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SUMMARY 

The Bayer process known for about Oo veam   Vw m»•. „<« „v,- i 

which    accordi^ to th.ir tri- or monohydrate character, îwo ¡Sci?Te varions 
have been developed, namely Furopean and American.    Substantial th«.^?Î« 
fro« another only in their temperature and conceniraUon TÀÏt ons" bot£ Ídant 
themeelves to an increasing extent to the quality of bauxite proceed! * 

From the metallurgical point of view alumina production mav be ensid^a • 

:?rreC^ R
ChTt9riZ6d by tïe effici^ * the Cocees, iti sp    i      6 " sump^on 

?LïnâctorTarrLrf '  " ?? í ^ "teBt °f «P-«"^ capital  investment, mese iactors are determined by the technical level of the realign• «r +vl 
cess and by the bauxite composition to be processed.    TÎ   B ^ "o^ss    s    sseT 
tially a solvent circuit,  energy consumption from which is de Lined the e*3" 
of temperature difference brought about and the efficiency of cíuníer-curroí   hit 
recuperation     Thj latter can be realised with continuousíy operaUr"  «qíimen 
only.    A further important condition of its rentabilité is the sele -ion ¿Híl 
capacity equipment units as well a. the realization o/a te   no "Íic¡    opî nu^' 
In plant, operating with up-to-date technology the effect of the SSx^ï mSuiy 

ÎÏ ; 8!n;ítÍVe t0 the efflci«n<* of «'• P•e«s and Us te hnica -cconomÎ    ' 
tMB

rACí:;i:írCBd irr^Tv' ?*•^* develop of ^,1: rs^,, this,  however, does not apply to alumina recovery and caustic soda consumption. 

Taking into account the ever deeper knowledge of pr.-.cesn rhr-mi'tm and the 
development of investigation methods it may be expecteS that on Ihe ba^s o 
laboratory investigations more and more accurate confluences will be drawn as to 
the expected technological  behaviour of bauxites,  an« this will  pave thlway Vr 
iTcnSlf   nr°Ve?      I f th! technol^ical  Process,     flu- effect of mineral modifica- 
tions of aluminium hydroxide and of silica and titaniun- -onde r* option chemistry 
may already be considered to be cleared.    Iron oxide modi ( ic,t U.nu have first of 
all an inlluence on red mud settling, appreciation of which should net be negiec- 
aííílaií.'ÜfíÍ! •1J*i58t^n °r °ther "»Purities,   industriai solution» are already 
available at present; furthermore recuperation of valuah o elements  (,'e, V,  y, Ga 
río^t^ indU8Íríf 8Cale iB a1** «lved.    Decomponeva kinetics,  w/uch in the 
recent past was still considered a "difficult art",  may    fc set in equations. 

In the course of alumina production large-size cqv.iMne:it serving the exclusive 
purpose of alumina production has been developed.    As a further means of deve^op- 
ÜTril  intr°ductl0n of autogenous bauxite milling has also been taken into   considér- 
ation.  Continuous digestion at high temperature ensuring a /-cod heat recuperation 
nas been realized, and in the near future introduction of di/restion over 2500 c may 
be expected, perhaps in the for« of tube digestion,    ror the settling of red mud 
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2T^Í^JÜwlinf *;*• ?f *> *° # . rf ara uaad and for ih« filtration of rod 

*2J-   *\^ ^   iBt0 ••rvie«»   *»• P«oun»tic autoaiiad prasaura filttií aupply 
•dwatoly tranaportabl. atorabl. rod »«1 with * .oi.turî contont üloT^r 

í2oooIïI•ì2!^^^of#.,,îî^•po?itfw,, t«ch»°i°«y •«• ««1^ m th. mer.... 0f t«*. 
li?f^tî^ !h».^rth*r *" ** oontlBttl^ of 0P*«tion «ad th. raaliaatio» of air- 
aínt îf ÎÎÎÎ2L! îï î0" •n#rf? co~u«?tio»-   I» ovaporation tho trand of davolop- ••nt i. likawiaa an incraaaa in «is« (up to I4OO «2 corpua), UM«I of aixad or 

utiliaMion.   Por oaloination in ganaral furnaoaa of a lantth of 75 to 110 m ara 

E£î \7 "* I•?•"" •»««•• «»ich fro« th. point o/TETcr ïïtonaUoa and 
opti.ia.tion of tha prooa.. appaar to ba of daciaiva i.portanoa. and thuathï 
aluaiaa pUnt. raaohad tha .ta«, of raali.inf oonputar control. 

Fro« tha taohnologio*l point of viaw prooaaaiac of poorar quality oraa and 
reparation of ujaful oo»pon«,t. (*, n   .to.) St. oirtain attantioT * 
aaana of aquiprot d«valopm«itt automation a. wall aa coabitar oontrol. anar», 
«orklac hour, and unra.ta.nt ooat. hav. oaoraaMd oowidarably, howmr, daWlop- 
•ont do*, not .tand .till and in tha »aar futur. appraolaMal^rnay U 

1 
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'UALSiLLüHiL 

1.  At preeent «boat 95 por cent of the world* • «lumina i» produood on the basi« 

of the Beyer proce«« known for about 80 yean. This proeaaa la baaad on the 

aliaation of K.I. Beyer that tht raaotion 

A1/0H/. • MaOH • aq NU102   • *q 

la revmraible.   Tha diaeolution raaotion la endothemal (11-12 Mcal/mol A1.0 ).   Bj 

••ana of temperature and NaOH-eoneentration variation tha raaotion can ba laad la 

ona dlraotion or anothar.   Tha basic principiti alabo rat ad by Beyer nave not irhenr 

aubetantially, but tha proeaaa itaalf, in keeping with tha «onerai advanoa of 

technique«, undarwant oonaidarabla development, aa pac i ally in tha laat 25 year«. 

Thi« paper endeavour« to suonariis tha experience« characterising tha present 

technical lavai of tha proeaaa, firat or all tha chemisa of the individual proce- 

dure», eharaoteriatie phase« of technology, development of the noat important 

equipment and tha possibility of automation.    Reference la nada to tha trend of 

further development of aoae presently aooepted solutions. 

2.     Tha Bayer process lenda itaalf to tha prooeeeing of high quality bauxites. 

However, if combined with additional technological eleaents, processing of bauxite« 

with high ailioa content and aona other elumiita-oontaining orea nay ba taken into 

consideration by thia nethod.    Acoording to tha trihydratic (A1/OH/J or mono- 

hydratic   (AIO/OH/)  character of tha proceeaed bauxite, two eharaoteriatie variant 

of tha process are known*   ona la often called tha American process and tha other 

tha European.    Technological flow-eheete of theee two prooaaaaa are practically 

identical (figura l),   and only températures and conoentration-ratios ara «abatan 

tially différant.   Within tha two characteristic variante several solution« have 

bean developed regarding individual technological procedures, taking into ooneider 

atton tha raw material aituation, priée conditione, technical level and other 

circumetanoee given,    fhue for inrtano«, oauatio moda loeae« are made up by uaing 

laOH or both Va^ and lima. 



ft«» 8 

*.     Ik* production of *lu»in* fro. th. point of vi« of th. «wtfaoturt of 
•1-inio. « ft .^iu^io.1 prooM. ^ p. ^^^ to ^ , oh-Bioal wi 

it. obj-rt b.U, t. .lUi„.t. .ooo^jru, oont.rtn.tio». ft« A1,0, i» th. 
b~it. .* to r~*r it .uit*l. for -*.llur*lo.i proo-i»*   Vu ^^ 
pro.^. it MOT firrt of «u b. ohwwrt.riMd by it, .ffioionoy (A190, ^O^), 

- th. «tont of n-ifio o.pit.1 invot-nt.   Effioi.noy of th. prooo.. ^ 
•Pacific «tili-tion of r.Wt. M „a M th. «t.»t 0f th. «.cory flr* la_ 
*"W i. «*.«*»* by th. co.po.Uion of b««it. to b. pr^.Md, that i. it. 
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•ilio« content and to a certain extent its iron-oxide content.   Tht technical level 

of the rMliMtion of the process and energy oonsuoption determined by the latter 
aro also determining factors. 

4.      Essentially th« Bayer process i. a solvent-circulatin* circuit, energy consump- 

tion of which i. determined by the oxtont of temperature difference« produced and 

the efficiency of counter-current heat-reoovery    (figure 2).   However, counter- 

current heat-recovery oan be effectively realised by the use of continomi^  oper- 

ating equipment only. This is the reason for endeavouring to render some of the 

operations of the process continuous which has proved to be highly successful in 

the recent past.    Another important condition to render the process economic is the 

choice of hish-capaoity equipment units as well as a better approach and conserva- 

tion of the technological optimum which is efficiently backed by automation and 
rtuite recently by the use of computer*. 
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5.       1« tht «O*** of MO«! y.« «* Mp^ ^ ^ M 

Wo» ^^. ol^arfaia, t* a^oaa. ^ „^ ooa.ldmbl# l|BW. 

of tha fact that tha bawdto ««li*. 4. ». "** *" 1,Ä ^««"»a*, 1« •»«• 

•taadily da*ZL,   *!^ tachaloal^oaaoaie ohamrtartatlo. i. 

in^oTljr     ^ '^ ^ * ~*~ to th. OOa.14^1. 

fttkU 

*P»ljrtaf to 1 t of A120. 

SiO Bauxit«   Caaatlo   Stow 
(diy) 

Prior to 1939 
At avataat la 

plaata 

ooataat 
******   Haat   Moridaff   Total 

«ill. Plant      hoar« 
kNa      oal. 

<3        2.2 85 8 

5-7        2,5 120        3.5 

2 rata» 

325        2.8       14 

240        1.3        3 

26 

8 

1/Far la »•»•»thaala, aaa Mbllofraaay. 
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6.  It anoold ba 

of tht •ilio« oonttnt 

(*y)f- 

that th. bauxit« oatutio «04« oouanptioa M a function 
ba axpraaaad by th. following «iaplifi«d foraulaat 

A 
8 

- A1203 $ in ih« toraci*« 
- 8i02   i in th. banxit. 

LA *••*• hr        -   A12°3 *••*• 1kM l0M#» <**•* ***» da. *o •ilioa. 

At oaa b. ««a, both bauxit. and oauatio aoda oonaanption. follow a hyparbolioal 
law, with an «von ataapa? »lop« in th« oaa. 0f tho latt.r. 

*"*^*->» Oinabar*.*^, Mnnolj, U*»rt *«y.oovf 1UlÄrtlliu. {H^U 

•rtraoti,» *tall«r*r (1-8). fhi. paptr MMm iu ^.^ to . ^^ J** 
•oat aor* raoant raaulta. 

8.     Aooordint to tho aiaaral for. of alu^iua-hydroxid., r.f.rtac. i. and. to 
«•ibbaitic, bchaitic or dia.Poric-bauxit... Ho*.•, gMmlu ^^ i9 ottm 

««»»tarad naxt to boahait. diatpora.   If tat qu«tity of boohait. r-p. of 
diaapor. i. rath« notaworthy in tht «fibb.itio-bothaitio „.p. bo.haitio-di.aporio 
or. <aon*what oar %), tha* aix* or«, hav. to ba proc...* a. bo.b*itic mp. 
diaaporlo bauzitM. 

Tabi. 2 «bow. tha ohamioal oo.po.ition of «oa. ehamct.ri.tic typaa of 
b-«itt,   thtir latrai eoapoaition appaar. in tabi. 3.   Ki«.ral eoapoaition ha. 
b*a datar«iaad by X-ray diffraatcaatar (9,10) a. wall a. d.rivatocraph (ll,l2). 
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HttU£ 

(Urna of ortfU) 
Lou 
»if 
miti« 

A1203 Vi 3i02 

J- 
0.6 

Ti02 

8i02 

(1) IadlM 31.8 58.8 1.4 5.0 

oik. 
98.0 

(2) AlCOSlMrlMI 11.2 53.3 28.0 3.1 3.6 17.2 
(3) Or** (diMporlo) 14.4 63.4 14.2 4.3 2.7 14.7 
(4) *i»C*riw (fro. Zcska) 20.7 49.7 19.4 5.8 2.4 8.58 
(5) Batman (fro. Mali»*») 12.4 51.3 25.5 6.2 2.5 8.25 
(0 <*••*: (bort^t«HUMporio) 13.6 54.1 23.1 4.6 2.8 11.70 

"'*•"" - 
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fltt«! 9f fraalltf 

aibbait« 

Boatalt* 

Diaspora 

Caolini** 

Total 

Haaatlt« 

Ooathitt 

»/ritt 

Total 

natilo 

Total 

Calait« 

(1) 

58.0 

58.8 

4.2 

5.0 

Damiti —Dl«. (^ ftf origiB) 

(2) (3) (4) (5) 

 Sui  
51.2 

53.7 

2.7 

2.7 

23.2 
21.6 

60.4 

63.4 49.7 

1.7 1.6 

2.7 2.4 

flafflt 

UOj* 

2.2 

2.5 

0.6 

(6) 

2.4 

43.7 40.1 
10.2 

-ài     —ài£ 
51.3 54.1 

Vi* 
1.4 25.5 tratas 4.9 21.8 12.4 

traoaa 1.0 M. 2 14.5 3.7 9.6 
- 

26.5 14.2 19.4 25.5 

a. 

1.4 23.1 

TiOjSÍ 

2.8 

2.8 

0,6 1.0 
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CL 4^TL     Trt^i"POrle *»*   *» • «—«*«X point or vi«, 

««.Ut.   th. ..H../.T "" "°rth •"•""«•   C«tr«» to 

«o2«>.t^„ri;ai;;::
on' • *ln~ic*icaif°•°fsi°*- 

10.   am.« r...„oh h« Stated inv,.,i(;aUon of „.^^ „  .m      4 

Wuxitw has,  no doubt   «, inn ocurence of thia compound in some 
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CKn<irtnr îf itnmni 

11. Digestion tenperature «id oonpoaltion of digestif liquor «y *, ,#i^t#d ^ 

the bMli of equilibri*« eoiubility of various aluainiun-oxide fon», but It 
stand« to mm to alto taka Into oonaidaration th. behaviour of accompanying 
o opponente. 

12. On baala of data publiahad by Adaewon, Bloore and Carr, (8) figuro 3 ahova 
a^uiUbriua eoiubility of gibbelte and boehnite.    Pro» th« figure, it appaerà that 
for dlgaation of gibbaite-eontaining bauxite«, atooepherlc clreuaatance« ar« 
favourabla too, but in order to dooraaae solar ratio of liquor after dilation and 
to lnoraaa« tha rat« of motion and tha efficiency of th« oiroult an undar 
praaaura work at t«ap«ratur«a ranging up to maximal 145°C ia oft«n praotiaad. 

13. Whan digeating boehaite-oontaining bauxitaa a higher tenperature i« neceeeary 
in ordar to attain adäquat« dictation and circuit affioiancy.    At pr«a«nt aodarn 
plant« ara already working at dlgaetlng taaparaturaa ranging batwaan 220 to 250°C. 

• Il ¿Will *i aratura and tmmriñSGm-SZ 
Wuaerala givan for tha diffarant diagrana ara raora- 
wnting tha ft^O t Al^ noUr ratio7 *^ 

mottmtrm 
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zt    th* *ddtuon °f ** <* "-* «• »-«•. «-por*, r«. 

r;tt err t r-"-'• *-*•to —- »---•--. l-POrtc  l«.tM ^jr  b. dls,rted wtthout . 

at » ~~«    ,        , ^   Mt "^ b' of °°"«id.rabl. importano« 
a« « «««! «auction of tub^t^tlon on m ^^ ^ P°rtan°* 

i.*,Jo   : a one"hour diffe"tion WM
 —"«• »t 24o°o i„ 

<*.. 3 „,.,... .ffTOt.d ; l;;':;":;^;^«« •— 
di••.*<... ^ , «uverçent character of th« 
UMl« e»r„ of bo.^. typ. ^iu.  Uanple. „„„_ f '     , 
diaaooric oh*«»»«*«. /        , ' 4 -^ and 'hat of a •aporie character (.«pi.. No8.  3 ^ 6) is „(cU dißcernible4 

Charaottri*t.^ „nrvea of H^,^ 

! 

*/«r 4/«H*» ***** *«r/o 

EGI?" 

££""   yvauM- imMMH »¿L*m-~      * Mmm$rm KM****,    MM.     *"**9*nmH    mm 

*      3 1 

Grn.0 rm B9*ntr —      _ 

Mito 
1 

• 
**7 

ÊkO 
1 

m 

0 
JÊM 

i*o e* 
t 
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• 15.    In addition to tha equilibri«, aolubility of mineral fon» and tht rate of 

I »lability, tho A1203 recovery of tho Beyer proce.e la determined by the ailioa 

I oontont of bauxite.   Maaoly, tho 8i02 content it tranafoneod into aodiue^uainiun- 

J silicate at tho digeetion at««o and tho aoda and aluainiua losaea bound in tho rod 

and «ay bo calculated on the baoia of the aoo^uaHaluainiwa-ailicate oompoaition. 

Aooording to rooont roaearoh roaulta (3, 6, 7, 8, 15) th. aodiur ^iniuitH-ailicate 

foraod at dilation is of a aodalite etructure having a regular crystalline ayataa, 

lattioo-oonatant which variaa botwaon 8.86 to 8.96 A according to the infiltration 
of foroign iona. 

16. Coapo.ition of aodi«»-aluidniuiMilicata dapanda on tha aolution concantration 
aa wall a« tho digoation t«paratura, but for practical oaleulationa average 

oompoaition «ay bo oharaoteriaod by tho Ka2O.Al203.lt7SiO2 fonrula with auffioiont 

aoouraoy.    In tho «oolitic atruotura of hydroaci-aodalite foreign iona may ba 

inoorporatod not only in tha lattioa intar-apaoaa but aubatitution of Si-atom, by 

Al-atoM la poaaibla in tha Bilicata lattioo itaaif (3).    Cation dafficiancy thus 

davolopod haa to bo oonpanaatad by alkali intake.   Thoraforo Na2o bound in tha 

•odiua>-al\aminiuB>-ailioata ooapound aay aran attain a valuo of 0.7 g/g SiOg. 

17. In ordor to dacraaaa cauatio aoda Ioana», ona of tha practicable aathoda ia 

to add lia» prior to dilation or oauaticiaation of rad mud with burnt lisa.   Tho 

lattor aothod ia applied in Hungary on an industrial acala.    In both oaaaa a 

oaloluaj^luajiniuavhydroailioato    3CaO.Al203.kSi02.iH20 ia formed having an identical 

•tructura with that of 3CaO.Al2(>3.6H20 and Na20 loes ia decreasing (39). 

18. Among tho aoooapanying ooaponenta of bauxite, Ti02 aeriti apooial attention. 

Kith digesting liquor anataao, and to a laaaar extent rutilo, react and an 

uneoluble aodiua oontaining titanium ooapound ia formed inoraaaing tha aoda loaa 

of tho Bayor prooooa.   Aooording to investigations of Ivekovic and Uielac (17) 

hexatitanata pantat it anoto la foraod but in general tha tranafomation ia not 

ooaplota.    <fc ono par oent of TiOg-oontente they ara reckoning with a avallar 

oauatic aoda losa valúa than 1.3 kg *n20/t of bauxite. 

19. HwgarUB raoaarohera (l8) hare ascertained that tha moaeure of tranaforaatioa 

of anataoa ana rotilo into aodiuaj-titanata as wall M tho bond of Ma20 baoide 

digaation temperature and ita duration dapanda fundamentally on both ooncontration 

and aolar-ratio of tho digeating liquor, that ia on tha activity of OH" ion. 
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20. Ai th« difMtion of bauxite, th« reaction of aluminium and titanium minorais 

with tho digacting liquor tate« plao« at différent rato« but simultaneously with 

on« enoth«r.   Sote Ion brought about Vj th« titani» oontant topando on th« 

•samum and rat« of approximation of th« «quilibrium molar-ratio.    If th« solubility 

rata of aluminium minerals is «uffioiontly high and th« deviation fron th« «quilib- 

rlum molar-ratio ia rather amali, at th« «nd of th« alumina solution, ha^ los««« 

du« to Ti02 oontant do not exceed th« valu« of 0.1 kg HagO/kg Ti02 at tha dilation 

of banzit«.    Th« major part of anatas« and «specially that of rutil« ar« generally 

unaltered into th« r«d mud and thus aoda loas of 0.05 kg Iep0/kg Ti09 may b« 
attainad. 

21. On th« basis of X-ray diffractofrrams, th« qualitative phaa« composition aa 

well aa th« h«matitio and goethitic character of th« rad nuda and finally th« 

pr«8«nc« of sodalite and canerinit« phases can b« well determined.    fy- m«ana of th« 

highly sensitive diffractometer the dilation of bauxit« is also controllaci«, a« 

•v«n leaser quantities than U of hydrargillite, boehmito or diaspora are well 
perceptibi«. 

22. R«d mud« shown in Table 4 belong to the aectlons giving a maximum Al 0 
recovery of the digesting curves. 

*tf4f 4 

Sample 

1 

2 

3 

4 

5 
6 

Composition of red muds 
(x. •ray diffractograms) 

Loss on 
ignition 

Al2°3 *2°3 Si02 W02 Na20 

5Í % 

8.9 1.6 

ü¿ < 

12.0 10.5 53.2 

i c • 

1.7 
4.8 9.2 64.1 6.6 7.2 5.9 

12.3 10.0 39.0 7.6 8.0 5.3 
10.0 13.0 42.8 12.1 5.6 10.1 
5.4 13.0 53.1 11.4 5.0 9.8 
8.8 11.5 43.1 9.1 7.0 6.7 

CaO 

12.9 

10.0 
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23. TU« F»203 content of bauxite« variée between extraordinary broad liait« 

(2 to 3055).   Although after digestion Iron Minorai« oan invariably bo traood in 

th« rod aud, their rolo i« «till rather significant.   At tho processing of bauxitee 

having high Po203 oontont th« «poo i fie quantity of red mud i« quit« oon«id«rabl«, 

thu« requiring «urplua equipment and »ore waahing-water.    In addition, certain iron 

minarmi« fiwt of all go«thit« d«t«riorat«« th« a«dim«ntation rat« of th« mud thu« 
oauaing «urplua oo«t« aa wall. 

24. Rad aud of bauxitaa having a high Fa^ oontant may b« tak«n into con«id«ration 

aa iron or«« aa wall, especially in oountri«« poor in iron or«« along with th« 

simultaneous recovery of th« MagO and kl^ oontant« of r«d mud ( 19). 

25. Among th« accompanying alomante a oonaidarabla amount of vanadium, phoaphorua, 

fluorina and gallium diaaolva in tha digesting liquor, alao sulphat««. Cono«ntrat«d 

in th« liquor eircuit th««« components oaua« t«ehnological troubl«« aa wall aa aoda 

loaaaa.    Content« in organic aubatanoaa of bauxitaa b«long among the d«trim«ntal 

contamination« which ar« aaally soluble in the digesting liquor, and «nrich«d in 

th« circuit they may oanae difficulties at aalt separation and evaporation.    On 

account of th« relatively high organic aubetance content« of Hungarian bauxitaa, 

considerable work waa carried on in Hungary (20), but by the introduction of 

intenaive «alt-separation the problema thua arielng w«re e«««ntially eliminated. 

Among the element« mentioned, recovery of the valuable vanadium and gallium 
oontant« had been aolvad on an industrial level. 

frit Of VM mineral opposition of red mud »t matten/ 

26. Th« ««ttling operation and the separation of red mud from the liquor are 

dietinct physioal procedura« th« «ffici«ncy of whioh, how«v«r, depends to a oon- 

aidarabla extent on tha red mud structure and ita mineral oompoeition.    The rate 

of aattling is firat of all decreased by tha eodiua-aluminium-eilicate and 

goethite oontant of red mud but a oonaidarabla part is played by the grain struo- 

tura of the mud and ita degree of dispereity.    In the aattling operation of rod 

mud th« role of iron minarais ia well illustrated by the comparison of settling 

curva* of th« hematitic mud of Hallaba and tha goat hit ic mud of Ieakaesentgytfrgy 

(BltW) (see figure 5)l  as indioatad, the settling tendenoy of the goathit«- 
oontaining or« of laska is considerably worse. 
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AKTMfr/r/c 

eo*rw/rtc 

in «k. ««-MO-tata»*!,,«*.   a» „L*   , T"•*" 1*** thm tta* bômd 

"«^ettriting th« ffivwi nat«rial (8), 



29.   Oao of tao aoat iaportant prooaaaot of tao l^r« prooooa it th« aoparatloa of 
aluainiua-igrdroxido fro« tho oodlua-aluainat« solution, wbioh, in tho presanoo of 
aluaina-aydrato usod M aood, is a orystallisation taking plaoo durine •tirrlag. 
la fact ta« following oqnllibriav rotation la at atakot 

AtfOn/, 

30. Aooording to a oontldorablo aanbtr of 

AlC^Ba   •   HjC 

alualaat« loat 
found la tho fora of ooaplox anion« la tao {àl/<M/ )~ eolation.   Seat oontldor 
only tao axlstonoo of tho aonoaor poatiblt, and according to taon tho bailo 
rotation at tat doooapooition la tho following! 

xAi/ony3 • <Ai/on/4r  « 

oryttal 

(X*1)A1/Cn/.   •   (XT 3 
crystal 

Othor mMfehm (3, 6), point to tho possibility of ooaplox alaminato anion 
polyaorisation whioh, for lattano«, it baood oa tht following foraulai 

2(Ai/oa/4)- » àijoa/j • OIT 

n(Al/0hy4)" ^=± alJOU/jf 

Tho doooapooition roaotlon it tauti 

nj<m/ V^i *W"W*""  *   *W 
31.   Tho rato of doooapooition la dotoralnod firat and foraaott by tho toaporaturo, 
caustic aa^O oonooatratlon of tat oolution, initial Al^ ooneontratloa of tao 
solution, MajCOj-oootont and tao ooodiag.   In praotio«, aowovor, tho aia la not 
only to attain niwlim doooapooition rato bat an adequato grain-oiM-ooapooitioa 
of tao produot io of «iailar iaportanoo.   Tno roa ting of tao ••parat ion rato vá- 
quira« a «ooding notorial of tao finest poooiblo grain-oiM, whoros J   ho filtrati« 
of product-hydrai«, its washing and oalolnatioa oalls for a ooaroor r aia-olM. 
Utilisation of «xtroaoly fino aotlTo taoding hydrata nao aot boooao popolar, bat 
in general for inoroaoing tao doooapooition rato largar quantitio« of ooodiag 
aatoriala 3 to 5 fold of tho ooparatod hydrato i« 
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Th« calcination prooass my «IM U raallsad in a stasa ataosphars at high  

and taaporstura which nay mutually ramali in a fundaawntal altaration of priant 
taehnology (6). 

36.   Raquiraaants of ohamioal parity and phyaioal propartiaa of alunina ara avar 

inoraaaing, aapaoially in tha production of alualniua wiras with fair conductivity 

In tha naar futura ont may axpact ineraasa of oonditions aa ragards phyaioal 

propartias, praouraory signala of which ara alraady appearing in tha racantly 

alaboratad ISO standards aa wall aa tha andaavoura for standardisation in tha 
Conaoon oountrias. 

III.    PROCESS BWHMEERIHO 

Taohnology 

37.    Paraastara of tha two aain variants of tha Bayar procese ars shown by tha 
following data oompltted on tha basis of Barrand's work (7). 

VftEÜßi TlafraTitt« Monohvd^tio 

Digaation tanparatura 105-145 200-250 

Dilating liquor concantration 100-130 1Ö0-2Ö0 ft* 0 g/l 

1.5-1.6 1.5-1.75 

»agO-AlgO^gO ayataa 

33.    In ordar to illustrata tha two diffarant taohnologiaa tha Ito^Al 0 -H 0 

ayataa (4) appaars to ba axtrsaaly sultanía (figura 6t a and b). 

Molar-ratio aftar digaation 

In tha figuras tha Al^ oontant of aluminata liquors ia plottad against 

oauatio Ka^O oontant.   Tha straights starting fron tha origin rapraaant idantloal 
molar ratiost 

na20o   sjoiaa   /   AX^   nol«st or 
idantioal wsight ratios (in braoksts)t 

U2°3   / N*2°o "V^Mtd as U^Oy 

Dilution is rapraaantad by approaching tha origini    oonoantration by dapartis] 

fro« it.    Tha aquilibriun iaotharaa balonging to tha oharaotariatio tanparaturaa 

ara also plottad in tha diagraawj.   Points situatad abovo tha iaotharaa rsprssaat 

auparaaturatad solutions, ablo to praoipitata aluoina hydrata.    Pointa situatad 
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»rus rr   oo,,*"lo,,•• *• ^"' « «A ^«<M ~-p. UMoivM la a proemi is ^ivm to th» diff«^.. *# *w   3_ 
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<•) 
n^7rnrs„  (b) irai« 

Tira 

¿ 

<«M»^ 
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39. In *h» oouree of flashing following digeetion the eolution is concentrated 

along straight 2-3, then follow the dilution represented by atraight 3-4.    Pi».h 

oooiing of alumínate liquor la eyabollaed by atraight 4-5, while atraight 5-6 la 

•bowing hydrargillite separation ooeurring in th« ooura« of th« doconpoaition. 

Fro» point 6, wh«n th« evaporation of th« aolution la aff«ct«d, we g ,t back into 

point 1,    Making up of aoda nay ooour by adding aolid or liquid caustic aoda or a 

oauatio aoda aolution gain«d by oauatiolaatlon of aodium carbonate by Urn«.    With 

bauxitoe having high«r boahmit« oont«nt auoh a prooaaa variant resulted from whioh 

digaation ia carri«d out at a low concentration but a high temperature. 

40. With th« nonohydratio European prooeaa, high concentration and medium tempera- 

tur« waa applied at th« out eat, but in conaequence of equipment development higher 
temperature and parallel with it lower concentration oould be uaed (figure 6 (b)). 

Compariaon of figurée 6 (a) and 6 (b) well illustrate, the coneiderable approaohm«nt 
to on« another of the two baaio prooeaa typea. 

41. Prom th« ealoric point of view th« Beyer prooeaa repraaante a eerie« of 

oountar-ourrent heat inga and oooiing.   Thin ia well apparent on baaia of figura 7 

in whioh there ia characterised individual 00 lut ione according to their thermal 

content referring to 1 t alumina and temperature (on baaia of 42).   By mixing 

bauxite in the dig«ating liquor (l)f temperature and thermal content of the latter 
deereaaae, (1-2), 

42. Slurry thua obtained ia heated in oountar-ourrent way (2-3) by the heat whioh 

reeult« from the flaahing of the digeated Blurry.    In the laat heating section 

(3-4) high-preaaure and high-temperature «team haa to be used (i^).   The flaahing 

alurray Í4-5) transmite ita heat to th« slurry to be heated.    Then follow« the 

dilution (5-6) whioh entalla decrease of temperature and increase of thermal 

content.    At the elimination of the red mud, part of the heat oontent goee into 

want« (6-7).    In th« ooura« of flash oooiing; of th« aluminat« liquor (7-8) a oon- 

•id«rable quantity of heat ia released.   Heat released in course of decomposition 

(8-9) represents a nonrooovsrablo loas for the tin« being.    Spent liquor ia heated 

first by eteams of th« «vaporation (lO-ll)i    for h«atlng up to th« temperature of 

the first body of the evaporator (11-12) and for evaporation carried out at thia 

temperatura (12-13) low pressure steam ia required (Q2). 
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43.   »***^m*mMU^iMmÊmiaÊÈ^ + 9MU   ^ ^ 
o~ Mär dm *h» ooiiwqtt^o« «hat th. low th. *•«, oomplioa of ti» ei«mlt 
ih« hifhtr th« «ffloi«o» of tht rwovrr fci «... 9-10     7..     , Wi~«t 
of wt« to o. ov^HL * « ~-P. ^- - th. lo^ t* o^ti* 

Figure 7 

*g-mt girtr ffPit 

•£•**/ »«••//» 

-ufll 
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Optimimotion 

44. The ratability of alumina production can only be improved by a careful and 

complex optimisation.    For example, the optimisation of dilation heat-reoovery 
alona requires «oonoaio comparison of numaroua variante of thermal technique, 

independently from the other plant-unit«.    Prom the point of view of steam economy, 

the inoreaa« of the amber of flashing «tage« as wall as that of the pre-heater 

surfao«« appears to be advantageous, however, it «ntails oonsid«rabl« investment 
costs. 

45. In fifur« 8 the preheating «urfaoe area, is plotted vrs. the number of heat 

recovery stages, while numbers indicated in the figure show Forint-costs of the 

digestion reckoned on 1 t of alumina.    Points of identical rentability are linked 

by means of curve«.    The optimum amounts to 240 Porints/t, at 12 stages and at 

approximately 6,5 »    h/t preheating «urfaoe.    Prom a practical point of view in 

the present case we have ohosen 9-s tage s and 9 m2 h/t preheating surface, rentability 

is only 0,4# less advantageous (39).    The preheating of the «lurry is limited by 

that faot that above) « oertain temperature the reaction rate of the silica pre- 

cipitation is increased to such an extent that a scale is formed in the preheat ere 
which diminishes the) heat transfer. 

46. This, however, oan be eliminated to a certain extent by a careful desilication 

prior to digestion, which calls for surplus tanks and higher slurry-stocks and 

results in thermal losses in connexion   with heating.    Another solution is ssparate 

heating of part of the liquor used for digestion)    from the point of view of 

thermal technique this method is not so economic as the heating of the total 

quantity of slurry, but it offers considerable advantages with a view to mainten- 

ance.   Por rentability calculation« «oonoaio questions of all the other plant units 

have to be taken into consideration;    this question may only be solved by optima 

calculations oarried out by a modern oomputer.   Nowadays when making projects for 

alumina plant« or for the extension of existing plant« optima in accordance with 

looal oiroumstanoe« are approached by swans of oomputers.    Complete material-, 

**•*••*•# •** finally economic balance programmes are fed into oomputers and by 

changing sons of the) factors an approach to the most economic solution is given 

within the limits mat forth. 
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46.   At present, high oapaoity wet grinding ball-mills are almost exclusively 

used operatine in titter closed or opta circuits.    Elimination of the adherent 

molsture of bauxite by means of drying is justified «morally only whoa it yields 

doereaao of transportation ooete.    Introduction of autogenous milling seems to bo 

an up-to-date means of development and successful to«te aro already in oourse. 

SOM typo« of autogmoua ailla allow for orushlng to bo dispensed withj    it nay bo 

expected that both of tao prooeduree crushing and milling will be oarriod out in 
on* equipment (44)« 

49.    Th* trand of development wa* at first aimed at oontinuity which r*nd*r*d ault: 

stag« flaahing possible and accordingly application of hoat recovery.    Following 

this, iaoraaa* of digaation temperature wa* mora and mor* put into the limelight 

and in tha n*ar futura introduction of dig*ation at a temperature exceeding 2$0nG 

may be axpected.   Pro« th* technological point of view one of the solutions is 

the so-oalled tubular digestion which, however, raises some peculiar problems the 

solution of which may b« envisaged in the near future (45, 46).    There are 

possibilities for the development in the field of prehe?. ers, autoclaves (decrease 

of deposita, elimination of dead space, increaae of heat transfer etc.) a* *«U as 
the deoreaee of flashing tank volume by means of better steam selection, self 

stirring: or by other 

Settling, waahliwr filtration 

50.    Development of settling tanks points again towards using one-chamber equipo** 

ay «asna of whioh good settling sad a better ooapreeaion of red mud can be 

attained than with multiohaaber ec[uipment.    In alumina plants equipment of large 

site la already sited in the open air having a diameter of 30 to 36 a with flat 

or ooaioal bottom and lateral or oentral mud dieoharge. 

51*   A method frequently applied for washing of red mud is filtration.   On the 

beala of eoonomio consideration one has to determine whether multi-stage settling 

and/or one- or Bore-stage filtration should be choeen.    In general, filtration of 

red ends is rather difficult, on th* other hand, however, the mud of some bauxite 

types oaa be filtered with relatively good efficiency.   With a view to the fact 

that filtration ability of red mud iaproves with th* decrease of liquor-phase 

ooneeatration, it appears to be serving th* parpóse to effeot reoV-mud washing fire- 

by means of settling and then to filter th* part lor washed mud. 
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52.    Filtration of i*d and la off«*** w «MM   * 

««-^ «MI vmMag ^zz^zr**•*• * * 

•" ». fllta* rtth higW mt.ri„    " •*•<*• «»y ft« put«!« 

54.   Bvoaus« th« atoran of r«4 m..^ u 

»~~~ (Uta. g«r»t« . tr..t.W. — .,        i "• *"*"»••» 

** «i* M ». rttetaM „tz re; i* """ * "oi,*ur' -** «~ <w "«I or drying .ft» filtration. 
55.   Tin. „.M,. u Mlw4 ^^ 

i> tri~u. ,,», w thv        • *" ob*«1»- -» W *«- in tu* lv„ 

- «itatta. ta-JJ^i StaTJT*to - "-"• - 



H/WB.ll/4 
*f 31 

56. At preeeut dmoompo.ition 1. carried out m ih« majority of oa^ in ^m 
•«««»•4 tank, aited m th. opem-eir, anergy ooMu^tio» of which i. coneidewbly- 
lower than that of mechanically agitated tank« and can be oonnaotad in eerie. 
without difficulty.    Additional aaving a«, ba «p^^ f», propeller-agitator.. 
Kara davalopaant pointa towards inoraaaa of tanm-eisee (2-3000 a3). 

57. Tha technological aolution by which only hydrata quantity in lin. with „, 
ti<m ia oarriad furth.r fro. on. tank to another while th. rcet of tha hydrata 
ramains in tha alurry-tank aa ooaatant aaadf laarita attantion.   % this procedure 
filtration of aaed whioh ia ooatly and requireo iiumorouo equipment oan ba «Urta*. 
For hydrata filtration, dieo-filtere which require «all apnea <*v» bacca acra 
•nd acra popular.   At praaant thay ara nada with 240 a2 filtering   «rimo* and have 
operating ooata ooneiderably lower than that of drum-filter..   Adequate claeeifioa, 
tion cf aluaina-oydrata ia a rathar important factor and can b. .ff.otad by hydro» 
aaparatora which antail low operating ooataf   however, requiring big apace and 
juaranteoing poor aaparationf by hydrooyolonaa having high anargy conewrption and 
by reke-olaeaifiera. 

Evaporation 

58.    Evaporation waa firat oarriad out by equipment adapted fro. other industriel 
branchée, eapacially fro. the caustic aoda induetty.   However, evaporation of 
alumina plant liquore producea apeoial probleaa, with direct-current equipment an 
iaoraaaod ailioa aaparation raeulta aa a oonaequence of low concentration and high 
temperature prevailing in the firat body.   The low temperature and high concentra- 
tion reigning in tha laet bodice fevourleee aoda aaparation.    One aolution ia to 
uae ooumter-ourront or mixed equipment and to apply ..lf-evaporation   cf the 
evaporated thiok liquor by a maximum utilisation of the flaehed eteama.   Suoh 
modern type equipment operating with low apaoifio atean and praotioally without 
maintenaao. needa mo apare equipment.   Distribution of temperature and concentrati« 
ia auoh that ia the oouree of evaporation neither ailioa nor sodium oarbonate are 
precipitated in noteworthy quantities.    In the oouree of development of this 
equipment bodice having a heating eurfaoe of 14OO n2 are uaed already.   The qeoetic 
of salt separation which has oaueed oonsiderable trouble has been aolved by the 
introduction of aelf-disoharge oantrifugea. 
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Galaltilny fflU, Jfflfl 

».    ft. d«f.lopaaat of calcini** .quip.«* wa. firat NfltotwI ^ ,„ inor#M# of 

•t~l   «I PN«* «wrliy 75 to 1X0 . fur•, oprata i» al«!«, pUnt..    Q*. 

iflUrntü« trand of dovolop^t i. th. praludnary dryin* of th. hydrat. which 

•Uow. for a unifom productlcm to bo turnod out with low an.r*y coawaptio» (#3). 
anotar traod i. introduction of du.t cyolon.. u.ing th. heat of Huo^a^o for 

***»t. pw-h.atin« and that of alumina for raouparatio».    I« thi. ca.. .hortor 

«***»• M* b. u-d with a rathor .¿vanta*•, .pacific .».rgy (capacity, 900 t/day, 
fttêl oil raqulranent 110 k«/t). 'Wl 

«0.    *»rou. axp.riwnt. hav bo« oarriod out in viaw of fluid bod calcination of 
1«aia*, but auch équipant t. not y#t op#rirtinf „ ,„ induitpl(a „^     ^ ^ 

othar hand, howmr, fluidiaation «y „„ WiU b, u^ to roouparat. l«ia. haat 
•nd for tao transport of alumina. 

IT. 

61. With tho dW.lopa«,t of tho Bayar pro«..., ..ttin« up of quick, oonUauoualy 

opw^tia, automatic analy..r. booamo iiparatlr. in ordor to dattmino tho oo*- 

petition of bauxiti, rod mud and alu.ina a, w.ll M that of liquori of difforont 

ooaoartratio» in th. circuit.   A. ro^rda plant control and relation, -thoda 

»•••d on tho aoaauroaont of phy.ical paraaot.» art finding acceptance. 

62. For analy.in« bauxit. and rod .ud, tho UM of an X-ray vacuu^.pwtrograph i. 

Mai» fining «round (27, 28).    m po.aoa.ion of adäquat, calibration cur*.., tho 
•othod ha. proved v.ry witabl. in CM«, of .ari., instigation..   Fbr quick 

<Ut.r«inati<» of A1203 and  SiO^ontant  of bauxit. in Hungary, . -thod based on 

tho «.lectiva activating of „outron an.rgy ha. been .labórate (29).    with a vi« 

to inoreaain, accuracy of slurry adjuat-nt, th. radioa*t.r flow «aug. i. appliad 

which in addition to d.t.xminin« thick»... and .olid contatit of difeatin* liquor 
can b* uaad on oth.r placo, of th. oircuit a. well (3). ' 

63.    Endeavour. haV. boon nad. to aaintain outoaatic, continuou. and in.tru.ant.1 
control of aluainat. liquor, which i. of par«ount iaportanoa fro. th. point of 

viow of autoa*tion.    I„ thi. fi.id atfntion ha. been focu..d on automatic 

txtrating equipaent based on th. potentiel rio method, and on equipment baaod on 
th. «oamu^nt of physical constants.    Th. purpo.. appear, to b. w.ll ..rvod 
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eameolally by the MaranMnt of oonductivity of alumínate solutions by means 0f 

•mica both OMftle lte2ÛHxmtra« (eventually aft«r dilution) «ad mol-ratio «an be 
(30, 31). 

64, From the a. t«nt of endeavours being exerted throughout the world it oan be 

ooncluded «hat th« problem of continuous, »ut ornati o analysis of liquor« of different 

concentration« ooourring in th« Bayer prooeee should be solved in th« n««x futur« 

«felon i« of decieive iaportano« both from th« point of view of automation a« well 
a* optimisation. 

Computer oontrol of «lumi«» ni»^, 

65. Th« oonoeption of oonputer-controlled »lumina plants has alr«ady reached suoh 

a stage *h*t ita general aeoeptanoe may b« expected within a few years.    Thi« oan 
b« aaorlb«d to th« following factorst 

(a) Substantial d«v«lopm«nt of measuring and analysing instruments. 
Aoouraoy and sp««d of «am« is at präsent already sufficient to 
b« oonneeted to proceee-controlling computare. 

(b) Both mathematical and statistioal methods-applioatlon mad« 
possibl« by th« computers ar« apt to furnish suitable flow- 
equations. 

(o)   In the majority of plants part-procedure« are autoaiied and 
their connexion to a central computer system oan easily be 
realised. 

I» praotice off-line type computer controlling is in the oours« of preparation or 

bsinf introduced in several important alumina plants.    Th« basis of the mathematical 

modal neceeeary for oomputer oontrol la achieved by material and heat balance of 
alumina plants a« wall as by economic programmes. 

66. In the material balano« programmi those relations are built whioh oan be 

elaborated by reection-kinetioe, laboratory measuremente, plant maasurwaants and 

the stastioal analysis of same.    On the basis of data fad in, the programme 

oalculatee all data of alumina plant material balance suoh aa concentration., 
epecific weight, mol-ratio« «ml water-values. 

67. Th« haat balano« programme indioatee for a material balano« variant at will, 

haat requirements of the prooeee on th« basis of haat parameters aa wall as 

equipment built in.    Furthermore it show« heat-technioal data of various stage« of 

oount«r-currant heat-recuperating systems, including oondeneed waters.    The economic 

progresáis oontains material pricee and those of the different energy source« as well 

aa investment and repair ooets, and the varying parts of self-oosts baaed on an 
operating method at will. 
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