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This pager was Tizet presented ot a meting of experts consuliing on the alwminiwm
infustey ie Vieuma ot UNIDO hoadguarters, 10-17 Novesber 1967.
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SUMMARY

The Austrian aluminium industry is capable of high production based on water
rower from the Alps. In 1898 - Bwiss company est:blished u small aluminium reduction
plant in Lend, Salsburg with ~ hydroelectric gemerating station. In 1940 significant
aluminium reduction works were constructed in RKanshofen, Upper Austria. Both works
produced about 78,000 tons of virgin aluminium in 1966. During the war the works in
Ranshofen processed Hungurian bauxite. This bauxite was transported along the Danube
and Naab to an alumina factory in Schwandnrf, Bavaria for the nroduction of alumina.
After this procedure the aluminium wns transported along the Naab and Inn rivers to
Renshofen.

Austria itself doec not possess ~n alumin- foctory, therefore, it has to import
aluminium oxide from several countries. By reason of the various supplies of ~lumina
it is necessary to sign detailed ngreements with the supplisrs, especially to 1define
quolity. Quality requirements refer to the physical and chemical properties of alum=
ina which are important for the economy of alumini.a production and the purity of the
produced aluminium. .mong the physical propertias most attention ia paid to the mod-
ification and grain sisze of aluminium oxide. The inpurities of aluminium oxide deter-
mine the purity of the produced aluminium and also influence the aconomy of the
electrolysis procsss. The effects of physical properties and particularly impurities
are treated in the paper and reforence is made to special mothods of rasesrching alume
inium oxide.
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I. Deve \ the aluminium industry in tria

1. The Auetrian aluminium industry is capablo of high production based on water
power from the Alps. In 1898, at tho begiming of induetrial .aluminium production,

a dwiss company established an aluminium reduction plant in Lend, Salzburg, connectod
with a water-power etetion. Thoe situation in the narrow valley of the river Salsach
preventc an extension of this plant. Wevertheless, after setting up modorn electro-
lysing cells the presant outvut ig 10,000 tone of aluminium a year. 1In 1940, during
the war, efficiant reduction plants with a capacity of zbout 65,000 tons wera con=
gtructed in Rmhofdn, Upper Austria. These plants producod about 78,000 tons of
virgin aluminium in 1966,

2. The plants in Ranshefen used Hungarian bauxite during the war. This bouxite was
tronsported along the Danube and Naab rivers to 3 factory in Sohwandorf in Bavaria

fer the production of alunina which was then tranaported along tho Naab and Inn rivors
to Ranshofon. After the war the Ranshofen plant was separ-ted from the bauxite in
Hungary and the alumina factory in Gezﬁtmy by the newly establishod bordors. Austria
itself does not possass bauxite or an alumina factory; thereforo, it must import
aluniniun oxide from several countries.

iT.  alumino puyrchage

3. 1In recent yoars alumina has been purchasad from the following factories:
Gobrder Giulini, Ludwigshafen, FRG; VAN Bomn, FRG, Lippewerk Lilnen, FRG, Nabwerk,
Schwandorf; Martinswerk, Bergheim or Erft (Alusuicso); Pechinay S.i., alumina plants
of Gardenna, 8alindres and Marcelle; Montocatini, Italy: BaVa, Ii;é.ly; Yugoslavia
plants in Kidridevo and Noste; Hungary, Mineralimpox from the plants Almasfusit¥i and
Mcson Magyarova: FRIA ovor Conakry, Ouinea, West Africa (by tho firme Olin, Matisem
and NOBTA); Surinam - Alcoa Company (Suralco) from the Billiton plant in the United
Btatos.,

I11.

4.  In the reduction plants of Ranshofen, about 1.3 milliard i&h are required and
about 140,000 toms of alumina are used for the production procoss. The alumina is
transported to the plants of Ranshofon from all the mentioned resources by large
wagons with a volume up to 60 tons and is discharged pnowmatically into silos with
a height of 40 m. Two newly established desp-silos sheped like balls are covered
with aluminium shoets. B8ix silos ocontain 5,000 tons oach, amounting to 30,000 tons
of alunim, the consumption of a quarter of a yoar.
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5. From these silos alumina is dispersod directly to the electrolytic cells. By
means of small truoke the alumina is brought to the cells and laid down over a freesed
bath surface ond about three times o day it is mixod in the liquid salt mixture, con-
sisting of about 5 per ocent alumina and 95 per oent cryclito, Ry rousons of the
various supplies of alumine it is nccessary io sign detajiled contracts with the dif-
forent suppliers, ospocially for defining quality. In the different agreemonts the
various factory processos have to be taken into consideration. I'or oxample, Table 1
shows tho agroed maximum chemical impuritios from plants in South America and 'lungary
with important difforent values. In goneral, Hungorian alumina is muok mors impure
than South imerican alumina.

Table 1
alwai t -~ liaximum chemical impuritics
n peroentago
South America Iungary
8102 0.03 0.06
F'0203 0.033 0.06
'1‘102 0.006 0.006
ruzo 0.650 0.40
Zn0 0,020 0.02
V205 0,002 0.015
P‘,‘!O5 0.001 0.025
Ca0 0.060 0.04
Kn0 0.0014 0.015
Cwo 0.005 0.01%
moisture 1.5 1.0

6. Tho agreoment also oontains the mothods of analysing and quostions about claims
in oase of doviations in the purity of alumina according to the agreement. Higher iwm-

purities osn bo compensated by subsequent delivery, free of oharge. In case of all
matters in dispute a court of arbitration will be appointed.

IV. Quality remuresents of slusina

7. Quality requircments refer to the physical and chemical properties of alumina and
are important for ths economy of aluminium production and tho purity of the aluminium
produced. The metallic oxide impuritioes of alumina in electrolysis are completsly
transmitted as reduced metal in the virgin aluminiwm, ocorresponding to the facters in
the diagrsm. This passes mainly for l'e, 81, Tiy Cuy Zn, V, Cr, lin;, B and Ca. Tuble 2
shows the annual averege of alumina analysis values from different resources., PFor
examplo, alumina from Oerwmsy snd Lfrica has a reasonadly high purity vhile alumina
from eastern countries ia rather isgure.
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Bensenc sedimentation 19/16 17/15 16/15 16/13 20/16

Bulk density g/1 950 868 372 972 840
Vibration density g/l 1423 1258 1251 1286 1192

Angle of repose 44 42 M 35 46

% - A1,0, 44 91 94 83 80

Fo,0, < 0.026 0.012 0.013 0.037 0.029

8i0, ) 0.021 0.021 0.014 0.020 0.024
140, 4 0.003 0.002 0.002 0.004 0.006

Zn0 % ¢ 4009 7,001 0.007 0.007 0.006

ca0 ¥ 0.009 0,060 0.017 0.012 0.023

80, 4 0.048 o.za‘m') 0.041 0.073 0.060
Na,0 gos. % 0.26 0.69 0.34 0.37 0.51

cwo % 0.002 <.001 0,002 0.002 0.002
V05 % <4001 0,002 0.002 0.001 0.006
Cr 0, % <.001 €.001 €.001 €,001 <. 001 ;
Mo, % <, 001 €.001 <. 001 €. 001 €. 001
P,0, <.001 €.001 <. 001 0.002 0.007 f
B % €.001 €. 009 <. 001 <. 001 0.001

8. Impurities are, of course, reduced alsoc in a large amount from coal into virgin
aluminiun. Table ) shows the impurities of ceal blending in the anode, containing
coke from pit coal or coke from potroloum. In comsideration of the production of one
ton of alwainium out of two tons alumina sbout 0.6 toms anode coke is usod, inpurity
of coke in the virgin alwminium is alsc important.

Iakie 3
SHenherimubsiangs - colia_aad Ritch
- Sl it coal sl peizalom
Ash % 0.277 0.322
8i % 0,017 0.022
S % 0.0)8 0.017
»n ’ 0.0%9 0.017
v ¢ <. 001 <.00}
Ca 4% 0,006 0.02%
T 06,0008 0.00086
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9. Impuritios have tc be takon into considaeraticn. Thoreforc, as far as possibdle
rather pure ccke should be used. Pe and Cu reduce thc corroeion resistance of alumi~
niwm, Ti, V and Mn roduce tho olectric conductivity of aluminium, but Ti can be
eliminated from the aluminium-melt hy addition of B as an intormetallio compound TiBz.

10. In tho oleoctrclysis itself thore are disturbing and undesirable impuritios.
MNoisture causod pyrohydrolytically by formation of fluorine hydrogen results in im-
portant loss of fluorine. Moreover the moisture, in cesce of immediate evaporation,
results in the formaticn of dust. Sodium oxide must be compomsated for by the addi-
tion of oxpensive AIF3 in tho molten oryclito=alunina~aloctrolyte. Calocium incrossos
the density of the moltoed clactrclyte. Thorofors tho sodimontaticn of virgin alum.-
um ic mown diffioult and ty repcated reduction and oxidation at cathode and ancde,
losses cf elootric onorgy can occur. But this disturbenco is noticed only ovar a
content of 9 per cont Cal in the olootrolytc. It chould be mentioned that in alumina
of PRIA aund Pochinay the Ca contont ia remarkably high boceuse there is Cal"z added

to obtain a better calcination. 19205 contont causos lossos in cloctric onorgy during
repeatod roduction and oxidation at cathode and anode. SO3 is undosirable only bo-
cause of pollution of oxhaust gases. It doos not disturb the progross of the elec-
trolysis. B oliminates Ti forming the intormetallic compound TiBz. This is dosirabdle
for the uso of virgin aluminiwa in clectrical onginecaring tc improve the clectric
oonductivity, but for tho production of Ti=-containing alloys it is undesirablo beoausoc
of the loss of Ti.

V. [*] ("] opertio

11, Tho physical proportios of alunina are offective as follows: sise and shape of
tho grain influenco tho loss on alumina dust (fine grain) and the solution spaocd
(large grain). The ocomponent of modification A1,0, has difforent offects.

o, n203 is not hygroscopic; on tho contrary Y A].;_,O3 absorbs moisture quiokly. Thore-
fore, for long transportation a high content of « 1&1203 and a low content of ;- A1203
is preferred bocause cf the low tendency to absorption of water. This is of great
importance for the reduction plants in Ranshofon (desirablo is more than 90 per oent
of qn203). But in the molton olaectrolyto the sclubility nf \Q1203 ie lower., There~
fors, in South America a lower content of x 41,0, (44 per cont) is preferrod.

VI. Gemtrol of slumips

12. Tho chemical and physical control in tho onormous quantity of 140,000 tone of alw-
mna & year, whioh arrivee in wagons with a volumo of 20 to 60 tons oach ooming from
differont plants, requires many selections of samples and analyses. Todoy analyses
are made mainly ¥ a physiocal method with X-ray fluorescence cppirrtus. Ior this
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sethod the alumino sample is pressod into a ring cnd is irradiated in the apparatus
with X-rays of ohromium or gold tubs. Ry this treoatmont tho components of the sample
are stimulated to the fluorescont radietion and those rays can be analysed. Tho X~-ray
fluoresconce method is used for the analysis of metallic compounds. The determination
of the comcontration of modification om alumina is domo in the Aiffraction method.

13. The development of allays follows c production of materials with incroased pur-
ity; this rofors meinly to the impuritios Fo and 8i. For exarple, just rocontly it
had boen noticed that tho mechanical propertias of hoat-treatable allays ero more

- favourablo if those impuritios aro lower. This occurs in tho casting allays Al8i10Mg
and AlCudTi. The domand on a botter corrosion rusistance inoresses the roquirement
for purer virgin aluminium and alwminius allays. Therofore, there exists a require-
mont of lower oontents of impuritios, mainly Fe and 84, in alumina and furthermore of
uwniforn production mothods in tho alumina industry, resulting in uniform comtonts of
impurities in alumina.

AL 99,9

84 0.0%0
) 0.6 0.40 0.035
[ 0.03 0.03 0.03%
Ou 0.02 0.02 0.005%
Sn 0,08 0.07 \ 0.04

v 0.03 0.03 0,003
) 0.0} | 0.0) 0.003
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