica ie present ia the form of nom-reactive
quarts has an upgrading sffect on the quality of the bauxits, while
impurities causing 1osees of eaustic eoda or givimg rise to techaelogical
probleme (for exasple, carbonates, sulphates, organic satter and pyrites)
downgrade the ore. It ie beooming more and more accepted for sueh
characterietice as the carbomate content of diagporic dauxites to de
included in commercial ~ontraots as factors that mey lead %0 prioce
modifications.

The example discussed is intended to illustrete how a ocmplete phase
analysie of ths bauxite and red sud contridutes o a soundly based
preliminary estimate of the A1203 recovery that can be expected umder
industrial oonditions.




- 47 -

Amneg !
CHAPACTTIVIGT DL DUBIT IOy UNURD OF THREER AUNT

The reeults of digestion tests and digestion curves for a giobsitic,
& boshmitic and a diasporic bauxite are presented Ly way of sxzample.

The digestion curve of a gibbsitic bauxits containing 4 per cent
silioa in the form of quarts and another 4 per cent in the forms of
kaclinite {s presented in figure VII. At a diresti.n temperatire & |5 r,
quarts does not react with the digesting liquor. As a result, although
the alumina oontained in diaspore and alumogoethits is not recovered, a
higher percentage of alumina is reocovered thaa the value marked as
“"theoretical recovery” in figure /II, which - rreap.nis ¢ the re. very
that would be obtained if the total 8102 oontent were reactive. The
digeetioz curve shows the minimum molar rat:o at whioh the total quantity
of the extractable alumina is dissolved. The distribution of aluminium
minerals ia the red mud, whioh was caloulated from the results of ite
phase analysis, is also presented in figure Vi!. [t 1s bvi us that the
silioca content diesolved in the liquor, i.e. the increase of silica in
the liquor, aust be taken iato account to modify the composition of the
red sud vhen recovery is caloulated. It is important to mote that
digeetion tests are not made with synthetic liquor but with "industrial®
liquor, i.s. with liquor contaminated with salts as used in alumina
pPlants. I[f uncontaminated liquor were used, higher losses of A1203
would ariss, sinoe ia this cese the anion X in the formula of sodium
alumosilicate hydrate 3(!- 0. ng—}
conditions stands for 003
anions, would represeat 2‘102 anton- only.

2510 ). Na,X.aq which under industrial

2

Pigure / . 4l wi tne digestin curves Jf a Hungarian b.oehmitic-gibbsitic
bauxite with a high percentage of goethites in the temperature range
18P s0 300°C. The aineralogiocal ocompositioa of this dauxite is as showm
below:

, 2017 and M anions as well as for 2410
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100
ALQ in Na-Al hydresiliceth

-9 _

! e
i 9.7 in alumogoethite

I Taar TR R IS ST ————
) 9 885 in fb_o:ﬁmrl; and _diaspore — DY
° o6 1 Meeretical recovery
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Figare VII, Digestion curve of giblgitic bauxite

Digestion: 150°C, 0.5 hours
Digesting liquor: Na 0 179,8 g/litre A10, 71,8 g/litre
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nstirs..en! er‘“vmgve Nas'litant vtoent Yy

A12O3 F'o203
in gibbeite 20.5 in hematits 6.1
in boshmite 22.2 in goethite lg_l_g
in diaspore 1.6 Total 18,
in kaolinite 4.4
in alumogoethite 1.3
Total 50.0
’1'102\ 3102
Anatase 2.) in kasliaitde 5.4
Rutile 0,6 in quarts 9,8
Total 2.9 Total .
Loss on ignition 19.4 sau 0.6
& 0.32

Aluminium substitution in goethits, mole per ceat °

For this bauxite, the theoretioal recovery of u203 is 88.1 per ceat.
If aluminium combined in goethits is considered as unextractable, the
modified recovery is 85.5 per cent. As shown in figure VILI, up t
tenperatures of 240°C the predominant part of diaspore remains unattacked,
s0 that the modified recovery is onlv 82.3) per cent. In the calculation
of the modified recovery, total Si0 was assumed to be reactive. Pigure V111,
however, shows that a substantial part of ths quarts does not react at
180° and 210°%.

The broken line in figure IX represents the digestin curve ibtained
with synthetic (salt-free) liquor. In this case, the higher alumiama conteat
nf sodium alumoeilicate results in a lower recovery of u2o3 than with
iadustrial digesting liquor.

The digestion curve of & boeshaitio-diagporic bauxite at 240°c. without
and with CaO, is presented in figure IX. The mineral:gical compositiom f

this bauxits is:

A Foalliuent Lsrcentage hzg.;nnm _erceniace

27)
in boehmite )9.2 in hematite 22.7
in diaspore 12.% in goethite 3.6
in kaolinite 4y | ia pyrite

Total 54.1 Total ﬂ

Si )2

in kalinite 2.} Loss on ignition 11.9
in quartz V.7 CaU V)

Total 3.0
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Figure . .. w. "1, even at .. and Wwi‘nh \ relaiivelys nifiom o iar
ratio in the liquor, diaspore is mot attasked Af nc Cal is added. 3Jinde
tosehmite is the first to be extracted, only ltquor with a low molar ratio

is left for diaspore in whiok it is insoluble. The distribution of
aluminium among the mineral phases of the red sud has been determined by
phase analysis. The digestion curves give iaformsation 80t oaly on the

recovery of alumina but also oa the optisus comditions for digestion,
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