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MULEL LABOPATRY FOR TESTING BAUNITE, ALV Vi'.hw AND INTIUEDDAYE PRODUCTS

<)
Ra jind: 1 Manocha
ry
studv 1 pospared as work paper oo (oirmottes o o . 1y of
. Py pay
xite-Muliina Testing Laboratories, set up by Unoied wis [ndust-

rral Povelopnent Crganisation, Vie tra  with esgphbosig (0 ~prmy UL 10T

rormatior noeded for detailed feasibilivy studies,

Followerg & short descriptior of baus o uppiicaty s o o0 salrent foa-
tures of the main CONSUMINE Processes s 1 atla ety b o te sper il
cation denands, various testing reguirenents 157 bguxile Lo been

mety.ed b oon for immediate and ‘utior o s With 25 perooat o ora-

ted Lrnxice consumed for alumina produ i Cothiis Aspeot g 0ns
strtated b centre theme., For alumina test oy tan, sivess 43 O
fratures concerned with the aluminiun setal prodociran «0 1 accOunts
for ) percant alumina produced. ouvel prient s ey S TS oane
credases profivability but requirke coowers o veseurch ra 0 primary

feccorenent here, in addition to 1ou peir asabhle mpioits geoul S, 18

“at of \hysica! characteristics  «ilio, are atiaiaced Ly o wrment of
Precaprtation angd caleination conditiops main interesi y feast-
D311ty studies s to establish the piniduct purity limiis oo technolo-
greai tests described for general nrorinitation behavioag vl

coupled with research facilities :ivticatcl in the desopipt. v 00 Ho-
search JInstitute, will cover the e ailvo pranestigation ‘o L. e
welil,

Ouatline of various analytical methods, both for bauxite ard muds, pro-
cess !iguors and alumina, as needed i exploration and technological
evaluation has been given, Considered are

al ~tassical chemical tests, which ar. <¢ill most coemmonly used for the
major constituents analyses, and ai<, provide standard vzlues for
~aliveration of new faster instrumental techniques,

b) spectrophotometric and flame phot-metric methods, 1o tuding atomic

»8orptoon, widely used for ‘mio 0 impuritics esi:

) x-ray 4. .raction used for semi-auantiiative 1denti : -+ .on of species,

ad x-rav spectrography, becomir. increasingly popu. .. “r general
analvses ‘~lemental), specially for vauxite, muds ar amina,

%)= S.A,V.A., Sooieta Alluminio Veneto per Azioni, Divisi:me ALLUMINIO,
Ajumina Plant, Porte Marghera, (Italy)



d) Micioscopy and Yifferential thermal analysis for bauxite and precipi-
taticn studies,

Ixamined for . ~h above Sy - need and scope for individual applisation,

.

Seetion on ".‘o«.'r*.nulogy Teses™ includes such laboratory tests, whic: hielp

to estaiilish ko oaad bYvens | 3:.ameters for final pilot plant studies,
These te.ts ¢, abl.sh gual:tv variation of the deposit, help invesiment
decisions on required flexibiiity at different stages. A well conducted
Prograr, ctevisticaiiy planneg ard evaluated, can shorten the subsequent
CXPENSIVe pilet plan® trialg considerably,

For pilot piant tria:s 5C0opse considered are

2) overall state of ni:ewnoart of bauxite processing

LY spectilised Aa8S, 5 tHrce 1vailable

from rotantig? £ 1viyment vendors {working on competitive basis')

relativaly =mall influenc~, under practical circumstances, of the
U . pment cost 1n overal plant cost

rist fast, {r.m haric nocess complication during the plant start-
up

f) cost cf zstabbisning the facilities and operation,

Continvous 1ur pilnt plani trials are needed to establish the overall
viabiiity of the process and forestall unexpected extremely expensive
conplication Iiring the plant Gtart-up, The facilities will correspond
to &an almost winature alumina plant, very well instrumented, manned

by a skiilaed operating end maintenance gang. Thus unless the pilot plant
can be located next tr an Sperating plant, it will be better to have the
feasibility studies conducted at ap already established centre and wait
to build wne's awn after the first plant is built, This pilot plant built
At a luater stage wousd profi;tablv serve to investigate other deposits,
make changes on the running plant without production loss risk and also
develop sperial products, Criteria for selecting the outside party for
iest work have been listed, and also some general considerations in
making the jav--gt,

The report ends with discription of facilities and requirements of area ,
staff and training for 3 models of laboratories to suitr different circum-
stances.
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LABOATORY "3 710 UXITZ, AlTUINA, INTERMEITATE PRODUCT3:

PURP . ., w3 LMENT, WETH I ‘D OPERATIONS

4ajindra Me.

A. ¥oriviticn

s r—

The next few yvirs wi 1 s2e & phencransl growth of alumir&um pro-
Juetion, a safe b . cruent exponenty al rise, with almost correspon-
Jing rise in a.. .. ~roduction, most of 1t nroduced from bauxite.
The developir. . .. -5 which own aloul 70 percent of the woriua
bans.te .oy -i:te unee obviously great “onelits to reap if they are
<ware of var . .. ap,..cation poss.blirilo8.

Mieh L ths a2 vroaius producing Tacllities will be located close

to the cetul coruimpi.on centres, rostly developed countries, under
tho pressurs .. rare'ing trenis .ud ever-prosent rezional protectii-
ve tarpifs. Pre outi., JU percern’ of .luminium precduction comes from
e1ch aré2d. in scoh olrcumstances, he alumina ipdustry in developing
counsries will 1. wall to be export orianted ti1l their indigeneous
L atal markals v - :v-a enough. vy ot ambitions carry with tham
challengss nt v .7 e uing low prodaci.on costs and high dep@ndabili-
%y. The cost con-iduv:ations favour iarge size operations, in which
c:.ie choice of right type of techrology and processes compatidl
wi*th indigenenus or. . iitionsg, and rational selection of safety tactor
for the desired siiavility become criticale A large safety factor
Fhpeen on tho o~ moenss pavanaie~r oul of r~nic in the absence
of mufficient l.'a . reases the costs at every level.

Tre singla iwprriant ;ariable elenent .nfluencing the basic process
parametiers O. a.umln: produciion 13 the nature of bauxite mineral.
Thus tre imper  :nce  f an early establiishment of adequate facilities
to provide such .. -wladge cannot te overemphasised for the developing
countries, harnly any of which can boast of an effoctive one 80 far.

‘--lications of Tn vite

Typically, baux.ta is a weathered yroduct of aluminous rocks, con-
gisting mostly <f .laminium and iror nydroxides, though some depo~-

Nnte: The opinic..c expressed herein cre strictly personal and need
rot represent any particuviasr official thinking.




tiean substantial titanium-oxide miverais. Yo ior common impue
a2 aquecus aluninjumesilicates, r- 1» x«clinitas, quarts
e e aong L rmita. Other minos incuit w3 ara organica, oxides
€ ova wlocom, galliue, zine, sometine: ntes La™Tilin, MAaNZans sd,
viogntomee, fanorlds ond arcenie. The baux + iz vaiusd mostly for
Co4smLia fontant

~ipal 1ses of bauxite may be listec

~rodiction fer making alumsrine

- "
e

Lty toatiy alums and sulfates, o oo watar treatment,
“Cai and pharmaceutical industry.

topoodu o of aluminium allorrs

Cger 3 . et of total bauxite vroduzsl o uand 1n alurira produge
5.1 . sendi 0f such large proporiic, €0 «nto alumina pro~
ducii v will continue despits inieresi.ngy svelopaents 1n production
of &' »ov o iodvten alloys diveet frum o' and aluminium by
chlor. 0 '

The " w: i rads for various applicalions .ae determined by ‘the
natuzse W7 oimourcitie;, the means availabie tor irair removal and
possiula alternates, the latter factors o pladning Jor large specie
fication liffatences from country to cown: r7+ Indian convention inm
fiven Y:low for an example ?)

ALO, %  5ic 0% Ti0, %

51 ) 811
57
50

hras. ve %0

atuel ?-061

Salies: Features of “amxjte Consuming Procosses as influeneing

Bauxi*e nuality De: .nds

5023 leactang (Baysr and Comdination Processes)

Practiec:s1ly all the alumina is produced Yy leaching cut alumina
content of the ground bauxite in the hLut with caustic alkali, com=




monly called Bayer prosess. Amcng the inmrurities, iron and titaniume
oxides remain almost una.tacked. 3iliza, other than quarts, mostly
drssolves and then gets precipitatsd out in various phases of operae
"aking .o o th 1% an sguivalent aasciut of alumina and soda.
<3 itum- and geiiun oxides partliy dissolve, to the extent depen=
Yreoa the narurs of the mireral and saverity of the leaching attack.
Tra orgzanates d:ge--rate into various organic acids and salts, such
i Gralates wnl caroonates, at tne axpense of soda. Limestone reaots
booermvert sotivas caustie soda to wmative sodium carbonate.

T alunira conaining liquor called "pregnaat liquor™, is characte=
.iz91 by an exceptional .ocoras of surarsaturation and has to s cone
dseted .nder carefully controlied process condition designed to mie
nimi . alumina preciyitatica daring the sscaration of insoluble
Jmpuritias, called “"mud", bty lsc.ntation and filtration. The alumina
«n theu ritoversd by couoling the impurity-free liquor and agitating
it with earlier precipitaiei alumina trilydrate seed. The precipita=
tion process is one of th: critical steps in the alumina plant flow
sheet development, becauss the precipitated hydrate has to have defi-
A1ie grain sise and siructurs to enable its econmomic separation from
tae epent liquor, vrovide Just sufficient seed of the desired quality,
colydeid tke findshosd caleiwed pruduct according to set physical

indd hs nical specifications. This has $0 be done with minimum COMPPO=

rasing of conditions orauciv: Lo maxamum yields, all this excercise
"¢ juiring detailed knowledge of hHauxite composition.

Tho precipitated alumina is ther. separatcd from the mother liquor,
sessdd gpent liquor, 1, ccaniation and filtrativa, and cai. ned im
vetary kiln to give the prouduct wlumina. The spent liquor is, recire
culaisd to lsach further quiniity of bauxite after evaporating out,
if necessary, the extraneous water introduced from the bauxite (moi-
sture content and water of hycration of the alumina oxides) and that
used for soda recovery fiom tis mud and the precipitated alumina hy-
drate. A causticisation procers consisting of treatment with slaked
lime, is included to convert the inactive sodium carbonate formed in
the rrocess dask to caustic soda. Certain plants produce consistently
froem the spent liquor sudstantial quantities of vanadium salts and
Fuwialom a8 bye~proouv. e,

T “he p.cduction costs, raw matorials eonstitute the largest single
item. Pauxite and caustic soda wenerally account for 80 percent of
the raw material costs.

Caustic soda is oftan the leader where bauxite is not transported
vver long dastances. About 7C-30 percent of the total eaustie loss
comes from silica ccntent of the bauxite. Pesides, silica leads to




+nothsr inportant source of losa by tyirg up an equivalent amount
2f alumina making it unavailabdle. Thus silica contant has long teen
»0C8p .94 ad a master criterion of bauxite acceplance.

Alumina {.dusiry continuously works to deve.uj prucesses und modifi-
cation: waich will allow economic woerkang i nignsr silica containing
vres, Locauce the tonnage of bauxite resources .icreases vary fast
wilk eveLy siagie percent increase in the s5.1.7°a oonteni acceptabi-
Laty. Thus t'e s.lica acceptability levels Luve continuousiy risen
and bautiies containing 4 = 6 perocent siiica are bsing freely used.
SOome American ovlante use even 10-15 perceut cilica~containing vau-
xites. The suc.ces: nas come from two :: 233 ‘4 better unters* risng
¢f the reaciivity of alumina and silica content ¢f the minerals,

and the assilication process which prevents silica contamination of
the finished product (b) development of the so called combination
Proosssed which recover comtined soda and alumina of the mud by cale
oining eintering it with soda and limestone. Dirsct eintering of
high silica cortaining bauxites with limestone and soda followed by
agueous leaching is also being comsidersd., An important requisite
for favourable economics of such processecs is the nature of sintered
product, wiich should require minimum grinding and be relatively free
of dusi i.n preparat.on for the subsequenti isaching step. Ideally, the
sinter should be e9lf disimegrating. Identification of the mineral
constituents involved and etudying the voustibilities of their inter—
Phase reactions at various temperatures could make remarkable break-
© throughs.

Inereasing attention is aleo being give.. to other possible beneficia-
$ion procezsee to separate eilica impurities.

Mention may also be made of growing interest in diasporic bauxitee
wLich were generally considered unsuitable for alumina production
because of their very poor solubility in practical range of caustio
oomoentration and temperatures. In some cases, hcating of ores to
600 ~ 700 °C leads to certain phase ‘ransformations making them reac-
tive and easily soluble in ocaustie liquors. Sintering with soda aleo
makes the alumina contente eoluble. Of great potential practical
interest ia thLe same context is the pilot piant ruccess reported on
high temperature vauxite digestion (at 230 °C and above) 3).

Asid Process

The unsuitability of alkali leaching process for higher silica cone
taining dauxites has led to interest in sulphuric acid leaching proe




1.3

3.4

3.5

cesses. Silir. remairs generally "ol ila. Nhjectionable impurities
are orides of iron, alkeli.met..ls. .»iovive and limestone which cone
sume ‘he aci ar¢ nend more invo wd ~psrical separation procadures

for thair suhremront separation. o rrerititi.ed aluminium salt is
sic a.urinine - hate, wnich o errs i to ive the finished

,roduet ai.mira. e released .. c o orming ore regenarated ty

c.ierpiion in the wooend laquer L., ot suitabhlo for recycle and '
.sh atiick of the bavxicc. The “eo roeqwceimg eritical study is

e basic sulrhate precipitation »r..ans.

Pelracy ity

Calcined bunr. o« are used largely ¢ weh.ns high alumina refrac-

torries.

For cheni-al uosposition, impesient conciierations are low contents

of oxides of irca end akali mer ... whish roduce the refraetoriness

of the mites~a. ani alas its . o720 S0 oavvon nonoxide attack.

Titaniom eontacst will alse wowoia e o oun considaration in view

of vacartd evidencs 07 a Tow mell . 7 T Haw18 phoue (e 1ting point

1300 — 1300 90w "p .o i mechanicai properties ‘),

Aea SATALY AnR C el en v oarhon manoxide dissocia- !

Lion re:. ~mesbhly forx PN ION

‘e mineralogical proparties avy toaocrawy Tor o thelw influence on

shrinkage characinsisties ana ooone om0 e trans©ormations. cauxites,
ihat «ive consistently dimeasior. v o ola ralecined product in
BornaGos Opar. s e ah 200 o e o cansiiered extremly “easi-

rebila. Ilasporic ores are preter..

Production of Chemicels aad . mavunt oo Products

Most of the we!’ s depend orn i otinck of the minerals, though
chlorinaiion »7ozesses will bu alscuing yaportance.

+

For =cidyn prosesses, 10W econftonts . 1ron. titanium and limestone

(3 faportant. Boing relativasly o0 7 production uniss, orly high
zrade baux taes, <~ontaining iren o' Laianium sr1des less than 3 - 5
perceni, -~ used. RBeactivity »f tr <ol Ls oan twportant consie

derati on.

Direct Production of Aluminiu. 21177~

RV PR

Wth fast Jwing avpliieations »f aluminium silicon alloys, very pro-
: I '




nising cutlets are expscad for dirsct sr2lbing of high siliceous
™

bauxites in regions of cheap elecirical pcwer. Tiy DrocosSSes Cone
sist essontially of slagging out the iunuii’iss under controlled

reducing ¢ litions leavi ‘wndnd alusiniun siliicon alloys.e ror

chemical composition, im + ant will be u.owacna-colise ratio, titas ¢
nium and i.5n oxide eonite. . determlne t“. fluxing requ. rernte.

For physic.l characterist: 1, the uiture - the mineriais of alumle

nivm, iren, titacium and . licom, which inrluencs the reducibility .
and formation of desireble vhases necessery T or nead slag/mot:st

separation.

Bauxite Testing Requiremanis for the Baver Procass

4.1

Attention is rest-ictad heve to onlvy “hoss rpag of investigations,
which are nesdrd 1o define the techneclogy and eculumant required in
the framework »f fogio 1i4y 3%udrez 24 the asceasary invesiments i
and operating zosis. Tho -awuze of such investigations has becn de= !
scribed in the usual orizc of precedence reguirad in ascossment for

the alumina inlusiry,

oratory Test Work

First and foremosti is sstanishing tho exten. of ‘ho deposit in
terme of its siliica aid 2lumira cortent,

Bauxite depcsiis are noteriouz for their irrooularity, and sanpling
8rid patierns are ~ho:ien ¢ .nservatively. large number of samples
have thuc to be analysed initially fer buli ¢arncity, moisture con-
tent, alumina, iron, ti.arium, silica -nc loss=on-ignition tiil a
well-traincd eye ard some :ndirect casier method of groding by stae
tistical techniquer .. develored. %°

For test work here, imph: <15 is on t.ced rather Than high degree

of aoouracy. A limited ;upnvor of rarpies will have to be analysed
for other impurities, perhars at a iater date.

Bxistence of inert diasperic bauxite hat 0 be eotablished immedia-
tely becau.c ir the evert ! substantial presonce of this conctituent
many flow sheets wi . be u.imineted, Derrswlsg dewn the ecope of
further studies su: .tarti.’iy.

e) In mary cases, loss~on-igmtion values have provided fair first
approximation irdex. In some cases, srecific gravity determina~
tion proved quite irdic-tive.




4.2

4.2.1

Fext in inportance is establisnine tue proserce of beehmite, mono-
hydrate form of alumina, because tris sigain narrows down the possi-
ble secope of ture process invisiigations and provides a first rough
InAda-ia - f gxpected investm. - Touhydrale-contain, cz-bauxites
reqnira wovre drastic leachiig v . il ard aquilpment for their pro-
ceunyng - And because of seve- s -y requirements, vauxite silica

behavici.: 1lso becomes more Imprriinte

In the evant of massive deposits occuvring in the vicinity of clayey

1

materials, or ‘he excavated materi. ] Leing contamirated with mud,
washing tosts will be desired 1o irvestigate possibility of its sepa~
ration by etrsi.lt-forward waslhing. This woulr require extensive ust

screening tewstsu,

For high meisture containing ores recuired for export, it may te no=
cessarv to¢ calecire them for drying =t the site. Since conszidarable
Blgni flcnnt Loangformations are kuown to ocour on heating 5),
mineral -4 phase transformation studies by the T.D.A. method, X~ray
and microscope along with digestiin v3ts wil. ve needed for diffe-—
rent temperaturs treatments.

Process (orditions Working Out

Next comr more detailed investis t. o s required to fix optimum pro-
~@88 parameters of caustio eoncentration ard temperature wnich have
strong interactions at various stues and largely determine aqui p=
ment size specificationse

Digestion Condiiions

First is cheric:l reactivity of the tauxite which varies considerably
from one bauxite to arother despite comparable chemical compositions.
I+ 18 determinec ty finding alumin: viel: cn bLaurite digestion in
autoclaves ai dif{farent temperatuz-s, causiic coencentrations, grind
8ize and rez:derce time selectac by staitistical methods of experimene
tal design. kefinements includo costamnating the digesting liquors
with le¢ - ractod impurities &0l wn 0 ANE ON CONLNUOUS liquor recy-
cle in the ‘iant io evaluate their wudlrying effect on bauxite extrac-
tion.

An atismpt is made to determine ki.:tic equations from the extraction
data to imosrove predictability under «.de range of conditions. This
involves analysss of the liquors for alumina and caustic because most
of the bauxiies reaction kinetics respond (0 some function of chemical
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potaniial ronreserted b thu dogres of dsnarture Jrom equilidbrium
golubility of the conce i alumina hyirate t sorrosponding caustic
coneantrationse Sodium  carbonate and sill .ia content of the 1i-
g40rs aro & 'ysed to ¢ voine the awci.. . .. caustic lost in dosie
licaiion ani non-alxalin. 3yda formation auc “hnt converted into
sodium carbirate. Alumin. yield is deteriin~d %y analysing alumina
in the residis mud and cailculating quantiiy »: the mud producsd by
romparing the ivon axids contentsof the ruid .nd the bauxite, iron
oxils being genarally asr* in ecaustic.

Minaralogical examinz!.:1 inder the micro;.: - will be done at dif-
farent mosh-nf=grind . 1z for possible dolee . on of free quartz.

The digesti:m conditions L.ve t0 be viewed !'nr .air interaction
on the desilication pro.e.s, bekaviour of ‘.3 mud during setitling
and Tiltration, oremsive decomposition, %2’ Lad reversion, of the
pregaat liquer during wudl reamoval, and zorrL -+, 1) le causiic concene
tration at the precir: a.ion stage. Als?, “or Lolubility o¢f other
bauxite impurities lite titaalum, vansdiwn  calizam, zine and phose
phorus for likely alumnins product contam rat: on.

Silisa Reaciivity end worlication

"

Studies on solubilicy i viour of silits .nd subsequent liquor
desilication will require liquor analyses "ur scluble silica content.
Rave of silica dissoluticn wnd ite subse . nt ~eparation will have
to be examined vnder <ifferent combinaticas o caustic and alumina
ooncentrations and temporatures. The desiiica*ion behaviour and
kinetics are notcrious’y individualistic., s e method of analyses
w1ll be real asset. Ciwiical and X~ray analyses will be required for
identificaticn of the dos:lication product prodiced in the mud,in
search for the conditicus where soda ~And w.umina hied up in the
desilication product .s reatively lesa.

In the ciroums*ances, the-e choaper baurite 1s available or the
bauxite ocontains excec..ve s’ lieca, or canst:~ coda is expensive,
cheaper plants can oftunn be tuilt by accepiing lecs drastic dige=
siion condition {cacriiicing some aluzims yie.d thereby) if under
such conditic . silica irourities showed marlsd reduction in their
reactivity, and res’ ... unreacted alumina did not promote excessive
reversion,

In the case of higher silica bauxites, tls.: behaviour on heating
will be exrmined for likc.y possibility of sore reactive silica
mineral becoming relatively inert.



4.2.) Reversion Tendency of Pregnant liquors
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The reversion sensitivity of the pregnant liquor in the mud removal
stage is established by prolonged (gentle) agitation with muds con=
taining different amount of undigested bauxite and analysing the
liquor and the mud for alumina. Excessive reversion can make mud fil=
tration impossible, apart from the alumina loss it entails.

Revarsion tendency of the liquors is one of the important factors in-
fluencing alumina yield of the liquors and is jnfluenced by the natu-
re ¢f minerals. The degree of liquor contamination 28 resulting from
enrichment of the various impurities during continuous liquor recir-
culation influences the results significantly and must be considered.

Settling and T 1tration Behaviout of ¥ud

Besides the fact that the liquor clarification facilities account

for about 15 - 20 percent of the plant investment, the dopendadbility
of the final pregnant liquor filtration is oritical because any mud
passing from this section will positively contaminate the produst and
the seed , and the filter performance i3 atrongly influsnced by the
clarity of pregnan: liquor received from the settler. The settling
and filtration characteristics of the mud are very individualistie,
reacting differently to bauxite grind size, digestion treatmont,
cauetis concentration, flocculents and solid content of the slurries.
In some cases, there myy be sharp critical points in their dbehaviour
and digestion conditions may have to be modifisd in the overall inte-
reet.

Settling charactsristics determine the settling area requirement for
variocus degrees of mud consolidation.

Mltration characteristics detsrmine the filtration surface required
and the praotical deliquoring limits.

The above information establiches the most economical combination of
the two types of squipment from estimate of the capital coet and sods
gecovery for various alternates. '

Increasing attempis are being made to improve the mud bdehaviour predic-
$ability from the knowledge of bauxite characteristics and flocoule~
ting characteristics of the muds by X-ray and mineral exanination
teohniques. For example, presence of gosthite is often asscoiated
with poor settling muds. Presencs cortain mineral is reported to
upset the filtration drastiocally. Yuds from the bauxites of colloi-
dal origin behave very puch differently from the cther typee. In case
of high silica containing ores, coating of mud particles with thin
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light films could suprress their floocculating capacity or zltsr

their "density" substantially, which might bte detectible with 1w-

proved microscopy techniques. Liquor phospkate concantration is

often a suspect during filtration problems on pregnant liguors:. "

Mud Utilisation .

Huge quantities of mud are produced in alumina industry, about 80 -
100 percent of tie uciual alumina produced.

In case of high silica bauxites, mud is to be examined for ree.wvely
of alumina and ccda values, as mentioned in sectiun 3.1 for the
Combination Procezs¢s. Ctherwise too, as mud disposal scmetinmes
aocounts for 2 - ¢ pe:cent of the alumina production costa, good
incentive always exists Lo find an initerested pariy. Ita proper-
ties of interest aroe high titanla content for titanium rich ores,
high iron content, high soda and alumina content for nigh eiliica
ores, red colour for pigment industry, absorptive power for gas
purification indusiry.

Precipitation Fehaviour of Digested Slurry

After the bauxite digestion tests most critical for the proce.s
design is precipitation behaviour of the liquor produced under
different digest conditions.

Objectives in the precipitation process are to obtain maximum of
yield, odbtain a product of such grain size, that it can be readily
separated and after yielding the fraction of required specification
for the product alumina, enough hydrate is left for the meeding
operation. Besides, grain structure of the precipitated hydrate
should be such that it can be economically washed to yield a product
of the desired chemical purity. Many of these demands ars contradioce-
tory. For example, process conditions that help ready recovery of
the hydrate militate against those promoting high yields. So com-
promises have be accepted.

Precipitation kinetics and nature of the precipitate produced being

very sensitive to the liquor impurities, sspecially organics, detail-

od liquor analyses become important. Once the impurities are idonti=- »
fied, their effect on equilibrium solubility of alumina at the con=

oerned caustic considerations will be examined to predict their de~-

leterious effect on the rate of alumina preoipitation influenced

by the function: (liquor alumina concentration at time t - equili-

brium liquor alumina ooncentration) 2,
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Different types of organates are produced depending on digention
conditiors, and they have di fferent influences on the rrecipi ta=
tion berwvicur. Where-as some cf “hese slow down precipitstion
kinetice ty ruising "he equilibrinnm coinbility of alumin: in caustio,
others adverseir effect only grain /s owth procescses. Further, the
magnitude f their effect 1s strongly influenced by the rrocipita~
tion caustic concentration. Correct identity of <hs influence of
these ccntanirants is thus peeded for establishing the precipita=
tion corditions.

The irpo:rtance ol euch studies will e appreciaiet from the fuct
that the entire process conditiont .nd thus the s:ze of the equip=
ment ard unit operations are deterrined largely by the two terminzl
conditions of digestion and preciyitation steps and lerge numbers
of comtinalinns are possitle for selecting the optimum.

The liquor znzlyses will include osiimation of silica, iron, tita-
nium, carbonace, sulphate, chlorides, sinc, vanadium, gallium end
different types of organales. On the precipitated producis, besides
the tests for irpurities, sieve analyces, surface area estimation,
decantation testa and microscopic examinations will rsquira to e
done, @5 further noted in gsaction 5.

Bahaviour of MNinor Impurities

Inoluded gonerally are organics, vanadium, gallium, phosrhcrus,
limest:re, doiomite, zinc, manganese, fluoride, m ckel, arsenic,
beryilium, meroury, sulphur. These are termed minor lLecause their
presence raraly exceeds 1 percent and though their presence could
certainly demand importantprocess modifications or sunplemeniary
steps a3 a result of epnrichmert in liquors from raveated circule~
tion, yet it would not rule out an establishment of au alumina in=-
dustry if m= o1 considerations outlined earlier are favourable.
However, for vauxite exports to the rucning plants, many of these
impurities can be critical.

In dosign of now facilities, the effect of these impuritiec is oxa=

mined for +the following.
Insrezse in equilidrium solubility of alumina which reduces the

precipitation rate (section 4.2.6).

Product contamination from pupersaturation. Change of desiiica~
tion characteristics 6) and mud settling characteristics.

Reductinn in the hydrate procipitate grain size to the extent
that it cannot be recovered by the provided facilities.

Excessive foaming.
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Besides some of these impurities could be turned into roal assett
in terms ¢f valuable by-prcducts, as for example. vanadium, galliume

The deges of variation of these impurities ir bauxites and the ma-
gnitudes irnolved o sesrn in table I2/Tuble I1 chows an example
of impurities dreiritutici in a plant 1iqu0r.?°> '

Organi oo consiinte perrapes most important sirgle miner impuriiy
for tinir e fest on process ot most steps. In bauxite digustion,
thosa degrads 1ato virlce. wnorganic and wroanac compounds. Though
Foda loss fro- this reaction is small, tho ceripounds produced when
present abtwve certain oritical concentrutious nave teen krown 10
upset drastically desilicavion, maud sottiing and precipitaiion
steps. So much ro, that if sufficient provision for keeping thenw
at a sonirol.ec levsl ie not provided, the plant capacity could
erasilr fall by 3¢ nerceri. The tesiing wou.d rerquire the liuger
inalyses 1o identi.y the trouble causing compounds at various stager
to provide economic ciunieracting measulei.

Phosphorus o par‘iy recctive to caustic soda, so0 causes soda losz
in digestion. li ths solvble form, it can cuuso somo mud filiraiicn
probler and soretimes conlaiinate the finai alumina product to the
deétriment of curren! y.eld during aluminium production.

Vapadium also reacts with caustio to varying degrees. Above centzain

concentration lovel, it can lead to objecticnable product centialna—~
tion Yy precipitating along with alumina. Ags an operating rnulssance,
1% could precipitate in pipes and tanks even tefore it affected the

product quasi., signii.cantlye Vanadium zapurily can e turnea inte

san asset by reccvering this from the plaut ligucrs as by-product.

Gallium caus:s apnaren’ly nu process complication from its dissole
ving in soda. Expensive as the gallium metal is (&8 1-2/gram) profi-
tablie ty-product industry for gallium recovery could perhaps bs made
possible in certain circumstances.

Limasione, dolomits convert part of active caustic soda to inort
carbonate. Suitable provision for causticising the extra carbonate
formed has to te provided in the plant facilities. In sintaring
processes, their [luxing behaviour is vary important.

&inc is ovjzctionalls because it dissolves and precipitates with
alumina to become objecticnable impurity. A zinc gsoparation treatment ’
on the digested liquors nas to be included in the flow shoet.

Fluoride is mosily of nuissance values in hard scale formation in
tanks and pives. It precipitates out along with vanadium salts.

Irony Directly affects the alumirma product purity, wkich is objected
for some aluminiur end usos.
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¥ercury is not known to upset the vrocess in any way. In certain
high tempoerature digestion practices, elemantal mercury has been
obtained in *he flashed steam during cooling of the digested slur-
ries.

Arseric, Mozt f it ends vup in the mud 2e insocluble constituents.

Crushing ard Urinding Tests

Onoce the optimum grain size is established for tha bauxite digestion,
grinding and cruchibility characterictice of the mineral aroc detere
nined. These, genarally expressed as the grindability index and
the work 1i~ex, provide good indication of the eguipmeni 1equirsd
and the ianvelvad costs.

Orinding indox is gererally determined by preparing 35 10G of the
bauxite (30 percent passing 35 mesh ccreen) by a batch, closed
circuit grinding techmique in a small ball {or red) nill, say

8 x 10", Crindability is judged from the slope of Schumann piot
drown £from ucreer analysis of the nroduct -mesh size of the Tyler
series as *'n ahscissa on the Cartesian Co-ordinate of semi-iog
paper sl accumuloted weight percert [iner than the stated mash size
a8 the ordinate. This plot is linear if the material has been ground
in an unbi assed manner.
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Testinc Boquirements For Alumjna Trihydrate and Alumina

Testing requirement considered here are those needed for eventual
feac.bili* tudies on bauxite utilieaticr. Ae for any other matarial,
thece are “eiurmined by sventual application of the alumina ;rcduced. .

Though about 20 pervent of the alumina proiliced is used for *he metal
produstion, .-ofitzbility of the alumina plirts can be imprcvad by
producing sora special varieties of the alumna and trihydrate. The
special products are prized by paper, rubtur and pigment industry

az fillers ~nd coatirg pigment, by pharmaceutrcal industry as body=-
ing material and for red.cinal purposes, by chemical indusiry as
starting point fcr o¢rganic and inorgamic chemicals sperially alunm,
enhydrous aluminiun clhisride and cryolite, as catalysts, absorbent
for chrematogra:.1¢ and filtration applications and by ceramic and
refractory indusiriec for spscial high temperature and high dielec=
tric resistance irsulators, certain high duty service bricks and
corunidum production. 2

-

For alumina for metal production, two criteria are used, chemical
and physical. Two typical specifications are given in table III.
Chemical criteria dsfine .he upper impurity limits, these limits
berng critical tecause the very nature of aluminium production
process is such tiat the impurities present in alumina cannot e
removed. Excessive soda content and loss—on-ignition (representing
undecomposed hydrate) contrtbute to the raw material costs in «lu-
minium production turough use of cryolite and aluminium flucride.

Physical criteria are based on consideration of solubility vehavicur
of alumina in electrolytic cell baths of the aluminium smelters,
and its dusling and flowing characteristics.

Two distinctions are in vogue.

a) sandy alumina
b) floury alumina

Sandy alumina is characterised by free flowing characteristics,
closer size distribution, coarsenessand dusting tendency.

Ploury alumina is marked by relatively poor flowing ocharacteristics,
wide size distridu-ion, fine grain eize, lecs dusting tendency and
oharacter of a w3al. calcined product with low loss-on-ignition.

These differont physical conditions are realized by adjusting the
precipitating conditions and calcination operations.

Though the aluminium nroducers have always had very strong indivi-
dual preferences based on their experiences with the electrolytioe
cells, gradually the emphasis in judgerent criteria is shifting to
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the sconomics of the alumina produciion which have been treated in
discussions on bauxite. Nowever, it has to be rerenbered that alumi-
- na handling facilities for the two types of aluminas can ba conside=
rui.; ulfferent and will have to be given due weightage in the final
decisions.

The special alumina products are distinguished more for the phyeical
oharacteristics, such as density, size distridution, shaps and nature
of the individual crystals or agglomerates, rather than the ohemiocal
composition, except that in most cases, specially low limits are
impoced on sodium, {ron, titamum ard vanadium contents. Here algo
physzical properties are controlled oy adjusting the precipitation
o, ating conditions and calcination oonditions. Starting point is
the hydrate produced.

Prom the above it will be noted, for the bauxite feasidility studies
principal interest in the testing of alumina and the trihydrate is
checking for the precipitated hydrate contaminations and washabili-
ty of the hydrate to remove goludble impurities, especially soda.
Tis will be done as a part of the precipitationr ctudies outlined
in section 4.2.6. Needed will bPe size distribution and surfaco area
determination of the hydrate precipitate and configaration of the
orystals and conglomerates under the microeocope.

Sophisticated equipment 1ike electron microsocpe will be neecded for
special product development.






6.1.1 Iield Sarnling

In field sampling of bauxite where the size range is wide and mineral
very raterogersa-ns, serious errors result from accidental classifica=
tion Yy sizn or gravity, and different size fractions usually diffex
considerably i:.. critical constituents like silica and alumina. The
risk of ascid+it.l classification in the phase of reducing sample
volume is par.i-ularly pronounced with dry materials. A typical same
pling proucedr. adopted in such cases is descrived below for a haif
ton samnls coiiscted from a test pite

The underlying nprincipal is that splitiing is done ovar narrow size
rangss.

The original pile is divided into two lots - one for plus 3" size
lumrs and the other for smaller ones.

On the coarser, plus 6" pieces are broken by the hammer to minus
6" size without attempting to break them into emaller pieces.
The entirs pile is then divided into two equal lots on tho basis
of equal number of lumps. One lot is rejected thus reducing the
balk volume b halfs

On the ciner minus 3" size pile, it is split inte two parts by
coning ani quartering. One part is re jected thus reducing this
bulk volume by half.

On both the halved poriions of the original coarse and Tins
piles, larger pieces are individually reduced to minuz 2 inch
size, follcwed by mixing together the two piles. ..e combined
pile is then reduced to half the size, about 250 pourds, by the
standard method of coming end quartering.

Larger pieces in the above material are then reduced to minus
one~-half inch size by hand, or by jaw crusher where a small one
is availzcle, and reduced to ebout 7 pound size by usual coning
and quartering procedure.

On wet samples the bauxite will have to te dried Yefore effective
volume reductinn can be done. This is generally done by eproading
the materi:i cn a clean metal sheaet heatied by gas burners.

60102 zllt Samgles

Reducing the bulk volume further to that required for the laboratory
is conducted by usual methods of coning and quartering or oy rifflers



when a crusher (laboratory jaw crusher or rolls) is available to
reduce the material to minus 6 mech.

For ohemical analyses, it has to be further ground,i1C0 MOO (passing
100 mesh T lar screan) gunerally adequate. However, while looking
for minor irpurities, or contaminations like quairtz which can exist
as individual particles, finer grinds may be required. Serious
orrors can result during akbove grinding and sample volume reduction,
unlasa following “:sic congiderations are respescted.

1. To grind a sam-le only little at & time to avoid moisiure loss
from the hest of grinding. The sample is ground, sieved, the
operction heing repeated on the residucs.

2, To avoid l.ss of representativity during grinding from bias in
favour of softer or harder fractions of the mineral by taking
all the powder. And also when the fractions passing through
the sieve on repeated grinding ars mixed, it should be done
on a smoo*h and flexible surface such as glazed paper, rudbber
or cil-cioth, in such a way that the material in made to re¢ll
ovar and vver and 4ons not merely slide along. &s many as 100
such operations are 13commended for each diagonal action.!!)
Thus during crushing to minus 6 mesh, the crusher is so adjusted
that some particles are retained on the 6 mesh-screen, thereby
increasing the amount retained on the finer sieve. The coarssr
fraction is recrushed until it passes.

Ultimate fine grinding is done with mechanical grinders, in
absance of whirh agnte mortor is used. While vusing mecharice?
grinders on extremely hard ores, possibilities of minor conta-
minations from iron, molybdenum, nickel and chromium should
be remembered, though in practios t..ey have been generally
found inesignificant.

Nojgture Content

Noisture content is defined as that part of water which is physical-
ly adsorbed as distinct from that ohemiocally bound such as water of
hydration.

According to international convention, all the bauxite analyses are
reported and compared on dry basis. In cost transactions, generally
based on tonnage, this information is vital.

The detailed procedures differ with the physical oharacteristics of
the ores.



19

For t%o dry non-hygroscopi¢ ores, tho sample prepared as outlined
in section 6.1.2, is dried in an oven to consiant weight at 110 -
140 °C. “he tempsrature chosen is such that no organic matter or
hydrase .7 aluminium or iron, limestone or sulfur comound 1s decom=
posed s~3 i1ron ntiiss are not transformade Indian standards Istitu-
tion nrorarites 140 °C 11 which looks reasonable. Use of lower
temparsturs will reguire longer time for the test,.

Samrlc takan s about 5 - 10 grau.. For wet hydrorcore ores, ihe
moisture deternination should tw dona in ithe shortest possible timae.
The .a:y.r zienes 10 the collected camples are broken only to a pea—
gize wite the ha sr and loss irn weight determined at 140 *C. The

woight ~{ “.e¢ sanple taken Ffor drying is about 50 gram.

663 Loss o i-mition (LOT)

S v v

To dete.m:1s aill the water of hydration of alumina.

Afier a few detorminations of alumina on a bauxite deposit, this
cimple quick determination c¢ften proves a very useful indication

ef qualiiy net orlv with respect to olunina contont but also sore~
tives 10 tne reiz.lve occurrence of monohydrate and trihydrate forms
of alu.. ra. Possi»le errors are,inclucion in water of hydraifionr of
the lonses from decomposition of the organic matter, ircn hydratzes,
imestere, kaolinites etc. hut thev are generally small.

Tre samp.:, a: prepares in seciion 6.1.<, 13 ignited in platinum
eruc’ ble at 1100 °C for one-La.f hour in a furnace or on mecker
turnsr  valiing care o heat it antly in tne seginmang ar : rassing
tue temverature gradually so &8s tu avoid any physical losses from
spurting. The ismited sample is ccoied in the dessicator and weighed.
Though some praciice insist on use of expensive magnesium perchlo-
rate 3 .ss=icani,'?!) others consider activated alumina good enough.

The LCT is perera.ly reported on dry basis i.s. afier correcting
for the initial moisture determined separately as in section 6.2.

In some .uses, as per Indian Standaras Institution 11}, LOI is repor-
ted on the uriginal basis, i.e. w:thout correcting for the moisture
contenr,

6.4 Bauxil- Decomposition and Dissolving
ohed W]

The first siar common to all chemical analytical procedures, consists
of decomrosing the mineral to get its components of interest into

solutior - cealiied "main solution". These processes fall into two broad
categories depending on the composition and reactivity of the constie
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tuent minerals - acid a'lack and ulkali attack, gansrally fusion. The
cemplets extractaciii.y of the concearned constituents is genevalily
checvsd bv X-rar d4:ffract. on. Por minor imrurities, alkali jasion is

genar.lly reqguired. .
Aoid Atvack .

Acid atlatk 1o o nesally proferred because of the overall sase in
Lavndling of liqguids an’ -educed chances for sriors in . out. ne ane-
ytieal wores Alsoe cisdca derydration, requsred for 8° 1 ca wol,ia.
tien, procecds 1.5te~ .aw is movre positive. Mostily, nmixture of
suiphuric~, h-¢oochiori~- and nitric acid ie used whereby t4ie matal-
lic alamenis are : sveriad in the respentive sulfcis, leaving .nsoli.-
vle silica benind. Som o ¢o-us fopr estimaticu of calcium arnd inscluble
quarts, hydroehivoio acl and phosphoric acid attack are respactively
adoplec as doscrized Y. - However many bauxiies camnot ba -~ adily
decomiored by acid &wvsticn, as for example, diagsporic ores .nd high
titaria containnie ~es. It 18 genarally not trasted for esiisn.:on (
of mincer impury ooz

Asthcd
! - 2 gram fire = ;r..nd bauxite, as prepared under seetion €.1.2 is
treateu on 4 bt »livw w th maxture of salrhnrie, hydrochlor: s .nd
nitric acics dilftese U ropsstions being uved by different proing.
Mitric acid serves to cfeccompoge the organ:. countaninatioas, aitr ztona,
anc oxidise anv ferrc . iron to the ferric 1...e, wh. +3 devira le
subseguanti=, .or corvlete decomposition it 1e important 1o hert Ay Y-
ly befure lecd: ng o vigiiius tuminge The resicdue is buked {for one
quarter to one Lul? v te dehvdrate s:licic acid and vroduce readye
lJy filirable silica. Tue .rcled residue is ihen carefu. .y dissolved

in bolling watcr, u. vg only a small quart.ty of cold water in ihe
begining., Tou v.g.vurt .« prolongea a toLlling could lead t¢ preci=
pitation o sowe di:ficuit-to-redissclve bae:e salta, especially in
the oxcrsnive vregece ¢f Litanium minerals.

The insoluble roisder concioving moetly of sii-ce 1w ther filtered

out and warhed ‘ree ¥ o .iw with hot water, .sing only small quantities

of water every Line viod wy Aydrouysie of the entrappea 1 :uar,

Pre-heating of ithe sciut:or on hot plate f~+ 10 - 60 minutes can ecce=- s
lerate filter: g cunsiu-r . iiy. In no case : huuld the solution be kent

unfiltered for .ung tec. ure some of the .recluble s1lica can bLecome

soluble, ocausiny; 1nterfrrence during subseguent a= .pations. Medium

pore-size filtere are rcccmmended. The oclear ..t .on im made up to

250 or 500 ml.
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If the »ec:cie wir red, it contecired undissolved substances or basie
iron m.lypha.e oo od Srom excessive sulphuric acid. While the latter
¢In be earvii, orosc.ved by washire tith hot dilute sulphuric acid,

ormer w1 .1 recni. . alkald vuoeiog rdecompositiCnie
A..L ;\L T e

Taena o Lo roxite with Llkeli fusiin 1s more posiiive, and
fter roecur cooe . fop estimat. oo o moror impurities onn those cone
bravring St T

CLLOWR . 0 T oun ouoare geneoul v used.

Ao L rhomate.

YUOTodaw L ronate potassium carbonate mixture.
Cooat Lrtrenides

3V oL on o pvaroxide and codium perexide mixture.
e cuour . nete=borax mixture.

Y L. triun carhov. tg~boTax mixiure.

Aoit noon Coon tarbonaty ol thet of redium hydroxide is about
gy o Gaw o ©osuunum r¥ur vt 1o considered uy scre to be
vk re s owe aro’ necessary foo orJeciive decomporision o7 come
beuxi = Uii™omeies have the advaniage that they are readily availe
Mg oai ove |, ra-c formse For canstic fusions, a blank run 1s 2 must.
M. Yture of : rmeoond potassiun carbenate is preforred in cortazin
cases 1 o L um cavbonste siore for aveiding cumplication of
ehioridan ar oo icing out tvonysreck o ric acid wedium. Lesiues
the vt e Y wer fuoioen point.

Sodiur n- . ang sodivm sevoside mixture fusion provides dsoomn-
}'Oltﬁm. noox.?wany codiiacus and 18 extensively usecd for analysis
of mi.u~ im ur* eg, because agiuaous extraction of the fuced mass

g ves quits a iratght forward separation of iron, titamum, mango-
neea (in ,recercs o aleohoi;, magiesium and calcium which remein on
the f 1zar © - .i..ina, vapadiun, Mhesphnorus and chromium which go
inte &b P L 1 9. orzanics ome dscompoced.

Sodiv:, sar . .ne o o4ant borax mivture fusion is raquired for the bauxi-
tes 6.t ams y o 7isalt to dascomyse - very seldom needed

Liihivs, ~°= . 4 ooraX miXiuw'e .. uw2d for bauxiie decs mpos“clon
to pruy:s catipie for Xeray speciromeiry.

1-2 ¢ 0¢ © ety ground bauxits - taken and fused with the selected
alikal  at 4 =100 9C for 30m4) m.tuies. Platinum cr:cibles are used
for .ixali  us-on, nickel eruciblis with eauvtie soda. For caustiie
#oda tus. on  ~e soda should e 1imst fused to dehydrate it well.
Intir. = o  as of the reactants bafor: and towards snd of the
fusion onarat on ¢ ‘nportant.
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The melt is carefully dissolved in about 200 ml of 10 percent sul~
phurio acid at slow heat. The solution is svaporated to the svolu-
tion of copious white fumes lasting for about 15 minutes, to oom=
plete insoludilisation of silice. Correct addition of sulphuric
aoid for dissolving the fused mass is important to avoid titania
precipitation during fuming. If ths solution is turbdid or showed
presence of insoluble pisolites, oonoentratsd hydrochloric acid is
also added.

The residue after fuming is diluted with hot water and filtered,
washing with hot sulphurio aoid, | percont. The filtrate serves
as stook solution for subsequent analyses. Often for more prscive
work, another acid fuming operation is recommended on the filtrate
to oomplete silioca recovery.

tal Al TA

Total alumina inoludes all the aluminium pressnt as oxide, inoluding
diaspore, boshmite, gidbbsite and kaolinites. This differs from TAA
(total available alumina) often oonsidered in aluains industry, whieh
represents only that oomponent of alumina whioh is extractable under
partioular prooess oonditions and exoludes most of diaspore and all
the alumina eventually combining with silioa during ths alumina pro=
duotion.

6¢5.1 Difference Nethod

Alumina is determined by subsiracting the scparately estimated weights
of iron and titanium oxides expressed as :e O, and 740, from the
weight of mixed oxides precipitated by ammonium hydroxide after the
silioa separation.

The method is not accurats in the absolute term, since any other
hydroxide precipitated besides iron and titanium will show up as
alumina, as for example small amounts of oxides of vanadium, ohrcmiums,
phosphorus. Besides the prscipitate has high adsorption power and

414 is difficult to eliminate all the oocluded impurities. Also any
error in the estimation of titanium and iron oxide will show up on
alumina value. However, the errore involved are of small magnitude
and the method is often accepted ae for example by the Indian
Standards Institution.!!)

Method
An aliquot of the main solution obtained bty the bauxite decomposition

-



as per section 6.4 is used. Equivalent bauxite adbout 200 mg.

Before proceeding with ammonia precipitation, ferrous iron is oxi=-
dised in the hot to ferrio state with concentrated nitric acid.
Some practices add ammonium nitrate before precipitating «ith ammonia
to ernsure full oxidation oonditionz. Aluminium, irom and tiianium
hydroxides are precipitated in the boiling solution by slowly adding
concentrated ammonium hydroxide in the presence of ammoniurm cnhloride
* to the msthyl red indicator (0.1 percent) turning yellow. Since the
precipiiats can be significantly contaminated due to gela’incus and
bulky nature of the precipitate, it is dissolved in a £l able acid
and rerrenipitated as befcre. All the thres main acids (sulphuric,
hydrochleric and nitric acid) are being used for dissolving the pre-
oipitatu. Nitrio acid and hydrochloric acid have an advarzage that
the formaiion «f basic salts is largely avoided. With sulrhuric acid,
the soluticrn must be boiled for 15=20 minutes to ensure the redissom
lution of any basic salt formed.

However, some practices do not consider the second precipitation ne-
ceesary if the first precipitation and washing of the proacipitate is
carefully done, onding up with good vacuum suction. For complete pre-—
eipitation, sufficient conoentration of ammonium ions in the solution
and vigoro:s agitation during precipitating step are important.

The presipitate is washoed with hot ammoniacal ammonium nitrate polu~
tion ( 5 peroent) until free from the chloride. The precipitate is
ignited in a platinum ocurecidle at 1100 °C for an hour. Being very
hygroscopic the crucidble is kept covered, cooled in a dessicalor over
aotivated alumina and weighed soonest possible.

 The igrited precipitate represents A1 O, + Pe O, + Ti0,. For more
accurate work a blank is run using the same quantities of reagents
as employed in practice.

Typical quantities used for 200 mg equivalent bauxite sample are
2 « 3 ml concentrated nitrio asid, 4 -« 5 g ammonium chloride and 10
ml concentrated hydroohloric acid.

6.5.2 Oxjne Method

In contrast (o the earlier "difference method" it is a direct and
absolute meihod in the sense that alumina is preeipitated by itself,
subsequently determined either gravimetrioally or volumetrically.
Oxine meth.d is a standard oheck method for alumina estimation. Gal=
lium and zino are precipitated with aluminium, but their content
being very low, no signifiocant errors are introduced.

B R
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The method consist in soparating out titanium, iron, oalcium and

manganece from ihie il ca~frec filtrates - main aliquote from 1he

sdo0lution prepared unnder uection 6.4 - by double precipitatirn with .
caustic sodae Alumina 15 them preoipitated with 8~hydroxyaquinclire
(ealled oxine) in pr-.ance of acetate and armonium ions and tartzrie
acid at phi adjusted to avoid vanadium and calecium precivivating: fith
alnminiun

Por irou and *icuniws wrovipitation with caustic goda, the main
suiution (about 4072 mg bauxite vquivalent) is added slowly to 1%
percent caustic usolution [equivalant 18 € caustic), agitating
vigorously followad by roiling gently for 10 minutos. This is noeded
for ocomplote procsvitation of iron and titanium in presence of the
bulky galaticous yrecipitate.

To facilitate filiravion of the highly alkaline solution, the solution
is diluted and cooled fcr about ons half hour. The washing is done
with hot ammonium chloride solution (2 percent), only oncs to ave:d
hydrclysis of the entrapped sodium alwminate.

For the seconi vrgcipitation, the precipitate is dissolved in not
dilutse sulphuric acid adding a few drops of hydrogan peroxide, the
latter considerably hastening the dissolution stepe The precinita~
tion ard filtration are done as before, except that cnly 10 g of
sausgtic soda i used and the precipitate is washed more thorougnly,
4 times to rocover all the aluminate. The filtrates from boih <he
precipitations are mixed and evaporated gently (without boilinz) to
300 — 400 ml volume aftor addition of 20 ml sulphuric acid 1 : 1.

For alumina prec. pitation, an aliquote of the above solution eontzin-
ing no more than 100 mg alumina is taken. With larger quantities, the
precipitate is too tulky to allow good washing.

Ammonium chloride (2 - 3 g) and tartaric acid (1 - 2 g) are added
and the solution nen:iralized in the oold by adding slowly liquor
ammonia in presence of neutral red. The solution is then heated to
80 *C and alumina precipitated with acetic acid solution of oxyquino-
line, adding atout 3 - 5 ml excess of the reagent calculated on the
basis of 1 ml reage:* “or every 3 mg alumina. To complete alumina
Precipitation and el‘minate vanadium interference, liquor ammonia is
now added to make the solution alkaline to litmus red, and boiled '
gontly for 10 minutza.

Some practices raecommend adding hydroxylamine in the cold, heating
to be done only after adjustment of pH (by ammonia) #). This is to
avoid possible errors from loss of the oxine reagent before the pre-
cipitation step thro-gh its own precipitation and evaporation.
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6.7.1

3

Por filtration, tho solution is allowed to decant on hot plate for
‘5 minutes, and then passed through sintered glass crucible {(G4).

T gravimatiric estimation, the precipitate is dried at 110 °C ofter
washing two (2) times with hot water and three (3) times with cold
Winers It 1s weighed as aluminium oxinate, Al(Cgﬁé}IO)a.

For volumatric @itimation, the precipitate is dissolved 1n &XN.-
hydrochloric acid boiling, diluted, cooled and titrated with stane
dard potassium bromide-bromats mixturs (2N), adding 1-2 m1 of ihe
latter in excers, The excess reagent is ostimated by liveraving
ledine qv-uiicativaly from the potasiium 1odide soluvion (10 purcant),
subsequently added. liborated iodine ig titrated with sianuard sodium
sulphite colwiion (IN) in presence of starch as indicator.

Oryquinoiiie soluiion is prepared by dissolving 30 g of the reagent

in 70 ml1 hot acetic acid, subsequently made to 1000 ml with water.

Alumina Trinydrate (THA)

A3 oxplained in snstion 4.1, THA determination becomes important
r:ght at ‘“Le preli:minary stage of feasibility studies inacmuch as a
purelvy THA bauxite is easier and cheaper to process.

The methods used are based essentially on very marked differences in
reactivity against canstie liquors betwesn three principal naturally
occuring alumina hydrates, trihydrate, monohydrates in the form of
beshr “te an? diacpo 3. The sele ‘tiviwy and accuracy of :Le respective
methods is ostablisied by testing the insoluble residuss of bauxiies
by X-ray diffraction. For convenience, this estimation is precented
under section £.8.

Mogoudrate

Boehmi te

As explairad earlier, monohydrate containing bauxites are more diffie
cult to precess, hence the importance of its estimation at an early
ctage.

In the proved absence of diaspore, boshmite is generally determined
by substracting trihydrate alumina from total alumina.

It can also e analysed by the autoclave digestion tests as described
under section 6.10,
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X=ray methods are used to confirm the estimated values in the event
of éoubte.

6.7:2 Inasyvre

6.3

6.8.1

Total Avaasaoslo Aiui.ma 7
R o v ¥ se———— .

Dias~or « bauriiss ars particularly rrized by the refractory i nduies
g4ry, oui are gorerally least desirable fcr siraight Bayer prccesise

Banvite cagesticn tasts ancluded in seatiun £,9,2 give an approXie
prte s0e. of 1.5 ier.oae ¢ ccurence. Precice pstimation requires
Fenay ar Porasiion.

»

)

K
Fooow

PAA ocnitusii of bzurita represents omly that part of alumiaa vhich
is avallatle fcr sxtraciica, excluding the reruining which the roac-
tive sil.os covians oF L.uxite ties up in any case. Thus fron ihe
procacs v oawpoint tidu yig re is of more ai 374 valus, In fact many
plan!. haidly svsm tnlk in terams of total alumina content of the
haux o i day-to-day work.

Ipdirzcs Meihod

Percent TAL =» percent TA - (perceant reactive silioa) x k whrore k
represents matic ¢ alumiis +o silica combirsd.

k 45 established f~m experience on mud analyses and is ofton teking
as unity. The estimaied TAA value will bs higher than the actual to
the extent depending on presence of diuspore.

6.8.2 Direct Methods (auoclave digestion)

The mcthods econsist in digesting bauxite with caustio liquors in
rotaiing auiociaves and analysing the filtrate for alumina content.

The operating cont. s are so chosen, that all tho zlumina present
in the bauxite .. avtacked, excapt for the diaspore content. This is
established by /-ray anclyses of the resiuuss. Widely different
nature of the tast conditions practised ic indicated by the follow
ing:s

a) Pure caustic sclution, 100 gpl Na O (129 gpl NaOH) 120 °*C, 15
minutes digastion time; bauxite charged to give a final alunins=-
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free cauetic weight ratio, expressed as Al 0, /Na 0 0.4 (as
41,0, /Na,c0,) 0.234).7)

) Caustic 200 ¢rl Na,0 (260 gpl as NaOH), 0.5 A1,0,/Fa 0O weight
ratio, 180-230 °C, 3 hours digestion time, bauxite charged to
0.8 ratio.’

o) Caustic 125 gpl (NaOH) 220 °C, 40 minutes digestion time, Lauxite
charged tc ¢.ve final Al O,/¥a,0 0.650 (41,0,/Ka,cCy 0.38)

Individual prefarence of the conditions used is detormined ty the
desi.c +o remain close to the digestion conditions operaling in
tho plant »f the particular group.

Tt 325 vo b nroved that the TAA test is not an abeolute test but a
relative one dapending on the details of the test conditione. For
exampie, the dsoyree of desilication achieved during the test opera-
tion will inflience the alumina present in the filtrate. However,
this is usually a very minor quantity, especially undor higher teme
perature cigesticu oconditions and long treatment intervaiz.

Aatoclsnves are proferably made of mcnel metale. They are hoated elieo=
trically o. by gas burners and rotate at & slow speed - 56 rpme A
typical 2a%culaves ig shown in fig. 1.

Handling o the digested slurry. The autoclaves are empiied afiex
releasing the pressure gradually and the insoludle recidue filtered
out woshing with 2 % hot sodium chloride solution. The filtraie 13
made to * litrs solution and analysed for alumina. Usually volumetiric
methois, doscribed later, are used tecause they are quick and suffie
oiently .ccurote. Some plants prefer oxine method for alumina esti-
mation in tho filtrate, after acidifying it carefully with hydrochlo=
rio acid, making sure that any alumina precipitated is redicsaolved.

Avaiinble Trihydrate Alumina (Av. THA)

The purpose of this analysis, and principles underlying various pro=
cedures have been explained in section 6.6.

6.9.1 Autoclave Digostion Method

Basically identical to the autoclave digestion method discussed in
seetion 6.8.2 on TAA determination.

Modificutionsconsist in so adjusting the composition of digestion
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liquor and the amcunt °f bauxite charged that the available chemical
potonti;l') allows dissolving of only easily soluble irihydrate.
Lere again the nature of widely varying practices is evident from
the following:

a) Caustic eolution 170 gpl ¥a,0 (19 o1 NaOH) 120 *C, digestion
time 15 minutes, bauxite charged to give a final A1,0,/¥a 0 weight
ratio 0.8 (or A1,0,/Na 0, 0.468)

b) Caustic solutior, 23 &pl NaOH, 150 °C, digestion time 30 min.,
beuxite charged to give a final A1,0,/Fa, 0 1,024 (or A1,0,/Fa,CO, =
0.600)

#) Cnemical potential at any temperatura and caustio concentration =
Al O, grl equii.braun concentration minus A1, 0, gel in test
slurry on complete extraction.

ers egsurs D at

Netpod

The bdauxite ae prenared under 6.1.2 48 boiled with dilute caustio
soda solution of such concentration that all the trihydrate alumina
48 extracted without -‘'tacking the monohydrate. Cenerally 2-N sclu-
tion ie adequate. Awter rsf1sx condenser is used to avoid incroase
of cauetic soda concentration from evaporation.

Tne solution is filtered, waching the resi‘ue with hoi water contain-
ing » little causiic - generally 3 washings, washings doxe without
mixing the precipitate. Alumina is determined in esuitable aliquote
of the filtrate Yty oxine method as outlined in section 6e5e26

Typical quantities used ars 5 g bauxite, 200 ml 2 ¥ caustic soda
solution, 1000 ml stock solution after filtration, 25 m1 aliquotoe
for alumina eetimation. Boiling (sttack) time about 30 minuteee

Alumina estimated by this method ie available trihydrate alumina and
doee not include that part of trihydrate alumina which has combined
with eilica during attack.

P¢ determine total THA, the anount of trihydrate alumina not included
4n the adove ie estimately separately from amount of the bauxite
reactive silica and the mud analyses as explained in section 6.8.1.

™o estimated value of available THA ie likely to be slightly higher
‘than that met with in the plant practice, because at the low tempera-
ture used, desilication process is slow and eome of the alunina

—
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6.11

6.12

which should be lost by eventually combining with silioa is still
in solution.

Available Monohydrate Alumina (Av. MHA)

General.!; determined by substracting TIA from TAL. Individually
estimated by Y—ray methods.

Potal Siiica

Total ui lica includes silica present in 21l the forms.

Finely ground samrle of bauxite from aection 6.1.2 is decomposed

by alkali fusion except, when sure, that the bauxite is completeoly
decomposed hr mixed acids. Procedurs for mixed acid attack and ale
kali attack are described in section €ede .

The ultir:ita irscluble residue obtained in section 6.4 containe nostly
gilica along wi*h variable amounts of oxides of iron and titaniunm

and porhaps unsige ited bauxite. The filter still wet is ignited in
platinuw crucible at 900 - 1200 °C, lower temperature requiring

about 2 - § times longer time than that needed at about 1103 “C.
Silica is determined by volatalising away the silica from tlhe ignited
residue as silicon tetrafluoride, on treating it in the platinum
ericiv.e itself vith sulphuriec acid and hydrofluoric acid. Done reccm-
mend repeated silica volatalisation, until the weight of the calcined
resicues become constont 11) while others consider it wnocessary a8
long as the weigh: of the calcined residue does not exceod 1 = 2 ug.
Tor ropeated volatalisation, some hydrochlorio acid is also added,

4f the residue indicates pressnca of some undecomposed bauxite.
Important precaution in gilica estimation is not to leave the solution
eontaining iasolurle silica precipitate for long, otherwise some
gilica becomes scluble. If the bauxite sample was decomposed by alkali
fusion, refinements include evaporation of the filtrate obtained in
section 6.4 to the fuming stage to ensure recovery of any soluble
silica sixt did not beocome insoluble earliere

ggart z

Quartz analysis is important, because along with information on total
silica content of bauxite it determines & major raw material cost
(of caustic soda) in alumina production. A high silica containing
bauxite may te quite desirable if large part of it consisted of rela~

e e —

————————




tively inert quartz. Absolute method analysis is by X-ray techniques.
Chemical methods are principally dased on relatively inert nature of
quarts.

6412.1 Elimination by Hydrofluoric Acid '?)

The baurite is decomposed by acid attack as described in seotion
fehat. To the boiling solution obtained by acid atiaok, about 5 ml
of hydrofluoric acid is added before filtering out the inscluble
¢ilica residue. The insolubls residue is then handled exacily sas de-—
scribed under seciion 6.11.

6.12.2 Sylphurous Acid Method

6.12.)

The method determines in the mud reactive silica actually in comdi-

nation with alumina in the desilioation product, on the basis that

deeiliocation product dissolves in sulphurous acid. 6)

The value of reactive silica 3o determined is substraoted from total ‘
silica astimated on bYauxite to give quartz.

The quartz contert so estimated will be under-estimated to an oxtent

determined by its reaotivity during the bauxite digestion step.

Pho orie Aojid Mothod

The method ie based on complete lack of quarts solubdility in pyro-
phosphoric acid at 250 °C. The determination is done right on bauxite.

0.5 = 1 g of dauxite prepared according to section 6.1.2 is treated
with about 25 ml anhydrous phoephorio aoid at carefully ocntrolled
temperature of 240 - 260 °C for about 10 - 15 minutes. The solution

is cocoled tc about 50°, Ailuted with about 150 ml hot water and boiled
gontly till it becomee olear. 10 ml fluoboric acid, 40 percent, is
added to solubilise any reactive silica present and the quartz filtered
out on fine-pore size filter, washing the residus with 4 percent hydro-
chlorio acid. The initial filtrate may be turbid in which case it
should be refiltered iill completely clear. Washing is continued o

the disappearance of phesphats ions, as checked with molybdenum blue
reaction. Quartz is determined on the washed residue by volatalising
it away with hydrofluoric acid and sulphurio acid as desoribed under
seotion 6.11 for total silioa.




6.13

31

iron Oxides

Iron occurs mostly as hematite Fe,0,, limonite Fe0.0OH.nH 0,
goeilite FeO.OH, siderite FeCO, and nontronite Fe 0,.35iC,.5H,0.
Iron is generally determined as Fe,0, though of recontly some in=
terest has arisen for eatimating separatoly iron present in the
ferrous state, which mostly is present in small quantities.

Iron estimation is vital in process studies because being almost
{nert in caustic soda, it serves as key element to oalculate expecte
ed mud loads and alumina extraction officiency as explained in sec—
tion 4.2. Excessive presenoe of ferrous iron could cause soms pro-
duct purity problem from oolloidal iron hydroxide formavionhe.

Methods

Iron is determined in the main solution obtained under section 6.4.
Refinements include fusing the insoluble silica racidue separated
out with potassium bisulphate and adding the aoid extracted filtrete
to the stock solution. The fusion should preferably be done in por-
oelain crucible because platinum is partially attacked by potassium
bisulphate and interfers slightly with iron. If platinum crucible

is used, the solution should bde treated with a fast strezm of hydro=
gen sulphide gas for removing the interference . The filtrate is sub=
sequently boiled to remove all the excess hydrogen sulphide gas.

The standard accepted method is Zimmermann Reinhardt procedure whkere
all the irom in solution is first reduced to the ferrous state, with
stannous chloride, and estimated by oxidising it subsequently to the
ferric state, titrating with potassium permanganate in presenco
of Reinhardt Zimmermann reagent containing manganese sulphate and
phosphorio acide Some laboratories prefer potassium dichromate to
permanganate. Potassium dichromate has the advantage that vanadium
and ohromium do not get oxidised. Potassium permanganate gives &

~ very clear end point and is not disturbed by the presence of chlo-

ride ions.

Fumerous other procedures are equally accurate and often more con—
venient. The other procedures commonly in use inolude reduotion of

an oxidised solution with sine or other metal and titration with ti-

tanous chloride in an oxidised solution. But these are &ll ohecked
for acceptability against results obtained by Simmermann Reinhardt
procedure.

Certain practices recommend prior oxidation with potassium permange~
nate of any ferrous oxide present in the solution to the ferrino
state before reduction with stannous chloride.!!)

Bxocess of the permanganate in such cases is destroyed by boiling it
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with 50 percent hydrochlorio acid.

Reduotion with stannous obloride (25 percent solution) has %o be
done oarefully making sure that excess hydrochloric acid is yresent,
the solution is boiling hot and vigorously agitated and that no more
than 2 - 3} drop in excess of that required for complete discolcra-
tion of the solution are added. Excess of stannous chloride ic then
destroyed by adding saturated solution of merouric chloride in the
oold.

Titration with potassium dichromate is done using diphenylamine

as indicator after adding 10 - 15 ml sulphurio acid - phosphoric
aocid mixture. At the end point the indicator turns pormanent vio-
lete The solution must be sufficiently diluted for ready roecoznition
of the end point.

Titpation with potassium permanganate is done on sufficiently diluted
solution in presence of Zimmermann Reinhardt reagent (H’SO‘, H,PO,,
MnSO4). Phosphoric acid supprecses the iron colour and also promotes
the titration oxidation reaction. Standard permanganate solutions,
especially dilute ones, are susceptible to deoomposition on storage
and may require frequent standardisation. Mostly sodium oxalatve is
used for standardising; scre prefering to use foerric chloride solu=
tione made from merck quality Fe 0, di:'asolved in concentrated hydro=
chloric acid.

Indicator sodium diphenylamine sulphonate is made by dissoiving
0.32 g of barium diphenylamine sulphonate in 100 ml hot water,
followed by addition of 0.5 g sodium sulphate, Marium sulphate
formed is filiered nff.

Zimmermann-Reinhardt reagentt 140 m1 concentrated sulphuric aoid,

140 m1 syrupy phosphoric acig, 720 ml watere. DPissolved 200 g hydrated
manganese sulphate (Mn<O, . 4H,0) in the above. Oxidisable impurities
removed by adding potassium permanganate drop by drop.

triec and epectrophotometric method based on developing colour
with potassium thiocyanate is given in section 10.3.2,

Jitanls

In the Bayer process for alumina production, titania analyses are
required toestimate total alumina by the difference method (ces seo=
tion 6.5.1), to investigate possidble soda losses from titanium during
digestion and to svaluate the economics of mud disposal. Importance
of titania analysis for refractory indusiry is explained in ceotion
3.
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T411 recently only classical methods were used, based on reducing ’
all the titanium to the titanous stage followed by oxidation-titirae
tion with standard ferric ammonium sulphates Recently good progress

. has been made in developing reliable colorimetrioc gpectrophotometrio
methods.

6e14.1 Volumetric Method

Starting point is aliquote from the main solution preparad in sec~
tion 6.4. Reducing agents generally used are Jones Reductor consiste-
ing of zinc amalgam - see Fig. 2.11) ‘
Suitability of liquid zine amalgam methodfglpocially for titani-
ferrous bauxites, nesds to be examined for the advaniages that ‘the
liquid amalgam is relatively inert to common impurities rresent in

( gino and its preparation is simpler. The amalgam is nmore readily

' oleaned for repeated use, as checked by the resultis reproducibilitye

Por reduction by the Jones Reducter, ihe solution should be hct com=
g ‘ teining sufficient sulphuric acid. I1 is poured slowly through the
' Jones Raductor, protecting the reduced solution from oxidation by
oollecting it in = flask continuously swept with oarbon c¢ioxide.
The Jonee Reductor is washed free of reduced solution with dilute
sulphuric aoid (1 = 2 percent).

¥With liquid amalgam reduction, the solution eontaining sufficient

sulphurio acid or bydrochloric acid is taken over licquid amalgam

oontain: & in the ! - saparatory svnnel - see Pig. 3. A ninch of

sodium carbonate i. suded to prcvide protective atmosphore of carbea

dioxide and the top -losed with rubber stopper Sarrying small

glass tube secled wiiL a glass rod stoppe.s The rubber tube is given

a vertical split with a sharp blade to release any oxcesst Prossure

resulting from carbon dioxide released from sodium carbonates The

selution is recuced by shaking the separatory funnel assombly with 1
hand. Liquid amalgam i3 separated into +he bottom funrnel and the

reduced solution titrated with standard ferric ammonium sulphate
solution, using smmonium thiocyanate indicator. Blank lests are
recommended for special ooouracye J

6.14.2 Qﬁg;}mgtr;g )h!hﬂ 1
Used for titania ocomteat upto sbout S peresat. Bee section 10.3.1.




6.15 Ihesphorus Paptoxide

Importance of phosrhorus contamimasion in bauxite is expladnngd 1n
seotion 1 .7,

Though phosphorus occurs generally as phosphate of iren, caliciun
and nanga 86, it i reported as P.O’.

Two methods are considered - one based or precipitation with
amménium molytdate and the other speetropnotometric (i sectio.:
10.3.3).

6+15.' Rrasiaitation Netbog

Starting point it silici=free selutiom of the bauxite, obtairna
%Wy alkali fusion. Phoasphorus ts preciritated as vellew ammoniun
Phospho-moiuddate 1n a cazefully aestdificd ( with niteie acid)
solutiom with ammoi.um »lybdate amd deterrined either gravinetri=
cally or velumetrically by the alkalimetr ¢ method,

In the alkalimetric metho1, the presiritate 13 wached free of acid
and iron, and treateu vi*® . measwured excess of standart sodiun
Aydroxide solutinor. ™he v ount of exeess sr2dive hydroxide, ag e-11-
mated Ly titrati. n with wiphurie asii, Sives the amount of ..aus‘ie
weed Wp by phosphoruu,

Por gravime‘riec method, the washed precipitate is diseolved in hot
2.9 percent ammonia and reprecipitatsed. She 1 gnited preduct -
M“‘ &8 IN' . 12500‘.

Por oorrect ad justment of aidity prier to precipitation step, the
starting selution i+ treated vith eomeentration MMRORiA iR bouiling
eomdition till the precipitated Wydrate issclved with &ifficulty,
T™he precipitated hydrste :» rediseelved Wik concentreted nitrie
oedd, Shus providiag a » ight excees of 2 nl, 100 al selution,

Por precipitation rtep, solution shouls de sufficiently eeneentrated,
Say adout 100 ni for ' grem daunite sarple hefope the setdificat.un
step. The ammenium w:iyddate selutien should be filtered e fore use.

Por washines, the preeipitate filtered out undep @ontle sunet.on 13
washed free frem ..o. by ocold dilute nitrie asuid¢ (! poreent ; 1}l
potacsium forroay . .de 1ndisatep Surning dbrowm. The asid 1s warked
ot Wth dilute potasaiue nirate, 1 pereent, 1. the extemt that
10 « 13 dreps of tre 1nal washing €e net seoleuriss the Phenoie
phtalotne indicator containing o @rep of 0.1 ¥ sodiun hpdrem de
eolution,
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ﬁﬁg;um Cxide

Calcium nresent in bauxite converts active caustic intc inaciive
sodium carbonate. Caloium econtent of the bauxite is required to
estimate the naiure or causticising facilities.

Bathods

™o methode aro besed on pracipitating caloium
48 subremuently estipated gravimetrically or volumeirically-

as oxalate. Calcium

Three methods . ¢ bauxite decompositiorn are used, depending on Gl =

cumstances.

a) Rou*tine qromn onition methods descrited in cection £.4. Calcium
oxaliw ¢ oorc oo tation is done con filtirate obtained after the
se . iy o roxed xides outlined in section £.5:%

») Baux.te fu= on « th causiic . +da in presonco of sod:um perozide.

Me uced ness 18 dissclved In Yoiling water containing alcohol.
Insolutls reasdne eontaiming yyy, titanium, manganese, calcium
and ro.gne tem I i geolved in S0 percent nitric acid and irom,
1t1tnn o omanaTere and phosphorur « “iminated by couble vrecipi-
iatioe th ligpeor armonia in presence of oxidising agent ammonium
aitrate. T fi.trate is used for calcium estimation.

e) Baurite do- mnosed with 50 percent hydrochloric acid in gently
Ppoiling condition. Mixed oxidas are separated by double precivie
tati . w. ... amnonia and caloiun 3-*‘ration done on the filtrate.

Pop ¢~ ¢ oy oxalate precipitation ~* 13 important tvhat the solution

ve fairly concentrated ~ about 50 ml for 1 g bauxite sample. The

preoipitation 18 cope in hot bo. ling solution with ammonium oxalate
and a slight axca~s of consentratead ammonia. Presence of sufficient
emeess of ammon. nn ovalats ensures that magnesium is not preoipitatot.

Galoium oxalate ~recipitation is a glow proeess and many practiocss

regommaii loaving the precipitate for a fow hours and svon over-night

wefore tr~ f itrations The precipitate is washed first with ammonium
exalate solution (1 gpl) and then with cold water, using only small

quantities

Por gravimetric estimation, the precipitate i@ ignited 1n platinum
epucible at 1002 *C, and weighed as calcium oxide. A well conduoted
o8t gives white residue.

Por voluatric asiimation, the precipitate ptill wet iB dissolved in

d4lute sulphuric acid, heating only gently to the temperature e low
80 - 90 *C. The oxalio acid generated Iis immediatsly titrated with

’%
!
t
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permanganate to the pink end point persisting for 1 minute, Abeence
of ammonium oxalate is a must for reliadle resultis.

M gium d

Bctimated gravimetrically from the £iltrate after oalcium precipita-
tion in seotion 6.16. Two methods are in vogue for magnesium preci-
pitationt oxine and ammonium phosphate.

6+17.1 Oxing Method 11)

Any manganese present 1s separated as manganese dioxide by beiling

with ammonium persulphate in the presence of ammoniae. The filtrate

i8 evaporated to syrupy consistency and all the ammonium salts vole~

talised away by evaporating it to drymes with concentrated nitric

acid. The residue dissolved in dilute hydrochloric acid is used for

oxine preoipitation. ’ [

Oxine precipitation is done in boiling ammoniacal solution in the
presernce ¢f ammonium chloride, making it strongly ammoniacal after (
oxine addition. The precipitate is soparated out on geoch orucible,

washing it with hot ammoniacal wateT. T+ is dried at 130 - 140 °C

and weighed ag oxinate of magnesium.

Oxine method is often preferred to the ammonium phosphate precipi-

tation method for its comparaiive simplicity.

6.17.2 Apponius Phosphate Metnod

The filtrate from caloium precipitation is acidified slighty with

hydrochloric acid, followed by addition in cold of ammonium phoephate
solution, 25 percent. The solution is thor heated and made alkaline

to phenolphthaleine by careful addition of dilute ammonia (30 percent).
Pinally concentrated amonia is added, volumetrically vo about one
third of total volume. The preoipitate corresponds to MgNH, PO, . 6H,0.
The precipitate is left over night, filtered, washed with oold ammo=
nisocsl water and igrited in platinum orioible at temperature higher
than 1000 *C to Mg, P Oq. Any manganess not removed earlier will

partly precipitate and show up in magnesiume.

The solution taken for magnesium precipitation should be fairly con-
centrated - about 150 ml for a 3 & bauxite sample. For preoision work,
the precipitate should be dissolved in hydrochloric acid (25 percent)
and re-precipitated as above.
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Janganose Oxide

Always present in small quantities. For estimation, it 18 converted
to permanganic acid and analysed by titration with godium arsenite
gsolution. In the colorimetric method manganese ig oonverted to per=
manganate — 8ee soction 10¢3.4¢

Yolumetric methéd

Starting solution 18 silioa—caloium = free solution after bauxite
dissolutiun in seotion 6.401. Altornatively, one may gtart with the
insoluts residue obtained after aqueous extraction of bauxite fused
with sodiun hydroxide - sodium peroxide mixture (section 6ebe2)e

Manganese 14 converted to permanganioc acid by oxidation with ammonium
persulrhate in prosence of silver nitrate, 1 percent.

The titraticn methed for permanganic estimation is slightly tricky
becouss reduced manganese reoxidises readily by excoss of oxidising
agents prasent (anmonium persulphate) unless the titration is carried
out fast. The titration is done in the cold.

Gallium

Importance explaned in gection 4.2.7. Estimation is based on exiractionm
of ohlorogalliz acid in ether. Flame spectrophotometry baused on

atomic atsoirption method is expected to provide more straighi fore
ward and simpler method as pointed out in seotion 11.2.

Bxiraction as chlorogallic acid

To the boiling silica-free filtrate obtained after acid digestion,
outlined in section 6e4e1y B concentrated solution of caustic and po-
tassium hydroxide (131) is added until the solution becomes clearly
alkaline. Iron and titanium are preoipitatoed thereby.

Alumina and gallium are geparated from tle filtrate by neutralising
4t in the boiling with hydrochloric acid. Lyphan paper is used as
indicator. The washed precipitate is dissolved in hydrochlorie acid
for extrac:ion with ether and subsequent precipitation as outlined
in seotion 8.11. The solution prepared for extraction should be 100
ml, corresponding to 5,6 N hydrochloris aoid concentration. During
evaporation for reducing the solution volume, watoh out against
orystallising out of the sodium and potaseium hydroxide.
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Organic Carbon

Importanre of orgenics contamination in bauxites has been explained
in section 4¢247e

Basiec method consists in dry ocombustion of the powdered bauxite in

a current of oxygen and estimating the carbon dioxide evolved.
Bqually good results are reported by some, using potassium perman-
ganato to oxidise carvon in sulphuric acid mediume A routine method
usas potassium permanganate to oxidise the organic matter in sclavion
obtained on alkali digesticn of the bauxite. 1o)

Dry Combustion Method

The apparatus is shown un figure 4.

Oxygen is first purified and dried using caustic soda pallets and
concentrated sulphurie acid, and then passed through soda limo to
absort any acid mist before entering the furnacs.

Finaly ground bauxite {5 gram) as prepared in section 6.1.2 is intro=
duced into the furnace in a vorcelair boat, first heated gradually

at 1C0 - 20U © to remcve associated moisture and. then hezted at 1000
®C for one hour. Lead chromate and oxidised copper wire gauze 1n the
form of a loose plug are kept in the furnace tubs aftor tie boaut 1o
oxidise any carbon monoxide formed to carbcn dioxide.Myere abscrpiion
tube with 15 beads is used to contain the parium hydroxide soluviou.

Oxycen flow is rezuiated to avoid any loss of bauxite powder through
wdraft", generally about 2 bubbles per second being enough. Barium
hydroxide soluticn (X/10) taken in known quantity for oarbon dicxide
absorption is then titrated with hydrochloric acid (N/10) to detver-
mine the amount of barium hydroxide consumed, and from that tho amount
of oarbon dioxide evolved. Indicators used: thymol blue and rsutral
red. Barium carbonate pracinitate separation prior to titration is
not neocessary.

Por caloulating organic carbon, the amount of carbon dioxide svolved
4s corrected for carbon dioxide liberated from inorganic carbonate
impurities in the bauxite by a separate run with hydroohloric acid
digestion.

A blank run in often recommended.

Potassium Permanganate Oxidation Method
The apparatus used is sketched in Fige S« Carbon dioxide evolved is




mesured volumetrically.

Before the oxidation step, carbonates are decomposed by adding
diluie sulphurio acid to the resotion flask and disoonnecting the
gas measuring apparatus. Later potassium permanganate, 10 percent,
is sdded drop by drop, heating the reaction flask gently all the
time, and evolved carbon dioxide measured as desoribed in section
8.4. A couple of small granules of zinc are kept in the stem below
the stop-cock of permanganate feeding funnel, 80 that they are
washed down into the reaction flask by incoming permanganate. On
their contacting the dilute sulphurio aoid, some hydrogen gas is
evolved which serves to shake up the oontents.

By this method, the organic ocontent may be underestimated Lecause
some organios may get lost during initial deoomposition of the oar-
vonates with sulphuric acid. Also some organios may resist oxida~
tion to oarbon dioxide or oxidise only to the carbon monoxide

stage.




Le Mud Chemioal Analyses

As explained in seotion 3.1, one of the principal preoccupations of
alumina industry is to develop eoonomic means of processing nigher
silioa oontaining ores, which means reducing the soda and alumina
losses as a part of desilication product in the nud. Both the Com-
bination Processes and the attempis at modifying the nature of de-
silication product itself depend on very careful analysis of red mud.
Bepides the alumina yieldsare calculated from mud analyses. Here again
olassical ohemical analytical procedures provide ulk of inforuwation,
though nesd for X-ray and spectrophotometiic methods to supploment
the above information is being inoreasingly felt.

The analytioal methods are generally the same as for bauxites, excepi
for some adjustments done to allow for different relative pronortions
of various oonstituents with respeet tc alumina content of the mudsge
Also the muds being somewhat hygrosoopic, should be weighed fast.
Colorimetrio-spectrophotometric methods are described separately in
section 10,

7.1 Decomposition and Dissolution

Here again like bauxites, both the acid and alkali attack are used,
with preferenoce for the aoid attacks wherever possible. Generally
the muds from the bauxites that required alkali fusion for complote
decomposition also require alikali attaok. Huds are generally easier
to decompose than the bauxiies.

In meking the main solution, the insoluble silica residue has al-
ways to be redissolved in hydrofluoric and hydrochlorio acid followed
by daking to fumes with sulphurio acid, since the mass is genaerally
large and substantial iron, titanium ani aluminium will be entirapped
in it. The filtrate obtained by dissolving the baked residwe in
water is added to the bulk solution made earlier. For additional
preoision, specially with respect to minor impurities, the residue
remaining after repeated silica volatalisation should be fused with
potassium bisulphate followed by dissolving in dilute sulphuric acid
and adding to the main solution. If platinum cruoible ie used for the
bisulphate fusion, the filtrate should be treated with hydrogen sule
phide gas to precipitate out any resulting platinum oontamination,
which could interfere in ironanalyses.

7.2 Ignition Loss
As for bauxite, lexcept with the siriot requirement that the tempera-
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ture dces not exceed 1100 *C.

Alumine, Tiiania, Iron Oxide, Caloium, Oxjde, Magnesium Oxide and
Mangansse Oxide

As for vauxites. For caloium sstimation particularly, it ig absolu=
tely necessary to do doudble mixed oxide precipitation (with ammonia)
otherwise some caloium is dound to remain adsorbed on the preoipi-
tate.

Tot al S8ilioca

As for bauxites with the emphasis that the insoluble gilioa residue
obtained after acid or alkali attack will be severely contaminated,
and repeated fuming with hydrofluorio, hydroohlorio and sulphuriec
acid may be necessary.

Regotive Silica

Reactive silioa represents that part of total original silica whioh
has oombined with alumina in the digestion process, 88 distinct from
the inert quarts, remaining as such.

As outlined in seotion 6.12.2, based on the fact that desilioation
product is soluble in sulphurous aoid.f)

Soluble Sods

Soluble soda is defined as that part of the sods, which does not
exist in a chemiocally combined ocondition, .00 that present outside
the desilication product. It is determined by boiling the dried mud
in 10 percent sodium ohloride solution and ¢itrating the filtrate
against standard hydrochloric acid solution using phenol red as in—-
dioator.

Soluble soda is & slightly relative term because the desiliocation
produot goes on decomposing on continued washing to release part

of the combined soda. By convention, the interval of the water treat-
mont is limited to about 10 minutes. Addition of sodium chloride to
wash water reduces solubility of the soda forming part of the desili-
oation product and also prevents mud peptisation.




Te7

TeTed

TeTe2

42

g ombined Soda

Combined soda reprosents that part of soda which is present in che-
mical comhination in the ‘~="1lication product as distinet from the
#prysically" entraprud <. 'z, usually called soluble soda (cee sec-
tion 7.6).

Combined scda is determins’ mostly by flame photometer. OGraviratrie
mathod based on sodium precipitation with zinc uranyl acetate is
used only as check petanvd.

Iigmephotomatric Meithed

The 4&ry mud is deccrooced by acid digest baking as provided for
siliea estimation. Tis Tawidue is washed with 1 percent sulphurie
aoid to recover £olium and tested on flamephotometric as describded
under section 1i.1.

Cravimetric "einod

Sodium is preciritats’ by zi1uc uranyl acetate in hydrochlorio acid
medium from a sciutica frea of silios, ¥itanium, iron, manganess,
alumina, magnesium ani ammonium ionse Two methods are used for sample
preparation:

a) acid ettack

b) fusion with caloium carbonate aand ammonium chloride.

Agid atteck

About 0.5 ¢ mud is decomposed with concent=ated hydrochlorie acid

on water bath and evaporated to dryness. The dried mass is subse-
quently baked at 130 °C for one-half hour and redissolved in dil
hydrochloriec acid and filtered. Generally double filtraiion is needed
t0 obtain a reasonebly c¢lear solution. Alumina, iron, titanium, phos-
phorus and manganese ara separated hy ammonia precipitation in pre-
sence of ammonium chlorice and ammonium nitrate. The filtrate is eva-
porated to drynass to destroy ammonium ions and dissolved in dilute
hydroochloric acid to dei..mine soda as desoribed in section 8.5.

Fusjon with calcium carbonate and ammonium chloride, where sodium
oontent is oconverted into carbonate, is carried out as outlined in
section 9»10.
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Chenmical Methods for 0 (1))

ld quor analyses are needed to complote the process jnformation obtained
on tho bauxite and mud analyses. Precipitation behaviour ig particular-
ly sensitive to ths liquor contanination, both from the point of yield
and the precipitate quality (hence product) as explained in section
4.2.6.

Major constituents 0.8« alumins, soda, caustio, orgenic soda are most—
1y determined by classioal chemioal methods, though great effort is
being expended to develop, for the plant process control, continuous
on-stream analyses methods making use of physioal propertios of the
liquors. Colorimetrio methods and atonmio absorption spectrophotometry
are increasingly adopted for estimation of minor constituents with
continuous efforts to extend their range of applicability. These
latter methods are treated separately under individual heads.

Under following desoription of various titration methods, only indi-
cators are mentioned to determine the end points. The potentiometrioc
methods locate the end point more precisely dbut they are seldom used
for anything more than cheek or in finding new sharper end-point in-
diocators.

8.1 gﬂ!tt o Soda

Caustio soda in Bayer process is defined as the sum of free scdium
hydroxide and scdium aluminate (vound caustie) expressed as Na,CO,
or Na,O.

Caustic is determined volumetrically bty titrating against hydrochlo-
ri0 a0id in presence of phenophthaleine taking steps to avoid intere
ference from alumina, phosphates, silioates, vanadates, sodium car=
bonate. ’

An important souros of error in titration is the acid consumed in
various Yasio salts-precipitaticn, oommon in high alumina~to-caustio
ratio liquors. These oonsiderations have been disoussed in detall
by Phillipe and Molaughlin. 14) .

Carbonate, phosphate, silicate e.nd vanadate interference is minimized
through their precipitation wiih barium ohloride. The precipitate is
removed by filtration.

Alumina interference is suppressed by oomplexing it with neutral
alkali tartarate (Rochelle salt) in the presence of barium chloride.
Partarate is added after £41tering out the dbarium precipitate.

A well oonducted analysis, in sufficient presenoce of barium chloride
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end tartarate, will give a olear solution before reaching of tho
end point. 4 dull solution indicates the basic salts formation in-~
cidenoe.

Some practices do not consider addition of tartarate necessary T
general laboratory analyses. Others, who by convention work on the
hamsig of total soda concentration (as distinct from caustic), deier=
nine cavstio by substracting from the total soda content the sodium
carbonate content, estimated from decomposition with hydrochloric
ceid.

In excessive presence of sodium carbonate, barium chloride procipi-
tate may become too excessive end absorb significant quanti’y of
caustioc.

During separation of carbonate, phosphate, silicate and vanadate,
while washing part of the liquor silica ends up in the solution t0
be titrated, and thus gets included in tho caustic value. On fuirly
well desiliocated liquers, this error will be smalls

Total é;lgaline Soda

Total aikaline soda is defined as sum of free sodium hydroxide, sodium
aluminate and sodium carbonate, expressed as Na,CO, or Na,O.

Motal soda is generally determined volumetrically, gravimetric method
based on gino uranyl acetate precipitation being ussd only for chack
in the ovents of doubt.

8.2, ng!tgc Method

The method consists in adding a known excess of hydrochlorie acid to
neutralize ¥aOH and Na,CC, and convert NaAlO, to AlCl,. Tartarato
and barium ohloride are added to quantitatively complex aluninium
and release stochiomstric gquantity of hydrochloric acid originally
combined with aluminium. Excess hydrochloric acid is now titrated
with caustio soda solution in presence of thenolphthaleins to give
by difference the acid quantitatively combined with total soda. The
end point is approachable from both the sides.

Befors adding the oomplexing agents, barium chloride and tartarate,
carbon dioxide is expelled by brief boiling.
Bxoessive boiling may cause some hydrochlorio acid loss.

Acid excess has to be kept within 1imits to aveid possibility of
basic salt formation. Also molar ratio of tartarate to bariun chlo=
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ride should oxceed 3, and barium chloride should be added %t later
stage near tie end point. All these considerations are exp.ained
in detail by Fuillip and Mclaughlin. 4)

In thie method, varadate ties up some hydroehloric acid (in the acid
medium) 5o gives slightly high values for soda.

Presence of I 7 above 29 mg gives progressive positive error (veacause
the end Hrcdust 13 NazHPO‘).

Presence ¢ . :riurns of volatile dSrganic asids gives higher viluo fowr
soda becauze tha former get converted %o the corresponii.g woid state
and vola alise uuring boiling for carbon dioxide ramoval.

Some presct: ces, however, do not consi der necesmsary above LOplexing
agent revuiren.nta and expulsion of carben dioxide when titration
ims done i, irsence of alooholic rhenol red indicator (* (urcens)
which turne® r~d at the end point.

Grgvimetrioc Mothcd

Sae anier =:otir Ba%e

n!mi na

Alumins is defired and expressed a: the conternt of arhyircug »lumie-
nium ox de. Al O .

Alumina is generally determined by volumetrie procedures. (ravime-
trie method, hased on oxime prscipitation, 48 used only for check.

Volumetric Mathod
A known excess of hydrochleric acid ie added t0 neutral -e NaOH,
Na,CO, and convert NaAlO, to AlCL,.

Carbor dioxide from sodium carbor:'e decompesition is expelled by
heating. ™« solution is diviced 1nto 2 parts. On cne ,art, free

acid is ce..omined by tiirating against scdium Aydroxiis .n o esOnee
of mixu. indicat i (phenol red tromothymel blue) wh. h Turns violed
at end poin S d:run CHAAMA to suppress alumipa pre.. iteticn and
supyress thv release of hydrochiorie acid tn combination «~1th alumingde

This titratior ‘hus gives the acid combined with NalH, 'a, 0 and
¥alAlO,.
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On the second part, free acid along with the aoid tied up with alu-
mina (liberated by addition of tartarate and barium chloride as 6x=
plained in section 8.2.1 for total soda eztimetion) is determined
by titrating with caustic soda in presence of phenolphthaleire.
Thie titration gives the acid combined with NaOH and Na,CO, i.e.
,o0tal alkaline soda.

Difference of the two above gives the acid combined stoohiomeiric- .
ally with alumina.

For sharp end pocint in iho first titraticn, ratio of oxalate ic
wlumina ig very impe: tant. '4) Oxalate to alumina molar ratio is
~ecommended zt 70 « 95 for 200 - 300 ml solution centairing 0.4 -
0.1% g alunina, With thesce precautions, the error can be reducsd

to less than one dnp 57 73 = 0.4 ¥ caustic soda used for titration.
Oeocause of the abuve corrlexing consideration, alumina content of
the test solution ! .u.’ he less than 0.19 gram.

™we mixed indicator coiour changes during titration are as followst
darkens from yellow in ihe beginning towards a noutral shade at

pE 7.0; becomes noticeabdly lavender at it (.2 - 7.4; finally turns
sharply violet at pHd 7.4 - '.6. T™e mixed indicator is made from

1 perocent sodium s.:' BGL:*-Ons of phenol red and bromothymol mixed
in equal proportions.

The method suffers from about similar errors mentioned under section
8.2.1 for total soda oxcept that interferences for alumina are rele~
tively lese because part of the interforences common to two titratious
oameel out during the rubstraction step.

8.3-8 Sxagimatris Bethod
Sased om omime precipitation, as outlimed in section 6.,5.2, the
sethed is loager and time consuming. Degree of additional acduracy
obbained deee not warrart its preference over quieker simpler volue
motrio method, excsvt for the ohecks.

6.4 Jedlia Caidesate
The ootimation 15 sased on elassisal method - deternining the amount .
of carbom dioxide evcived om reastiem with d:lute Aydrechloric acid
(90 poreemt), see F. . 5 “or the apparatur details. Carbem dioxade i
aboerted in 40 percent potassium hydrexide eolutionm,
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Phe test soluti:'n quan.ity should De such that mo more !t 30 ml
of earvon diocxide are produced. Atout 20 ml of a sujtatly ¢ ated
solution are taken for the amalyr.s

Rydrochloric ac1t i< {1 ret odded crop by drop from th. fard 1y

funnel. Al or the carcon diox.de rvr w420 slows dow 0 1 AK
48 heated ' dte o.ve omy alurn o ,arated out, con',; '
the solut ' L arts boiliny, -houng up as oo Y s
on the atar s 5 Mure hydroctl v s0id ie now A

the foid 0 " . 0 f111 ap t oo e tTaor flask ard

the fpooin ¢4 anlice &k T e

e oarbcr dioxicde i MOow meimres by uwzual method of © 16
4.0 carber d.c:1 i 1nto potassiurm rydroxi de absorptior s9. wnd

wh thedroir ¢ L L b irto the dbur atie,

This gas v .uis . correeted 10 nurme. ‘emperature ang v ure
comditions ! ..ing accoumt of the varour rressure ¢f ‘ha £’ ratad
sodiur ckloride - cluiiom weed ia e ravelling dettle.

T4 inglude: all ', »s of weds, 1. L. .re as well as noronl . T
Bcda {8 deterrinad gravimetritel .y 1y precipitating wit! ranyl
aoetats,

A somvenien’ iy dijuted solution eiuivalent Vo adout } - . Ma,0
te ovepcra‘ed ' dryness OR waler rneh after adding a .. ' v oS
of Rydroehlor - ac a. BSoda 19 pracioicated IR the d1uv #o ralle

Gwe Wy sdcirz 'S ml sine wreny) icetate selution] aluiov t. ot 20
poot for abu:t one=hilf houe, ot taling it frequentiv. [t fii-
tered thiougt s.r ered glass ¢r. vie, grade O=4, wasnst «1°t .cohel

satarated with tr: sediam gine . acelate and otier o rcet.ne
and dried at * 0 o WaBm(Uo ) - (GH, ) ,0
849 uraryl s0e‘<.e solutiem !: nade by 1esolvimg ' & tae

sranyl a.etate with 4 @ 800816 ati. {30 >epeent) An ' m water OB
wator bati. Alternatively it sy e vrepared Wy MiRiLS I 0 Vo=
1umes, & Teryl acelate seluticn jre: ared Wy dissc virg oog of
wrengl «.¢ - wnd & g of meetic 1.l ()0 pevesay) iy Cite water
and YLt o Y0 69 mi on SHhe wa's: bellk, N sAme acw o gl Ui O
nade o) e YO g of sin s amd Jgeof - a dinae
etle wate - @ lut.mg Bt to A3 el Atk water.

Tuportance of crgamies 1M Ba; -~ presess 18 eEpladned 1t Y DA TR
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Mirie aeid and guaporated to the evolution of white suljaurous
fumes so that the dissolved sili~a separates out. The process of
{neolub; {cing silioa 48 sudject to considerable error, vecua.se 4f
1% 1 rroi ~ged loug some ailica may he Jost due tc the .ranerce
of hydrofl.oric acid generated from the sodium fluoricae impurity
in the N1, or, and 1f 1% 18 atopred earliep, some ©llica ray crcape

] “‘.'ti@fl.
0.1.0 Bpasirepho: pretric Maihod
Pased or celarimatry of Blue nolybdenam complex. Citlined .5 A0
Sgos 1 23T
68 JImmadiu

Sapertance indicated in seetion 4.2.7.

T™he nethed 1o based om titrai.or of vanadiwm eomvertec io corple=
tely vanadie sia‘e, WA forr.us rulrnate in presence . ferious
epWhephan. trol. a8 coloured :rd:.ator (cadled “1err 1 . Le
oT@amic: it »e abeeat Wcauzs they give sirongly CoLoTen Lo
pourids with vanadium 1088 1R acyd madium.

A 10C w. of sc_atiom diluted wi'h ejual volume cof water .z ucrdl-

f1e4 wi b 200 - of sulphuric ac2d (1.6 domaisy) anc trento 'ovp
the crean-tes destrustion mith a foun drops of Mydrogor 1aprux. o,
(30 vercent). ™he scluties turns bricx red. It 1& tuen 1 llwu for

0« 'Y miutes,

Yapadiue sontent is Row emidised to the vemadic state by revcted
emiéati on with petassiwm pervanganate &d fellews.

A slight exia:- of K 10 potassiua perranganate is added (o the atove
solution 1n .o hot, Sased on Lle 2 TOATORNNS of rink end point lam
SUIAg [ oF sevsTal mimNtES. ™e ci0ems potassium ~ermangauaie j¢ dee
espayet with ¥ Y0 feryous o lunate +olution adding 2. nml sxcess of
Sha ja ter,

Mo =1 a is now o6eled and reoxiaised WAR poisiiur [y mangARSe
% '¢ the , .ut Lhat RO PIMR colour persiete for ¢» 2750 miNnuteBe

e sol.t:-n 10 now POaly for tit atiem,

PNe e5cess ,ornanganete 10 destirayed with ) pereent oui.un ntride
oodutisr, and t trated slowly wiin ¥ O forrews sulpiaio, il DP@=
somee -f “forrvin” 1044088 es turning red Bpowm from Lius @roens IS
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has to be noted that the end point is not sharp and the colour
requires some time to develop.

The orthophenantrolin indicator ie prepared by dissolving 7.5 g
orthophenantration and 5 g mohr's salt in 50 ml water.

Ebosphorus
Importmo‘ explained in section 4.2.4 and 4427

Deternined by spectrophotomeiry of molybdenum blue = see saction
10433,

Blsgolved Iron
Defined as the iron content of liquors not separable by filtration.
Excessive oontent contaminates the alumina produot.

Determinec by spectropnhotometry based on ferrous O-phenantroline
oolour ~ see section 10.3.7

Salllun

Importance explained in seciion 4.2.7.

Betisation is based on separation of gallium in the form of chioro-
gallic acid by ether extraction in hydrochloric acid medium, follou~
ed by preciritation with 5.7 dibromo - 8 - hydroxyquinolein.

Iren should be absent at the precipitation stage. Trace contanina-
1iom of ferric ion is taken care of by titanium triohloride solution
a8 mentioned later. The gallium present in the test solution should
not exosed 0.7 mg to avoid too dulky a precipitate.

In the ether extraction stage, hydroohloric acid concentration should
correspond to 5.6 N. The solution is filtered, if not clear. Ethyl
other should be freshly distilled before use. Double extraction ie
dems to ensure comrlete gallium extraction. Ethers test solution
retio 10 2.5 ¢ 1.

e extrested gallium ether solution is purified by adding 5.6 N
hpdreshlorieo acid and a few drope of titanous trichloride, the impue
rities ending up in the aqueoue phaee. The purification step is re-
poated with 5.6 K HC) followed by evaporation of ether from the
parified ether phase. Uallium ie preoipitated with 5,7 dibromo - 8 =
Apdresyquinolein at 60 °C from the solution eontaining JO porcont
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acetone .nd adjusted to hydrochlorie acid concentration 0.06 N.

The pracipitate is filtered through sintered crucible, grade 4, ma=
king sure that filiration is firiched before the solution cools to
balow 50 °C: otherwise some dibronohydroxyquinolein will separavs
out. The Yeaker is washed with hot acetone -~ hydrochloric acid E0lu=
tion.

The precipitste is dried at 105 ~ 170 °C for 2 hours and weighed.
The dessi~ant used is anhydrous phosphorus pentoxide. The praecipi-
tate consists 0 Ga (CQH‘N‘Br?O).

57 dibromo - & ~ h;rdroxyqu_ino].ein swlution is made in acetond,
correspoiding o 3 gpl concentration.

Precipitate wash solution consists of 0,06 N solution of hydrochloe
rio aci, containing 30 percent acetcne, cbtained by &iluting 300
ml of N,f"S hydrcchloric aecid and 200 ml of acetone to 1 1itre.

Chloride

Chloride ion corcsntration raises the equildibdrium solubility level
of alurina ir caustic liquors and thus needs to be reviewed as a
part of . ~uor contamination study program as mentioned 1in cection
402.60

tho

Bstimation is based on precipitaiion of ohloride as silver cb.uride
from a solu*ion free »f organiss. he organics are dest . vea by alie
difying tha liquors with mnitric acla, followed Wy acaition oI LOLRRe
siun perranganate orystals and boiling. The 'purified’ sclution widl
show perasisisnt pink colour. Crloride 18 precipitatec v the ¢o.d
with N/\O s1lver nitrate solution and allewed to stay overnight in
the dark.

The precip . tats is fiitered in sintored glass srucidle and dried

at 105 °C untili constant weight.

Buiphate

Selphats 10ons also raise the equilibrium solubility !s ol and aeed
rewiew as nantioned for ehleride.

Jathed

Based on 1-coipitation With darius chloride La a8 srgaric=free selew
tion. ™ie ' rganios are dsstroyed Xy pOTASSIUS POTRak£a 3te 1 prew
sence of avdrochloric aeid. Precipiiation i@ dome inm oY, sdding



I/N Sertum ehloride Liop by drep. The precipitate is left overe
nght wad selution tested for angy furiher need of bariwm ohloride.
The weshed precipitats is ignited at 1000 °C.

Stde Shalaie

Enooseive presence of oxalates in the liquor generates excessive
fimes during precipitation, creating prodblems of hAydrate recovery
frem the speat liquor; thus needs to be chacked.

Puwe sstheds are generally used., Ows is titrationm with potassium
posmanganate as described in sestion 8.).2 on determination of
opganies W short method. Ths other method titrates the acidified
solutien Witd 2 molar sodium cerete - sodium perohlorate solution.
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)} Chemioal Analyses for Alumaina Trihydrate and Aluming

Type of informetion required is explained in gaction 5. Both the
trihydrate and alumina are treated here together, bacause except

for moluble soca estimation in trihydrate obtained on precipitation,
the methods =re renerally cormmon to boith. Of course, the trihydrate
dissolves much more readily in preparation of the samples for analy-
ses. Since Inisrnational Standards Organisation has gianderdises
methods for practicnally all the constituents, descriprion nere will
be pursly 1adic tive.

Beisture

Determined by wWe. gt lcss on 2 hours heating at 110 *C for the trie
hydrats and at 3.2 oC for calcined alumina. For slumina, 100 g sam=
ple reduced 10 pass all through 100 mesh screen is ased in a plati-
mum dish as per 155 2ccument 366, 1s0/TC .7, October 1964. Tc esti-
mate the attrophare—adshrbad moisture, 2 5 gm sample is taken in a

weighing bott la.

Deesjoant used ‘fir the dessicator) anhydrous phosphoric acid, acti=
vated alumina OY phosphoric anhydride.

9.8 Jeas o lguition (LOI)

Determinec by wel cnt loss at 1200 *C, on the moterial dried as in
seetion G.1, Wh1.€ nandling aiumins trihydrate, initial heating
showld be gradual and careful to avoid spurting losses. Dessicant
used as for sa. 1% Fele

180 document 1 U, 150/7C 47

9.0 Jamslyipgof lumape

Al) the samrle shouad pass 100 mesh tyler soreen. Coarser freotion
te reduced with corundum mortar and vestle.

9 g slurin.1F generally fused with 12 ¢ anhydrous sodium carbonate
perio scid ™ L.T (3 v 1), excert for estimating sodium where fu-
sien mxture of anmonium ehloride ara caleium carbonate is used,
and fur galli. Jhere sodium carbonate 18 replaced by a mixture of
pofium and potascium carborate 1o avoid interferance from sodium
ehiloride eoetalireation in hydrehlorie acid medium during subse~-
quent sten . Jf recently, use of hydrocnlorie and sulphurie acid
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to dissolve alumina, at 250 °C and above in sealod tubee, is recei=
ving attention for its merit in eliminating presence of several
foreign metallic ions in the main solution.

The eoda~borie acid fused mass is dissolved in water and excess 8 X
nitric acid to produce a final pH of about 1 when the eolution made
to 500 ml, or about 0.4 when made to 250 ml.

Fusion temperature used 1000 °C.
180 documens 369, ISO/TC 47, Ootober 1964.

Siliss

On an aliguote of the solution prepared as per section 9.3, by pho=
toeolorimetrie ostimation of yellow molybdemum complex as outlined
in ssotion 10030702.

Arsa

On aliquote from the solution prepared in section 9.3, by spectro-
photometry of ferrous orthophenantrolin. See section 10.3.2.).

Jilanina

On aliquote from the solution prepared in seetion 2.3, YW specir@he-
t ometric estimation with hydrogen peroxide and tirem. See sestien
100’0‘0‘ 130 method uses tiron.

On aliguete from the solutioa prepared in seetion 9.3, W apeotre~
photonetsy of melybdemum bdlue. See seetiom 10.)¢)e)e

On aliquete from the eolution prepared im seetien 9.3, W wpoctire-
photenetsy of sine dithicomate ia carbon tetreshloride.

An alteraate method uwsee atomic sbeorpiien spestirephotenstey of %he
alumine selution edtained on digestion with hgpdsechlorie astid at
290 *C.

See sootim 10.)49.




9.9

8olubie Sodr o Trihydrate ‘
80 g of A, . 16 heated for 4 hwr or sand bath with 300 ml water
end 3" mi N+ ayorochlorie acid an yresence of phenocl red indicator
ard exces: s ° .trated with standarc caustic scda. Sand bath hea~-
ting 1g oo toowiilu hydrochloric acia loss from accidental boi-
ling.

Ioiad -oud

Plare ¢t~ . eihed outl ne! i saction 11.1.) and is the
accerted ot :a onal “randards . garisation method.

Cre~i ~t o carptrety of ~-roipitating with ziuc uranyl ace=
tatdﬂ

Y gam v+ i oed witlh o ixture of ammoniur hioride and cal=
cium carbomate in proocrdicon of o 4. Intimate mix.ng of the com=
ponants . ¢ xanlis LYGIILE QT the - <mng Le important because of
volatile native cmern.am chii i te, iLe fused masc ig taken up

in cater oo f

Tha fyitro e arny « . g e ava. rated to 200 n total veiume and
calc.ur & aTelE. oy Pracipltooun wrth 40 ml saturated amnonium
ca_vcnate at ov = "0 “C 11 pracance cf anmonia.

Prhe f '‘ratc & evaporated to diynn o and ammonium compourds drivem
off by hea: ng w '° I uper l.ive ~ e residue is taken i1 & iew ml
of wa'er . W ea Gvrcpe o LyToenlerie acid, neutral.sed wiln ai-
ponia ¥ o ata.t on of ore (o ntal of am.onium carborate.

L [V NS T R torea ara made ot > 100 mle An aliguote equiva~
leat to at .. C 2% . alumin: . Lan for sinc uranvl scetate pre-
efpataticn 2 &L e 0 a@ction Dede

Gales ur mcat) uaoterained ¢ cectrophetomsetric method given
ir se V5. Oravivetr.e 'y ocalciwm oxide 1e deternined Yy
preeipt i th ammopiwm or.lite .0 d.lution free of alumina,
fpor .o Ll Ak

Alusine. 1 - aiitec By Wrsaliin Te BJUGGWS 6X. Tl vi alumina
fustcn . Cius  arBeRatle - 1 . cetd miNture w.ih cangtie

sobda, ! e cie8ipitat.ir on tro not Wih saturaied sodium
oxa et - £, ne .re. . tate . treed of slum. na, titani e
am: i . & . .ums B, dissuiving & ¥ pereent AUlFLE asrd,




boiling to decompose the oxalate, and followed by ammonia precipi- .

tation as outlined in section 6¢5¢1. Caleium is then determined
in the filtrate by precipitating in the boiling condition with
ammonium oxalate. The solution is kept warm for 3 = 4 hours to
complete the precipitatione.

9.12 Gajlium

Gallium 1s extracted as ohlorogallic acid with ether as outlined
in seotion "eli,

Caleined alumina is fused with a mixture of potassium carbonats,
sodium carbonate and sodium borate (in proportion of 1.5 11,33 ¢ 1)
".nd extracted with water and hydrochloric acid by boiling. For
ether exiraction, the solution is evaporated to 100 - 120 ml volume
for a © grem sasple, and hydrochloric acid concentration adjusted
to correspond to 5.6 M.

9.13  Chromlup

Determined by spectrophotometric method using diphenyloarbaside,
as outlined in seotion 10.3.6.2.
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Colorimetric ard “yecirophotoneiric Mathods

(To include bauzr v, wud, Jiquors and alumina)
Spe .trophotonetys o methods are also called absorptiomsetric rnethods.

Toth *hese ratred: Jepend on develorunt of characteristic colours.
Phoss methods are in a way adjunes 5o The classical chemical methods
described ear-i. o, Lrlaues the Latter are need2d fuoi wany of the preé=

liwinary worov - wecesuary for .uccei .sful seleciive 20Loupr CEVe-

1epraNi.

The meihous are warticularly suited for estimation ot conctituents
oscurring in iow -oncentrations, using fairly simplo and rolatively
inexpensl e eq-limend, easily undarstcod by an avarage laboralory
chemist .

With increas:ing ¢ 501 rusness of role »f minor impuritics on the
alumina procz: «nd the finished praduct aluminiuvm, for which
alumina is groiuced, *hose metheds have an importnnt role To plare
Copsi deritia ofi % - on fool fo improve their range and precisione.
complications oo Jrea the (feat AF forargy elenenta on the parti-
cular orlour oo or. Class®t al renvhodls of dissolution are peing
reviewed 10 mirimize woa variesy o€ 1¢+.3 introducsd into the solu-
tion at var .us shagese SOT example, dirsolution of alumina % hy=
drochlorie acic wad suiphuric asid at os high a temperaturs &8

250 °C - 300 °. is bei.ng cerioncly caamined, even if 1t maunls uss
of 30 atmugiery Treosure gcld 1rrned aut-ciaves.

Colorimatric Taghrs quw

Colorimetric m:ti. 2= are based on surlication of colours agezinst
the standard cnluat. 2. 6 Known cor.centration. Wnite light is or-
dinarily used.

Procass of volio suplication may he done subjertively 1.e. an indi-
vidual goes -y hix ¢wr judgement. witt consequent varying degrees
of per.mal & irs smvolvaed., Basidec, 7 meveent igs the ainimum gif-
ference v 0L vy TUTTNLL LY ‘rat an ~vaoage man can dentify.

An wojecte 4 more accurate meiiud would use a photnalectrie cell=

oallad photesletric coicrimeiry, Yut no instrument simple enough has
been yat dev:l 8de

For visuai . - aitching, two mweilods Are generi. .y urad - coloris
metric titrat..m .ad osal=ueing meathoa involiving use uf Duboscq/colos
rimeter, Jor e ..ls.

In colcrivetric titration, a standard -olution of ths constituent
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voing determined is added from a mieroburette to the comparison

tuboe containing tre colour producing reagent. The only special ap=-
paratus vequired ars two tlat hottomad tubes S0 - 100 ml capacity,
called Nessler tubes, having identical dimensions and optical trans-
yarency; and a micraburetie. An essential rogquirement is that the
¢olour develepment nust ba very rapid and ihe colcared product
ctable. Thus it will not seally suite iron detera naticn ty “he thioe
nyanate methed wiire tho duvnloped colour fados rapidiy OF T.u’sru6e
¢ ttiration whare permal.zanate colour develonmant 1s slode However,
it remains a good fielu riznede

In the balancins methed, haisht of the standard solution in ihe¢ iliwhe
tical comparison tude 15 varied ti11 the colours matche. Concentra*tion
€ in ihe test gulu‘sc . w;'1 then equal concentraiion Cq of the stane
dard solution X ne.ght of tne standard soluticn / neight of the test

golutione Thus 1t is iwnuch fusier.

Field brightness 1s imporvant factor in +he colour matching preci=-
sion. So vracti.obilziy of filters, especially in light coloured
solutions, 1° generally Ioubiful.

In beuxite foasibilitv zrada.es, colorimetry is resiricted mostly
to iron and *itaruum anaiyses in the field, and the laboratcr.ea
have mostly adopted spectrovhotometry as a standard equipment.

Speotyophotometry Techui juss

Speotrophotometry user lizht consieting of & narrow band of wave
lengths (ideally a "uingle wave length") insiead of straight white
polychromatic light usad in colorimetry. "he concentration oi ihe
oconstituent concerned is deternined by degrae of atsorption of the
selected radiation.

The constituent concentration is read from the standard absorpiion
curves mads from the :oluilons of known concenirationse

T™he speotrophictomel has au 1nherent advantage of sensitivity,
precision and ver: ai. ity over colorimetry, because it allows irs
choioe of differunt wave length lights, including wiira=violer and
infra-red, though tne ::iter are not necdud w.iL bauxite and alumina.

Improved versatility ana precisiom resu 1t from ability to play with
di fferent wave lengths so that the interferences 1rom the foreisn
toms oan be avoicded and otten single sciution can be used for estie
mation of two diffcient coustituents, as for example vanadium ani
titandum. Thus specirovhotcuwirio methods are gonsrally preferrud
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BURLAU b - TANDARIN. 1o &




Bimilarly 37, 10, 8 micron diameter particles will be found after inter-
vals of 2 man. 6 sec.,.7 min. 46 sec., and 111 min respectively.

T fluid used for slurrying is 1 gpl sodium tartarate solution.

One of the commonly used pipettes for drawing the sample is shown in
Fig. 14. It s fixed to a support which can be moved up or down by a
micrometer in front of the scale in mm. The bottom of the pipette is
closed. Four holes drilled laterally allow the sampling on a borizontal
plane. The volume of the pipette between the two way cock R 2 and the
bottom B is approximately 10 ml. This is determined exactly.

The weight of the test sample taken is such that every sample drawn
correeponds to about 0.1 g of the bulk sample.

The slurry sample is collected by suction through C. Oytlet D serves to
discharge the excese slurry collected in the bulb B. Separatory funnel A
contains water to flush out the bulb B, The solids drawn in the sample
are determined by filtering through sintered glass crucible grade 4,
followed by drying at 110 °C,

The reeults are calculated as follows:

« 35 micron = a gram
‘ ao ” = b 1]
10 " = c "
‘ 5 " - d [1]

Sinee every sample is equivalent to 0.1 g sample, « 5 microns < d

$ - 10 microns ¢ -d
10 - 20 " b-¢
0 -~ 36 v a-»
3 - 44 " 0.1 - a

Recently a method based on the principle of solid particles sedimentation
tn air hes found great favour, because of the readiness with which it can
be sutomated and requirement of comparatively much less operational okilln:
in the reported procedure using. Sharples micromerograph, a 50 mg sample of
éried material is placed at the top of a 220 cm long column, both sealed
: air tight with clamps. T '
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The sample is "blowed™ into the column by building up 50 pound nitregen
pressure behind the sample dish followed by sudden pressure release
througihh & solenoid actuated valve. This burst of gas sweeps the sample
tirough & deagglometer and into the very top part of the column as cloud,
The particles as they settle down in the order determined by their diameter
are continuously weighed so that the resulting chart is a record of accumu-
luted weight versus time. The equipment is, however, too expensive for its
Justitication for bauxite investigations where the number of samples in- .
volvaed is quite kimited,

Surface Arei Messurement

Surface area estimation of the hydrate are widely used in precipitation
studies for seed balance calculations and provide direct overall size
distribution index for both the seed and the product.

Surface area can be estimated from the sedimentation test data as deter- ° '
mined in section 14,9, but it is very tedious, and requires much care And
attention to give consistent results, ‘

The procedures most commonly used are: L. !

a) Photoolec'ric
b) Air permeability

Photoelectric method consists in dispersing 0.2 - 0.5 g sample of trihydrate or
alumina in ethylene glycol and noting the degree of light absorption with

the help of a photoelectric cell, output being registered in milliamperes,
(analogy of spectrophotometer).

It I, represents the light intensity transmitted with the blank,I¢light
intensity transmitted through the suspension, the ratio I t/lo will be
proportional to the retio of projected areca of all the purtlcles to that
of the light beam. The quantity of test sample is varied to have milli-
ampere indication in range of 8 - 20, Particles in the size range of 10 +

-20 millimicrons are found to influence absorption strongly.

The entire test takes only about 2 - 3 minutes. The appartus is exceedingly
simple, similar in essentials to that of a spectrophotometer. Tungsten bulb
serves for the light source. The gycol container consists of quarte, gone~ N
rally 5 cm square with capacity of about 200 ml. The apparatus is sometimes
called photoelectric sedimentator,
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”

A ilit is based on the principle that the air permeability

values at a given bulk density are largely dependent on the particle size,
and thus the surface area.

A fixed weight of the dry powder is taken in a permeability cell generally
made of sintered glasa bottom. The permeability is determined either by
noting the upstream air pressure for some standard flow of air through the
permeability cell or by noting the air flow for a fixed upstream pressure,
The quantity of test samples varies from 5 - 20 g depending on the apparatus
used. Nere agtin the actual test takes only 5 minutes.

Both these methods provide an index of total surface erea which may not re-
flect the actual sime diatribution of the sample. Besides, the values pro-
vided for the total surface are not strictly absolute, for which it will be
neceasary to go to Andreason method described in the previous section.
However, the values obtained so quickly, reflect the process behaviour fairly
well and form a generally acceptable base.

Air permeability method is being increasingly preferred over the photoelectric
method. A very popular apparatus is Fisher Sub-8ieve Analyser.

ipati t jdrat

Microscope examination ferms an essential part of the precipitation studies.
Of special interest is recognising the point where nuclei begin to be formed
because these are difficult to recover in decantation and their excessive
presence hurts filtration and hydrate washing operations.

For this, the particles have to be recognised in the range of 1 micron size.
Fer guantitative studies, it is necessary to know the sample density mg/cm2
of the surface. One of the recently successful attempts .in solving this
preblen is as follows.

100 mi of well dispersed solution of 0.5 - 50 mg of the sample is filtered
through & nillipore cellulose acetate filter with a pore sise of 0.48 milli-
aieren (Millipore Cat.n® HAWG 047-00). Thus a sample of known weight is
distridbuted over a known area,

T™he filter is opaque and is itself composed of 1 micron cellulose particles.
To allow microscopie identification of 1 micron sise hydrate particles, the
constituent particles of the filter have to be destroyed into transparent
stage. This is done by laying the filter on a microscope slide coated with
assotone which fuses the cellulose particles to leave on evaporation a thin
transparent fils of cellulose aestate on the slide. The hydrate particles
oan thon be clearly examined by transmitted light,
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To examine the particle shape, monobromonaphthaline reagent has been
used., The reagent has refractive index greater than gibbsite, usual

precipitation form of trihydrate, thus bringing out the contours clearly.

Te bring out inclusions and inhomogenities present inside the grain, .
esugenol is added to monobromonaphthaline in ratio of 2 to 1, to depress

the overall refractive index and make the inhomogenities appear as dark

spots, '

Microscopic examination also helps ready recognition of different forms of
alumina produocsd. Alpha-slumha, for example, looks dark in polarised light.

Dispersing agent commonly used is ethylene glycol.

LEeduct EMEALY

Product purity considerations are discussed in sections 4.2,7, and 5,

_Preliminary evaluation (which is actually rather drastic) of the bauxite !

impurities effect on final product purity is effected on the desilicated
slurries after filtration and dilution,

Carbon dioxide is passed through the clear solution to precipitate all the
ispurities along with slumina. A material balance performed on the starting
liquor and the precipitated product gives the amount of particular impurity
dissolved and possible product contamination. This test generally establishes
the maximum limit of the product contamination because the alumina precipi-
tated with cardon dioxide has much higher absorptive power than the alumina
precipitated in plant practice.

Berder line cases of product contamination will require more detailed
studtes, teking into account interaction of various liquor contaminations
on the solubility of concerned impurities. The product contamination will
also b studied on the basis of alumina hydrate precipitates produced by
precedures outlined for precipitation yield studies in section 14,8,

Bas Barsening of Peuxite and Mug Slurrics

Weot screening of bauxite slurries is needed during bauxite washing studies,
a0 sontioned in section 4.1., and during dbauxite wet grinding. Wet screening
of she mwd is needed while establishing optimum grind size of bauxite. ¢
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Details of a commonly used apparatus is shown in Fig. 15. The slurry is
poured over the top (largest opening screen) and continuously washed with
water on all the screens. The vibrating intensity is regulated to avoid
excessive spuking. The firest fraction is recovered by filtering the slurry
using buckner funnel. The vibration is ak»ut 50 cycles per second.

Viscosity of Bauxite - Ligquor slurries

This information is needed at the time of plant erection to determine
criteria for pumps and pipe selection, which will be differert for plastic
character slurries and sandy character slurries. Plastic slurries (say 5C %

bauxite) will show viscosity higher than 10,000 cps while sandy type may
show just about 200 - 300 cps.

The determination is made by a model LVT Brookfield viscometer.

P —— ot
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Prlot Plant Testing

Scope

The ultimate purpose of pilot plant trials is crystallised very well
in the famous phrase "Commit your blunders on a small scale and make
your profits on a large scale". Thus need of such trizls is determined
essentially by the degree of ignorance and to Lridge the gap between
the lal-cratory technology tests described earlier and full-scale com-

mer o ia’ operation.,

¥or analysing our needs, gereral motives for pilot plant irials may
be broken down as:

a) to reduce capital costs of the plant through more sccurate data;

h) to sput basic process complications that could lead to large in-
vestments just lying unproductive till the process difficulties got
eininated,

¢) to confirm saleability of the product produced

d) to reduce operating costs through improved raw material conversion

efficienaoy

In deciding on pilot plant programs, it is to be remembered that pilot
plantsare expensive to build and operate. The studies are time-consuming
and any time spent means profit loss for the equivalent time in case

of alumina where the plants are built on assurance of readv markets,
Principal consideration is that of acceptable quality. So the old con-
cept of pilot plants as "a collection of equipment used to develop the
most economically sound method of commercially producing a material"
has undergone considerable modification. The pilot plants are used for
only very well-defined limited answers. based on hard-neaded calcula-
tion of pilot plant study costs and expected financial benefits.

A good plant design allowing for considerable flexibility can success-

fully by-pass a great deal of uncertainty in data, And if the cost of
pilot plant trials (including the lost time on delay in building the

plant' exceeds the cost of additional flexibility, pilot plant trials
are not &warranted. With the improvement in knowledge on scale-up

techniques, especially in the reactor design from the batch laboratory
data, the use of pilot plants to just confirm the scale-up factors may
often be an expensive insurance or luxry. Inasmuch as the basic equip-
ment cost constitutes only 20 - 32 percent of the overall plant costs,
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significant reduction will occur only if there was a hope of elimina-
ting any proceas step or lessening the severity of processing condi-
tions or reducing material requirements,

For alumina plant feasibility studies, considering the overall state

of known art, broad operating parameters can be reasonably well
established by competent analyses of the results obtained from techno-
logical tests detailed earlier. Potential equipment vendors (working
on a competitive basis!) provide very useful supplementary and practi-
cal extrapolations on these data to enable equipment sizing. Warranties
and demonstrations of practicabilities of their offered equipments are
very frequently volunteered. Continuous run pilot plant trials are,
however, still considered necessary to establish the overall viebility
of the process to forestall any unexpected extremely expensive praccess-
and unit-operation complications, Of particular intercst are examina-
tion of liquor desilication behaviour (thus product purity) mud sett-
ling and filtration steps, scaling tendency especislly in digesters,
heaters and evaporators, and effect of increased liquor contamination
on precipitation yield and precipitate grain size,

The operating conditions are those established from the earlier techno-
logical tests, taking into account the statistical veriability of the
bauxite deposit concerned.

Naure of Facilities and Conditions

The facilities will correspond to an almost miniature alumina plant
(including a boiler plant) with the exception of calcination unit,
very well instrumentdd and designed for continuous 3-shift operation
under well defined and recorded conditions. This requires a well
trained operating gang and skilled maintenance workshop help. These
conditions dema.d that the pilot plant be located next to 2an operating
plant, i.6. to build it after the plant! Thus the initial feasibility
studies (i.e. before the start of alumina industry) will have to be
conducted at an outside source, However, it will still be advantageous
to build the pilot plant at a later stage because it could profitably
serve aa a centre to investigate other deposits, make improvenents sand
changes on the running plant without risking any production loss, and
also to develop special products or profitable intermediate products,

Attempt to use the pilot plant for developing special products before
obtsining good experience of the existing normal plant will be excee-
dingly wasteful and frustrating,

While selecting the outside party 8r pilot plant work, following
critoria will be considered:

a) ability to reproduce the range of bauxite grind, digestion tempera-
ture and residence time, precipitation holding time preci.cted from
the technological tests.
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b)'trained staff to ensure continuous operation without loss of time.

c) Sufficient instrumentation and reliable sampling system to ensure
authenticity of data.

d) competent laboratory facilities to provide the desired quantity
and quality of analytical information,

e) willingness to associate the project process engineers and the
laboratory incharge who did earlier work,

Pilot plant specifications

. .
Neceasity to establish a new pilot plant next to an operating plant
has been explained in the last section. This naturally makes its ini-
tial lay-out oriented to the process already selected, Detailing will
be determined by the points of interest established from the operating
practice., One outline is indicated in fig. 16. A few general guide
lines are given below.

An important consideration is to limit the minimum pipe size used
for main flows to 1 1/2" - 2" and still maintain sufficient flow
80 that the solids do mot separate out from the slurries. 8 - 10 t/day
bauxite throughput is quite reasonable. For crushing, jaw crusher or
hammer mill is used to reduce material to minus 1/2" sige.

Bauxite grinding is done in the wet at about 50 - 60 % solids, the
mill being such that it can be used as ball mill or rod mill.

Sufficient number of digesters are provided so that the residence time
can be varied from 50 percent to 150 % of that roughly selected;
flexibility to change the agitator speed on the digesters will be an
advantags.

Mud settler should provide area 830 % larger than roughly estimated.
For mud washing, one stage is provided followed by a generous sise
filter. Nowever, space is provided for an additional washer.

For precipitators, the number provided should give a flexibility of
33 percent plus minus on the selected holding time. Invariably there
will be desire to study continuous precipitation and relative merits
of air and mechanical agitation. .
Evaporation cepacity should be 18 percent excess of that estimated
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A disc filter is provided to filter the hydrate. Part of this hydrate
1s weed for the seed. Rest is "sold". Space is provided to allow ex-
perimentation with other filters and partial classification of hydrate
st a later stape.

Nood of extensive reliable instrumentation is already explained in

ssction 14.32, Due to operation with slurries and scaling liguors,
magnetic flow meters are used for metering,

Laberatory Descripticn

Pellowing three models have been considered:

a) Pield Laboratory close to mineral exploration aieas to satisfy
famediate needs expeditiously.

») Oentral Laboratory capable of undertaking most of the technological
tests and various analyses required in that connection,

¢) Oentral Institute with (i) ressarch potential to develop new ang-
lytical methods, processes and technology needed for established x
alumina industry (ii) pilot plant facilities. o

Liald laberatery - Nedel |
fasme

™e leberatery will be geared to meet the immediate needs of explora-
tion toams required to work in sut-of-way places in themirit mentioned
in esstion 4.1. Impertant te remember during plamning, that 1iving con-
ditions in such areas are generally hard and life rather isolated,
shich nabes it difficult to attract competent help, willing to stay

for sufficiontly long time. The important demands say be susmarised

e fellews: )

,

a) Teo receive veory large aumber of bulk samples and ensure their
pesitive identity at all stages. These samples may be very wet
and oven indurry form.

) Te mahe representative samples most scrupulously in the quantities
oguired lesally and for cutside testing.

e) To estimate large number of samples for medsture, loss on ignition,
Wik donsity.




d) To setimate, quite large number of samples for mixed oxides, iron,
titanium, silica and specific gravity. Later, number of titsnia analyses
®ay decrease substantially, Titania will most probably be determined
celorimstrically.

¢) To handle large volumes of slurry from some preliminary washing trials
OR 6res sceuring near clayey minerals as pointed out in section 4.1,

f) To pack and despatch large number of samples outside and maintain
' perfect recerd of details and duplicate samples.

8) Occasional checks to ensure that samples despatched from the mines
are repressntative, consistent with the description in section 6.1.1,

8.1.5.  Iepartments

a) Receipts and semple preparation
») Anslytieal department
e) Osntral office

i‘-MT Ww
90.0.5.1. Baseiats s Semals Bewdaration

ih ssction will be equipped to receive 100 samples in gunny bags or
éoune of varieus sises. Though the samples from the field will genersl-
1y %o received already reduced to 2" sise in the process of sample bulk
reduction, the department will hsve to be prepsred for receiving larger
otoes. All the samples will be weighed l.nd logged with respect to the
osures pit losation and depth.
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__Facilites
ltem N
Ten-pound hammers 4

1)

Mangansse steel plate 6'x3’
placed on 6" high concrete slab 1

Laoosratory jaw crusher or roll
type crusher, 1 kw . 1

I.aboratory grinding mill, hammer 1
or roll type, with changeable
built-in sieves, 2 . 2 kw

Laboratory samrle grinding machine 1
0.4 kw

Good example, vibratory disc type
grinder, Siebtechnic, Mulheim, Ger-
many. Grinding disc made of widium
steel (high-tungsten-cobalt-carbon
steel)

Agat-mortar, diamter about 4" 1

Gas heated hot plate, lined with 1
stainlces steel (will be impro-
visei outdoors when required)

6' x3'

Shovels 4
Scoops and. spatulas 12
Standard screen set with Ro-tap 1 ossh

machine and timer, 8' sise screen,
spare ¢ mesh and 100 mesh screens

Wooden framed screens, 1'x1' for 1 each
28,50 and 100 mesh tyler opening

Stecl irame sieves,l 1/2'x 1Y2'tor
square opening 172" and 1/4"

round opening

Riffles with six troughs and pans

1" size 1
1/2" size 1

- e - - W n - o -

To break bauxite pieces larger than 2"

" ” "

To crush the sample from 2" to 6 mesh
size

To reduce the 6 mesh size received from

the crusher. Finest sieve, 100 mesh. |

For final grinding of hard bauxite
samples to 100 mesh passing from feed '
size upto 10 mm. !

For final grinding, as stand-by for the
above

For drying the wet samples prior to
sampling.

For coarse bauxite handling

For -crushed and ground bauxite

For manual handling and rough use

"For sample splitting

" " "

1)= All the dimensions indicative. Can be modified to suite prevailing standard
sizes, unless otherwise specified.
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100
Pletfore balance, 100 kg
capacity 1
Pan balance 1000 g capacity 1
Pans aund trays of assorted
sizes 24
Sample bottles, plastie .
4 oz. size 1000
B oz, size 480
16 " ” 1m
Semple bottles, glass
4 oz. size 48
8 " " 13
Tarpuline pieces about
100 8q tt 1
150 " [{] 1
2' x1' x 1' wooden box with
side handles 1
Steel buckets, 8 1 capacity 4
Work tables.aluminium lined, 3

4 1/2' x 2'

Wash basin

For handling the samples

maximum use

For scaled samples where required

To protect the bulk samples temporar-

ily stored outside.

For bulk density determinatiom

For sample handling

As indicated in items 1 and 2 of sec.

16.1.3.

-
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Pilcer flaahs, %00 ml sapasity
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Number

Pipettes S5 ml size €

10 ml " 6

25 m1 " 24

50 ml " 6

100 m1 " 6

200 ml " 2

Graduated pipette 2 ml size 2

11 " " G

" ” 10 ml ”n 6

Nes:ler tubes, graduated, 100 ml capacity 6

. Watch glasse% 8ize 12

size 24

size 24

size 6

Wash bottles, 1000 ml capacity 12

Weighing bottles, low form, 45 mm dia. 6

. Spatulas 12

. Calculating mechines 2

Specific gravity bottles, 25 ml capacity 6
Jones reductor 1 See fig. 2

. Water bath for 6 beakers - 1 Kw 1

Wash basin, common for bulk glass 1

Glasscarboys for bulk solution 5-1 capacity 24

. Reagent bottles 1 1t. 100

. " 250 ml 100

Indicstor bottles 12

Work tables 4'6" x 2'- ovens and furnace room 1

" ' 11'6"x 2.35" Analytical lab.hall (sec.16.1.4.4.) 10

" " 18 x 2 ' - Titration bench 1

" " 10' x 1'9''- Balance room 1

Shelf 1

Wash basins - for work tables 5

" " - for central glass-ware cleaning centre 1

Funnel stands 6

- a— -
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Central Office

Yinre many samples will be received and large number of samples regu-
lariy despatched for outside testing, an efficient central office is a
must. This will serve as store and central source of all information.

The office should have a large grid map of the entire exploration area,
on vhich every analysis could be recorded for ready reference at any
time The office will ensure that tags on the samples received from the
mines carry precise identifying information in the code muiually &agreed
between the Laboratory and the Exploring group.

The office will have a jeep at its disposal for frequent liason work.

Facilities Number
Shelf (1 for 1000 sample bottles of 4 ounce size and 2

500 bottles of 1 pound size)
(1 for glass-ware stock)

Cupboerd with lock, stationery, records and books 2

" " "  Chemicals and glass - ware 1
Filing cabinet 1
Work tables, 476" x 2 ' 2
Typist table, 4'6'' n 2' 1

Rooms and Area Requirement

To house upto 30 gunny bags of the mine samples as roceived,
one work table, 8' x 3' steel plate mounted on 6" high concrete
slab for breaking plus 2" size pieces, plat-form balance and
other common utility items such as hammers, shovels, rough
screens, bulk density measuring box, tarpuline and buckets.

120 sq.ft,
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P e el and

To house sample crusher, bwo grinding mills, sample riffles, pan
balance, screens, 2 work tables, wash basin. 150 aq ft

. Ovens and furnaces room

To house 3 furnaces, 3 drying ovens, 1 work table - 75 aq ft

Main_analytical laboratory hall

To house 8 work tables for chemists,

2 work tables for making of the reagents, [

1 extra work table for any special demand analytical | |
work or for an invited help, {

1 work table for all stock solutions, ‘
1 titration bench, '
1 vacuum filtration assembly work bench,

2 fume cup-boards,

1 wash basin for bulk glass-ware deaning,

1 general service shelf 1000 sq ft total

Bslance room
To house 3 analytical balances and 1 work table for the
deasicators 40 aq ft

Records _room cum store cum general office

To house 2 shelves for the samples and glass-ware

1 £iling cabinet, 2 cupboards for records, stationary

and books, 1 cupboard for the chemicals, 1 typist

table, 2 work tables and 1 sample counter 300 sq ft

Chief Chemist ‘s r

P X L ] - onan - on on -

One work table with 4 chairs for the chief chemist,
one extra table for any visiting outside help.

One cupboard 120 »q ft
Pistillation unit oell cum switch room 60 oq 1t
Ges (for the mecker burners) generating room 80 oq ft
Toilets 80 sq It

Total sres 2000 sq ft
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In view of the earlier mentioned circumstances, that competent non

10¢

start

ohifting staff will be difficult to get, emphuis will be on training
and intensive work load coupled with higher wages.

1.

Chisf Chemist (1)

Duties: Overall incharge of the laboratory, he will have frequent
contacts at all levels with exploration teams, consul tams
and invited outside help, shipping agencies and local
authorities., He will also keep an eyc that the samples sent
from the mines are representative and tagged with sufficient
responsibility. He may personally analyse difficult samples,

T —

Qunliﬁeltion.

- .-

Egsential . Graduate degree in chemistry with 5 years proven success-
ful experience in a good chemical mineral testing laboratory. Congenial
personality and good health to go with outdoor rough life and people
and liason work. Good proficienéy in official language , Unquestioned
integrity.

Desirable: Knowledge of locally prevalent language, car drivihg licence.

Assistant Chief Chenmist (1)

Dutiep: In absence of the Chief Chemist, he shoulders all the super-
vision resporsibilities independently.

As & part of routine duties, checks all the standard resgents,
end watches that standard practices are followed in day to day
work, Personally analyses check samples and routine samples
during times of heavy work load.

Sualitigations:

Esaantiel: 3 years proven successful experience in a good mineral testing
leboratory, Nigher sccondary school certificate. Unquestioned integrity.

Bepirgble: Good proficiency in the official language and locally pre-
valent language, Good personality and fair typing skill,
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Duties: To conduct analyses independently as per set procedures. To
supervise sampling of ores.

Qualifications:2 years experience in a good mineral testing laboratory
Alternately 3 months intensive training in analytical techniques to
develop distipline of working simultaneously on 6 samples,

ey

Duties: To make bulk reagents, operate water distillation units, under-
take sample preparation and screernng independently. To aeaist the
chemists in cleaning and maintaining of every day apparatus and in other
routine operations like filtration etc.

Administrative Assistant (2)

- - - G B SR EE W . o e OB -

Duties: To maintain complete records of all the samples and corroespon-
dence, responsible for all the shipping and stores.

Quelifications:

Eg:ggﬂg{_:_ Good proficiency in typing and the official language, 2

years experience in record keeping. Neat handwriting and
work hsbits. Unquestioned integrity.

Desirable: Proficiency in local language

pepr-p=r T L L1

Helpers (2)

Por odd jobs specially in sample preparation and shipping.

Essentisl: Good health and co-operative nature.
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16.1.6. Trainirg

Scope of duties for different personnel has been described in the last
s~ctlion, Tt is very possible that the recruited staff has very iimited

ba hground . Details of the training program will depend on the background
of manpower available, tailored to make up for the deficiencies. The
emphusis should be on orientation and training through down-to-earth prac-
tica+ examples rather than longwinding lectures. The more general outline
of the orientation program is given below.

Most :mportant to stress is need for objectivity and 1ntegrity in work.

The staf{ should be helped to correlate their every day job with feasibiii-
ty s-udies for setting up large industries.

With the help of concrete examples, they should be led to understand ult:-
mate financial implications of their analyses being wrong to various ex-
tents. Also they should know that the samples analysed there are being
analysed in other laboratories for more detailed analyses and are thus
being checked.

The staff should be explained and led to discover the following general
pitfalls in routine work.

Through specially prepared samples, possibility of errors from accidental
classification during sample making. Striking contrasts will be provided by
dusty aud massive portions of the ores, bothe with respect to silica and
alumina. Another interesting sample will be 2n ore containing distinct higa
iron pisolitic material.

The difference botween well decomposed ores and not too-well decomposed ores
during the dissolving step. Especially important are several demonstrations
on pitfails during decomposition of ores with alkali fusion.

Introduction of large errors from improper selection of quantities. For
example, during titration contribution of error frowm ovne-half or one drop
in the context of total titre value. During silica es.timation, importance of
weighing carefully to the last place of decimal and so on.

Errors introduced from too fastan initial heating during Lol determination
and precipitate ignition.

The staff shouid be helped to develop the discipline of simultancously wor-
king on 6 samples through repsated demonstrations of well planned sequences.
Importance of using different types of filter papers for different occasions
should be known to them,
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The staff should be explained the purpose in specifying certain quanti-
ties and concentrations of resgents as set in detailed description of
the procedures.

The staff should be taught various methods of cleaning different types of

apparatus used by them. Needing special attention are pipettes and burfet-

tes.
The chemists and assistants should be thoroughly trsined in operation and
control of the water distillstion unit.

The chemists must be repeatedly taught respect for the standard solutions
made in bulk. A slight error during one preparation could affect hundreds
of analyses. They should be taught to look for any sharp shift in results
with a new batch of reagents.

The staff should be aware of general laboratory hazards, such as making
dilute sulphuric acid solutions; opening ammonia, nitric acid and hydro-
chloric acid bottles, storing ammonia and hydrogen peroxide bottles
awvay from heat, very corrosive nature of hydrofluoric acid.

Centrgl Laboratory - model 1]

Scope

The laboratory, as mentioned ear}ier, will conduct most of the technol og
cal tests and all the analytical work connected with the feasibilitv
studies. Lateron, with the start of alumina industry in the country its
alumina testing section will grow to meet increased demands for minor
impurities check analyses. The analytical accuracy expected will be of
the highest order, becauss results of this laboratory will establish the
statistical confidence limits of faster field laboratory tests and also
used for reference. This Laboratory will also set up standard operating
proosdures for the field laboratory. Need to complete the analyses quick
will remain. On the technological tests, this laboratory will furnish
only basic dats leaving its interpretation, for details of equipment se-
lestion and validity on operation scale-up, to the design engineers. When
1t 48 decided to set up a Central Research Institute for bauxite and
alumine, this laboratory wmay bscome part of the same.

Departaents

a) Reoeipts and sample preparation®section
b) Wet snalyses laboratory (classical methods.)

- e
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c) Spectrochemical section for spectrophotometry, flame photometry
(and atomic sbsorption speotroscopy to be added at a later date)

4) Physical tests to include microscopy, specific gravity and vis-
cosity measurement, surface area measurement.

e) Technological test section

£) Central administrative offices and store.

1f dependable arrangement for x-ray diffraction examination of bauxite
and muds cannot be made with a nearby competent laboratory, x-ray dif-
fraction section will have to be included.

Departments a!crigtion—gm and Tacilities

1. Beceipts apd sample preparstion

Samples for analyses will be received generally in prepared powdered
form. Bulk semples in gunny bags and drums will be received for techno-
logical tests and many batches as received may have to be preserved

for long time unlike that for the field laboratory,

S Ar——

All the facilities mentioned for the field laboratory
3. Wet Anplyees

Common for bauxite, liquor and mud analyses. The section will accomo-
date 10 Chenists< 8 Chemists for routine work and 2 for special ana-
lyses.

!uutuoc

| mn«i te thoes mentionsd in section 16.1.3.2. for the field
laboratory, follewing will be needed.
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Facilities
iten Number
R —sS Taae
Fume cupboard,8' x 3' 2
. Pan balance, 200 g capacity, 0,01 g sensitivity 2
Pan balance 1 kg capacity 1
Analytical balance (Mettler) automatic 1
Hot plate, electrical 18" x 18", 100°C, 0.5 Kw
" " " 18" z 1."' 3moc' 2 KW
Platinum dishcs, 100 ml capacity, for alkali fusion of alumina 4
| .
| Porcelain dishes, 350 mm capacity 12
Nickel crucibles,v80 nl capacity 12
" " 150 ml " 6
Nickel dish, 10 om dia. slightly concave 6
Separating funnel, 280 ml, 500 ml capacity 4 each
_Typicll quick-fit distillation unit for reagent purification etc. 2
TAA determination autoclaves
' 2
Drive for the above 1
Carbon dioxide measuring apparatus, Fig. 4 Organics in bauxite 1
" " " " Fig. 5 for ligquors i
VWatoh glasses 30 mm dia. 12
* " 80 ma dia. 12
" " 100 mm dia. €
" " 180 =m dia, 12
’ Thersometers, 0 - 110 °C 6
" 0 - 360 °C 6
' Vaoh bettles,! litre 12
Kipps spparatus for hydrogen sulphide gas generation 1
. A A L K 2 2 2 ]
Tube furnace with temperature control 3/4"x18" 800 Watts 1
( Por erganic detormination 1n bauxite)
Furnace with temperature cemtrol 12" x C", 1300°C 4Kw 2
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Items
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Work tables
Tikration bench,7.8' x 2'
Wash bui_ns

Reagent bottles 1 litre
" v 600 ml
11} " aw .1

Indicator bottlea

Conical flaske, 300 ml
" " 500 ml

Filter flagks 500 ml

Water pumps

Filter !unml; for 12,5 cm dia. filters
Buchner funnels, 200 sm dia.

Sintered glass eruicibles, grade G-4

DPry sieve analysis assembly, 6" dia. sieves, for alumina
analyscs

!!octrocmicu Ssction

A e G b > S e G R S D A P W

Spectrophotomster with filters

Flame photometer to be so chosen that it can be converted
later for atomic absortpion spectrophotometry at min.cost

pH meter (glees electrode type)
Gas cylinders, oxygon and acetylene
Seakers, ttm,iﬁo [ 1]

" " ssom
” ] m .‘
" " 3000 mi

Standard volumtriec flask 88 ml
] " ] ' ‘
(1] - ] m “
" " L} m n
" " - m u

L] ]

24

24
12

12

12

12

0 B W B LWt » L O

————
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| Items | Numbe
Graduated cylinders, €lass, 10 m 2
‘ A ” [}] (1) 25 .l 2
‘ " " ” w.l 1
" " " 100 m 1
I ’ " " " 200 ml 1
1 1] ” ”"” lmO.J. 1
’ . Graduated Pipette, 8 m) 2
'. ” " ‘o ﬂl 2
" " 35 m1 1
z " " S0 m 1
' Conical flask,300 m1 3
f Wash bottles,100 m1 3 {
i L] ” ) 250 .l . 3 ‘
' Reagent bottles,250 m1 capacity 24 1
! " ” ‘ 1 l . 12 0
Indicator bottlee 12
[ Filter funnel for 12.5. cmgdia. 2
Watch glass 3" pise 6
[ [ ] " a" .‘. 6
[- Technologioal Weting Syction
Digestion cutecuvu,ru. 9 3
Furnace for the above, for TAA dotersination and digestion tegts. 3
, vith temperature control Range 300°C, SKw
Drive for the Mitoclaves 0.3 wp 3
I Reversion tests ang settling tests Sssembly Fig. {1 g 1
| Filter leaf test &ssembly rig. 13 1
*’ Precipitation studies assendly Pig. 19 1
\ Vot Scree Ning S8sembiy Fig. 18 - 0,76 Rw 1
| Pipette for Andreason teet, rig. 14 1
Sub-etove analyser, Figcher Sir-permeadility type |
) Woresceps with attachasnt for phetography 1
Semple preparation quipment for Baking atmnera) sections 1
Prenemnter, 38 my 2

Breskfiele viseenity mter 1
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Ttems me
Buckets, plastic,10 ) capacity 4
Beakers, stainless steel, 3 | capacity 2

" " " 11 " 2
Beakersplastie,$ 1

" " 11 4
vacuum pulp 1
Buckner funmel, 300 am éd6. 1
Filtor flask 1 ) 1

" "8 1
Drying oven with naturel éraft adjwsteable to 140°C, 1.2 Kv 1
Pan balance, 1 g capasity )
Work tebles s

Stands and slampe.
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17. Dnddeaa
Twe of 00 oq £t cash, 1.0./00 oq ft. 120 aq £t
10. WAting roen
o house 1 table wisth ¢ chatre 120 oq ft
19. Istal geversd ares 4740 og f%
say 5000 sq ft
NEEREEREwd
Matt

Snghastis in this laberatory vwill be on quality and precision. According-
9 Mighor acafenis preparation will be required.

. Oial Chemdst (1)

Biliag; Overall incharge of the laboratory. He will be responsible fer
ootting and maintaining highest standards of precision in all
She werk. e 91ll have frequent contacts with the project
ONGANsere, consullmts, continucusly trying te improve hisz amae

Ayticnl and investigation techniques. Ne will personally analyee

Giffienit samples.
Smiiliantisen;
Petiol. Weter's dogree 1a Inerganic Chomiotry with § years provea

MNestsful caperionse in reapeneidle position of a good industrial mine~
vel tooting leberetery. Therough bachground of amalytical chenistry
Prinsigies and astive euperieonce of spectrophotometry. Femiliarity with
0004001 enl ovaluation toehniques and geed appreciation of importanes of
e Sechniques i oy ey verh.

*- RS con@inial poresnality, willinguess to got equainted with mew
olde.

5 Wgersenne of aleressepy teohniques, technolaogical test wesl
D Induotey. Enentodgn of Saglich lenguage, where official languege
90 G f0svent .
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Astintent ONASS Ohemist (1)

Duties: In aboonce of Chief Ohemist, he shoulders all the supervision

nopensibilities independently. He should have potential to
8009 into Chief Chemist's shoes,

As & part of routine duties, he keeps check on sll the dsy
te day work. Persenally analyses check samples and routine
samples during times of heavy work load.

Begentiel: Nasten) degree in Inorgenic Chemistry with 3 years experience
of good analytical work. Active congenial personslity. Willingness to
wndergo training for apecialised fields.

Weired 9: Spocialised knowledge in Spectrophotometry, atomic sbsorp-
tion apectrophetometry or ®icroscepy, or technological test work.
Knewiedge of Bnglish, where official language is different.

Suniats sad Analyats (100

(2 Ohontote will W working on special analyses)

5 Cwnists should have gosd groduste dogres in Inorganic Chemistry
"ith faterest in anal sticsl werk.

Spoentiel: 8 - 3 yoars proven enperience in amelytical work.

Tonatndag 6§ Cheniots / Analyste should have higher sscondary school
ortificate in eotonse with interest in snalytical work.

Sesirablie will %o mschanical ptituds useful fer technologieal tests.

Ansiasenss ()

%o nale NI FOAEONtS, eporate water distillatien unit, underteke
oample preparstion, help ia tochnolegicel test work, oleaning amd
EMMORNee of apparatus and niesellansous laberatory eperations,

NNNtiel;: Meh sohesl cortificate, olean habits, honoot, and co-
Weretive netwse.
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5. Adminigtretive Assistants (3)
Stores purchases, despatches, accounts One
Secretarial work Oone '
Records One

6. ¥plpers ()

Por odd jobs, specially in sample preparation, stores.

Besentiel: good health and co-operative nature.

Training

scope of duties for different personnel has been described in the ;
1ast sestion. High technical standards are expected at all stagea, 8o

senior staff with sound background and maturity will be chosen. Training

program will be tailored to make up their particular deficiency. One

ponth's orientation for the Chief Chemist and Assistant Chief Chemist in

an alumina plent and in & technologicsl testing 1aboratory will be very |
wetful . Arrangesent should also be made for 1 montis orientation coarse r
in stetistical techniques of experiement planning for the Chief Chemist

and Assistant Chief Chemist. For the remaining staff, one month on-job
erientation will be adequate, :

itute - 111

same

™he Institute will be research oriented to evolve new analytical methode,
prosesees and technology needed for the established slumina industry, deve~
lep specisl products to tnorease profitability ,and prepare for changing
requiresents and mere rigorous specification standards of the end-product
wesrs and ecenomic exploration of complex lower grade minerals. It will have
s oontinuous run pilot plant as indicated in section 18, probably attached
to an eporating plant, in eddition to the various jsolated study models

it will develop in its own premises for various @éiscontinuous steps. To
sset its requiresent of sound chesical and physical analyses central ser-
viee, it will be stvantageous to nave the Central Laboratory (model 11l
Goosribed in seotion 16.3.) amalgamated with it so as to sake use of
spoeialised talent doveleped there.
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Although fundamentsl work is carried out W ere necessary, much of the
work will be applied and related to the éevelopment or improvement of
processes. In mors functional terms, the emphasis vill be on “How-to-
reach-the ~goal"” attitude rather t!m\"why.1t-h|pponod-ltt1tudo"comormd
with seeking knowledge for its 9" sake. Profitability would be the
motivating factor in choosing Prograns. Built-in provisian should be
nade to resiet cowardly temptation to go for ssfe, high yielding aress
of short term resesrch (small profit quick returns) which could be bet-
ter done in operating units imn the plant and are often responsive to
the inevitable snd fregquent shifting of goals.

In planning of the facilities, local conditions will play @& strong role.
Tor example, in & country rich with good quality bauxite, immediate inte-
rest in utilisation of low grade ores will be mostly academic. Consequent -
1y the establighment will have a very small common sineralogical service
department. Bmphssis will be instead on improvement of efficiencies, re-
ceveries and development of special products. And this would in turn re-
flect strongly on sise of many suxiliary services.

Accordingly, the following description is of indicative nature for both
the organisation and facilities regquired, Certainly extensive detailing
will be required to fit individual circumstances.

The nature of resesarch projects of interest for bauxite processing has
peen explained in sections 3,4 a8,

8.9.8. ..3{ taenty
{. Chemical Bnginserisg

Engaged in development of predictive process sodels incorporating the
dynamic oharasteristics of various processes. This recently developed
discipline has proved a very strong tool in improving plant econonios

by mere accurste process control (by computers and otherwise), It
develops scsls-wp factors enabling realistic plant designs from bench-
scale experimental data, yielding great econoni®s., The department setspace
for intelligent planning of equipment and process development by the
ubOeqUent Prooess dovel apient group.

T™he department designe 1ts own simulation models, using basic instru-
asnts like timers, contrellers for tempersture, fiow, viscosity amd
donaity. As mntioned eariier, nost of the squipment used is of bench-
sise, Two caloulating machines will be must.
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2. Process Development

-

—— e

Control of pilot plant operations. Study of new deposits and improve-
ment of the existing processes, equipment development. All the routine
technological tests, described for Central Laboratory model 1@, will
be conducted by the anaytical laboratory service group under the
programs laid by this department.

If the Institute has to produce its own stcam and gas, these facilities
will come under this group's jurisdiction,

Anslytical Laboratory

“‘The laboratory will have 2 distinct wings.

a) General Service

b) New Method Development

For General Service wing, all the facilities indicated for the Central
Laboratory, model Il, excluding storage space for bulk bauxite samples
and its crushing, microscopy and flame spectrophotometry which will be
transferred to its "New Methods Development" wing. Naturally all the
office work functions will pass to the new Central Office.

If Central Laboratory is not to be amalgamated with it, required facili-
ties will be reduced by 50 %, because in that case this laboratory will
not do any outside work,

Ier New Methods Development wing, will be included atomic absorption
spectregraphy, and research work on various on-stre@m anAlysing systems.
On-strean analysers promise significant operational saving in the
plants, and require very skilled work for standardisation. The research
tnvolves use of physical instruments like conductivity, density meters,
turbidity-seters, potentiomsters and tracer techniques, Of intcrest here
in the Bayer process is stream analysis for soda, and alumina (Bauxite
1e treated by x-ray methods).

- or

To include both diffraction and emission (spectrography) inclusive of
pecording units, Auxiliary facilities include sample preparation by
fusion with appropriate mixture or by pressing the powders into pellets
a8 montioned in section 12. Research programs will include standardisa-
tion for bauxite, mud and alumina analyses.
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5. Minerslogical Levoratery .

To include petrological microscope for magnification upto 1000 times
with all fittings, including photographic equipment, fittings for
direct study of high temperature wansformations, mineral-section pre-
paration equipment consisting of cutters, grinders, polishers, and
mounting press, thermal differential analyser, two temperature con-
trolled heat treatment furnaces for temperature range upto 1000 °C
and upto 1800 °C,dark room,

Provision for electron microscope, only when competent staff{ is avail-
sble.

o. Service Shem

1te facilities will be deternined by the nature of pilot plant projects.
Undertaking of pilot plant projects must be accompanied by creating
facilities for welding, lathe, smithy, drilling machine and light fabri-
cation work. Centinuous rusning plant vill need a regular maintenance
erew. To be reviewed are machine shop and foundry facilities in the
neighbourhood. For very reutine services, when bauxite pilot plant is
located in the plant and most of the equipment fabrication work can ve
got done cutside, needed for mechanical side are 2 lathes, 1 saw, !l
drilling machine and 3 fitters' bonches with usual accessories.

If bulk eleotricity is purchased, ewbstation control will be under
this departmsat.

7. Library and Techalical idasen
feeponsible also for the recerds.

§. Mainistrative Offiees, tmlﬂis Purchase Stores etc.
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Ares Bequjrement
1. Chomical Engineering Depprtment

2 rooms of 200 sq £t each
1 room of 250 eq ft
| office of 150 " "

Total 000 aq It
3. ss Devel nt retment

Close circuite continuous running pilot plant as described in
section 18. 10,000 sq ft

Laboratories, three, for spec.al research
projects 800 sq 1t total

One room to stors "idle” miscellansous items
specially fabricated for certain studies but
not often used 180 oq ft

Three office rooms 400 oq ft

Common mineralogical service and pilot plant
building to contain facilities for crushing,
grinding, mixing and storage d ores and which
can accomodate large items of pilot plant
equipment

If the close circuit baumite digestion pilot

plant is installed near an operating plant, as

por section 18, 3,000 sq ft should be provided

at the Institute, a8 ultimately expected in

course of time, Othervise €,000 eq ft if very
smtensive mineral bemeficiation work is to be
undortakon®™, and 3000 sq ft 1f it is decided to drep
the continuous running close-circuit bauxite digest-
‘ton plant and particularly intensive bauxie beneti-
ciation progran is not envisaged in the near future,

Steam producing plaat, if required. . D eg 1t

Tet a) vithout contimeus rumaing pilot plant and
vosler, €130 oq ft incl. 3000 aq ft initial ares
for common mineralogical service and sundry pilet
plant inveatigations.

%)s Provided at U.X. Binistry of Technology's Warren
Spring Laberatory, Stevenage, Merts.



3. Aalrties) Laborstory
Qereral Sorvice

Bygdvalent to area occupied by various technical wservices listed
under items 16.2.4 of Central Laboratory, model II, excluding
office space for @ores, conference room, waiting room, and re-
ducing area for records room to 180 »sq ft 4,000 sg ft
(1f no outside work is to be acoepted, the area

will be reduced by one-half)

My sethots Development Wing

To include one room for atomic absorption spectiro-
photomster and other instruments sentioned under
item 16.3.2.3. and 2 work tables

One roem for usual wet analyses teochniques like
fusions, fuming etc.

Totsl

A-ray Laherasery

One asin resm for the X-rey umit
One si@s reen for goneral serviees and sample
preparation

Om offiee for the sectien fncharge

Total

Simealeniesl lakerasery

O resh fer Bicroscepe, theraal differential ame-
Lyesr, hoot treatusnt furReses

One reeh for Rincellancous semple preparation werk,
One dark resm

Blestren nicresceps oostion
Total
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6. Iarxism %hae

Por very routine servioss, when continuous bauxite precessing pilot
plant is lecated in the main plont and moet of the equipment fabrica-
tion vork can W sconemically get done outside, needed is space for

. 3 Lethes, 1 ¢rilling mashins,l saw, § fitters benches, 8 vork tables
for the elatricians and 3 for the instrument man,
One resd for mohanical equipment 300 oq ft
Ome reed for electricians and instrument mechanics 300 oq ft
One reen for the shep chief $100 sq ft
Total 700 aq ft

7. Librery, Becords end Teshnien) Liesee
Library 500 oq ft
ofttiee 100 og ft
Liasen offieer 200 og ft
Canforense reed ' 300 oq ft
Total 19100 oq ft
' 6. ASndaiasrative Offises. inslviing Purehase. S16res sia.

1S $0 cosumsd thet the Roesereh lastitute is met reapensidie for hOuSing.

| oyvetene

‘ Gonsrel offies 200 oq ft
Surehame oftiow T N Wi

. Yool ' v 200 og 1t
e

. Tanerdous chenield ‘ W og
Gomnrel otered : 0 og ft
(00 o hernee of cOMIAUSNS Funning pilet phame)
Ooeses oftieer | st

Toted Wb it



fasacal affise serh sad SaAatA’ aeel

Gonerel adminiotretive officer

prester

offiee
Seeretorh’ oftice
m:m 1000

Total
fecoption
Tetdots (0 plases) 200 oq ft

14.640 oy 1t

oy 15,000 : ft

-'-uasnmm Mmeerdingly sonsi®ered heve o
S0l auslous G0ff to providn CeNPOtent base. [t Wawid be on-
o anteh the Genands.

0 e cusenes of e lastitute 40 Epeting the sutliined ebhjoe-
lestien of %he Bireeter.

OPERieatian 10 cosentially ¢ Diclegicnl opoten, m..
18, §¢ SoOEmNS Guilen; Epat) 18, 1% Will coase %o hoed She Seeie
solustesel aodn; chorieh (¢, It will lay golden ogpe.

T Noocter B bave & Fight bolanse of asadenies bashgrewnd, tndusteisl
CUPRrionse end CERvietien %0 1ALt @ high standaeds. I Guet hove cloar
CoIRgRle arennds of (afustrial qporetiens %0 b0 bl teo @pleet prisrities
o Gt gestives. Id chanid hove poresnality to 1nouleate his G 0o~
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ia W pregoete. All Whis ooy oound big taldh. Bt it wae folt meeoe-
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