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0. EXECUTIVE SUMMARY

0.l. Environmental effects of bauxite processing

By the second half of the twentieth century aluminium
has become an important commodity, being used in a wide
range of products from cooking utensils, food and beverage
packing materials, high voltage cabies to structural metal
in all kinds of vehicles and aircraft. It is one of the
most abundant metals in the earth’'s crust and, consequent-
iy, there is little likelihood of any ultimate shortages,
but it is relatively costly to produce it. Furthermore, its
manufacture leads to consicerable environmental degradation
and pollution if no stringent precautions are taken.

Bauxite deposits contain abundant amounts of the mate-
rial, hence its use is likely to dominate the world alumina
production for some time to come. The technologies of mining
the cre and extracting alumina, namely the Bayer process,
have not changed much over the years. Compared with other
mining processes, for example with heavy metals, bauxite
mining is not highly polluting, yet it can take up and de-
grade large tracts of land either during mining or at the
disposal of residues after alumina extraction.

Undoubtedly, the main environmental hazard of alumina
production is the bauxite residue, the red mud, In an aver-
age, as much as one ton of mud is produced for each ton of
alumina, although the actual quantities vary according to
the given ore and, considering a world production of more
than 30 million ton per year, the disposal of the residue
is a major undertaking. The best way to dispose the
ite residue is through its utilization as raw material. The
technologies for such use are available: indeed, alumina
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residuc has been used as an aggregate in road construction,
as a base for cement production, as raw material in the
production of iron, steel and other metals, and in the menu-
facture of ceramics. Verifying of these projects is doubt-
ful due to the rather un—economical return of the invest-
ment. However, had all the parameters been taken into con-
cideration, particularly those which are considered to im-

pose a burden on society ? (See Ref. Ol.)

Aluminium production from alumina is energy consuming,
some 80 to 90 gigajoules (in form of heat and electric pow-
er) being required on average to produce one ton of the
metal from hauxite. Consequently, aluminium smelting plants
must be sited reaéonably close to an appropriate electricity
supply; indeed a reduction plant with an annual capacity of
150.000 ton requires approximately 250 to 300 megawatts of
direct current electric power. The siting of both the reduc-
tion plant and electricity supply within the same area can
cause important environmental impacts and these types of

schemes have to be considered very carefully.

Typically, the Hall-Héroult process is used for the
reduction of alumina to aluminium. Apar¥ from its very high
energy consumption, this process produces exceedingly toxic
wastes, in particular fluorides and carcinogen tars. Up-to=
date plants use cry or wet gas scrubbing techniques to lower
the level of emission, however, it 1is strongly recommended
to select carefully the site of a2 new aluminium smelter
construction. Narrow valleys or the wind-side of residertial

asreas and farmlands must be avoided.

in addition to emissions into the outside environment,
fluorides, sulphur-oxides and polycyclic hydrocarbonates
together with dust, heat and noise cause problems within the

.
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working environment of the smelter.

Due to the need to reduce energy consumpticn and
environment pollution, the importance of aluminium recycl-
ing has increased and in some countries it reacnes 50 per
cent of the total aluminium production. Recycling needs
only 7 per cent of the energy used for the Bayer/Hall-Hérault
processes and it ig practically nonpolluting. Its extra cost
factor is the collection of aluminium wastes and the classi-
fication by the sort and quantity of alloying netels.

0.2, Aims and objectives of the Study

On the basis of available literature and of own experi-
ences we provide for a worldwide review on the environmental
aspects of bauxite exploration. The main problems are the
rehabilitation o¢ the open pit mining sites and the protec-
tion of the area against the damages of dusting and noise
pollution.

A spe-ial way of bauxite exploration is deep mining of
karstic type heuxite in some areas. These desp mines are
often belcw the karstic water table. By pumping out several
thousands of cubic meters of good quality karstic water,
these deposits become dry Jjor the period of mining. This
so-called active water protection rises several environ-
mental problems which ve are dealing with tnrough examples
in this book.

This Study deals especially with the environmental

nazards caused by the alumina production, and provides
some solutions for the protection of the environment.
Special part is devoted to red mud disposal and proceusing

techniques.
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The gravest environment pollution problems cof aluminium
production occur at tie stage of electrolysis. Problems and
solutions are only mentioned: in this study only the connec-
tion between the environmetal problems of smelters and the
quality of alumina are emphasized. Alumina production is an
energy intensive branch of industry. Practically, all alumina
refineries work in close cooperation with a power station or

have their own boiier house.

Energy production heavily pollutes the environment.
Coal-fired or oil-fired power staticns emmit dust, carbon-.
dioxide, sulphur-dioxide, some polycarbonates etc. Power sta-
tions on coal basis produce also calciumoxide and silica
containing ash. Disposal of the coal residue raises similar
problems to that of red mud. There are certain soiutions for
their combined utilization. -

Environmental aspects of energy producticn are discussed
by other authore., The present study does not aim at summa-
rizing them, only the aspects linked to our incdustry are

mentioned here (02, 03, 04, 05, 06).

Environment protection is based on proper monitoring of
polluting materials in the environment (07). There 1s a short
summary at the end of the Study about the principles of
sampling of soil near red mud lakes, of dust, of weste water,
ground water, and stack sampling of power plants, calciners
and aluminium smelters. In addition, a summary is given
about the most appropriate analytical methods which are

applied in environment monitoring.
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Page ~ §, ENVIRONMENT PROTECTION IN BAUXITE MINING

1.0, Introduction

17
37 : Due to the rapid technical development, human environ=
; ment is exposed to harmful damages of contaminants that have
51 , previously been unknown.
:
’ Not only the individuals but the whole society 1S
59 directly influenced by these demages, consequently, it is a

common interest to prevent the occurence of such phenomena.

An up-~to-date economic and technological cystem, however,

62
63 does not only create contaminating, harmful>conditions, but, on
67 : the other hand, it provides the proper means of protection,
133 with the aim of reconstructing or meintaining a healthy
; belance of the ratural system.
165 . .
In modern law the environment protection, the themes of

g soil, water, and air protection, moreover, the protection of
the biosphere, land and the curroundings of residential areas
are treated separately. Besides the protection against con-
taminants and other harmful effects, the concept of environ-
ment protection includes protection against the damages caused
" by'the natural elements, moreover, it includes tne reasonable

) and economical utilization of the natural resources.

Veae

Environment protection may be either of regenerative or
of preventive character. It is advisable to apply principally
preventive methods. The concept of regeneration can only be
accepted in case the technical (or economical) conditions

i prohibit any other solution.

J )
The main tasks of environment protection, in the order

of importance are as follows:
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-~ elimination of the effects directly influenceing and Jemarii.,
life, health end the physical conditions of man;

- preventicn of causing damages in the state of envirgnment:

- to take the riecessary measures urgently, in case éeny
postponing would induce irremediabtle damages or if tnhes
costs of reconstruction were significantly higher than
that of the preventive measures;

- coordinated provisions in case the contamination of the
actual site is above the critical level and, in case tne
sites have special impcrtance from the point of view of

tourism, recreation, therapeutics, etc,

The harmful influences of mining have been expericaced
for a long time. However, there is a simultaneous rendency
to make efforts in order to prevent or, at least, to reduce

-—
these damages.

The past and present conditions of bauxite mining will
be outlined in the followings, in relation with the protec-

tion of the human environment:

1.0.1. Soil Protecction

Scil protection refers to the soil, bedrock, and to
the raw minerals, Based on the decisions of naticnal author-
ities, the most efficient branch of economy is presented
with the right of utilization, The user receives the lanc by
expropriation, In case of the mines, this happens by the
marking out and expropriation of the mining territory. Depend-
ing on the position of the ore-~seam, underground cr oren pit
mining is applied. The bedrock, soil and vegetation is damaged
by both methods, however, open pit mining is especially harm-

ful in this respect.

-y




i _ By the end of the mining activity, the territory must
be transferred to some other branch of the economy (gener-
ally, to the agriculture or forestry), in an adequate
condition for further utilization. The costs of recultiva=

lamazin,

' tion necessary for the reconstruction must be taken into

e

account during the elaboration of the investment project.

1.0.2. Protection of Water

AT ALY

Protection of water extends to underground waters

I
(4
qe

(mineral water and medicinal waters as well), and to their
beds and banks.

A, ad

. The most significant influence of bauxite mining refers to
ced . the underground water, principally to the karstic water.
cy T The drainage of subterrain waters and the protection of
ace ; their quality is of minor importance.
E' Any activity of Water protection is conditioned by the
L1l ; perm1551ons of the central authorities of mining and water-
2C-- maintenance. Special care is taken in order to protect the
; valuable natural resources, such as, for example, the medi-
cinial waters (mineral waters). The effact of water protec-
tion methods planned to be realized in the future are to be
? % tested jointly with the responsible environment protection
:)r_. ‘ authorities.
' 1.0.3. Air Protection
by
Bauxite mining (especially in case of open pit mining),
penid-- storage and trensportation produce dust, contaminating the
pit air and the residential areas. Its prevention has not yet
naged been solved at present. The contamination of roads,- for
arme ) example, is removed by temporary cleaning. The problenm could

be satisfactorily solved by the invention of protective wood
belts, systemathic irrigation, cleaning, or by the establish~
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ment of transportation roads avoiding the settlements.,

1,0.4. Protection of the Biosphere

The mining activity ccrnected to the protection of
vegetation and animals can be the following:

- water protection concerning the changes in the moisture-~
content of the soil (change of the level of the water
table), that may influence the flora of a territory: e.g.
dessication of a karstic marshland.

- the damages must be reduced tc the lowest possible level,
in order tc protect the animal stock; the surface must ‘be
recultivated, the chemicals must be utilized and cleaned
of f with special care.

1.0.5. Land Protection

4-"’

tand protection refers to those ratural lands, terri-
tories and subjects that have some significance from scien-
tific, cultural or other aspects. Generally, it is related
to the protection of soil, water, air and to the binsphere.
It is a complex task, consequently, the research and mining
activities must be co-ordinated with the actual prescript’-
referring to this field.

1.0.6. Protection of the Residential Areas

It involves residential, recreational and institutional
areas, moreover, any other areas permanen:ly inhabited by
people.

In case of mining, the problem is generally solved by keep~
ing the prescribed distance between the mine and the inh&bited
areas. However, the question of environment contamination due
to bauxite transportation, morecver, the direct influence of
the mining éctivity on the residential areas {such as, e.g.
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prevention of demages caused by undermining) is raised
here agsin.

1.1. Open Pit Mining

Depending on the location of the bauxite depcsit, it is
explored either by underground or open pit mining. The actual
bedrock, soil and vegetation is damaged in bcth cases, 9% per
cent of the world’s bauxite consumption is supplied, from
open pit mines. The huge open pit mines basically change the
original landscape.

Lateritic bauxite deposits are predominantly located in
the tropical belt of the globe. The latest geological prospec-
tion data indicate that, out of the world’s total bauxite
reserves amounting to 30 billion tons, 90 per cent belongs
to the lateritic type. The genetics of the lateritic bauxites
is the following: in shallow seagulfs clay minerals sedimented
onto the surface of the seabed. Later on this seabed has risen
and broken, thus plateaux were formed. - '
Tropical rains had washed out kaolinite and other finely
dispersed minerals from among gibbsite, hematite, maghemite,
enataze, rutile, quartz, etc. Only a very thin layer of soil
had accumulated on the surface of these plateaux for rooting the
vegetation in.

At the exploitation of these ore bodies, special care
must be paid to the stockpiling and retuming of the soil
because, due to the heavy reainfalls, raimmater leaches the
bedrock from time to time that makes natural revegetation of

drainage control very important.,

Lateritic bauxites are of very good gquality, aluminium
ie predominantly present in trihydrate alumina, namely

3
1
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gibbsite which can be digested at 100 or 140 °c and at a
liquor concentration of 100 to 120 gpl caustic Na20. However,
countries having no lateritic bauxite mines (in the subtro=-
gical and moderate climatic zones of the globe) generally
process bauxites containing boehmaite and diaspore (both be-

ing monohydrate aluminiumoxides).

. Karstic deposits are sedimented into deep holes of karst
rocks and covered by thinner or thicker overburden,

In case of Jamaican bauxite, the overburden is rather
thin while in Europe it can be as thick as ten meters or even

one or two hundreds (see deep minina).

When the covering layer is a few ten meters, it can be
removed from over the ore body but it must be stockpiled and
refilled when the ore is mined out of the pit. The soil of
the upper surface must be stockpiled separately and returned
+o the surface of the filled back overburden. Mining areas
are occupied by the mines only for 10 to 15 years and given
back to agriculture or forestry. Rehabilitation of exploited
mines is a natural. requirement, so nowadays in any case when
governments give concession on prospecting and exploitation,
they insist on rehabilitation of the mining site (12, 13, 14,
15).

Open pit mining causes additional health hazards by dust-

ing, noise and exhaust geses of heavy mining machines. There
are national and international prescripticns about the accep-

table level of pollution of working environment (07).

1.2. Deep mining

As a matter of fact, underground mining may also cause
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considereble dameges: ruptures, sutsidence, remnants of the
open pit establishments. The decrees having been issued
since the 19€0-ies prescribe increasing demands of soil
protection and recultivation, and their transfer tc the
agricultural or forest economy branches.

Table 1.

Distribution of bau§ite mining areas in Hungary accord-

ing to sites and method:

Underground 9pen pit Total
Halimba 4,4 km? 0,8 5,2
Nyirad 9,1 0,2 9,3
Kisléd - 1,1 1,1
Iharkut - 0,2 0,2
Bakony Bauxite-Mines 13,5 2.3 15,8 62 %
Kincsesbanya 6,7 .0,4 7.1
Gant - 1,1 1,1
Fenydfé 1,0 0,4 1,4
Fejér Bauxite-Mines 7,7 1,9 0,6 38 %
Bauxite mining 21,2 83 % 4,2 17 % 25,4 100 %

About 40 per cent of the total area is the so-called
expropriated land, The distribution of the remaining 60 per
cent between the types of cultivation before mining is as

follows:
forest 27 per cent
meadow, pasture, rushes 14 per cent
arable land 18 per cent
vineyard 1 per cent
Total 60 per cent

Xgource: B. Vizy, HAC
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Distribution according to utilization:
central establishments
roads, strigp-pits 12 per cent

areas influerced by
underground mining 73 per cent

areas influenced by
open pit mining 15 per cent

After finisnhing the mining activities, the territory
must be transferred to another user (generally to tne

branches of agriculture or forest cultivation), in an
adequate condition for further utilization.

The process of recultivation consists of two phases:

- Regional development (technical recultivation) means the
reconstruction of lands that have been destroyed or af-

fected during the mining activities, for further utiliza-
tion., It includes terrain correction (levelling the
subsidences and dumping places, filling back the mining
holes or pits), removal of artificial objects remaining
in the soil, reconstruction of the soil strata.

- Reutilization (biological recultivation) includes the

activities required for the reconstruction of the territory,

in order to utilize it as agricultural or forest area

(melioration, afforestation, revegetation, etc.).

According to th2 law, the mining company is liable for

the technological recultivation of the land, whereas biolo-

gical recultivation is the duty of the actual organs for
which the landed property is transferred.

The tasks of biological recultivation and the sources
of investment are different in case of underground and open
pit mining.
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Jnderground mines are not so harmful from tne aspect of soil
protection, as compared to the open pit technology, The spece
cen be utilized in two basic ways:

- plent buildirgs, areas occupied by objects and by the tail-
ing pond;
- areas exposed to the danger of cave-in, with no surface

objects in them.

In the first case, the original conditions can only be
reconstructed by significant investment therefore, establish-
ments planned to operate for at least 10-15 years must
carefully be located to less valuable areas.

:Areas exposed to the danger of cave-in are more extensive
but their reconstruction raises no significant problems. The
mining technology of undercut caving produces depressions in
the surface - depending on the thickness of the extracted
bauxite layer, and on the slackening factors of the covering
rocks. Depressions principally affect the conditions of soil
cultivation (formation of areas of no natural drainage;
alterations of the water system and of the microclimate;
damages of the soil and forests). These changes may be repaired
after the mining activities and after the motion of the ground
cease, however, in case the depressions caused irrepairable
damages (e.g. nature conservation areas), the realization of
a more expensive mining technology must be taken into
consideration (e.g. to fill back refuse rocks into the place

of the extracted ore).

Some informative data on tne ratio of investment required
for reutilization will be mentioned in the followings, with

regard to the plans ellaborated in the previous years:

Reconstruction of areas cultivated by open pit method
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requires about 15,000 USD/hectare, increasing the costs of
bauxite by 2.5 per cent (0.4 USD) for each ton., The specific
costs of recultivation in case of underground mining are less
significant (including the strip pits, roads, etc.): about
1000-2000 USD/ha, or 0.05-0.1 USD/t.

l1.3. Problems of Water Protection

(Special study from B. Vizy, Hungarian Aluminium Corp.)

The activities connected to the exploration and process-
ing of bauxite disturb the ground water, the substratum- and
karstic waters. According to the Hungarian practice, the
damages of ground water systems are not significant and only
of local character. However, the influence of mining upoun
the karstic waters and substratum waters is very considerable,
due to the fact that the dominant part of the Hungarién baux-
ite deposits is found in mountains built up of rocks of
carbonate content, having a more or less complex karstic
water system,

Due to its geological construction, the Dunantuli
Mountains of Hungary have the greatest reserves of karstic
wate}. The area of the karstic water table exceeds 10,000 kmzz
only 15-20 per cent of it is open, the remaining part is
underground water system, under pressure (Fig. 1l.).

The water is situated in ten different tables, referring
to the layers of carbonate rocks having been originated in 10
different geological epochs, from the lower-Carbon to the
upper-Pliocen.
The waters form more or less independent systems in the
different layers of rocks. The most significant table extends
to the entire mountain:
this so called main karstic water system is hydraulically

he
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homogeneous. Its tedrock consists mainly of carbonate rocks,
limestone and dolomite of the upper-Trias epoch.

Before artificial interventicons, the amount of water
filtrating into the svstem was in natural equilibrium with
the amount leaving the area in the form of wells and karstic

marshlands.

Test results of water homeostasys in the region show
that the amount of the general water make-up of the main
karstic water system is between 700-750 m3/min in the entire
area of the mountain: out of this value, the make-up of the
Bakony Mountain is about 490 m3/min. Depending on the yearly
distribution of precipitation, the stock of refilled water
displays a scattering of 50-50 per cents. Before the artifi-
cial interventions into the karstic water system, this fact
was responsible for the changes in the level of water table
and in the water flow. The natural water-homeostasys of a
karstic water system is disturbed in case the decrease of
the level of the water table brought about by artificial
interventions is greater than that experienced under natural

conditions, for a longer period (5-10 years).

The original conditions of the above mentioned water
system has already been disturbed at the beginning of the
century by artificial drow-off when, in order to protect
the neighbouring coal-mines (Tatabanya, Ajka), bailing
was started. Bailing has significantly increased since the
1950-ies in the mining industry: in the past ten years its
value has been between 550-600 ms/min (Fig. 2.). At present,
several mines in the affected area are protected by this
method, however, mainly the bauxite mines resort to this
technique: in 1982, 65 per cent of the waters were bailed by
the bauxite mines, principally from the main karstic water

system,




24

O A 3 =

cor
am
na
da
in

2

-(
- (

stri
ing
pre:s

[ves
(o]

Cc(

F1g 23 Dewatering trom the main karetic water system of the Dunantuli Mountains,

for the protection of mines.
3,

Dewatering by manganese mines

m?/min
700 ‘1 Fact  Projected
*—»—-——I———-—o———.
{
600 - '
500 -
400 - Dewatering by the |cxuxite mines
300 1
200 1
|
100 A Dewatering by the Ico<:|l mines
|
l
[
]

1950 1960 1970 1980 1990

Source: Hungarian Aluminium Corporation

2000




~
C
=
=

gty

e

viaaf gy A-I "”“'-’ll"l\-n(l

?

[ AN

et

3

‘Ui
FXIN]
fhiay s00 g Dasas, s

ruRiltW i o Ungt N
PO WD19AU VOITVM OTIGIUN HTuw u.,.‘ wrod @

L[]
SUTEIUNOL] T INIUYUNL Oy

N

i

wer g

ailing for communal (infre-

in the recent 25 years, b
increased, also contribut-

uctural) purposes has rapidly

str
to the unfavourable changes

of water homeostasys. At

1ng
present, an amount of about 70-80 m3/min, i.e. 12 per cent
of the rotal bailing is utilized for such purposes.

Artificial bailing has two sources:

ontinual water make-up, due to precipitation and other

ations (dynamic water stock, 83 per
n of waters stored within the rocks (static

- C

infiltr
- utilizatio
water stock, 17 per cent).

cent).

r stock, bailing procedures

e make-up waters:

iIn case of the dynamic wate

consume more than 75 per cent of th

- Dunantul Mountains: 76 per cent

- Out of this, in the Bakony Mountain: 82 per cent.

by the 1990-ies the

According to the long term plans,
nt of the

ailed water will amount to 160 per ce

amount of b
natural make-up water stocks, thus bringing about 2a further ’
and more rapid lower-

damage of the karstic water homeostasys,

ing of the level of the subsoil water tables.

The decrease of the water reserves has exceeded 1 billion

n> by the present, bringing about
the water table, with local differen

a lowering of the level of

ces in its degree, of

course. Due to this fact:

- wells dry out partly or entirely;

- karstic marshlands dry out;

- the amount of karstic water filt
mediate water tables decreases, an

rating up into the inter-
d then the water of the

intermediate layers start to infiltrate into the karstic

waters;




- the output of water works built on wells or gallerdes
decreases and then ceases;

- the changes in the natural flow rate conditions may bring
about a simultaneous change in the temperature of the

naturai wells as well.

Since the 1950-ies, the continuously lowering extrac-
tion level of the bauxite mines has reached down to the
original level of the karstic water table in the Dunantuli
Mountuins, conscquently, the water level was lowered by
artificial means, in order to ensure the necessary protec-
tion of the mines. The ratio of bauxite extracted from below

‘he original water level has gradually increased since that

time:
1950 42 per cent
1960 39 per cent -
1970 71 per cent
1980 82 per cent.

Environmental effects occuring due to the lowering of
the level of the karstic water table can be grouped into

two major cathegories:

a.) Damages of the communal water stock (springs, wells).,
The mining institutes are obliged to compensate for
these damages somehow (lowering of the outlet level
»f the wells), drilling of new wells or supplying

water from other areas.

Significant damages of the essential springs of luke-
warm or warm water supply (like the ones around Bu-
dap-st would cause serious troubles, therefcre, the

mining activity in these regions 1is allowed on condi-

tion of preventing any significant decrease of the
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Fig 3: Dewatering and the subsidance of the water level
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flow~rate.

As a result of extensive researches and tests carried
out with the aim of protecting the springs around Buda,
the Hungarian authorities determined the allowed maximum
amount of water to be bailed by the mines located at the
north-eastern part of the Dundntuli Mountains: this
amount is 200 m3/min. Similar measures have been taken
in case c¢f the Héviz lakespring situated at the south-
western part of the mountain: in the region of Nyirad,
the allowed maximum amount of bailing was determined- to
be 350 m>/sec. The supervision of this amount is in
progress. Certain demages must be prevented principally
from the aspects of environmental reservation and of
tourism. This requires the reconstruction of medicinial
springs enjoying international popularity, and “the
preservaticn of landscape (town picture) in case of
touristic centres. Environmental damages belonging into
this cathegory must be prevented by all means or, in
case the natural system is disturbed, the losses of
water must be compensated somehow. The costs of prevent-
ing or correcting the damages are very high: reconstruc-
tion is sponsored by the state, from the funds accumu=-
lated for the compensation of mining damages.

the second cathegory includes the damages caused by the
decrease of the level of the water table, that are not
necessary to be compensated (because, e.g. the water
was not utilized for industrial purposes), or that can
not be compensated (e.g. karstic maishlands),

Environmental damages can be prevented by the introduc-

tion of complex measures., According to the methods required

to their solution, these measures can be grouped into 3

-
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Fig 4: Dewstering and subsidance of the

water level in cese

8 of the Hungsrian bauxite mine at Kinceesbdnya.
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categories: tasks concerned with mining, environment protec-
tion, or water economics. The solutions discussed in the
followings have general validity, however, they will be
discussed on ths basis of the experiences geined at the
analysis of the bailing procedure at Nyirad and its influence
on the lake Heviz.

a.) The direct aim of solving the environmental problems
from the aspect of mining is to introduce water protec-
tion methods that make possible to extract the mineral
wealtn by reduced amounts of subsoil water to be bailed,

thus decreasing the environmental hazards.

Such methods may be the following:

- back-filling of rocks into the place of the extracted
minerals, in crder to decrease the water transferring
capacity of the secondary rocks of the mineral stock.,
This may be done by packing the pits, galleries or A
faults, or by regional packing.

Several kinds of packing material can be used. In the
Hungarian mines, packing possibilities with plastic

or with clay siurry rocks was tested. The exclusive

or regional application of these methods is not
economical, because they require intensive drilling
work and large amounts of packing material. As the
packing effect is not quite excellent, the danger of
“bauxite wettening must further be taken into considera-
tion, moreover, dewatering may become necessary later

on.

- local dewatering, limited in time and space. The

terrain of the Nyirad region has favourable water
conducting capacity. In this case, two solutions

-

-t

b.)
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are given for saving the water during lowering the
level of the water table:

- Reducing the area of dewatering: instead of simulta-
neous drainages, the required level of water is
attained by drawcuts of moving gravity extending to
small areas, or by depressions.

- The amount of bailed water can significantly be reduced
by the rapid shaping of the depression area and by the

increased rate of ore extraction.

Solutions directly attached to the environment protection

must be carried out in the damaged or endangered area
jtself. Such soclutions may be the following:

- Filling back a certain part of the bailed karstic water

into the karstic water system, 1in order to maintain the
required pressure-conditions (water level) at the
crucial sections.

—

Due to the great depth of the bed-rock and to the
repeated bailing of the waters that have been filled
back, this solution seems toO be uneconomical in case
of certain Hungarian mines. On the other hand, the
filled back water may have a cooling effect on the
thermal waters of the region.

- Protective mesures to be reazlized directly at the
endangered region or objects, in order to _prevent any
decrease of the flow-rate or temperature, in case of

thermal lakes, may be the following:

- As a consequence of the decrease of the flow-rate,
the temperature of the water surface cools down
during the winter period. In order to maintain 1its
original temperature, warm water is pumped from
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the spring into thet part of the water surface that
is used for bathing during the winter.

- Compensatioh of the decreasing flow-rete from the
natural water supply area of the lake-spring.

- pumping of the lake-spring.

c.) Measures taken in the field of water economy may also
significantly promote the improvement of the natural
water exchange equilibrium of the demaged water-system.

- It is necessary to control the amount of water flow-
ing out of the lake and the amount bailed in its
vicinity (control of artificial wells), moreover, to

utilize the medicinal waters economically,

- Damages of the main karstic water system in the Du-
niantuli Mountains may be reduced by the large scale
utilization of the bailed water extracted by the mines.
In this way, it would not be necessary to bail further
amounts of water for communal and industrial purposes.

Apart from the direct costs of water protection, the
profitability of mining in areas where the deposit is situated
close to the natural water reserves depends on the costs of
preventing environmental damages. An additional factor in this
respect is whether the bailed water can be utilized (Fig. 5.).
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References to Bauxite Mining:
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Economic Utilization of Worldwide Bauxite Resources
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on Alumina Production Until 2000, Tihany, 1981 pp 101-119

Barry A. Carbon, The Environmental Impact of Bauxite
Mining on South West Australia, UNEP Industry and
Environment, Vol 2, No 3, 1979, pp 8-9

Mamadan Bah, Environmental control measures in connec-
tion with the mining of bauxite in the People’s Revalu-
tionary Republic of Guinea, UNEP, Industry and Environ-
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8, A. Carbon, Bauxite mining in the Darling Plateau,
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in Rehabilitation After Bauxite Mining in Western Aust-
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2, GENERAL ENVIRONMENT PROTECTION OF THE ALUMINA PLANTS

Technical development induces an ever increasing
influence on the human environment, Therefore, the prob-
lems of eﬁvironment protection jmust be taken into consi~
deration in each phase of the productive practice: during
the preparation of the projects and of the conceptual and
detailed engineering designs, and in the operating plants,
which must also provide for the environument protection.

The supplementary solution of the problems arising
in this field nuturally requires much higher investment
costs than if these problems had been primarily dealt
with in the projecting work.,

It nust be stressed, however, that environment pro-
tection cannot‘bezestrlcted to the protection of man and
his direct surroundings. Man and the biological sphere
are in close connection. If any part of this system is
disturbed by some disadvantageous influence, it will have
far reaching conscquences on the whole biological system,
If, for example, the contaminated water destroys the
plants, the animals would also leave the territory. Man
can accomodate himself to a certain extent to the changing
environmeﬂtal influences, however, the rapid technological
development experienced in our days raises ever increasing
problems that nust be solved in order to maintain healtly
conditions of living. ’

Main tasks of the environment protection are:

- land protection

- reasonable utilization of the soil and its
recultivation

- maintaining the purity of waters

- forest protection

~ prevention of air pollution
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- utilization or neutralization of solid wastes

- noise control

Measures taken for environmental protection can be

grouped into four major tasks:

1,) Disclosure of the sources of contamination

2,) Analysis of'possibilities of influencing the

contaminants from technical-economical aspects

3.) Elaboration of provisions to decrease or eliminate
contamination

4,) Measurment of contaminants, realization of the

measuring network,

2,1, Disclosure of the sources of contamination
"

In order to comprehend the sources of contamination,
Table 2.1 enumerates the raw and auxiliary materials of
the alwmina production, their utilization and final
products and, in addition, their further treatment in
the plant, The data of the table refer to alumina plants
based on the Bayer technology equipped with own power
plant as well,
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Raw material

Utilization

Final products and their
further treuatment

—

pauxite

caustic soda

Soda ash
l.imestone

Burnt lime

Fuel o6il -—~

Natural gas

Coal

Starch (flour)

Syntethic
seteling aid
Sulphur, sodium-
sulphate and
bisulphate

Acids (HC1,
stou, HF)

Source:

Source of alumina

Dissolving the alumi-
na and descaling

Generation of caustic
soda
Lime-burning

Substitution of
caustic soda in the
red mud, digestion
of diasporic bauxite,
salt causticization,
phosphorous control,
precoat/filter aid

Steam- and power ge-
neration, alumina
calcination, lime-
burning

Steam~ and power
gencration, alumina
calcinaticn, lime-
burming

Steam- and power
genexration

Settling aid

Settling aid

For the
reduction of the Zn-

content of the alumina

Removal of scalings

see ref 0.1

Alumina, red mud, water,
by-products

Recycled in plant, Losses
in red mud, alumina and
with spitlages

Caustic soda and CaCO3
Burnmt lime and 002

Lost with red nud, small
portion lost with alumina

$0,, €O, (co), NO_

power

(so0,), co,, (co), me_,

power

50, €O, (co), NO_,
slag, fly ash, power

Lost with residu, partly
accumulates as organics
in the circuit

Lost with residu

Accumulates as sulphate
in (he process

Discarded to the acid pit
or residue lake
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On the basis of the above table, the materials used
in the alumina production can be grouped into two great

categories from tho aspcct of enviromment contamination:

- contaminants occurring also in other plants of the
chemical industry (liquors, acids, non-aggressive
hard materials, lime, oil, gases 502, COZ’ co, NOx
content, slag, fly ash, power)

- the special contaminant of alumina production red
wud inducing significant problems in the environment

protection, first of all due to its abundant mass,.

In the following chapter we shall discuss environ-
ment protection against contaminants occurring also in
other plants of the chemical industry, whereas the
formation, storage and utilization of red mud will be
dealt with in the third part.

e -

2,2, Analysis of the possibilities of influencing the

contaminants

In the course of analysing the possibilities of
influencing the contaminants, the primary task is to ‘
reduce or eliminate the emission of contaminants that t
present the main hazards to environment protection.

From tre point of view of alumina production, there

exist a wide variety of such possibilities, a selection

of which is presented below:

- ap——

- substitution of raw materials and auxiliary products
dangerous for the euviroument by other, less harmful
materials (change of raw materials);

- preliminary purification of the raw matasrials and

auxiliary products;
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technological aiterations, in order to reduce contami-
nation; '
~ dintroduction of new technological methods;
~ introduction of equipment for removal of contaminants;
- wutilization of contaminants;
~ recirculation cof contaminants.
Ref, 2.1, 2.2, 2,3

In the followings, the expected advantages of the
above mentioned measures will be discussed separately,

with special regard ro the alumina plants.

2.2.1., Change of raw material

The substitution of bauxite with other raw materials
(clay, silicates, nepheline, alunite) provides euviron-
ment protectional advantages only in case the new tech-
nology does not produce any waste or if the wastes can
be/gpilized (e.g. nepheline, alunite processing). However,
the specific raw material demand of processes based on
other auxiliary materials instead of bauxite is always
higher (the A1203 content of the raw material is lower)
and, as a result, the dust formation during transporta-
tion, storage and preparation will be of a greater

extent,
It has to be mwentioned that these techmnologies are

generally less economical than the Bayer process based

on high quality bauxite, consequently, their application
may only induce local economical advantages within the
vicinity of the raw material and power-sources,

The substitution of caustic soda by other raw mate-
rials, first of all by lime is an interesting problcm.
Under the present conditions, this method roduces the

ocaustic coutent of the red mud by 15-20 per cent in the

§
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process of digestion with additives. Some years ago, the
use of lime was regarded unambiguously disadvantageous
.from enviroument protectional aspects, because its trans-
portation, storage and processing caused aggressive dust
formation that was difficult to be controlled, At present,
the use of containers in lime transportation makes possible
to avoid the formation of lime-dust within the plant., At
the same time, the caustic content of the red mud decreases,
thus favourably decreasing the danger of liquor lcakage
into the soil., On the other hand, lime is less soluble in
water than caustic soda, and finally it is transformed

into carbonate.

2.2.2, Preliminary purification of the raw material

— :

At several deposits it is a well established practice ¢

to beneficiate the bauxite by washing, screening or by
cycloning., These methods not only reduce the specific

———

amount of raw material to be processed in the alumina
plant - as both the A1203 content and the expected
recovery is increased - but, due to the decrease of the
different contaminants (Sioz, iron oxide), the specific )
mass of the red mud will also be less.

Among such process technologies, the one elaborated
bv ALUTERV-FKI may gain significant importance in the
future: this process is a registered patent of ALUTERV-
FK1, at present tested at pilot plant level ~ preliminary
de-ironing of bauxites by ammonium-chloride, bringing

about a significant decrease in the wastes of alumina pro-

duction., This method will also be discussed in Chapter 3.
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2.2.3. Technological alterations

The most appropriate example of contaminant reduction
by technological alterations can be regarded as a fact of
industrial history: the switch-over from dry grinding to
the wet grinding method, The dry grinding process some-
times caused dust formaticn of several per cents. Though
it had no aggressive effects, it was an unpleasant and
unaesthetic contamination., A 2-3 per cent loss on the
dust formation in an alumina plant of 500 thousand t/year
capacity resulted in 20-30 thousand tons of yearly dust
production - that was rather troublesome to endure for

those who lived in the direct surroundings of the plant,

2.2, 4k, JTutroduction of new technological methods

An example for this measure is the switche-over from
the Rroduction of floury alumina to sandy alumina,
Altﬂough the American technology has always produced
sandy alumina, at present the alumina plants based on
the European technology are switching over as well, one

after the other, from floury to sandy alumina production

.that provides excellent results in the dry gas scrubbing

process of the reduction plants, The advantages of this
switch-over arc directly perceptible in the alumina
plants, too, because the loss on dust formation during
calcination and alumina transportation is substantially
decreased by this way. Aluwnina plants based on floury
alumina production have not been built lately, neither
is it expected that such plants would be built in the
future, as the new smelters are also constructed on

the basis of technological projects of clectrolysing

solely sandy alumina with prebaked anodes,
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It must be stressed that the grain fraction of alu-~
mina beiween 0 to 20 micrometers iray speccially be harme-
ful from saunitary points of view, and the amount of this
fraction in sandy alumina has already been reduced to
1-2 per cents,

Another significant environmental measure is the
filtration of red rmud and its storage in solid form.

That will be discussed in more details in the second paxt.

2.2,5., Introduction of equipment for removal of

contaminants

It had already been mentioned that neither bauxite
dust nor alumina dust are harmful for the health: they
are rather regarded as unpleaseant contaminants{rfae
high dust content of the air around the working pliaces,
naturally, causes troubles in visibility and, consequently,
may be the potential source of accidents, The allowed
maximum dust content in the workshops is 10 mg/m3.

In case of bauxites apt to heavy dust formation,
the protective measures can include artificial wettening,
covering the belt conveyors, or the introduction of
exhaustion devices. These exhaustion devices (fans) are
connected to dust controlling devices that can be simple
cyclones, multicyclones, separators based on filtration,
wet separators or electric dust separators.

The selective capacity of the cyclones is little:
they separate the coarser dust fraction with higher
efficiency. The scparating capacity of the cyclone,
however, may be increased by reducing its diameter -
this phenomcnon led to the construction of multicyclones
consisting of several cyclones of little diameter, having

a common fceder and dust hopper.
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During the period of dry grinding, textile separators
were favoured for dust separation, They are used presently
as well, in case the bauxite dust is exhausted at the
{ransfexrring points or in tke crushing plant.

Wel separators are generally not used in the alumina
production processes because the storage of slurry
containing bauxite~dust causes troubles, and if it is
sprayed back onto the bauxite, the amount of recycled
dust will increase,

The dust controlling devices already delivered
with the calcining equipment are cyclones and electric
filters, These devices reduce the loss on dust formation
to below 1 per cent even in case of floury alumina,
however, results attained in case of sandy alumina are
even more favourable (in the past several plants producing
sandy alumina did not apply electric dust separators at
all)..

Both in case of lime~burning and coal firing of boilers,
dust (or fly ash) separation is carried out by cyclones
and multicyclones, It is advisable to use even electric
dust separators,

Naturally, the value of dust pollution at the
working area is much higher than the envirommental imission.
Apart from the natural dispersing due to spreading and to
the air mo%ion, imission can be conirolled to remain
below the values prescribed by the authorities by selecting
the proper site for the plant, and by the application of
high chimneys.
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2.2,6, Utilization of the contaminants of the different

EI‘OCG SSes

The mud of Chinese alumina plants processing diasporic
bauxites by sinter technology is processed into cement
without any waste, in the cement plants. Similarly, the
alumina production technology based on nepheline and
alunite in the Soviet Union works also without any waste,
These will be discussed in the third part.

In case of the Bayer process, the contaminants dis~
solved in the liquor are removed in the form of the so
called soda salt (salt separation process). In the
previous times, this salt was either stored up as an
unpleasant contaminant or it was dissolved and pumped to
the mud pond, thus increasing the environmental haég;ds.
At the present this salt may be the source of some by=-
products (vanadium, artificial cryolithe, etc,). After
their recovery the remaining part is transformed into
caustic soda by causticization, thus substantially re-

ducing the scda losses.

2.,2.7. Recycling of contaminants

Beside the above procedure, another good example for
the recycling of contaminants is that at most of.the plants
the diluted liquor discharged together with the nud into
the red mud disposal urea is repumped ufter setiling, into
the countexr-current red mmud washing system. If the perme-
ability of the mud is satisfactory, the pressure of liquor.
against the soil will decrease, thmus bringing about a
decrease 1n the leakage us well. Moreover, the red nmud can
shrink more gquickly, thus decreasing the volune of the mud

disposal area.

vy v

ol TP e

-y




g 2.3. Provisions for the control of contaminants

'

! 2.3.1 Storage

sic .
¥ -~ Fuel o0il
f —_—
The storage of fuel oil is not a special problem of

5 the alumina industry; the conditions of storage are

; generally regulated by decrees. The 0il is generally

f stored in large tanks of proper foundation and the tank

" ; is surrounded by dikes or by embankment. The air space

¥ thus enclosed must be greater than the volume of the
stored oil, In case the oil is transported in container

; trucks, it may spill onto the road, In order to avoid the

1 skidding of the vehicles, the spilled o0il must be covered

; by sand or by soil, This may simultaneously decrease the
danger of fire as well.

{- .

1 - Caustic soda

% It generally arrives at the plant in form of 50 per
cent solution or in solid form, stored in iron drums.

% The solution is stored in large, ventillated tanks

“ , Isurrounded by embankment, If necessary, however, it can
’ also be stored in tanks of the technological process (for
:8 example in the precipitators). The provisions concerned

with this problem are discussed in chapter 2.3.2.

-~ Bauxite-alumina

The possibilities of protection against dust formation

were detailed in chapter 2,2.5.

’

- Limestone

Its storage is not problematical from thne aspects of

enviyonment protecction.

- ——,
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= Burnt lime

The prescribed usage of protective helmets and safety
goggles has hardly provided any protection against che
irritative effects of burnt lime in the past. In the pre-
sent Hungarian practice lime is transported solely in
containers, and it arrives into the silos made of concrete
in a closed conveyor belt system. This method eliminates
any enviromment contamination. In the control filtration
process, generally lime hydrate forming little dust is

used.

- Acids

They are stored in acid-proof tanks provided with

ventillation. In the working phases where acid treatment

is involved, it is compulsory to use rubber boots and gloves,

safety clothing and safety goggles.

2.3.2. Material handling inside the plant

~ Bauxite

In case of dry bauxite it may be necessary to carry
the bauxite on closed conveyor belts and to apply dust
controlling methods at the transfer points: ses paragraph
2.2.5.

~ Aluinina: see paragraph 2.2.5.

-~ Caustic soda

The caustic soda used for filling up the circuit or
making up the soda losses passes all stages of dilution
\

in the plant, from a Na,0 concentration of 500 e/l to
1 ¢g/1.

..
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Th» principal phenomenon to be controlled 1s the
spillage of caustic soda, since it attacks the concrete
end contaminates the subsoil water. The circuit liquor
contains A1203 as well: its precipitation in form of
hydrate causes an increase in volume and, in case it flows
under the flooring concrete, it is able to raise a sheet
of cbncrete or move the foundation of a pump from its
rlace. The danger of accidents must be taken into consid-
eration in this respect, too. Consequently, neither the
closed, covered chamnel, nor the open channels covered by
passage grates proved to be satisfactory for the drainage
of liguor spillage,

The best solution is to prepare a floor made of high
solidity rupturless concrete, with minimum 3 per cent
slope and, at the same time, caution must be paid to the
protection of engines, in case of an overflow. The foun-
dation nmust be made of crushed limestone instead of
pebbles because the silica would be apt to dissclution.
Dilafgkion gaps must be filled with bitumen or with
plastic, .

At the liquor accumulation points of the flooxr as
many waste collecting sumps must be placed as possible,
provided with stirrers and, if possible, the liquor must
be removed by concealed pumps. Precipitated hydrate (or
spilled hydrate slurry) occurring occassionally in the
plant sections nust be sprinkled by warm spent liquorxr
using a rubber hose, and then the liquor must be washed

up by water,
- Burmt lime .

Lime is stored in concrete silos and transported to
the processing section by closed conveyor belts, It is’

slaked into lime slurry. In case of lime slurry, the same

e ./
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proscriptions must be taken into consideration as those
relatod to the caustic soda solution,

-~ Slag and fly ash

The slag or fly ash of the power plants must be
slurried by water and transported intoc insulated storage
ponds. Controlling measures are necessary to prohibit the
leakage of acidic water into the soil, In later periods
the ponds may bte sown with grass, for example by the
Verdiol-Hydrosa method.

- Acids_

As far as possible, the acid treatment procedures have
to be realized in a closed system or in a closed place
equipped with exhaustion devices, After cleaning"fﬂe
equipment, the remaining acids must be neutralized before

they are drained @ pumped into the red mud pond.

-~ Waters

Alumina production conswnes substantial quantities of
water, consequently, it is concommittant with the produc-
tion of waters of varied composition, containing different
types and amounts of solid and dissolved materials. Regard-
less of the water-liquor circulation of the red mud pond
(that is discussed in the second part), it may be stated
that no excess water is produced in the alumina plant.

The spillage of the alkaline water or its leakage into
the soil can be prevented hy the floor construction method

discussed in the paragraph on caustic soda, consequently,

it gives rno additional problems from envirowmnent protectional

aspects., Nuturally, special measures must be tuken in order
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to ensure tha separation of industrlal water: and of the
potabla waters in the plant, moreover, to keep the latter
free of dust, soda or oil contaminants.

- Aerosols

The leakages of liquor pipelines under pressure, the
steam of the flash tanks aiad dilution tanks, moreover, the
liquor of the cooling towzr produce alkaline aerosols
dangerous for the health, This can be prevented by the
elimination of spillings, and by supplying the dilution
tanks with separate condensers. Cooling towers of forced
draught and of smaller volume, located at a distant area
of the plant, proved to be more adaquate than the ones
utilizing natural dreaght.

- (taseous emissions

. During the processes of calcination, steam- and power
generation, gases presenting health risks are produced:
SOZ, C02, co, NOx. ’

The most widespread protective mathod is the dilution
of the emission by discharging the gases through a high
chimney where they expand and dilute with the air, thus
reducing the concentration of the local imission. The
height of the chimney is deterinined by mational staundards
in each country. The results achieved by this technique
can not yet exactly be calculated because, apart from the
height of the chimney, the efficiency depends on several
local conditions, such as meteorological factors.,

Under given cohditions (1ike in case of the A jka
Alumina Plant in Hungary), there is a possibility to
switch over from fuel oil to matwral gas firing, thus

bringing about a significant decrease in gas contamination,
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ospecially in that of 502. Unfortunately, due to tho price-
explosion induced by the oil crisis, it can generally be
experienced that power plants originally based on oil
firing turn back to the coal firing method although it

has more disadvantages from environment protectional points

b
’

|

of view, due to tho additional slag and fly ash formation be- '

sides the contaminating gases, This must be taken into con-

sideration when determining the height of the chinmey.

2,3.3. Noise_ control

Noise is produced at several sectioas.of the alﬁmina
plant, and during several processes: bauxite crushing,
grinding, steam blows, air compressors, vacuwn pumps and
turbines may all cause noise in the workshops, These
noises are not so intensive, however, as to cause any
trouble for the neighbouring population. Noise protection
is of local character: according to its prescriptions,
the affected workers must use ear-mutfs above a certain
noise level, moreover, they are subjecfed to periodical
medical supervision as well, In case of establishing a
new alumina plaut, it is advisable to introduce a protec-
tive zone between the plant and the closest residential

area, by afforestation.

2.3. L‘a EZ-EI‘Od‘UCtS
- Gallium

in several plants gallium recovery is based on mercury
cathode analysis. Care must be taken to keep the mercury
content of the spillages below the allowed level., There are
processes eliminating the use of mercury and a switch over
to such a technology is being just in progress in the Ajka
Alumina Plant.
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‘8- = Vanadium

‘ Vanadium compou.nd.é atfack the muoous ﬁemﬁranéh and the

’ nervous system, therefore, the solutions must be treated '
ats ? in closed, ventillated tanks. Ammonium-vanadate is H
a be- ! eSpecially dangerous because its respiration may cause Q

- death,

: i
v g!‘;
2.4, Measurment of contaminants !
‘ 2.4.1. Threshold limit values (TLV) . ' . ;
a
‘! The allowed maxinum concentration of the most frequent
{ indusirial air contaminants is determined by the public ‘
i health service authorities, parallelly with the value of
the maximum amission concerning the nearby residential
m é areas, and these threshold limit values are regularly H;
} controlled,
. &‘a
} Table 3. : . }
o- ; Threshold limit values of materials used in the alumina h
plants
i
| i
_ 1
. | Working Imission
Material place average of Hazard
% mg/m3 24 hgurs
mg/m
oty ! . . ‘
’ Alumina - 10 0,15 Silicosis
~
L ape Fluorides i,0 0,01 Attacksthe nervous
system
ner
a Mercury 0,02 0,0003 Attacksthe nervous-
+ system and kidneys
Sulphur dioxide 0,008 0, 0005 Irritates the respi-

ratory organs
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continuation of Table 3

Working Imission
<aterial place average of Hazard
m /m3 24 hours
16 mg/m3

Sulphuric acid, Irritates and attack
stou 1,0 0,03 the respiratory

. orgamns
Nitrosous gases 5 0,1 Attack the luugs
Hydrochloric acid, 10 0,015 Atta?ks the. upper
HCL respiratory sec-

tions
Carbon monoxide, May cause suffo-
30 .

CcO cation
Varediwu pentoxide 0,1-0,5 Attack.the nervous-

: systen, respiration

and blood circulatic

yon-toxicating . Causes ilroubles in
dust 10 0,15 respiration
Noise (converted to dBA=noise level
1000 Hz values) 80 dBA 50 dBA measured with "A"

Source: sce ref 2.4

2.4.2, Measuring methods

Measuri of gaseous contaminants
ng

type filters,
decibel

The analysed air is led through an adsorption or ab-

sorption system for a long time. The most simpla devices

used for sample taking are the scrubbers, coupled into

series. Impingers, having smaller diameters can be used

for the same purpose. ln the latter case, the absorbed

material is tested by microanalytical methods: volumetrio
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' analysis, photometry, spectrophotometry, polarography, E
— gas~cromatography, i
’ =~ Measurment c¢f dusts !
'
-f_-‘ a) Determination according to weight: the most simple f
Srtact, . method for dust separation is filtration. Gemerally, !
; filters made of colloid paper are used for this g
zs ] purpose, and the increase of weight within a unit of
' time is recorded. X
rer '
. "i~ b) Determination according to the number of grains: the )
} ~dust is separated in a way that later the number of .
o grains can be determined under microscope. In Europe, j
) ' conimeters are used for this purpose, By the help of !
;:?z; ‘ a piston pump, 2-5 cm3 contaminated air is pumped .
datio into the equipment. At the first stage the air passes !
5 ih l through a screen filter keeping up the particles :
’gbove 50 microns, In the following stage the air is f
accelerated by passing through a narrow nozzle, and :
rAn r . dashes agaiust a glass sheet covered with adhesive, :
retaining the particles and thus the sample can be :
evaluated by a microscope of 200 fold magnification
' . fitted onto the equipment. It can generally he used
[ dcim to the size of 1l-2 microns,

‘ The long term imission of resideutial areas is
measured by dust prccipitation tests carried oul either
by devices similar to the conimeters or by dust catching
foils. The connection of the measuring points of similar
values results in isoconia. Here it is mentioned that

tho allowed maxinmun level of dust precipitation at the

residential areas must be kept below 150 t/km2 year.
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-~ Measurment of water contamination

The contamination of soil water within the vicinity
of the alulina plant generally does not exceed the limits
of health provision. Systemathic control is performed
only around the territory of the red mud pond.

The degree of water contamination is generally
determined on the basis of the total Na20 content.

~ Noise-level, measurment of noise

The perception of sounds depends on the frequency and
intensity., Therefore, such limit-curves were determined
that provide the acceptable threshold limit values in the
different frequency bands. According to the Hungarian
standard, there is no permanent damage of hearing if the
octave band spectrum of the noise remains below thHe so
called N 80 curve in each band(this is 80 dBA at 1000 Hz,
and the other frequencies converted to this value). At
present, the process can be realized by portable noise~
level meters equipped with band filters.

The organization of an environment protection

laboratory and the principles of monitoring relevant TLVs
is described in chapter 5.
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3. BAUXITE RESIDUE (RED MUD)

3.1 Formation and properties

3.1.1 Chemical composition

The waste material of the alumina production basad on
bauxite processing, named bauxite residue or red mud, is
formed during the digestion in the Bayer process or during
the sintering-leaching operation in the sintering processes.
Both the chemical and mineralcgical compositions of red mud
are influenced partly by the same of the bauxite processed,
partly by the refining technology applied.

In the ccurse cf alkaline treatment of bauxite some
76 to 93 per cent of its alumina content is dissolved in the
plant lféuor and the rest gets into the residue. Silica in
the bauxite readily reacts with sodium aluminate liquor,
then precipitates in form cf sodium aluminium silicates »f
various composition into the residue. The other main baux-
ite components, such as iron and titania, remain enriched in
the solid phase, and the minor impurities of bauxite, such
as gallium, vanadium, phosphorus, nickel, chromium, magne-
sium etc.,can also be found in the bauxite residue.

Sodium and calcium are two major components of baux-
ite residues usually found only in winor amounts in baux-
ites and which get into the residue during the refining
process: sodium as a desilication product from the reac-

tion of silica with plant liquor; calcium as a chemical

for causticizatior, an additive to digestion, or as one

of the components in the mixturec to be sintered.

wr  meetmtda o

" e s Sieale

rpe—aae--=irrrpye e IR

ooy

e el




——

_58..

The chemical composition of bauxite residue can vary

T e e g g -

: widely. The range for the wmajor components in muds from

the Bayer process can usually be represented as follows:

Per cent

(on dry basis)

! Significant differences in the chemical composition

i
‘: Fe,0, ' 25-60 ‘
' A1,0, 5-25 *
’ $i0, 1-20
A 10 I
‘ Nazo 1-10
; Cao 2-8 !
L.0.I. 5-15 '
|
t

of bauxite residue coming from the sintering process can
be experienced, compared to the above range, in the per-
- centage of Fe203 and CaO generally ranging from 19 to 34
i per cent and 24 to 48 per cent respectively.

| Most of components found in the bauxite residue of

‘ four alumina plants are shown in Table 4.

i 3.17.2 Mineralogical composition

The mineralogical composition of bauxite residue

plays a great role in forming the mud characteristics
influencing its behaviour in the process technology and
subsequent storage and/or reprocessing. It is determined
partly by the unchanged phases of bauxite, partly by the

| new phases formed during the refining process.
In the reaction of silica in bauxite with the plant

liquor in the Bayer process, depending on technological

parameters such as temperature, caustic concentration,
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Table 4.

Optical emission spectrograrhic analyses

of mud samples (per cent by weight)

Kaiser Alcoa Alcoa Reynolds
Elet-: Aluminun Mobile, Alabama  Point Camfort, Texas Metals,Hurricane
men (Jamaican} (Surinam-African) (Surinam-Australian- Creek,Arkansas

African) Arkansas
Al 2-4 5-10 36 1.3
B < 0.005 0.005 0.005 0.C05
Ba 0.02 0.01 0.01 0.01
Be < 0,0001 < 0.0001 < 0,001 < 0.001
Ca 5-10 36 4-6 20-40
Co 0.01 < 0.005 0.01 < 0,002
Cu 0,02 < 0.005 0.01 0.002
Cr 0.1 0.05 0.1 0.005
Fe 1’0;?_;0 5-10 20-40 5-10
K 0.03 0.2 0.1 0.3
Mg 0.1 0.03 0.1 0.3
Mn 1.0 10.02 0.4 0.2
Na 0.5 1-3 2-4 i.0
Ni . 0.1 < 0,005 0.03 0.002
Pb 0.02 0.01 0.02 0,005
Si 0.8 2-4 2-4 5-10
Sr 0.05 0.01 0.03 0.03
Ti 2-4 3-6 2-4 1-2
\Y 0.1 0.1 0.03 0.01
Zr 0.1 0.2 0.1 0.2

{Source: see Ref. 31)
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retention time, solids content and quality, as well as quan-
tity of impurities in plant liquor, sodium aluminium sili-
cates of variable composition (commonly known as DSP, de-

silication products) are formed according to the following
formula:

3(Na20.Al 0] .25i02).Na X.nH

293 2%-nH,0

32', 5042‘, c1~, oH , Aloz“, etc,
Under certain conditions also TiO2 of bauxite reacts with
the plant liquor forming sodium titanates of various com-

position,

where X may be CO

Iron content of most bauxites remains virtually in-
soluble in the Bayer plant liquor. It is known that baux-
ites having a certain amount of their iron content %B/form
goethite usually produce red mud of poor settling and filtra-
tion characteristics. Red mud handling equipment, settlers,
washers and filters,must be oversized causing excess in-
vestment and operating costs compared to the handling of
red mud of hematite type bauxites. In such cases various
additives, such as CaO, sulphates, chlorides etc. may be
charged to the digestion operation. Under controlled con-
ditions goethite will undergo a phase-transformation into
hematite as a result of which both settling-compaction and
filtration characteristics of bauxite residue will be im-
proved resulting in important savings.

In Table 5. characteristic phase-transformations dur-
ing the Bayer digestion can be seen.

3.1.3 Specific surface area of red mud

Investigations on the microstructure and morphology of
both bauxites and bauxite residues revealed close correla-
tions of certain characteristics with the technological be-
haviour of the residues.
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Table 5.

Charactéristic.phase transformations during digestion

\

]

Bauxite Minerals

Reaction products formed
without additives

Reaction products formed
with CaO-addition

(Source: see Ref. 32)

Gibbsite, Boehmite, Al(OH)4: (CAS -
Diaspore Al(OH)4 (CA), Al(OH)4
Quartz, Kaolinite, Halloysite NAS* 24 CAS**
Chamosite NAS Fe CAS
'y + -
et oo Abdd gl R e
1-x X 373 4
Ilmenite FeT10, FeTi03
Anatase, Rutille Na-titanates CaTiO3
Calcite, Dolomite Ca- and Mg- Ca- and Mg-
compounds 2- compounds
Siderite CO3
Fe2+
3=
Crandallite, Apatite Caa(Po4)2 PO4 ) Ca3(PO4)2
Alunite Al(OH)4
L] 2—
SO4
Fez+
Pyrite s2-, 8032'
Lithiophorite, Todorokite Mn2+, Mnédt
* NAS = Na-Al-silicates _** CAS = Ca-Al-silicates

SRS . D AR

Ty ~anPYeeie W nr——

- 19 -

vl o,




_62..

o qma——

Porosity of bauxites and red muds, expressed as spe-

cific surface area in mz/g, shows rather definite correla-
tion with settling and compaction properties of bauxite
residue.
The specific surface areas of three bauxites and that
of the resulting red muds are given in Table 6. It can be
seen from the table that bauxite residues have specific '
i surface areas similar to their bauxite. The settling tests
: performed proved that Jamaican and Brazilian red muds of
y high surface area have poor settling characteristics. Lower I
( surface area like that of Greek mud results in much better
| settling and compaction, It can be noticed that high tem- }
_ perature digestion of Jamaican bauxite with hydrogarnet
: additive resulted in lcwer surface area. The settling and

compaction also improved. — ‘
Table 6.
f Specific surface areas of bauxites and red muds
Sample Specificzsurface area
m</g
. BAUXITES
Jamaican ) 22.8 ’
Brazilian 32.5
Greek 6.4
RED MUDS .

Jamaican 250 °C, hydrogarnet addition 22.2

140 °c, 0.5 h digestion 36.0
Brazilian 34.5
Greek 7.3

| - _ '
: (Source: see Ref. 13)
'
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Specific surface areas of other red muds are e.g.:

West African

Australian

19 mz/g
i5 mz/g

3.1.4 Grain-size distribution

The grain-size of bauxite residue from the Bayer proc-

ess lies in the range of 1 micron to 2 mm. Most residues

pass completely the
the refining of bauxites of high quartz content may have

a sand fraction of plus 100 micron,
Table 7. shows the grain-size distribution of two red

muds.

Table 7.

-100 micron sieve, but residues from

up to about 30 per cent,

Grain-size distribution of two red muds

- —
Mesh size

Micron-size

Per

cent by weight

Jamaican mxd Alcan, Arvida plant mud

+ 10
+ 20
.+ 35
+ 50
+ 65
+100
+200
-200
+325
-325

+1.680 um
+840 um
+420 um
+290 um
+210 Qm
+149 um
+ 74 pm
- 74 um
+ 44 um
- 44 um

2.0

9.5
16.5
24,0
28.1
34.9
€5.1

(Source: see Ref.

34)

It is noteworthy that, in case of Jamaican mud

about 60 per cent of the 95.5 per cent minus 44 microns
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lies between 5 and 44 microns, and some 35 per cent is less
than 5 microns in size. This grain-size distribution and
the pertinent large specific surface area partly explain
the tendency of mud to retain much water,.

Bauxite residues of coarser grain-structure give more
compacted slurries when settling in ponds and after longer
settling period their solids content rise to 50 to 60 per
cent compared to fine grained residues, especially when they
contain iron minerals in form of goethite, containing only
28 to 40 per cent solids. Red mud from Jamaican bauxites
is a characteristic example for the behaviour of fine grained
muds.

The grain structure of bauxite residues from the sinter-
ing process, in a Chinese plant is as follows (3Eli

@ mm > 0.1 0.1-0.05 0.05-0.01 0.01-0.005 < 0.005

wt % 12.5 13.5 44 20 10

3.1.5 Mass and volume of the béuxite residue

The amount of bauxite residue varies in wide range and
highly depends on bauxite grade and to some extent on' the
process technoloay. A characteristic figure is the amount
of red mud refefred to one ton of calcined alumina.

The least amount of red mud is produced when refining Surinam
bauxites, reportedly 0.3 ton/ton of alumina. Refining of
other bauxites produces red muds in the range of 0.8 to
2.0 ton for 1 ton of alumina. Refineries applying the
sintering or combined process technology have to reckon with
the handling and storage of some 2 to 3.5 tons of residue.

For rough estimations, considering the informative
weighted average of the bauxite residues originating from

the world's alumina plants refining bauxites of variou§
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grade and using different process technologies, cne can say
that about 1 ton of dry bauxite residue must be handled and
disposed of for 1 ton of alumina produced.

Density of bauxite residues ranges from about 2.7 to
3.2 ton/m3. Taking 3 ton/m3 as a realistic average value,
the volume of 1 ton of red mud theoretically would amount
to 0.33 m3. In practice the volume necessary to disposal

nesee i A R, T
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of bauxite residues is much larger due to the high accom-
¥ panying water content. The amount of this water is highly
, influenced by the physicomineralogical properties of baux-
jte residue,by the climatic conditions and by the method

~“—m,“*

ed of disposal.
Fig. 7 illustrates the change of volume in the function
e ' of the water content for 1 ton of dry mud.

Red mud is generally pumped from the plant in form of
: a slurry of 200 to 350 g/l solids content which settles and ;
E compacts to 40 to 60 pzr cent solids coantent on the disposal '
area."¥h case red mud is filtered, solids content of the
cake is about 60 to 70 per cent on the disposal area.

Taking into account some 30 Mt/year of world alumina
production, generation of at least the same amount of dry

’ residue must be reckoned with annually. The volume occupied

b ‘ by this residue, in form of wet mud of about 50 per cent sol-
ids amounts to about 45 Mm3/year. The storage of this res- .
t idue in ponds of say 10 m depth, would require up to 500 ha 5
| area/year which is often robbed from cultivable land. '

3.1.6 Atterberg limits of red mud

1 According to Lotze (37),over a period of time the water
content of red mud in a storage site decreases as the mud
consolidates, The change in water content is accompanied

. by changes in the consistency of the mud from liquid to
plastic and to semisolids states. The condition of the mud as it changes

from one consistency to another can be defined gquantita-
tively by using Atterberg limits, These are arbitrarily as-
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Volume . _
m3/4 Density of solids: 3 t/m3

10 20 30 40 50 60 70 80 90 Water %
2250 1714 1312 1000 750 S&5 375 231 107 Solids g/l
Fig 7

. Volume of red mud + water

For 1 ton of dry mud

(Source: see Ref. 36)
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signed indices which can be used to establish the water
content of mud at its liquid, plastic, and shrinkage lim-
its. In Table 8. the different water contents of the red
muds investigated by Lotze are given at the relevant

Atterberg limits.

Table 8.

Characterization of red mud using Atterberg limits

State depending Atterberg Synbol wWater content (w)
on water limits of wet red mud at
content Atterberg limit
%
Fe) . . .
liquid
LT liquid limit 1L 37 + 5
& plastic . -
o @ plastic limit PL 27 + 5
q semisolid -
pH . shrinkage limit  SL 22.5 + 1.5
9 solid =
(el -

(Source: see Ref. 37)

It can easily be calculated that in case the bauxite resi-
due is pumped.to the storage area in form of a slurry of
say 300 g/l solids content, this amounts to about 3.33 m3
slurry per ton of residue. If it settles to 60 per cent
water content, it will need a volume of about 1.83 m3/t.

In case the residue is filtered its water content is usually
about 45 per cent, corresponding to 1.15 m3/t. Dewatered

on site it would reach a final consolidation stage of 25

per cent water content after decades - a value close to

the shrinkage limit - and its volume would decrease to

about 0.66 m3/t, i.e. about 20 pcr cent of the pumed slurry

volume.,
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Stinson (38} demonstrated that the extent of settlement
and rate of consolidation of a given red mud may be pre-
dicted. Differences in consolidation properties correlate

with the moisture content at which the various muds change

from liquid to plastic state as indicated by the Atterberg
1iquid and plastic limits. Coefficients of volume com- i
pressibility, consolidation and permeability all can be

calculated using LL and PL as parameters. : ‘

3.1.7 Liquid phase accomparying the bauxite residue

The liquid phase of the bauxite residue in the diges-

tion process is the extracting liquor of high caustic and

alumina concentration. This liquid phase also contains a
! number of impurities in various concentrations. ,,?
1 Washing of bauxite residue .n the process technology r
is aimed at recovering most of the caustic and alumina

; content of the liquid phase. The liquid phase entrained

by the bauxite residue to be disposed has virtually
L the sawme components as the plant liquor but in much lower '
concentrations,

The main components of the ligquid phase of bauxite

; " residue to be disposed are the following:

) Na,O total 0.6 to 8.0 gpl
NaZO caustic 0.5 to 6.0 gpl
Al,0, 0.5 to 3.0 gpl

Depending on the method of storage an important part
of these values may be recovered.,

Other ccmponents, such as caicium, magnesium, vanadium
phosphorous, sulphides, chlorides etc. are found in max. a

few hundred mgpl concentration in the liquid phase.
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3,2 Handling of the bauxite residue in the process techno-

logy

In the first stage of the process technology
bauxite is comminuted to a certain fineness primarily de-
termined by the hardness of bauxite. Processing of hard
diasporic bauxites requires a milling product of minus
60 micron in order to reduce the wearing effect of slurry
and provide sufficient digestion efficiency.

Soft bauxites require no such fine grinding, therefore
the grain-size range of milling product is much wider and
often has a coarse fraction of plus 1 mm, too.

In the course of digestion, due to the extraction of
alumina minerals, formation of desilication product and multi-
stage flashing, the grain-size of bauxite residue is further di-
minished, but it is only slightly changed during the subse-
qguent operations.

The solid and liquid phase have to be separated in the
folloﬁIK% stage. 1In case the bauxite residues contain.
coarse sand fraction, the latter is separated first from
the diluted slurry. The removal and separate handling of
the sand fraction make possible the trouble-free operation
of settling, washing and filtration of fine mud. This sand
fraction is mixed later to the residue to be disposed of
resulting in a higher final solids concentration on the
waste area, and a looser structure of the solid waste in-
creasing its penncability. The main object of the handling of
bauxite residue separated from sodium aluminate liquor is
to minimize caustic and alumina losses in the liquid phase,
It is pertormed by settling the residue and washing it with
hot water, usually in a counter current washing-thickening
system of 4 to 7 stages. Then bauxite residue is discharged
in form of slurry with 18 to 28 per cent of solids and dis-
posed of on land. 1In this case a two-way connection can
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be developed between the plant and the red mud disposal '
area. Most of the liquid phase may be returned to the plant }
and reused as make-up water for red mud washing or as other
process water, reducing at the same time both the fresh water

and make-up caustic consumption. If bauxite residue is

o a) namp— - -

disposed of in sea or is neutralized in mud lake by sea-
water, return water cannot be used in the process, only for
eventual dilution of the last washer underflow slurry.
Mud filtration is usually practised when bauxite re-
sidue has good filtrability, which can be somewhat improved
. by lime addition. The remaining caustic in the washed filter

AL -l A -

cake amounts to about 0.5 per cent Nazo referred to dry mud
weight. Generally two to four washing stages are used prior
to filtration.

When dry mud disposal method is used or the bauxite residue

is to be reprocessed, the maximum possible dewatering of

residue is required. 1In this case, vacuum or pressure
filtration of red mud slurry is indispensable.
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3.3 Disposal of bauxite residue

Various methods have been worked out for the economic
utilization of bauxite residue, however, no final practical
solution has been found so far. Therefore tailing of baux-
ite, red mud is considered nowadays as a useless waste of
the alumina production, and its disposal causes difficult
environmental problems everywhere. Alumina plants are
generally storing their red mud in impoundment areas, called
red mud ponds, but the storage methods dirifer from one plant
to anotner and the majority of them are still considered as
environmental offences.

Possibilities of red mud dispousal can be divided in two
main groups:

- disposal on land, and

- disposal in water i

Advartages and disadvantages of both main groups from
the pdigz of view of both economy and environmental protec-

tion will be treated separately.

3.3.1 Environmental compatibility

It have become clear during the last decade that the
tasks of the environmental control can not be separated,
they have to be treated in entirety., The time-to-time and
local upsetting of the biosphere can only be controlled,
respectively, ccunter-balanced or prevented by considering
the correlation and interaction of processes taking place
within the earth, water and alr space. This way of complex
thinking should also be adopted with the alumina production
particularly in solving red mud disposing problem.

The environmental aspects to be considered in the

course of siting an alumina plant had already been dealt
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with by several authcrs and in many ways. A good review

is obtained from the check-list prepared by the IPAI Environ-
mental Committee in 1977 for the analysis of the environ-
mental factors and thelr interaction.

e s

3.3.2 Disposal on land

3.3.2.1 Selection of suitable site for disposal area

i

A red mud disposal area built and operated suitably )
. has to meet the requirements of safety, environmental'pro— ‘
tection - first of all protection of underground water
quality - disposal capacity and economy. Soil and hydro-

geological problems and the requirement of the technologi-

sideration. As a consequence a very close co-operation of

the professionals (technologists, soil investigators, hydro-

t
cal process of the alumina plant are to be taken’;nto con- i
geologists, civil engineers, etc.) is needed. t
Under favourable conditions the disposal arca is located
iﬁ the close vicinity of the élumina plant, thus minimiz- !
ing the transportation costs of red mud., However, some
protective distance between the plant and the disposal area t
is to . be taken into account in order to meet the regula-
. tions of the environmental control. .
For site selection, data of previous investigations,
such as topographic, hydrologic, geologic, seismic, ’
meteorologic and soil investigations, further data about
l agricultural value of the selected area and possibility of ’
i land use are needed. Regional development plans and regula-
! tions of the government and authorities have to be taken
| into consideration. For the time being in almost every '
country of the world development plans or drafts are avail- '
!
t

able for the social and industrial development of various

.
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d
‘ regions, further on the environmental protection and natural

conservation arecas. Water economics plan of the region,

ron- ; availability of building and construction materials, capa- ;
; city of contractors and permitted emissions in nratural

l receivers (river, lake, sea or underground water) are to ;
f be well-known to the designer.

Several alternatives are to be analysed for selection !
considering the principles mentioned previously. The final i
site and construction of the red mud disposal area is to be
selected on the basis of techaical and economical calcula-
. 1 tions, however, in accordance with the regulations of the
authorities and of the customer as well.

When the final site is (or alternative sites are) se-

lected detailed investigations and calculations are to be
done. Maps in a scale of 1:5,000 to 1:20,000 and with
v contour lines of 1 to 10 m depending on the type of the
region are needed in order to investigate the detailed ,
topography of the areas. |
lgir photogrammetric data can be used as well. De-
tailed soil tests have to be made to evaluate the perme-
ability and other characteristics of the bottom. In case
of a mud area of big capacity a very detailed investiga-

tion is needed so as to ensure the preparation of a safe
The plan has also to cover all require-

ATEERE X

but economical plan.
ments of technology and water economics.

Selection between the alternatives is a complicated
work and also needs close co-operation among the technical

- agoe. - .

and sociologist experts.
Various authorities take part in most countries in

the decision about regulations for the protection of water

quality and environment. Such are the authorities of
. fishing, revegetation, natural conservation, forestry,
agriculture, public health, etc. Authorities yenerally




..74_.

require to operate the disposal system in a closed circuit
in order to prevent water run-offs from the disposal area
into the living or underground water. Wells are suggested
to be sited around the disposal area for monitoring seepage
and accidental contaminations of underground water.

Complying with these regulations increases the costs
of red mud disposal. By all means these costs are to be
regarded as a necessary part of the capital and cperation
costs of the alumina production.

In the following all important factors to be taken into
consideration during the survey, engineering, construction
and operation period will be treated in detail. Such are
the main types of the red mud disposal areas together with
their advantages, and disadvantages, problems of sealing the
disposal area, instruments and measuring methods ngpe used
during both the construction and operation period.

During the construction period of the¢ alumina plant it
would be neither economical nor expedient to build a red
mud disposal area for storage capacity of 20 to 30 years
considering the significant capital costs involved. There-
fore, red mud disposal areas are built gradually, first for
say 6 to 8 years and later extented parallel to the alumina
production. In the next phase of disposal area's expansion
or construction all experiences collected during the first
operation period concerning filling technology, water econ-
omy, building and sealing etc. can be used }n order to attain

a more suitable and 2conomical solution.

3.3.2.2 Methods of disposal on land

The most suitable type of disposal to be used is deter-

mined by the local circumstances., The main types are as

follows: ’
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- disposal on an area surrounded by dikes
- disposal in a valley with barrage
- stacking of red mud after filtration

- disposal in excavation of mines no longer in use.

Disposal area surrounded by dikes

Red mud is transported as slurry from the plant to
the disposal area. If no valley or natural basin with a
sloping bottom can be found at an economical transporting
distance from the alumina plant, the disposal area can be
sited on the available flat terrain, In any case a suitable
artificial slope of the bottom has to be provided. Disposal
area is to be surrounded by dikes of 6 to 10 m height.
Dimensions of the disgosal'area are calculated on the basis
of yearly red mud quantity, its moisture content and the
foreseen duration of disposal. Impoundment areas up to
800 hectares are in operation. According to experiences
the séiids content of settled wet red mud - because of dif-
ficulties involved in its drying out - is 50 per cent as a
maximum, the minimum volume requirement related to 1 ton of
solid material is about 1.3 m3.

Supposing 1:1 red mud to alumina ratio an alumina
plant of 900,000 tpy capacity would require an area of
about 350 hectares for a disposal period of 20 years, i.e.
about ten times the area of the plant itself. This would

raise capital costs censiderably.

Therefore, it is suggested to distribute the total
planned disposal area into chambers and to build only one
or two chambers in the first phase of operation.

Another advantage of dividing disposal area into
chambers is that the chambers can be filled up cyclically
in thin layers of say 10 cm, the chambers filled up can dry
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out in the air: so called shallow DREW system., Dikes
separating the chambers can be constructed from permeable
material, thus liquor filtered through can be collected on
the lowest point of the area and recycied to the plant.

An example is shown in Fig. 8. The selected dis-
posal area has uniform slope of 6 to 7 per cent south-
wards. The impermeability of the original soil is so high
that it shouid not be excavated. The red mud area is
distributed into six wide chambers on three rows of two
each as a first construction phase of the envisaged red
mud disposal as a whole. One chamber is calculated for a
year, The frontal dams of the four northern chambers are
permeable while the dams of the two southern chamkers must
be constructed with an impermeable clay core. In these
outer walls a sand layer with permeable drainage pPipes is
also incorporated. The outer side dikes are to be sealed,
while the center dike is permeable, The slurry, when flow-
ing down the slope, is able to discharge as much water as
possible, This water will be conducted away from the stor-
age area. The slope of the chamber ensures that slurry will
flow over a dry surface for a long time and the sedimenta-
tion of material of greater specific weight will start im-
mediately, while smaller particles will take a longer time
to separate from the water flowing at the bottom. The
volume of water led away by the underground drain can be
replaced by tihe solid matter within the sluvrry. On the
crown of the dams a circumferential pipeline is located
to facilitate the even distribution of red mud. 1In this
way the chambers can be filled alternately enhancing the
water discharge and the desiccation of the mud layers,

The solid material settles gradually and water flows by
gravity towards the deeper areas. There the submerged
drain pipes are replaced by filter-dams (i.e. stone-heaps)
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— slurry transperting pipe

— gravity flow returnwater pipe

— returnwater feed pipe

circumferencial pipe for red mud

— gravity flow alkaline contaminated water pipe

I O O
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|
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— gravity flow rainwater from the alumina plant
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1. Alumina plant
2. Water works
3.  Red mud /storage ponds/ disposal area
4 Emergency pond storage for alkaline - contaminated water
from the alumina plant
— for rain water from the red mud storage, and
— for returnwater from the red mud storage
5.  Emergency pond: storage for pure rainwa‘er from alumina
plant
6. Pump and filter statior
Fig 8

Technology of red mud storage before completion

(Source: sce Ref. 310)




- 78 -

constructed at the southeastern parts of the chambers.
From here water will be recirculated into the alumiuna plant.

If red nud contains grains above 60 micron size (sand)
in a significant quantity, this fraction can be separated
by hydrocyclones and used to the construction of these in-
termediate dikes.

Surrounding dikes themselves can be built in more
phases. 1In the beginning an initial dike of 3 to 4 m
height is to be built with a good impermeable construcpion.
Later on this dike is to be heightened up to the necessary
or possible height in more phases following extension of
the disposal area (see Fig. 9.).

In order to ensure the stability of the dike and to
collect contaminated seepage, a drainage system is-to be
constructed inside the extended dike. This drainage
leads off w-.cer still penetrated through the initial dike
thus protecting stability of the retaining dike built dur-
ing the ex . ension work on tne external side of the initial
dike. This drainage system consists of back-blanket and
collector drains. Water will be collected on the lowest
point of drainage and can be recycled to the alumina plant.

Experiences collected about dike construction and
operation during the first phase can be used for revision
of the filling system, dike construction, etc. in order to
ensure a more economical and technically correct solution
and improved water balance for the aiumina plant. There-
fore, from the start-up on and during the normal process
operation a diary is to be kept about various data such
as: changes in the water level of the disposal area, quan-
tity of rainfall, evaporation ratio and return water quan-

!
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Continuous drainage layer made of sandy

Clay blanket (sealing layer)

(Source:

see Ref.

Model section of dam
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tity. On the basis of these data modifications can be
made in the further dike construction and operation of
the red mud disposal area, respectively.

The inside slope of the dike is to be protected from
water rolling caused by the prevailing wind. Protective
stone-pavements can be built or a suitable foil-type
can be used. The external side is to be covered by a humus
layer and planted with grass to avoid erosion., At the foot
of the dike a ditch is to be built so as to conduct away
rainwater.

’ A circumferential pipeline is to be located on the
crown of the surrounding intermediate dikes in order to
facilitate even distribution of red mud slurry and cyclical
filling., The place of slurry inlet arnd return water outlet

i must not disturb each other,

Red mud can be settled most succesfully in undfgghrbed,
staénant water free from any outer influences. The slurry
loosing its kinetic energy also looses its ability to carry
silt and so the latter settles down. If there is enough '

surface area and enough time given,even the finest silt

particles will settle, toc. The extent of settling surface
is to be calculated on the basis of settling properties of
' ‘ mud. In case of too fine mud of poor settling properties
the necessary settling surface can be decreased by increas-
ing the duration of settling using the cyclical system
; mentioned above. Clarified water has to be pumped back to
i the alumina plant, so as to ensure the possibility for
| settled mud layer to dry out in air. This solution needs
more capital cost and a strict discipline in the technological
process, but it is worth realizing because the water
balance of the plant can be ameliorated and the maximum

quantity of solid material will be stored within a given vol-
ume of the disposal area. So as a consequence of the more
favourable ratio of solid material and water the storage

|
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capacity of the red mud disposal area can be usad for a
longer (even double) duration.

Dikes of disposal areas are normally built of earth.
However, dewatered or lime-stabilized red mud too can
achieve the high material strength generally required for
dam construction.

The strength of soil as . building material is best
quantified by means of its shear strength - given by the
friction angle ¢ - and by the cohesion c. As shown in
Figure 10 the red mud shear strength which is zero above the
liquid limit (LL), grows steeply as water content decreases.
For a red mvd e.g., with a water content lowered to w = 33 %,
i.e, close to its plastic limit (PL), a friction angle of
® = 34° is obtained. consequently, with a sufficiently
dewatered red mud the shear strength of natural cohesive
soils and of sand materials can be reached.

The steep increase of the other important property,
cohe€sion ¢ of red mud, as its water content is lowered, is
shown in Figure 11. Values obtained are absolutely com-
parable to those of natural building materials.

By lime-stabilizing of freshly pumped red mud, the co-
“hesive strength of the mud is greatly increased to
c = 100 to 200 kN/m? and exceeds by far even commonly known
values for natural cohesive soils.

Overall conclusions are that red mud dam construction
is technically safe and environmentally acceptable. All
requirements regarding dam stability can be met.

Furthermore, the use of red mud for dam construction
significantly réduces land requirements. There is a cost
saving since no other dam building materials will be needed.

If the power station of the alumina plant uses coal
as fuel, it 1s suggested to use that sort of coal, the ash
of which has good hydraulic binding capability, for dike
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Angle of friction of red mud
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construction. Ash will be delivered by a hydromechanical
system from the power station to the red mud disposal area:
first relatively low longitudinal parallel dikes are to be
constructed from some other material then the intermediate
space is filled with ash (the so-called "grey mud") slurry.
Transport water is to be recycled to the power station to
be used for slurry trensport again. Grey mud settles and
solidifies in a short time (a few days) and so the dike ﬁ
construction can be continued in this way first on the top
" level of the initial dikes then further, until finally,  the
required height of the dike will be built. This dike
heightening can be built fully from ash, if the required

quantity is available. This solution is economical because
a sort of tailings can be used as a productive material
replacing building materials of the dike constructions.

Deep DREW system is considered as a special example of

disposal area surrounded by dikes used e.g. by Kaiser Alu-
minum and Chemical Corporation for its Gramercy plant,
Lecuisiana, USA. This.system is a combination of decanta-
tion, drainage and evaporation. A sand drainage blanket

is installed beneath the red mud disposal area. Consolida-

' tion that can be achieved is over 50 per cent solids and
reclamation of impoundment area is feasible. Even alumina
plants with red mud of coarser grain-size containing sand
(e.g. Alcoa of Australia, Pinjarra Plant) have adopted this
method. It is obvious that in case of coarser red mud the

advantages enumerated under 3.2 are more significant.

VAW has developed even further this system as it will be
seen later, . }
As a general conclusion red mud must not be kept
under water or in contact with water., Possibility shall
be given to its shrinxage and natural drying. Evaporative ]
drying is normally less expensive, than filtration, but the

latter has 1its advantages, tco, in certain cases. N
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Disposal areas at the same time can serve as receiver
of other streams from the plant, such as condenser water,
treated sanitary waste effluents, effluents of acid clean-
ing, etc. . This can also ameliorate water balance and de-
crease caustic soda losses of the plant.

An up-to-date method is disposal of deep thickened
tailing, as planned by Alcan in Canada. A combination of
deep thickening and division of disposal area in a number
of small units has been worked out at Jamalco, Jamaica.

Types of sealing

Seepage of contaminated water from the red mud dis-
posal area first will fill the gaps of soil and then, reach-
ing the level of underground water,will move in its flow
direction. So a permanent contamination will originate
from the seepage of red mud area.

~S61id and hydrogeological investigations have to de-
termine characteristics and permeability of the soil layers
and movement of underground water. On the Lasis of data
of these investigations and considering the requlation for
environmental protection the required degree of sealing of
‘the disposal area can be determined in order to prevent
contamination of aguifers, through which near-by living
waters (rivers, lakes, etc.) would be contaminated as well.
During the investigation period ﬁonitoring wells ar= to be
located on the selected disposal area and its environment
in order to obhserve level, flow and quality of underground
water periodically., Data from monitoring wells will give
informations about changes of water guality during the
preliminary investigation, construction and operation

periods of the red mud area.
Considering various technical architectural, techno-

logical and economical poirts of view together with local
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circumstances and capacity of coatractors the suitable type
of sealing construction can be selected from possible al-
ternatives on the basis of data mentioned beforehand.

The sealing of the red mud disposal area can be con-

structed in various types as follows:

- compaction of the surface layer of the original soil,
- construction of a clay-blanket,

- sinking of underground water level by filter-wells,

- sealing with plastic foil,

- sealing with consolidated red mud,

- bentonite sealing,

- bituminous cement stabilization.

Compaction of the surface layer of the original soil

"
Experiments proved that permeability of various sort

of clav-layers'of 0.5 m thickness after some terrain cor-
rection and compaction work is as follows:

5 cm/sec,

- lean clay or brown humous mud: 107
- rich or brown humous clay and rollable yellow mud:

1077 cm/sec.

Test have to be made with the ori@inal soil of the
selected area. If the original top layer of the disposal
area is clay with a thickness of minimum 1.0 m and the
tests give acceptable results (permeability factor 10—6
cm/sec as a maximum) the original top layer of soil can
be used as bottom of the red mud area after compaction,
in consequence of which impermeability of the bottom can
be increased and it will be more steady.

Work-phases of the compaction are the following:

- deforestation and eradication, removal of vegetation
~ removal o humus

- extirpation of weeds by chemicals
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- necessary terrain corrections with addition c¢f clay-
layer where needed
- compaction of the layer up to a relative compactness

of 90 per cent,

Depending on bauxite quality colmation of the soil
by red mud can be taken into account, too, when calculat-

ing its permeability.

Construction of a clay-blanket
{

This solution can be suggested, if

% the original top layers of the selected area are not
suitable for sealing even by compaction and
- impermeable clay is available in the environment.

’égpording to experience normal and rich clay-layer
of about 60 cm thickness with an optimum water content of
18 per cent and relative compactness is able to ensure a

7 cm/sec., ConSequently the

permeability factor of 10
quantity of alkaline contaminated water seepage would be
about 8.6 m3/hectare day. This value is acceptable if the
soluble Nazo—content related to solid dry mud does not ex-
ceed 0.8 to 1.0 per cent.

Work phases of the clay-blanket sealing are as follows:

- deforestation and eradication, removal of vegetation

- removal of humus

- extirpation of weeds by chemicals if needed

~ necessary terrain correctlons

- compaction of tne original top layer (up to a relative
compactness of 85 per cent)

- clay-blanket sealing
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The clay-blanket is to be constructed from 3 layers
cf 20 cm thickness each both on the bottom and the sides
of the disposal area. FEach clay-layer is to be compacted
separately,

The normal and rich clay is hard to be compacted,
therefore, work has to be done with thoroughness. Devia-
tion from the optimal water-content can be + 5 per cent.
During constructicn work optimal water content of clay is
to be taken into account independently from weather. Con-
sequently in some cases clay must be dried and in other
case wetted in order to ensure the suitable water-content.
The required 90 per cent value of the relative compactness
is to be ccntrolled permanently as well. Because of these
circumstances construction work of a clay-blanket sealing

needs a relatively long duration. -

Sinking of underground water level by filter-wells

In some circumstances contamination of underground
water can be decreased by location of filter-Qells sur-
rounding the disposal area for sinking underground water
level, Depression produced by the wells is able to in-
fluence the flow direction of underground water and con-
tamination will be diluted in the water.

Contaminated underground water can be pumped from

the wells to supply the alumina plant.

Sealing with plastic foil

‘

In several countries red mud disposal is to be sited
on karstic limestone. 1In this case probability of con-
tamination of underground water reserves and living waters

is very hiqgh, as a consequence of thc great permeability of
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in the region, sealing with plastic foil proved to be a
technically good,though expensive solution. (Mostar,

Yugoslavia) Various sorts and types of plastic and ;ubber
foils are available commercially. Informative data about

the characteristics of folls are as follows:

’ soil. 1f clay of acceptableAquantity were not available

- thickness 1.2 to 3.0 mm _
- weight 1.5 to 3.0 kg/m2 |
- tensile strength 100 to 200 kg/cm2

- water permeability 0.05 to 0.10 lit/m2 day

The work phases of sealing are as follows:
- from deforestation to the compaction of the original
‘ top layer the same as those of clay-blanket sealing ’
- laying of foil, connection of foil-strips by sticking

ST

h - or vulcanization o
- fixing of foil on the slope of embankments and crown

eggg‘of dikes
- so0il covering of 30 to 40 cm thickness as a protective f

layer.
Strips of foil are to be overlapped and sticked or
vulcanized according to the prescriptions and specifica-
‘tions of the manufacturer with special materials and ;

process.,

Sealing with consolidated mud

Consolidated red mud of minimized water content ex-
cavated from disposal areas no longer in use can be used
instead of clay as an economically and technically suit-
able construction for sealing of new chambers of the dis-
posal areas. Construction and compacting of mud layers
are to be done similarly to that of the clay-blanket, seal-

ing.
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. Current VAW practice is as follows:

- Red mud, without additives for solidification, is de-
posited over a period of a half to one year in those

sectors of the storage area available for use,

- A spec1al type of scraper is then used on the surface
to recover the mud in thin layers (this is best done

in the dry season of the year or in frosty weather).

- The red mud is then transported to a dam construction
site where the mud is compressed statically. The op-
timum water content of red mud for dam construction
is close to the plastic limit. Coefficient of perme-
ability is between 1 and 2.1078 cm/sec.

At one of the disposal sites operated by VAW, where
no consolidated red mud or other suitable material for
constructing the lowest dam was available, 1ime—s€ggilized
red mud was used as the construction material. The addi-
tion of 1ime to red mud increases hydraulic stability and

improves its cohesion. Coefficient of permeability: 20-

25.10"8 cm/sec.

Bentonite sealing

ment, is dispersed in water in order to form a suitable
suspension. Its permeability factor is 107/ to 1072
cm/sec surpasssing that of clay. .
According to experience bentonite is resistant a-
gainst aikaline, but will become crumbled after drying
and its sealing ability decreases.
This type of sealing can be used where bentonite
is available in the environment of the disposal area and

the original top soil layer mixed with bentonite produces
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a suitable good impermeability similar to that of a clay-
blanket. Therefore, in all cases tests and investiga-
tions have to be made in order to determine the suitable
mixture ratio for the required impermeability and the
technology of tne construction work. To prevent drying
of bentonite it is suggested to cover the finished lay-
er of bentonite-soil mixture with a protective soil-layer
and to build the sealing construction just before begin-
ning of filling. The work phases of the construction and
compaction of the mixed sealing lavers are similar to

those of clay-blanket sealing.

Bituminous cement stabilization

This type of sealing can be suggested if

- the original top layers of the area are thin clay or
"
rsandy clay-layers and their impermeability is not

:satisfactory even after compaction’

- <clay or bentonite are not available in the environment.

The original top layer of the area is to be mixed in
a thickness of 15 to 30 cm depending on the original per-
meahility with about 7 per cent bitumen and 4 per cent
cement as stabilizers. This work can be done by agri-
cultural engines. Finally compaction is needed.

Tests and invecstigations are to be made before the
construction work in order to determine the correct mix-
ture ratio of the stabilizers and the suitable thickness
of the soil layer to be stabilized.
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Disposal in a valley with barrage

If a valley (or valleys) of suitable capacicy can be

found in the neighbourhood of the alumina plant it is ex-
pedient to use this valley for red mud disposal, closing

it crosswise by barrage(s). Other favourable circumstances

needed

are as follows:

natural slope of valley bottom

possibility of control of surface waterways
contamination of the water-currents may be pre-
vented

the height of barrage makes a safe embankment
possible

the barrage is not endangering buildingsf’ﬁuman

settlements, etc.

In order to ensure the correct engineering design

work for the project, preliminary tests and investigations

of various circumstances have to be performed such as:

hydrogeological conditions

sections of soil and rock layers

permeability of soil and rock

bearing capacity of the various layers

available building material for barrage construc-
tion )
seismicity

climatic conditions

defectiveness of the bedrock (fissures, faultages,
prints of earlier rock-slips)

the design has to meet all regulations for the
protecticn of water quality.
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As tegards valley hottom, the required investigations
are the same as mentioned in para 3.2.1. Further investi-
gations to be done depend on the calculated height of the
barrage and the general feature of the sections of soil and
rock layers. Where the sections show irregularities, an
important task is the determination of differences between
the various soil and rock samples. Soil tests must be made
from the envisaged level of barrage foundation down to a
depth one and a half deeper than the width of the barrage-
foot. With the aid of prospect holes excavated on the
region the kind of available building materials (stone, earth,
rubble, etc.) can be determined. Suitable earth and stone
material can be produced by neighbouring mines in the course
of removal of the overburden. Also terrain correction of
the alumina plant can produce a big quantity of building
material when sited on a hilly terrain with a natural slope.
In this case it is expedient to avoid the balance of filling
and cuttfng in the terrain correction in order to diminish
foundation costs and to give building material for the
barrage and dams from the surplus cutting. If also clay-
layer exist on the plant area this can be stockpiled sepa-
rately as sealing material,

' During the plant operation the granules of red mud of
minimum 60 micron size can be separated by hydrocyclones
for heightening of the barrage. If the mud is too fine,
the barrage as a whole is to be built from stones with
covering materials. On Fig. 12 a typical barrage-section
built from rock rubble can be seen. 1f stone, earth and
rubble originated from mines or from terrain correction
of the alumina plant are available, the barrage can be
built with similar technology as a barrage of a normal
natural water reservoir. This solution 1is advantageous

espccially on areas endangered of high seismicity when the
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Fig 12

(Source:

see Ref.
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Debris « clayey earth

Rock rubble

Clay core

Sandy gravel layer

Hydrauticelly colmated stone heaps

Typical barrage sectioh - No.1

310)
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parrage is to be calculated on the basis of seismic forces.

Several intermeciate filter-dams (without sealing)
are suggested to be built in a direction of right angles
to the longitudinal center-line of tne¢ valley so as to
increase tlre efficiency of clarification of return water.
By this constructicn a stagnant back-water will originate
uphill before the filterdam with a suitable settling sur-
face and red mud can settle on the terraces formed by the
dams.

The disposal area is surrounded by the barrage (on
the lowest part of the valley and also on the highest part,
if the slope of the valley-bottom is moderate) and sideways
by the original, natural valley-sides. A big volume capa-
city for the disposal area can be formed without increas-
ing the valley-sides crosswise, if dikes are built on both
longitudinal sides of the valley following the highest
contoup:lines, or terrace-like, using the topographic cir-
cumsE;;ces. As regards construction, these dikes could Le
built up to a height of 8 to 10 m from sandy-clayey earth
excavated from the bottom of the disposal area in a way
that the lower one-third of the dike should be formed by
the cut from the bottom layers and the upper two-third
from the excavated earth. 1as a consequence of this con-
struction the volume capacity of the original valley could
be enlarged. If the origiral, natural bottom-layers had
a suitable impermeability as a natural sealing, the dikes,
of ccurcse, may not be built from this material. Further
construction and heightening of the dikes can be built
either fron the granules of red mud of minimum 60 micron
size separated by hydrocyclones (if these fractions are
in a significant quantity) or from building materials,
mentioned previously, available from the region.

v wa-




The barrage built on the lowest part of the disposal
area is to be constructed in all cases from stones and
rubble with sealing 1ayér and it +7ill gather water fil-
trated and leaked through the unsealed in ermediate fil-
ter-dam. An example is shown on Fig, 13.

A barrage construction was built in Salindres, where
170,000 tpy red mud is to be disposed. Stone and rubble
were used as building material of the barrage and dikes
quarried from the top of a rocky hill near the disposal
area., Ash from the power station mixed with gypsum was
used as sealing material of the barrage. The final capa-
city of the disposil area was calculated for 20 years.
The final height of disposal will be 15 m at the barrage.,

Calculating the dimensions of the barrage (and dikes)

various data are to be taken into account as follows:

- .red mud production per year

-~ water balance of the alumina plant

- transport water in the slurry arriving at the
disposal area

- envisajed quantity of return water depeading on
solid content of mud, rainfall, evaporation, see-
page, adhesive water of mud, etc.

- pressure of fluid tailing even in seismic region,
where also the already consolidated, settled mud
can flow again as a consequence of seismic vibra-
tion giving & surplus dynamic pressure

~ data of soil and hvdrogenlogical investigations as

mentioned before,

As a consequence of the permanent hydrostatic pressure

the body of the barrage would be wetted sooner or later.
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Fig 13

Red mud disposal with barrage 4th phase nf construction and disposal

(Source: see Ref. 3.10)
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Therefore, the slope of the barrage-embankment is to be
moderated. Hydrodynamic forces emerge in conseqguence of
changes in water level, therefore, a drainage is to be
built on the foundation level and accidentally also in the
body of the barrage. Impermeability can be ensured by a
sealing layer constructed on the slope of the embankment

(front-sealing), see Fig. 14.

Dust emissions

One of the possible nuisance problems caused by residue
ponds is the generation of caustic aerosols, and in the case
of dried out ponds, fugitive dust. There are various meth-
ods for treating the latter of which wetting, using dust
suppres sants like bitumen emulsions and revegetatiggﬂgre

the most common and effective.

Stacking of red mud after filtration

The adoption of this method can be necessary in some

conditions of the region where the d‘'sposal is to be sited:

- shortage of suitable area

- expensive, restricted land use

- scantiness in water supply cocnsequently maximum
economy required in water consumption |

- horizontal and flat site area

- permeable soil

- especially severe regulations for environmental
protection

- disposal area sited in the close neighbourhood of
the alumina plant and

- recultivaticn is required.
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1. Debris and clayey earth hydraulically colmated
2. Supporting stone heaps hydraulically colmated

3. Imparmeable clay core
L. Load distributing layer
'S. Clay layer of front sealing
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Fig 14

Typical inhomojeneous barrage section with

clay core or front sealing

(Source: see Ref. 310)
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The filtered and washed red mud is treated mechani-
cally by rapid agitation to decrease its viscosity from the
original say 100 Pa.s to say 10 Pa.s. Then mud is pumped by
piston or diaphragme pump from the plant to the disposal
area generally without transport water. The adhesive mois-
ture is about 45 per cent, volune weight of red mud about
1.15 ton/m3. If the transportation distance between the
pPlant and the disposal area exceeds 2 km, mud viscosity
must be reduced by adding waier. The addition of 100 per
cent of transport water virtually halves the yield value.

To transponrt filtered red mud by pipeline over a distance
of say 6 km by piston diapnragm pump will require the addi-
tiocn of approx. 50 per cent water and the water content of
the slurry will then be about 63 per cent.

The disposal area is to be surrounded by dikes. Build-
ing materials excavated from the disposal area,or solidified
or lime stabilized red mul can be used for the construction
of the initial dikes. Dikes can be heightened from stabi-
liiga'dry red mud gradually even up to 25 to 30 m. The
soluble NajO-content of red mud has to be lower than 0.5
per cent. A clay or stabilized red mud layer is to be
gpread on the bottom. This layer is able to absorbe a

_part of the water contenc of the red mud and a colmated

impermeable layer will be formed by the fine size fraction
of clay-content of red mud which will work as a sealing.

The advatages of this method:

~ well-washed-and-filtered "dry" red mud does not con-
taminate the environment, consequently no special
sealing is needed |

- adhesive moisture of stabilized red mud can decrease
to below 30 per cent by drying in air

- rainwater does not infiltrate into the stabilized
mrd, A part of rainwater evaporates, another part

flows down without dissolving effect, because of
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the high solid content of red mud. A surrounding
ditch is to be built around the disposal area in
order to lead off rainwater.

after filling up the disposal area one can walk
on the mud surface after 2 to 3 weeks and a tractor
is able to move cn it after 4 to 5 months., As a
consequence, solidified mud can be used after certain
time for recultivation and as building material for
dikes of red mud disposal or other types of emkank-
ment constructions. The excavated disposal area
can be filled again with red mud.

four to five times more red mud can be stored on
the same extent of disposal area than in the case
of normal slurry transportation as a consequence of
the lack of transport water, low volume weight and
big height of possibie mud storage,

Disadvantages:
b

in normal conditions this method of disposal is
by up to about 30 per cent more expensive than the
cost of the "conservative" method because of the

~higher power requirement (filtration, mud transpor-

tation) and cost of special chemicals (plasticizers,
stabilizers). 1In case of low filtration performance
it may be even economically prohibitive. However, un-
der special conditions (e.g. hich acquisition cost

of land etc. as mentioned keforehand in the first
paragraph of this chapter) the adoption of this

method can be the most economic one.

Pioneering work on dry red mud disposal was done by
Geb. Giulini GmbH, Ludwigshafen FRG and developed further

by VAW,

Using alternative filling, drainage towers, filter

beds and distribution of slurry by means of a circuic pipeline
accelerated consolidation, and air Arying of the stored red
mud is achieved down to 29 per cent water content,

e r———— ————
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Other alumina plants operating with dry red mud dis-
posal are: Martin Marietta, Virgin Islands and CBA, Brazil,

Dry red mud disposal system is under implementation
in the following plants:

- San Ciprian, Spain

= Titograd, Yugoslavia
- Magyardvar, Hungary
- Alunorte, Brazil

Disposal in excavation of mines no longer in use

i

Excavated mine areas no longer in use are to be re-
cultivated. If the alumina plant and/or red mud dispcsal
area can be sited in the neighbourhood of mines, a pos-
sibility emerges, for the preparation of recultivation as
a very economical solution depending on some conditions
since red mud can be disposed in the excavations.

In all cases preliminary tests and investigations are
tobe made and a co-operation is needed between the experts
of the mine and the alumina plant in order to-ensure the

requirements of this type of red mud disposal if possible.

3.3.3 Disposal in water

The pcssibilities of disposal in water can be dis-
tributed into two main groups:

- disposal in rivers and

-~ marine disposal {in sea or in coastal artificial

lagoons)

A couple of alumina plants discharged red mud into
river as a simple solution, for instance Kaiser plants in
Gramercy and Baton Rouge into Missisipi (USA) and Revere
plant into Maggotty River (Jamaica). None of them proved

a viable solution, Fish and other animals were killed,
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water below the plant rendered unusable and finally dis-
charging of red mud had to be abandoned as a consegquence
of disagreement of authorities. The only alunina plant
discharging its red mud in river at present is the Fria
plant at Kimbo, Guinea.

According to experience the disposal in river can not

be suggested, considering

"

the big quantity of other various wastes which
generally load a river on an industrialized area
the socio-economic impacts on the population

the very poor settling properties of the fine
granules of red mud in the permanent flow of the
river

the protection of fishing and angling and

the mud contamination which makes unusable the ,
sandy gravel of rivers as aggregate of concrete,

etc.

Disposal of red mud in the sea seems to be the most

simple method of disposal at first sight. It eliminates

the majority of the problems associated with land disposal,

as

no arable land or industrial territory is cccupied
socio-economic impacts on the population are minimal
recultivation of land is not necessary

there is no dust formation, consequently air pol-
lution 1is eliminated

seepage of caustic liquors into aquifers is elimi-
nated, too

the pH of the liquid will be effectively ncutralized
by the precipitation of the hydroxide and carbonate
ions as magnesium hydroxide and carbonate. (311,312,313)
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The above advantage. were the motives for some alu-
mina plants tc discharge red mud into the sea. Aluminium
Pechiney (near Cassis, France), Aluminium de Gré&ce and
some Japanese plants are still using this method, other
plants, e.g. British Aluminium, Porto Marghera (Italy)
plants abandoned it later because of the disagreement of
authorities. Red mud slurry of the Porto Marghera plant
was pumped into barges and discharged through the bottom
into the deep sea.

Aluminium Pechiney'CM4) was authorized exceptionally
in 1967 to discharge red mud into the Mediterranean Sea
in the vicinity of Cassis, near Marseille, in form of
slurry. Our team was acquainted with this system during
their fact finding mission in Aix-en-Provence. The motive
of Aluminium Pachiney was economy. Operation cost of marine
dispcsal amounts only to one third of that of land disposal.
The total red mud quantity pumped into the sea is nearly
1,000,000 tons per year, coming from two plants: Gardanne,
sited.-at 54 km and La Barasse, sited at 7 km from the
seashore. The end of the pipeline is at -300 m depth under
sea level. Slurry continues its downward flow into a sub-
marine trench of 1,700 m depth. The pipeline of ¢ 100 mm
is elevated successively at 200, 300 and 400 m high hills,
when coming frcm Gardanne. In the iast descending part of
the pipeline vacuum is formed which contributed to the cor-
rosion of the pipe in the beginning., Later on a diaphragm

was installed on the lowest part of the pipeline and as the
pipe was always filled up with slurry, no corrosion occurred.
The part submerging into the sea is insulated electrically
from the rest and provided with cathodic protection. The
slurry entering the séa forms flocks of 2 cm diameter and

its caustic soda content is neutralized due to -
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the magnesium chloride content of sea water. The pli-value
of sea water does not change at 1 m distance from the slurry
flow already. Although there is a beach in the vicinity

of pipeline at Cassis, no complaints as regards contamina-
tion has been announced yet. Captain Cousteau took part

in the engineering work and agreéd originally but later had
reservations. Pechiney admits that alsu other scientists
keep to thei: reservations as regards marine disposal of

red mud. '

Aluminium de Gréce, St. Nicolas plant is discharging
about 500,000 tons per year red mud in the Corinthian Gulf.
Relevant technical data were at the disposal of the team.
The soluble Nazo content is 0,2 per cent and insoluble Nazo
content 4.0 per cent. Slurry discharged is 131.:2 m3/h with
500 gpl solids content. It is pumped through a pipeline of
@ 200 mm into the sea tou 2,500 m distance from the shore in
the Bay of Astra Spitia. The pipeline has been operating
for ten years wichout breakdown. The average slope of the
sea bottom is about 5 per cent. At about - 300 m depth

2 surface, the deepest

there is a long trench of 2.5 to 3 km
point of which is at - BOO m. The slurry is pumped along
the 120 m high coastal line to the - 100 m dépth of the sea.
From this point slurry flows freely into :he trench. Two
pipelines were laid in the sea but onlv one has been in
operation since 1971. Slurry exempt of sand is collected
in a stirred tank before pumping. The submarine trernch and
the point of outflow are monitored periodically from heli-
copters. No special effect of the waves or submarinal flows
have been noticed. Fishinc is going on undisturbed in the
bay for the time being,

Some alumina plants in Japan are discharging red mud
into the sea at a du-ping area designated by the govern-

ment , In the slurry, the approximate volume ratio of
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red mud anu water is 1:4. Slurry is poured into the sea

at the depth of about 30 m below the seca surface with

flexible hose from the disposal ship constructed for this

new technique. According to the crew of the ship, yellow-

ish coloration of the sea water due to red mud particles
in suspension is seldom obhservabhles from the ship bridge,
except in winter under a high wind or a gale.

A, Yositada Takenouti, Hiroo Natsume and Tatsuo Miyata
carried out laboratory and field investigations in connec-
tion with this method on the sinking and diffusions of
discharged red mud in oceanic water (315).

The conclusions
of their investigations were as follows:

the slurry mixed from red mud and water in a raito
of 1:4, discharged into the sea through a flexible
hose, flows downward with a sharp and clear boundary
with the surrounding water, and a pycnocline does
not exercise any decisive effect on the downward

flow of this water with red mud,

~-~—turbulent mixing at the boundary of the downward

very weak in spite of a large velocity
gradient, and only a small amount of red mud par-
ticles is released from the boundary,

stream is

the red mud particles which are brought into sus-

persion from the boundary are- dispersed by turbulent
diffusion, but the concentration of the particles
is small during the discharge even very close to
- the boundary. The particles also precipitate and
consequently diseppear from the layer above and

in the pycnocline,

.
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Biclogical effects of marine disposal of red mud

Where red mud flows and settles on the sea-bottom, it
kills, of course, the stationary species of the faura and
as a mud-like, strange material generally can not be a
part of the natural sea-bottom, first of all on rocky sea-
bed. Concerning investigations in connection with other
biological effects some results are introduced:

Bourcier and Zibrowius studied effects of red mud
discharge on the biota of the sea at Cassis from a depth
of -300 m and down to -1,800 m (3.16).

The benthic fauna had not been visibly altered since
the previous surveys done before the red mud discharge.
Many species were found feeding in and upon the red mud
deposits without detriment. Fish behaving normally were
observed in che vicinity of the discharge pipe. Inverte-~
brates, however, were smothered along the center-iine of
the canyon.

Vitielln and Vivies (3.16) demonstrated that red mud
in the canyon could support viable populations of mei-
obenthos. The data provide no evidence of a toxic effect.

'No effect on fisheries were noted during a discharge
period from 1966 to 1972 in the Bristol Channel when red
mud was pumped from a special vessel. Blackman and Wilson
reported on studies with settled and suspended red mud
similar to that discharged into the Bristol Channcl.
Bivalves and soles (Solea sp.) were not affected by 50 to
100>mg red mud per cm2. Mussels absorbed red mud into the
digestive tract and were heavily covered externally but
cleaned themselves in clean water after two days. However,
72 hour exposure of the armed bullhead (Agonus cataphractus)
to the same type of red mud produced a mortality cf 20 per

cent.
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In the studies reported by Dethlefsan, however, red
mud discharged at 100 to 400 m away from caged cod, 58.8 per
cent of cods suspended 4 m,and 13.6 per cent 10 m above the
bottom had died after 5 days exposure. Other experiments
reported that the metabolic rate of shrimp was depressed
after 17 hour exposure to 10 gpl red mud.

Others demonstrated mortalities in herring embryos at

" @ concentration as low as 1 ml red mud per liter. Kaiser

evaluating the effect of German red mud on cultures of algae
noticed that continuous additions can lead to extinction
of algal cultures,

As a conclusion of these contradictory findings it
seems reasonable to cite V.G. Hill's (Jamaica) main points

of view concerning marine disposal such as

the possible erfects of marine disposal must meet
the requirements concerning the aquatic life of the
sea, particularly fish, tourism, aesthetics of the

~ environment and public opinion and the reqgulations

of the authorities, respectively. Submarine areas
ns=d for high-sea fishing and where fish spawn, must
not be used at all

- the discharged red mud must be totally harmless to
the marine life and with content of bio-accumulat-
able metal content less than the marine background
level

- the discharged red mud must settle rapidly and this
sediment and any material precipitated by reaction
with the seawater must not resurface or otherwise
adversely affect the marine environment under any
conditions which may occur in the locality

- the discharged liquid must completely be mixed with
Seawater

- all installations must mee. standards for marine

constructions, for the protection of pipeline and

B
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auxillary installations both on land and at sea

- continuing arrangements for monitoring of the in-
stallations for corrosion, leaks, equipment fail-
ures and changes in marine life in the vicinitr of
the installation. The monitoring must not only
jnclude instrumental observation but also regular

observations by divers.

1

. The method of the coastline red mud disposal in artifi-

cial lagoons ca. offer gcod possibilities having some ad-

vantages comparing with both land and marine disposal. The
occupied area does not decrease the land territory; even
after filling the disposal area it can be recultivated if
it is properly executed. On the other hand some disadvan-
tages and difficulties or the “real®™ marine disposal can

be prevented.

i This disposal method incorporates the separation of
the mud solids in artificial coastal lagoons, SO that they
do not enter the sea. The dike of the lagoon is somewhat
permeable to permit the equilibration of water level with
side and further, the stone used to consfruct the dikes
must be capable to withstand the maximum wave action on the
seaward side. On the landward side of the dikes, a sand
filter-layer should prevent the mud solids from filtering
into the sea.

In the Gove Alumina Plant, Australia this method was
elaborated on the basis of some experiences collected during
the first operation period. Thickened red mud slurry from
the plant is pumped to the artificial lagoons using seawater
as the transporting medium, theoretically in sufficient
‘quantity in order to precipitate the caustic soda in the
slurry as magnesium hydroxide in the ponds (317).

The sea around the discharge point of the liquor was
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carefully monitored by establishing biological sampling
lines before operation started. This showed, that initially
pollution was unacceptably widespread. The construction of
a security pond, however, and the neutralization of dis-
charged liquor to less than a pH of 9.3 by the addition of
excess seawater stopped the pollution and the marine area
affected was rapidly recovering.

This example demonstrates the need for adequate design
in the marine disposal of red mud.

In Porto Vesme, Italy red mud is filtered, thel. neutra-
lized with seawater. The slurry containing about 40 per
cent solids is pumped to a colmation basin where drying out
occurs by evaporation.

3.4 Recultivation of red mud disposal areas

The industrial development is occupying cultivated
and natural vegetation areas from nature and agriculture
ever 5§;in. In case of an alumina plant the situation is
especially disadvantageous. The extent of red mud disposal
area grows permenantly related to the plant area and aftec
an operation of 10 to 20 years the area occupied o’ d
w;ll be five to tenfold larger thar that of the pl
Furthermore an extension in alumina production mean: snly
relatively smaller extension in plant area; contrary to this,
the necessary extension of the disposal area is about In
direct ratio to that of the alumina pcoduction.

According to‘the common knowledge, recultivction of
red mud disposal is insolvable because red mud of most
disposal areas no longer in use is not able to solidify and,
therefore, one can not work on its surface, especially with
mechanized agricultural technology. However, the situation
is only the consequence of the bad construction and the lack

of the suitable disposal technology of the red mud area in
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the case of most alumina plants, because the original effort

s only to construct a simple and cheap red mud disposal.
In this Sstudy conceptions were expounded how to con-

struct various disposal areas considering local conditions,

wa

pauxite and red mud quality, alumina technology process,
environmental protection and last but not least requirements
and possibilities for recultivation. Dewatering of red mud
area is the most important task also from the viewpoint of
recultivation. ©On the surface of a disposal area dried up
as required, walking, even movement of engines and so pre-
liminary work of revegetation (e.g. spreading out of humus

layer) are made possible.
A much more difficult problem is the recultivation of

the present disposal areas which are already filled and are

nc longer in use. Several experiments were made and some

vegetatior programmes are in progress. Results are already
used in practice as well. As a consequence of these ex-
perieﬂ;;s complex engineering work cculd be made for the
construction of red mud disposal considering efficiency,
economy, transportation, disposal, water recycling, revege-
tation, recultivation and first of all ecology.
Revegetation of red mud disposal area without mechani-
zation and application'of fertile soil and fertilizers re-
spectively is a problem not easy to solve because of several
limiting factors affecting plant growth on red mud, such as
high pH values, very high sodium chloride content and .-om=
plete absence of nutrients in this biologically sterile
material. In the followings several interesting experi-

" ments and results are reviewed. The conclusion is in all

cases that some nutritive material is necessary by all means

to promote plant growth.
' D. Hinz and H.P.Doetling (317) began experimentation in
Gove, Australia first with pot and container trials to eval-

uate the behaviour of tropical pastures and native plant spec-
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les. Direct sowing or planting into unleached red mud, ex-
cavated from the top-layers of the disposal area were not
successful. On the cther hand, with a lateritic soil cover of
3 to 7 cm thickness on the red myd, germination and survival of
species under test improved. The roots of tolerant species
penetrated the red mud. On the basis of pot trials, field
trials were initiated, established directly on a red mud
disposal area. Red mud surface was top dressed up to 10 cm
depth with the same lateritic soil as used in the pot trials.
Rates of fertilizing were also the same as before. Plants
lived without irrigation and their growth was conditioned by

natural rainfall. Various plants species were tested step

by step. As a first phase grass—-species (Graminaceae)
were grown successfully. The Chloris guyana and Sporobulus

virginicus penetrated the red mud with roots int- a depth

of 10 to 20 cm. Legume-species, such as Tylosanthes humilis,

Dolichos labla and Calapogonium mucuniodes were also well

established. Native tree-species, such as Acacia leptocarpa,

Acacia’ﬁolospricea and Eucalyptus albe survived the dry
season of 5 months and were outstanding with growth increase
of 30 to 40 cm during one year. 1In the second phase a com-
bination of grass-and legume-species were established together
with Acacia leptocarpa seeds to promote also the early tree
growth. Fortunately it was observed that the growth of this
grass-lequme and Acacia-tree combination is more vigorous

than that of each species on its own. Dry matter yield of

the harvest was almost twice so much after one year than

the one * without combination. As a result of further ex-
perimentation thrbugh selection, elimination and combination
trials, a red mud area of 30 hectares no longer in use was
planted in 1978 with stabile and maintenance free vegeta-
tion combined from various native and introduced grass-

legume and tree-species. All these species are tolerant
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to the high salt anc¢ alkaline soil content and able to
ameliorate the soil and develop into natural bushland within
the near future (318).

Very successful experimental cultivation of different
vegetables (i.e. cabbages, zucchini and marrows) and a
variety of cereal crops have been established on rehabili-
tated mud lake in the Kwinana Alumina pPlant by RAlcoa of
Australia. Red mud was disposed of on a sealed mud lake
and the concentration of lake water averaged 12 gpl of soda

as Na2C03 in the ligquor phase.

Wwhile dumping the red mud the sand settled at the feed-
ing points and the mud flew to the centre of the lake. The
supernatant liquor was recycled into the process. The red
mud settled to appr. 60 per cent solids by weight.

After the disposal had been completed, red mud was al-
lowed to dry. In order to decrease the water content of
the settled mud and at the same time to recover caustic soda
from the pond, a de-liquoring system (called eductor system)
was used. When leaching of mud by rainwater was sufficient,
the rehabilitaticn procedures could be commenced.

The techniques developed and experienced by Alcoa of

Australia for rehabilitation are (319)

The surface has to be graded to evenly distribute
the sand-sized particles and to provide access of

vehicles to the entire surface area.

- A surface drainage system has to be installed %o
assist in leaching of salts from the surface layer.

- Where Qood quality topsoil is present on residue
disposal sites it has to be removed prior to pond

construction, stockpiled and used as a topdressing.

- Ripping to a aepth of 0.5 m has to be carried out

in rows at one to two metre centres using bulldozer.




*
4

- 114 -

This will also assist in the leaching of surface
salts.

- Orgaric mattef in the form of sawdust, fowl manure
or séwage sludge has to be applied at the rate of

50 cubic metres per hectare and harrowed into the
surface layer.

= Superphosphate with trace elements, sulphate of
potash and ammonium nitrate has to be applied at
400 kg/ha, 200 kg/ha and 100 kg/ha, respectively.

- Cereal Rye grass and Wimmera Rye grass have to be
sown at 40 kg/ha and 15 kg/ha respectively and at

the same time 100 kg/ha of superphosphate has to be
drilled in.

Subsequently, maintenance dressings of fertilizers
has to be applied as needed.

- AMAfter two years the vegetation has to be converted

to legume pasture using medick, subterranean clover.

é Pasture has to be maintained by the graiing of

livestock.

At Queensland Alumina Plant a section of the filled
red mud pond was revegetated. About 12 inches of top-soil
was spread on the area of the abandoned and dried out pond.
Superphosphate, sulphate of ammonia and zinc sulphate were
added as rfertilizers, while Rhodes, Siratro and green couch
(Agropyron-species) seeds were used to grass the area. Trial
planting of trees is now in progress.

The Hungarian Universities for Horticulture and
Agriculture resp. have been dealing with recultivation
problems since 1972, Native brome-grass (Bromus species)
and several trec-species such as tamarisk, oak, acacia and
silver-tree (Eleagnus angustifolia) were tested at the

Ajka Alumina Plant. The results were successful (320).
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Inundation of thea disposal surface by fecal sewage
sludge proved to be a gocod idea to promote plant grewing.
Disposal area of passable surface could be covered with
a humus-layer for planting vegetation. According to a
swiss licence a much cheaper process called Verdyol-
Hydrosa can be used without humus-layer when a mixture
from grass and legume seeds, nutritive materials and sti-
mulators are spread out on +he original disposal surface
by wate-gun. Seeds are able to germinate in the ameliorated
circumstances and soO the first phase cf vegetation can be
established preventing dust formation from the dried surface
of red mud. Another advantage of this system is that it can
also be used for revevetation of unpassable disposal areas.

Recultivation tests were performed at the Almasfiizitd
Alumina Plant, too. Grass specles (brome grass, dactylirs,
fescue grass and reed grass) sSOwWn in top soil gave ‘about
5 t/h.year-of dry hay or 300 to 500 kg of seed without any
irrigation.

In the "in situ” experimerts of Ch. Tommann and
J. Portier in the Provencale area (France) the species ex-
hibiting the best development were atriplex, tamarisk and

the ‘Aleppo pine.
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3.5 Utilization of bauxite residue *

Red mud constitutes the major environmental problem
of the alumina production. It can, however, be considered
a complex secondary raw material at the same time as it

contains valuable components (e.g. Fe,O,, A1203, Na., o,

273 2

V205, TiOZ, rare earth elements etc.

Researchers have been concerned themselves for a long

time with the idea of utilizing red mud. Industrially estab-

lished processes, however, can not be referred to, because
the high moisture content (40 to 50 per cent) of red mud
renders pyrometallurgic processing difficult, and separa-
tion of iron from aluminium brings about problems with the
hydrometallurgic method. The thyxotropic feature and ex-
tremely fine grain size of the mud and the interwoven state
of individual mineral phases are also disadvantageous.

Several processes have been established for processing
red‘fgg, no practical realization, however, could be found
so far. Most of the processes consider only the standpoints
of the aluminium industry and only recently elaborated
methods concern several industry branches.

From the point of view of red mud utilization the proc-
esses can be grouped as fnliows:

- Processes utilizing red mud completely

Processes utilizing certain constituents of red mud

- Processes utilizing red mud as an aluvmina plant end
product.

3.5.1 Complex utj'ization of bauxite residue

Two groups can be formed:
= red mud processing by complex methods,

~ processes applying red mud as an additive,

* Gy.Horxrvédth, ALUTERV-FKI
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3,5.1.1 Complex methods for processing red mud

Smelting of red mud

Red mud smelting has been attempted in low-shaft furnace,
blast furnace and electric furnace in the course of which
pig iron or ferrosilicon and slag have been produced. The

slag has been used for the production of cement or alumina.

The Ti- and V-content of red mud has also been reduced along
with the iron thus a special quality pig jron ("VANTIT" of
vanadium and titanium content) could be produced. Smelting
of red mud, however, is not an economic process. Red mud can
be considered only as a low-iron (10 to 40 per cent) ore
resulting in low yield and high specific energy (coke)
consumption.

The Nazo-content (3 to 10 per cent) of red mud is
similarly unfavourable causing operating troubles, i.e.

corrosion and quick wear of lining of the blast furnace.

A"’

Technologies producing self-desintegrating Ca-aluminate

slag, molten iron and cement

The semi-plant scale tecnnology for producing iron, alu-

miné and cement from red mud was worked out in the Soviet

Union.

According to one metncd red mud is reduced at 1,000 °¢c
in a rotary kiln and then melted at 1,450 Oc in another one.
In order to produce self-desintegrating slag, suffcient
amount of lime (stone) is added in the course of preparing
the charage. Alumina is leachea from the slag by sodium
carbonate solution, then carbonated to precipitate and the
residue is used for cement production (see Fig.15).

pDisadvantage of the process 1is that part of the iron

has to be separated magnetically from the glag.

EFTUE. 10 Sl

o ey ree




—

Fig 15

- 118 -
Red mud
Reductant Lime(stone)
Preparation of
mixture
L Lime(stone)
Reduction,
smelting
Molten Ca -aluminate
iron__ slag
| Sodium
I l carbonate
‘ solution
Steel Leaching
production _
Solution Grey mud
(to alumina (to cement
production) production)

Production of molten iron (stecl), alumina and

(Source:

cerent from red mud

(Soviet processes)
sce Ref. 321)
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According to the other method only reduction of red
mud is perfermed in rotary kiln, smelting takes place in
electric furnace. [Ireparation of the charge is done simi-
larly as outlined above. The products are the same as with
the previous process, but magnetic separation of the pro-
ducts is not necessary. In both cases if the slag is cooled
slowly (at a rate of 4 to 6 °C/min) it will become self-

desintegrating in consequence of the phase transformation
of B-ZCaO.SiO2 into y-ZCaO.SiO2 of higher specific volume,
thus the expensive crushing can be left out of the proce-
dures and the material can be leached directly.

Only muds containing little or moderate amounts (less
than 8 per cent) of Nazo can be processed safely by this
processes. Namely the slag will become self-desintegrat-
ing if not only slow cooling is performed but the Nazo-
content is kept below 1 per cent too (90 per cent of caustic
volatilizes in the presence of lime and coke). Nazo is
incorpogg;ed namely in the crystal lattice of B-ZCaO.SiO2
and stabilizing the same, it prevents the phase transfor-
mation which would give rise to self-desintegration.

The above methods rende-. possible the recovery of 95
per cent of the Fe203—content and 70 per cent of the A1203-
content of red mud without leaving any residue. Here, too,
the so-called grey mud is used for the production of cement.

According to verbal communication of Soviet experts
both processes are economic: were the red mud produced by
UAZ and BAZ Soviet alumina plants processed this way, this
would result in a profit of Rbl 15 millions compared with
the method of producing iron, alumina and cement in separate

" plants individually.
The processing of h}gﬁ_ﬁgzo containing red muds is

rendered possible by a Hungarian process combining the

Soviet methods with causticization i.e. the preventive
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recovery of the Nazo-content of red mud. This method proved good

on a semi-plant scale, By this way 70 per cent of the

Nazo-content may be recovered in the alumina plant in form
of sodium aluminate solution (see Fig. 16).

Production of iron lumps, alumina and cement from red mud
Modified series combined process

This process has already been tried in full plant scale. The opera-

tion was elaborated in Hungary. According to tre process
red mud is treated in rotary kiln by the Krupp-Renn method
in presence of a reducing agent and lime. Iron lumps agg-
lomerate to 1 to 5 mm size in the viscous non molten slag
at 1,300 °c. The iron is magnetically separated from the
slag. The latter is then crushed and ground. Soda and
limestone are added and the mixture is sintered at about
1,200 oC. The A1203and NaZO-content are leached out from
the sinter at a yield of 85 per cent. The iron recovery
realjzed in the lumps comes to 84 per cent (see Fig. 17),
Disadvantage of the process lies in the high (about
1 per cent) sulfur and phosphorus content of the iron lumps,
the two-stage heat treatment and high investment costs due
mainly to magnetic separators. Thus the economy of process

is only marginal due to.the high energy prices at the present.

The recovery of iron, alumina and rare earth frcm red mud
and the production of fertilizers

This method was worked out in Yugoslavia for the utili-
zation of red mud by melting it in electric furnace to gair
iron and slag. Iron, containing also V and Ti is of "VANTIT

grade. The slag is treated with HZSO4, then filtered.
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*PELOFOS" grade fertilizer can be obtained from the solid
residue, whereas Ti, 2r, Th, U, La, Sc, Y, etc. can be
obtained from the solution by extraction with kerosan.

3.5.1.2 Application of red mud as an additive

Application of red mud for iron metallurgical purposes

Red mud as additive has been used for the smelting of
other iron ores processed in the Krupp-Renn kilns in Germany

and Poland.
When red mud was addea to the charge of the blast

furnace, it was experienced that specific consumption

figures worsened. Nevertheless, there are also advantages
of the addition of red mud. If red mud filtered at 5 to

10 per cent of moisture content by press-filter is mixed with
fines of ores, the capacity of the sintering relts can be

increaséﬁ'732§).

Utilization of red mud for cement production

~ Cement - depending on its grade - contains higher or
lower amounts of Fe203. In the conventional cement produc-—
tion the necessary amount of Fe203 is charged by the addi-
tion of 1 to 2 per cent of pyrite sinter. Red mud obtained
in the Bayer process is suitable for the replacement of
pyrite sinter. A Japanese firm filters red mud at 30 per

cent of moisture content and uses this material for the
cement producticn at a rate of 30 to 45 kg red mud per ton
of cement. Red mud filtration cost (4 g/t alumina) is more
favourable than that calculated for disposing red rmud into

the sea.
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Successful experiments for the replacement of pyrite
sinter by red mud have also been made in Hungary. On qualify-
ing the tests it was established, that no particular problem
occurred with the application of red mud and a portland cement
of grade 500 and aluminate module 1 could be obtained. Owing
to higher proportion of the molten phase of the mixture grind-
ability is rather poor and tendercy to formation of incrusta-
tions in the kiln is high. 1In spite of all there is no set-
back of such kind of utilization of red mud.

The situation is more favourable if red mud obtained by

the sinter process is used for processing in the cement in-

dustry. This contains far more Ca0 and less Fezo3 and Na20
than Bayer mud, thus could be used in larger proportion for
the cement industry. For the production of 1 ton cement 400 to
500 kg mud of the sinter pfocess may be charged as compared
to some percentage of Bayer-mud.

The raw material may be reduced by 18 per cent if the
red mud from the sinter process is used, thus oil consump-
tion cé;'be reduced by 10 per cent and as a final result the
cost of cement production is less by 15 per cent than that
of the conventional one. Addition of red mud does not require
other technological equipment than used in the cement fac-
tories. This induced China to expand the capacity of a
cement factory from 600,000 tpy to 1,100,000 tpy on the basis
of using red mud as additive.

~

Red mud may also be suitable to produce swelling cement.

Mixing red mud and flue dust, granulating and heat~treating
the mixture in rotating kiln, high-strength (450 kp/cmz)
swelling cement can be produced (325).

Application of red mud as building and construction material

The technique of manufacturing bricks from red mud was

worked out first in the Federal German Republic. The method
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has been adopted for several years in a brick factory. The
strength of the bricks is reported to surpass that of the
bricks made of the conventional raw material, thus it can
also be used to construct high buildings. Transportation
of red mud, however, caused some problems., Tauber and col-
laborators also produced good quality bricks by mixing red
mud and clay slate and baking the same (326).

Red mud can also be used for the production of light
building construction material and heat insulating material (327).

Utilization of red mud for soil amelioration and road build-

ing purposes

- Red mud can also be used for the amelioration of the
arable soil. Though the tests were successful the trans-
portation costs of red mud, however, do not render this
kind of application possible.

Red mggfcould be well utilized as filling material at

the road construction operations and the production of

bituminous pastes. VAW (GFR) co-operating with the Build-
2
of

ing Material Research Institute constructed 30,00C m

such experimental rcad (328).

Utilization of red mud for other purposes

Gas purifying paste, known as Lux-paste, had also been
made of red mud (329).
The firm Giulini (GFR) worked out the production of

flocculant from red mud for water clarification purposes.

The compound known as "ferri-floc" consists mainly of iron-
and aluminium-sulfates, positive charge high molecule metal-
hydroxo complex compounds, which pick up the negative charge
molecules of the contaminating material and separate them
from the water.

9]
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After acid treatment red mud can be used as filler
in the rubber industry (330).
Pigments can be produced by treating high titania

red muds and successful research work is in progress on
the production of adsorbents, absorbents, catalysts, etc.
by the use of red mud (327).

3.5.2 Extraction of certain mineral values from bauxite

residues

3.5.2.1 Recovery o the iron content of red mud by physical

beneficiation

The recovery of the Fe20 ~content of red mud by magnetic

3

separation is not a promising method. The capability for
Hressing is namely basically determined by the textural
featuresof the material. As some phases of the red mud are
fairly iﬁggrwoven they are hardly separable from each other.
The high field strength wet magnetic separators bid better
prospects (331). :

Processes are also known for the exclusive recovery of

iron from the mud in the form of magnetic iron oxide or

sponge iron. Industrial realization of the process, however,

is not known yet (332).

Some researchers produce molten irgn suitable for steel
production from the red mud without utilizing the slag (ses
Fig. 18.). '

3.5.2.2 Process utilizing the Na,0- (and Al.,0,)-content of
red mud

The most common method enabling the recovery of 70 per

cent of the NaZO—content of red mud is the so-called "mud
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causticization" converting Na-Al-hydrosilicate content of
the mud into Ca-Al-hydrosilicate by stirring the slurry

and adding 3 mols of Ca0 per mol of Na,0 at 90 °c, meanwhile
NaOH is released. The weak solution of about 30 gpl Nazo

concentration can be recycled to the process liquor of the
alumina plant,

A number cof Soviet investigators dealt with the recovery
of Nazo— and A1203-content of red mud by means of aluminate
liquor and caustic soda solutions (334).

According to the method known as Bayer hydrochemical
process Nazo- and A1203~content of red mud can be almost
completely recovered by the use of high molar ratio, high
concentration aluminate liquor in the presence of lime at
280 °C and the residue can be further processed as iron

ore. Problems arise, however, with the separation of the
liquid and the mud phase and the separation of crystalline
solid Na-aluminate content (335).

The-so-called "biochemical processes" can, after all,

be ranged with the acid methods because they operate in
sulfuric acid or acetic acid medium, '

3,5.2.3 Other methods for processing red mud

Several processes deal with the sintering of red mud
with various additives, then leaching it to recover its
Nazo- and A1203-content. Out of them only the so-called
series combined process has been realized on the plant-
scale.

With the hydrometallurgic processes red mud is treated

with various acids, caustic liquors or other compounds and
the individual metals are recovered by fractionated

crystallization, precipitation, lon-exchange methods or
their combination (336). '
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It should be similarly noted, that for a long time
ago the recovery of V-, Ti- and rare earth element content
of the red mud has been dealt with. Several successful
laboratory tests, but no industrial realization are reported
in the literature (337, 338).

.A Hungarian method has been elaborated for the pre-
liminary removal of the iron content of bauxites. The ore
is treated with NH,Cl at about 330 Oc, nH 4C1 dissociates
into NH3 and HC1l and the latter reacts with the Fe203-con-
tent of bauxite. Resulting iron chlorides partly volatilize,
partly get retained in the ore treated.

Iron chlorides can be leached out by water and sepa-

rated by filtration and washing from the residue containing

about 5 per cent Fe203. )

The volatilized iron chlorides and NH3 ara absorbed in
water., NH3 reacts with ixon chlorides to form iron hydroxide
precipitate. The resulting NH4Cl-solution is evaporated,
NH4C1 crystallized and recycled to the bauxite handling
procedure. )

The deironized bauxite - depending on its grade - can
either be directed to the Rayer process or to the chlorina-
tion process. In the first case the mud resulting after
the Bayer process will contain only little amount (8 to
10 per cent) of iron, and will consist mainly of Na-Ai-
hydrosilicates. This "white mud" can be causticized and
major portion (about 70 per cent) of its Nazo—content re-
covered, however, the lime sintering of the mud can also be
performed to recover about 85 per cent of its Nazo— and
A1203-content. The final mud consisting of Ca-Al-hydro-
silicate or di-calcium silicate can be utilized for cement
production. Abbreviated process flow diagram can be seen
in Fig., 19, No red mud 1ic produced in the course of the

process, which could contaminate the environment, moreover,
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Preliminary elimination of iron from bauxites
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the process is free from any waste nroduct and at the same

time it renders the production of iron, caustic soda, alu-

mina and cement possible.

3.5.3 Process utilizing red mud as an alumina plant end

product

According to a Hungarian patent (F.Puskds No. '171820)
a mix-ure can be produced, in which the rate of dry red
mud relative to the dry weight of the mixture is 50 to 90
per cent. This mixture can be baked to give high strength
heat insulating bricks, heat insulating water-pipes, build-
ing bricks, wall covering tiles, roof tiles, low weight
building materials (specific weight 1 t/m3, that of gravel
1.8 t/m3), brickwork of foundries, surfacing material.

By proper selection of quantity, quality, grain size
of the additives and of the manufacturing technology;
outer, inner chemical and physical properties, technical
characteristics of the end products may be influenced op-
tionally. Frostresisting cerémics may also be produced.

On the basis of the patent total quantity of red mud
could be processed to valuable ceramic and other products
in the majority of countries.

Red mud is not transportable in original state, however,
if the mixtures are produced in the alumina plant they can
be transported to the ceramic factory. Red mud is available
free of charge, thus extraction of other ores used at pre-
sent to produce ceramics might be saved.

A further advantage is that baking is made at relatively
low temperatures, 950 to 1,150 °c.

Additives are, in majority, wastes or refuses of other
industry branches constituting environmental problems them-

selves at present.
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Additives may be: flotation refuse of ore dressing,
sand washing sludge, waste of silicate industry plants or
their dust, mining refuse of igneous rocks, oil shale '
slag, refuse of perlit grinding, dust of perlit swelling, ’
mining and dressing refuse of noble minerals, ash and flue
dust of power plants, loess, dolomite, diatomaceous earth,
household and industrial scrap ylass, zeolite, quartz sand,
sandy illite refuse, etc.

Certain additives can be added before filtration of
red mud to the slurry improving filtration performance and
raising the strength of red mud in dry stacking and enabl-
ing its revegetation.

Taking into account the above the way of looking to
the red mud has to be changed. It can not be regarded as
a waste, but a valuable product of the alumina plant.

UNIDO studies demonstrated, that the process is fea-
sible with Jamaican and Indian bauxites, too,

—

Table 9.




Table 9.

REVIEW O"HE UTILIZATION OF RED MUD .

Mode oI utilization

Investment costs vperating costs

In case of utilizing rad mud, it ceases
to be a source of envirommental pollutant

A. VUTILIZX\TION OF RED MUD AS INDUSTRIAL
RAW MATERIAL

a) cawplex utilization of red mud

- cmelting of red mud

- proluction of iron, alumina, cement

- proiuction of iron lumps, alumina,
carant )

- production of iron, alumina,
fertilizer, rare earths

b) utilization as adcitive
~ for iron retaliurygy purposes
~ for corment production
-~ for building and construction

material

- othor purpcses

¢) utilization of individual conm~
stitvents of red md

B. ULILIZATICN OF RED D FOR
‘ AGRICULTURAL PURPCSTS

- s0il arelioration purposes

- plantation

C. VUTILLZATION COF RED MUD AS ALLMTIA
PLSNT'S PRODLCY

uneconamically too high at present - energy consumption too high at present
it is more econamical in the Soviet Union as if products were separately produced
high = high .

-l
no infomation - no information '&)

]

!
- ' - iron metallurgy costs can be reduced

simiis. to the convent. cement product. - 15 % less than at conventional cement pr.
similar quality products than those produced fram conventional materials

road construction, flocculant, filler for rubber industry, etc.: econamy deperds on
local corditions

no industrial realization so far

- - realizable deperding on transport costs
- - searching for adequate plants and species
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3.6 Economic aspects and evaluation of the environmental

compatibility

Ecnlogists and enterpreneurs of the industrial plants
do not make secret of the fact, that proper adjustment to
the environment considerably affects the realization costs
of a new project. Environmental protection costs money.

It is, however, indisputable that this kind of investment
would be returned to the entirety of society in the long
run. These problems weigh on industrial undertakers because
these extra costs diwinish return on investment. (e.g. cost
level of a:’r pollution control was estimated at about & 13
per capita in the United States between 1970 and 1974 but
yearly excess costs due to air pollution came to @ 65 per
capita at the same time.)

Resolution of this discrepancy can only be achieved by
thorough projection of environmental compatibility, through
consideration economic goals in the long run economically,
with maximum recovery of reusable materials and by keeping
in mind the benefit resulting from the prevention of negative
environmental impacts.

. In order to treat red mud disposal as demanded by modern
regulations and standards not only the risk involved in red
mud storage has to be considered, but possibil.ties enabling
its prevention at the lowest expenditure have also to be
determined at the given place and time.

Red mud disposal and storage does not usually represent
a decisive cost element within the production cost of alu-
mina. According to our estimation the cost of red mud
disposal and storage on land comes to g 0.5 to 1.5 per ton
of alumina, i.e. roughly less than 1 per cent of the total
production cost of the alumina.
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However the economy of red mud disposal and utiliza-
tion has to be analysed on a much broader basis, since new
projects imply increésing risk due to world-wide social,
economic and energy problems and at the same time even
adequate profitability is difficult to be guaranteed due
to steadily increasing operation costs.

-According to our present knowledge, the main source of
pollution caused by red mud impoundment on land is its con-
taminated liquor content. The seepage of the contaminated
watzar has to be prevented in order to avoid the hazard to

’ living organisms and to prevent bioaccumulation. This
activity should not be restricted to the proper insulation
of the impoundment basins, however, even natural flooding
or earthquake has tc be taken into account. Another source
of pollution can be the dusting of red mud impoundment areas,
which has to be diminished/stopped by periodic wetting or
revegetation,

- The general aspects of the enviromnmental compatibility
are usually outlined by state or local authorities' regula-
tions. Attention is drawn to the fact, that, apart from
restrictions,instructions and regulations, nearly in every
country of the world economic policy allowances and subsidies

. are granted to promote the solution of ecological problems.,
Such allowances may provide encouraging possibilities.

To reduce investment cost of red mud disposal a number
of .possible solutions have to be investigated. Stress should
be laid upon the proper selection of the disposal area, use
of local inexpensive construction materials for building
the dikes and insulation of the basins. Another beneficial
aspect which should be made use of 1is the recycling of reusable
liquor to the plant.

Depending on local circumstances the value of land
suitable for storing red mud can vary in the range of
0.02-0.15 S/mz, though several alumina plants got hold of
suitable areas free of charge or at nominal cost.
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to 1 m3 of storing capacity range as fcllows:

4
' Investment costs of red mud impoundment areas related
4

- £ 0.3-0.4 in éase of using cost free construction '
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material (including consolidated red mud itself)

! ; rock) including exploitation and transportation costs
| - & 30 in case of using purchased industrial products

- g 0.8-1.2 in case of using natural material (soil, ‘
(cement, bitumen, asphalt). ‘

The establishment costs of the impoundment area would
i . be increased by the cost of drainage system required for
i the recovery of the liquor, though these costs are returned.

Othervcosts of red mud storage such as the transportation
of mud to the area and the costs of various operations re-
quired there, have similarly to be taken into account.

It is important that during the overall optimization
of the plant technology the interrelations between the im-
poundment area and the selected technological solutions be
also taken’I;to account,

Pollution control tasks can be very different from
country to country, site to site and they should be deter-
mined in accordance with the local natural, social and
economic environment.

‘. Tasks range from the regular observation (analysis of
air and water samples), prevention of leakages, recircula-
tion of liquor, dust control etc, up to the rehabilitation
of the area.

A minimum requirement today is the establishment of ‘
testing wells around the red mud impoundment area. Their
establishment cost is § 1,000 to 10,000 per well depending

on soil conditions. Operating cost of regular inspection

amounts to about g 0.01 per ton alumina.
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. The final requirement is the rehabilitation of the
area. In case replantation with the existing vegetation
of the surrounding area is performed, estimated cost of
grassing comes to § O.S-O.G/m2 (e.g. by the Verdyol-Hydruse
method), the cost of covering with arable soil and afforesta-
tion comes to @ 1.0-4.0/m2.

The problem of marine disposal, however, cannot be
settled merely upon the basis of economy. Based on the
feature of deepsea tests the problem calls for further in-
vestigations to decide, whether or not red mud actually in-
fluences the biological balance after a long period in the
vicinity of the disposal area.

It should be mentioned that any disposal of red mud
should be made public to establish proper public feeiing.

It is known that public opinion still increasingly responds

on environmental protection problems so no expenditure should
be saved in order to make known the actual state, the measures
taken and to be taken, the problems solved and to be solved,
so as not tsfgake doubtful the results achieved by unmoti-
vated excitement., The activity of Alcoa of Australia was
found to be exemplary as regards both environmental protec-
tion and information of public reaction.

Most effective and complete solution of the environ-
mental problems related to red mud would be its utiliza-
tion, as a result of which red mud would cease to further
be a source of pollution. Possibilities of red mud utili-
zation were dealt with in Chapter 3.4.

Unfortunately the majority of recommendations for the
utilization of red mud are not attractive for the users
under the present economic conditions. A way of utiliza-
tion which could be considered perspective is transforming
red mud to an economically produceable product and using it
for the production of e.g. multi-purpose heavy ceramic

wares.
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4. ENVIRONMENTAL ASPECTS OF ALUMINIUM ELECTROLYSIS™

4.1, Pollution effects of the aluminium smelter technolgy

Modern aluminium production consists of two independent
stepse. Ia the first step the mineral found in nature is
converted into pure aluminium oxide. In the second step alumi-
nium is obtained from the oxide by electrolytic method (4.1).
The industrial method of electrolytic aluminium production
was patented by Hall and Herault separately in 1886. It is
based on the electrolysis of aluminium oxide dissolved in
melt cryolite (Na3A1F6) bath. The electrolysis is carried
out at 940-980 C°., Aluminium deposits at the cathode and
rests on the bottom of the pot. Oxigen developed at the carbon
anodes oxidizes the carbon. The electrolysis cells can be
characterized by the type of the applied carbon anode. The
way to collect the pollutants arising during the electrolysis
is also determined by the arrangement and structure of the
carbon anades, since most of the arizing gas leaves along the

perimeter of the anodes.

Two fundamental types of pots are used in aluminium

smelter technology (4.2):
1. Pots with woderberg anode
a) vertical stud

b) horizontal stud

2. Pots with prebaked anode
a) center worked
b) side worked

- The flowsheet of a Typical smelter with prebaked anodes
is shown on Fig 20, The pots are placed into potrooms and
connected in series., The structure of each pot is the same.

*Vilma Horvath, ALUTERV-FKI, Hungalu
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‘Aluminium smelting releaeses a great number end amount of
different pollutants. The emission sources &are the pots them-
selves - in accordance with the technology.

I

The emitted pollutants are the following (43 to 48):

- carbon monoxide, since the oxigen released from alumina
reacts with the carbon anode,

- sulphur dioxide, originating from the sulphur content of
the pitch coke and tar used for the preparation of anodes,

- fluor compounds (HF from the hydrolysis of the fluor salts,
NaF and AlF3 from the vaporization from the electrolyte,
CF, and a small amount of free fluorine gas),

- solid pollutants (fluor salts, alumina powder, soot, etc),

- polyaromatic hydrocarbons from anode combustion.

Among the amissions from the pots the fluorine compounds
have attracted most attention. It is well known that they
influence the health of the operating personnel and cause
serious .injuries to vegetation even at very small gas con-
centrations. From the economic point of view the loss of
fluorine compounds is also undesired because of material loss

and corrosion problems.

. The composition cf the waste gases from the electrolysis
cells depends heavily on the type of anodes used. The waste
gas from Soderberg type pots contains no less than 2 to 3 kgs
of tar products per ton of aluminium produced, while prebaked
anode type pots do not emit tar products in significant
quantity. The total fluorine consumption lies between 20 and
50 kg per ton of aluminium produced for both types of pots
and approximately half of this quantity is removed in the
waste gas from the cell. Sulphur emission constitutes 5 to 15

kg sulphur equivalent per ton of aluminium produced.
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The concentration of polyarometic hydrocarbons in'the
potroom air vaeries between 3 and 3000,ug/m3 air for Soderberg
pots., _

Recently several studies have been carricd out concerning the
effect of exposure to polyaromatic hydrocarbons, which are
potential carcinogen agents. No evidence of a consistent excess
risk of lung cancer was found in aluminium industry. However,
cancer of other organs (pancreas, lymph, glands and kidneys)
occurs more frequently than normal. (4.9)

4.2. Characterisation of the processing operation causing

pollution

In the course of aluminium electrolysis concentrated
(spot like) air pollutiorn is caused by solid and gaseous
materials leaving through the chimneys. Distributed (aiffuse)
air poliution is caused by all the pollutants leaving from
cells to the potroom then through the holes of the potroom
to the atmosphere.

Concentrated emission can be measured with confidence
while the distributed one cannot be measured directly. Material
balance calculations and emission measurments can provide only
rough estimates of distributed emission.

4.2.1. Unloading and storage of raw material

The air pollutant is solid: alumina. The alumina used as
raw material for aluminium electrolysis is transported in

.closed containers and unloaded into alumina silos. In the

course of the unloading operation a small overpressure is
formed. Cyclons or bag filters are used to separate the evolv=-
ing powder. The degree of air pollution is influenced by the
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type, efficiency and technical state of the separator.

A.,2.2, Electrolysis.

The air pollutants are solid: dust (alumina, fluor
compounds) and gaseous: CO, SO,, fluorides. The gas catched
by the exhausting system causes concentrated air pollution,
Distributed pollution is caused by the gases not catched by
the exhaust system but leaving through the holes of the
potroom roof into the atmosphere. Air pollution takes place
continuously. The amount of carbon monoxide leaving the cell
depends on the way of exhausting the anode gas. In case of
pots with vertical stud anode a built-in burner can convert
the significant part of the carbon monoxide into carbon
dioxide which is less pollutant. The amount of SO, evolving
depends on the sulphur content of the anode mass and on the
amount of anode mass used. A great part of the fluoride
content of the electrolyte bath is vaporized. One part of
the fluor reacts with the carbon content of the electrodes
and forms gaseous or sublimating compounds. Another part of
the fluor forms hydrogen fluoride with the hydrogen bound to
the pitch constituents of the anode mass. The electrolysis
cells are under depression. Depression rises the fluor
containing dust. In addition to that the alumina powder
emerges heat and dusting is caused also by thermal convec-
tion. The degree of air pollution depends on the type of the
cell, on the way of exhausting and on the operating corditions
of the electrolysis.

In the course of electrolysis the alumina concentration
in the beth is decreasing and an anode effect takes place.

At an anode effect the pot voltage is increased up to 5-10

times. A gas cushion is formed around the anode which




insulates it from the beth. The result is a well visible arc
discunarge. The composition of the gas is changed and the CO
content can reach upto 90 %. Also 1-2 % of carbon tetra

fluoride can be detected. Hence, the degree of air pollution

depernds on the frequency and duration of the ancde effects as
well,

4.2.3. Alumina feeding, crust breaking

The air pollutants are solid: dust and gaseous: CO, HF
and hydrocarbons. In case of lacking or not sufficiently
operating of the exhausting system the alumina feeding opera-
tion is a distributed source of air'pollution. In case of
sufficient exhausting it can be considered a concentrated
source.

The alumina is put on the crust of the electrolyte from
the alumina feeding platform truck by pneumatic way. Here the
alumina iiipreheated then by breaking the crust it is dropped
into ths electrolyte. The operation is accompanied by a
significant dust formation. Breaking the crust gives free way
for the gases (CO, HF, etc.) to escape. The degree of air
pollution depends on the frequency, duration and way of alumina
feeding and crust breaking. The efficiency of exhaust highly
influences the degree of air pollution,

4,2.4, Aluminium tapping

The air pollutants are solid: soot and gaseous; CO, 802;
tar derivatives. The molten aluminium is tapped into special
vacuum tanks periodically every day or second day. Metal tapp~
ing is not accompanied by particular air pollution., Care must
be taken, however, to ensure a given level of the metal remain-
ing in the pot. After the metal level was decreased, the anode

— it —— ————— - ——
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must be lowered by 8-10 cm 1in some minutes to keep the
necessary distance. (The distance between the bottom of the
enodes and the surface of the aluminium layer is controlled

to ensure heat balance.) In Séderberg type cells this opera-
tion frequently leads to the flowing of the anode mass
accompanied by green fire. The phenomenon results a significant
emount of air pollutants originated from pitch destillation

(co, 802, tar derivaties, soot).

The degree of air pollution depends on the frequency
of the flowing of the anode mass, on the amount of sulphur
burning out from the anode mass, on the amount of the vaporized
tar derivatives and on the efficiency of gas exhausting system.

4.3, Biological effects of pollution caused by aluminium
smelters (4.10 to 4.13)

4.3.1, The effects of fluorides on vegetation
——

It is established that gaseocus fluoride compounds are

amongst the most toxic pollutants. Experiments show serious
damage of vegetation at 0.001 ppm HF ccncentration of the air,
The fruits, first of all the cherry, the plum, the apple, the
pear, the nut and the grape, are very sensitive to the fluoride
compounds. Some forest trees, like different types of pine,
beach, poplar, oak and chestnut are also very sensitive. An
important factor imfluencing the toxicity of the fluoride
compounds is the type of soil. It is a general experience

that on alkali type soils shades are less serious than on
acidic type soils, Calciferous soils can fairly well compensate
a moderate level of fluoride pollution and in a similar way

lime containing fertilizers can also reduce pollution effects.
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The physiological mechanism of fluoride poisoning has
not been discovered in details. It is known, however, that
the fluoride compounds effect metabolism processes. Solid
fluoride taken through the roots happens to be less harmful
than geseous uptake ingested by the leaves of the plant.

4.3.2; The effects of fluorides on health condition

Fluoride is a normal constituent of body tissue and
ingestion from trace amounts in water is desirable. Con=
tinued exposure to abnormal level of fluorides leads to
dental and/or skeletal fluorosis. Dental fluorosis introduces
permanent defects into the teeth, expecially during childhood.
Dental fluorosis of animals may lead to grooving and pitting
of the teeth.

Skeletal fluorosis can be detected by X-ray examinations.
In severely affected animals it can lead to stiff laborious
gait and difficulty in rising.
e

In aluminium industry the above mentioned forms of
fluorosis are seldom encountered. Bronchitis is, however,

frequently met among workers in aluminium smelters.

According to some studies on the effects of fluoride on
personpel it was found that new employees frequently develop
headache, nausea, irritation of conjunctiva and respiratory
passages. The symptoms are usually cleared in several days.
Continuous exposure to potroom conditions (3-10 mgF/24 hr)
caused 13 % incidence of cough and X~-ray detectable abnormali-

ties were found in one quarter of the potroom personel.

Fluoride uptake must be closely monitored by regular

tests of urine samples of the workers. Average urinary con-

|
|
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centration of under 5 mg F per litre corresponds_ to & daily
intake of 5 mg F. At a deily intake of 5-8 mg F osteosclerosis
does not occure yet. Higher average intake is considered

dangerous.

4.4, Threshold limits for fluoride emission (4.26)

In several countries acministrative restrictions have been
introduced to control air pollution caused by fluoride com-
pounds. There are at least three types of restrictions: thres-
hold limit values, air quality standards and emission restric-

tions.

The threshold limit value is the -maximum acceptable
fluoride content for continous e:posure for eight hours per
day. Its aim is to save the health of the personnel of the
smelter. The threshold limit value 1is usually expressed
separately for hydrogen fluoride (0 5-2 mgF/m air) and for
total flupride amount (1-2.5 mg F/m a1r)

Air quality standards impose restrictior on the average
concentration of hydrogen fluoride or total fluoride compounds
on a one day base. Typical limit value are 0.001-0.01 mgF/m3
air. Air quality standards impose indirect restrictions on

fiuoride emission.

Emission restrictions concern emitted pollutant flux
expressed in kg F/hr. Such limits are imposed in a few countries

only.

4.5, Technological possibilities to reduce emission levels

The gravest air pollution problem caused by aluminium

smelters is that gases containing fluoride can escape to the
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atmosphere. The emission tekes place partly through the potroonm
air (distributed source) and partly through the chimneys of the !
exhausting facilities (concentrated source). The distributed

| source is hardly controllable clearly. In order to reduce the !
X pollutant emission to some prescribed value it is necessary to !
increase the exhaust and fluorine collecting efficiency. The
‘ exhausted gases can be treated by effective scrubbing facili- ;
1 ties. There are two fundamental technologies for gas treatment:
' the wet and the dry scrubbing one.
i‘ The basic principle of the wet technology is that the waste
;’ gases are led through a wash liquor (water or alkaline wash) in

order to capture the fluor containing impurities. The wash |
i liquor must be regenerated by recovering the fluoride from it, i

waste gases through an alumina layer which adsorbs the fluoride
compounds. The treated alumina can be directly fed into the
2; electrolysing cel;. :

i
3, The basic principle of the dry technology is to lead the

§, 4.5.1, Wet scrubbing gas treatment technique (4.14-4,18) _ ;

The flow sheet of a typical wet scrubbing system is shown

f on Fig 21. The pot gas is led through cyclones and/or electro- E
ﬁ" stétic filters to remove dust and tar, then it enters the 5i
t scrubbing tower with sieve plates. The washing liquor flows ‘i
’1 in countercurrent direction and leaves for the HF recovering b

operation., The gas from the sieve plate tower is fed into a
i second tower where scrubbing is accomplished by sea water.
é Here most of the SO, content of the gas it absorbed. The

i scrubbing water is discharged without any recovery into the
!

!

'

sSea.
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! Fig 21.: Flow sheet of a typical wet scrubbing :
! system., '
‘ 4 i
4 i
, SIEVE PLATE |
‘ TOWER Cleaned gas to i
the otmosphere !

P _ . Fresh water :
CYCLONES ‘i

1 i
Pot gos !l
POTROOM GAS TOWER
5% HE { Seo water scrubbing}
— ORY acid torecovery ) ;
ELECTROSTATIC plant

FILTER : ',
|

Source: see ref 4.1.
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The solution of 5 % HF obtained in the sieve plate tower
can be recovered by alumine to aluminium fluoride.

The advantage of the wet technology 1is that the impurities
are not recirculated into the pots hence the metal purity is
not affected by the gas treatment. Serious corrosion problems,
however, make dry scrubbing technique more attractive,

4.5.2, Gas treatment by dry scrubbing (4.19-4.25)

Dry scrubbing is based on the physical and chemical sorp-
tion of HF on alumina. The sorption is carried out at low
temperatures (about 100 0C). The flow sheet of a typical dry
scrubbing facility is shown on Fig 22. In this ALCOA 398
procedure the exhausted gases from the pots are led through
an alumina layer placed on a perforated sheet. The alumina is
fluidized. In the upper part of the fluidizing reactor bag
filters are placed to capture the alumina entrained by the
gas strean. The fluor separating efficiency can reach 99.0 %.
Approximately fifty per cent of the alumina to be electrolysed
is used for the gas treatment. The treated alumina is fed into
the pots. While being preheated on the crust the sorbed gas is

converted into aluminium fluoride. .

Dry scrubbing is very simple and cost efficient technology.
It is particularly suitable at cells having prebaked anodes
where tar vapours are not taken into account either. There
are, however, some disadvantages of the technique. Preheating
is not entirely satisfactory for recent automated break-and-
feed design, Volatile impurities apart from the fluorides are
continuously recirculated and consequently accumulated in the
bath destroying the quality of the produced metal. The requri-
ment of high real surface area makes necessary to use alumina of

el — el e e
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Fig 22.: Fume treetment system of ALCOA
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e higher portion of - A1203, while & - Al,0, would be
preferable for its better dissolution characteristics in the
electrolyte.

4,6, Ecological aspects of erecting new plants (4.27)

When designing new plants it is highly desirable to avoid
distributed pollution sources. All pollutants not separated
must leave through concentrated sources. This makes possible
effective monitoring and further improvements if needed,
Therefore special emphasis must be taken to exhaust and fluor
collecting efficiency.

In case of new plant design or reconstruction the separator
facilities must be selected to minimize the pollutant emission

within the framework of the technico-economic possibilities.

Since air quality depends not only on emission levels but
on several other factors as well, a detailed study of the
meteorologiégI and air pollution situation of the district must
be carried out.

When locating new plants the following meteorological
parameters must be taken into account: wind direction, wind
rate, wind frequency, yuantity of precipitation, etc. In addi=~
tion to the meteorological factors the following parameters
characterlzing the air pollution situation of the district must
be considered: recent level of emission, other existing and
designed industrial sites, existing and designed residental
areas, territorial and topographic relations influencing the
binding and propagation of the pollutants, possible protecting
effect of the vegetation, etc.
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5. ENVIRONMENTAL ANALYTICAL CHEMISTRY IN THE ALUMINA AND
ALUMINIUM INDUSTRY

The presence of ecotoxic materials in the aqueous,
atmospheric and biological ecosystems is proved by
the data of different analytical methods. To evaluate
properly the presence of these materials a special branch of
the analytical chemistry has been developed in the last two
decades. The features of these analytical methods used in the
field of environmental protection are as follows:

1. Very low levels of concentration of different inorganic,
organic and organometallic substances should be investi-
gated.

2. Special sampling methods should be elaborated for the low
concentration, for the evaluation of the average value and

of the local distribution of harmful materials.

3. The correlation of the analytical results and different
specific _data eg. meteorological, geographical, etc.

should be taken into consideration in the final report.

4, Different specific sampling, analytical and evalution
methods are necessary to monitor the environmental effects

of different technological processes.,

5. Disregarding the soil analysis, the matrix effects can be
neglected, because the samples are generally coming from
either the polluted air or the diluted aqueous solutions.

The techniques generally applied for the trace analysis
of the environmental samples are atomic absorption spectros=-
copy (AAS), atomic emission spectroscopy with inductively
coupled plasma source (ICPAES), stripping voltammetry (SV)
or the combination of the latter method with differencial
pulse polarography (SvOP), liquid and gas chromatography

— T - p—




(LC, GC) generally combined with mass spectrometry.(LCMS,
GCMS) and ultravioletvisible or infrared spectrophotometry
(uvsS, IRS).

Reqently, much attention has been paid to the specific
instruments applied for solving certain analytical problems
of environmental protection (1,3,4) (eg. the specific IR gas
detectors, or the FLUCHECK gas analvzer, etc.)

In the field of alumina and aluminium industry the soil,
water and the air can be polluted by the industrial produc-

tion.

Strictly speaking, the ore exploration and bauxite
mining activity do not cause any pollution, however they
have other impacts on the environment. The elimination of

these effects is discussed in Part 1.

In the alumina production the red mud of significant
sodiumsalt’;;ntent can pollute soil and water. The air is
also polluted by certain particulate matter like bauxite,
red mud and alumina dust, furthermore, by some products cf

the electric power station.

However, the main source of air pollution is the
electrolysis; the gaseous byproduct formed in the smelters
contain some fluoride, sulphide and carcirogene organic
compounds. The dust emission of smelters is considerable

also.

The first step of the quantitative evaluation of
pollutants is sampling, either a continuous monitoring
system or laboratory methods are used.
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5.1. Sampling of different materials for environmental

analysis.

The sampling process in case of soil or water is
quite well krown from the common analytical practice.

An important peculiarity of the environmental analysis

is the proper selection of the quantity of sample. It

depends on the detection capability of the particular analyt-

ijcal technique and on the concentration level of the con-
"aminant to be determined. Since the high and the low con-=

centration values of impuritics change in time covered, the

duration of sampling from flow water 1is a significant factor

to obtain the representative average value.

The collection of accurate and precise atmospheric

samples of particulate matter is much more difficult as their

densities and concentration fluctuate. pifferent
this field based on sedimenta-

sizes,
collection devices are used in
tion, filtration, dry and wet impingement, electrostatic and
thermal precipitation. For the selectioh of the appropriate

device a good collection is summarized in A. C., Stern’s
book (5.1).
To examine the source of dust pollution, only the

plied. The stack sampling
and its possible sources

isokinetic sampling system can be ap
test is not a highly reliable method,

of error are discussed in several publications (5.2.).
pling location, number of

g at each point and total

The applied sampling method, the sam
sampling points, duration of samplin
sampling duration must be speciall

of sampling. The overall test should be as long as possible
cles for cyclic processes.

y considered for each case

(2-6 hours) to cover one or more cy

- p—
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The procedure used for sampling a gas or mixture of gases
in a duct or stack differs from the sampling of particulate i
matter. The strict conditions of the isokinetic sampling
procedures are not required. ‘

There is nevertheless the problem of selecting the proper _
collecting device which will enable reliable quantitative ana- ;
lysis., The rates of gasbus sampling are generally much lower
than in case of particulate matter sampling, ranging aproxima-
tely from 1 to 5 liters/min. Several different methods are
available for.collecting the gaseous constituents from gas
streams. Selection of the appropriate methou depends upon ;
temperature, humidity and the gaseous constituent being analyzed.

The most frequently used devices are the liquid ahsorp-
tion with wet scrubbers (impingers), solid aDsorption,
freez-out units, etc.

From th3’§pecial aspects of alumina and aluminium

industry the next sampling processes ars generally applied:
1. Sampling of soil near red mud lakes. - |

2., Sampling of particulate matter near the alumina and alumi-
nium factory (bauxite, red mud, alumina, criolyte, sodium
. fluoride, etc.)

i 3. "ampling of water in different industrial waste water tubes
(for pH, sodium, cyanide, etc.) ' ‘

\ 4. Stack sampling in power plants, calcining ovens and in '
aluminium smelters.

5.2. Analysis, detection.

As it was summarized in the previous, the soil and water

samples can be analysed for sodium, fluoride and cyanide content,
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moreover, the pH value can be measured.

Loun

After the adequate sampling the cyanide and sodium content
can be extracted. After separation, the sodium content can be
! measured by flame photometric or AAS method or, together with
the cyanide and fluoride ions, by ionselective electrodes. The
o details of these methods can be found in the literature.
The pH value can be measured in a suspension of the soil or
in case of higher alkaline concentration it can be titrated.

o pin - ool
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The water samples can be anslysed by the same methods

without any pretreatment.

$ ' The different components of particulate matter can be
determined by several routine analytical methods (eg. AAS or

: ES methods) after the morphological classification of the i
particles by certain microscopic techniques.

i These methods can be eliminated if the scanning electron

; microscope is used. In that case both the morphology and the

chemical composition can be investigated because the SEM

instruménts are generally built togethef with an energy

dispersive X-ray analyzer (EDXRA).

The different waste gases and ambient air are investi-
gated for the determination of 302, co, COZ‘ fluoride and

. organic compcunds.

The determination of the gaseous constituents of waste
gases and of ambient air is performed from the scrubber
solutions in the form of the absorbed ions. Due to the
different concentration levels and sampling times, the con-
centration of the different constituents can vary
significantly. Therefore, the absorber solutions can be analyzed
by different methods. The actual procedure is selected with
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regard to its detection cupacity- precision, fastness, etc.
Such methods are the very accurate titrimetric methods or

the potentiometry with ionselective electrodes or some

others having been previoulsly menticned.

5.3. Source monitoring

The monitoring of pollutant concentration or oV total
mass flow of pollutant emission from stationary sources is
a major problem of plant owners, control agencies and
instrument manufacturers., To fulfill the regulatory require-
ments and to control the environmental pollution, the
industrial establishment needs to keep a record of process
operation and contaminant emissions. Instrument manufacturers
need guidelines on performance requirements in order to

provide appropriate instrumentation.

On-site monitoring provides date about one source of
pollutant contirfiously. In the alumina production the monitor-
ing of the pH-value and sodium content of out-flow wacte water
and the particulate matter, the SO, emission of power plants
have special significance. In the aluminium smelters the
monitoring of fluoride, $0,, CO, CO, and organic materials
‘)f stack gas are the primary tasks.

The typical perfourmance of monitoring system for pol-
lutant emission from stationary source are as follows (6):
error less than 20 %, calibration error less than 5 %, zero
drift (24 hours) less than 4 %, response time less than 15
minutes.

The monitor systems contain the automatic sampling
devices, the detector units and the data handling systems,

- o
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The particulate matter emission is measured by optical,
electromechanical, electrical and .uclear techniques. Monitor-
ing of gas emission is mainly perforaed by IR and UV - visible,
electrical conductivity, coulometric, potentiometric and gas

chromatographic detectors.

To monitor waters, potentiometric and conductometric ana-

lytical monitors are widely used in the aluminium industry.

Monitoring of the emitted gaseous components of the alu~
minium production is realized by IR detectors as well as by

potentiometric monitors (eg. FLUCHECK),

The instrumentation used for monitoring environmental
pollution in alumina and aluminium industry are summarized
in Table 1l0O.

Table 10: Instrumentation used for monitoring environmental
pollution of alumina and aluminium industry.

Task Instrumentation . Producer
Water quality Industrial pH sensor Beckman, Radelkis
pH, Na, con- Industrial pNa sensor ALUTERV ~-FKI
ductivity Conductivity meter ALUTERV~FKI
Particulate matter VASKUT

Ambient air, gas

802 802 analyzers, Antechnika, Casella
FLUCHECK analyzer ALUTERV-FKI
co, 002 IR analyzers Antechnika, Foxboro,
Hiteka

F FLUCHECK analyzer ALUTERV-FKI
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The calibration and the standard used are of primary
importance at every instrumental method,

5.4. Data handling and evaluation

The data of the emission sources of peollutant are
regularly given by the laboratories or monitor units, and
should be evaluated by the research and control personnel.
The geographical and meteorological data are also required
for the preparation of an appropriate report about the
emission into the environment (Emission inventory).

A detailed report provideé the possibility to make
different modelling for the development of a suitable
emission control strategy.
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