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f nitts) the Executive Dirgctor of UNIDO

We have the honour to submit herewith the report of a group of experts
on the eluminium industry, . This re-
port vas prepared during our meeting, 10-16 November 1967, at the headquare
ters of the United Netions Induetrial Development Orgenizetion, Vienna,

Tha group elected Mr. G. Dobos, Doctor of Science, Managing Director of
the ungarisn Alusinius Corporetion, Negyer Alusinfumperi Troszt, XII|
Poszony ut 56, Budapest, Hungary, as its Chefrnen, and Mr. P. Dayal, Doctor
of Philosophy (Metellurgy), Development Officer (Metels), Dirsctorats Genere
¢l of Technicel Development, Indie and Mr. B. Sishaan, Enginesr, Chief of
the Indenesian Aluminium Project, Indenesia, s its Rapporteurs. The other
sesbers of the group were:

Nr. S|, Beneslavsky Oector of Science on Minerology,
Chief of the 1aboretory of the
aluninfun-negnesium institute of
the Soviet Unfon,

Nescov, Unfon of Soviet Socfelist
Republics

Nr. S. Noment Consulting Induetriel Econonist
2916 S.E. Weodstock Bouleverd
Portland, Oregon 97202
United Stetee

Nr. Ed. Nachtigall Dector, Enginesr, Dozent, Director
of the eluninium reduction plent
Wereinigte Netallverke AG", Muetria
Porkstrasse, Brounsu aa Inn, Austria

A, 8. Popov Conoulting Engineer, Heed of the
Ressarch Laboratery, Argentina,
Hipélite Vrigoyen,
Buenes Alres, Argentine




Mr. J.H. Reimers Head of the Metallurgical Coneulting
Company
260, Church Street
Oakville, Ontarfo, Canede

Mr. J. Vosyka Engineer, scientific worker in an alu-
rinfum plant, Czechoslovakia
ISWP, Ziar nad Hronom, Czechoslovakia

Nr. M. Maurakh and Mr, B, Crowston, staff members of UNIDO, were assigned
to the group as Technical Secretaries to aseist in its work,

The terms of reference given to us were to present papers on alumina proe
duction from various ores with particular reference to the needs of developing

countries, to discuss these papers and to prepare a report conteining conclue
sfons and recommengations,

In submitting this report we have acted in a pereonsl capecity, not as

official representatives of the organizations of the Governments to which we
belong.

Nats: Thie report sumssrizes the papers presented end the discussion that

took place ot the First Nesting of an Expert Consulting Group on the Alumine
fum Industry,

Copies of the Individual papers 1isted in annex 1 of this report are
avallable upon request from the Metallurgice) industries Section, UNIDO,
Rathsusplatz 2, 1010 Vienna, Auetria,




LNIBORUCTION

1. The United Netione Industriel Developeent Organizetion hss aade plans
for s serfes of expert group meetings on ths elusiniue induetry, The pure
pose of these aeetings fe to examine the present technologicel and econeaic
ststus of eluainfue production and aske recommendstions for ths developaent
and improvement of the eluainfua industry in develeping countries, and to
assist UNIDO's technical assistance activities in thie field, This report
covers the first mesting of a group of experts on the aluainiue industry ond
exenines the production of alumine from verious ores. Further scetings of
groups of experts will be held in the future to cover other sspects of slue
ainiua production,

2. The eluminiue industry dates back to the beginning of the twentieth cene
tury. Eorly aluainium producing plants were loceted in the United States and
Westorn Eurepe; they were fully integrated and spereted vith locel eres and
beuxites and used locel hydroelectric power. The production of sluainiua
increased during ths Second Werld Var. Rapid expansion wes continued in pest-
var yoars but the reserves of high quelity bauxite in Western Eurepe and to s
lTessor sxtont in the United Stetes were insufficient to eatiefy an Increased
denand for eluminiue products.  New supplies of bauxite were found in tropie
cel regions vhich are nov eeinly develeping countries. These areas supply
spproxinstely 70 per cont of the werld's bauxite; over 90 per cent of ths
vorld's aluainium, however, is still produced in develeped countrise.

3. Interest in eluniniun s new universel. In recent years sluninius ine
dustries have sprung up in o nusber of develeping countries end ssny other
countrios have exanined the poseibility of establishing an eluainium Industry.
The firet section of this report sssesses the present state of elumine and
oluniniun production in ths world and in developing countries. The secend
soction exenines ths reserves snd requiresents of sluainiua ores. Practicelly
ol of the werld's eluninium s obteined frem bauxite. Hovever, the Unien
of Soviet Secimlist Republics has successfully preduced slusiniun frem other
sluninius=beoring ores on s commerciel scale. The third and feurth sections
okanine the present technology and future potentis) of the conventional methe
od of precessing bauxite to elumine by the Bayer precese.




'y The treatment of low-quality baunites with alusing to silice wler
veight ratios less than B and other compiex alusins-bearing ores are exas-
fned in the tifth section of the report. Trestment by the sinter wmethod,
parallel Bayer-sinter process, combinatien methed, desilication process,
electrothermic reduction, acid process, Ponomarev method and the high-
pressure tube autoclave digestion are described.
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S. Aluainiue hes shown o faster consuaption incresse in recent ysars tham
all ather conmon sotals; in 1906 approninately 7 ofllien setric tens wera pro-
Guced. The empacted average growth rete is on the order of 6§ to § per cont
per yaor. On the basis of the lower figure werld production of prisary setal
should be 12 afllion metric tons in 1975 snd naarly 16 oillion setric tons in
1980,

6.  Practically all of the werl¢'s aluaminiva is preduced frem bauxite by the
Bayer precess. it is now pessibla to treat officiontly a lorge variaty of
bauxita aualitios including aixed bauxites.

1. Mestof the werld's bauxite reserves snd a large prepertion of the
world's undoveleped vator pover are located in the trepical and sub-trepical
belt, sestly in doveloping countriss. Neturs conditions, therefore, oxist for
ostablishing alvaing and alusiniua reduction plants in sany of these coun-
tries. The advent of chesp muclear pover could In the long ters, hevever, pro-
vide now possibilitios for econenic aluminiue reduction plants in induatrially
doveloped countries vith bauxite dupesits but ne hydrosloctric pever.

8. Mejor aluainive conpanieos wevelly think in terms of olvaing plonts vith
@ capacity of ot loast 488,000 motric tens and aluainiue reduction plants vith
cpacitions af at lesst 160,000 wetric toms. The capacity of the smallest alu-
oina plant bullt in the United Stetes during the last twe docodes ves 330,000
sotric tons per yoor. Miniaws capacitios of eluaing plants conmected vith ein-
ing of a bauxite depesit, for exemple, in Australis, Surines, Jasaica and West
Mrice during this peried ves abeut 200,000 setric tens por yoor.

L In recont yaars, aluainive hes been produced by direct reduction fres
sluninfue conpounds In sloctric resistanca arc furnaces in relatively saalle
scala pilat plents. These direct reduction precesses & net present a threst
te conventional oluaina and cluainiun reduction plants vithin the foresseshls
future.

10.  Bauxite is the sest inpertant rov satorial for oluaing production ot
prooent;: the werld's baunite reserves in the foresseshls future sheuld reach
not Toss than 25 billfen (25 x 107) tems. This will satisfy the werld's
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donond for sluninive for hundrods af yoors. The greetest increses of bauxite
roserves aay be oxpected on the Africen and Asian continents. Seme countries
are locsied In "bauxiteless® zenes, hevever, and this eight necessitete their
processing aluainive-conteining ores other tham bauxite.

11, The sest faportant nen-beuxite sluninive eres ara nepheline sodas. Ex-
traction of slunina frea these ores is corried out in tha Unfon of Soviet So-
cialist Republica on an industrial scsle. Aluainite is used as a rav eeter!al
for alunina preduction In Mexice, the United Statea and the Unfen of Soviet
Socialist Republica. Clay-type ores sre alee used for AlSI alloys by the
olectrothoraic method.

12, The Bayer alusina producing process which in its basic principle re-
oained substantielly unsitered for neerly one hundred yoars, has stteined o
considorably hMgh tochicel fevel. The oquipsent used has been iaproved and
sedern control netheds have been intreduced.

13.  Furthor knowledge of bauxite preperties sad ita practical utiVization,

stepping up of eineral compesition detersinetions, research with a view te

oschenise of chemicel precesses, further development of thermel techn!aques,

onlorgenent of the utilizetion of high-capacity equipment, imprevesent of the
officioncy of countercurrent precesses as well as sodern atosstion and in-
cressing the degree of computer contrel weed, ey result In further inprove-
aont of the sconenmic afficioncy of production.

16, Lovegrade bauxites containing sore than 7 per cont silice camnot be
treated by the Bayer process. Medified versions of this precess, hewever,
ouch os the sinter, parallel Bayer and sinter, combination and desilicetion
processes can be used to treet sub-serginel quality bauxites. The techme-
oconenic indenes of these nethods are met o high ss thess of the Bayer seth-
od al theugh they have inproved sigaificently dring recent yoors.

1. The factera which have chiefly contrelled the crestion of the olusine
Industry in the doveleping countries end which would oloe sesist in thelr ex-
pansion oret the avellability of adequete long-tera supply of bauxite; the
noed of large aluninius snterprises in the doveleped countrios to fapert olu-
oina, ond their villingress to provide the financa end know-how and securs
necesnsary erkots; and the prevision of suitable terss and condltions by the
doveloping ceuntries.
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1t uee cocenendad that sexaleaing countries shayls:

16.  Considor, in addition ts investigating and evelusting netursl resources,
sorkst anelysia, foasibility studies or clerification of financial possibili-
ties, the following aspects which are characteristic of the sluainive industry

(s) The cempesition of the particular bauxita depesit which sllovs s
preliminary consideration of the possible technological verients
to be predicted, for example, the optinel digestion conditions,
the eettling prepertios of the red md obtained, tha pessible alin-
instion of cortein inpuritios necessitates in the sajeri'y of cases
pilot-plant exeninstion of the ores befere the preperties of the
corresponding planta could be aseessed;

(b) The pessibility of pilat-plent scale exeminetion of the mest fe-
portant eluainiun ore depesita sither in the existing plants or
creoting in sene countrios mew units with the eid of UNIDO;

17, Exemine the processing of nixed eres (gibbeitic-bohenitic, behenitic-
disaperic types) which in individuel coses necessitate the alsberstion of
technelogical medificetion af the Bayer precess;

18, Assces whether the extraction of cortain olementa contained in bauxite
oy incresse the ever-ell oconsay of the precess. For exempla, production of
venadiva, gallive and ather tochnically velushla alemente has been corried
out in some countrios. The utilizetion of the fren titeniue fluerine ond
other vsaful componente in the ore pight slse be considored in individs)

{ [}

10. Exenine the possible precessing of lower wolity bawxites by the appli-
cation of sories and parellel cosbined verimate of the Bayer precess. Thess
ores ore succossfully treated by theee mstheds in severs! ceuntries;

0.  Study the utflization of nonbaunite elunine=sontaining ores for the
production of oluaine frea the technice) and sconesic pelat of view. Atten-
tion could bo focwened an the snperience of the Unfen of Seviet Secielfet
m;lco in precessing such complon ores (nepheline, slumite, ¢ffferent
clops)s




21, Present their proposals for developing the eluminium industry to the
United Nations Industrial Development Organizetion who will sscertain whether
the necessary technical assistance through the Technical Assietance Funds,
Special Funds or the Special Industrial Service Fund is to be grented.

Ui vas recommended that develooed countries shoyld:

22.  Make provision for technical education and training of personnel of the
developing countries in the field of alusina and aluminium industry;

23.  Establish and maintain contact with experts in the field of the alumin-
fum industry of developing countries for the purpose of promoting their par-
ticipation in the preparation and execution of new projects;

24, Make available to the Governments end firms of developing countries all
books, pamphlets and other documents on aluminium production. Distribution
should be made for public use in the developing countries;

25.  Organization of further research work on lowequality bauxites and other
complex aluminium-containing ores in order to mske the processing of these
more efficient and more economicel.

sheulg:

26.  Arrange further regular mestings of a group of experts on the eluminium
industry, possibly with a nucleus of permanent members, to solve problems or
give concrete advice and suggestions to developing countries vighing to estab-
lish or develop bauxite, alumina or aluminfum production. It is suggested
that some of these meetings be organized in interested developing countries;

27, Organize in the near future an internationel mesting denling with the
problems of estimation of bauxite resources with o special view to the setho-
dological aspects of such problems to make the eveluation of existing ore re-
sources more accurate and further geologicel prospecting activity more
efficient;

28.  Undertake studies to sveluste technical indexes which allow sn ecenesic
sseessment of alumine production from bauxites and other complex bearing ores;

29, Organize in soms interested developing countries inatelletien eof Wwe-
cialized 1aboratories desling with bauxite anelysis and laberatery scale teche
nological tests, teking in view the posaibility of utilizetion of the facille
ties of existing universities and institutions. (Thia mey be of interest to

a nusber of developing countries with bauxite depesits);
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30.  Arrenge the systematic preparation and distribution of UNIDO documents
deal ing with problems concerning the development of bauxite mining, alumina
and aluminium production, marketing and fields of application of aluminium
products in these countries;

31, Organize market analysis of possible outlets of alumina and aluminfum
products of the developiig countries on national, regional and interregional
levels and carry out feasibility studies on the installation of alumina and
aluminium plants on the initiative of interested countries;

32, Organize short seminars at regular intervals for leading government of-
ficials and developing countries wishing tn establish an aluminium fndustry.

These seminars would aim to inform these executives of the basic problems of

the establishment and development of an aluminium industry;

33. Increase the fellowship programme through technical assistance activi-
ties of the United Nations;

34, Exanmine the necessity of creating a permanent special course or studies
in developing countries dealing with the problems of the alumina and alumine
fum industry;

35.  Study the necessity for the preparation, analysis and compilation of 4
compendium of the mining codes of the developing countries in order to facili-
tate successful execution of bauxite mining projects in these countries,
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UL THC MDA M0 X THE DEVELQP LG COUNTRIES

Ccassnt altuatinn sod future outlosk

%. The latest avallable statistics of world production of bauxite and alue
sinfum, together vith details of sxports and {sporte of thess saterials ore
shown In tables | to 6. Statietics for alusina sre not avalleble for neny
countrios becavae alusina s an intermediory product which is often not shown
separataly; hovever, the latest evallsbla tasbles showing world aluaina experts
nd {aports are shown in tables 7 and 8.

37.  Most aluainaplants ara located in ths sain aluminius setal producing
countrios, rather than In beuxita prodicing countries. Thig has, of courss,
Matorical rassons since the aluaina Industry first grev up in ths old estab-
lished aluminiua producing countriss, and this situation has been perpetuated
by tha tari¢f orotection afforded by thesa countries againgt aluaina imports,
and also probably to some extent by the aajor aluminium companies! reluctancs
to invest ths lorge suss requirad in tha bauxite producing countries.

8. The present situstion is that doveloping countries with bauxits depos-
Tte are atill sworting mest of their baxits in unprocessed fora. Thia fs
Hlustroted by tabls 9 shewing 1900 production figures for bauxits, alumine
od aluniniua, teken from "Bawxite, Alusing and Muainiva®, publighed in 1962
by the United Kingdea's Overseas Geolegica! Surveys. The figures are, unfor-
tunately, not up-te-date becanee aluning production flgures are not norsally
pobl iohed In sl countries. Since 1960, several aluaina plants have been
Wilt in developing countrios, fn St. Croix In the Virgin Islends (thia Is,
hovever, adninlatrativsly United Ststes territory), Surinas, Guyena, Brazil,
Indta and Chins (Talvan); the plant in Guinea hos reached s prodction of
sore then 500,000 tons por yeor and o lorge alunina plant vith o capacity of
noerly 1 aillion tons por yoar will be ilt in Jemetca. At the sme tiee,
howover, considershle eupansion of alunine production facilitios hes tahem
place in induetriolly advanced countries such ss the United Ststes and Jpan
vho fapert their bauxite and in Australis vhers seme of the werld's | srgent
bauxite dopesits havs boon discevered in the course of the lest tem yoors.




The goneral trond sppsars to be tovards locating nev alueing production facil-
Ities neor bauxita sources, that is, to a conalderable estent fn developing
countries,

39, Tabla 9 ahows an even more atriking concentration of aluminium reduction
capacity in the industrially sdvenced countries. Substential alusinfue reduc-
tion facilities, hevever, hava been added aince 1960 in Surinam, Maxico,
Brazil, China (Taiwen) and India,

40. Alueinium hes ahown a faster consumption incrssee fn recent yosra than
all other common metala. In 1966, 7 ei1lien metric tons wers produced. Tha
axpected average growth rata is on the order of 6 per cent per year. Thig
basic vorld production of primery metel should be 12 million metric tons in
1975 and nesrly 16 @illion tons in 1980,

Hala acensnic faciaca aftectise acsssat acadictise

41, The maln factors affecting the ecenemics of alusine and aluninfum pro-
duction are discunsed below.

Aasniie sad athec aluaiss cax saterials

42.  Bawxite is and vill be, aa for shesd ss one can see, by for ths main
rav saterlal for aluminiue production. Bavalte Ig the result of tropical
surfacs weethering of aluaineus recks end fs, therefors, found sainly (n the
trepical and vere zomes sf the earth. It ts, therefore, deficiont In many
of the indvatrielly advanced countries with large alvainfua Industrios such
0 the United States, the Soviet Unien, the Federe! Republic of Germeny,
Great Britsin, Jepan and Canade.

43, Practically o) of the werld's alueing (s produced from bauxite by the
Bayer process. The only non-bauxite rav seter!s) vhich (s used today on o
lorge scals Is nepheline, o sedive-potassiva=eluninive ¢i)icate contelning
pproninately 3¢ por cont A1203. 1t 1o ohtsined oo o by-preduct froa the
beneficiation of apetite esined on o large scele on the Kele Ponfnsula. This
nepheline is vaed for the production of slusing in the Seviet Unlon, vhoreby
potesh fs obtained s a by-preduct.

K. The Bayer process has been greatly leproved in recont yoors and wil
cortalnly preduce seat of the werld's oluaine requirensnts for neny yoars ts
cose. Continveus digeation has beceme otenderd sractice for sl types of
davalte, and continuous procipitation fe alee boing videly adepted. 1t 14
nov possible to treet officiontly o lorge verlety of baunite qelitios, ine
cluding %slaed bauxites®, Fuel consuaption has been greetly reduced o the
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result of improvad heat oxchanger efficiency. Plant capacity has baen fn-
creased by ueing sodium hydroxide insteed of sodiuam carbonate.

Auxtliscy cax satecials

5. The mein auxiliary rav materials in aluainiua production are fluorides
(cryolite and aluminium fluoride) and snode materiels, ov ash coke and pitch,

46.  The only known larga natural cryolite deposit at Ivigtut 1n Greenland
Is practicelly exhausted. Nost present and all futurs fluoride requirements
vill, therefore, be based on processing fluorspar (calcium fluorida) of which
there exiat larga deposits in the wvorld, for example in Newfound)and, Naxico,
France, Spein, Sweden, Chine, South Africa and the Soviet Union. Present re-
sorves are estimated to be sufficient to supply the demand for the next twen-
ty yeors.

4. Practically o] the low ash coke usad as anode seterial 1o petrol coke,
of which there ara edequete supp!ies todey. Petroleun coke could, however,

become a bottleneck 1f the eluminiua industry grows fester than petroleun re-
fining; substitutes may, therafore, acquire isportance in the future.

Elacicic aauer

8. [lectric pover 1s the most inportent economic factor in aluminium pro-
dction. Electrolytic eluainium reduction on an econonic scale requiree large
quantitios of chsep pover.

49,  Pover from coel, lignite, nature 9es and in particular from  hydro-
slectric power developments, is used for aluainius oroduction. Of these power
sources, neturel gas requires the lowest investeent por kilovatt 1instelled,
but fuel cost 1s usually comparatively high. Hydrealectric developments, on
the ether hand, usually require the highest investment but are very chesp to
oporate. Amortization and Interest on cepltsl elvays fora o large proportion
of the powver cost.

hthauc

%. With rising living stenderds, 1sbeur cost becenss an incressingly ine
portant esonenic facter In the aluainive Industry. Labour roquiresents for
bauxite aining have boen greatly reduced in recent yoors by oxtensive uee of
sodorn nochanical oquipsent such as bulldorers, dragliners, large trucks and
In particular onorasus retery bucket excavators which heve boon in vee for
0000 yoars nev in Surinee and Guyana. Bayer alusine plent oporating labour
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requirements have been reduced by the adoption of Terge units and the now
alnost univeraal changeover to continuous operetiona.

51.  Ocesn freight costs are being greatly reduced by using large bulk car-
riers; at the asme time, mechanical loading and unloading equipeent is lower-
ing terminsl costs. Overland rail freight charges, on the other hand, show
in moat countries a tendency to increase.

52.  Tha result of this is that it has becoms sconoeical for the sajor alu-
sinfua producers to bring in bauxite or aluefna from distant sources, using
Targe bulk carriers.

Blmt aize

53. Hajor aluminiue companies usually think in terms of alumina plants with
a capacity of at least 300,000 tons and alusiniue reduction plants with a ca-
pacity of at Taast 100,000 tons. The minimue plant size for a self-contained
elunine plant 1a 250,000 metric tons per yeer in North Aserica and 150,000
tons per year in Japan and Furope. An alueina plant connected with mining of
8 bauxite depoait (for exemple in Australis, Surinas, Jamaica or West Africa)
is about 200,000 metric tons per year. The economy of an alueina plant ime
proves vith incressing capacity up to about 660,000 tons A1203 per year, which
fa the largest unit size in operation today. A larger plant will, therefore,
consist of two or more parallel production uni ts, and further cost savings be-
come less eerked.

Mo dirsct raguctisn arocessas

5. During recent years, sluminiue has been produced by direct reduction
fren sluniniue compounds in electric resistence ore furnaces in relativaly
stell-scale pilot planta. Thess direct reduction precesses do not present
¢ threet to conventional aluaine and alusiniua reduction plants vithin the
foresossbla future. Tha sdvent of cheap nuclesr power could, hovever, in
the long tera provide new pessibilities for sconenic alusinfve reduction
plents in industrially developed countries vith bauxita deposits but ne hy-
drecloctric power.




alructure of the aluainius industey

55.  The aluminius induetry has alwaye been characterized by vertical inte-
gration. Thie trend bscass even more pronounced in recent years and thera-
fore independent bauxits, alunina, alusinfum reduction or aluninium producers
have difficulties in selling their products unless they own their own finigh-
ing capacity. Contrary to thie trend, hovever, has been the recent oRerganca
of eeveral independent aluminiun fabricators in ths Unitsd States.

58. At tha sama time, tha leading aluminium companies, vhich were originally
national in character, hava gradually extended thsir interest to all countries
of the world vhers foreign companies ars allowed to operate.

51. A large proportion of tha alusinius industry in nenecentrally planned
econonies from bauxits mining to tha sarketing of finighed aluainive preducts,
is now controlled by comparatively fov companies.

58. Developing countries vishing to develop thair alumina or aluniniua in-
duetry have the cholce of obtaining *knowheu® froa ths large companies in
the market economice of ths world or fros ths state-contrelled alusinive pre-
ducers in nations with contrally planned econemios. As s result of this peli-
cy, the major companies have considersbls "know-hov?,

Recmt teends in alusiaiug tacheslesy

59.  The alusinius industry 1¢ o young and apgressive indvatry. It spends
large amounte on resmsrch and indutrial dovalopment. Thie has resulted in
continuous improvesent of the present production netheds as well s greet of-
forte to devslep basically new precesses.

Amuxlta uslocatioo sad alaing

00. Al major aluniniua companios os vell ae oovernaont agencies have in-
tensifiod omploration for baunite in recent yoars, utilizing aodern aplore-
tion techniques. Bauxite nining, carried on an wor-incremsing scals, has
adopted the modern nass handling metheds veed, for onample, for epen pit coel
and lignite nining, such s huge rotary sxcavators and seveshle draglines ve-
ing 1ight-weight slusinius trestles.




Aluaioa praduction

61.  Research is mostly directed toverds improvesent of the conventienal
Bayer process and its adeption to the nowly found "mixed® bauxftes. To a
lesser degree, research is directed towards the utilizetien of other rew
saterials than bauxite; this, however, is a sejor flold of research in the
Unfon of Soviet Socialist Republics.

Aluainius reguctin

62. Research s sostly directed towsrds lorger colls and olso towards
greater output from a given size of cell, This has lead to reduced power
consusption, coke consusption end electrelyte consumption. Reduced | sbour
requirement has been obtained through sechenizetion snd contrel including
computerized operations and new meteriels of construction to iaprove coll
Yife.

Aliaiaiua fabcication sad flalshine

63. New fabrication techniques being developed, particularly in Nerth
Aserica and Western Europe, vill create significant chonges in fabrication
technology in industrially developed countries In the coning yoars. Among
these developments can be mentioned continueus caating of sheets, recently
sdopted for a Targe nuw rolling aill In Nervey, rolling and extrusion of olu-
einfua pellets and powder, explosion foraing, nev strip and rod costing meth-
ods, nev alloys and surface finishing technloues.

Q




.at present.

64.  The sverage content of alusiniue on the eerth's crust s 7.45 por cont
sccording to USSR acadesician Forsnan's ostination. Thie contont iy almest
tvica as sch as that of Iron (4.16 per cont) which Is the sost used metal

05.  More then 300 alnersls are known te have alusinive content higher than
the average content of the earth's crust. Only a fou of thes, however, have
slgnificance for industry.

66. Practically all the aluatnive produced in the verld it free beux! te.
Bauxite s a rock which mainly comsists of aluainive and iren hydroxides, to-
gother with a seall quantity of an lepurity of aquesus aluse-gilicates, mestly
of koolinite and of titanive snd calcive oxide ainerels as woll as saell
wounts of iapuritios of other elesents such iy, Cr, V, P, S etc. The
chosical and petregraphical composition of bawxita deponds on the concontra-
tion of different einerals contained in it Furthersore, it is pessidle te
soy that bauxite Is an econemical rather then potregraphical netion, because
the roquiresonte for bauxite are net dofinable by objective alnerelogicel fac-
tors, but they depend on the )evel of beuxite technelogical precessing, on oce-
setical conditions of bauxite dopesits, on a country's beuxite donand, on
bauxite avallability, snd on ather factors. World bavxite reserves s vell
% baunite reserves of separate countrios are not well eqtinated. Thig very
laportant quostion has mever been swbeitted to any consideretion. However,
figures given in weilable documents do net diffor considorably becavse -
thers have used commen seurces. Large parts of the werld% reseurces of bews-
ite are locoted in the trepice) and wh-trepical doveleping countrios. Tahing
inte account that the sase countrios hava & large reserve of underdoveleped
wetor pover, it con be concluded that there are 9004 poosuibilitios for cotede
Vishing and creating an aluainive industry in neny of these countrics.

§).  Mn wvolvation of possibilitios for ¢locovering nov bevaite dapesite dor-
ing the neer future in the vorld and perticvierly In the doveleping countries




oay be sufficiently optisistic. According to various seurces, the totel re-
sources of bauxites availsble for mining run from 10 x 109 to 25 x 108 tons
and more. The experts believe that taking Into account a decresse of the
requiremente for bauxite as a result of imprevesent of the technology of fts
processing, the world's bauxite reserves fn the near future should not reach
less than 25 « 109 tons.

68. The greatest increase of bauxite reserves eay be expected on the African
comtinent, where about 50 per cent of all bauxite ore fs concentrated at pres-
ent. It fs quite possible that the reserves of this part of the worid can be
doubled, as a result of intensive geological surveys.

69. A relfable prediction can be sade with respect to discovering bauxites
in Asfa. The fslands of Indonesia, the territory of China, Cambedia, Lees,
India and others have practically not been investigeted. In the future ene
oay expect in this part of the werld not a deubling, but a for grecter Ine
creagse of the bauxite reserves.

0. The possibiifties of an Increase of the bauxite reserves in Eurepe ore
probably sere lieited, but they do exist in old dbeuxite-besaring regions and
poarticularly in nov areas in Yugeslavia, Greocs and Turkey.

Anac acecens

N.  Acording to the bauxite roquirements which exist in various countries,
the best grade contents at present (for the dry per cont) ere:

N0, 50 aln Cd | e
sto, 1 sex $ 0.5 aes
Fo, 218 PO 0.2 0m

12.  For aluaina production by the classic Bayer sethed the sbeve rode of
bauxite fs nov used. Hewever, as 2 reeult of continveus iuprovensnt of the
technelogy the naniova content of A1203 In bavxits being sconsaically pre-
cossed (s pregrossively decressing.
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{ther acacensas

13.  For alumina production by other methods (sintering, combined) the grade
of bauxite cam be lower. Developing the technology of extracting A1203 from
bouxite by methods other than Bayer's, ona vil) allow change fn decreasing
tha A1203 content and In Increasing the content of S107 and Fer03. Tor exame
ple, aluminium ores uith a content of Al703, 43 to 45 per cent, of SI0y 10
to 15 per cent and Fe03 18 te 20 per cent can ba used for processing by sine
toring methods. Unfortunately, tha techno-economic fndices of sintering and
cosbined methods are not as high as the ones gainad through Bayer's method,
although they have been feproved significantly during recent years.

Sairactiss of xalushls commeuads

W, Baunite type ores very often contain valusble metals and elements other
then alueiniva. Processing of thess eres vith oither the Bayer or other meth-
ods and entracting of o range of valushle compeunds has 2 grest economic fe-
portance for develeping countries. Such ores are noted belew:

(a) Ores with an intermediata compesition betwsen bauxites and lren
ores. Ores of these types are known in Turkey (A1203 : 10 - 12¢;
Fe03 : 70 - 00%), in the United Arad Republic (A1203 5 5 - 10%;
Fez03 : 00 - 03), in the Unien of Soviet Sectalist Repubdlics
(A1203 s 20 - 30K; FepB3 : 55 - ML) in Guinea and others. These
ores con be utilized as o complen ranga of materials for iron and
aluaine preduction.

Ores with o holightoned content of titenive. Such ores are known
in Indla (A1203 : 56 - 68%; 107 : 0.3 - 7.08 and 1107 up to 101).

Ores vith a heightoned content of vanadive (Framca, Wungary, USSR),
chroaive (Nungery, USSR), gallive (Framce, USSR). Undoubtedly the
sape kind of ores exist In seny dovaleping cowntries. During pre-
cossing of these ores velusbla setals are concontrated into inter-
sodiata products: rod auda, solutions etc., frem which they coem
be extracted sere oasily.

Seascuse_snd_comiconsnis o aachenilia sces

B, The trrogulority of ¢totribution of buaite on the earth shesld net

lolt the dovelepasnt of the alusinive industry (n countrios that sre Vecoted
In Bavxitolons® 20m00. There are twe possidilitios for such countricst to
laport bauxite or slunine frem other countrions or te utllize deoestic, loca!




eluainivasconteining rav sateriels other than bauxite. However, the naturel
wish of such countrion to be econcaicelly independent vill pugh thea often
te select the second way. The sdditional facter which is favourable for the
utilizetion of many nencbauxite ores fa the posslbility of producing mot only
slvaing but othor velushle by-producte, the prica of which can reach 90 per
cont of the prica of the preduced alumina.

M. e soet iapertant nenchauxite ore 1o the nepheline rocks axtraction
of alvaine which oxigts in the Unfon of Seviet Secialist Republics on an in-
dustrial scale. The emporfonce of the USSR shews thet the precess can be
profitable, 1f the napheline recks contain net loes than 27 per cont of A1203
ond not Toss then 14 te 10 por cont alknlias. lren oxide fs o component, tha
contant of which should be liaited by 5 per cont. Sillcon medulue (A1203/
$107) sheuld be Tons than 3.0 and the alhaline sedlus (R20/A1703) ehould be
sore then 0.7. Nepheline recks are known ta be in Korea, fn the United Arab
Republic, Brazil, Finland, Cansde and seme ather countrios.

Slassline aces

17. Clay-type sres (such ss keolinite, halleystits, amhydrovs and elume-

oilicates) are ueod for aluainiuaegilicen alleys preduction by the slectro-

theraic sethed, which vas fmvestigated on an industriel scele fn the USSR.

Keolinite should be beneficisted for obteining o concontrete with 35T ain, ;
A1203; 478 max T107; 0,08 sax. (CoD plus MgO) and 0.5F sax. (NepD plus K0). |
in addition to the sbove sethed of processing clay-type ores, eintering vith

1ioestone and the acid sethods can be weed for elusina production.

Aluaits i

78.  Alunite may also be used s a rav materfel for eluaine production. ;
Nexico, the United States and the Union of Seviet Secielist Republics have ?
industriel enperionce in processing elunite ores. Alunits depesite are known
In Southeastern China (210 - 200,100 tons) United Stetes (5.105 tons) Puerto
Rico (280,105 tons) USSR end Mustralfe.

Ligkerinalts

79.  One expert has mentioned the pickeringite depesits in Argontina. This

ainerel conteine 11.9 per cont A1203 and (e based on sulphates of Al and My.

Processing of the pickeringite ores say be very oimpls sincs the ainera! dis-
eolves in veter ot room tempersture. Tha volume of dopesits, technelegy and

the economy of proceseing require further investigetions.
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BYIHE BAYER PROCESS

Brisciale of the Baver asthod

80. At present over 90 per cont of the world's aluaina fe produced on the
basia of the Beyer procesa which has been known for sbeut eighty years. Thie
precess {a based on the reallzation of K.l. Bayer that the reaction

A1/OH/3 plue NeOH plue aq  NaAl0; plus g ....

la reversibla. The diasolution reaction 1e endothersal (11 - 12 Ncal/mol
A1203). By seans of temperatura and NaON-concentration variation the rasc-
tion can be laad in ona direction or another.

81.  hs known, tha Baysr procesa conalata of the alkaline digestion of baux-
{tes mestly under pressure, vherein tha alusina is extractad from tha bauxi te,
the aeperation of the aluaine-enriched 1iquers from the residues of digestion
(red mud); the decomponition of the ceolad and diluted aluminate liquor and
the precipitation of alusinius-hydrate; and finally the calcination of the
hydrata. After the precipitation of the hydrate, the spent 1iquer fe recy-
cled in the digestion phase, tha axcesa of vatar resoved by evaporatien.

Diffacence ia aractics

82.  The basic principles slaberated by Bayer have not changed substantially
but the process iteelf, in keeping vith the general advance of techniques, un-
dorvent o considorsble dovelopaent, eepecially vithin the lest twenty-five
yoars. As o metter of fact, the Bayer precess leed itaslf to tha precessing
of high-quality baunites. Hovever, if combined vith odd!tienal technelogical
Precessss, the precesaing of bauxites with higher ailica content and of sese
sthor alumine=containing eres mey be underteken. According te the trihydre-
tic (A1/0N/3) or senohydratic (A1O/ON) character of the procesaad bauxita,




two cheracterietic variants of the precess are known. One is often celled
ths Aeerican process and the other the Europsan process. Technological flow-
shasts of these two processss ere practicelly identical, and only tempera-
tures and concentration-ratios differ substantielly. Within the two charac-
teristic variants, several different solutions have been developed regarding
ths individual technological procedures, taking into conaideration the rav
eoterial situation, price conditions, technical level and other circumstances
glven.

lschog-aconsnic_ indices

83. Ths production of elueine, if sxemined from the point of view of the
eanufacture of eluminium as s metallurgicel process, ssy be considered to be
s chemical enrichment, its object being to elininate accompanying contsmina-
tions from A1203 in the bauxite and to render it suitable for metellurgical
processing. As an enriching process it may first of all be characterized by
its efficiency (A1503 recovery), further by the specific use of reagents and
fusl required for the process ss well as the sxtent of specific capitel in-
vestaent. Efficiency of the process and specific utilization of reagente as
vell as the extent of the necessary first Investaent is deterained by the
technical level of reelizetion of the process. Fuel consuaption, hovever,
is deterained first of all by this 1stter factor.

84. Essentielly, the Bayer process is ¢ selvent=circuleting circult, fue)

consumption of which is determined by the extent of tempereture differences

prodiced and the efficiency of countercurrent heet recovery; the officioncy
of the process being determined by the efficiency of working of the sud and

hydrate solution.

Mac_saxalonnenis

85.  Countercurrent heat recovery con be reelized effoctively by the use
of continuously opersting equipsent enly. This is the ressen for sndeaveur-
ing to render some of the eperetions of the precess continuwevs which hes
proved to be highly successful in recont yesrs. Anether lapertant condition
to ronder the precess eceneaic Is the chelce of highecapatity oquipaent
units, as vell as o better spproach and consorvetion of the technelogical

] optinve, which e efficiently backed by autenstion end wite resontly by the
: use of a computer.
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dmcaxeneats ia smacatios

86. In the course of recent years, the recovery as vell os resgent and heot
coneutption values characterizing the process have shewn vory congidersble
faprovesent. This applies especially to these plants where nedern technel-
ogy hes been introduced, In spite of the fact thet the bauxite quelity, espe-
cfally in Europe, has graduelly deterioreted on o parsllel with the decrecse
of reserves. It may be cbeerved thet the effect of bauxite welity on the
efficioncy of the proc .5 and fts techno-ecencaic charactoristice fs steedily
decreasing. This, however, dees not wply to specific consumption of bauxite
and cauetic soda. This tendency mey be sscribed to the considorsble dovelop-
sent of the process and fts graduel "ecconmedation® te the welity ef bauxite.
At present, predominantly fn Eurepe, processing of such bauxite qualities ig
considered to be econonic by the Bayer precess, which proviovsly sppeared te
be utilizable only by applying the sinter or combined precesses.

87. The development of the process is cheracterized by the undereentioned
velues, published by Ginsberg:

Ialal
dasciflc cossumntions sealxine ta sne mairic tes ot alusing

Prior to 1929 3 .2 6 8 B 28 W 0

At prosent in  Se7 25 120 35md 220 1.3 3 '
aodora plante Werex,
2 resp







V. BECENT TEORGLOGICAL IWPROVENENT OF THE BAYER PAOCESS

88. Among tha recent directions of the further developaent of tha Beyer
nethod, the following seem to merit attention: desper knowledge of the pro-
cesa chemfetry; new types of equipment used for practical carrying out of tha
Beyer technology; autosation; snd poasible sodifications of tha Bayer process
vith a view to procesaing poorer or complex oras.

Erabless of oracess cheaiatry of the Baxar arecess
Sesaral cessiderations

80. Taking into conaideration tha ever desper knowledge of procesa chesie-
try and the development of investigation methods, it say be axpected that en
the basis of laboratory investigetiona mere and mora sccurats conclueione
vill be drown as to the sxpected technological behaviour of bauxites, and
thia will pave the vay fer further improvements of the technological process.
The offoct of alneral modifications of eluainiua hydroxide and of silica end
titeniue oxide on digestion chemlatry sey elrsady be conefdered as clesred.
Iren oxide modifications hava first of all an influence on red sud settling,
woreciation of which sheuld not be neglected. As regerds slieination of
other impurities, Industriel solutiona are already available st present. Fur-
thersers, recuperation of valusble elementa (Fa, V, Ga, F otc.) on an indus-
triel scele ¥s alse selved. Decomposition kinetics which in the recent pest
vas stil] considered to be a "difficult art? nay be set in equstions.

Rlasatise. sonditisns

90. Digestion tesperature and conpesition of digesting 1iquor ney bo selec-
tod on the basis of squilibriua selubility of the different slusinive oxide
foras, but 1t fs obviously necessery te take inte consideretion the behavieur
of sccompanying components slso.




91.  When digasting boehaite-containing bauxftas, a highar temperatura i
necessary in order to attain adequate working at digesting temparatures rang-
ing between 220 to 250°C. Equilibrium data of diasporic beuxites, as com-
pared to gibbsitic and boehmitic ores, are far from being fully cleared up.
By an adequate modification of the Bayer process and with the addition of
about 4 per cent lime to the bauxite, diasporic oras can also be processed
at the usual digesting temperatures although for approaching molar ratios
attained at digestion of boehaitic beuxites, digesting liquor of a higher
Na20 concentration is neceesary. According to experiaental measuramants di-
seporic bauxites may be digested without any 1ima addition at a highar di-
gesting temperature than the usual one of 280°C. This very fact may be of
considerable importance at an eventual realfzation of tube-digestion on an
industrial scale.

Bauxites yith high iron contents

92.  Fep03 content of bauxitas varies between axtrsordinarily broad limits
(2 to 30 per cent). Although aftar digestion fron ainerals can invariably

be traced in the rad mud, their rola is stil) rathar significant. At the
proceesing of bauxites with high Fa203 content, tha specific quantity of red
mid fe quite coneiderable, thus raquiring eurplus squipaent and more veshing-
vater. In addition, certain fron ainarsle, especially goethita, deteriorate
the sedinentation rate of the mud, thus caueing surplus costs as wall,

93.  Rad mud of bauxites having a high Fe203 content asy ba teken into con-
sideration as iron ores as well, especially in countries that are poor in i
fron ores, slong with the siaultaneous recovery of tha Nas0 snd A203 con- f
tente of red mud.

Ieaatasat of digsating |iouers

9.  Among the accompanying alements, s coneiderabla fraction of venadium, 3,
phosphorus, fluorina and galliua dissolves in tha digesting liquor, as de |
sulphatas. Concentrated in the liquor circuit, these components caues tech-
nologics! troubles as vell as soda losses. Contents in organic substances
of bauxites belong among the detriments! conteminations that are ensily sol-
uble in the digesting Viquor, enriched in the circuit, and may cauee diffi-
cultias st the salt separation and evaporation. On account of the relstively
high organic substanca contents of Hungarian bauxites, considersble verk ves
carried on in Hungary, but with the fntroduction of fntensive selt eeparation
tha probless thua arising wera sssentially olininated. Awong the elements

mentioned, recovery of tha valusbla vensdiva and galliua contente hes been
solved on an induatrisl leval,
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E 85.  In processing ores with high organic meterial content, special eolu-
' tiona should be foreseen, ff nacessary, for the elimination of these impurie
ties (e.g. treatment of one part of the epent ligquor with charcoal ),

Louloasat uasd for carrying out the Baver techoglooy
Dexelopasnt of equlonent ysed

9. Alunina plent equipsent ves developed in general from equipment that
had already been used previously in other industrial branches. |t vas only
in the lest decades that ettention was focussed on some speciel requirements
of the elumina plants. Consequontly, sose development principles euch as
continuity, high capacity, open-eir siting, decrsase of "cold" reserves and
elinination of dead space ars identical vith those spplied in connexion with
oquipment used in some other branches of the chemical industry. However, in

recont yoars more and more equipment has been developed especially for the
eluning industry.

Eac hauxite arenacation

97. At present high capacity wet grinding ball-aills ers elmost exclusive-

ly uaed, operating in efther closed or opon circuits. Elinination of ths
! adherent nolature of bauxits by mesns of drying fa justifisd generally only
! if 1t ylolds o docressa of transportetion costa. Introduction of au togenous
oilling saems to ba an up-to-date means of developaent and successful tests
are alresdy being underteken.

98. The trend of devalopsent vas et first oined ot continuity which rene

dored multi-stage flashing possible and accordingly mpplicetion of heat re-

covery. Fallewing this, incresss of digestion tempersture ves mere and mere

i brought fnta the 1inelight and in the near future intreduction of digestion
st o temperature enceeding 2509C Say oelva the problea.

0. There are pessibilities for dovelopaent in the fiald of pre=heaters,
wtoclaves (docresse of scales, sliningtion of dead spacs, incrasse of heat
transfer stc.) s wol) as on that of the decresse of flashing temk volume
(by weane of bettor stasm sslection, self stirring and ather seans).
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datiline. veshise sed flltcatisn

100. Sattlisar develepment of settiing temke peints sgain tovarde using
one=chamber oquipment by mesne of which geed settling and o better compres-
sfon of red mud can ba attained then in the case of multiechasber oquipaent.
in alumina plents equipment of o large size, heving a dismetor amounting to
30 to 36 » vith fist or conicel botton snd leteral or contral sud discharge,
is sited in the open air.

10, Maghina sad fllication: o methed freeuently ueed for vashing of red
sud fs filtration. On the basis of econcaic considerations ons hes to de-
teraine vhether muiti-stage settiing snd/or one or mere stage filtration
should be chosen. In generel, filtration of red suds fs rather difficult.
On the other hand, however, the mud of seme bauxite typos con be filtered
vith relativaly good resulte. Bearing in aind the fact that filtration of
red sud improves with the decresse of 1iquor-phege concantration, it sppears
to ba eerving the purpese to effect red-mud veshing first by means of set-
tiing and then by filtering the sud which has been poartly vaghed.

102, Neither tha drus filters ner the traditienal pressure filters guarene
tes a treatabls and transporteble non-adhering red sud. It is vell known
that red suds ars abla to be treated vith o mefeture content below 30 per
cont. This cen ba attained by meene of drying after flltration.

103, This probles is adequataly eolved by the AJKO-typs air cushion pres-
surs filter developsd In Hungary. This operetes sutonsticslly, requires
no drying and gusrantees the necessery ssisture content bslow 30 per cont
by seans of mechanic pressure following the filtration. Filter cakes of
red sud thus obtainsd mey be stored in thick layors in prisaatic form, but
they may also bs directly transported to tha poseible sits of utilization.

104,  According to sxperienca acquired, In the case of vacuus filters one
filtering staga substitutes wproxisataly two weshing steges, and In the
case of filtration with a low meisturs content, three weshing stages.

Oacamnoaitien

105. At present deconposition fe corriod ovt in the majerity of cases in
sir=l1ft agitstsd tanks sited in the open air, onergy consumption of which
is coneiderably lover than that of sochanically agiteted tanks. They can
siso be connected In series without any further difficulty. Additionsl save-
ing may ba expected fron propel lor-agitators. Mere, development points
tovards an incresse of tenk sizes (2,000 to 3,000 05)

106. The techmologicel solutien asccording to which enly hydrete quantity
in Tine with ths production 1s carried further from one tank into the other,




while tha other part of tha hydrate remaing in the slurry tenk o constant
000d, nerits attention. By this procadura filtration of seed, baing rather
costly and requiring extensiva squipment, cen be elieinated. For hydrata
filtration, disc filtera requiring saall space hava becoss mora and  more
populer. At present they sra asde vith 240 a? filtering surfaca, oparating
costs of vhich are considerably lover than that of the drus filters.

Sxamaraticn

107, Eveporation wea initially corrind out by equipnent adepted from other
industrial branches, especielly frea the caustic sede industry. However, eve-
poretion of alumina plant liquors is connected vith speciel preblems. Vith
direct current squipment an incressed silica seporation resulte due to lov
concentration and high tesperatura prevailing in tha firat body. Tha low
temperatura and high concentration reigning in tha Test bodies favours, first
of all, soda sepsration. One poasible soluting is to use countercurrent or
2ixed equipsent and to epply sslf-avaporation of tha eveporated thick Tiquor
by a asximve utilization of the flashed stess. Such sedern-typa equipaent
operates vith lav specific stesm, that is te say vitheut saintenance and thus
N spara equipaent is nesded. in this equipment distribution of temperature
and concentration is such that in the coursa of evaperation, neither silice
nor sodive carbenate are precipitated in noteverthy quentities. In the courss
of aize developaent of this oquipaent, bedies having o heating surface of
1,400 o are alrasdy in uae. The question of salt separation, vhich has for-
sorly caused considershle problama, has been selved by the introduction of
sel fodischarge contrifuges.

Lalclaatisn

108. The devalopment of calcining equipment was first of oll raflected in

the incressa of gize, and at present generally 75 to 110 o long furnaces ara

oporating in slunine plants. Thera are two interesting tronds of development: ‘
the prelisinery drying of the hydrete, alloving for a unifora production to i
be turned out vith Tow energy consumption; and the intreduction of duet cyclones,

ualng the hest of flue gases for hydrete pre-hasting and thet of alusine for
recuperetion. In addition, in this case sherter furances sey be uead with a
‘r;:b:r/arntqm. specific enorgy (capacity 900 t/day, fusl of1 requiresent

o/ t).

100. Nuserous experinents were corried out in viev of fluid bed celcination
of the elunina, but such equipment fs not yot opereting on an Induatrial scale.
On the other hand, fluidization sey very well be used for recupereting elue
®ina heot and for the transport of sluaine.
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Audasatioe

110, Endeavours nade all over the werld perait us te conclude that the
preblen of continmveus, autosatic enalysis of liquers of different concontra-
tions occurring in the Bayer process, will finally be solved in the near fu-
ture. Thig Is of decisiva inpertance both froe the point of viev of sutome~
tion as well as optiaization.

Lammutac contcol ot aluaing plaats

111, Concaption of cumputer=controlled aluaina plents has slready reached
such a atage that its general acceptance may be expected within a fev yeors.
This possibility esy be secribed to the following factors:

(a) Substantial development in messuring and smalyzing (nstrusents.
Accuracy and speed of such instrusents Is at present alresdy suf-
ficiont to ensble thes to be connected to process-controlling
computers;

(b) Both eathematical and statistics! setheds, application of which
hes been nade posaible by computers, ere sble to furnish suiteble
flow=equations;

(c) In the majority of plants, part-procedures are sutonlzed snd their
connexion to a central computer systes can essily be realized.

fn practice, off-lina type computer contrelling Is being Introduced in sev-
eral important aluaina plants. The basis of the nsthematical sede! necesary
for computer controlling Is given by material and heat balances of alueine
plants as vell as by economic programsmes.

Ereasat atats of Baxac tachesleay

112, Susmarizing the above, ve can state that the Bayer slusina~producing
process which in ita basic principle reasined substentielly unsitered for
neerly one hundred yoars, hes attained o considorably high techaicsl level
In study of the processes, as well as the iaprovement of the equipsent used
and the Introduction of sedern controlling methods. In sddition, further
knowledge of the bauxite properties snd fts practics] utilizstion, stepping
up of eineral compogition deterninations, research with a view to ths meche
anise of chemical procesass, further development of thersal techniques, on-
largement of the utilizetion of high capecity equipment, isprovesent of the
afficiency of countercurrent processes as well se sedern wutonation and the

popularization of computer controlling, mey result in further laprovesent aof
tha aconomic efficiency of production.
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113, Severs! setheds have boon used te soporate olunina free lov-grade baune
fte ores. Orief descriptions of the nain setheds are given below,

v ——ray

114, The ratio of velght of A1203/5107 in baunite is o 900d (ndicator of the
conmercial valus of the ore. Lowgrade bauxites hevs A1203/510 weight raties
Toss then & raties of 5 to 6 are considered critica. Precossing ores with
hgh silica content results in Nigh roagent and heet consuaption and necessi-
tates incressed imvesteont costs. A muaber of tochniques ooy bo used for
troataent of lowegrade bauxites, but te o proat oxtent eodified versions of
the Bayer sethed are oti1] used. Seme of the variews tochniques vsod are do-
scribed belew,

slater acacess

115, Mest lowegrods bauxites cam be treeted by the classical sinter sethed
which vorke as o solfereliont clrcuit, Dasxite ond 1tosstons, tegether with
sode l1iquer, are nilled to & slize 175 nosh. The conposition s tw perts
1imostene te one part silica, one part Negd te one pert N30y, =d e pert

to one port Fogly. The slurry cbtelned fo then sintered st 12005C e
] - The oilice Is presipitated in the fore of dlealctun silicats. The
dosilicanized Jlunine hydrate fs f11tered off and sdded te the Saper clreult
before the stage of deconpesition.

116, The officioncy of the precess dupends sn the bassite oharector; the olee
oina ylelds dosrense vith docroasing silise 2saslus conpared te the Bayer pro-
coss. The heat consumption during the sintoring precess reprosents the

n




highest energy consumption smong tha technologles for Tovegrade bauxi tes.
Characteristic data for the classical sintering process follow,

Ikle 2
Chacacteriatic data for tha aintaring arccess

Free A120
liis sadulis  pritvfd
4 1 4 45 4 4

A1503 yield ¢ 86 ® 8 8.5 w0
Na20 conc. kg/t A1204 83 6 o 100 120 140
Sinter t/t A1203 1.8 3.9 40 &) 45 W9

Heat for sinter all, kcel 9% 5.1 5.2 51 5.8 6.4
Heat for vet line @1V, keol 2.5 2.5 2.5 2.5 2.5 2.5
Total nil keal/t AV203 1.4% .6 17 1.8 8.3 6.9

117, This sethed has the felleving advantagess possibility of partial util-
lzation of lowegrade bauxits for the sluaina production; compensation for the
alkell Vesses of the Bayer branch by seda insteed of caustic; possibility of
the recovery of the alkall centent frea the separated naterials in the Bayer
branch salts and ol inination of the organic material content of these.

116, Disadvantage of this methed is the low prapertion of Teu-grade bavxlte
that can be used in this case and the comparatively low aluaina extraction
efficiency in the Bayer plant.

Iha.aacallal haacealnter acecess

110, The parallel Bayor=sinter precess is weed for bauxites containing o

Olxters of highoqual ity bauuits and ¢ saell preportion of lovequality baune
ftes. This precoss comsiots of tes perellol Vines, the Dayer and the ainter
Vine. The Dayor 1s wsed for good wality bavuite (B0 of the total) and the
stator line (19) ‘o Vowequelity bavnits. The parellol Qugersinter pro=
€o88 a0 2 vhels (s sinplor than the Bayer and sinter line vorking tegether,

barticulerly vhon calcined sode | choper and sode more omily cbtalnable

han castic. This tochnique is alee weety] for treatoont of bavnites with

relatively Migh carbonate and organic satter.




lhe coshinaticn aethed

120, In cases of processing exclusively high silica bauxite by the Bayer
process, the series-combined technique is the only method possible. In this
case the red sud of the Bayer branch is vashed, filtered and dried and then
sintered with 1ime and soda. The sinter produced is leached in balleaills
and the aluminate Vigquor obtained fs decosposed together with the 1iquor froe
the Bayer branch. This varfant produces » relatively higher alumina extrac-
tion efficiency, lover sods losses, but the lise sode sintering of high iron
oxide red muds seems to present a certain nusber of probless, A large number
of these difficulties hav . been overcoss, hovever, due to the research work
realized fn recent years in the Soviet Unien. |

121, The operating characteristics of the combination sethod are given below:

Il ]
fnacating charastaristics of the coskination asthed
dilica sadulus
4 1L 4L 4 & 3
Auaina ylelds % 935 9 9.5 90 88
Kg Na20/t A0, S48 52 58 ™ %
Sinter bulk t/t A1505 2 13 W 16 2.0 2.4

Heet cons. totel eil. kcal b1W2 4,3 4.5 5.1 5.7
per ton Al203

Iha deailicaiion acacass

122, The desilication process consists of three lines. The first process: .
Towegrade bauxite ofter rossting et 000 to 10509C, follewed by Teaching wi th
dilute caustic solution or eluainete Tiquer. In the secend line the filtered
cake of “esiliceted bauxite, which is new highegrade, is precessed by the ner-
o) Bayor methed. In the third line, seda is regenersted frem the dissolved
sediva silicete by adding Vime. If the silics dissolves in sedive aluainate,
sediva aluninate silicate fs precipitated by the addition of sodalite mud.

123, The dosilication sethed s thooubject of s munbor of pstents which recome
sond different olksli concontrations, temperetures and stirring times. The
desilication nethed hus net, Nowever, been used fir large-scels production.




Cemparisen of methods for traatmsnd of lom-grade baxites

124, A comparison of operating characteristics of classical Bayer, paraiisel
Bayer-sinter process, desilication process and combination method has besn
made by Hungarian specialists. The comparison was made for dosestic bauxite
with a silica modulus of 6.65 of the following analysis: Al,03 51.7%, Si0
1.77%, feg03 22.0%, Ti0p 2.5¢. This comparison is thersfore only relevant
to the particular bauxite mentioned. With a different ore, a different set
of values would of course be obtained.

labla d
Lemearison of asthogs for iraatasat of los-orade bauxliss
Consusption per Procassloa mathed
don of glyming 18 & 2 [ 1 §
Bauxite tons 2.95 2.32 2,57 M 2.75 3.00
0.32

NaOH kg 139 - . 103.5 97.7
Na2C03 kg - n.s 17 - -
Cd kg 196 129 120 . 160
CaC03 kg . 1174 153 40 -
Steam (70 ata) t 1.65 1.37 1.47 1.3 1.00
Steam ( 4 ata) t 1.25 1.62 1.50 2,07 2.49
0il for roasting kg - - - 102 1.52
0i1 for sintering kg - 216 I n -
0i1 for A1203 n3 13 n3 n3 "3
calcination kg
0i1 total kg 1K 329 193 206 205
Electrical energy 286 328 33 I W2
kith
Alusina yields for 78.7 92.2 80,4 ®".5 "%.2
plant €
Na20 loss for 105.5 LAY 9.2 L X ™0
plant kg
mm ¥ - parallel Beyor-sinter process

A0S - desilication by sluainete selu-
1B - normal Bayer process tion and regeneration of sede
2C = combination method by sintering

SOL - desilication by dilute alkali end
vet regeneration of seds by line




fihac sathads uasd for traating
Loxcouallty bauxites sod comlax ores

125, Several mathods hava been usad to separate alusine froe lowscuality
bauxites end other complex alumine ores. Brief descriptions of these pro-
cassas are given.

Elacicatheraic suteaction of aluaios

126. Low=grade bauxits is crushed snd meltad in an electric src furnece in
the presence of coke and ferrosilicon. The eluaina snd ferrosilicon sattle
to tha bottom of tha furnace and ere separeted mechanicelly by crushing the
cooled content. The product is brown corunde with maxisue 96 to 97 per cent
A1203 and Si and Fe both sbove | per cent.

127, To improve the process, s reducing agent is added in two steps In Lhe
patented Pechiney method. The reducing sgent is added, 0.2 to 0.3 in ex-
coss af etoechiometric, and setallic impurities are procipiteted by tha addie
tion of rust-free iren scrap. The alectretheraic sethed has o ssxisus sis-
plicity of equipment and It 18 Vittla influenced by the ere character. The
process con be operated vith a small alectric arc furmaca af less  than
1,000 kVA ond o nininue af equipsent 1f manpover is net exponsiva.

Laaaumiiop
Electric energy: 3300 - 4000 kih/ton aluaina
EVectrode: 20 - 35 kg/ten elumina
Cokas 0 - 120 kg/ten aluaine

Elactcatharalc cadictisg af dhite hauxite ta alloy o 85 asc cont Al o 35 aar
smtl

128, In this process the white bauxite Is totally reduced to an elumina
(00 - 63%) silica (40 - 398) alley. Whita bauxita with Fe203 lover than 1.5
por cont s mixed with allled keoline or quarzite and a reducing agent, high
resctive and low aoh vashed lignite. Thess materials are briguatted with

0.05 to 0.9 ports of carben, corresponding to the reactions A1203 ¢« X -
300 ¢ 24 and 3102 ¢« 2¢ - 200 & SI.

126, The intersediate alloy AlgaSizs is tepped, mixed with melten eluninive
and (mpuritios are crystallized and 1) tered.

M




Sonsusetion per fen of alloy - G3EAL - I 3i:

Electric energy 11,500 kwh/ton

Bauxite plus quarzite 3 t/t

Lignite 0.9 t/t

For 1 ton of final Al - 13 S

product foundry alloy

Intormediate alloy 0.5 t/t

Aluminium 0.61 t/t

Electric energy 500 kWh/ton

By=product 0.21 t/t filtration vaetes of compositiont

Si 16« 36; Fe 5« 10; Mn 7 - 17

Jhe acid aracass of aluaioa sxicactian

130, Many sorious difficultise and problems are encountered with the
various acid processes. The basic eluminium sulphate process, developed in
hustralia, should be mentioned. This procese performe deuble-etep countere
current leaching in dilute eulphuric acid at 1309C and 1809C. In the second
step the aluminfum sulphate is converted in the basic form by means of excess
ore. A ferric sulphate is converted to ferrous by reduction with S072. The
hydrolysis of basic aluminium sulphate follows and an intermediate product
low in iron is obtained, Main probless are represented by the equipment for
calcination. Cheap sulphur and energy eources are required. The method is
unsuftable for ores containing alkali and alkali earth carbonates. White
bauxites with low iron content are suitable for this method.

Iha Pongaarey asthed

131, The method vas proposed especially for gibbeite bauxite with a high
eilica content. The bauxite ie extracted with 450 to 550 grem Nag0 per litre
at 100 to 1309C for five to ten minutes. Desilication of the eluainate lige
uor is obtained by addition of l1ime at 220 to 250°C in molar retio Cad : 5102,
131 for ten to twenty minutes. The purified liquer is eveporated and sediua
oluminate io cryetallized., The solid sedium aluminete is dissolved in wesk
liquor and elumine trihydrate and precipitated by Bayer decomposition. Mere
detailed characterietice of this method cannet be given, es date frem large-
ecale processing is not available,

LY,




High=pressure tube syteclave digsstion

132, This new method for treeting lowegrade bsuxites is based on reaction
velocity of dissolving alumina in caustic which increases exponentially with
digestion temperature. At 290 to 3209C the digestion times are only five to
ten minutes, The tube autoclave construction is based on the pipe-style used
in the oil refineries and high pressure pusps.

133, The highepressure tube autoclave digestion has a nusber of significant
edvantages, especially for processing bauxites with high iron and silica con-
tent. The engineering technique of this new process, however, s not fully
resolved,

L]







O THE MLUNINA INQUSTRY 1N DEVELCPING CONTRIES

Lacatien and capacity

134, The developing countries that have acquired alumina industries are:
in Africa, Republic of Guinea; in Asta, india and the Republic of China; in
South America, Brazil, Surinas (a colony of the Netherlands), and Guyana
(formerly British Guyana and now an independent member of the British Comsone
veelth); in the Caribbean, only Jamaica and St. Croix in the Virgin Islands;
and in Europe, Greece.

135, The developing countries, excluding St. Croix, had a total alumina ca-
pacity of 3.2 million short tons at the end of 1966 or about 19 per cent of
the world capacity. According to the plans of expansion announced, the alue-
nina capacity of these countries is likely to increase to 6.1 million tons
or nearly 24 per cent of a world total of possibly 25.8 eillfon short tons
as given in table 5 below,

138. The bauxite reserve of these developing countries as in 1963 vas estie
eatsd to be 2.3 x 109 (39 per cent) out of a total world commercial reserve
of bauxite of 5.8 x 109 tens.

131.  The production of bauxite in the developing countries has been between
70 to 80 per csnt of the world production during the lest ten years. Barely
one fifth of this bauxite is converted into alusina in thees countries and
the rest is exported to the developed countries. There is thus a large scope
for the expansion of the elumina industry of the developing countries,

Esctacs (nflusecing craation

138. The factors that have controlled the creation of the slueine industry
In the developing countries aret aveilability of edequete Tong-ters supply
of bauxite, domestic or fmported; essured market for the alusina st a world




market price; availability of the investment capital; terms and conditions
of arrangements with the alusinium enterprises to attract the industry; and
political security of the fnvestments in the alumina industry and dependabile
fty of the supply ot alumina,

lable O

!ln thousands of short tonsi

Caribbean area « Jamaica

South America - Brazil
Guyana
Surinam

furope - Greece

Asia - |Indfa

Republic of China
Africa - Republic of Guinea

Total, developing countries
World total

Per cent of world capacity in
developing countries

Aaroximats  Projscted

smacity saeacity
20d of 1966 1970-147
875 2,620
68 13
385 385
860 1,110
220 220
151 963
+6 gV
—d] —ll
3,202 6,080
17,364 25, 776
18.5 23.6

3/ Expansion expected but information not yet aveilable

Auallability of sugoly

139, The decisions have not rested on the availability of trained personnel

or such infrastructure as ports, housing end public services. These can be

provided by the enterprises when not otherwise available, The decisfons have
not alvays required the existence of domestic bauxite resources becsuse the

ore can be imported to alumina planta that are vell located an 1lustrated in
the case of the Republic of China, St. Croix, and the location of large alue

mina capacity in developed countries lacking bauxite rasources.
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lacket

140, When the market has been initially small, the low=capacity alumina
plants have survived only through trade protection policies for the associated
domestic aluainfum industry as in the Republic of China, Brazil and India,
Where industry has to depend on the export sarket, lowecost efficient alumina
plants have been buils,

lnxesinent

141, Where the asrket for soae individual enterprises could not support the
sost economical alumina development, the consortius or joint venture has been
ueed to increase the total market and build a larger alumina plant.

Iacas and cooditions

142,  The competition between developing countries has been tmportant in guide
ing the decisfons to invest in alumina capacity. The competition includes the
kinds of terms and concessions granted regarding bauxite exploration and mine
ing and tax and other incentives. The most important element of competition,
however, is the kind of stability a country can offer, politically, legally

and financially, as the environment in which an alumina enterprise must exist,

dunalying bauxite

143. The growing dependence of the developed countries upon imported bauxite
has incressed the incentive to locate alumina plants close to the ore in order
to save transportation costs.

Eituce sxoansion

144,  The above factors that govern the creation of an aluaina industry in a
developing country vill also govern the expansion of the industry. In fact,
in most of the developing countries that have large deposits of bauxite the
alusinm industry 1o expanding, condftions being favourable,

145, In Jamnice and Guinea the alumina industry fe based on the use of lower
grades of bauxite previously fgnored or conefdered unecononic, Although there
ie a general groving interest in the use of lowegrede bauxite and other

]




aluminous ores, the trend is not yet established in view of the large :
resources of higher grade ore being developed in Guinea, Australia and in |
other countries.

146. During the implementation of the expansion of an alumina plant, the |
following technical points have to be taken into consideration: pflot plant
study of available bauxite; design of the plant; availability of equipment;
provisions of adequate space for future expansions and training of technical
and operating personnel,

Eilot planf studies

147. Characteristics of bauxite such as fts hardness, quantity of sandy ma-
terial, settling properties of red mud, presence of orgenic materials vary
from place to place, !t has been experienced that data collected in labora-
tory scale tests do not present the designer with the entire picture, with
the result that many probless arise during the operation of the plant after \
fts erection. It is therefore necessary that befors taking up the design of
a new plant or expansion, composite samples of bauxite should be collected
from the mines and their properties studied in a pilot plant.

Desian of plant

148, * The technical know=how, the engineering of the plant and the training
of the local personnel will have to be provided by the alumina enterprise
participating in the project. Costs for such facilities should be within
reasonable limits.

Availability of equipment

149, In most of the developing countries the equipmnent of plants will have
to be imported. Importation of equipment should be arranged from most eco-
nomical sources within the linits of quality.

£xpansion

150.  In alumina plants that are fnitially designed for smaller capacities,
adequate space should be provided for future expension to ralse the capaci ty
to an economic size, particularly in the developing countries vhere land is F
not very expensive. Generally, the main units in mn alumina plant achieve
an output of 10 per cent or more than the rated capacity, if some balancing
plants are added. Provision should therefore be kept for this aspect to have
additional production fnvolving limited additionel investment. This will
further improve the economics of the pro ject.
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ID/NG.11/1  The present status of alumina and aluminium production in the
SUMMARY vorld and in the developing countries; prospect of developing
an aluminium industry by J.H. Rmimmrs, Canada

Most of the world's bauxite rmsmrves and a large proportion of the
world's undeveloped water power are located in the tropical and sub-tropical
belts, mostly in developing countries.  Nmtural conditions exist tharefore
for establishing alunina and aluminium reduction plants in many of these
countries.

Aluminium fs now a basic industry and competitive production units
require large investments. Plants of economic size therefore produce much
more than can be absorbed by the 1imited market of a country in the early
stages of development. For these reasons outlets to world markets are neces-
sary, and establishment of an aluminium industry is more easily achieved vith
the participation of one of the major aluminium companies.

The alusinium industry is vertically integrated and highly interna- |
tional fn character. At the same time aluminium consusption shows one of the :
fastest growth rates for a major commodity. The major aluminium companies
are therefore eager to develop nev sources of alumina end primary metal, pro-
vided the projects are economically sound and provided the countries involved
offer a secure economic and political climate for long=term invastment.

The support of foreign govarnments and particularly of international
agencies may be more acceptable to emerging countrims, but governments usu-
ally attach political conditions to their offers and agencies have Timited
financing possibilities,

Developing countries can, within reason, apply pressure to have foreign
cospanies interested in thmir bauxite procass it locally. AMustralia, mltheugh
not a developing country, has donm so successfully. However, the terns made




with foreign companies must be reasonable so that the projects are not killed
ip their infancy. The Australian Government's handling of their bauxito con-
cessions should be carefully studied in this connexion.

The various aluminium producers have developed designs and practices
that differ considerably, due to different conditfons and also to some ex-
tent due to local traditfons in the industry. 1t is, therefore, desirable
to engage the services of independent advisers to evaluate and compare avail-
able technologies and recommend the selection most suitable for a particular
project, before making a final chofce, [ach of the major aluminium companies
usually thinks, at least officially, that it has the best technology; unbi-
ased evaluation and advice should be sought therefore.

New direct reduction processes do not present a threat to conventional
alumina and aluminium reduction plants within the foreseeable future. On the
other hand, the advent of cheap muclear pover could within a few years pro-
vide new possibilities for economic aluminium reduction plants in industrially
developed countries where the main aluminium markets are and will be for many
years to come,

iD/WG.11/2  World reserves and requirements for aluminium rav materials
SUMMARY by S.!. Beneslavsky, Union of Soviet Socialfst Republics

Alusinium fs the most widely spread element of the earth crust that
has industrial importance. Its percentage of the earth's crust is 7.45. At
present bauxites are practically the only raw material from which aluminium
s extracted. These rocks are relatively widely spread on the earth.

In many countries rocks characterized by considerable variations in
their composition are regarded as bauxites. Bauxite is an economical rather
than a petrographic notfon. The absence of objective criteria for the def-
inition of the term "bauxite® is the reason for various estimations of its
total quantity throughout the earth and different calculations of its re-
serves. Two main types of bauxites are known: residual-homogenic autoch-
tonous; and sedimentary-homogenic allochtonous.

At present the 1argest kncun bauxite reserves sre on the African con-
tinent, in Australia, in the Caribbesn basin and in the northern part of
South America, On the whole, beuxites are open-mined for the aluminium in-
dustry. In the Union of Soviet Socialist Republics, and to a considerably
lesser extent in the United States, Yugoslavia, France and Hungary, bauxite
is mined from underground drill holes and pits.

The absence of a generally acknovledged definition of the term baux-
{te restricts the possihilities of an estimation of the quantity of bauxite
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rocks in various regions, as vell es sccurete estinates of bauxite resources.
Equatorial Africa, Australia, Central and South Merica, Hindustani peninsula
have the greatest prospects for discovering surface deposits. The ancient
epochs of bauxite foreation and the *buried" deposits connected with thee
have been inadequately studied so that it is difficult to make a prediction
of their resources.

The world aluminium industry applies on the whole the Bayer process,
using temperatures of digestion. Bauxites that heve a high silica content
are processed by eeans of sintering. The eany other patents on the
extraction of aluminiun oxide from bauxites have not found practical
application.

The improvesents of the technology of the extraction of A1203 froe
bauxites and the improvement of economical conditions in developing regions
and new countries will permit a change in the einisun essential specificetions
for bauxites, decreasing their content of A1203 and increasing their content
of Si07 and Fe203.

Bauxite reserves that meet the average world requirements sey be esti-
eated as 8 x 109 to 10 x 109 tons; the reserves of ores, suitable for process-
ing to alueina, will constitute not less than 25 «x 109 tons with the
isprovesent of econoeic conditions and technology.

The irregular pattern of distribution of bauxite deposits throughout
the world brought about by geological causes should not be permitted to hin-
der the development of the aluminium industry in countries that are in zones
without bauxite.

For alueina production it is necsssary to use nepheline and leucite
synnlt;s, kaoline clays and argillites and disthen rocks (andalusite, silli-
eanite).

A favoursble factor for processing these rocks is the presence of elka-
line (Na and K) which is used in the technological process and is a separete
coemercial product as well.

The spread of alumo-silicate alkaline rocks in the 1ithosphere is not
large and is even less than that of bauxitss; the grsetsstarees are in the
northern hemisphere. Almost all nepheline rocks ars utilized only in the
Union of Soviet Socialist Republics. These rocks are ot leest spread in the
countries of the southern hemisphere.

The reserves of alumo-containing alkaline rocks in zones that are per-
spective for their utilization eay be estiasted st several billion tons.

The specifications for this nev type of raw material have not yet be-
coee stable. Conditionelly, teking into account the regional econemy in ths
Union of Soviet Socialist Republics, it is considersd profitable to process
rocks containing about 27 per cent A1703 and 14 to 18 per cent of mlkalines.

52




For the production of eluminiumesilicon elloys, it is rational to use
ores in which the eluminium=to-silicon retio is near to that required for the
alloys (disthen, andelusite, sillimanite, keolinite). These rocks are spread
in the lithosphere to a far greater extent than the alkeline alumo-silicate
rocks. They are known in regions of earliest formation where there are nei-
ther bauxites nor alkaline quertz-free eruptive rocks, as in the southern part
of Africe snd the northern regions of Europe and North America.  Kaolinite
clays are videly spread in different climatic zones of the earth.

The industrial production of alumo-silicon alloys and silumine from the
kaolinite concentrate is organized in the Union of Soviet Socialist Republics
vhere there are kaolinate reserves of many thousand million tons. The alumo-
silicate alkali-free rav material (content in the concentrate) must eeet the
following requirements:

Al203 Si0p  Fep03

Disthen (silliesnite, andalusite) concentrate >56f <37.5¢ <0.5¢
Kaolinite concentrete >36% <47 7 <0.5¢

For the utilization of alumo-silicates as raw materiels for the produc-
tion of alumo-silicon alloys, as well as alusinium, it is necessary to work out
technical-econonical efficient methods of their beneficiation.

Neintaining the present rate of development of aluminium production and
oven greetly increasing it by using various aluminium=containing rocks, the
vorld would be supplied with rav material for alusinium production for many
centuries.

ID/¥G.11/3  Requirements for alumina for the production of alueinium in
SUMMARY an Austrian aluminium reduction plant by E. Nachtigall,
Mustrig

The Mustrien aluminium industry is capable of high production based on
veter pover from the Alps. In 1898 a Swiss company established a small alu-
ninfum reduction plant in Lend, Selzburg with a hydroelectric generating ste-
tion. In 1940 significent aluminium reduction works wers constructed in
Ranshofen, Upper Austria. Both works produced about 78,000 tons of virgin
aluminfum in 19686.

During the var the works in Ranshofen processed Hungarisn bauxite. This
bauxite wes transported along the Danube and Nesb to en alumine factory in
Schuandorf, Bavarie for the production of alumina. After this procedure the
eluniniun wes transported elong the Nasb and Inn rivers to Ranshofen.
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Austria itself doss not possess an alueina factorys therefore, aluein-
jue oxide has to be imported from several countries. Beceuse of the various
supplies of alumina it is necessary to sign detailed sgreements with suppli-
ers, especially to define quality. Quelity requiresents refer to the physi-
cal and chemical properties of alumina which are important for the econoey
of alueinium production and the purity of the alueinium produced.

Among the physical properties, most attention is paid to the modifica-
tion and grain size of aluminium oxide. The impurities of aluminium oxide
determine the purity of the aluminium produced and also influence the economy
of the electrolysis process. The effects of physical properties and parti-
cular impurities are treated in the peper and reference is eade to special
methods of researching aluminiue oxide.

ID/¥6.11/4  Development and prospects of the Bayer system of alueina
SUMNARY production by G. Dobos, Hungary

The Bayer process known for about eighty years, by eeans of which ap-
proxieately 95 per cent of alumina produced all over the world is processed,
has not changed basically since its introduction. However, in the last twenty-
five years, keeping abreast with advances in techniques, the process has une
dergone substantial development. The Bayer process lends itself to the
processing of good quality bauxites froe which, according to their tri-or mono-
hydrate character, two specific variations have been developed, namely the
furopean and the American. Substantially these differ one froa another only
in their temperature and concentration conditions; both adapt themselves to
an increasing extent to the quality of bauxite that is processed. From the
netallurgical point of view alusina production may be considered as an enrich-
ment characterized by the efficiency of the process, its specific consusption
of reagents and energy, as well as the extent of specific capital investaent.
These factors are determined by the technical level of the realization of the
process and by the bauxite composition to be processed. The Beyer process is
essentially a solvent circuit, energy consusption froe which is detersined by
the extent of temperature differences brought about and the afficiency of coun-
tercurrent heat recuperation. The letter can be realized with continuously
operating equipaent only. A further important condition of its rentability is
the selection of high-capacity equipment units as vell es the realization of
a technological optimue. In plants opereting with up-to-dete technolegy the
effect of the bauxite quality is less sensitive to the afficiency of the

process. This, hovever, does not apply to alumina recovery and caustic sods
consumption.




Private enterprises own the alumina industries of all but one of the
developing countries considered here. But for all alumina enterprises, pri-
vate or state owned, an essential condition is assured markets for aluminium,
World alumina capacity now is divided 80 per cent into private and 20 per
cent into state enterprises. By 1971 the share of state enterprises may be
greater. Six companies control most of the world's private capacity. Con-
trol of the world aluminium smelting industry follows a sinilap pattern.

Control over alumina capacity is determined largely by control over
smelter capacity. The alumina plants of Brazil, the Republic of China and
Indfa are small and of high cost and they serve associated aluminium smelte
ers under common ownership protected by high import duties. These plants do
not supply export markets. The alumina plants of the other developing coune
ties are larger and operate at lower cost to serve export markets.

In Jamaica and Guinea the alumina industry is based on the use of lower
grades of bauxite previously ignored or considered uneconomic. Although there
is a general growing interest in the use of low=grade bauxites and other alu-
ninous ores, the trend is not yet established in view of the large resources
of higher grade ores being developed n Guinea and Australia.

The growing dependence of the developed countries upon imported bauxite
has increased the fncentive to locate alumina plants close to the ore in ore
der to save on transportation costs. Political stability and security of in-
vestment have also become important locetfone) factors. An uninterrupted
flow of elumine is even more important then the amount of the investment
risked in an alusinm plant. Far grester fnvestment is at steke in the alu-
sinfum industry that consumes the alumine, and the other industries that use
the eluninfum. Sections of industrial economies can be disrupted seriously
if the flov of imported alumina is halted or terminated. For these reasons,
enterprises have particularly favoured elumina plant locations in certain
countries vhere conditions are favourable both to the security of alumina
investment and the susteined flow of output.

Developing countries seeking elumine capacity have to compete both
among themselves and with other countries in arranging the terms and condi-
tions accoptabla to the alumine enterprises.

The experiences in establishing elumine capacity are revieved in de-
tail for ¢ nusber of countries. Considersbla variations are evident in back-
ground conditions and the kinds of arrangements made. In some deteils,
arrangenents negotiated between colonial governments and enterprises sppesr
to have been more favoursble to the countries than arrangements later nego-
tieted by independent developing countries, probsbly becauss of the gremter
sophistication of the colonial representatives.

Where the size of the market for an individus) enterprise would supe
port less than the most economic errangement, the consortium device has




been used to pool the markets of a number of aluninium enterprises. This
nethod 1ike the joint venture technigue is being used not only to combine a
number of private enterprises, but aleo to accommodate mixtures of private
and state enterprises, Some developing countries are using alumina develop-
nents to support parts of the domestic eccnomy such as the employment and
training of native personnel.

ID/WG.11/9  Experience in the expansion of alumina plants and indusiry in
SUMMARY the developing countries by P, Dayal, India

The importance of an aluminium industry to the development of the econe
omy of a country is indicated in this paper. The pattern of growth of the
denand of eluminium and fts production in the world has been discussed; world
reserves of bauxite have besn mentioned briefly,

Developments in the production of bauxite, alumina and aluminius in
various countries of the world with particular reference to the developing
countries have been described. The production of bauxite in the developing
countries has been between 70 to 80 per cent of the world production during
the 1ast ten years. Barely one fifth of this bauxite is converted into alu-
nine in these countries; the rest is exported to the developed countries,

The author deals with the status of the alumina and aluminium industry
in developing countries and the possibilities of its expansion in the future.
The cepacity for alunina in the developing countries in 1966 was 3.46 million
short tons, that is, 26.6 per cent of the total world capacity (excluding the
capacity of centrelly planned economy countries) of 13 million tons. It is
estineted that by 1971 the capacity for alumina in the developing countries
will increase to 5.5 million short tone, that is, 33 per cent of the total
capacity as mentioned above of 16,7 million short tons. The export trade of
the developing countries in bauxite, alumine snd eluninius has also been
indicated.

The paper describes the development of the alumine industery in India
from its inception 25 years ago, its repid growth during the last ten years
ond further expansion envisaged. The installed capacity for elumina in India
by the end of this year will be 257,000 tons and is likely to incresse to
889,000 tons by 1974, The types of bauxite used and the technology of the
processes employed have also been given.

The paper further deals with the experience geined in the expansion of
the slumine industry in India vith respect to design of the plant; aveilebil-
ity of equipment; pilot=plant etudy of bauxite; space; instelletion of equip-

nent; and treining of technical and opereting personnel. These are beiefly
susaaried below,
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The alunina industry in India hat been developed in technical collebo-
ration with aluninium-producing companies from the advanced countries, India
thus got the benefit of the latest know-how from the advanced countries.
Indian engineers are now playing a major role in the design and technology
of the new plants and expansions, Most of the equipment required for
the construction of an alumina plant is now manufactured in the country, It
has been experienced that the data collected fror laboratory scale tests on
bauxite do not give an entire picture to the designer. It is necessary there-
fore that before taking up the design of a new plant or expansion, composite
somples of bauxite should be collected from the mines and their properties
studied in a pilot plant.

In an alumina plant which is initially designed for small capacity, ade-
quete space should be provided for future expansion to raise the capacity to
an economic size. In order to avoid loss of production from the . existing
plante, the units for expansion ehould be built up first and inter=connexions
with the older units mede by plenning a schedule of shut-down of the latter
for changeover and simultaneous maintensnce. It is also felt that during the
erection of the expansion cepacity, supervision requires strengthening to en-
oure thet the construction crevs do not hamper the operation of the old plant.
It fo eseentiel thet the technicel and operating personnel should receive ine
teneive treining before the start of a new plant.

It is coneidered thet an annual cepacity of 200,000 to 250,000 tons s
an economic size for an elumina plant. The coet of investment for such a
plant fo sbout BUS 125 per annual ton. Finelly, it is concluded that there
fe greet ecope for the expaneion of the elumine and slusinfum industry in de-
veloping countries,
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rival

14 pr f i
(gross welght in thousands of tons)

WMo 1960 19 150 1961 LR MG 10

1968
Commonveel th
Jwmatca ¥/ 590 4496 5,12 5,745 6,663 1,05 6,93 7,760 8,514
Guyana 2,080 2,8 16K 2,471 2,37 3,006 2,33 2,M68 2,638
Mustralia s 19 15 69 16 L] 54 % 1,162
Malaysia & 57 IR S ¢ 663 % 8 622 980
India 4 176 75 381 468 568 556 561 695
Ghana 14 g/ s/ usE 1wg/ 20 m 30 246 04
Sterra Leone - - - - - - [l 148 204
Rhodesi - - - - - 1 ? 2 2
Pakistan - ‘ 7 1 - - - - -
Total 2,919 L0 M8 9,505 10,385 11,02 11,106 12,501 14,499
£.E.C
France 1,002 1,689 1,778 2,035 2,190 2,14 191 7,5  2,6%
Ialy 207 N 2% 08 322 04 264 238 20
Germany (Fed. Rep.) 5 4 A 4 4 5 s 4 )
Total 1,243 1,98 2,003 2,37 2,596 2433 2,201 2,635 2,085
Other countries
Surinam 2,151 3,757 3,376 3,400 3,351 3,00 3,053 3,926 4,330 &/
Guines N 154 516 W 1,10 1,739 1,420 1,638 1,652 1,880
United States 1,596 1,656 1,700 1,988 1,228 1,30 1,55 1,601 1,655
Yugoslavia A4 832 802 1,009 1,213 1,M 1,265 1,273 1,56
Greece J 206 769 904 870 1,102 1,300 1,261  1,0A6 1,240
Deninican Rep, - 1839 19 678 137 665 %1 807 927
Indonesia M 318 381 389 413 ™ 485 638 600
Halti &/ - 29 255 268 263 1, k7] mn 320
Brazil 19 1l 9 119 10 188 167 130 190
Other in this growp 2% 33 » 33 28 2 ¥ 22 23
Total aaidl il M M R A B LN LA
Total of above 9,789 17,213 18,05 21,87 23,085 2,70 24,285 26,684 30,028
9moups
vssk &/ 880 2,600 90 3,050 4,000 4,200 4,30 4,300 4,70
Hungary Y 1,020 923 1,11 1,33 L,M5 1,30 1,464 1,485
China (Mainiand) & 175 300 00 w0 w0 0 %0
Romani a 12 63 0 87 [ ] ¥ 10 17 12
Total WiV M Mk W B M M MBS
forld total 1,658 21,10 22,00 26,935 28,885 3,85 0,315 32,005 36,505
2/ Dried bauxite equivalent. § werage 1959-80; prodictien etarted in 1950,
b/ Of vhich Sarawak  1962: 225; 1963: 155; 3t Estissted by the US Buress of Mines.

1964:  158; 1965: 136,
s/ Export {/ Excluding preduction in Chine (Teiven), If any.
1

Kals: Seall discrepanctes In the total figures are e to reunding of subtotals,




lakle 2

(gross waight in thousands of tons)

Marsgs  Moarags
1980-00  1935-B0 1950 1960 0 uR 1963 1964 196y
Commonveal th
Jonaica ¥ S22 3,588 A197 4,8 A8 5,987 5,162 5,080 6,785
Guyana h/sl 1,962 1,879 1,515 2,005 1,606 1,82 1,333 1,319 1,756
Maleysia 61 M 567 08 541 514 508 629 (820)
Mstralia . i . 2 0 8 W3 406 611
Ghana 124 1 148 225 196 287 207 264 283
Sierra Leone - - - - - - 20 127 (120)
indla 2 23 2 3 98 1 133 93 62
Total 281 §,0% 6,49 7,279 ,M7 89 7,606 8,805 (10,500)
[.E.C.
France 27 n? m n? 52 260 199 197 199
Other - - - - - 1 2 3 5
Totel 287 12 m n 252 261 200 200 203
Other countries
Surine 17 320 3,3% 3,517 3,31 3,0 3,421 3,021 4,3%
Yugoslevia vy 662 502 0 915 900 962 1,063 1,144
Greecs oy 204 w3 801 89 1,0% 87 1,100 1,06 1,13
Desintcan Rep. . 28 30 648 0 706 1 ot
Indones|a A5 29 %3 2 M4 W2 606 (000)  (600)
Hofti . ey m 1 ) W 328 wml md
Guinaa 15 M 2% 694 346 1 M 164 (200)
Other in this greup 73 1" 15 12 54 7 ;] 62 ()
Total Wo2v 5,7 s 7,295 7,108 6,859 7,323 8,000 8,780
Hongary 615 A% AS9 491 0 08 656 "9 555
Ronania (10) 5 (3] L )] k74 15 8 -
Tatal 8 dl ¥ 8@ B & = M 8
Vorld tatel 108 12,05 13,285 15,088 15,500 10,40 15,795 17,735 20,00
o Cstiosted dried equivalent, o iworege 1950-08 experts otartad 1959,
b/ Pertly dried and portly calcined. 4/ ¥ teports frem country concerned.
&/ Of which Sorawak 1982 199; 193 5% o/ iwerage 195280; experte started 1967,
1900 105; 1905: 1%0.
J 1908 mly.

it Seell diacrepancios in total figures are dus o rounding of wbbetels,




0

Iapled

(gross weight in thousands of tons)

Avorage Average
W05 1995060 194
Commonweal th
Canada &/ 5,000 086,690
United Kingdon R b7 37
Australi., - 56 67
Toial AT ', 084
f.r.C.
Germuny (Fed, kep.) 638 1,152 598
taly 106 193 733
"rance ! 33 4h
Other B 10 b
Tetal 749 1,388 1,149
Other countries
Dnited des ¥ s 307 8,
Japan LA 604 817
Ching (Taiwan! 6 &/ 33 kA
Spain 3 m 9
Norway 30 3 H
weden 14 " 12
histria 5 J -
Other in this group 9 3 75
Total 3, 166 1,89¢ 9,189
o 4
SR+ / 468 LY} 7
Frechoslovakia & v e %2
Fastern Germany 1004 75 751
Pol ind g 8/dl o 2
e @ ®
Worly ‘otal 1,510 12,619 13,435

al

b/
&
'

8/
1/

5,000 1,55 1,365 1,310 1,564 1,878
37 39 82 331 374 466
% ? 0 14 1 ()
2,1 1,997 1,861 1,655 1,930 (2,3%)
1,320 1,53 1,369 1,484 1,597 1,610
27 254 89 e ki A8
60 19 100 140 Thi 115

1 10 7 13 ) 28
1,668 1,825 1,765 1,981 2,022 2,
5,69 9,276 10,605 9,263 10,364 12,702
1,000 1,13 1,081 1,399 1,595 1,640
! 5% 56 2 88 103

" | 46 65 52 %

28 30 38 2 30 i

6 ? % 1% 3 23

10 18 13 13 17 ki

] 60 51 32 3% W0
10,073 10,66 12,006 10,862 12,217 14,653
A2 A48 307 434 1YY, 589
265 351 363 299 A1 (3%)
264 759 )| 322 322 U8
ki) 59 2 59 " (%0
B L R M M W
15,450 15,600 16,620 15,610 17,535 20,45

The share ot bauxite in Canadian cosbined imports of bauxite and alusina has besn estisated for the yesrs
1049463 from the axport statistics of supplying countrles. From 1964 onwards the figurss ars officiel

imports.

Partly dried and partly calcined.

Average 1957-5,

Figures comprise exports to the USSR from Hungary 1949-55 inclusive ad in 1965, and Seviet imperts fres

Greece from 1955 onwards.

Exports to the country concerned from Hungary snd Yugoslavia,

1944 only,

data: Swall discrepancies in total figures are dus te rounding of subtotals.
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lable s

1 ion of prim
(in thousands of tons)

Juatnium

Avorage  Average
1343-98  1005-60 1639 1960 g 26 BN 1064 1360
Tommonweal th
fanada 01,6 96,3 530,0 680, 4901 616,. RV S R
huetraiia - 4,0 .4 " 13.2 6.0 A 8,2 Bt 4
Ingia 3.9 10,8 7.1 %.0 8,1 3.8 -8 53,7 55,7
United Kingaon 29,7 76,9 B0 32.2 .0 10,6 3. 35.6
Total 4531 609.7 S0 Tt pusl? 01.° “HE, New a1,
f.0.C,
France #9.3 16,6 170,737 Cin.0 8+ 2937 Mg e
Germany (fed. Rep.) 76,7 46,8 48,8 166.3 69,8 179.0 0N MEa Cuny
italy 4,6 68,0 13.8 8..3 6..0 80.0 0.1 ML 1.0
Totat 710,6 I 0,0 48T 5769 tadlp Lal,C ee0.6 6007
Otirer countries
United Stites AT T 1098, 6007 S0 06k LT 0.
Japan 36.8 83,8 986 1M 1813 8.7 0 THG A9
Norway 40 f 13,48 143.F 1m0 168.8 07,6 .7 45,7 T1LE
Mstria n,7 59,9 64,5 £6.9 £6.6 7.9 ®,0 7.5 7.5
Switzerlana Ths 23 33,8 39,1 M.c 48,8 60,7 b300 6.1
Spafn %4 1.8 22,3 2,3 7,1 1,0 o 48,9 50.6
Cameroon . 0¥ A6 a3 s o1 8.1 S0, 4,7
Yugoslavia 2.6 18,1 18,4 %7 0.0 7.5 3.3 %, 4,7
Sweden S 1,2 15,6 15,7 5,8 15,9 7.8 70 0.1
Brazil 0.7 0.7 17.8 7.9 19,7 19,8 .3 6.0 29,1
China (Taiwan} 3.6 .0 14 8.1 8.9 10,8 1.7 19,1 1.6
Rexico - - - - - - 5.2 17.4 18,9
P el e b il A W
Total of afove ThO87.4 L9107 318008 3, 4.1 3M65.6 3,796.6 6,176, 4, 710.6 5,010,4
qroups
vsor ¥/ ;.0 530.0  615.0  665.0 8850  890.0  9%0.0  980,0 1,760.0
China (Mainland) & 0.5 3.0 69.38 80,0  100.0 00,0 100.0  100.0 , 100,0
Czechoslovakis 3,0 26.8 75,6 39,4 9,7 29,2 .08 w08/ e1.08/
Hungary 2.8 38,1 .9 48.8 5.3 51,9 5 ,¢ 5.0 87,7
Poland / 0.9 22, 2.4 5.6 48.9 1.3 45.9 47,0 46.6
Fastern Gerssny b 8.08 335 3.0 34,0 39,0 37,0 39.0 40,0 5.0
rY
Total Pa- $ O B W LI L ke X
Werld tota) 1,965 3,605 3,995 4,455 4,635 4,970 5,425 5,990 6,600
——

3 worage 1957-60; preduction started fn 1957, §/ Reported production.

y

Y Cstinsted by the US Buress of Nings. Including Remanis 27,4,

Raigr Seall discrapancios In tote) figures sre dus to Pounding of subtetals.
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lable

Merld desestic mm? of ynurauaht .]mngn ((ncluding alloys)
in thousands of tone

Moerags  Avarags
104054 19%5-60 1959 1360 1961 1962 1963 0 1%y 1860

Commenveal th
Caneda W6 AS2.7 452,89 AR.0 A9 S5 S67.1  560,7  631.7
United Kingdoo 5.1 5.0 .7 1.9 5.4 5.4 7.4 6.7
Matralie 0.2 0.1 0.1 - . 53 154 2.2
Total ¥ 3507 A5Th M56.9 496,90  M03 519,9 5189 5825  677.0 ‘
LEC.
France 19,6 38,5 50,8 0.6 1.9 1035  122,7 1242 1M.8
Gernony (Fod, Rep.)  16.6 2.9 1.8 27 1.8 5,9 14,0 9,7 10,0
Belgiunsiuxesbowrg 1.7 0.8 0.9 0.9 0.6 0.8 0.8 1.1 2. %
Other .9 64 M4 19 2.5 0.9 0.5 1.6b nsb g
Total M. MB.6 6AO 61 1287 1112 138.0 1536 2247 !
{
Other countriss i
Yorvay 8.4 97,3 130.0 1360 1,0  160.0 2047  280.6  230.7
United States 2.6 78,6 108.1 5. 15,1 135.0 W6 1863 1848
Comeroon - 28,56 386 M. 454 500 515 48,0  48.2 ;
Mstrie 14,5 21.0 76 A 2n8 ML .8 N3 NS ;
Japon y N 0.2 . . 5.4 13.9 19,2 28,7
Suitzerland 8.1 8,6 14,7 7.3 6.0 8 1.9 1,8 1.1
China (Taiwan) ¥ o 2.0 0.1 2.4 2.6 1.4 a1 (2.0)
Spain - 5,68 02 1M 29 104 10,1 9.0 0.3
Other In this growp 0,9 43 2.9 1.5 1.5 1.7 3 5.2 6.1
Tatel M 22,8 3.4 A2 B2 A23.7 AS6.8 58,6 SO1.4
wssp Y/ . n.4 8.2 869 86 1139 120,27 1724 254
Hungary 5.1 9,3 %2 1.0 8.6 8.4 04 120 WS
Other in this group - 1.9 2.8 0.2 2,1 2.2 1.3 0.9 1.0
Total WYOR M A bR R W M Al
World tetal wd/ e W5 115 1,00 1,175 1,3 1,510 1,M5
& Inclvdes snall emeunte from india in 1950 and 1984,
B/ 0 hich 1taly 18,9 in 1964 and 31.5 in 1965,
5/ Iworage 1957-80; experts started in 1957,
4 woerage 1950-54,
8 Including screp.
U werme 19525,
8/ worage 1950-00; experts started in 1959,
B Eecluding olleys, I aay
1/ 1sperte inte knewn recipiont countries of wawreught aluninive frea these experters.
J/ Cecluding omerts frem contrelly contre’ied oconsny countrios other tham Nongery.

Rt Seall descrepancios in tetal figures are due to rovnding of wbtetels,
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Taking into account the ever-desper knowledge of procags chemism and
the development of investigation methods, it mey be expected that on the ba-
sis of laboratory investigatione more and more accurate consequences will be
drawn as to the expected technological properties of bauxites, and this will
pave the way for further improvements of the technological process. The
effect of mineral modifications of aluminium hydroxide and of silica and ti-
tanium oxide on digestion chemistry may already be considered to be cleared.
Iron oxide modifications have first of all an influence on red mud settling,
appraciation of which should not be neglected. As regards elimination of
other impurities, industrial solutions are already available at present; fur-
thermore recuperation of veluable elements (Fe, ¥V, F, Ga etc.) on an indus-
trial ecale ie mlso solved. Decomposition kinetics, which in the recent past
vas still coneidered a "difficult art", may be set in equations.

In the course of alumina production, large-size equipment serving the
exclusive purpose of alumina production has been developed. As a further
neans of developmant, introduction of autogenous bauxite milling has also
baen taken into consideration. Continuous digestion at high temperatures
ensuring a good heat racuperation has been realized, and in the near future
introduction of digestion over 2509C may be expected, perhaps in the form
of tube digestion. For the settling of red mud, one-chamber settling tanks
of 30 to 35 a dismeter are used and for the filtration of red mud continuous-
ly operating drum filters and preesure filters with a large surface (230 02)
ara put into eervice. Thm pneumatic automized pressure filters supply ade-
quately transportable storable red mud vith a moisture content below 20 per
cent.

Development of decomposition technology has resulted in the increase
of tanke (2 to 3000 #3), further in the continuity of operation and the re-
alization of mir-lift agitation with low enargy consumption. In evaporation
the trend of development ie likewise an increase in size (up to 1400 o’ cor-
pus), usage of mixed or countercurrent equipment with a view to decrease scale
formation and better heat utilization.

For calcination in general, furnaces of a langth of 75 to 110 m are
used and efforts are being made to solve preliminary drying of the hydrate
and introduction of dust cyclones.

With the development of the Bayer process, the necessity presanted it-
self to elaborete quick automatic snelysers of rav materials, internediate
and final producte with continuous operation, which, froa tha point of viaw
of sutomation and optinization of the procass, appesr to ba of decisive im-
portance. [t vas thus that slusine plents reached the stage of reelizing
computer centrol,

From the technological point of view, proceseing of poorer quelity ores
and recuperation of useful compenents (Fe, Ti etc.) merit certain attention.




lable $

thwngm)
: in thousands of tons
¥

Aurage  Average

Commonveal th
Unitad Kingdos B8 LA 50T 310,5 035,89 5006 0668 354 318
: Hong Kong 0.54 5.4 5.1 6.0 5,2 4.6 6.0 10,3 0.3
i New Zealand 6.3 0.6 0.8 0.7 2.1 5.0 5,6 8,0 9.1
India 1,5 6.0 6.8 8.0 9.4 4.7 6, 5.6 1.3
Mstralia B4 15,7 19,3 26,4 16,1 TN S TOr: 0.6 0.4
Other 1.1 8.3 14.0 6.8 10, 8.8 3.9 6.1 8,1
Total 1936 2784 0961 3SB. 2790 3151 00,6 35.0  340.0
E.L.C.
Germany (Fed. Rep,) 1.1 1.8 B8.6 178,17 1365  116.1  11B.8 1607 166.8
Belgium=luxesbourg 12,2 h/ 40,1 48.6 63.4 68,5 67,2 7.6 110.9 115.¢
France 23 1.9 328 53,3 42.0 50,8 55.0 m3 2.6
. Ptaly A6 15.0 15,8 .5 5.3 TS % IS O 0 33,2
Wetherlands 5.8 1,1 14,0 4,4 13.6 W5 19,5 2.0 20,0
; Total 01639 1999 A28 2860 292.0 3.2 399.0  AQS.?
i Other countries
! United States 1519 1884 2139 1381 17,9 276 3N 0.8 470.7
% om 04 85 183 28 .1 1N5 2.9 1! ALe
5 Argenting 1.7 134 8.2 11.9 2.8 15,3 1.8 ™1 (30.0)
Sweden 12.9 20,6 1.2 2.7 23.6 30,3 3.9 .9 26.8
; Brazil 4 8.? 1.4 8.8 1.6 1.9 19.2 BA 18,5 21.9
; Seuth Africa 2.0 6.9 7.3 1,1 10.2 3.8 165 167  (20.0)
; Yugoalavia 0.1 41 5.8 13,6 10.5 10,5 6.6 15,6 19.5
Spain 2.0 4.9 b 1.7 4,2 8.3 10,4 9.8 16.6
Switzerland 5.8 11,6 16.4 16.1 10.3 10,9 45 5.9 121
Denmark 3.1 5.0 6.4 2.3 5.8 6.6 6. 2.1 9.2
Greecs 098 2. 2.5 43 5.4 5.9 5,6 8.4 8.4
Fialend 1.2 4.0 2.2 L0 5.5 6.7 4.0 8.2 8.1
Pexico 3.3 9.5 9.4 1.0 10.2 15.7 8.9 0.1 0.5
Other inthisgrap 588 199 224 28 3 w1 W4 w0 (s0.0)
Tatal 5.8 30,3 3’22 2.0 35 AN 576 SM.9 M4
Castorn Goraany - 2.8 2.1 3.4 45.9 4,2 5.0 64,7 0.0
Czechesloyakia .3 1.3 3.5 9.5 22.8 20,1 155 16,2 2.0
Remsnia - 5.6 6.9 1.8 .4 0.6 108 W5 5.5
M.d 10,8 1.3 9.9 12,6 5.9 6.3 1.0 1.9 (8.5)
y 1.1 30 2.8 0.5 - 0.6 2.4 .5 (5.0)
a-lwu J 1.3 2.1 3.0 3.0 3.2 3.2 5.1 40
Chiaa (Naintend) 0.5 14,0 15.6 10.1 40 2.9 3.9 . -
USSR 2 n/ e Y] o V. 1.8 0.3 0.7 . -
Tata) MW OmN N MY Mol M R
Vorld tatal wi ¢ 15 1,105 1,035 1,10 1,305 1,M0 1,815
o Iwersge 1951254, ;
o Morme 198254, 1/ For some countrian wersges ore far lose then
B 1n 190081 for Belgiva-luncuboury and 1955-86 and 1000-84,
1960 for the USSR the figures exclude inports of 8/ LEmports to the countrine concorned frem known
olleys, it ey, applying countries,
§/ Iacluding aleainien bere. )/ including exporta to North Keres end forth Vietnea,
& includes Seuthwest AMfrics fren 1088, 4/ tacluding Eastorn Goromny, Monenia and Bulgeris,

Bt Seall discrepancion ia total figures are oo to reunding of subtetals,
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Cosmonweal th
Jamaica
Guyana
Mstralia
United Kingdon
Canada

Total

L.L.C.
frence
Gersany (Fed. Rep.)
Italy

Total

Other countries
Guinea
United Stetes y
Japan
Yugoslavie
Totel
Hung
USSR'.I} I,
China (Meinland)

Totel

World total

1960 only.

1954 enly.

oo e e e

Il

Iqruss veight in thoueands of tonst

105-60 1280 1960 L6l L@ e 1 1

Mysrage
1940-04
%2 IS
. 528/
11 85
584 585
1007 A4
0.5 WL
wad o
1 K2
40,7  282.8
. 168,7 &
10,0, 4,0
e 8/ 4.3
80 154
M2 18
W8 9.0
9.0) &/ 10,1
(- 5.0
Md Uk
320 955

[xcluding sluainiva hydretes,
Includes inperte into reciplont countries fros Yvgoslavie in 194951,
Exports of slvaine fron the USSR to Poland.

Soviet iaperte of sluaine fros Meinland Chine.
Includos 700 tons imperted inte Polend free Caochosiovakie in 1960 snd 1,400 tons in 1901,

Jwansss isporte fros Mustrelia,

399,2

33.4
1.5

507.1

202.1
115.5
42,0

359.6

35.0
9.8
23.%

153.3

2.2
9.8

il

1,140

665.4 103.5 627.6
- 120.2 215.0
5.2 - -
26.3 23.8 15.8
1.9 16.9 3.5

698.8 8644 861.9

152.0 152.0 18,3
91,2 99.6 93,2
42,8 29,1 0,7

286.0 280,17 02,2

168,7 384,7 450,4
2.0 145,0 185.0
79,3 104,5 101.0
18.3 14,0 14,0

207.3 48,2 0.4

119.2 142,2 124 .4

GV wdY g

1,400 1,935 2,000

Jada Seall discrepancies in tote] figures sre due to reunding of subtotele,

W

125.6
2220

19,5
2,6

969,

200.0
104,1
13.1

857.2

132.1

dial
2,200

0.3 7206
w52 W
vl sl
179 20,
a5 6.9
1,082.7 1,076.4
15,1 120.6
00,1 115.0
83 12
ms 250,
0.6 510,0
.0 300
02,6 100.8
13,7 Nna
5.8 M0
1%, 1910
- ()
- (=)
dihl 4
2,08 2,52

Befors 1961 figures sre inporte into Norway, Sweden, Mexice and the United Stetes froe Canade,
Includes inports inte recipiont countries frem the Feders) Republic of Gernany in 1949 and 1950,

laperts into recipliont countries free the United Stetes which s

y include sone oamufectured satorisl (0.9,
firsbricke and ubresives) in the case of Canade.




Inle}
(gross weight fn thousands of ton;

Mitats Marage
lie3-04 190060 1950 M0 10 1962 1863 136 198

Conmenveal th
Conada ¥ / 15,0 2000  325.0 M50  500.0 6300 660.0 77 7.3
Nstralfa & (-) 06 04 04 26 6.2 S5 M4 56
Uni ted Kingdon - 228 8. 1 % 5.0 A9 5,0 9.6
India {=) 5 10,3 10,5 11.9 1.3 A6 2.3 1.0 'f
Total ¥/ 150 003 WL2 A0 682 6625 T4 868 T80.8
LL.C.
Gernany (Fad, Rep.) - 0.7 0.1 1.0 2.5 3.0 50.3 58,2 57.6
France 0.1 e 0.2 A8 1338 1919 1A 8.0 9.4
bolgivelunembourg 7.4 2.7 9.6 9,6 9.0 0.4 102 12,0 10.8
Netherl snds 1.3 5.8 1.2 1.2 7.6 .8 11 9 104
Italy 0.1 0.6 0.9 0.7 1.1 X 9.0 " 2.7
Tatal 9 A2 180 623 100 9.0 2019 6.0 101.0
Other countrios
Norvey 0.3 2157 0T B4 A4 M3 S 87 sane
Unitad States 0.9 A8 1155 MO0 188 15,7 1.7 1.1 1e5.8
Matrls 6.6 1157 1M3 M1 150,06 1802 1530 WS.2 18,7
Sui tzerland 5.2 6 ST B N WA 1228 s 1.2
Spain e BT N2 R e KT WS WS 137
Coneroen . 20 wo  Ne s B3 W Ne e
Swedon we %8 NI % B < 5 AR W R " 1 B
Jpan - - - - 0.3 0.2 (18] 48,3 5.0
Pexice 1.3 a3 X .3 6 W R WY "X B K
Other In thiagrosp 0.5 103 100 153 W0 N0 187 2 (2.0
Total 214 583 T WML ML 1,065 1,220.0 1,384 1,020.0
Peland L I S 3 P R X T W T W R T X S (X R ¥ )
wsse £/ 0. 5.0 . . . . . “wo  (88.0)
Lastorn Goramy, W8 8 N ms 2 W e M5 M
Ciocheslovakia 10.5  3%1 %0 N3 NI M we 151 (18,0)
Moania &/ 0.8 1.8 1.1 . . 0.8 oy (o)
Tata O R LN M W o @
Vorld tatal 2w w28 LM 1,088 2,10 2,2% 2,50 4,58

o/ The shere af aluaing In Canadion combined lapertc of Deuxitc and aluning in 1940-82 has bosn estioeted
fron the empert ctatiatice of the supplying countrics. Fres 1904 the figures are afficial lmperts.

Flsca) yoors wp tc md including 1981,
vorage 195700,
Includon sonll smovats inperted inte Pahicton 1n 1088, 1950, 1963 e 1004,

Before 1900 figures are based on anports o Svitzeriond free Franse, the Todere) Republic of Goroany and
Itely.

1/ Dmorts to the conliry concorned from longary, the Fodera) Rapvbiic of Seroany and Yugesiwvia,
o morage 195154,

Rin Seell discrepmcion in tota) figeres are doe o rounding of subtetols,

ewew




lalad
1960 areductlion atatistics for hauxites alunina aod origary aluainiug
A Bauxite araduction
Advenced end intermed!ery Lacsantags
developed countries hana tons/xsar sl tatal
United States 1,998,000 13
Conade . .
United Kingdoe . .
France 2,006, 000 1.4
Gornany (Fed. Rep.) 4,000 .
Itely 313,000 1.2
Norway . .
stria 26,000 0.1
Switzerland - -
Sweden - .
Yein 3,000 -
Gresce 935,000 34
Mistralia 7,000 0.3
Jpm - -
Totel 5, 356, 000 19,7
Czechoslovekie . .
[estern Germany - .
Wungary 1,190,000 43
"'.ld - -
Mesanie 87,000 0.3
USSR 3,450, 000 12,7
Yugcslavie 1,008,000 3.7
Totel 8, 116,000 M0
1 Developing countrios
] Conoreen . -
Whang 224,000 0.0
Sines 1,356,000 5.0
Jomeice 5,748,000 a2
Suyene 2,477,000 8.1
Owninican Republic 67,000 .5
Maltl 208,000 1.0
Surine 3,480,000 12,8
Srazi) 119,000 0.4
Indie mnme 1.4
folaysie 442,000 1.2
Seraveh 05,000 10
Indonesi e ,mm 1.4
Orine (Toluen) . .
fetel 18, 19, 000
Chine (Nain} mne) " 180,000 ':’:
Other - .
aEs— -
Yorld tote) 21,200,008 V)

e ‘
300880 United Ningdon Oversons Goolegics) Surveyst Bauxite, Aluaine wd Alwainiua, Londe, 1902,

Balat Seol) discrapancios In tote] figures are oo to rounding of wbiotals,

”




Iable 9 (continuad)

B. Aluaioagrediction
Advanced and intersedisry Peregotage
devalopad counteies hang tansixear of tota
Unfted States 3, 458,000 37.8
Canada 1,000, 000 10.9
United Ningdon 120,000 1z
Frence 586,000 b.4
Germany (Fed. Rep.) 430,000 0.7
italy 218,000 7ah
Norwvay - -
hustrie - -
Switzerland - -
Sweden - -
Spain - -
Greecs - -
Mistralia X, 000 0.3
Japan 349,
Total 6,191,000 67.6
Czecheslovahia - -
Eastorn Germany 58, 800 0.6
Nungary 215,000 2.4
Poland - -
Remani e . .
USSR 1,500,000 16,4
Yugoslavia 4,000 0,7
Tota! 1,839,000 20,1
Neveleping countrias
Cameroen - -
Ghane - -
Guinea 142,000 2.0
Jamaica 665,000 .3
Guyana . -
i Dosinican Republ ic . .
Wl ti . .
Sueinem - .
Brazil - -
Indie 4,00 0.3
Melaysin . -
Sarowek . .
Indonesis . -
Chine (Telwen) x,00 0.2
] ——
Totel 03,000 9.4
Chine (Painland 100,800 11
Other ,000 [ X}
E—— -_—
Yorld tetel ) 9,158,000 100.0

dmese: United Ningdse Brorsens Goolegical Surveyst Janite, Muaing and Mesiniva, London, 1962,

Rls: Seell discrmmncion in total figores are do ts revnding of sebtetels,
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lable 9 (continued)

hdvanced and intermediary
devel oped countrins

United States
Conads

Uni tad Kingden
France
Germany (Fad. Rep.)
Italy

Norvay
stris
Suitzerlend
Sweden

Spain

Greecs
Mstralia
Jpm

Total

Czechosiovekia
Castern Gernany
Hungory

Poland

Resania

USSR

Yugoslavia

Total

Developing countriss

Cosorsen

Ghena

Guines
Jaseics
Guyans
Deainicen Republic
Wai ti

Suriom

Brazil

Indla
Mloyais
Saroweh
Indonesia
Chins (Toluan)

Totel
Cvina (Maisland)
Other

Vorld tatsl

162,000

24,000

12,000
131,000

34, 000
39,000
43,000
26,000

670,000
25,000

”~

- .
-Ill-..lllllll.l-l

3,438,000

848,000

4,400,000

15,2

Smesgt United Kingdoe Oversens Geologicel Surveya:r Dauxits, Alusing snd Alusiniva, Londen, 1982,

Riar Seell dicrmpancios In totel flguros are dus to rownding of subtetals,

na

19,1

2.0
1.4

10.0
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By means of equipsent development, automation as vell as computer con-
trol, energy, working hours and investment costs have decreased considerably;
however, development does not stand still and in the near future appreciable
results may be expected.

ID/WG.11/5  Processing of aluminium ores with heightened content of Si
SUMMARY and/or Fe by J. Vosyka, Czechoslovakia

The study contains information on low-grade Lauxites with A1903/3102
ratios lying between the values 8 to 3; industrial scale methods have been
given preferred consideration and laboratory methods only a brief mention.
Characteristic signs that would be of interest to persons engaged in the
planning of industrial development have been emphasized.

In the introduction the problem of increased capital input and stages
of technical and economical risk in low-grade bauxite processing arc referred
to. Good results can be expected only if the designed technology is fully
aware of local economic and technical changes.

In complicated situations perspicious planning has been recommended,
including flexible technology design and location of the plant, where both
the supply of lov-grade domestic and high-grade imported bauxites is pos-
sible. In the first stage of planning a maximum effort should be made to
start production at a profit enabling expansion and development in the fu-

ture. Also step-by-step planning is mentioned to decrease technological
risk.

The influence of heightened silica and iron contert in the electro-
thermical, acid and alkalic extraction methods has been described, also the
classification of low-grade bauxites from this point of view, Here a total
alumina/total silica weight ratio was taken because for low-grade bauxites
more energical extraction means must be used.

The electrothermical methods of molten corunde production and the pro-
cessing of A1Si 65/35 intermediate alloy by total reduction are also con-
tained in the paper. The Pedersen and Haglund processes have not been
described because they do not represent an econumic interest for the future.

The acid methods with characteristic main technological problems of
acid extraction are described. The Australian BAS process has been briefly
mentioned as a perspective method. A perspective of acid processing has
been admitted for the production of aluminium sulphate, special alumina mod-
ifications for catalysis and alumina salts for the chemistry. For large-
scale alumina production, the agid methods have been refused because they
represent ahigh technological risk, fully unjustified for economic advantage.
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The alkalic extraction methods, namely the Bayer method of low-grade
bauxite processing, the self-reliant sinter process, the parallel Bayer-
sinter process, the combination method, the high-pressure digestion, the
Ponomarev proccss and variations of the desilication methods are also
described.

For a comparison of three fundamental processing methods, fi.e. for
Bayer, sinter and the combination method, there was chosen an identical scale
of bauxites with decreasing silica modulus from 8 to 3. Illustrative data
characterizing alumina and soda recovery, red mud and sinter quantity and to-
tal heat consumption as a function of decreasing bauxite quality for each of
the above-mentioned metriods have been evaluated.

For each alkalic extraction method a brief technological description is
given together with characteristic advantages and critical processing prob-
lems. Improvements have been cited, for example the Montecatini improvement
of the sinter process, the Kaiser method of reduction of sodalite bulk, and
the special importance of the high-pressure digestion in lowegrade bauxite
processing. The desilication methods have not been recommended for indus-
trial application. A detailed comparison of the Bayer, parallel and combina-
tion methods and two variations of desilication methods on the basis of the
data of one bauxite type with silica modulus above 6 have been cited.

The author's opinfon of various alkalic extraction methods is summar
fzed in the conclusions.

Ischnical conclusions

From the survey and data, it is evident that for economical alumina
processing the Bayer 1ine represents a fundamental production unit, the sin-
ter line an auxiliary and complementary unit.

The trend shows that bauxite under the quality limit is gradually being
processed by the improved Bayer method by decreasing the silica module of
bauxi te,

The quality 1imit of the bauxite up to which the Bayer method can be
applied economicelly must first of all be estimated in each individual case
through technological experiments and economic calculations.

The quelity limit of which the technological and economic possibilities
of wet digestion are termineted and at what pofnt it is necessary to apply a
self-reliant pure sinter process cannot yet be detersined with satisfying
certeinty. The reason 1ies in the fact that for low=grads bauxites el1 tech-
nological and economic applications of the high-pressurs technique have not
yot been fully recovered and examined. 1t is now evident that in heat con-
susption the dispute has been definitely decided for highepressure digestion,




because for the sinter process a heat consumption of 750 kcal/kg represents
extrese construction possibilities and cannot further be substantially re-
duced. The same can be said if e conpare the equipment extent of the high-
pressure and sinter attack, Under such conditions a decision without risk
can be made only in cases where natural and economic conditions allow for
installation of the Bayer line as a fundamental processing unit.

The dacision to install the classical combination method and the pure
self-reliant sinter process is problematic and no satisfying answer can be
expected before the next few years.

Installation of the auxiliary sinter unit remains fully entitled for
causticization of soda for or from the Bayer process, and this method cannot
be replaced, especially for bauxites with heightened carbonate and organic
matter content, and where calcined soda is cheap.

Longlysions of planning

The complexity and number of factors influencing good economic results
in processing alusina from lov-grade bauxite shows that the right decision
cannot be made in a few days, but only after a thorough study and analysis
of all important questions, for which a minimum of two years is needed before
desfgn is started.

A study and analysis of the problems mentioned should therefore be
started n actual cases without delay by a few members of domestic qualified
engineer groups. This study group should have an opportunity to examine the
solutions to problems with a neutral specialized organization and Tearn the
practices of alumina producers by working under sisilar conditions.  They
should apprehend, at specialized institutes, model and pilot scale technolog-

ical experiments, and discuss the results and conclusions vith a well-informed

group of neutral specialists.

Even if processing alumina from domestic 1ow-grade ores cannot be real-
ized, considerable value for the development of planning can be gained, be-
cause the necessary data for avaluating the possibility of processing alumina
are valid and of interest for the chemical, the ceramicsl and the metallurgi-
cal fndustries.

ID/WG.11/6  Technological mspects of alumina production from complex orms
SUMNARY by: C. Popev, Argentinm

Technological investigetion of the methods for elusine production froa
rav materiels other than bauxite is besed on the advisability of procesaing
locel rew materials, and processing complex ores by extraction of valuable
cosponents other than slumina.
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Out of many aluminium=containing materials only a few can be considered
as perspective ores for alumina production: nepheline (NaK2), 0.A1203.25107
with 32 to 36 per cent A1203; alunite (NaK2) SO4.A12(504)3.4A1(0H)3 with 37
to 29 per cent A1203; high-grade clays, kaolinite A1203.25107.2H20 with 39,5
per cent Al203; pickeringite by A12(S04)4.22 Hp0 with 11.9 per cent A1203
and some others,

There are hundreds of methods known for alumina production; they are
divided into three groups: electrothermical, acid and alkalic methods. The
electrothermical method can be without deficiency only when electricity is
very cheap, The acid method is not used because of the low stability of the
equipment. The alkalic method is at present widely used for alumina produc-
tion in all countries.

However, investigation of the acid method shows that it is, in spite of
some disadvantages, more suitable for processing rav materials with high con-
tent of 5107 than the alkaline method. The acid method, now used in Canada,
is being widely investigated in France, the United States and Poland.

The technology of processing nepheline ores by sintering as well as by
the new "hydrochemical method® is considered. Special attention is given to
consideration of complex processing of kaolinito ores by the acid wmethod,
alunite by amonia-alkaline method end pickeringite ores from argenite depos-
its. The author's viewpoint is as follows:

(a) The complex processing of aluminiumecontaining ores is one method
of alumina production which at the same time produces other valu-
able components from local raw materials;

(b) For extraction of iron from the ores, reduction to finely ground

ores by using peak coke is recommended. Afterwards it is easy to
separate the iron through magnetic separation methods;

Establ ishment of a research centre in Argentina for the study of
complex processing of laterite, pickeringite and alunite ores
should be recommended to UNIDO, The results that would be obe
tained by this centre would be of great importance for Argentina
and neighbouring countries vhere there are rich deposits of peat,
natural gas and aluminfum containing minerals.

ID/¥G.11/7  Investment cost and economic scale of an aluminium plant fIn
SUMMARY Indonesia by B, Siahaan, Indonesia

Nany industries constructed in developing countries cannot compete with
those of developed countries. Government subsidy and protection are some-
times required even to guarantee survival of such industries. The inability
to operate vithout subsidy fs due not only to the lack of skilled operators,
but mainly to extremely high investment costs.




A significant increase in cepital investment for the erection of machin-
ery and equipment differs from one country to another. The main factors in=
fluencing the amount of capital investment are: infrastructural conditions
and facilities existing in the country concerncd; the problem of logistics;
labour and manpower in general; acceptance of modern technology and local
conditions and regulations.

Owing to insufficient facilities during both the development and the
operational periods of a plant, each project has to set up infrastructures by
its own means. For instance, a project that costs over §US 10 million gener-
ally has to:

(a) Construct roads, bridges and a railvay leading to the project site;

(b) Provide transportation equipment during the construction and cper-
ation, such as trucks and trailers;

(c) Provide construction equipment;

(d) Maintain a repair and maintenance shop during the construction and
operation periods;

(e) Construct a power plant with its accessories;
(f) Provide water purification equipment;

(g) Construct a harbour or pier during the construction and operatfional
periods;

(h) Provide equipment for telecommunication; .

(1) Provide a settlement for local and non-local personnel;

{j) Build a hospital, schools, places of worship and recreational halls.
The construction of the above items constitutes a public service.

Experience gained from project construction in Indonesia reveals that
all construction equipment used during construction periods depreciated in
value 100 per cent. This applies particularly to tools and equipment used to
train operators. Such equipment, however, is more easily damaged than nora-
ally used equipment. For purposes of construction, equipment and spare parts
equivalent to 15 per cent of the total cost of all equipment is usually needed,
while expenditure for maintenance costs is approximately 10 to 15 per cent of
this price.

Some projects that previously never existed in Indonesia require foreign
manpover for construction and during their trial run. In general, all expe-
triate personnel participating in the project construction receive cortain fa-
cilities from the recipient country, such as housing, medical treatment, local
transportation and insurance. After staying in Indonesia for more than one
year, expatriates are permitted to bring their families, The cost of fares to
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and from Indonesia, including transportation of luggage, is paid by the
Indonesian Government, In some instances, the amount of money spent on ex-
patriate personnel amounts to 10 to 15 per cent of the cost of the project,

A great number of difficulties have been encountered with machinery,
equipment and technology with the result that fnvestment costs have ine
creased. This has been due mainly to the lack of Indonestan experts, parti-
cularly those skilled in ascertaining the type and amount of equipment re-
quired for an entire construction and operation. Some imported equipment
that proved to be unsuitable had to be substituted by other, more suitable
equipment. It has also been noted that unnecessary extravagance occurred
as a result of constructing luxurious non-productive factory units, or be-
cause of ordering too sophisticated or too automatic equipment which could
not be repaired when defects developed.

Problems of local conditions frequently forgotten by project perfora-
ers, especially the expatriate personnel unfamiliar with local condi tions,
can increase investment costs. A project in Indonesia, for example, which
did not take into account the regional situation, encountered difficulties
which resulted in having to import stones at an additional expenditure of
$us 831, 000.

An even worse problem is that of local and international transportation,
or ocean freight. This occurs also in other developing countries as trans-
portation problems always constitute the main obstacle. For transporting
building materials during the construction period, a project has to purchase
200 to 300 trucks at the approximate cost of $US 1 million. Sometimes a
train must be purchased complete with locomotive and cars, and 1t is often
necessary to build a railway line to the plant site, which can cost about
fus 800,000,

Harbour problems in Indonesia make the situation even worse for, apart
from the Djakarta harbour, existing equipment is too simple and obsolete. Ine
adequate unloading equipment means that ships have to wait a long time before
they can be unloaded; discharged cargo cannot be transported immediately be-
cause of transportation difficulties., Cases and goods of cargo have to be
heaped up in an open field, with the result that some of the material gets
lost or damaged.

The type of construction contract is very faportant because it repre-
sents a basic factor for determining the price of the factory to be cone
structed. WVestern countries, as a rule, prefer the "Turnkey Contract® in
vhich responsibility for all performances and designs are entrusted to the
contractor, until the factory achieves its full capacity.

For the recipient country, this contract is advantageous because of the
guarantee that the constructed factory will reach its full capacity. On the
other hand, it hes disadvanteges as the price or cost of the project is usu-
ally rather high owing to the covered risk,




Another type of contract used in Indonesia is the *Delivery and Super-
vision Contract®, The mere task of the contractor is to design the factory,
to manufacture and send the machinery and equipment to the recipient country,
while the entire development of the factory and the installation of the mach-
inery, including trial operation, is done by the recipient country. Super-
vision, however, will be exercised by the contractor.

At a glance, this contract seems all right, but when it is put into
practice many difficulties are encountered by both the contractors and espe-
cially by the recipient country, Lack of experience results in increased ex-
pense. Moreover, tools sent from abroad are found to be inadequate as they
have not been guaranteed as being suitable for local use. This is true espe-
cially of construction and transportation equipment which is very expensive.

It can be concluded that the investment cost for a factory constructed
in a developing country is higher than in developed countries because of the
following factors:

(a) The project itself has to bear the cost of the infrastructure that
must be constructed;

(b) The perfunctory planning, both by the recipient country as well as
by the supplier, and the unfamiliarity of the expatriate personnel
with the local conditfons contribute to expense;

(¢) For the construction of an entirely new plant in a developing coun-
try there is a necessary expense involved for training engineere so
that they will be able to replace expatriate personnel.

ID/¥G.11/8  Experiences in creating an alumina industry in developing
SUMMARY countries by S. Moment, United Statee

This paper reviews the experiences of some of the developing countriee
that have obtained an alumina industry either with or without an aesociated
aluminfum smelter capacity. The experiences of these countries illuetrate
substantial economic and political problems in addition to the queetion of
access to an adequate and suitable eupply of bauxite. The probléms are p-
plicable to developing countries that prefer a etate enterprise, or those
that prefer a private enterprise, or thoee that prefer joint etate and pri-
vate participation.

The developing countriee, as defined by the United Netione, who possess
an aluaina induetry are Jamaica, Surinam, Guyana, Greece, the Republic of
Guinea, Brazil, the Republic of Chine and India. Also considered in this
paper are St. Croix, a poesession of the United States, snd Australia, a
country competing strongly for alumina capecity with developing countries,
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