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SUMMARY

The following study involves low-grade bauxiies with AL,0 /sm2 ratios lying
between the values 8 to 3; industrial scale methods have been iivon preferred oon-
sideration and laboratory wethods only trief me.vion. Claraoteristic gigna of in-
terest to those who are planning industrial development have been omphasized.

In the introduction the problem ui uigi. capital input and techn.cal and economic
risk in lou-g:ado bauxite processing is emphasized. (ood results can be expected
only if the designed technology Tully coincides with all locai ecomomic and technical
factors. In oomplicated situations persricusus  planning has been recommended, in-
cluding flexible technology design and location of a plant where there is a posaibility
of supply of both low-grade domostic and high-grade imported bauxites. In the first
stage of planning a ma:imum effort should be given to start production at a profit
enabling future growth and development. lention was made of step-by~-step planning to
; decroase technological risk.

e o 2 s 5 i

Consideration has beon given to the influence of heightened silica and iron oon-
tent in the electrothermical, acid and alkalic exiraction mothods and rlaseification
of low-grade bauxites from this standpoint, Low-grade bauxitos have boen classified
on tho basis of bauxite silica mocule. Here a total alumina/total eilica waigh* ratio

Electrothermicel methods of molten corun’'g production and the procaessing of AlSi 65/35
intormediate alloy by total roduction have been considored. The Paderson and Haglund
processes have not been doscribed bocause they do not scem to be of oconomic interest.

The acid methods with characteristic main tochnological problems of acid extrac-
tion are doscribed. As a perspoctire method the Australian BAS procose has been
briefly cited. A prospoctive of acid proceseing has been admitted for tho production
of aluminium sulphate, spccial alumina modifications for catalysis and alumina aalts
for the chemistry. For largo-ascaloe alumina production the acid methods have bezn
rofused because they represent hoavy technological risk, fully un..lansed by economic
advantage. The alkalic oxtreotion mothods, namcly tho Bayer method in low-grado
bauxite processing, the sulf-reliant sintor process, parallcl Baycr-sintor process,
combination method, high-prossuro digostion, the Ponomarov procose and variations of
the desilication methods are also described.

For an illustrative comparison of threo fundamental processing mothods, i.e.
Bayer, sinter and tho combination method, thore was chosen an idontical scale of
bauxites with deoreasing silica module fr~m 8 to 3. Illustrative data charactc-izing
alumina and soda racovery, red mud and sinter quantity and total hoat oonsumption as
& funotion of decroasing bauxita qualiiy for cach of the ebovo-mentioned methods have
been ovaluated. For each of the alkalic oxtraction methods 2 brief tochnological
desoription was givon togother with characteristic advantages and critical procassing
problems. Improvements havo baen cited, for oxample, the Montecatini improvament of
sinter procoss, Kaisor method of roduction and sodalito bulk, and tho special import~
ance of high pressure digostion in low-grade bauxiio processing. The desilication
mothods have not been rocommended for industrial application. A dotviled comparison
of Bayer parallel and combination methcds and two variations of desilicatioo mothods
on tho basis of data of one bauxite typo with silica module above & hus beon oited.
Tho author's opinion of various alkalic extraction mothods ia awmmarized in the
conclusions.

Technics] copolusions

From the given survey and data, it is avident that for economioal alumina pro~
cescing, the Bayar line ropresents a fundamental production unit; the sinter linu an
auxiliary and complomontary unit. The trend shows that the bauxito undor-quality

was taken because for low-grado bauxites more anorgetical axtraction moan: must be used,
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order is gradually being replacod by improvoment of the Bayor processing tochnique in
tho direction of docroasing silica modulc of bauxite. The undor-quality border of
bauxite, to which the Bayer line can bo economically processod, must in oach individ-
ual casc be estimated ty the combination of tochnological experiments and economic
calculations., -

The bauxite quality-border where tha tochnological and oconomic possidilitios of
wot digostion cnd and whure it is necossary to apply a solf-roliant pure sinter pro-
cosc, cannot be decided today with cortainty. Tho reason lios in the fact that for
the low-grade bauxites all technological and oconomic applications of tho high pressure
digestion tochnique have not yot been fully examined. It is now avidont that in hoat
consumption tho dispute hag boan dofinitely doecided for high-pressure digestion, bo-
cause for tho sinter procoess a hoat consumption of 750 kcal/kg sintor reprosents ox-
trome construction poscibilities and cannot be further substantially roduced. The
samo can bo said for comparing tho equipmont extent of high-pressure and sinter attack.
In such a situation o docision without risk can bo made only in casos whors natural
and oconomic conditiont allcw fcr the instailaticn of the Bayor lino as a fundamental
procossing unit. The deciminng about the installation of tho olaseic combination Bathod
and tho purc self-reliant sintor process isg problematic and a satisfying answor is
oxpoctod in the noxt fow yoars.

Inctallation of the auxiliary sinter unit romainc fully contitled for causticisa-
tion of goda for/or from Bayor procacs, and this mothod cannot bo roplaced, o8pacially
for beuxitos with heightoned carbonatug and organic matt.r contont, and whore thore
ie ohoap calcinod goda,

ing ¢ g

Tho compluxity and number of factors influencing good economic rosults in pro-
cesring alumine from low-gradc bauxitos shows that tho right decigion cannot bo mado
in & fow days, but only aftor a thorough study and anelysis of all important quostions,
for which a minimum of two-years time ig noodod bofore docign is gstartod. Tho study
and analysis of probloma montioned chould therefors bo ctartod in actual cagos with-
out loes of timc by a amall group of domestic qualified onginoors. This group should
have an oppertunity to consult all investigated quoctions with « neutral spocialignd
organizetion, furthar to learn tho practico of alumina producors, which work under
similar conditions to roalize at specializod institutos modal and Pilot=scalo toch-

nological oxporimonts, arl to roport tho rosultc and conclusions to a group of noutral
specialigtes at a higher levol.

Bvon in the case whore alurina broceesing from domugtic low-grade oros will not
be realized, a remarkablo effect for dovolopmant planning can be gained, bocause tho
data nocessary for the cvaluation of alumine procoscing possibility are valid and of
intorost for the chemical, coramical and moetallurgical industrics,
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Zereword

The purpcse of the study is to present information
to facilitate the oriemtation of alumina processing
methods from low-grade dauxites. Due t0 the lack of a
survey, the following limitations appeared to de neces-
sary: (a) The low-grade bsuxites involved hero have
Al °3/”° weight ratios between 8 tn 3; (b) Industrial
n‘l ntﬁod- aro preforred over laboratory and pilot
scale mothods and are mentioned only where they repre-
sont advances for the future; (c) An attempt was made
to emphasise characteristic signs of interest to por-
sons who are planning industrial development.
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I. INTRODUCTION

1. Tho foundation of an alumina industry procossing iow-grado bauxitos should bo
ostimatod as a high capital invostmont influonced by a numbor of complicatod rola-
ticns. If we comparc roletive capital input botwoen two plants procossing Righ=-grade
and low-grade bauxitos, the rolative capital input in tho first cago will mostly not
oxcood the gum o1 3200 por motric ton alumina. In the sacond capo, up to doudble the
amouat of relative capital input por ton, ycar production, can be oxpeoctod. This
reletive capital input incrossos with tho ducreasing A1203/8102 woight ratio. Tho
increment of caepital input must not bo critical abovoe tho value A1203/8102 5 or 6.

2. Undor tho valuo A1203/5102 5 it is in most cages nocossary to build two plants
or lince. Tho socond one procosses high-giade from low-grado bauxites (desilica-
tion method), or rocovering soda and alumina from rich weato rod mud leaving tho
Dayoer oxtraction (combination mothod). A hoightoned number of tochnological steps
nac:esary in low-grade bauxitn procoessing mcans ot the samo timo an increasod input
in tho form of amortigzation, manpowar and onergy consumption. A combination of all
these influoneos has boerirg on clevating production costs. Thoro does not oxist
"y oiraculoug tachnological rocipe for lowcring rolative production costs, if com-
perod vith procossing of high-grede bauxites. fug - stions about revolutionary im-
piovsaones in low-podo bawxito prococsing should bo subjoct to a most coritical
cxanination.  Im fact, ths majority of significant improvemonts in levrmpmn iy Yoving
ue3ing can be applied at the same time with good tochnical and oconomic offaoots

fen bigl cvads bauxitew.

3. In gpite of ali thogs dieadvantagoe, thore are & numbap of chancos for countries -
w0 1owe-sredo bauxite depoeite - 49 preduce alumina at a profit. The world's
Vg rod Cien of alunint and aluminium, tho Unitac States, Canada, tho Union of

Sovist Ceelalist Ropublics, Gormany (Fodoral Repurlic) and Japan, have local sources
only in lovegr-~do Dowrito, or thay do net have any at all, The advantage of simplicity
and high effoctivity of processing high-grade bautitos is often elirinatod Yy long-
dist nuce transportation coate. If wae compare the structure of produotion oosts between
tho Uaxited Gtateg and Japan, both highly industrialigzed counties in similar condi-
tione, with tho zlumina industry based on imported bauxitos and olassioal Bayer tech-
404C4M, 16 can ascertain remarkable variotion:

Enorgy Raw material Amortigation Loaps Total
Univod 3tates 19 40% 2% 204 100%

Jerwm 354 384 | 21% 6% 1004
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4. In the caso of processing low-grado bauxite of various composition by difforont
tochnologies under various local oonditions, this variety can bocomo, if examincd
carefully, a mein source of oconomic rosorvo. The chancoe ara. good of the possibility
of tochnical and oconouic errors with long-lasting consoquenco, if such an ovaluation
is negloctod. This faot cannot be omphasiscd cnough, whon planning low bauxito
processing.

Se A thorough axamination of all brightor economic aspocte influonoing the choico of
special technology roprosonts a primary ocondition of success. For oxamplo, a dacision
to build a technologically roliable combinod method with guarantood high yields of
alumina and low soda consumption can be unwiso if thorvy are low mining costs of low-
grede bauxite and good possibilitios to gr.in choap domestic soda. The capital input
in a sintoring part of the combined mothod docs not differ substantially from the ine
put in a niddlo-scalo soda plant or NaCl olectrolysis.

6. This can be takon as an oxanple that a procossing mathod fully suited from the
tochnological standpoint for a cortain ore cannct alone guarantoo the deeired oco-
niic offaot. Good rosults can be expectod only when the dosignod tochneclogy fully
corresponds with all local technical and oconomic change. This is not simplo to
accomplish. Local conditions might be geclogically, technologically or aconomically
evaluated incorrectly and a mumber of important factors substantially influencing
remults may not be known at the planning stago.

Te An exact eviluation of all influonoing factors is, in most cises, a long-term
project roquiring not omly goclogical and tochnological invustigntions and the no-
cot&Xy oapital and timo, but ale- a substantial proportion of oxperionce gained omly
through practiocal participetion. Buch conplicated quostions arise, for oxamplo, whon
the quality of alumina cre is oxtromaly low or fluctuating, if poor surface mining
and transportation oconditions oxist and tho low quality or¢ is then unbalanced, or
if pro&uction requires vory complicated technology and oxponsive oquipment. In such
situations perspiowows planning is rocommended tc let the doors opon for more even~
tunlitios in the future. In somo cases a plent can be situated in a place pormitting
& Supply of both domestio low-grade and imported Bayor bauxites. Imparted Bayer
bauxites or a nixture of domestic and imported bauxites can ropresent temporarily the
main economic production basis and the domestic Lauxites an auxiliary strategic basis.

8. Technologiocal equipment should bde projocted universally, corresponding to the
possibility of necessary tochnological arrangenonts. Such flexibility ocan be realised
by relatively little inoreasod capital input for a limitod amount of tochnologiocal
oquipment. I'>r example, to realise autoclave digestion at olevated temperatures and
using for the ceusticisation of soda tho parallol sintering line.
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9. The capacity of a parallel sintoring line will usually not sxceed 15 per cent

of the plant’s total capacity. Such practical solving gives opportunity for an exact
technological and eocmem’c cxamination of domestic low-gradc dauxites together with
the possibility of a tomporary procassing of imported Bayor bauxitss with good eco-
romic rasultc. The capital incromont can be noglected in comparison with the risk

and long-tera financial lossos, which may originatc from a docision based on some
primarily wrong or unvorifiod assumption.

10. In the first stago of planning alumina production a maximum effort should be

mado to start production at a profit which would provide for further growth of the

industry in tho future. The adove oxamplo illustrates the fact that there are means
existing to solvo complicated problems. It noy happon that sound economic analysis
will be suppressed Yy transitional strategic oonsiderations. Aluaina production in
each big industry does not allow for such a solution, and for those who are not in-
dustirially great powers, it is bost to have noither the sconoryy nor tho strategy. 4

11. Knowledge of the prodloms mentioned is not loss important than knowledge of
spacial technological and onginoering mattors. It is important because, ospecially
in this sphere, often lie the source and poesidility of great orror. e technology
and economy of processing alumina from low-grade bauxites can be dome ty means of
known sngineering principlos with Wry offective improvements if a plant is based at
the right place and has flexible oquipmont. No substantial improvement without high
capital loss can bo oxpootod if tho prinary decisions have beon wrong.

II.

12, Classification of low-grade bauxitos may be done from sevoral standpoists. With
respect to alwmina, thore is tho kmown Bayer scale of hard and heavy soludls alumina
monolydrates, diasporite and boehmite,.and the oasily soludle alumina triydrate, and

gidbeite (Nydrargilite). ]

13 With respect to the ferric oxide content, there u-.o normal, low iron white, and
Righ iron forritio bauxitss. Tho contomt of h203 in whits bauxitee is 1 to 3 per
cent, often ocourring with a high silica content. In some cases it can bde seen that
the iron oontent docreases with incroased silica content, tut this is not a mle of
general validity. The Pe-content in ferritic bauxites rarely exveeds. 29 pur cint in
the form of h203 and its influonco doponds on the kind of technology used.

14. The oclectrothermic pfoduction of alunina as molten corunde represeats Jo solvent
for romoval of other impurities 8i, Ti etc, in thy form of metallic PeSi alloy and
therefore sometimes Po compounds are addod, There is ome exoeption, if total
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olectrothormic reduotion of whito bauxites to Al 60-65 Si 40-34 intcormediate alloy is
procaessed, an Fo contont is not desirable. In the acid-oxtractive motallurgy of
aluaina processing, tho elovated Fo content is the source of troublo influencing the
quality and a source of loss in acid radicals in the form of besic galts: therofore
it iz not dosirablec.

15. In tho alkaline extraction the prasanco of l?‘e2()3 doos not cause direct alumine

and soda losses in chomical compound form, but is responsible for indiroct lossas in

tho moisture of rod mud and causos sorious complications in the scttling, washing and
filtration cquipment. Finally disporsed colloidal hydratss in the form of limonite

and goothito arc moro dengorous than tho abeoluto Fo content, and thoy often occur 1
with good soluble alumine trihydroto in bauxites of the tropicel type. lMuch offort f
has beon oxertod to ovarcomo such complications, and there oxistg a bright scale of
tochnological moans for handling bauxitos with bad sottling and filtration charactor-
istics. Of more importanco can be citod baurito roasting, coagulante (doxtrons and
polyarylamides), addition of good settling bauritos, olevatod digostion temporaturcs,
spocial milling, sottling and filtration oquipmont. Thorofore for contomporary
tochnological moans tho elevated Fo contont in alkalic oxtraction doee not reprocont

a oritical problom whare nocossary tochnologicel investigations have boen roalisaed.

16. In tho sintar proceoss (linterinq bauxitec with zode and limaetonc) some contont
of !‘a,‘,o3 (molar ratio to alumina 0.2-0.25:1) is needed, for sintoring originatod
natriumforrite causticises tho liquor and provents alumine hydrolysis loss. But the
olavatod Fo content in tho prosenco of othor cesy molting oompon.nts causes gluing
of sintoring kilns and doocroasos tho loaching yiolds of alumina and soda from sintor.

17 The cconomy and tochnelogy of processing alumina is dotormined by tho alumina 4
and silica contont in the era. Thoroforu this charactoristic is of primary importance
for the classification of low-gredo bauxitos.

18. In the praxis of world aluaine producars procegsing the imported (and *herefore
with maximum quality desired) bauxitos are thoso with roactivs silica content above

3 por cemt designatod as lowar ¢rsdo.  In tho praxis of Buropean producers are domestio
bauxites with silica ocomtont 6 to 7 por cont procossod Wy classical Boyer process at
8004 ocoonomic rosult. (Note relativity in tho torm "lowor grado” bauxites.)

19. Por low-greds deauxite classification, it is roasomnablo to introducc the term
silica modulus of bauxito (MBi) as the woight ratio of total alumine to total silica
present. (Bauxitos with 48 per cont A1,0, and 8 por cent §i0, will ba clessified as
MBi6.) Total silica comtont ahould thorofare bo involved in tho classifioation becamse
for low-grado bauxites more energotical extraction moans must be usod.
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20. Bauxites with MSi <8 can then be designated as lower and low-grade. Bauxites
with M3i (3 are rarely processed. The world's bauxite deposits in the industrial
oatogory are estimated at 6,000 million metric tons and therefore processing of baux-
ites with MBi <3 under normal conditions is an economic abnormality.

21.  The influence of silica content in low-grade bauxitos deponds on the type of
process applied. In the olectrothermical processing of alumina, silica is removed

by reduction to ferrosilicem and the onergy for reduction needed raises the stream
consumption from 1,300 kiWh/t cor pure alumina to 3,300-4,000 kWh/t for alumina in the
presonce of olevated Fe and Si content. In the total reduction of white bauxites to
Al8i intermediate alloy silica in tho form of pure quaprtzito or low iren kaolinite
must be added to 35 to 40 per cent Si in alloy present, reduction of alumina in pres—
ence of lower 8Si contont being impossible.

22. In the acid methods silica does not react with the acids, but it is responsible
for indireot losses of acide in the form of filtration cake moisture. Colloidal forms
of silioa sometimoe make the acid procoss impossible. In the Bayer process silioa
represents the main sourco of alumina and soda loss in the form of sodalite. The
chemical oomposition of sodalites formed depends on the ore character and the process~
ing conditions and formulao for the practical evaluation of chemical losses of soda
and alumina should be in ocach special case experimentally verified. Preliminary

rough caloulation is for 1 kg 310, present 1.1-1,2 kg A1203 and 0.65-0.70 kg Nazo

loes is used mostly. Of practical importance ig the ion exchanging oharacter of
sodium aluminosilicates in sodalite. The sodium group can be replaced by calcium-
hydrate, but in coonomically interesting conditions (under 2 moles of 2 220 to 1 mole
Na20) the recovery of NaQO rarely passes over 40 to 15 per cent, sodalites originated
at elovated digestion temperatures boing in most oasos less reactive.

23. In sintering bauxite with soda and limestone, silica is bound in the insoluble
form of dioalcium silicate, ZCaO.SiOZ, Hero the heightoned content of silica influ=-
enoes the yield of alumina and recovery of soda is substantially less than ty Bayer.
In the absence of heightenecd Fe content, decrease of one MBi unit will be connected
with a decrease of 0.5-0.6 por cent in alumina yield. In the presence of heightemed
Fe content this decrcase per MSi unit will be 1 per cent and sintering, cooling and
leaching conditions will be very important. The form of silica oontent is not without
praotical importance. In the presence of little reactive coarse grains of quarts
8ilica, an attempt to wash the grains out is reasonable. The presence of silioa in
the form of crystalline alumino-silicate in axploited in the dosilication process.
By roasting the ore at 600 to 1,050°C the alumina bocomes less, silica more reactivey
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therefore, the substantial part of silica can bc washed out by dilute caustic and
hoightoned MSi of bauxito results (desilication mothod). As a result it can be said,
that the absolute content of silica influonces the tochnological procces chosen more
substantially than tho silica form.

III. XLECTROTHERMIC EXTRACTION OF ALUMINA

24. Description: Crushed bauxits 1s melted in eloctric arc furnaces in the prosance
of coka. A reducing ngent is added in the stoechiometric proportion

F‘e,‘,()3 + 3C » 3CO + 2Fe¢

8102 + 2C = 2C0 + Si
with necessary increments for reduction of other impurites. Fa8i solvos othor ime
puritios and sottlos at the hoarth bottom. If worked poriodically, ~lumina from
FoSi is mechnnically scparated by crushing the cooled content. If larger malting
capacity is usad, tho process can be continusl with docantation of the FoSi in an
arc-heated forehcarth.

25. The product is brown corundo with maximum 96 to 97 per cent nlumina content. The
8i and Fe are above 1 per cent each, howover the corunde is unsuitable thorefore for
tho produotion of aluminium. It ie usod for production of abrasivos and refractorios
of common quality. Tho Fo content can bc lowered ty moans of spraying the alumina
molt Wy overheatod stcam and leaching the grains Yy dilute acids,

26. Heightoned alumina quality with Fo and 8i content of 0.05 per cent oach is citod
in the patonted Pechinay process. A reducing agont is added in two stops. Aftor tho
first step montioned abovo is sfded 0,2-0.3 stoochiometric oxcoss of roducing agent
and the finely dispersod metrllic impuritoe in molton alumina are procipitatod Yy

the additon of iron metallic scrap without iron oxide contont. Rofined Alumina molt
is sprayed YWy compressed air, somc portion of aluminium carhidus boing dostraoyad.

27. Characteristica: The oloctrothormic mothod is charactorised by maximum simpli-
city of oquipmont and it is influoncod little by tho orc oharactur, the olectric are
furnace ropresoenting the main capital item,

28, The procoss can be startod with littlo electric arc furnacos of a capacity loss
than 1,000 kVA and a minimum of equipment if manpowor is not oxpensiva. Consumptiont
~N
elootric enargy 3,300-4,00 kWh/t alumina

elootrodes 20=35 kg/t alumina
coke 70-120 kg/t alumina
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High energy consunption indicates that tho process can be applied if steam power is
not oxpensive. Hearth enorgy consumption evaluated for a middle steam power station
represents 9 to 10 million kcal/t alumina. Together with the fact of unsuited quality
this makaes the product application for aluminium reduction problematio. For the
production of abragives and refractories tho method is suitable, which is proved by
its parallel existence with the big classical Bayer plants. The same precaution is
necessary in the price evaluation of ths ferrosilices Qy-product, which must not

even correspond to the rigorous requests of steol producers.

1V.  ELECTROTHERIC PEDUCTION OF WHITE BAUXITES TO A16536i35 ALLOY

29. Description: Milled dry white bauxite with low 16'9203 <2 to 2.5 per cent is
mixed with nccossary 8102 substance (dry nilled kaoline or quartzite) and stoochio-
metric portion of reducing agent (high reactive low ash <6 por cont washod lignite)

and briquetted 0.85 to 0,90 of carbon with respect to the reaction A1203 + 3C

= 3CO + 241 and Si0, + 2C = 2CO + Si being added. A removal of Fo oxcess from the
charge hy addition ;f NH 4Cl and grinding at 400°C is possible. The briquottes are
melted in an eleotric arc furnace whoro raduction takas place. The tapped inter-
mediate alloy A1658i35 is mixed with molten aluninium, cocled to 630°C, impurities in
the form of by-product Si 16 to 307, Fe 5 to 100, Mn 7 to 17% boing in orystalline
form from cutectic silumine AlSi13 are filtered. Pregencoe of Fo before filtration is
componsated by Mn addition. Instoad of amonium ohloride, a removal of Fo.0, oxcess-
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by gaseous chlorine inlet diractly on the briquettes before the melting sono is cited.

30. Characteristics: Consumptions for onc ton of Al658i35 intormediate allay:

el. encrgy 11,500 KWh/t
bauxite + quartzite 3.9 t/+
lignito ' 0.9 ¢/t
for ono ton of final product AlSi13 foundry
alloy: '
intornediato alloy 0.5 t/t
aluminiwn 0.69 t/t
el. enorgy 0.5 MWh/v
by-product 0.21 ¢/t

Filtration wastes Si 16 to 30%, Fo 5 to 10%, Mn 7 to 17% Al rest as deoxidant suitable
for steel indusiry. Relative capital input ropresonts 70 per cent of them, if Al8i1)
foundry alloy by pure aluminium and purs gilicium metal is produced. processing costs
boing 80 to 85 par cent the samc. The process it ruled good on one-phase furnaoces,
which means asymmetric stresg of tho power system, three-phase melting not fully ruled.
Some prudence is nccessary at the filtration rest price evaluation.
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31. Total eloctrothermic reduction of white bauxitce roprosonts a vory compact and
perspective procoss, which gives to low iron whito bauxitos with high silica contont
higher valuc than othor low-grado bauxitos. Therefora this method was involved.

32. Other clectrothermical mathods, oxpecially deeignod to producc alumina for Al
aloctrolysis as the Poderson and Haglund process are not describod, becausc they do
not have any aconomic porapectiva.

v. CID PR ALUMINA EXTRACTION

33. Improvement of acid attack by moans of HCl, HNO3, H2804, H2803 on low-gredu
alumina ores has boon subjoct to many attonpts and to numorous patonts. Until now
acid processing has not boan ablc to compete in tcchnical or cconomic sphores with
tho alkalic mothods of alumina oxtraction. In aconomic ovaluations of acid procoss-
ing data from the Oerman and Japancse industrios during the Soccond World War thore
arc data cited with production costs two to five times highor than in the casc of
Bayor production. '

34. Therc arc more serious difficultios complicating acid procussing:

(a) High corrosivity of acid solutions and gasos is connocted with tho
need of oxpensive special matorials and short sorvice lifo of
equipment ;

(b) The good solubility of iron and othor impuritius in acids compli-
catos tho purification of alumine intormedieto products:

(¢) The recyeling of roagente, ospccially from the calcination stago,
is vory difficult and is connoctod with high hoat consumption,

(4) The oxtraction officioncy is, im most casos, lower than the efficiency
of the alkalic procosscs;

(o) Tn the prosance of colloid~l silica forms tho procoecing can fail
bocause of bad filtarability of the mud.
35. To overcomo tho probloms mentioned, in many cascs tochnological moans have baoon
rocommondod. In recent yoars therc have bacn some sound idcas, vorifiod in modol
scale among which tho basic aluminium sulpbate procass dosignatcd CSIRO Molbourno
should bo montiomod.

36. The process porforms double stops countorcurront loaching the ore in diluted
sulpburic acid at 180 and 130°C, Y mecane of which tho orc cxcoss in tho seaond
step, the aluminium sulphato, is converted into tho basic form. A forric sulphato
is oconverted to forrous Ly reduction with 802 and hydrolysis of basic aluminium
sulphato gives thoroforoc a low iron intormediate product. Main probleme arc ropro-

sonted Yty the oquipment for calcination.
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37. The arrangomont of tho process consists of six tochnological stops in closed
circuit modallings, in gonoral the Baycr idca. Choap sulphur and cnorgy sources are
necdod. The method is unsuitod for orecs with alkelic and alkelic carth carbonate

contcent; white bauxitcs with a2 low iron content arc preforrod.

38, Tho futurc of reasonably designod acid procosses cannot be oxcluded, eepocially
in tho spherae of aluminium salts production and for tho proparation of special modi-
fications of zlumina for catalysis and chomical purposos. Horo the suitable acid
production methods could be fully ontitled.

39. But for the lorge-scalu alumina nroduction of today and for the future the acid
mothods of 2lumine production roprescnt a hoavy tcchnological risk, absolutoly un-
balanccd by corrosponding ocononic advantages.

\

VI. LIC EXTRACTION [TCTHODS

40. Two fundamcntal mothods from which all othor proocsscs for low-gradc bauxitos
arc dorived are the Bayer method and the sintoring process. If two qualitics of baux-
itc can be mincd the botter onc can be utilized in the Bayor process and the other
onc in tho sintor proccss. This is the parallcl mothod which can ba convepted grad-
ually into a combination mothod, if the rich rod mud from the Bayor is procossed by
sintoring with limostonc and soda. If we ruplace the normal Bayer auteclave vessols
by tubes, cnabling digostion to perform at temporaturcs above 250°C, profeorably at
290-320°C, wo have high prossurc digostion.

9

41. If wo substitutoc in procossing of gibbsitic bauxitos the influence of elovated
digestion temporetures by high content of Na.20 caustic (300-40 .ﬁitra) to dirrolve -1l
the silioca presont, workimg without prossurc, we have tho Ponomarev method. If we
roast tho grinded bauxitc at 600-1,05C°C, silica being thon mora, alumina less ro-
active, remove the reactive silica with dilutod caustic, and rasulting heightoned
grade bauxito utilizod by normal Bayer, we havo dosilication mcthod.

VIil. THE BAYER IN LOW-GRADE BAUXITE PROCESSING

42, Dogoription: The Baycr process, as alroady known, consists of tho alkaline
digestion of bauxitos, whercin the alumina is oxtracted, thc soparation of tho alumina
enriched liquors from tho rosiducs of digestion, tho autoprocipitation of Al hydrate
from suporsaturated caustic aluminatc liquors, and finally tho calcination of tho
hydrata. Aftor the precipitation of Al hydrate tho liquor spent in this process is

racyclod in tho digestion phasv, the oxcess of wator is romoved Wy evaporationm.
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43. Chargotoristiog To give 2 bottar inmagination ebout the influence of bauxite
quality on Bayor procoss data, wo will oxaninc tho scale of bauxitus with MSi doe
croasing from 8 to 3. Tho samc scelc of bauxitoe will be used for numoricsl compar=
ison of sintor and combination procoss data. It should bc omphasized thot the follow=
ing illustrative oxemplec can in no ceso roplaco spacial oxporimental invostigaiions
nooessary in cach concroto casc, but thoy aro ussful to comparc dynamic charactur-
istics of the montioncd procossaen, depondent upon bauxito quality changu. The data
of hoat ‘consumption rofcrs to alumine in trihydrate form. The dato of alunina cheme
ical yields arc not to be changed by mistake with alumine plant yiclds tho last onos
are ) to 6 per cont loweor.

Bauxite scale:

M51 Al 03/810 8 1 [ 2 4 3
AL,0, 7 % 50 50 50 p Y A5 45
8102 o 6.25 7.14 8,33 10 11.25 15

T'u, 3 + imn, 7 28.75 27.86 26.67 25 28.75 25

Fo 03 + 810 + imp. % 35 35 35 35 40 40

u.O 1. %15 15 15 15 15 15

44. Por this illustrative scale of bauxitos lot us ovaluato tho chomical yicld of
alumins and tho chomiocal loss of Na20 in rcd wud by means of the molar ratio formulas:

(a) 1.0 ¥1,0:1.0 41,C,:2.0 810,

(v) 1.2 ¥a,011.3 A1,0,12.0 uoz
(o) 1.4 ¥3,011.3 41,0,:2.C Si0

2 273 2
It means that from 1 kg of 8i0, will be bounded in tho casu

]
(a) 0.85 kg u203 and 0.52 kg Va0
(v) 9.94 " 0.62 "
(e) 1.11 " 0.72 "

45. With tho decreasing quality of bauxito thu results will thon be:

. TN 8 1 § 3 4 1
41,0, yiold 7 (a 89 a8 86 33 19 72 ’
237 '/ b} 87.5 86.5 84.5 81 16.5 69
¢ “05 84.5 81.5 18 72'5 63

¥a,0 loss xg/t A1,0,

a 13 84 100 126 164 242
bz 88 102 122 152 202 3oC
c 104 123 148 185 243 370
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181 8 1 $ 3 4 3

Dry rod mud quantity kg/t A 203
(a 980 1,010 1,040 1,180 1,560 1,780
b) 1,020 1,070 1,140 1,250 1,680 2,050
c) 1,080 1,140 1,240 1,375 1,330 2,260

46. Weo cen evaluato tho approximatc total hoat consumption if we assumo at MSi heat
consumption 2.5 willion koal as a basir, fron what 1.3 million konl will be linear
function of red mud quantity. Then for MBi: 3 1 ] 5 4 3
mil., koal/t A1,0,: 2,5 2.6 2.7 2.9 3.4 3.9

47. From this oxamplc soms conclusions can be doducted:

(a) Of significant importance ic the molar ratio of sodium alumino-
silicate. [t can be notod that this is oquivalent to a change
in bauxite quelity of 1-2 MBi. Tho formula (e) is theoretical.
Alumina yiolds corrosponding to formula (b) havo been oxperi-
montally roachod with tho high prossure digestion. Yields
corresponding to fortula (c¢) arc roached with good tochnology
at autoclave loeching:

(b) The nogativo influenco of decrcasing MSi has its infloxion poinmt
at M5; from hore the alumina and soda loss is increasing pro-
grossivoly. At tho samc timo the quantity of rod mud is in-
oroasing to a doublod valua, which is connaectod with a
dupliocation of the capacity of the ovaporators and washing
tanks. A good scdimontation of rod mud is necossary: honce tho
high prossurc leaching should be preferred;

(c) A good imagination is givan that for a low-grade bauxite Bayer
processing, thc price of soda is of principial importance. 'The
chomical loss of soda represcnts 70-75 por cont of total soda
lossos, if not causticizod with limoc. Thereforc sources of
high quality limcstone are of substantial importance. The
roaction of rod mud eodium aluminosilicates is a typical ro-
versiblo procuss. Thoreforo bofore causticisation tho rod mud
must bo thoroughly washod and divided from free caustic. The
ceusticization has a negative influonce on V205 racovery, and
the lose of alumina is somowhat inoroased.

(4) The chemical loes of alumina in sodium aluminosilicato ropre-
sonts 80 per cont of total lossos at MSi 6, 20 por cent being
duc to hydrolyeis and causticisation. The plant yields will
bo at M8i 7-6 lowor of eirco 4 par cont than the chemical yields,
at M5-4 this difforonce can bo above 6 per cent.
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VIIL., THE SINTER PROCESS

48. Degoription: Bauxito, limostone and soda together with concentrated soda liquor
from ovaporators are wot millod to a sise of 175 mesh in a slurry with maximum 40 per
cent free wator content corresponding to following chomical composition: limestone
to silica is calculated -
for etodchiometric composition 20&0:8102
soda to alunina and faorric oxida:

for stoichiometric ratio 1Na. O31A1 O3 and 1N32031Fe2 3

49. The slurry is sprayed by pumping at 15-25 ata into the cold ond of the rotary
kiln and sintered at 1,200-1,300°C, Silica is bounded in the form of little solublo
dicalcium silicate. Soda roacte with A1.0. and Fe 3 present in the form

273
Na 003 + R203 2NaR02 + 002

50. S8odium aluminatos being in hot water botter, sodium ferrites loss soluble. The
cooled sinter is orushed tc a siga of 6 mm and leached by hot wator in countercurront.
The leached rost containing Ca0, 8'102. F0203 ie as a wasto "brown mud" pumped to
deposit.

51« Presh liquor with alumina content 130-160 g/litre and osustic mol ratio Na ,0/A1 204
1.6-1.7 is desiliocated in sutoolaves from silica content 8-10 g/litre to 0.4 - 0.7 g/

litre, the white mud of sodalites is removed Wy control filtration. Clear liquor is

precipitated Ly washed gas from rotary kilmus corresponding to the reaction 2Na.A10

+ 300 + 00, = 2A1/OH/3 + Na,C0,.

52. The "carbonised" alumina hydrato is filtered, tho filtrate represoenting the soda
solution thickened in evaporators and recirculated to sinter charge proeparation.

Daracteristics: The process ie littlo dopanding on the bauxite character, dia~
sporitic bauxites have advantages in slurry preparation, gibbisitic beuzite temds to a
gelatinous slurry with elevated wataor contont and deoreases the rotary kiln capacity.
The doorease of alumina yields with decroasing MBi is substantially slower than at

Bayer.

54. High quality limestone with minimum silica and Mg0O oontent is necessary. Mg0
forms insoluble alumina lpinili and has deorcising alumina yields. High quality fuel
or coal with low ash content and sulphur content of 1 per cent is necessary. The
presence of sulphates complicates sintoring ty gluing the rotary kilns, at the same
time the soda loas is elevated.

55. If aluwmina is only desilicated Ly autoclaves, a high siliocs contont in the final

product, 0,20-0.25 per oent 8102 must be axpocted. To produco an alumina of Bayer
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quality, i.c. with <0.06 por cent 8102, a socond dosilication stap by moans of stir-
ring with limo or limcstono addition must bo performed. Vanadiwn prosomt in the
bauxitc is lost in brown mud in the form of calcium vanadatc. Tho total heat con=
sumption among thc diffurent special tochnologics for low-gradc bauxites. Skillod

porsonncl for the supcrvisior of rotary kilns, tarbo-compressors otc. aro neoded.

56. Improvomonts: Tho process oconony is deeply influonoad by the specific heat
consumption par ton sintor and ty tho charactor of sintor granules for loaching,
parallol oxistence of tho particles, for example, 6=10 mm sizo and dust makos tho
conditions of loaching unoqual. The coarsc graine aro unleached; at tho seme time

the fino particles are a source of unwanted sido reactions.

57. The Montocatini Uompany published an improvement of -tho sintor procoss in which
the dry sintor charge is pelletizod to a uniform size of 1-3 mm, gintorod under
addition of 3 mm carbon particlus on grid or DW belt. The sintored pollots arc
leachod without grinding Ly agitation in hot caustic and dosilication is roalisod
under normal pressure by mcans of stirring with Bayor rod mud. The brown mud from
the loaching stop hae a Na,0 contont less than 0.8 por cont. Tho extraction yiolds
of alumina reprcsent 90=-92 per cent for oras with a medium content of 8102, and
87-89 per cenc¢ for oros with gilica contont of 10-14 por cont. The authors insist
that tho total Na20 losses will in no case oxcoed 45-50 kg/t .'11203.

58. Total heat oonsumption pa ton of alumina in trihydrate form roprosonts 3.75 million

kcal, distributed: 0.25mildon kc.l for ore drying; 1.24 nillion koal for avapor.ting
tho wator usod in sintor loaching and washing, and 2.25 million koal for sintering.
The hoat consumption por ton of nintor at this process is 0.80-0. 85 million koal, Tox
a daily production of 100 t alumina, two Grecnawalt pans of 30 m:2 arc noeded.

59. The ofuipmont is suitablo for a middle-size production. The oa.pite.l coctl are
roducad to 60 por cent if compeared with Boyor and to 40-45 por cent if compared yith
the classical sintor procoss basod on rotary kilns. With Buropoan bauxitos tho coet
of alumina in the pyrogonic aluninatos should bo 20 per cont loss than for Bayor
process of alumine, if causticization coets arv takon into aoccount.

60. Thore can bo somoc critics on tho consumption data and the simplifiod too!mol.og
because tho Montocatini process doos not work as a solf-roliant pure sinter plant,
but purallel to the Bayor procese. In spito of all that, the publishod Montocatini
report contains 2 numbor of rcasonablo improvements, important for tho furthor de=-

volopment of the sintcer procoss.
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61. Lot us ovaluato some charactoristic date for tho classic sintor process, work-
ing a8 a solf-proliant circuit with rotary kilns for illustrative scalc of bauxitos
with docroasing quality from 151 8 to 1181 3, idontical with that of Bayer. In tho
oxamplo we put the hoat consumption por tmaf sintor 1.3 milliom kcal. (The latest ime

provemonts of camont works rotary kilms publish tho heat consumption ¢0.3 million koal
per ton of aintaor.)

62. Wo will oalculato with molar ratios: 20&0;8102

and /mzo3 1-‘0203/:8102

and wo will take into acoount that 15 pcr cont of tho sintor woight is recirculating
in tho form of rovorsibleo wastes (dcsilication sodalitos, sulphatos, dusts otc.).

Thon:

184 8 1 (] a 5 a
xu,‘,o3 ohamical yiold i3 86 85 84 83 81.5 80
Na,0 cons. kg/t A1,0, 83 87 91 100 120 140
sintor t/4¢ AL,0, 3.6 3.9 4.0 4.1 4.5 4.9

63. Taking into account that the hoat comsumption of tho sinter procoss wet line
doos not substantially diffor from Bayer and thorofore taking for total heat com=
sumption the sum of hoat nocessary for sintoring and for tho wot line:

Hoat for sintor million kcal 4.9% 5.1 5.2 5¢3 5.8 6.4
Heat for w. lino " " 2.5 2.5 2.5 2.9 2.% 2.%
Total milMon koalA A0,  T.45 7.6 7.1 7.8 8.3 8.9

IX. THE COMDUIATION METHOD

64. W Low=-gredo bauxites arc digostod with coustic soda as in tho nosmal
Bayer procoss. Tho rod sud from Bayor process is washod in two to throo steps and
filtared, part of tho rod mud dried. Tho rod mud with corresponding roduced hwmidity
content is procosscd aftor adding limostonc of limo and calcinatod soda in sintoring
procoss. Tho sintor from the sintor procoss is leached in ball mills, the alwminate
liquor is comnoctod with liquors from Bayor digestion and alumina procipitated y
decomposition. The sodium carbonates from Bayoer aro csustioised in ainter procese.

65. The main part of alumina (75-85 per cent) is produced in tho Bayor lime; the
sintor lino is installed in order to avoid alumina and soda losses in the rod mud.
The high rocovery of alumina and soda is a rosult of two gradual steps. If in tho
first Bayor -t;:p, for oxample, the recovery will be 70 por cont and tho loss )0 per
oent, in the second sintor stop with the recovery 70 per comt (from 3O per cemt =
21 per cont) we can reech a total chemical recovery of 91 per cemt.

b e gk b p sl ® o e 8 2
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66. C t icg' Por bettor imagination lot us ovaluato deta for bauxito scalo
idontical with that of tho Bayor and sintcr procosscs:

MBA 8 1 ] 2 4
Total alumina yiolds 94 93.5 93 91.5 90
kg Na,0/t A1,0 45 48 52 58 75

8intor bulk t/t A1,0 1.2 1.3 1.4 1.6 2.0 o4
hoat cons. total ﬁii. kcal
por % A1203 4t1 4-2 "3 405 501 507

for 1.3 mil. kcal/t sintor and 2.5 mil. kcal for Bayer line.

67. Hoat consumption is betwcon that of tho Baycer and sintor procosses; the rocovery
of alumina and soda is lass influoncod by tho bauxits quality doorcaso. Tho advancos
ero paid Yty high numbor of tochnological stops, which moane oxpemsive cquipment. The
sodimontation and filtration propertios of Bayor rad mud aro very inmportant. In a
positivo case tho numbor of washing etops cen bo substantially roduced, or practically
eliminatcd. The filtration is oxponsive. For o nofmal rod mud filtration a drum
filtor with an officioncy of not moro and 50=80 kg dry ca.ko/nz. hour can ba oxpactod,
which means for oxanplc at !Bi 5 a specific filtration surfacc of ”-2 for ow ton aluwmina
hour capacity. Tho prosonce of oclovatod irom contont doeg not complicato only the
filtration, at tho samo time tho loworod molting point of tho chargo for rotary kilns
pakos troubles in prosossing thcm. Somctimes tho charge of rotary kilns must bo ro-
froshod Yy addition of bauxito to the rcd mud (at wcight ratios 1:3 or 1:2). Thore-
foro the sintor bulk par n of alumina can incroasc to 140-130 por cunt and rosults in
a paterial flow not difforont from pure sintor procoss. '

68. Tho loaching of sintor with low alumina and soda contont at hoightonod Bulk of
silica and iron oxidos must Ye accomplishod undor cnorgical conditions. Tho oonbi-
natim mothod is, in oomparision with othor procosscs, charactorisod by high tochnolog-
icel floxibility. Tho gradual combination cen be, with rolatiroly little capital
inorement, comvortod to parallel DBayor-sintor procosc with the production incroase of
20-50 por cont duo to tho rod mud tulk, which was convortod from two stops to ono

stop processing and roplecod by frush beuxitc for sintor process. For this roasom,
undor normal conditions if good quelity bauxitos are availablo, tho combinatiom mothod
is appliod as 2 parallel aystom.

69. Improvomguts: The Kaisor Company has patuntod a procoss with spocial Bayer
digestion equipmont, allowing for concontratod sodium aluminium silicatos inm tho fora
of pollots, dedreasing tho sintor bulk. The main part of iron oxidos romains in the
Bayer rod mud in fime suspension, which is not subjoot to two-stop gradual procossing.
Furthor advantages in the filtration and drying of pollots are ovidont. Roplacomomt
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of tho filtration of red mud by sottling and drying in opon basins undar suitablc
matoorological conditions hes bocn rooommendod. Improvements of the sintor procuss
described bty tho lMomtocatini Company and tho improvemonts of rotary kilns dosign are
also of intorost.

70. Dggorjptiop: The procoss consiots of iwo perellol production lincs, the Bayer
and tho sintor lino. The Bayor linu is dcsignated for good quality bauxitcs, the
sintoring lino procossos lowe=gradc bauxites Wy pyrogonic attack with sodium carbonate
and linostonc. Sodium carbonatos from Bayor arc added to tho frosh soda portion
nocaessary for componsation of logsos and horoly cousticizod. The aluminatc liquor
froa the sintor linc is connocctod with the liquors from Daycr snd decomposod to
alunina hydrate.

T1. Wg: Tho parallol Baycresintor process as a wholc is simplor than
Bayor and sintor procossos working individually. Tho causticisation of sodiun car-
bonates gonoratod in Bayor is roplaéod Yy sintor procoss. Wot causticization in tho
puro Bdor procoss Ly limo addition is conncoted with an alumina loss in thc form of
insolublo calcium aluminato. In tho causticisation Wy the dry mothod of sintoring
thoro is no alumina loss.

T12. Tho proportion of alunina flow in cintor procoss aluninetos to Bayor lino alum-
iufo- is dotormined by tho quantity of sodium carbonatcs to be workod up and ropro-
sents mostly 1.5-2:10. Bocausc thc ratio of aluminatos from sintor procoss is rola-
tivoly low, thay can bo prooipitated Ry decomposition; honce the oxponsive
carbonisation and prossure dosilication is not nocossary.

73. At tho samo timo tho cxistonco of parallol Bayor and sintur linc enables rolieble
oxperiment in prooossing low-grado bauxitos ky thoe combination mothod without axcos-
sive capital risk. But if tho combimation procoss will bo reslised, it must bo cal-
culated with a capaocity loss in alumina in rotary kilns (A1203 contont in sinter will
decroase from 15 per omt to 10-15 por cont) and oapital incroment in tho rod mud
filtration and for brighteonod capacity of rotary kilns, which must bo able to procoss
all ths red mud. The parallel procoss should also bo proforred if the calcined soda
is choaper and nore easily attainod than the oaustic, and if tho bauxitos show an

increased content of oarbonatos and orgunioc matter.

e L . Bt o
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XI. THE DESILICATION PROCESS

74. Desoription: The dosilication proocss consists of throc linos. In the first

line from low-grade bauxito after roasting at temperaturses 600-1,050°C (for activa-
tion of silica and inactivation of alumina) silica is laached by dilutod caustic or
aluminate liquor. In the sccond line the filterod cake of dosilioatod bauxito, which
is now high-grade, is treated by the normal Bayor method. In the third line from the
dissolved sodium silicate soda is regonerated by moans of pre.ipitation dioalcium
silicate with limu addition, or if silic dissolved in caustic sodium aluminato,

eodium aluminium silicatc is preoipitated by sodalitc mud addition. Tha tomperature

of bawxite roacting deponds on the form of regencration of caustic from sodium silicate.

75. 1If rogonerated only in wet proccse by lime addition, thc loss of alumina dis-
sclved in the dosilication stop is irreversiblc and thorefore the roasting is per-
formed at tompoeratures 1,000 to 1,050°C to make aluminaz in bauxite less soluble. In
the sacond case, if dogilication hae boon purformed by caustic sodium aluminate,
alunina is precipitated with sodalite inoculation, sodalitc filtorod and procossed

bty sintering with limestone. Horc is minimum alumina loss and thercforo tho baugito
roasting can bo performed at temporatures qf 600 to 650°C,

76. In both oases tho caustic aftor filtocring tho caloium silicate or sodalite mud
is reoirculated to the desilication step. If roasting at temporaturcs undor 1,000°C
and higher is made, 65~68 per cont silica from low-grade bauxite can be oxtraotod;

if roasting is madc at 600°C, tho recovory of silica is highor and reproscnte 75 per
cont. In both teohnological modifications of dosilication it is nocessary to reocover
the silioa by milling bauxito with caustic and by long stirring (5 %06 hours) in
diluted alkali.

17. chargotorigticg: The doeilication method is subjeot to a numbor of patents
which recommond differont alkali conoentrations, temporatures, stirring times, or
two-step silica oxtraction with concentrate;l and dilutod alkali. In spite of that,
all the dosilioation method has not beon appliod for large-soalc production, and some
of the tochnologioe recommonded by patonts have failed on exporimental investigation
bocausc of bad filtrability of dosilicatod bauxite.

78. There are more sorious oomplications in tho principle of the desilication method.
The matorial flow of bauxito roasting is the same, or greator, than sinter bulk in

tho combination method. Tho high roasted alumina must bo digestod at high prossures.

The sottling proportics of rod mud from desilicated bauxite after Bayor digostion will
be a source of trouble if bauxitc in the desilioation stop has boon over-milled. The
material flow of desilicated bauxite to filtration will be doublod compared with the
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rod mud flow in the combination method. In desilication porformed by caustic soda,
which is regenorated Wy limc, about 10 per cont of alumina presont in tho bauxite .
will be irreversibly lost as calcium aluminato. If soda ie rogonarated bty sintering
of precipitatod sodalite with limestons, tho bulk of thc sintor will be roduced only
to 50 to 60 per cent if comparcd with the sinter bulk in the combination nethod. Thise
docroass cannot sottle thc complications connccted with expensivo equipment and the

high numbor of previvas dosilication stops.

79. A oomparison botweon desilication procoss, combination method, classical Bayor,
and parallel Bayer-sintor procosses has bcen made by Hungarian spocialists. The com=
parison was based on a combination of laboratory tosts, practical uxperionce and cal=
culations. The comparison was madu for domestic bauxitc with MSi 6.65 of following
analysis: 41,0, 51475, 8102‘7.77}'3, F1,0, 22.87%, Ti0, 2¢5/% It is useful to eito
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the rosulte. The syrbols used arc:

1B .= Normal Bayer prooass

2C Combination method

3P Parallcl Bayor-sintor procaess

4D8B ~ Dosilication_ by aluminate solution
and rcogeoncration of soda from soda~
lito by sintoring

S5DL = Dosilication Yy diluto alkali and
wot rogencration of soda Qy lime

Proogoeing mothod ; 2 aF Fus

Consumption pexr t A1,0.:
bauxite ¢ e 2.75%
8.3/ !

NaOH kg 103.5
Na,00, kg 170 -
Ca0 kg -
CaCO, kg

8tean 70 (e:a) t

Stoan (4 cta) ¢

01l for b, roasting kg

0i1 for sintoring kg

0il for A1203 caloination

0il total kg

El. onergy Xh

Alunina yioclds for plant %

hzo loss for plant kg

D ~To sinter lime

For Bungarian perice lowel, productiom costs arc incressing in this order: oombinatiom
mothod, parallel Bayor-sinter process, classical Bayer, desilioation mothods.




ID/NG.11/5
Page 26

XII. THE PONOMAREV METHOD

80. Doscription: 'fhe mothod was proposed aspocially for gibbsitic bauxites with
high silica content. Tho bauxitos are extractsed with Nazo liquors of the concentra~
tion 450-550 gW&c under norwal prossuro and temperaturos of 100 to 130°C for
five to ton minutos. Total eilica contont is dissolvod togethor with alumina, the
filtration cake being rich in iron.

81. Dosilication of aluminate liquors is proposcd to bo made by lime addition at
temperaturos of 220 to 250°%C in molar ratio Ca038102 1:1 for ten to twenty minutos.
The purifiod liquor is avaporated to 500-550 g NaZO/litro and the natrium aluminate
crystalliged in solid stato. The solid sodium cluminate is dissolved in woak liquor
and alumina trihydrato ie precipitated by Bayer docomposition,

82. Moro dotailed characteristics of this mcthod cannct be given, bocause thore arc
no data from large-scalc processing available. Tha mothod is subject to laboratory
improvemonts; the present sbort reaction times are intereating. It is not possiblo

to say exactly if the advantages of this original mothod will balance the problems
and iroubles of processing oquipmont with axtromely high caustic concontrations and
liquor gradients among the differeont staeps of the process cirouit. Tho low saturation
of caustic by alumina at digestion (caustic module Na,zo.;_ltlzo3 12) is also problematic
from an ocononmic standpoint.

XIII, GH- TUBE_AUT

83. Description: This nowost mothod is basod on the fact that the roaction velooity
of dissolving alumina in caustic is incroasing oxponentially with the digostion tenmp-
orature so thut at tomporaturcs of 290 to 320°C a digostion time of only five to ten
minutos is nosded. Tho tube autoclave construction i baged in the oxporiance of the
pipo-style procoss known in oil rofineries, and on the oxporicnco of high=procsure
pump construction. The technology is basod on tho thormal Bayor circuit.

84, Tho oaustio-bauxito slurry with molar ratio Na,01A1,0, 1.35-1.45 is piped at
100-110 ata into a tube in tube countorcurrent hoat oxchangor, from hore into the tube
boiler which is hoated to temperatures 290 to 320°C (dopending on the solubility of
the alunina form presont) by means of dircot heat or salt bath. Aftor the
nocossary reaction timo, the slurry returns to the hoat oxchangor and is coolod at

11Q to 120°C, the pressurc is reduced by a reduction valve. The cooled aluninate
liquor with rod mud sugpension is adjustod by »ld liquor from decomposition to a
neoossary caustic modulo (1.6) to avoid hydrolysis in rod mud sottling and washing.

Cloar aluminate liquor is procipitatod by docomposition. The VA:. Compnp, roplaced

L
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the countorcurrent cooling of autoclave slurry by direct expansion undar normal

pressure, the system functioning on an evaporator, which must thun not be scparately
installed,

85. Characteristics: A high-prossure tube autoclave digestion brings into the pro-
cessing tochnique a number of significant advantagos, ospecially for bauxites with
heightened iron and silica contont.

86. The chemioal loss of alumina repreosents 0.95-1.0 kg A1203 for each kg of silica
content. For high-grade bauxites the alumina loes is somewhat highor and ropresents

1.1 to 1.2 kg. Diasporite is dissolved without special tochnological means by con-
contrating tho caustic liquor,

87. The presence of an olovated forric oxide content in limonito, goethitc and hydro-
goothito - dangerous iron modificatione for classical scttling and filtration

equipment - is here noutralized Ly dehydration of forric oxide hydrates at alevated
tomperatures of the digestion. Tharofore thy voluminous sottling oquipment can be
replaced by washing in drum filters, which means economy in water consumption. Water
oonsumption can be reduced to 50 per cent if compared with the wator consumption for

rod mud washing in the classical Bayer process. Hency tho economy of heat for ovap-
orators raosulta,

88, A further source of heat cconomy is thc possibility to perform the bauxite di-
goestion with low caustic concontrations of 140-150 g Nazo/litre, against 230280 g
NQZO/litre in olassical Bayer. Becauss no concentration gradiont between decomposi-
tion and digestion exists, ovaporatior. is not necessary. The high saturation of
oaustic by alumina to ratios 1.35 to 1.45 in oontrast to the 1.7 caustic module in the
classic Bwbr procoss reduccs the bulk of liquors circulating in the digestion step to
65 to 70 per oent; a less liquor volume per ton of alumina must then be heated. There-
fore, the total heat consumption was 0.4 rillion kecal per ton cf alumina reachud; at
the same time a significant simplification of the technologiocal cquipment rasults (0.4
million koal for high-grade Bayor bauxitas).

89. The ongineering tochnique of this new processing mothod is not fully ripe. There
are problems with the service life of high-pressure pumps, roeduction valves otc., but
their romoval is a question of experience and timo. However, the rolations:

low-grade bauxites = low alumina yields = high soda consumption
or

high alumina and soda rocovory = high hoat consumption
= high number of teoohnological oquipment,

valid for all precedent methods, are Yy high pressure digestion finding their solution
ty radical decrease of heat oonsumption and oquipment simpliocity. It can be oxpeoted,
that in the future it will be possiblo to procoss alumina from low-grade bauxites with
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satisfactory yiclds at hoat consumption not exceeding 1.5 milli-= ‘tcal/t alumina,
which ropresente the data of very good contomporary consumption of the classical Bayor
procese applicd for high-gradc bauxitcs,

Utilization of thc re¢d mud an. d tion
wastos from low-grade bauxitgs

90. Thore oxists voluminous patent literaturc about the utilization of tho rod mud
and digostion wastcs. Tho main attompt is made for utilization of tho iron substanoo.,
If we compare the motalli'c iren contont in red mude or other digostion wastos (undor
30 por cont) with tho metallic iron content ncodod for cffootivo iron and stocl pro-
duction (above 55-60 por cont), it can bo notod that thero is little or no chance to
balanco the total alumina producing cconomy with the rod mud procossing if the previous
stagos of tho alumina production arc cconomically unbalanced. The valuc of the rod
mud and digostion wastcs can therofore be takon into calculation only in very rare
cascsy if a hcightonod contont of valuable c¢loments, for oxample, V, Ni or Co czists.

91, Tho same can be montionod about the utilization of digestion wastas for oemont
production, whurco tho prosuncs of alkali, sulphatos, iron contont togather with low
hydraulic activity of the mono and dicalcium silicatcs make the application of thaoso

wastes problomatic for coment works.

XIV. CONCLUSIONS

Tochnologic conec i0

92, From tho givon survoy and data it is cvident that for aconomical alumina procnning
from low-gradc bauxites the Bayor lino reprosonts a fundamontal proocss unit, the
sintor line an auxiliary and complomontary unit. Thc bordurline quality of bauxite,
for which tho Baycr line can oconomically be appliod,mst in cach individual case be
astimated by a combination of tochnological exporimente and cconomical caloulations.
The trond shows that bauxito undor quality limit is gradually roplaced hWy the Bayor
procossing tochniquo in the diroction of dccro'auing silica modulos of bauxito. The
quality limity boing tho limit for thc tochnologiocal and economic possibilitios of
wot digestion, and whore it ie noocasary to apply a solf-roliant purc sintor process,
cannot today be dolincated with cortainty. Tho roason lice in the fact that low-grade
bauxites have not yot boon fully obtaimed and oxaminocd for all tochnological and
oconomic applications of ths high-prossurc digestion tochniquo.

93. At presont it is ovidont that in tho heat consumption sono the disputo is dofj.-
nitcly dutorminod Yy high=-proesurc digestion, bocause for the sintor process a hoat
oonsumption of 750 kcal/kg sintor roprosonts oxtremo construotion possibilitios and
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cannot be furthor substantially reduced. Thc same can be said if comparing the oquip~
ment oxtent of high-pressure with sinter digustion. In such a situation a docision
without risk can only be mado in the oases whorc tho natural and oconomic conditions
allow for the installation of tho Bayor line as a fundamental processing unit.

94. The decision about the instellation of the classic combination mothod, ospecially
the pure self-reliant sintor process, is theroforo problematio. A satisfying answer
will be given in tho next few ycars. The installation of the auxiliary sintor unit
remains fully ontitled for tho caustioisation of soda for or from Bayor procoss, and
this method cannot especially be roplaced for bauxites with hoightoned carbonates and
organic mattor comtent, and whareo oalcined sods is cheap.
L Hlaniatsnshiian
95 The comploxity and mumber of factors influoncing good ccoonomio results in pro-
cossing low-grade bauxitos shows that tho right decision oan in no case bo made in a
fow days, but after a thorough study and analysis of all important questions, for
which a minimum oI two yoars® time before dosign starts is nooded. The study and
analysis of the mentionod problems should thercofore bo startoed in actual ocases without
time loss Wy a fow qualified domestioc ongincers. This group should have an opportunity
to consult the completenoss of invostigated questions with a noutral specialised
organisation, further to loarn tho practice of alumina producers, which work under
similar conditions, to realise at specialised institutos tho modol and pilot scale
technological oxperissmts and to discuss the rosults and conclusioms with s Imoviedgable
group of noutral specialists. Even in the case of alumina procassing from domestioc
low-grade ores, a remarkable effoot for the dovelopment planning oan be won, because
the data necessary for the evaluation of alumina processing possibility are valid and
of interest for the chemical, coremic and metallurgical industries.
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