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1. INTRODUCTION AND TARGET

1.1 PREAMBIE

In accordance with the decision of the Uniced Nations
Environment Programme Governing Council at its 5th session
the environmental aspects cf the aluminium industry are being
reviewed inter alia.

UNIDO, in close co-operation with UNEP undertook to
contribute a "Study on the Disposal and Utilization of Baux-
ite Residues" which will be one of the major papers for
the UNEP/UNIDO workshop on the &EBnvironmental 2MAspects
of Alurina Prcduction to ke held in Paris, France in
January 19871.

UNIDO has engaged the Hungarian Company CHEMOKOMPLEX,
(Népkdztarsasdg utja 60. Budapest, Hungary H-1389), to under-
take the elaboration of the study which will review the proc-
essing and utilization of bauxite residues and their environ-
mental impact on land and sea.

The contract was signed on March 15th, 1980 between
UNIDO and CHEMOKOMPLEX to perform the above mentioned task.
CHEMOKOMPLEX engaged its poolpartner, ALUTERV-FKI, Research,
Engineering and Prime Contracting Centre of the Hungarian
Aluminium Corporation, (Pozsonyi ut 56. Budapest, hungary
E-1389), to prepare the study.

An ALUTERV-FKI team of 7 experts consisting of a team
leader, 2 technologists, a mechanical engineer, 2 civil engi-
neers for environmental protection and an economist comprised
the project team.

UNEP and UNIDO Secretariats prepared, with the nelp of
ALUTERV-FKI and other consultants, a Reporting Format for
Information for the Environmental Aspects of Alumina Produc-

tion. The format deals with environmental impact and resource

" .



use, attempts to cover the main processes of mining, ore
treatment, alumina production, residue disposal and use.

This format was sent to all major alumina producing companies,
international institutions and Governments of States produc-
ing alumina from bauxite. Unfortunately only a few companies
and Governments gave full answers, some companies did not
answer and others responded only partially.

Complete ancswers of sone Companies and Governments and
specific answers of EPA, IBA and IPAI were highly appreciated
and served as a basis in the preparation of the Study.

For the purpose of obtaining more precise information,
fact-finding missions organized by UNTJDO were also under-
taken. These missions wanted to deal with specific features
of the bauxite residue (red mud) question.

The following ccmpanies and plants were visited by 1 to 3

meribers of the team:

- Alcoa of Australia, Kwinana and Pinjarra plants
-~ Queensland Alumina, Australia

-~ Aluminium Pechiney, France

- Energoinvest, Mostar plant, Yugoslavia

- Erergoinvest, Titograd plant, Yugoslavia

- Aluminium de Gréce, St. Nicolas plant, Greece.

Information given by the above companies and visits of
their red mud disposal facilities, made possible by the
majority of them,contributed significantly to the elabora-
tion of the Study.

Valuable co-operation of these Companies is acknowledgea.

It has to be emphasized, that the Hungarian Aluminium
Corporation itselr has gathered broad experiences in disposal
and use of bauxite residues and their i.pact on ‘he environ-
ment during its 46 years of alumina cperations. These experi-

ences were therefore at the team's disposal.




Bibliography concerning guestions of bauxite resicdues
has also been reviewed by the team. However the relative
bibliography was found to be too abundant tc ke incorporated
in the Study. Therefore only the most important and up-to date
! articles were selected and enumerated as referred and recom-
mended literatures.

The team hopes, that the Stuay,notwithstanding its in-
completeness originating from the lack of information from some
major alumina producing companies will contribute to improve
the present environmental conditions in operating plants and
will serve as a guide in the engineering and operation of the

alumina plants to be constructed in the future.

1.2 OBJECTIVES OF THE STUDY

The objectives of the Study were:

a) to review different bauxite resicdues, their formation,

disposel and utilization techniques

b) to prepare a technical report on the baurite residues
formation, disposal and utilization techniques which will
be used as a background paper for the Workshecp on the
Environmental Aspects of Alumina Production organized by
UNEP and UNIDO

c) to assess environmental impacts of disposal and utiliza-

tion of bauxite residues

o

to work out economical optimum solutions as regards
disposal and utilization of bauxite residues in order to
improve the present situation and show the way for the

future with special emphasis on environmental protection

(@]

to collect by the aid of Format for Reporting Information,

from the technical literature and du-ing fact-finding
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missions data relative to formation, disposal and uti-
lization of bauxite residues of about 100 alumina plants

in the world in order to select optimum solutions

f) to explore processes utilizing red mud as a whole to
produce valuable new products at low investment costs,
low energy consumption and without producing new wastes.

1.3 EXECUTIVE SUMMARY WITH CONCLUSIONS AND RECOMMENDATIONS

Bauxite resicdue

Formation and properties

Bauxite residues, generally called red mud or grey mud,
are formed as a result of processing bauxites of variocus grades
either by the wcrldwide practicised Bayer method or by sinter-
ing or combined process technologies.

The chemical and mineralogical composition of the residue
is highly determineu by the bauxite grade and the process
technology. The main components are generally in the following

range

Weight per cent

(on dry basis)

Fe,,O3 30 to 60
A1203 5 to 20
5102 1 to 20
Na20 1 to 10
Ccao 2 to 8

The latter two components, rarely found in bauxites in
significant amount come generally from the process technology.
Besides, a number of other elements can be found in bauxite

residues in negligible amount.
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Mineralogically, red mud consists mainly of different
forms of iron and aluminium cxide minecrals, calcium and sodium
aluminium silicates, various titanium compounds, etc.

Grain size of red mud is extremely low, its major part is
minus 45 micron. The specific surface area ranges from 5 to
35 mz/g. The settling and compaction behaviour of the residues
are highly influenced by these characteristics. Decrease of the
average grain size and increase of the specific surface area

deteriorate the settling and compaction of the residue.
Mass and volume

The amcunt of mud formed per ton of alumina may vary from
0.3 to about 3.5 tons depending on bauxite grade and process
technology. Generation of 1 ton of dry mud per ton of alumina
may be assessed as a world average. Red mud is generally accom-
panied by a liquid phase, being pumped from the plant in form
of a slurry of 200 to 350 g/1 solids content which settles and
compacts to 40 to 60 per cent solids content on the disposal
area. In 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 40 Mt/year of world alumina pro-
duction, genreration of at least the same amount of dry residue
must be reckoned with annually. The volume occupied by this
residue, in form of wet mud of say 50 per cent solids amounts
to 50 to 55 Mm3/year. The storage of this resicdue in ponds of
say 10 m high, would require about 500 ha area (as an optimistic

figure) which is often robbed from cultivable lands.
Accompanying liguid phase

The main components of the liquid phase accompanying the

residue are caustic soda and soda ash in 0.5 to 8 g/1 total




Nazo conceatration and some 0.5 to 8 g/1 A1203.
Penetration of this liquid into subterrain waters 1is the worst
envirconmental impact which may be caused by red mud, if its
storage is not properly carried out. In case of storage in
ponds, hermatically sealing layers must be applied to prevent
seepage to che underiying soil. Recirculation of excess pond
water to the process imprcoves both the economics of the process
and the consistency of the mud increasing at the same time the

storage capacity of the pond.

visposal of bauxite residue

Red mud is consicdered nowadays as a waste of the alumina
production, its disposal causes difficult environmental problems
everywhere. Alurina plants are generally storing red mud in im-
coundment areas, called red mud ponds, but the storage methods
differ from one plant to another and the majority of them are
still considered as environmental cffences, kecause of the lack
of sealing and suitable construction of the disposal area.

& red mud disposal area properly constructed and operated
has to meet the requirements of safety, environmental protec-
tion (first of all protection of undarground water quality),
disposal capacity and economy. During both the engineering design
work and operation a close contact is required with authorities
such as public health, agriculture, forestry, natural conserva-
tion, revegetation, fishing, etc.

Possibilities of red mud disposal can be divided in two

main groups:

- disposal on land and

- marine disposal,

Methods of disposal on land are:

- disposal on an area surroundecd by dikes

- digposal in a valley with barrage




- stacking of dry red mud after filtration
- disposal in dry form in excavation of mines no longer in

use.

In case of the first two types red mud is transported as a
slurry from the plant to the disposal area.

Red mud in contact with water requires extremely high
specific volume of disposal, therefore the two most important
tasks of constructicon and operation of red mud disposal facili-

ties are:

- "dewatering” of red mud and

- preventing pollution of the environment.

For decreasing the water associated with red mud in ponds
the simplest method is to recycle the supernatant liguor from
the surface after settling of red mud in the chamber. This method
is used in the majority of plants as it ameliorates water balance
of{ the plant, decreases its fresh water requirement and contrib-
utes consideraply to diminish caustic soda and partly bauxite
consumption.

Decreasing water in contact with red mua results in saving
territory occupied by a given quantity of red mud. This elimina-
tion of water can be realized in difrerent methods, e.g. dis-
posal in thin layers, natural filtration through permeable dikes
or sand bed, filtration of the slurry and dry stacking of mud,
etc.

For thc construction of the disposal area the following
points of view are to be considered:

The disposal area is to be parcelled out intov chambers with
separate feeders of a peripheral pipeline in order to facilitate
the distribution of red mud slurry by cyclical filling. The
bottom of the disposal area has always to have a slope towards
a sump located in one corner of the area opposite to the initial

slurry feed. Seepaye from the disposal area is not only a source




of water l.ss, but a source of contamination for the environ-
ment, therefore seepage has to be prevented in all disposal
constructions by an impervious bottom and dikes and by control
arnd collection of seepage if necessary. Sealing of the disposal
area is required if the soil-layers of the criginal terrain
were not impermeable enough.

Marine disposal, however elegant and simple is at first

sight has a harmful impact on marine life which cannot be =2limi-
nated completely, only decreased to a certain extent by selec-
tion of proper site.

A satisfactory method of red mud disposal seems to be the
stiore lagooning of red mud as pH of the liquer will be effec-
tively neutralized by sea water, mud solids do not enter the

open sea and no utilisable land area is cccupied.

r.acultivation

In case of land disposal environmental protection reqguires
nowadays the tctal reclamation of the disposal area after fill-
ing up. New methods are being developed also for present dis-
posal areas. The new techniques involved range from simple
grassing in order to prevent dust formation through revegetation

up to total recultivation of the area.

Utilization of red mud

Utilization of red mud to produce first of all iron has
been a standing topic of technical development during the last
decades. However, it has lost in importance since oil price
rise, as rich iron ores are still available and their cost has
Leen raised at slower rate than the price of oil.

As regards complex utilization of red mud its smelting in

low shaft furnace, blast furnace and electric furnace is
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technically feasible, pig iron or ferrosilicon and slag can
be produced and the slag can be used for the production cof
cement or alumina. However, the process is not economic and
Nazo content of red mud causes operating troubles.

A more promising method is producing molten iron and self-
desintegrating Ca-aluminate slag. Alumina can be leached from
the slag and the residue used for cement production. This
method can be economic at given local conditions.

Red mud can be used as an additive in iron gproduction and
for the replacement of pyrite sinter in cement production,
however, the guantities used are not significant. Bauxite
residue obtained in the sinter process is used in the cement
industry in some countries and the process is reported to be
economically feasible consuming significant quantities of
residue.

Other utilization possibilities for soil amelioration, road
building etc. are of minor importance.

Utilization of red mud in the production of heavy ceramics
by mixing it in 50 to 90 per cent on the alumina plant site
wit: additives and processing the mixture in ceramic factories
seems to be a very promising method, utilizing huge quantities
of mud and meeting an ever increasing requirement of the build-

ing industry.

Economic aspects and evaluation of the environmental compati-

bility

Ecologists and enterpreneurs of the industrial plants
agree, that proper adjustment to the environment considerably
affects the realization costs of a new project. Environmental
protection cos%s money. It is, however, indisputable thet this
kind of investment would be returned to the entirity of society

on the long run. These problems weigh on industrial undertakers
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hecause these extra costs diminish return on investment.
Resol:tion of this discrepancy can only be achieved by thorough
prcjecting of environmental compability, by considering economic
yoals in the long run with maximum recovery of reusable mate-
rials and by keeping in mind the benefit resulting from the
prevention of damages caused tc the environment.

Pollution control tasks are very different from country
to country, site to site and they should be determined in ac-
cordance with the local natural, social and economic environ-
ment.

To reduce invesment 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 J
dikes and insulation of the basins. Another aspect is to be
striven for is recycling of reusable liquor to the plant.

The cost of red mud disposal and storage comes to g 0.5 to
1.5 per ton of alumina. The value of land varies in the range
cf 0.02 to 0.15 S/mz. Investment cost related to 1 m3 of storing
capacity comes to § 0.3 to 1.2, however in case of using pur-
chased industrial products in construction, it may came to as high
as 2 30/m3. Recovery of liquor requires a drainage system, the
cost of which can however be returmmed. Operation cost of regular
inspection of seepac2s figures at only § C.01 per ton of alumina.

As regards revegetation, estimated cost of grassing comes
to § 0.5 to O.6/m2,that of covering with arable soil and affores-
tation comes to § 1.0 to 4.O/m2.

The costs of marine disposal are minimal, however it can
not be regarded as a final solution from ecological viewpoint.

The present economic conditions do not favour complex
utilization of red mud.

Bauxite residue of the sinter process is an excellent
additive of the cement production, reducing costs by a minimrmum

of 15 per cent in some cases.




A promising method Irom botn envircrnmental and economic
aspects seems the utilization of red mud as an alumina plant
product for the production of heavy ceramic wares. The quanti-
ties involved can cope with the total red mud production of

given countries.

Conclusions and recommendations

Conclusioans

Considering the ever increasing consumption of raw ma-
terials, the rapid spreading of environmental damages caused
by the industrial developrent and keeping in view the requi-
rements for a clean environment of the permanently increasing

population, a general conclusion is that the world is not far

away from the time, when "wastes" have to be processed, as
there will be no other raw material for certain purposes and
environmental pollution will come near to saturation.

In this regard not the present economy has to be taken
into account as a decisive factor, as conditions will shift
in the future and the present economical optimum may prove
later to be unreasonable, especiaily if considered in the light
of environmental protection.

Other specific conclusions of the Study are as follows:

- Keeping red mud in ponds under water leads to trigher
volume requirement for the disposal area, higher pressure
on tne bottom and dikes, givinyg seepage, and requiring

~ich higher investment costs for a given plant.

- Elimination of liquor from the ponds,e.g. deep DREW
process or dry stacking of red mud after filtration seem

tc be reasonable disposal methods at present.

- Utilization of red mud to produce iron or other products

is of marginal economy even in optimum case at present.




- T“ffect cf marine disposal on marine life has not beer

cleared completely vet,

- Red mud should not be regarded as a waste of the alumina !
plant, but as a product ready tc be processed to other
valuable products economicalily, without raising new en-

vironmental problems.

Recommendations

- Avoid storage of red mud under water. It should be allowed
to dry by natural drying or filtration and kept in con-
tact with the air. In order to promote natural drying red
mud has to be disposed in thin layers and/or to be freed
from its water content by passing the latter throuch perme-

able layers.

- More attention is to be paid to the possibility of red mud

disposal in artificial lagoons, where applicable.

- Abandoned red mud ponds have to be grassed, recultivated
or completely rehabilitated using the already established

techniques.

- Design and operacion of new red mud ponds has to keep in

view rehabkilitation reqguirements from the beginning.

- Research work on ecclogical effects of marine disposal
has to be continued and should be a prerequisite for site
selection, design and disposal of mud in the marine environ-

ment.

- Researcn work on utilization of red mud to produce iron
and other products has to be continued before decisions

are made for significant investments.




- Processes utilizing red mud as a whole in significant
quantities and giving valuable new products should be
brought on stream in countries, where economic condi-

tions are favourable.




2. BAUXITE AND ITS PROCESSING TO ALUMINA

The aluminium industry has been vigorously growing over
the past decades, except for a few years in the middle of
seventies. In 1979, world aluminium production amounted to
15.1 million tons (1). Due to the excellent physical prop-
erties of the aluminium ~etal its sphere of application is
widening from day to day. Therefore, increase of consumption
may be expected also in the years to come, though only 3 to
4 per cent annual rate of increase as compared to about 7 per
cent of the sixties. Most of the world aluminium is produced
from metal-grade alumina manufactured from kauxite, using the

classic Bayer process in one of its forms.
2.1 BAUXITE

Bauxite is an alumina enriched multicomponent minefal
ore, containing variable amounts of iron, silicium and titanium
compounds as main components in addition to the aluminium con-
taining minerals. The physico-chemical properties as well as
the mcde of occurrence of bauxites are variable. In 1978, world
bauxite reserves were estimated by Lotze (2) to 38 billion
tons, some 12 per cent of which belongs to the high-grade (low-
silica bauxite) category. The remaining part tends towards
high-silica bauxites,.

The bulk of bauxite reserves, especially those commonly
cailed low-silica containing high-grade bauxites, occurs ir
tropical and sub-tropical climates. Though, the occurrence of
bauxite is almost global, more than 60 per cent of bauxite

rescrves can be found con the American and African continents.




Chemical and mineralogical composition of bauxite

The chemical composition of bauxite can - in general - '
be characterised by the range of weight per cents for the main

components as follows:

A1203 38-65
5102 0.5-12
}:'ezo3 3-30
TioO,, 0.5- 8
HZO 10-34

In addition a number of trace elements, such as Mn, P, V, |
Cr, As, Ni, Ga, Hg, Ca, {r, Mg, rare eartn retals, such as _La, Ce, Pr, |
NG, fm, Gd, etc., and alsc sare organic matter can be found in variable
arounts in rost bauxites.

Table 2.1 shows the rore ccmmon minerals cccurring in 8
characteristic bauxite samnles. (4)

On the basis cf their mineral camposition, bauxites can be categorized
as follows:

~ pure gibbsitic bauxites

- gibbsitic bauxites containing quartz

- mixed bauxites (gibbsitic + boehmitic)
- boehmitic bauxites

~ diasporic bauxites.

As for the quantitative distribution of the above types,
pure gibbsitic bauxites and gibbsitic bauxites containing
quartz occur .n the largest amounts. Laterite bauxites belong
to these first two categories.
Based on economic consideraticns bauxites containing less
than 5 per cent A1203 in form of monohydrates (boehmite + '
diaspore) are called gibbsitic.
The term diasporic is uvsed for bauxites with at least

5 per cent of 1\1203 in diaspore.




Table 2.1

MINERALOGICAL COMPOSITICN OF 8§ BAUXITE SAMPLES

Component %

Bauxite Samples

No.i No.2 No.3 No.4 No.5 Noc.6 No.7 No.§
Alzo3 in
gibbsite 42.3 37.9 25.5 45.0 16.2 - 1.5 2.5
boehmite 3.1 2.0 1.0 7.8 24.5 17.2 49.5 2.8
diaspore 0.2 0.8 1.0 0.8 1.3 35.0 - 38.9
kaolinite 1.4 1.5 2.7 3.4 4.7 3.8 8.4 4.7
illite and trace c.9
cericite
goethite .5 1.4 2.7 1 0.2 0.6
hematite 0.6 0.4 1.0 0.4
maghemite &
magnetite 0.5
chamosite trace 1.2
corurdum 0.5 0.3
lithiophorite 0.2
crandallite 0.1
amorphous 4.0
A1203 total 48.4 44.0 38.9 57.0 49.2 56.0 60.5 51.0
5102 in
kaolinite 1.6 1.8 3.2 4.0 5.5 4.5 9.9 5.5
illite and
cericite - trace - - 1.5 -
chamnsi te - trace - - - 1.1
quartz 0.5 0.7 8.5 1.0 - 0.1 - 0.7
510, total 2.1 1.5 11.7 5.0 5.5 4.6 11.4 7.3

2
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Table 2.1 continued

Component %

Bauxite Samples

No.1 ¥No.2 No.3 No.4 No.5 No.6 No.7 No.8
FeZO in
hematite 15.1 15.3 10.5 6.0 9.7 18.5 3.1 15.2
goethite 4.2 10.2 11.0 1.0 10.2 2.5 5.5 7.6
maghemite - - 2.0 - 0.7
magnetite - - 3.5 - -
cnamosite - - - - 2.2
siderite 0.4 - - - -
Fezo total 19.7 25.5 27.0 7.0 19.9 21.0 §.6 25.7
TiO2 in
rutile 0.5 0.4 0.8 0.4 0.6 1.7 - 1.1
anatase 2.2 2.2 1.5 2.1 1.7 0.9 2.8 2.0
TiO2 total 2.7 2.6 2.3 2.5 2.3 2.6 2.8 3.1

Origin of Bauxite Samples:

No.
No.

No.
No.
No.
No
No.
No.

5
.6
7
8

1
2
3
4

South Manchester, Jamaica (gibbsitic)
Aya-Nyinahin, Ghana (gibkbsitic)

Gove, Australia (gibbsitic containing quartz)
Weipa, Australia (gibbsitic + boehmitic)
Iszkaszentqgydrgy, Hungary (gibbsitic + boehmitic)
Itea, Greece (diasporic)

Severoonieshk, Soviet Union (boehmitic)

Lang Son, Vietnam (diasporic)




Other characteristics

Hardness and grain-size of mineral components espe-
cially that of iron minerals are the nost important other
characteristics of bauxite to be processed. These character-
istics highly influence both the investment and operation costs
of the refining process and the physical and chemical proper-

ties of bauxite residues to be treated and disposed of.

Evaluation of bauxites for alumina production

Since more than 90 per cents of world alumina production
originates from alumina plants using the Bayer method, when
qualifying bauxite reserves the viewpoints of this process
technology are usually taken into account.

Process available alumina and reactive or caustic soluble
silica contents are the two main criteria generally used for
the evaluation of bauxites to be processed by the Bayer method.
Capital cost, operation efficiency, quality and quantity
of cthe solid waste are highly influenc=d by these character-
istics. Earlier, processing of ores of above 5 per cent SiO2
by the Bayer method was rarely considered to be economic (3),
at present, the technical level of technology and equipment
permits the use of the Bayer process with favourable economy

even for processing bauxites of 6.5 to 7 per cent SiO, con-

tent (4). Proccess available alumina of about 30 per cZnt may be
taken, depending also on other factors, for tiuc lower acceptable
limit.

Certain impurities, such as kalcite, dolomite, siderite,
Zn, organic matter may adversely affect the process efficiency
and/or product quality, therefore their presence in bauxites,

sometimes in unusually high amounts, may considerably reduce




the process value of some bauxite otherwise regarded as high
quality.

When deciding on the exploitation of some bauxite reserves
also other viewpoints have to be considered, since the value cf
any particular bauxite depends, in addition to its chemical and
mineralogical composition, also on a number of external condi-
tions including their geological situation, mining conditions,
geographical location, availability of other raw materials,
development level of infrastructure of the region, viewpoints

of economic policy, etc. (5).
2.2 PROCESSING OF BAUXITE

Commercially realized alumina manufacturing methods using

bauxite as raw material can be grouped as follows:

Bayer process
Sintering process

Combined processes

Since all of these processes, especially the Bayer techno-
logy, are largely discussed in the technical literature, only

their general review is given below.
2.2.1 Bayer process

This process, invented and patented by J.K. Bayer at the
very end of last century, is a well-known simple technology
widely used all over the world, which results in a high-quality

alumina product.




o

Principles and variants of the process

The underlying principle of the Bayer process is the vari- :
able solubility of the hydrated aluminium oxides of bauxite
with caustic soda concentration and temperature. The principle
of the Baver process is illustrated in Fig. 2.1 (6).

The fundamental reaction of this process is as follows:

> 100 °c,

+ NaOH «————— NaAl(OH)
3 < 100 °c 4

Al (OH)

Aluminium-oxide hydrates dissclve at higher temperatures

and caustic concentrations, i.e.

Mineral form Digestion temperature Caustic Nazo
o}
C gpl
gibbsite 100-145 120-140
boehmite 200-250 180-240
diaspcre 240-260 180-250

When digesting diasporic bauxites addition of 2 to 6 per
cent Ca0 referred to dry bauxite weight is regquired.

The dissolved aluminra precipitates at lower temperatures,
75 to 45 °C from aluminate liquors of lower caustic concentra-
tion, 90 to 150 gpl Nazo.

The above-mentioned digestior parameters illustrate also
the basic differences between the two main variants of the
Bayer process, namely the "American"and”zuropean" Bayer technol-
ogies. Other characteristics of tiesc two variants can be seen in
Table 2.2 (7). Development of these two main variants is primarily
due to the more frequent cccurrence of large gibbsitic bauxite
deposits on the southern hemisphere supplying the first camercial alu-

mina plants owned by American contractors, developing the process
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Table
MAIN CHARACTERISTICS OF THE EUROPEAN AND
AMERICAN VARIANTS OF DIGESTION

Typical Parameters Euﬁziigifwer Nfgiiﬁtaﬁﬁr
Tempgratuge atothe end 220-235 (250) 140-145
of digestion, C
Temperature after re- 135-185 110
cuperation, C
Pressure of digesters, 12-30 (50) 4
kg/cm2
Composition of solution
after digestion:
Caust. NaZO gpl 200-300 120-140

A1203 gpl 190-300 125-150
Caustic Molar Ratio {(1.40) 1.50-1.75 1.50-1.60
Caust. Na20/total Na20 3 90-93 60~ 80
A120 produced from 1 m3 90-150 50-80

of“digestion liquor, kg




technology on this raw material basis, while the much more
severe digestion parameters of European Bayer technology are
justified by the availability of ore deposits containing alu-
minium oxide mainly in form of monohydrates. (boehmite and
diaspore)

As a result of the changes in the quality of recently pros-
pected and exploited bauxite reserves on the tropical and sub-
tropical areas and the several novel developments and improve-
ments both in the technology and the machinery and equipment
of alumina refineries it can be noticed that parameters of the

two variants come nearer to each other.

Main unit operations of the Bayer process

Fig. 2.2 illustrates the main unit operations of a Bayer
alumina plant. It seems clearly from the figure that the
alumina plant can be divided into two main sections, namely
the "reld section" where the bauxite and its residue called red
rud ire handled, and the "white sectior.” in which the produc-
tion and treatment of aluminium-hydroxide and calcined alumina
are the main functions. The operation of the two sections are
fully coordinated for the sake of a steady and efficient plant

operation.

Red section

Bauxite preparation

Bauxite is transported to the alumina plant either in the
form of as-mined, or after being washed and sometimes dried,
too.

Bauxite to be processed is first screened to remove the
large rocks and other coarse impurities like roots if any.

Depending on the bauxite hardness, the operation of crushing
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follows tc reduce lump-size to about max. 50 mm, required
generally by the grinding equipment. Grincding cf bauxite is
virtually carried out in each alumina plant by wet method

using spent aluminate liquor for grinding the bauxite as a
slurry of 300 to 1,000 gpl sclids. Depending on the bauxite
hardness mills of different types are used operating in closed
or opan cycle. The selected grinding equipment and technology
effects the grain-size range of the mill product e.g. use of
rod mills provide more uniform granulometry than that of ball
mills. There are earthy, and easy desintegrating bauxites need-

ing only mixing or slurrying with liquor.

Desilication, digestion

To reduce the harmful effect of silica both from calorific
and product quality viewpoints a predesilication (and prediges-
tion) operation follows the grinding. letention time of about
6 tc 10 hours is necessary at a temperature of about 100 °c to
dissolve silica then precipitate the liquicd phase in the form
of sodium aluminium silicate prior to digestion. This operation
is not applied in each alumina plant, though its effectiveness
in improving the heat transfer coefficient when applying in-
direct slurry heating is undisputed. Some alumina plants, espe-
cially those using low temperature digestion practice silica
control after digestion or dilution of the slurry to improve
product quality.

Slurry to be digested is fed to the digestion system as
single or dual streams. Heating of the slurry is performed
first by flashed steam, then by steam generatecd in boilers
and fed directly or indirectly into the autoclaves. Digestion
time varies from a few minutes to 40 to 50 minutes.

There are differently developed digestion systems but each

is generally composed of a systerm of heat exchangers, autoclaves




or tukes, different pressure vessels for flashing of digested
slurry and condensate, pipes, valves, cdifferent measuring,
control and safety equipment.

The pressure of digested slurry is reduced closec to atmos-
pheric pressure, through a multistage flash system. Vapours released
are used for preheating the slurry to be digested and part of
the process liquor.

Bauxite digestion results in a slurry, the liquid phase of
which is an oversaturated scdium aluminae liquor, the solid phase
is +*he red mud, being the waste material and gravest burden of
of the Bayer pnrocess.

‘The large amount of condensate originated in this opera-
tion is used, depending on its purity, as boiler feed water

and red mud wash water.

Red mud separation and treatment

The flashed slurry is diluted to the NaZO concentration
required for the precipitation, then it is fed to large decanta-
tion equipment where bauxite residue is separated by gravity
settling from the pregnant liquor. Red mud slurry of about
200 to 500 gpl solids is obtained as an underflow of the set-
tlers. Various natural and/or synthetic flocculants are gener-
ally used to help the settling and compaction of fine red mud
particles.

Recovery of the caustic and alumina values ifrom the
ligquia phase of red mud slurry is the primary aim of the further
treatment, but this must be realized in accordarce with the se-
lected storage or eventual utilizaticn method of red mud.

Generally, multistage counter-current washing system 1s
used to recover the values, but also filtration with vacuum or
pressure filters is widespreadly used. The economy of red mud

treatment and storage is an important factor within the overall
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plant economy and it is bithly influenced by the quantity and

physico-chemical properties of the red mud.

White section

In this part of the plant alumina extracted from the baux-
ite is crystallized from the pregnant liquor after control
filtration and cooling of the settler overflow, then the pre-
cipitated alumina hydrate is separated from the spent liquor,
washed, filtered and calcined at 1,000-1,200 °C to obtain pro-
duct alumina.

Precipitation parameters, such as quantity and grain-size
distribution of seed hydrate, caustic concentration and molar
ratio of pregnant liquor, temperature, retention time, liquor
productivity, the extent of eventual interstage cooling, the

mode of decomposition - batchwise, continuous or combined -,

are all depencdent on the type of alumina hydrate to be produced,

i.e. floury,interm>2diate or sandy alumina.

The separation of alumina hydrate from the precipitated
slurry, further that of product hydrate from the seed material
can be performed by multistage, generally three stages, classi-
fication or by filtration through vacuum drum and/or disc fil-
ters depending on the physical properties of the alumina pro-
cuced.

To maintain the water equilibrium of the process, excess
water is evaporated from the plant liquor in multiple effect
evaporator sets.

To contrcl the level of various harmful contaminants,
which may build up in the plant liquor due to the cyclic char-
acter of the process, technology is completed in nost alumina
plants with such auxiliary unit operations as carbonate salt
removal, zinc control and oxalate control, as the most fre-

quently used impurity control units.




Services and utilities

In general, oil or coal fired power plants supply the
heat and sometimes a part or the whole of the electric energy
necessary for the process. Several plents have their own lime

burning 2nd water treatment facilities, too.
2.2.2 Sintering process

According to realistic forecasts, the Bayer technology
will further be the dominant method for processing good guality
bauxites of 2 to 7 per cent 5102 content.

BEauxites which can not be economically processed by
the Bayer technology are converted to alumina by the sintering
or the Bayer-sintering combined processes. Commercial scale
alumina plants are operating using one or the other of these
process technologies in several countries, for instance in
USSR, USA, China, etc. Their producticen, however, amounts to
only a few per cents of the world production.

The essence of the sintering process is that ground baux-
ite is mixed with limestone and soda then sintered at a tempe-
rature of 1,000-1,100 OC, while calcium-silicate and sodium-
alurinate are formed.

The technology consists basically of the following opera-

tions:

- production of sodium aluminate at high temperature, above
1,000 °C (sintering)

- dissolution of sodium-aluminate from the sinter product

(leaching with weak soda solution)
- decreasing the Sioz-content of the solution (desilication)

- separating Al(OH), from the solution by introducing CO

3 2

gas (carbonation)

- calcining of Al(OH) ({calcination).

3




The process is illustrated by a block and line diagram
in Fig. 2.3.

The economy of the process seems to be rather moderate if
one compares the main indices of the Bayer and sintering proc-
esses. To produce 1 ton of alumina by the Bayer process 2 to
2.6 tons of bauxite, about 0.3 tons of standard equivalent of

fuel oil and about 300 kWh of power are required, whereas the

same figures for the sintering process, in case of processing

poor quality bauxite, are the following: about 3 tons of baux- i
ite, 2 to 3 tons of limestone anc soda, 1.5 to 2 tons of standard

fuel and about 900 kWh of power. The material flow is much hicgher

than that of the Bayer process (8). The total investment costs

are about double of those of the Bayer process.

2.2.3 Combined Bayer and sintering processes

Two variants of the combined Bayer-sintering processes are

known, the parallel anc the series combined processes (9).

Parallel combined process

The essence of this method is that two different technolo-
gical lines operate parallel, i.e. one is a Bayer line process-
ing high grade bauxite and the other a sintering branch based

on poor quality (of higher SiO, content, and contaminated, e.qg.

with siderite, organics, etc.)zbauxite processing. The aluminate
liquor from both lines will be mixed before precipitation. The
block and line diagram of this process is illustrated in Fig. 2.4.
The proportion of the sintering line, however, may not gen-
erally exceed 10 to 15 per cent of the total alumina production,
otherwise the caustic soda kalance can only be naintained by

carkbonizing pert of the aluminate liquor.
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This process may be profitable if the following pre-

conditions are met:

- availability of sinter grade bauxite either by selective
mining or from separate occurrence, in addition to a larger

Bayer grade bauxite deposit

- production capacity large enough to justify the estab-
lishment of another production line of lower ccpacity and

of different technology

- availability of soda ash cheaper than caustic soda (referred to

NaZO content) for making up the losses of w-t sections.

An advantage of this process is that certain impurities
of the Bayer cycle may be removed in the sintering line. (e.qg.

organic matters)

Series combined process

In this technology the red mud originating from the Bayer
cycle processing high-silica kauxite is further treated in
a sintering line. Rec mud is combined with limestone and soda
ash then the rixture is sintered, then leached to extract
alumina and to recover scdium.

Block and line diagram of the process is shown in Fig. 2.5.
This process 1is especially advantageous for processing bauxites
with low iron content and having Al-minerals mainly as gibbsite.
In this case econony of this process may approach that of the
Bayer method.

Sintering of red muds with high iron content is difficult,
since ferrites of relatively low melting point are formed and,
consequently, the sintering interval will decrease. To avoid
this, attempts are made to perform sintering by charging baux-

ite or raoducing agent to the red mud prior to sintering.
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The caracteristics of wastes from the sintering and com-
bined processes are similar to those of wastes generated in
the Bayer process and raise roughly the same problems, as for

their disposal or utilization.




3. BAUXITE RESIDUE

3.1 FORMATION AND PROPERTIES

3.1.1 Chemical composition

The waste material of the alumina production based on
bauxite processing is formed during the digestion in the Bayer
process and in the sintering-leaching operation when one of
the sintering processes is practised. Both the chemical and
mineralogical compositions of red mud are influenced partly
by the same of the bauxite processed, partly by the refining
technology applied.

In the course of alkaline treetment of bauxite some
76 to 93 per cent of its total alumine is dissclved in the plant
liquor. Silica in the bauxite also readily reacts with sodium
aluminate liguor then precipitates in form of sodium aluminium
silicates of various composition, giving the bulk of the baux-
ite residue. The other main bauxite components, such as iron
and titania also remain enriched in the solid phase, and the
minor impurities of bauxite such as gallium, vanadium,
phosphorus, nickel, chromium, magnesium etc. can alsc be found
in the bauxite residue.

Scdium and calcium are two major components of bauxite
residues usually not found at all in bauxites or only in minor
amounts, and which get to the residue Auring the refining
process, partly as a desilication product from the reaction of
silica with plant liquor, partly as an additive for causticiz-
ing or to act as a catalyst,or as one of the components in
the mixture to be sintered.

The chemical composition of bauxite residue can vary
widely. The range for the major comporents in muds from the

Bayer process can usually be represented as follows:




Per cent
(on dry basis)

Fe203 30-60
A1203 5-20
SiO2 1-20
Na20 1-10
Cao 2-8
TiO2 Trace-10
L.O.I. 7 5-15

Significant differences in the chemical compcsition of
bauxite residue coming from the sintering process can be
experienced, comparecd to the above range, in the percentage !
of Fe203 and Ca0 generally ranging from 19 to 34 per cent
and 21 to 48 per cent respectively.

Most of components found in the bauxite residue cf four

alumina plants are shown in Table 3.1. (92)

3.1.2 Mineralogical composition

The mineralogical composition of bauxite residue plays
a great part in forming the mud characteristics influencing
its behaviour in the process technology and subsequent storage
and/cr reprocessing. The mineralogical composition of bauxite
residues is determined partly by the unchanged phases of baux-
ite, partly by the new phases formed spontaneously or in con-
trolled way during the refining wvrocess (10), (11).

The best example for the spontaneous formation of new
mineral phases is the reaction of silica in bauxite with the
plant liquor in the Bayer process, where,depending on technolo-
gical parameters such as temperature, caustic concentration,
retention time, solids content and quality, as well as quan-

tity of impurities in plant liquor sodium aluminium silicates




Table 3.1
OPTICAL EMISSION SPECTROGRAPHIC ANALYSES
OF MUD SAMPLES (per cent by weight)
Ele- , Raiser Alcoa Point ACI(];(f)grt, Texas mtg?gﬁim
ment B e v (Surinam-Australian-  Creek,Arkansas
African) Arkansas
Al 2-4 5-10 3-6 1.3
B < 0.005 0.005 0.005 0.005
Ba 0.02 0.01 0.01 0.01
Be < 0.0001 < 0.0001 < 0.001 < 0.001
Ca 5-10 3-6 4-6 2040
Co 0.01 < 0.005 0.01 < 0.002
Cu 0.02 < 0.005 G.01 0.002
Cr 0.1 0.05 0.1 0.005
Fe 10-20 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 0.02 0.4 0.2
Na 0.5 1-3 2-4 1.0
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
v 0.1 0.1 0.03 0.01
Zr 0.1 0.2 0.1 0.2




of variable composition (commonly known as DSP desilication

product) are formed according to the following formula:

3(Na20.A1203.25102).Nazx.nﬂzo
2- 2- - - -
where X may be CO3 ' SO4 . Cl , OH , AlO2 ., etc.
Under certain conditions also TiO2 of bauxite reacts with

the plant liquor resulting in sodium titanates of various
composition.

The formation of new mineral phases under controlled
conditions can be well illustrated by the effect of various
additives.

Iron content of most bauxites remain virtually insoluble
in the Bayer plant liquor. It is known that bauxites having a
certain amount of their iron content in the form of goethite,
usually produce red mud of poor settling and filtration char-
acteristics. Red mud handling equipment, settlers, washers
and filters all must be oversized effecting excess investment
and operating costs camared to the hendlinc cof red rud of hematite type
bauxites. In such cases various additives, such as CaO,
sulphates, chlorides etc. may be charged to the digestion
operation. Under controlled conditions goethite will undergo
a phase-transformation into hematite as a result of which
both settling-compaction and filtration characteristics of
bauxite residue will be improved resulting in important savings.

In Table 3.2 characteristic phase transformations during
the Bayer digestion can be seen, and Table 3.3 shows the list

of chemicals and minerals found in red mud.

3.1.3 Specific surface area of red mud

Investigations on the microstructure and morphology of
Loth bauxites and bauxite residues revealed close correlations
of certain characteristics with the technological behaviour of

the residuces.,




CHARACTERISTIC PHASE TRANSFORMATIONS DURING DIGESTION

Reaction products formed
with CaO-addition

Reaction products formed

Bauxite Minerals without additives

Gibbsite, Boehmite, Nordstandite Al(OH)4_ (CA) _
Diaspore Al(OH)4' (CA), Al(OH)4
*
Quartz, Kaolinite, Halloysite NAS" e cas””
Chamosite NAS Fe CAS
Hematite Fe,_ _ Al O (Fe,0, + AL(OH), )
Goethi*e Fe2™® A1¥00H re20> + Al(OH)%-
1-x X 273 4
Ilmenite FeTiO FeTiO3
Anatase, Rutile Na—tiganates Ca'I‘iO3
Calcite, Dolomite Ca~- and Mg- Ca- and Mg-
compounds compounds
Siderite coqz'
l-‘e2+

. . 3-
Crandellite, Apatite Ca3(PO4)2 PO4 ) Ca3(P04)2
Alunite Al(OH)4

so0,°%”
4

Pyrite s2-, SO,
Lithiophorite, Todorokite Mn2t, mntt
— * %

NAS =

Na-Al-silicates

CAS = Ca-Al-silicates

a1qel

3



Table 3.3

CHEMICALS AND MINERALS FOUND IN RED MUD

AlZO%:

Gibbsite Al(OH)3 (A1203.3H20)

Bcehmite A100H (A1203.H20)

Diaspore A1OO0H (A1203.H20)

Alumogoethite Fe(Al1/OOH) with isomorph substitution

Sodium-aluminium silicates (sodalites), NAS
3(Na.,0.Al1..0 .ZSioz)Na X.nH.,O

2 273 2 2
where X may be:
2- 2- - - -
CO3 ' SO4 cl , OH , Alo2

Calcium-aluminium silicates, CAS

Tri-ca.cium aluminate 3CaO.A1203.6H20

Ee203:

Hematit.e a - Fe203
Goethite FeOCH
Maghemite vo- Fe2O3
Pyrite F852
Marcasite Fe82
8102:

Quartz SiO2
Sodalites NAS

Calcium—-aluminium silicates, CAS

Sodium titanate Na20.TiO2

Calcium titanate CaC.TiO2

Sodium-metatitanate NaH TiO3




Nazo:

Sodalites
Sodium titanates

Other sodium salts

MgO:

Magnesium-aluminium silicates
M- sium hydroxide

Other magnesium minerals
Dolomi te

Magnesite

CaO:

Tri-calcium aluminate
Calcium titanate
Phosphorite

Fluorite
Calcium~metavanadate
Calcium aluminium silicate

Apatite

V205:

Calcium-metavanadate

Other vanadium containing minerals

PZOS:

Phosphorite
Apatite

Table 3.3 continued

NAS

MAS
Mg (OH),

CaMg(C03)2

MgCO,

3CaO.A1203.6H20
CaO.TiO2
Ca3(PO4)2

CaF2

Ca(VO3)2
CAS

Cas[(PO F]

43

Ca(Vvo,)

Ca3(PO4)2

CaS[(PO F|

4)3

Other phosphorous containing minerals




Table 3.3 continued

COZ:

Mainly in the form of calcite and dolomite

SO3:

In the form of various minerals
(Alunite, sodalite, pyrite, marcasite)
F:

Mainly in the form of apatite and fluorite

C:

In the form of the various organic substances

L.C.I.:

Crystalline water of minerals decomposed up to 1,100 c.

Thermal decomposition of COZ’ 502 and organic substances.




Porosity of bauxites and red muds, expressed in mz/g as
specific surface area, shows rather definite correlation with
the 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 3.4, (12). It can be
seen from the table that bauxite residues have specific surface
areas similar to their bauxite. The settling tests performed
proved that Jamaican and Brazilian red muds of high surface
area have poor settling characteristics. Lower surface area
like that of Greek mud results in much better settling and
compaction. It can be noticed that high temperature digestion
of Jamaican bauxite with hydrogarnet additive resulted in

lower surface area. The settling and compaction also improved.

Table 3.4

SPECIFIC AREAS OF THREE BAUXITES AND RED MUDS

Sample Specific_surface area
m“/g
BAUXITES
Jamaican 22.8
Brazilian 32.5
Greek 6.4
RED MUDS
Jamaican 250 oC, hydrogarnet addition 22.2
140 °C, 0.5 h digestion 36.0
Brazilian 34.5

Greek 7.3
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3.1.4 Grain-size distribution

The grain-size of bauxite residue from the Bayer process
lies in the range of 1 micron to as much as 2 mm. Most red
muds are of -100 micron, but bauxite residues from the refin-
ing of high quartz containing bauxites may have a sand frac-
tion of plus 100 micron, up to about 30 per cent.

Table 3.5 shows the grain-size distribution of two red muds.

Table 3.5
GRAIN-SIZE DISTRIBUTION OF TWO RED MUDS

Per cent by weight

Mesh size — Micron-size gy .icanmud (14) Alcan, Arvida (13)
+ 10 +1,680 um 0 2.0
+ 20 + 840 um 0.2 5
+ 35 +420 pum - 16.5
+ 50 +290 um 1.0 -
+ 65 +210 um 1.8 24.0
+100 +149 pm 2.6 28.1
+200 + 74 um - 34.9
-200 - 74 pm - 65.1
+325 + 44 um 4.5 -
-325 - 44 um 95.5 -

It is noteworthy that, according to the author (14) out
of the 95.5 per cent minus 44 microns, about 60 per cent lies
between 5 and 44 microns, and some 35 per cent is less than
5 microns in size. This grain-size distribution and the perti-
nent large specific surface area partly explain the tendency
of mud tc retain much water. Another explanation for the high
water content of this mud on the tailing pond is the fact that
some of the clay-size particles are clay-minerals which tend

toward hydration.




Bauxite residues of coarser grain-stri.cture give more
compacted slurries when settling in ponds and after longer
settling period solids of 50 to 60 per cent can be obtained
compared to fine grained residues, especially when they con-
tain iron minerals in form of goethite, resulting in 28 to
40 per cent solids. Red mud from Jamaican bauxites is a char-
acteristic example for the behaviour of fine grained muds.
According to Vogt (15) Jamaican bauxite residue contains a
substantial fraction having particle size in the range of 1
micron diameter, flcnculated with starch to an effective 10
micron diameter range. The slurry of 15 to 20 per cent solids
has very poor settling characteristics and the maximum in situ
consolidation is 28 to 30 per cent sclids.

As for the grain structure of bauxite residues from the

sintering process, the Chinese answer to the format (A13) reports as follows:

@ mm >C.) 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 Volume of the bauxite residue

The amount of bauxite residue formed as a waste stream
from the alumina manufacturing processes varies in wide range
and highly depends on bauxite grade and to some extent on the
process technology. A characteristic figure is the amount of
red mud referred to one ton of calcined alumina. The least
amount of red mud comes when refining Surinam bauxites;
reportedly 0.3 ton/ton of alumina.

Refining of other bauxites produces red mud in the range
of 0.8 to 2.0 ton of red mud 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 various grade and using
different process technologies, one can say that about 1 ton
of bauxite residue must be handled and disposed of for 1 ton
of alumina produced.

Dencity 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, volume of red mud disposed of is much larger,
due to the high water content entrapped in the bauxite residue.
The amount of this entrapped water is highly influenced by the
physico-mineralogical properties of bauxite residue, climatic
conditions as well as the method of disposal.

Fig. 3.1 iliustrates the change of vclume in the functiocn

of the water content for 1 ton of dry mud.
3.1.6 Liquid phase accompanying the bauxite residue

The liquid phase of the bauxite resicue in the digestion process is
the extracting liquor of high caustic and alumira concentra-
tion. This liquid phase also contains a number of impurities
in various concentrations.

The washing of bauxite residue 1in the process
technology is aimed at recovering most of the caustic and
alumina values from the liquid phase. The liquid phase en-
trained by the bauxite residue to be disposed of has virtually
the same components as the plant liquor but in much lower con-
centrations.

The main components of the ligquid phase of bauxite residue

to be disposed of are:

Nazo total 0.6 to 8.0 gpl
Na20 caustic 0.5 to 6.0 gpl
Al,0 0.5 to 3.0 gpl

273
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Depending »n the method of storage an important part of
these values may be recovered.

Other components, such as calcium, magnesium, vanadium !
pliosphorus, sulphides, chlorides etc. are found in max. a few

hundred mgpl concentration in the liquid phase.
3.2 HANDLING OF THE BAUXITE RESIDUE IN THE PROCESS TECHNOLOGY

In the first unit operation of the process technology
bauxite is comminuted to a certain fineness primarily determined
by the hardness of bauxite. Processing of hard diasporic baux-
ites e.g. requires a mrilling product of minus 60 micron in order
tc 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
cften 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 rmulti-
stage flashing -~ especially in case of high-pressure diges-
ticn - grain-size of bauxite resicdue is further diminished,
but it is oy slightly changed during the subsequent operations.

The sclid and liquid phase have to be separated in the
following step. In the case of bauxite resicdnes containing
coarse sand fraction, this latter is first separated from the
ciluted slurry. The removal ancé separate handling of the sand
fraction make possible the trouble-free operation of settl-
ing, washing and filtration of fine mud. This sand fraction
is then mixed 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 more permeable for water.
The main object of the handling of bauxite residue separated

from sodium aluminate liquor is to minimrize caustic and aiumina

losses with the liquid phase. It is performed by washing the




rud with hot water, usually in a counter current washing-
thickening syster of 4 to 7 stages. This system is generally
used when bauxite residue is discharged in form of slurry
with 18 to 28 per cent of solids and disposed of on land by
wet method or in water. In this case a two-way connection can
be developec between the plant and the red mud disposal area.

Most of the liquicd phase ray be returned to the plant and

reused as rake-up water for red mud washing or as other process

water, reducing at the same time both fresh water and rake-up 1
caustic consumption. If bauxite residue 1is 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 or for repulping of filter -ake, if

mud filtration is practised.

Mud filtration is usually practised when bauxite process-
ing results in a small amount of bauxite resicue per 1 ton of
alumina ané mud has good filtrability, which can be some-
what improved by lime addition, or when regulations for caustic
discharge into the water can not be met without filtration.

The remaining caustic in the washed filter cake amounts to

about 0.5 per cent Na,O referred to dry rud weight. Prior to

filtration two to foui washing stages are used cenerally.

whea dry mud dispcsal rethod is used or bauxite resicue
is to be reprocessed, the maximum possible dewatering of
residue is required. In this case, taking into account the
final aim and economical considerations, vacuum oOr pressure
filtration of red mud slurry is indispensable.

The characteristics cf bauxite residuc determining its
behaviour both in technology and on disposal area are basically
determined by the bauxite grade and it can be only slightly
influenced by the process technology. However, significant

improvements have been achieved in the techneclogical behaviour

of some bauxites, otherwise producing red muds of poor settling




and compaction characteristics, by use of various digestion
additives. The result is, amng others, the increase in the amount

and size of hematite crystals in bauxite residue essentially
determining th2 above mentioned properties. The same or similar
improvement in the settling and compaction of the residue on
the waste disposal avea is likely, but has not been proved yet.
In spite of several sophisticated and effective developments

in the process technology, decisive change in the physical
characteristics of bauxite residue, drastically irproving the
situation of mud disposal, is not probatle. Improvement can

be expected from new ecoromically and environmentally viable
disposal methods but the ultimate settling of problem would

be the economical reprocessing of bauxite residue possibly

without waste.




4. DISPOSAL OF BAUXITE RESIDUE

Various methods have been worked out for the economic uti-
lization of bauxite residue, however, no final prac-
tical solution has been found so far. Therefore tailing of
bauxite, red mud is considered nowadays as a useless waste of
the alumina production, and its disposal causes difficult envi-
ronmental problems everywhere. Alumina plants are generally stor-
ing their red mud in impoundment areas, called red mud ponds,
but the storage methods differ from one plant to another and the
majority of them are still considered as environmental offences.

As it has been shown previously in Chapter 3. quantity and
chemical composition of red mud depend on the quality of baux-
ite and the technology adopted. Weight ratio of red mud to alu-
mina is changing accordingly, from the lowest 0.33 t/t value
(Surinam bauxite) to 2.0 t/t in case of Arkansas bauxite. World
average weight ratio is supposed to be about 1 t/t.

Possibilities of red mud disposal can be divided in two

main groups:

- disposal on land, and

- disposal in water

Advantages and disadvantages of both main groups from the
point of view of both economy and environmental protection will
be treated separately in paras 4.2 and 4.3.

In the plauning process of red mud facilities the questions
cf environmental compaéibility is to be considered and ustudied

as per 4.1.
4.1 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, counter-bal-




anced or prevented by considering the correlation and interac-
ticon of processes taking place within the earth, water and air
space. This way of complex thinking should also be adopted with
the alumina production particularly in solving red mud dispos-
ing problem.

The environmental aspects to be considered in the course of
siting an alumina plant had already been dealt with by several
authors and in many ways. Good review is obtained from the attach-
ed check-list prepared by the IPAI Environmental Committee in
1977 for the analysis of the environmental factors and their
interaction.

The check-list shown comparising the main physical, social
and economic elements of the environment can be used as a guide-
line in order to understand the manifold correlation of the
environmental factors, which are to be studied and evaluated in

detail in case of a particular plant location.

CHECK-LIST FOR AN ENVIRONMENTAL COMPATIBILITY SURVEY

1. Physical environment

(a) Present land use

Population density

Natural vegetation

Agricultural crops and their growth season
Livestock

Ground water uses and soil stability

Recreational uses
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Existing industry

(b) Future land use

1 Population growth projections

2 Regional agricultural needs

3 Regional livestock needs
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(c)

B N U R

(d)

Recreational potential
Silvicultural potential

Future industrialization '

Water availability and use

Quantity available

Surface water quality

Ground water quality

Present and future water requirements for
{a) Industry

(b) Residential

(c) Recreational

Relationshin between water quality and vegetation cover

Flood plain location and flood freguency

Receiving stream characteristics and availability of dilu-
tion water

Present and future discharge inventory into river basin

Water quality impacts of present and projected discharges

Climate humidity, temperature rarge, rainfall, seasonal
variations, prevailing wind patterns, wind speed, wind
variability, inversion conditions, sea breeze effects,
valley downwash conditions, ventilatici, potential
Surrounding topography-ground oover, terrain, orographic effects,
channelling effects, surface roughness, effects of water
bodies

Atmospheric dispersion characteristics, terrain character-

istics, typical lapse rates, nocturnal and subsidence in-

versions, wind variability




i
i
t
i
'
¢

(e)

(a)

Ambient air monitoring data available

Air emission inventories for the surrounding area, air qual- !
ity impact predictions for present and projected emissions

for all sources in the area

Fugitive emission air quality impacts, i.e. roads, plough-

ed fields, forest, bulk loading and handling facilities,

mining operations, transportation

Soil permeability conditions

Ground water location and use
Vegetation cover characteristics
Aesthetics of land fills in the area
Proximity to coastal areas

Requirements for top soil segregation

Estuarine water flow and quality
Beach erosion from dock, pier or breakwater construction
Water quality and recreational impacts from construction

runoff, plant runoff, waste water disposal

Social environment

Demography_

Population location

Indirect impact of transportation requirements

(a) People

(b) Raw materials

(c) Products

Impact on population growth in urban and rural areas

Housing needs resulting from plant operation




(b)

(c)

Aesthetics and economics

Impact on property values

Aesthetics of the oplant '
Need for professionals, i.e. medical, legal, governmental,
educational, commercial, etc.

Impact on tax base and public spending requirements

Impact on historical, cultural and archaeological or sacred

Economic environment

Plant impacts on wages and wace rates

Plant impact on cost of living for plant employees and non-
employees

Plant impact on community growth and commercial development
Plant impact on tax base, tax rates and tax reguirements
Plant impact on spin-off development and subsequent sec-

ondary impacts on reaional economy

Construction phase

During the construction phase, specific impact$ may have to
be considered such as: traffic congestion, noise, temporary
workforce requireinents, etc.

DISPOSAL ON LAND

The two most important tasks of construction and operaticn

of red mud cdisposal facilities are

"dewatering" of red mud

preventing pollution of the environment.

For the construction of the disposal oarea the fecllowing

points of view are to be considerecd:

The disposal arce is to be paralled out into cnambers.




Red mud is to be fed intc the chambers by separate feed-
ers of a perinheral pipeline located on the crown of the sur-
rounding dikes in order to facilitate the distribution of red ;
mud slurry and the cyclical filling.
The bottom of the disposal area has always to have a slope
towards a sump located in one corner of the area opposite to
the slurry feed.
Sealing of the disposal area is required if the soil-layers
of the oric¢inal terrain were not impermeable enough.
For decreasing the water associated with red mud in the
disposal area the simplest method is to recycle to the alumina
plant the supernatant liquor from the surface after settling of
red mud in the chamber. This method is used in the majority of
plants as it ameliorates water balance of the plant, decreases
its fresh water requirement and contributes considerably to
diminisn caustic soda (and partly bauxite) consumption. Its
drawback 1s, however, that during the required duration of settl-
ing, red mud is kept constantly under water. Thus natural drying
of red mud starts only after abandonment of ieeding and the volunme
requirement of disposal is high.
Increasing the quantity of return water (recycled water
from the disposal area) as much as possible is important in order
to decrease the necessary capacity of the red mud area and also
to decrease the reguired fresh make-up water demand of the plant,
thus ameliorating the economy of water balance. As a consequence,
capital anad cperation costs of both the disposal area and the
plant can be decreascd significantly.
The relationship between the volume requirement of red
mud and its water content was shown already in Fig. 3.1. illus-
trating the importance of as quick dewatering of red mud as
possible.
The possibility of dewatering red mud depends naturally

on its characteristics and the construction of the disposal

area.




The most problematic case is when red mud has a fine grain-
size (that means normally also pour settling characteristic).
In this case the duration of settling is very long and, con-
sequently, the required disposal area is very large and re-
guires a special construction.

According to Rushing (14), a fine grain-size, e.g. Jamaican
red mud because of its small particle size is similar to a
material of about 3 per cent fine sand, 62 per cent silt and
35 per cent clay, but since few true clay minerals are present,
the red mud will present physical properties of silty fines.
Red mud slurry is moderately thixotropic its apparent viscosity
decreases or its fluidity increases as the cumulative shear rate
increases. This sort of Jamaican red mud can reach a maximum
compaction of about 35 per cent solids if allowed to settle and
compact below a layer of water. If mud slurry is allowed to dry
in air, surface cracking will start at about 28 per cent solids.
1f mué can be spread in thin layers, several centimetres rather
than about half a meter deep, it will dry out in air satis-
factorily, given a location in a net evaporation climate. Once
past a critical moisture -on*tent,, scmewhere in the 60 per cent
swlid range, mud does not redisperse when wetted. However, the
adoption of this sort of disposal area hinges on the existence
of an arid or semiarid climate and the availability of large
areas of land.

There are several practical solutions to decrease water

content of fine grain-size red muds:

- disposal of red mud in thin layers having two practical

realizations:

{(a) disposal of mud in valleys closed across with perme-

able barrages

(b) "shallow DREW" system of Kaiser (15)




- "deep DRF"" system of Kaiser (15), e.g. disposal on sand
bed and constant elimination of water gathered under the

bed
- filtration of the slurry.

All these disposal methods and some specific realization
will be treated under 4.2.3. As a general conclusion red mud
must not be kept under water or in contact with water. Possi-
bility shall be given to its shrinkage and natural drying not
only on the surface, but in the crackings, too. This evapo-
rative drying is normally less expensive, than filtration, but
the latter has its advantages, too, 1n certain cases.

Red mud disposal area may evaporate or collect water, de-
pending on climate and seasons. Seepage from the disposal area
can be not only a source of water loss, but a scurce of contamina-
tion for the environment. Therefore, seepage has to be prevented
in all disposal constructions by an impervious bottom {and dikes)
and by control and collection of seepage if necessary {(sce 4.2.2).

Red mud disposal areas at the same time can secrve as re-
ceiver of other streams from the plant, such as condenser water,
treated sanitary waste effluents, effluents of acid cleaning,
etc. Th's can also ameliorate water balance and decrease caustic

soda losses of the plant.

4.2.1 Selection of suitable site for disposal area

A red mud disposal area suitably built and operated has to
meet the requirements of safety, environmental protection -
tirst of all protection of underground water quality - disposal
capacity and economy. Soil and hydrogeological problems and the
requirement of the technological process of the alumina plant
are to ke taken into consideration. As a conscguence a very close

co-operation of the professionals (technologists, soil investiga-

tors, hydrogeologists, civil engineers, ectc.) is needed.




The suitable site of an alumina plant depends on a lot of
various conditions and viewpoints but it can not be separated
from the siting of the red mud dispcsal area. The optimal solu-
tion is when the disposal area is located in the close vicinity
of the plant thus minimizing the transportation costs of red
mud. However, a protective distance between the plant and the
disposal area is to be taken into account in order to meet the
regulations of tiie environmental control.

For site selection, data of previous investigations, such
as topegraphic, hydrologic, geologic, seismic, meteorologic and
soil investigations, further data about agricultural value of the
selected area and possibility of land use are needed. Regional
development plans and reaulations cf the government and author-
ities have to be taken into consideration. For the time being
in almost every country of the world development plans or drafts
are available for the social and industrial development of var-
ious regions, further on the environmental protection and natural

conservation areas. Water economics plan of the region, availa-

bility of building and construction materials, capacity of con-
tractors and permitted emissions in natural receivers (river,
lake, sea or underground water) are to be well-known to the
designer.

Several alternatives are to be analysed for selection con-
sidering the principles mentioned previously. The final site and
construction of the red mud disposal area is to be selected on
the basis of technical and economical calculations, however, in

accordance with the regulations of thz authorities and of the

customer as well.

When the final site is (or alternative sites are) selected
detailed investigations and calculations are to be done. Maps in
a scale of 1:5,000 to 1:20,000 and with contour lines of 1 to

10 m depending on the type of the region are needed in order to

investigate the detailed tonography of the areas.
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Alr photogrammetric data can be used as well. Detailed soil
tests have to be made to evaluate the nermeabilityv and other
characteristics of the bottom. In case of a mud area of bia can- :
ity a very detailed investigation is needed so as to ensure
thepreparation of a safe but economical plan. The plan has also
to cover all requirements of technolooy and water economics.

Selection between the alternatives is a compiicated work
and reeds close co-operation also among the technical and soci-
ologist experts.

Various authorities take nart in most countries in the de-
cision about regulations fcor the protection of water quality and
cnvironment. Such are the authorities of fishing, revegetation,
natural conservaticn, forestry, agriculture, public health, etc.
Authorities generally require to operate the red mud disposal
system 1in a closed circuit in order to prevent water run-cr:fs
from the disposal area into the living or underground water.

Wells are suggested to he sited around the disposal arca

ror monitoring seepage and accidental contaminations of under-
around water.

The carplying with these reculatians increases the oosts of red
mud disposal. By all means these costs are to be regarded as a
necessary part of the capital! and operation 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 advan-
tages, and disadvantages problers of sealing the disvosal area,
instruments and measuring rethods to Le used durinoe bhoth the
construction and operation period.

During the construction period of the alumina plant, a red
mud disposal areca for storage capacity of 20 to 30 years could

Lo . . . , .
be built, but this would be neither economical nor expedient con-

sidering both significant capital costs and technical points of ‘




view. Therefore, 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 expan-
sion or construction all experiences collected during the first
operation period concerning filling technology, water economy,
building and sealing etc. can be used in order to reach a more

suitable and economical solution.

4.2.2 Types of sealing

Seepage (contaminated water) from the red mud disposal area
first will fill the gaps of soil and then reaching the level of
underground water will move in its flow direction. So a permanent
contamination will originate from the seepage of red mud area.

Soil and hydrogeological investigations have to determine
characteristics and permeability of the soil layers and move-
ment of underground water. On the basis of data of these inves-
tigations and considering the regulation for environmental pro-

tection the required deqree of sealing of the disposal area can

be determined in order to prevent contamination of aquifers,
through which near-by living waters (rivers, lakes, etc.) would
be contaminated as well. During the investigation period monitor-
ing wells are to be located on the selected disposal area and
its environment in order to observe level, flow and quality of
underground water periodically. Data from monitoring wells will
give informations about changes of water quality during the pre-
liminary investigation, construction and operation periods of
the red mud area.

Considerirg various technical buildings,technological and
economical points of view together with local circumstances and
capacity of contractors the suitable type of sealing construc-

tion can he selected from possible alternatives on the basis of

data mentioned beforehand.




The sealing of the red mud disposal area can be constructed

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,

- sealing by slotted wall.

Compaction of the surface layer of the original soil

Experiments proved that permeability of wvarious sort of
clay-layers of 0.5 m thickness after some terrain correction
and compaction work is as follows:

5 cm/sec,

- leaa clay or brown humous mud: 10
- rich or brown huwus clay and rollable yellow mud:

1077 cm/sec.

Tests have to be made with the original soil of the select-
ed 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 minimum) the orig-
inal 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 u. increased and it will be more steady.

Work-phases of the compaction are the following:

- deforestation and eradication, removal of vegetation

- removal of humus
- extirpation of weeds by chemicals

- necessary terrain corrections with addition of clay-layer

where needed
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- compaction of the layer up to a relative compactness of

90 per cent.

Depending on bauxite quality colmation of red mud can be

taken into account, too, when calculating its impermeability.

Construction of a clay-bianket

This solution can be suggested, if

- the original top layers of the selected area are not suit-

able for sealing even by compaction and

- impermeable clay is available in the environment.

According 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 permeability factor of
1077 cm/sec. Consequently the quantity of alkaline contaminated
water seepage would be about 8.6 m3/hectare day. This value is
acceptable if the soluble Na,O-content related to solid dry mud

does not exceed 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 corrections

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

- clay-blanket sealing

The clay-blanket is to be constructed from 3 layers of 20 cm
thickness each both on the bottom and the sides of the disposal

area. Each clay-layer is to be compacted separately. If also ar-

tificial dams or dikes to be sealed will be built on the dis-




posal area, an inside clay-wall of 2 to 3 m thickness is to be
constructed in them carefully connected with the clay-blanket
=i the bottom.

The normal and rich clay is hard to be compacted, therefore,
work has to be done with thoroughness. Deviation from the opntimal
water—-content can be + 5 per cent. During construction work op-
rimal water content of clay is to be taken into account indepen-
dently from weather. Censeguently 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 controlled permanently as well. Because of
these circumstances construction work of a clay-bianket sealina

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-wells surrounding the
disposal area for sinking underground water level. Depression
produced by the wells is able to influence the flow direction of

underground water and contamination will be diluted in the water.

As a conseqguence alkaline contamination will be decreased
because, with the aid of a collector pipeline connected to the
wells contaminated underground water can be pumped from the
wells to supply the alumina plant as part of make-up water for
the so-called alkaline-contaminated recirculation water system.
Data for 'inderground water reserve of the region are to be taken
into account, in lack of this calculations are to be made on
the basis of hydrogeological investigations in order to determine

the available water quantity. In particular cases whole make-up

water requirement of the plant can be met.




Sealing with plastic foil

Red mud disposal is to be sited on carstic limestone area
in several countries. In this case probability of contamination
of underground water reserves and living waters is very high,
as a consequence of the areat permeability of soil. If clay of
acceptable quantity were not available in the region, some other
material is to be taken into consideration. The requirerents as agains<t
the raterial covering the bottom of the disposal area are as fol-

lows:
- alkaline resistance

- suitable mechanical characteristics (elasticity, tensile

strength, stability against change in temperature, ectc.)

- economically acceptable construction

Sealing with plastic foil proved to be a good solution to
meet the requirements mentioned beforehand. Various sorts and
types of plastic and rubber foils are available commercially.
Suitable sort of foils can be selected considering local circum-
stances, chemical and mechanical reguirements. Informative data

about the characteristics of foils are as follows:

- thickness 1.2 to 1.5 mm

- weight 1.5 to 2.0 kg/m?

- tensile strenqgth 70 to 100 kq/cm2

- elongation 250 to 400 per cent
- stability - 30 ©C to + 100 °cC

- water permeability 0.05 to 0.10 lit/m?day




The work phases of sealing are as follows:

- from deforestatioan to the compaction of the original top

layer the same as those of clay-blanket sealing !

- laying of foil, cornection of foil-strips by sticking or

vulcanization

- fixing of foil on the slope of embankments and crown edge
of dikes

- soil covering of 30 to 40 cm thickness as a protective lay-

er of foil.

Before construction foil-strips could be assembled on the
site to units which are easily movable in order to accelerate
and facilitate construction work. Strips of foil are to be cver-
lapped and sticked or vulcanized according to the prescriptions
and specifications of the manufacturer with special materials
and process. Consequently this construction work needs special
knowledge and practice. During the laying of foil care is to be
taken to eliminate sharp-edged stones or rock because foil can
be cut or pierced in consequence of the heavy weight of mud dur-

ing operation period.

Sealing with consolidated mud

According to experience an impermeable sealing layer can be

made also from consolidated red mud of disposal areas no lona-

er in use. For example the Hungarian Public Health Institute in-




vestigated the water permeability or consolidated red mud from
the Magyardévar Alumina Plant. Results of the tests proved vari-
able, permeability factor was 1074 to 10-6 cm/sec. One of the ;
original samples had a permeability factor of 9.107° cm/sec.
After compaction its volume decreased with 10 per cent and the
permeability factor increased to 1.5 . 1078 cm/sec. As a con-
sequence of these experiments consolidated red mud of minimized
water content excavated from disposal areas no longer in use

can be used instead of clay as an economically and technically
suitable construction for sealing of new chambers of the disposal
areas. Construction and compacting of mud iayers are to be done
similarly to that of the clay-blanket sealing. The excavated old

chamber can be used for red mud disposal again.

Bentonite sealing

Bentonite was used already in 1929 as a stabilize: and sus-
pending material for prospect holes. Bentonite is a milling
product more coarser than cement and is used as a dispersion in
water in order to formr a suitable suspension. Its permeability

7 to 1072 cm/sec, that surpasses that of clay.

factor is 10

According to experience bentonite is resistant against al-
kaline, but will become crumbled after drying and its sealing
ability decreases.

This type of sealing can be used where bentonite is avail-
able in the environment of the disposal area and the original
top soil layer mixed with bentonite produces a suitable good
impermeability similar to that of a clay-blanket. Therefore, in
all cases tests and investigations have to be made in order to
determine the suitable mixture ratio for the required imperme-
ability and the technology of the construction work. To prevent
drying of bentonite it 1s suggested to cover the finished lay-

er of bentonite-soil mixture with a protective soil-layer and to

build the sealing construction just before beginning of red mud




filling. The work phases of the construction and compaction of
the mixed sealing layers 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 sandy
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 permeability
with about 7 per cent bitumen and 4 per cent cement as stabiliz-
ers. This work can be done by agricultural engines. Finally com-
paction is needed.

Tests and investigations are to be made before the con-
struction work in order to determine the correct mixture ratio
of the stabilizers and the suitable thickness of the soil layer
to be stabilized.

Sealing by slotted walls

The situation of aguiferous and impermeable layers can be
determined by preliminary investigations about the layer-sec-
tions of the selected disposal area.

If a continuous impermeable clay-layer can be found under
the surface of the selected disposal area in a depth cof maximum
8 to 10 m, the method of sealing by slotted walls can give the
most economic sealing construction. An internal clay-wall is to
be built in the center-line of the dikes, this clay ccre is to

be constructed also under the original terrain surface as a

slotted wall down to the impermeable cl~y-layer and connected
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te it. In this manner the disposal area will be closed and
sealed seepage can neot flow off from the closed area.

In this "arti.icial reservoir" wells can be sited, and alka-
line contaminated recirculation water system of the alumina plant
can be supplied with water so replacing or decreasing the make-
up water demand of the plant. Another advantage is that the per-
manent leakage of the red mud area can be accelerated so as to
promote drying and compaction of red mud and to increase conse-
quently the disposal capacity of the red mud area, too.

Rainfall from the water-collecting area influences the level
of underground water, therefore, this type of sealing is to be

constructed during the last period of a longer dry season.

4,2.3 Methods of disposal on land

The most suitable type of disposal to be used is determined

by the local circumstances. The main types are as foliows:

- disposal area surrounded by dikes
- disposal in a valley with barrage
- stacking of dry red mud after filtration

- disposal in excavation of mines nc longer in use

In case of the first two types red mud is transported as a

slurry from the plant to the disposal area.

Disposal area surrounded by dikes

If no valley or natural basin with a sloping bottom can be
found at economical transporting distance from the alumina plant,
the disposal arca can be sited on the available flat terrain.

In any case a suitab-le artificinl slope of the bottom has to ke provided.
In this case disposal arca is to be surroundec by dikes of 6 to
10 m height. Dimensions of the disposal areca are calculated on

the basis of yearly rod mud cuantity, its moisture content and

the foreseen duration of disposal. According to experiences




the solids content of red mud - because of difficulties 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.

An alumina plant of 900,000 tpy capacity, e.g. - supposing
17:1 red mud to alumina ratio - would require an area of about
350 hectares for a disposal period of 20 years, i.e. about ten
times the area cir the plant itself. This would raise capital
costs considerably.

Therefore, it is suggested to distribute the total planned
disposal area into chambhers and to build only one or several
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 lavers
of say 10 cm, the charbers filled yp can dry out in the air. Dikes
separating the chambers can be constructed from permeable mate-
rial, thus liquor filtered through can be collected on the low-
est point of the area and recycled to the plant.

If red mud contains grains above 60 micron size (sand’' in
a significant quantity, this fraction can be separated by hydro-
cyclones and used to the construction of these intermediate dikes.

Surrounding dikes themselves can be built in more phases.
In the beginning an initial dike of 3 to 4 m height is to be
built with a good impermeable coinstruction. Later on this dike
1s to he heightened up to the necessary or possible height in
more phases following extension of the disposal area (see Fig.4.1).

In order to ensure the stability of the dike and to collect
contaminated scepage, a drainage systzm is to be constructed
inside of the exterded dike. This drainage leads off water
still penetrated through the initial dike thus protecting sta-
bility of the retaining dike built during the extension work on
the external side of the initial dike. This drainage system con-
sists of bhack-blanket and collector drains. Water will be col-

lected on the lowest point of drainage and can be recycled to

the alumina plant.
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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 econ-
omical and technically correct solution and improved water bal-
ance for the alumina plant. Therefore, 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, quantity of rainfall, evaporation ratio and return water
quantity. 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 because of the prevailing wind. Protection can be built
from a stone-pavement or a suitable foil-type can be used. The
external -.de 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 and return water outlet must not disturb each
other.

Red mud can be settled most succesfully in undisturbed,
stagnant water free from any outer influences. The slurry loos-
ing its kinetic energy also looses its ability to carry silt
and so the latter settles down. If there is enough surface area
and given enough time even the finest silt particles will set-
tle, too. 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 increasing the duration of settling using
the cyclical system mentioned above. Clarified water has to nc

pumped back to the alumina plant, so as to ensure the possibility

for mud layer settled under water to dry out in air. This




solution needs more capital cost and a strict discipline in the
technology process, but it is worth realizing it, 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 fa-

vourable ratio cf solid material and water the storage capacity

of the red mud disposal area can be used for a longer (even

double) duration.

I1f the power station of the alumina plant uses coal as
fuel, it is suggested to use that sort of coal, the ash of which
has good hydraulic binding capability. Ash will be delivered
by a hydronechanical system from the power station to the red mud
disposal area and used for dike construction: first relatively
low longitudinal parallel dikes are to be constructed from some
other material then the inter.iediate space is filled with ash
(the so-called "grey mud”) slurry. Transport water is to ke re-
cycled to the power station to be used for slurry transport again.
Grey mud settles and solidifies in a short time (several days)
and so the dike construction can be continued in this way first
ori the top level of the initial dikes then further, until final-
ly, the required height of the dike will be built. This dike
heightening can be built fully from ash, if the required quan-
tity is available. This solution is very 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 arca surrounded by dikes. Vogt (15) cites the deep
DREW system of the Kaiser Aluminium and Chemical Corporation for
land disposal of red mud at its Gramercy plant, Louisiana, USA.
In this system a sand drainagc blanket is i1nstalled beneath the
red mud diswvosal area. Consolidation that can be achieved is
50 wer cent solids and reclamation of impoundment area is fea-
sible. 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 cnumerated under 4.2 arc wmore significant.

.



Disposal in a valley with barrage

If a valley (or valleys) cf suitable capacity can be found )
in the neighbourhood of the alumina plant it is expedient to
use this valley for red mud dispcsal, closing it crosswise by
barrage(s). Other favourable circumstances needed are as fol-

lows:

- natural slope of valley bottom

- possibility of control of surface waterways

- contamination of the water-currents may be prevented

- the height of barrage makes a safe embankment possible

- the barrage is not endangering buildings, human settlements,

etc.

in orde_ 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 tne various layers

- available building material for barrage cor - truction

- seismicity

- climatic conditions

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

- the design has to meet all requlations for the protection

nof water quality.

As regards valley bottom, the required investications are
the same as mentioned in para 4.2.1. Further investigations to
be done depend on the calculated height of the barvage and the
genera. feature of the sections of soil and rock layers. Where
the sections show irreqularitices, an impor'ant task is the de-

termination 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 mate-
rials (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 overburdern. Also terrain correc-
tion 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 cf filling and
cutting in the terrain correction in order to diminish founda-
tion costs and to give building material for the barrage and
dams from the surplus cutting. If alsc clay-layer exist on the
plant area this can be stockpiled separately as sealing material.

During the plant opevation the granules of red mud of mini-
mum 60 micron size can be scparated by hydrocyclones for height-
eningy of the barrage. If the mud is too fine, the barrage as a
whole 1s to be built from stones with covering materials. On
Fig. 4.2 a typical barrage-section built from rock rubhkle can be
seen. On Fig. 4.3 a4 typical barrage-sect:ion 1s shown to LDe used
when loss from seepage is to be minimized. If stone, earth and
rubble originated from mines or from terrain correction of the
alumina plant are available, the barrage can be built with sim-
ilar technolegy as a barrace of a normal natural water reservoir.
This solution is advantayecus especially on areas endangered of
high seismicity when the barrage is to be calculated on the
basis of seismic forces.

Several intermediate filter—-dams (without sealing) are
suggested to be built in a direction of right angles to the lon-
gitudinal cenier-line of the valley so as tc increase the ef-
ficiency of clarificaticn of return water. By this construction
a stagnant back-water will originate uphill before the filter-
dam with a suitable settling surface and red mud can settle on

the terraces formed by the dams.
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Fig. 4.3
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The disposal area is surrounded by the barrage (on the low-
est 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 vallev-sides. A big volume capacity for the
disposal area can be formed without increasing the valley-sides
crosswise, if dikes are built on both longitudinal sides of the
valley following the highest contour-lines, or terrace-like,
using the topouraphic circumstances. As regards construction,
these dikes could be 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 lavers and the upper two-third
from the excavated earth. As a consequence of this construction
the volume canacity of the original valley could be enlarged.

If the original, natural bottom-layers had a suitable imperme-
ability as a natural seaiing, the dikes, of course, may not be
built from this material. Further construction and heightening
of the dikes can be built either from the granules of red mud
of minimum 60 micron size separated by hydrocyclones (if these
fractions are in a sigynificant quantity) or from building mate-
rials, mentioned previously, available from the region.

The barrace built on the lowest part of the disposal area
is to be constructed in all cases from stones and rubble with
sealing layer and it will gather water filtrated and .eaked
through the unsealed intermediate filter-dam.

An example is shown on Fig. 4.4 to 4.8. The western part of
the valley can be filled up to the contourline of 250 m. How-
ever a barrage, built on the upper part of the valley up to the
contourline of 260 m, increases the original natural capacity
wf this part of the valley py about 4.5 million m3.

In the valley of about 5 km length intermediate dams are
built distributing the disposal area into chambers located ter-
race-like and thus the cyclical red mud filling is solved. The

f igures show the main phases of ‘the construction and operation.
-
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A barrace construction was bulit in Salindres, where

170,000 tpy red mud is to be disposed. Stone and rubble were usod a3
building material of the barra«cc and dikes quarried “rom the
top of a rocky hill near the 4disposal area. Ash trom the bower

station mixed with avpsum was used as sealing material of the

(9]
£
o
4]
.
4

barrage. The final -<apacity of the disposal area was cal
for 20 vears. The final height of disposal will be 15 m at the
barrage.

Calculating the dimensions cf the rarrace {and dikes! war-

icous data are to be takenrn intc account as follows:

- red mud production per year

- water balance of c¢ne alumina plant

- transport water in the slurry arriving at the disposal a:ua

- envisaged guantity of return water depending on solid con-
tent of mud, rainfall, evaporation, seepage, adhesive water
of mud, etc.

- npressure of fluid tailing even 1in seismic region, where
also the already consolidated, settled mud can flow acai:n
as a consequence of seismic vibration c¢iving a surplus d: -
namic pressure

- data of soil and hydroceolduical investiagations as ment :on-

ed before.

As a consequence of the permanent hvdrostatic pressurc ti:
body of the barrage would be wetted sooner or later. Thercoforeo,
an auxiliary embankment of suitable mass is to be built at *hwe
outside foot of the barrage or the slope of the barrage-embar.. -
ment is to be moderated. Hydrodynamic forces emerae in conso-
quence of changes in water level, therefore a drainage is to 1o
built on the foundation level and accidentally also in the Loly
of the barrage. Impermeability can hm ensured by a clay core,
protected with drain in its sides, built in the body of the bar-
rage or by sealing layer constructed on the slope of the cmbanx-
ment (front-sealing), sce Fiqg. 4.9. Advantaqges of the inside
sealing are that the clay core is able to follow better the

subsidence of the pvarrage construction and is protected from




Fig 4.9

TYPICAL INHOMOGENEOUS BARRAGE SECTION WITH
CLAY CORE OR FRONT SEALING

DEBRIS AND CLAYEY EARTH HYDRAULICALLY COLMATED
SUPPORTING STONE HEAPS HYDRAULICALLY COLMATED
IMPERMEABLE CLAY CORE

LOAD DISTRIBUTING LAYER

CLAY LAYER OF FRONT SEALING

S R

"—WWW—““““‘“"“ . Y
: o e

! DRAIN PIPE

—_———




TECHNOLOGY OF RED MUD STORA!
BEFORE FILLING

— §——G =5 ~-$-—5 ——G5- -3

k_m 4.

[v2)

1 ALUMINA PLANT

WATER WORKS
RED MUD /STORAGE PCNDS/ BiS°0SAL AREA

S

EMERGENCY POND STORAGE FOR ALKALINE-CONTAMINATED WATER F=TM

— FOR RAIN WATER FRCM THE REC MUD STORAGE , AND

— FOR RETURNWATER ~ROM THE RED MUD STORAGE
5. EMERGENCY POND: STORAGE FOR PURE RAINWATE® FROM ALUMINA PLANT

6. PUMP AND FILTER STATION

SECTION 1 /




GE RED MUD STORAGE
£ FILLING

-—s— slurry transccrting pipe

~-q--—— gravity flow returnwa'er pipe

——r.-— returnwater ‘2ed nine

—-¢c —— circumfererzial pipe for red mud
-—a--- gravily flow cika'ine contaminated

1

[

w

t

w

5* water pipe
;_r@ ——w— gravity flow rainwa'er from the
T

alumina oian”

TAMINATED WATER FROM THE ALUMINA PLANT

‘0 STORAGE, AND
MUD STORAGE
R FROM ALUMINA PLANT

I SECTION

-

/4

By

«

£

(&)




ALUMINA PLANT

WATER WORKS
RED MUD /STORAGE PONDS/ DISPOSAL AREA

EMERGENCY POND STORAGE FOR ALKALINE-CONTAMINATED WATER FRCM THE

W N e

&

— FOR RAIN WATER FROM THE RED MUD STORAGE, AND
— FOR RETURNWATER FROM THE RED MUD STORAGE
5. EMERGENCY POND: STORAGE FOR PURE RAINWATER FROM ALUMINA PLANT

6. PUMP AWD FILTER STATION

SECTIGN 1




RED MUD STORAGE Fig.4M

-

. —s— slurry transporting pipe
b —q — graty flow returnwater pipe
—r— returnwater feed pipe
— ¢ — circumferencial pipe for red mud
——a-— gravity flow alkaline contaminated
C water pipe
——w— gravity flow rainwater from the

alumina plant

JTAMINATED WATER FROM THE ALUMINA PLANT

JD STORAGE , AND
+ MUD STORAGE
"ER FROM ALUMINA PLANT

[ SECTION 2




TECHNOLOGY OF RED MUD STOR#A
BEFORE COMPLETION

Mg, 1M E

ALUMNA PLANT

WATER WORKS
RED MUD /STORAGE PONDS/ DISPOSAL AREA

EMERGENCY POND STORAGE FOR ALKALINE-CONTAMINATED WATER FRC!

s W N -

— FOR RAIN WATER FROM THE RED MUD STORAGE, AND

— FOR RETURNWATER FROM THE RED MUD STORAGE
5. EMERGENCY POND: STORAGE FOF PURE RAINWATER FROM ALUMINA PLAP

6. PUMP AND FILTER STATICN

SECTION 1




RED MUD STORAGE Fig. 4.12
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effects of temperature - changes. The temperature effccts
t

se
damage the front-secalinag heavily, on the other hand ccnstruction

work and repair of the front-secaling is easier.

The high barrages can be built by two main methods: dump-
ing and spreading, respcctively. The advantages ¢f dumping are:
that it is quick and cheawn since the trucks nove on the surfaca
and dump the material sirmoly on the embankment. Disadvantage:
subsidence after settling of the barrage can ameunt considerabl..
An examvle from the technical literacvure: a karrage of 0 m
high was compacted by Keller-vibratcr of § tons and the final
subsidence amounted to 75 cm. This was very harmful for the seal-
ing. The advantages of spreading are: building material will ke
spread out in lavers of 1.0 to 1.5 m by dumpers and dosers. Each
of these layers are to be compactaed serparately by vibration en-
gines and as a consequence of this construction metnocd, the fi-
nal subsidence of the barrage is very small. (e.a. in case of the
Henne-barrage, Ruhr-reqgion <. 58 m heiaght, the subsidence was
only 2 ¢m) Disadvantages: the construction work 1s more expensive
and needs more t’me considering alsc the hydraulical colmation.

In consequence of scme topographic circumstances (on siou-
ing hilly region without valleys) intermediate type of disnosal
construction is used adopting the suitable <lements of the two
introduced disposal methods.

An example is shown on the Figs. 4.70 to 4.12: The selecte]
disposal area has an uniform slope of 6 to 7 per cent southwards.
The impermeability of the original soil is so high that it should
not he cexcavated. The red mud area was distributed into six
wide chambers on three rows of two cach as a first construc-
tion phase of the envisaaged red mud disposal as a whole. One
chamber was ca'culated for a year. The frontal dams of the four
northern chambers are permeable while the dams of the two sou:i.-
ern chambers must be constructed with an impermeable clay core.
[n these outer walls a sand layer with permecable drainaqge pipes

is also incorporated. The outer side dixes are to be sealed,




wnile the center dike is permeable. The slurry,when flowina down
the slope,is able to discharge as much water as possible. This
water will be conducted away from the storage area. The slope

of the chamber ensures that slurry will flow for a long time

o

over a dry surface and the sedimentation of material of areat-
er specific weight will start immediately, while smaller par-
ticles will take a longer time to separate from the water flow-
ing at the bcttom. The volume of water led away by the under-

3round drain can be replaced by the solid matter within the

lccated to facilitate the even distribution of red mud. In this
;2 the crambers can be filled alternately enhanceing the water
discharge and the desiccation of the mud layers. The soliid ma-

terial settles gradually and water flows by aravity towards the
deeper areas. There the submerged drain pipes are replaced bv

filter-dams (i.e. stone-heaps) constructed at the scutheastern
parts of the chambers. From here water will be recirculated in-

to the alumina plant.

Stacking of dry red mud after filtration

The adoption of this method can be necessary in some condi-

tions of the rcgion where the disposal is to be sitea:

- shortage in suitable area

- expensive, restricted land use

- scantiness in weter supply consequently maximum economy re-
quired in water consumption

- horizontal and flat site area

- permeable soil

- especially severe regulation for environmental protection

- disposal area sited in the close neighbourhood of the alu-
mina plant and

- recultivation is required.




The filtered and washed red mud is treated mechanically by
rapid agitation to decrease its viscosity from the oricinal
say 100 Pa.s to sav 10 Pa.s. Then mud is pumped by piston or
diapiragme pumn from the plant to the disposal area gencrally
without transport water. The adhesive moisture is about 40 per
cent, volume weiant of red nud about 1.78 ton/mB. If the trans-
portation distance between the plant and the disposal area ex-
ceeds 1 to 1.5 km, special plasticizers has to be fed to soften
the mud.

The disposal area is to be surrounded by dikes. Building
materials excavated from the disposal area can be used for the
construction cf the initial dikes. The scluble Naj,O-content cof
red mud has to be lower than N3 per ant, therefore, if special
chemicals are fed for the stabilization of mud in the initial
phase, the disposal area need not be scaled. liowever, on carstic
area a sandy clay-layer is to be spread on the bottom. This lay-
er is able to absorbe a vart of the water content of the stabiliz-
ed red mud and a colmated impermeaﬁle laver will be formed Ly the
fine size fraction ot clay-content of red rmud. This layver will
work as a scaling. Dikes can be heightened from stabilized dry
red mud gradually even up to 29% to 30 m.

The advantages of this mothod:

- well-washed-and-filtered "dry" red mud does not contaminate

the environment, consequently no spec:al secaling i3 needed

- adnesive moisture of stabilized red mud can decrease to
30 per cent by drving in air. According to practical expe-
riences this value is the same inside the disposal area

cven in a depth of 7 1o

- rainwater does not infiltrate into the stabilized mud. A
part of rainwatcer evaporatces, another part {lows down with-
out dissolving offect, because »f the high solid contont of

red mud. A surrounding ditch is to be built around the dis-

posal arca in order to lead off rainwater.




- after filling np of the disposal area one can walk on the
mud surface after 2 to 3 weeks and a tractor is ab_e to
move on it after 4 to 5 months. As a consequence, solidified .
mud can be used after certecin time for recultivation and
as building material for dikes of red muu disposal or oth-
er types of embankment constructicns. The excavated disposal

arca can be filled avain 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 in consequence of the lack of transport
water, low volume weight and big height of possible mud

storage.
Disadvantages:

- in normal conditions this method of disposal is by up to
about 30 per cent more expensive than the cost of the "con-
servative”" methcd because of the higher power requirement
(filtration, mud transportation) and cost of special chem-
icals (plasticizers, stabilizers). In case of low filtra-
tion performance it may be even economically prohibitive.
However, in special conditions (e.g. high acquisition cost
of land etc. as mentioned beforehand in the first paragraph
of this chapter) the adoption of this method can be the

most economic one.

Pioneering work on dry rea mud disposal was done by Gebr.
Giulini GmbH, Ludwigshafen FRG.

Other alumina plants operating with dry red mud disnosal
are: Martin Marietta, Virgir Islands and CBA, Brazil.

Dry red mud disposal system is under implementation in the

followinrg plants:

- San Ciprian, Spain
- Titograd. Yugoslavia
- Macyardvar, Hungary

- Alunortc, Brazil




Disposal in excavation of mines no lcnger ir use

Excavated mine areas no longer in use are to be recultivat-
ed. If the alumina plant and/or red mud disposal area can be
sited in the neighbourhood of mines, a possibility emerges, for
the preparation of recultivation as a very economical solution
depending on some conditions; as red mud can be disposed in the
excavations.

The alternatives are as follows:

- stacking and filling with dry red mud transported by pipe-
line directly from the plant. In this case no separate red

mud disposal area is needed

- filling with consolidated red mud transported by trucks or
conveyor belt from the disposal area, from chambers no long-
er in use. The excavated chambers can be used for red mud

filling again.

- sealing of the sides and bottom of the mined area with
consolidated red mud in order to use the excavations as a
disposal area of red mud slurry transported from the plant
by pipeline. If the suitable dewatering c¢f mud and desicca-
tion of this area could not be solved, this alternative can

not be recommended.

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

of this type of red mud disposal if possible.

4.3 DISPOSAL IN WATER

The possibilities of disposal in water can be distributed

into two main groups:

- disposal in rivers and

- marine disposal (in sea or in coastal artificial lagoons)




A cougple 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, water below tne plant render-
ed unusable and firally discharging of red mud had to be aban-
doned as a consequence of disagreement of authorities.

According to experience the disposal in river can not be

suggested at all 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 aranules
of red mud in the permanent flow of the river, so harm-
ing fish, etc.

- the protection of fishing and angling and

- the mud contamination which makes unusable the sand. —rravel

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 thie majority

of the problems associated with land dispcsal, as

- no arable land or industrial territory 1is occupied

- socio-economic impacts on the population are minimal

- recultivation of land is not necessary

- there is no dust formation, consequently air pollution is
eliminated

- seepage of caustic liquors intc aquifers is eliminated,
too,

- the pH of the liquid will be effectively neutralized by the
precipitation of the hydroxide and carbonate ions as magne-

sium hydroxide and carbonate (19, 20).




The 4bove advantages were the motives for some alumina
p.ants to discharce red mud into the sea. Aluminium Pechiney
(near Cassis, France), Aluninium de Gréce and sore Japanese

plants are still using this process, other rlants, e.g. British

s

Aluminium, Por:c Marcghera (Italy) plants abandoned it later
because of the disasrcement of authorities. Red mud slurry of
the Porto Marghera plant was pumped into barges and discharged
thrcugh the bottom into the deep sea.
Aluminium Pechiney (23) was authorized exceptionally in
1967 to discharge red rmud into the Mediterranean Sea in the vi-
cinity of Cassis, near Marscille, in form of slurry. Our team
was acquainted with this system during their fact finding mis-
sion in Aix-en-Provence. The motive of Aluminium Pechiney was
economy. Operation cost of marine disposal amounts only to one
third of that of land disposal. The total red mud quantity pump-
ed into the sea is necarly 1,000,000 tons per vear, coming from
two plants: Gardanne, sited at 34 km and La Barasse, sited at
7 km from the scashore. The end of the pipeline is at -300 m
depth under sea level. Slurry continues its downward flow iito
a submarine trench of 1,700 m depth. The pipeline of @ 100 mm
is elevated successively at 206, 300 and 400 m high hills, when
coming from Gardanne. In the last descendinag part cf the pipe-
line vacuum is formed wnich contributed to the corrosion of the
pipe in the beainning. Later on a diaphragm was installed on
the lowcst »art of the pinmeline and as the pipe was always fill-
ed up vith slurry, nc corrosion occurred. The part submeraing
into the seca is insulated electrically from the rest and provid-
ed with cathodic protection. The slurry entering the sea forms
flocks of 2 cm diameter and its caustic soda content is necutral-
ized due to the macgnesium chlioride content of sea water. The
pH-value of sea water does not change at 1 m distance from the
. slurry flow aiready. Although there is a beach in the vicinity
of pipeline at Cassis, no complains as regards contamination has

been announced yet. Captain Cousteau took part in the engineer-




ing work and agreed originally but later had reservations. Pechi-
ney admits that also other scientists keep to their reservations
as regards marine disposal of red mud.

Aluminium de Gréce, St. Nicolas plant is discharuing
525,000 tons per year red mud in the Corinthian Gulf. Relevant
technical data were at the disposal of the team. The scluble
Na20 content is 0.2 per cent and insoluble NazO content 4.0 per
cent. Slurry discharged is 131.2 m3/h with 500 apl solids con-
tent. It is pumped through a pipeline of @ 200 mm in.LO the sea
to 2,500 m distance from the shore in the Bay <f Astra Spitia.
The pipeline has been operating for ten years without breakdown.
The average :lope of the sea bottom is about 5 per cent. At abocut
- 300 m depth there is a long trench of 2.5 to 3 km2 surface,
the deepest point of which is at - 800 m. The slurry is pumpad
along the 120 m high coastal line to the - 100 m depth of the
sea. From this point slurry flows freely into the trench. Two
pipelines were laid in the sea but only one has been in opera-
tion since 1971. Slurry exempt of sand is collected in a stirred
tank before pumoing. The submarine trench and the point of out-
flow a. 2 monitored periodically from helicopnters. No special
effect of the waves or submarinal flows have been noticed. Fish-
ing is going on undisturbed in the bay for che time being.

Some alumina plants in Japan are discharging red mud into
the sea at a dumping area designated by the government (18). In
the slurry, the approximate volume ratio of red mud and water
is 1:4. Slurry is poured into the sea at the depth of about
30 m below the sea surface with flexible hose from the disposal
ship coastructed for this new technique. According to the crew
of the ship, yeliowish coloration of the sea water due to red
mud particles in suspension is seldom observable from the ship
bridge, except i, winter under a high wind or a gale.

A. Yositada Takenouti, Hiroo Natsume and Tatsuo “Miyata cars
ried cut laboratory and field investigations in connections with
this method on the sinking and diffusions of discharged red mud
in oceanic water (18). Tne conclusions of their investicgations

wnre as follows:
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- the slurry mixed from red mué and water in a ratio of 1:4,

discharged into the sea through a flexible hose, flows
downward with a sharp and clear boundary with the surround-
ing water, and a pycrocline does not exercise any decisive

effect on the downward flow of this water with red mud,

- turbulent mixiny at the boundary of the downward stream is
very weak in spite of a large velocity aradient, and only
a small amount of red mud particles is released from the

boundary,

- the red mud particles which are brought into suspension irom
the boundary are dispersed by turbulent difiusion, but the
concentration of the particles is small during the discharge
even very close to the boundary. The particles also precip-
itate and consequently disappvear from the layer above and

in the pycnocline.

Biological effects of marine disposal of red mud

Red mud where flows and settles on the sea-bottom kills, cf
course, the stationary species of the fauna and as a mud-like,
s:range material generally can not be a part of the natural sea-
bottom, first of all on rocky sea-bed. Concarning investigations
in connection with other biological effects some results are
introduced:

Hartung (22) cites Bourcier and Zibrowius who studied ef-
fects of red mud discharge on the biota or the sea at Cassis.
Red mud containing 28 per cent solids and 3 gpl soda was dis-
charqged, as mentioned beforehand, at a depth of =300 m and
follows a submarine canyon contour down to -1,800 m. The cen-
tral arca of deposition along the axis of the canyon shows sedi-
mentary instability and, therefore, contains no meiofauna, but
the density of the meiobenthos, outside the zone of active de~
position, is normal, even though several centimeters of red

mud may overlay the natural sediments. The benthic fauna had not




red mud discharge. Many species were found feeding 1in and upon
the red mud deposits without detriment. Fish behavirng normally
were observed in the vicinity of the discharge nipe. Inverte-
srates, however, were smothered along the center—-line of the

canvon. The authors believe that the reproductive effort of com-

mercially important species of fish were not adversely affected
the red mud discharge and so the disposal in the submarine
canvon represented an acceptable alternative to land disposal. §

Hartung cites Vitiello and Vivies, too, wiio demonstratad
_hickness of red mud in the canyon could support viable popula-
rions of meiobenthcs. The data provide no evidence of a toxic
cffect.

No effect on fisheries were noted durinag a discharge ooricd
from 1966 to 1972 in the Bristol Channel when red mud was pump-
=3 from a special vessel. rlackman and Wilson are cited renort-
ing on studies with settled and suspended rod mud similar to
trat discharged into the Bristol Channel. Bivalves and solces
(Solea su.) were not affected by 50 to 100 mg red mud per cime .
Mussels absorkbed red mud into the digestive tiract and were heavi-

iy covered externally but cleaned themselves in clear water af-

-
i
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ror two davs. However, hour cxposure of the armed bullhead
{(Adqonus cataphractus) to the same type of red muvd produced a
mortality of 20 per cont. German red nuds were even more toxic
and prodiced 100 per cent mertalitiy after 72 hours at 33 apl,
nC per cent at 10 cpl and O per cent at 3.3 gpl. Releaso of
15,000 tons red mud rear to [lelgoland did not affect sianificant-
1y the meiofauna af thc seca bottom.

In "¢ studies reported by bethlefsen, however, red mud
discharged at 100 to 400 m away from caqged cod, 58.8 ver cent
of cods suspended 4 m and 13.6 per cent 10 m above the bottom
hod died after 5 days exposure. Other experiments renorted that
the metabolic rate of shrimp was depressed after 17 hour cxposure

to 10 gpl red mud.




Others demonstrated mertalities in herrinc embryos at a con-

centration as low

as 1 ml red mud per liter. Kaiser evaluatias

the effect of German red mud on cultures of alcae noticed that

continuocus additions

can lead to extinction of algal cultures.

Conclusions as recards marine disposal

The implementaticn of marine disposal rmust, of course, be

done cnly after exhaustive studies of tr2> local circumstances

in order tc find

teeing the success of the project.

+he best solution

te the specific site, suaran-

Marine disposal can be done only in deep and well-bounded

submarine trenches oOr canyons.

Red mud must be dischargyed thrcush

pipelines conducted from the seashore or through flexible hoses

or telescopnic pipes from special ship in a suitable depth beneatn

the water surface and in a suitable distance from the scashore

where the effect of waves and natural streams of the sea can be

eliminated in order to avoid the scatterinc of red mud. Sea water

as transport water of tha slurry io suggested because the densicy

difference between the fresh water and sea water makes difficul®

for the slurry to penctrate tiie sea water well and, therefore,

it spreads out on a laraer area.

Our team aqrees

with V.G.

Hill (20) in all main points

of view concerning marine disposal such as

- direct marine disposal of red mud must not be permitted

- there are wwo basic alternatives in the scarch of new tech-

nology: the developrent of the necessary technology for the

treatment of mud from nresent Baver plants, and the modification

of the present Bayer technnlogy so that piants turn out a

different type of mud than they do now

- the possible effects of marine disposal must mect the re-

quirements concerning the aquatic life of the sea, partic-

ularly fish,

tourism,

asthetics of the environment and pub-

lic opinion and the requlations of the authorities, respec-

tively. Suomarine areas used for high-sea fishing and where

fish spawn,

must not

be

usad

at all.




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

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

- the discharged liquid must completely ke rixed with seawater

- all instalilations must meet standards for marine construc-
tions, for the protection of pipeline and ancillary instal-
lations both on land and at sea

- continuing arrangements for monitoring of the installations
for corrosion, leaks, equipment failures and changes in
marine life in the vicinity of the installation. The monitor-
ing must not only include instrumental observation hut also

regular observations by divers.

The method of the coastline red mud disposal in artificial

lagoons can offer good possibilities having some advantages com-

paring with botlh land ard marine disposal. The occupied area

does not decrease the land territory, even after filling the dis-
posal area it can be recultivated if it is properly executed. On

the other hand some disadvantages and difficulties of the "real”

marine disposal can be prevented.

This disposal method (20) incorporates tine separation of
the mud solids in artificial coastal lagoons, so that they dc
not enter the sea. the dive of the lagom is scmevhat permeatle to permit
the cquilibration of water level with side and further, the
stone used to construct 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, Aust>walia (2C, 21) tnis metnad
was elaborated on the basis 0f some exwveriences collected duri::
the first operation period. Thickened red mua¢ slurry Irom the
nlant is pumped to the artificial lacoons usina seawater as tho

transporting medium, theoretically in sufficient guantity In

order toc precipitate the caustic soda in the slurry as naasnesiianm

hydroxide in the ponds. In nractice this was nct always achisven
and on occasions excess caustic remained in the sunernatant 11i¢-
ucr and reacted with the seawater at the discharce roirnt, “hisin:
some fish-kills and harmful stress to mangroves and other sort of
vegetation. This problem was alleviated by the constcruction o7
a security pond between the red mud ponds and the sea in whicnh
the superratant liguor could be neutralized by pumpinae In addi-
tional seawater.

Th. sea arcund the discharge point cof the liguecr was care-
fully monitored by establishing biolorical sampline lincs before

operation started. This showed, that initially nollution was

o}

unacceptably widespread. The cone ruction of the security pond,
howover, and the neutralization of discharased liguocr to less
than a pH of 9.3 by the addition @f c¢xcess seawater stopbped tae
pollution and the marine area affected was rapidly recoverin:.
This example demonstrates the nced for adequate desian in
the marine disposal of red mud.
In Porto Vesme, Italy red mud is filtered, then neutraliz-

ed with seawater. The slurry containing about 40 per cent solids

is pumped to a colmation basin where drying out occurs by evanor:

tion.

4.4 RECULTIVATION OF RED MUD DISPOSAL AREAS

The industrial developmeat is occupying coultivared
and natural veqetation areas from nature and agriculturec ever
again. In case of an alumina plant the situation is esnecially
disadvantageous. The extent of red mud disposal area grows per-

merant 1y related to the plant area and after an operation of 10




~7 20 vears the area occupied v red mud will be five to ten-

f»1d larver than that of the plant. Furthermore an extension in
al.mina production means on.y relatively smaller extension in
viant area; <n the contrary the necessary extension of the dis-
posal area is abont in direct ratio to that of the alumina pro-
Zaction.

According t» the commen knowledge, recultivation of red
mud disnosal is insolvable because red mud of mcst disposal
areas nc loncer in use i: not able to solidify and, therefore,
on¢ can not work on its surface, especially with mechanized
avricultural tecoinc.2qgy. However, the situation is only the con-
sequernrice of the bad construction and the lack of the suitable
disposal tecihrolcgy of the red mud arca in the case of most alu-
mina plants, because the original effort was only to construct
a simple and cheap red mul disvosal.

In this Study conceptions were expounded how to construct
various disposal arcas considerina local conditions, bauxite
and red mud guality, alumina tecnnology process, environmental
protectinon and last but not least requirements and possibilities
fcr recultivation. Dewatering of red mud area is the most im-
portant 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 preliminarv work of revegetation (e.g.
spreading out of humus layer) are made possible.

A much more difficult problem is the recultivation of tle
present disposal areas which are already filled arnd are no long-
er in use. Sevyeral experiments were made and some vegetation
programmes arc in progress. Results are already used in practice
as well especially in Australia. As a consequence of these ex-
periences complex engineering work could be made for the con-
struction of red mud disposal considering efficiency, economy,
transportation, disposal, water recycling, revegetation, recul-

tivation .and first of all ecology.




xevegetation of red mud disnosal area without mechaniza-
tion and application of fertile scil and fertilizers respective-
ly is a problem not easy tc solve because of several limiting
factors affecting »nlant growth on red mud, such as high pH val-
ues, veryv high sodium chloride content and complete absence of
nutrients in this bioclogically sterile material. In the follow-
ings several interesting experiments and results are reviewed.
The conclusion is in all cases that some nutritive raterial
is necessary by all means to promete plant ¢rowth.

Dr. D. Feher, dr. [. VAigi and the US Bureau of Mines (ver-
bal communication) dealt with the problem of «<rowirg plants on
infertile areas. First of all lequmes (Leguminosae-species) able
to absorbe free nitrogen from air were taken into consideration.
Salty, acid and basic soils and slurries were used in the experi-
ments. Nitrogen is needed for life of all plants Lut almost all
sort of slurry is poor is nitrogen or free from it. The Indian
rice—grass (Oryzops hymencids) proved to be the most successful plant Tor absork-
ing nitrogen. This agrass-species fixes nitrogen in the husk of
its root. The explorers found out méterials and worked out a
process to stimulate the germination of the seed on the surface
of tailings despite of the natural inhibition. The growth of
this rice-grass species promoted the growing of other species
on the same area.

D. Hinz and dr. H.P. Doetling (16) began experimentation
in Gove, Australia first with pot and container trials to eval-
uate the behaviour of tropical pastures and native plant spec-
ies. Direct sowing or planting into unleached red mud, excavat-
ed from the top-layers of the disposal area were not successful.
On che contrary with a lateritic soil ccver of 3 to 7 cm thick
on the red mud, germination and survival of species under tost
improved. The roots of tolerant species penetrated the red mud.
On the bhasis of pot trials, field trials were initiated, estab-
lished directly on a red mud disposal area. Red mud surface was

top dressed up to 10 cm deep with the same lateritic soil as




used in the pot :rials. Rates of fertilizing were also the same

o]

s before. Plants live without irrigation and their growth

—t

a:i to rely on natural rainfall. Various plants species were
tvsted step by step. As a first phase grass-species (Graminaceag)
were grown successfully. The Chloris gayana and Sporobulus vir-
ginicus penetrated the red mud with roots into a denth of 10

ts 20 cm. Lequme-species, such as Stylosanthes humilis, Doli-
~hos labla and Calapsgonium mucuniodes were also well establish-
=d. Native tree-species, such as Acacia leptocarpa, Acacia hnlc-
scricea and Eucalyptus alba survived the dry season of 5 months
ard were outstan .ng with arowth increase of 30 to 40 cm durina

ono year. In the second phase a combination of ¢grass-and lequme-

e

species were established together with Acacia leptocarpa seeds
to promote alsc the early tree arowth. Fortunately it was chserw-
<G that the growth of this grass-legume and Acaclia-tree combina-
ion 1s more viacorous than that of each specles on its own. Dry
matter yield of the harvest was almost twice so much :17ter one
ycar than of that without combination. As a result «f further
experimentation through selecticn, elimination and combilnation
trials, a red mud area of 30 hectares no lonaer in use was plant -
ed in 1978 with stabile and maintenance free vzgetation combin-
od from various native and introduced grass-leaume and trece-
sprcies. All these species are tolerant to the hich salt and
alkaline soil content and able to ameliorate the soil and devel-
op into natural bushland within the necar future. (16, 17)

Very successful experimental cultivation of different ve-
getables (i.e¢. cabbages, zucchin. and narrows) and a variety
cf cereal crops have been established on rehabilitated mud lake
in the Kwinana ajumina Plant by Alcoa of Austraiia. Red mud dis-
posed of had a mud fractio., of appr. 70 per cent 325 mesh size
and a send fraction of appr. 95 per cent 80 mesh size. Red mud
was disposed of on a sealed mud lake and the concentration of

Pl

lake water averaged 12 gpl of soda as Nazcoj in the liquor phase.




While dumping the red mud the sand settled at the feeding
points and the mud flew to the centre of the lake. The super-
natant liquor was recycled in%o the process. The red mud settled
to arpr. 60 per cent solids by weight.

After the disposal had been completed, red mud was allowed
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 rehabilitation
procedures could be commenced.

The techniques developed and experienced by Alcoa of Aust-

ralia for rehabilitation are (2%, 28):

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

entire surface area.

- A surface drainage system has to be installed to assist in

leaching of salts from the stvrface layer.

- Where good quality topsoil is present on residue disposal
sites it has to be removed prior to pond construction, stock-

piled and used as a topdressing.

- Ripping to a depth of 0.5 m has to be carried out in rows at
one to two metre centres using bulldozer. This will also as-

sist in the leaching of surface salts.

- Organic matter in the form of sawdust, fowl manure or sew-
age 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

l be applied as needed.

- After two years the vegetation has to be converted to legume

pasture using medics subterranean clover.

- Fasture has to be managed by the grazing to 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 fertilizers,
while Rhodes, Siratro and green couch (Agropyron-species) seed
were used to grass the area. Trial planting of trees is now tak-
ing place.

The Hungarian University for Horticulture has heen cealing with re-
cultivation prol:lems since 1972. Native brome grass (Bramus species) and several
tree-species such as tamarisk, oak and Elzagnus anqgustifolia
were tested. The result of experimentation was successful enough.
The most interesting experience was connected with behaviour cof
the oak tree planted with container. The mortality rate of the
saplings was very high (about 80 per cent) but the survivors
Fegan to grow after 4 years quite so vigorously as other sapl-
ings living in normal circumstances, obviously with the aid of
the typical long tap-root and deep radication.

Irundation of the disposal surface by fecal sewage sludge
proved to be a good idea to promote plant growing. Disposal area
of passable surface could be covered with a humus-layer for
planting vegetation. According to a Swiss licence a much more
cheaper process called Verdyol-Hydrosa can be made without humus-

layer when a mixture from grass and legume seeds, nutritive ma-




terials and stimulators will be spread out on the original dis-
posal surface by water-gun. Seeds are able to germinate in the
ameliorated circumstances and so the first phase of vegetation
can be established preventing dust formation from the dried
surface of red mud. Another advantage of this system that is
usable also for revegetation of unpassable disposal areas

successfully.




5. UTILIZATION OF BAUXITE RESIDUE

Red mud constitutes the major environmental problem of
the alumina preocducticn. 1t can, however, be considered a
complex secondary raw material at the same time as it contains

valuakle components (e.g. Fe_ O A120 Na,O, V 05, TiO

ik rare
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earth elements etc. (31).

Researchers have been concerned themselves for a long
time with the idea of utilizing red mud. Industrially estab-
lished processes, hcwever, can not be referred to, because
the high moisture content (40 to 50 per cent) of red mud
renders pyrometallurgic processing difficult, and separation
of iron from aluminium brings about problems with the hycdro-
metallurgic method. The thyxotropic feature and extremely
fine grain size of the rud and the interwoven state of individual
mineral phases are also disadvantageous.

Several processes have been estabhlished for processing
red mud, no practical realization, however, could be found
so far. Most of the processes consiaer only the standpoints
cof the aluminium i1ndustry and only recently elaborated methods
concern several industry branches.

From the pcint of view of red mud utilization the proc-

esses can be grouped as follows:

- Processes utilizing red mud completely
- Processes utilizing certain coistituents of red mud
- Processes utilizing red mud as an alumina plant end

product.

(@]
—

COMPLEX UTILIZATION OF BAUXITE RESIDUE

Two «roups can be formed:

- red mud processing by complex methods,

= processcs apnlyina red mud as an additive.
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5.1.1 Complex methods for processing red rud

Smelting of red mud

Red mud smelting has been attempted in low-shaft furnace,
blast furnace and electric furnace in the course cf 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 recduced aleng with the iron
thus a special quality pig iron ("VANTIT" of vanadiur and
titanium content) could be produced (32 to 36). Smelting of
red mud, however, is not an ecornunic process. Red mud can be
considered only as a low-iron (10 tc 40 per cent) c¢re result-
ing in low yielé and high specific'emnry {coke) consumpticn.
The NazO—content (3 to 10 per cent) of red mudé is similarly
unfavourable causing operating troubles, i.e. corrosion and

guick wear of lining of the blast furnace.

Technologies ;roducing self-desintegrating Ca-aluminate slag,

nolten iron and cement

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

mina and cement from red mud was worked out in the Soviet Union.

According to one method red mud is reduced at 1,000 °c

in a rotary kiln and then melted at 1,450 °c in anothe s one.
In order to produce self-desintegrating slay, sufficient
amount of lime(steone) is added in the ccourse of preparing the
charge. Alumina is leached from the slag by sodium carbonate
solution, then carbonated to precipitate and the residue is
used for cement production (see Fig. 5.1) (37).

Disadvantage of the process is that part of the iron has

to be separated macretically from the slaqg.
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According to the other method onliy reduction of red mud
is performed in rotary kiln, smelting takes place in electric
furnace. Preparation of the charge 1s done sirilarly as cut-
lined above. The products are the same as with the previcus proc-
ess (38), but magnetic separation of the products is not
necessary. In both cases if the slag is cooled slowly (at a
rate of 4 to 6 OC/min) it will become self-desintegrating in
consequence of the phase transformation of Q-ZCaO.SiO2 into
y-2CaO.SiO2 of higher specific volume, thus the expensive
crushing can be left out of the procedures and the material
can be leached directly.

Only muds containing little or moderate amount (less than
8 per cent) of Na20 can be processed safely by this processes.
Namely the slag will become self-desintegrating 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) (39). Na20 is incorporated nareily

in the crystal lattice of 3-2Ca0.Si0O, and stabilizing the same,

it prevents the phase transformationzwhich would give rise to
self-desintegration.

The above methods render possible the recovery of 95 per
cent of the Fe_ O.,-content and 70 per cent of the Al
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of red mud without leaving any residue. Here, too, the so-

03—content

called grey mud is used for the production of cement.
According to verbal communication of Soviet experts
both processes arc 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 cemcnt in senarate

plants individually.




The processing of high (more than 10 per cent) §320 con-—

taining red muds is rendered possible by a Hungarian process

combining the Soviet methods with causticization i.e. the
preventive recovery of the NaZO-content of red mud. This method
proved on a semi-plant scale. By this way 70 per cent of the
Na20-content may be recovered in the alumina plant in form of

sodium aluminate solution (see Figs. 5.2 and 5.3) (40).

Production of i-on lumps, alumina and cement from red mud

Modified series combined process

This process already proved in full plant scale operation
was elaborated in Hungary. According to the process red mud
is treated in rotary kiln by the Krunp-Renn method in presence
of a reducing agent and lime. Iron lumns agglomerate to
1 to 5 mm size in the viscous non molten slag at 1,300 OC.
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 °c. The Al,O0, and

3
Na.O-content are leached out from the sinter at a yield of

852per cent. The iron recovery realized in the pellets comes
to 84 per cent (see Fig. 5.4 and 5.5). (41, 42)

Disadvantage of the process lies in the high (about 1 per
cent) sulfur and phosphorus content of the iron lumns, the
two-stage heat treatment and high investment oosts due mainly to
magnetic separators. Thus the economy of process is only

marginal at present high energy prices.

The recovery of iron, alumina and rare earths from red mud

and the production of fertilizers

This method was worked out in Yugoslavia for the utiliza-

tion of red mud by melting it in electric furnace to gain iron
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Fig. 5.4

MODIFIED SERIES COMBINED PROCESS
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Fig.5.5

MOCIFIED SERIES COMBINED PROCESS
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and siag. Iron containing also V and Ti is of "VANTIT" grade.
The slag is treated with HZSO4, then filtered. "PELOFQOS"
arade fertilizer can be obtained from the solid rec<idue,
whereas Ti, Z2r, Th, U, La, Sc, Y, etc. can ke obtained from

the solution Ly extraction with kerosan (see Fig. 5.6), (43).

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 cf

other iron ores processed in the Krupp-Renn kilns in Gerrany
and Polard {44 to 46).

When red mud was added to the charge of the blast furnace,

it was experienced that specific consumption figures worsened.
Nevertheless, there are also advantages of the additicn of

rod mud. If red mud filtered at 25 to 35 per cent of moisture
content by press—-filter is mixed with fines cf ores, the

capacity of the sintering belts can be increased (47 =o 49).

Utilization of red mud for cement production

Cement - depending on its grade - contains higher or

lower amounts of Fe203. In the conventional cement production

the necessary amount of Fe is charged by the addition of

293
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 (27) filters red mud at 30 per cent of mois-
ture content and uses this material for the cement production
at a rate of 30 to 45 kg red mud per ton of cement. Red mud

filtration cost (4 $/t alumina) is more favourable than that

calculated for disposing red mud intc the seca.




Fig. 5.6

PRODLCTION OF MOLTEN IRON (STEEL)
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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 probklem :
occurred with the application of red mud and a portland cerent
of grade 500 and aluminate module 1 could be obtained. Owing
tc higher proportion of the molten phase of the mixture ¢grind-
ability 1is rather poor and tendency to formation of incrustations in
the kiln is high. In spite of all there is no set back of such
kind of utilization of red mud (31}.

The situation is more favourable if red mud obtained by

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

203 and Nazo
than Bayer mud, thus could be used in larger proportion for

dustry. This contains far more Ca0 and less Fe

the cement industry. For the production of 1 ton cement D0 oo
500 kg mud of the sinter process may be charced as compar<d
to some percentage of Baver-mud.

The raw material may be reduced by 18 per cent if the red
mud from the sinter process is used, thus oil consunp-ion can
be reduced by 10 per cent and as a final result tie cost of
cement production is less by 15 per cent than that of the
conventicnal one. Addition of red mud does not reguire other
technological equipment than used in the cement factories. This
incduced China to expand the capacity of a cement factory from
600,000 tpy to 1,100,000 tpy on the basis of usinc¢ red mud as
additive (50).

Red mud may alsc be suitable to produce swelling cement.

Mixing red mud and flue dust, granulating and heat-treating
. . : . - , 2
the mixture in rotating kiln, high-strength (450 kp/cm™) swell-

ing cement can be produced (51).

4 . .
Application of red mud as building and construction material

The technique of manufacturing bricks fror red mud was

vorked out first in che Federal German kepublic. The metihod




has been adopted for several years in a brick factory. The
strength of the bricks is reported to surpass that of the
Ericks made of the conventional raw material, thus it can be
used also to construct high buildings (26). Transpcrtation of
red mud, however, caused some problems. Tauber and collabora-
tors (52) also produced good gquality bricks by mixing red mud
and clay slate and baking the same.

Red mud can also be used for the production of light build-

ing construction material and heat insulating material (54).

Utilization of red mud for soil amelioration and road building

purposes

Red mud can alsc be used for the amelioration of the ara-
ble soi1l. Though the tests were successful the transportation
costs of red mud, rowever, do not render this kind of applica-
tion (31) possible.

Red mud could be well utilized as filling material at the

road construction operations (24,56) and the nroduction of bituminous

pastes. VAW (GFR) co-operating with the Building Material
Research Institute constructed 30,000 m2 of such experimental
road till 1972 (24, 55).

Utilization of red mud for other purposes

Gas purifying paste, known as Lux-paste, had also been
made of red mud (57, 58).

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 (26).

After acid treatment red mud can be used as filler in the

rubber industry (59).




Pigments can be procuced by treating high titania red
muds and successful research work is in progress on the pro-
duction of adsorbents, absorbents, catalysts, etc. by the use

of red mud (54).

W

.2  EXTRACTION OF CERTAIN MINERAL VALUES FROM BAUXITE RESIDUES

5.2.1 Recovery of the iron content of red rmud by physical

beneficiation

The recovery of the Fe203—content of red mud by magnetic

scparaticn is not a promising method. The capability for dress-

ing is namely basically determined by the textural feature of
the material. As some phases of the red mud are fairly inter-
woven {(see Fig. 5.7) they are hardly separable from each cther.
“he high field strength wet magnetic separators bic better nros-
pects (60).

Processes are also known for the exclusive recovery of

1ron from the mud in the form of magnetic iron oxicde or sponge

iron (59, 61, to 63). Industrial realization of the process,
aowever, 1s not known yet.

Some resecarchers nroduce molten iron suitable for steel
uvroduction from the red mud without utilizing the slag (see
Fig. 5.3), (2A, 64, K5).

5.2.2 Process utilizing the Nazo- (and A1203)~content of red

mud

The most common method enabling the recovery of 70 per

cent of the Na2o—content of red mud is the so-called "mud
causticization" converting Na-Al-hydrosilicate content of the
mud into Ca-Al-hydrosilicate by stirring the slurry and adding

3 mols of Cad per mol cof Na,O at 90 OC,meanwhilc NaOH is

2

released. The weak solution of about 30 gpl Nazo concentration
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can be recycled to the process liquor of the alumina plant
(66, 67).

A number of Soviet investigators dealt with the recovery
of Nazo- and Al,0,-content of red mud by means of aluminate
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liquor and caustic soda sclutions (68).

According to the method known as Bayer hydrochemical proc-

ess Nazo- and A1203-c0ntent ¢f 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 an iron ore. Problems
arise, however, with the separation of the liquid and the mud
phase and the separation of crystalline solid Na-aluminate formed (69).

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

ranged with the acid methods because they cperate in sulfuric
acid or acetic acid medium.

With the first process ferric sulfate solution oxicized
from iron mordant liquor by means of a Thiobacillus ferro-ox-
idant culture is added to the red mud. In the first step

(pH = 3.6 to 3.8) Na,O-content is recovered at an output of

2
95 per cent in form of 60 to 100 gpl Na2504—solution. In the
second step (pH = 1.5 to 2.2) 65 to 70 per cent of A1203 and

25 to 50 per cent of rare earth elements are leached out and Fe, 3~
content of red mud gets concentrated to about 60 per cent
(see Fig. 5.9), (70). The process has also been elaborated on
a semi-plant scale.

With the second process the red mud is treated with

acetic acid. This method is tested on laboratory scale.
5.2.3 Other methods for processing red mud

Several processes deaxl with the sintering of red mud with
various additives, then leaching it to recover its Na,O0- and

A1203-content {71 to 76). Out of them only the so-called
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series combined process has been realized on the plant-scale

as outlined in Chapter 2.

With the hydrometallurgic processes red mud is treated

with various acids, caustic liquors or other compounds and
the individual metals are recovered by fractiona“ed crystalli-
zation, precipitation, ion-exchange methods or ‘“heir combina-
tion (77 to 88).

It should be similarly noted, that for a lcng time past
the recovery of V-, Ti- and rare earth element content of the red mad
has been dealt with. Several successful laboratory tests, but

no industrial realization are reported in the literature (43,
60, 89, 90).

A Hungarian method has been elaborated for the preliminary

removal of the iron content of bauxites. (91) The ore is treat-

ed with NH,Cl at about 330 Oc, NH,Cl dissociates into NH, and

HC1l and the latter reacts with the Fe203-content of bauxite.

Resulting iron chlorides partly volatilize, partly get retained

in the ore treated.

Iron chlorides can be leached out by water and separated
by filtration and washing from the residue containing about
5 per cent Fe203.

The volatilized iron chlorides and NH3 are absorbed in
water. NH3 reacts wich iron 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 Bayer process or to the chlorination
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-Al-hydrosilicates. This
"white mud" can be causticized and major portion (about 70
per cent) »f its Na,O-content recovered, however, the lime

2
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-hydrosilicate or di-calcium sili-

cate can be utilized for cement production. Abbreviate
process flow diagram can be seen in Fig. 5.10. No red mud is
produced in the course of the process,which could contaminate

the environment, mcreover, the process is free from any waste

product and at the same time it renders the production of iron,

caustic soda, alumina and cement possible.

5.3 PROCESS UTILIZING RED MUD AS AN ALUMINA PLANT END PRODUCT

According to the Hungarian patent N. 171 820 (inventor F.
Puskds) a mixture 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 iteat
insulating bricks, heat insulating water-pipes, building bricks,
wall covering tiles, roof tiles, low weight building materials
(spzcific weight 1 t/m3, that of gravel1.8t/m3), brickwork of
fouandries, surfacing material (53).

By proper selection of quantity, quality, grain size of
the additives and of the manufacturing technology; outer, inner
chemical and physical properties, technical characteristics ot
the end products may be influenced optionally. Frostresisting
ceramics 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
cransported Lo the ceramic factory. Red mud is available free
of charge, thus extraction of other ores used at present to
produce ceramics might be saved.

A further advantage is that bakirg is made at relatively
low temperatures, 950 to 1,150 °c.
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Additives are, in majority, wastes or refuses of other
industry branches constituting environmental problems them-
selves at present.

Additives may be: flotation refuse of ore cdressing, 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 dress-
ing refuse of noble minerals, ash and flue dust of power plants,
loess, dolomite, diatomaceous earth, household and industrial
scrap glass, 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 enabling its re-
vegetation.

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

In Hungary one of the alumina plants will be expanded to
produce such mixtures from red mud. Mixture delivered to Austria
will serve to produce 1 million mz/year ceramic material.

In case of switching over of brick~ and ceramic industry
to process such mixture, the total 1 million tpy of Hungarian
red mud could be prccessed, without meeting the quantitative
need of ceramic industry. Thus later on the red mud of abandoned

red mud dispcsal areas could be processed also.




6. ECONOMIC ASPECTS AND EVALUATION OF THE ENVIRONMENTAL
COMPATIBILITY

Ecologists 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 diminish return on investment. (e.g. cost level of air
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, throuch considera-
tioneconomic goals in the long nm 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 disnosal as demanded by modern
regulations and standards not only the risk involved in red mud
storage has to be considered, but possibilities enablinc its
prevention at the lowest expenditure have also to be determined
at the given place and time.

Red mud disposal and storage does nc usually represent a decisive
cost element within the production cost of alumina. According
to our estimation the cost of red mud disposal and storage
comes tc @ 0.5 to 1.5 per ton of alumina, i.e. roughly less
than 1 per cent of the total producticn cost of the alumina
(20).




However the economy of recé mud disposal and utilization
has to be analysed on a much broader basis, since new projects
imply increasing risk due to world-wide sccial, economic and
energy problems and at the same timre even adequate profitabi-
lity is difficult to be quaranteed due to steadily increasing
operation costs.

Factors affecting the cost of storing red mud on land are
listed in Table 6.1, page 6-6, enumerating the main aspects
and goals of the environmental compatibility, and the most
important factors c¢f the investment and operation cecsts of red
mud disposal.

According to our present knowledge, the main source of
pollution caused by rec mud irpoundment on land is its contami-
nated licuor content. The seepage of the contaminated water has
to be prevented in order to avoid the hazard to living organisms and
to prevent bioaccumulation. This activity should not be re-
stricted to the proper insulation of the impoundment basins,
however, even natural flooding or earthquake has to be taken
into account. Another source of pollution can be the dustinag of red mud
impoundment areas, which has to be diminished/stopped by revege-
tation or periodic wetting.

The general aspects of the environmental compatibility are
usually outlined by state or local authorities' regulations.
Attention is drawn to the fact, that, apart from restrictinons
instructions and regqulations, nearly in every country of the
world economic policy allowances and subsidies are granted to
promote the solution of ecclogical nroblems. Such allowances
may provide encouraaging 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 is recycling of reusable licquor 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.
Investment costs of red mud impoundment areas related to

1 m3 of storing capacity range as follows:

-~ $ 0.3-0.4 in case of using cost free -~onstruction
material

- 8 0.8-1.2 in case of using natural raterial (soil,
rock) including exploitation and transportation costs

- & 30 in case of using purchased industrial products

(cement, bitumen, asphalt).

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

Other costs of red mud storace such as the transporta-
tion of mud to the area and the costs of various operations
required there, have similarly to be taken into account.

It is important that during the overall optimization of
the plant technology the interrelations between the impound-
ment area and the selected technological solutions be also
taken into account. These interrelations were discussed in
para 3.2.

Pollution control tasks can be verv different from country
tc country, site to site and they should be determined in
accordance with the local natural, social and economic en-
vironment.

Tasks range from the reqular observation (analysis of
air and water samples), prevention of leakages, recirculation of
liquor, dust control etc. up to the rehabilitation of the
area.

A minimum requirement today is the establishment of test-
ing wells around the red mud impoundment area. Their establish-

ment cost is § 1,000 to 10,000 per well depending on soil con-




ditions. Operating cost oi regular inspection ameun
$ 0.01 per ton alumina.

The final requirement is the rehabilitation of the area.
in case replantation with the existing vegetation of the sur-
rcunding area isc performed, estimated cost .of grassinng comes
to g O.5~O.6/m2 (e.g. by the Verdyol-Hydrosa method), the cost
ol covering with arable soil and afforestation comes to
? 1.0—4.O/m2.

in Table 6.2, page 6-8, the factors infiuencing the storage
costs of red mud in water (sea, lagoons) are summed up. The
cirarging into rivers 1s not included, because according to our
knowledge it has been prohibited in all countries.

The problerm of marine disposal, however, cannot be settlec
merely upon the basis of economy. Based on the feature of deep-
sea tests the probklem calls for further investigations to decide,
whether or not red mud actually influences the biclogical balance
after a long pericd in the vicinity of the disposal area.

It should be mentioned that any dispcsal of rec rud should
b made public to establish proper public feeling. It is known
that public opinicn still increasingly responds on environ-
mental protection problems so no expenditure shou%p be saved
in order to make known the actual state, the measures taken and
to be taken, the problems sclved and to be solved, so as not to
make doubtful the results achieved by unmotivated excitemrent.
The activity of Alcoa of Australia was found to be examplary
es regards both environmental protection and information of
public reaction, (see also Ref. 21.)

Most effective and complete solution of the environmental
nroblems related to red mud would be its utilization, as a
result of which red mud would cease to further be a source of
pollution. Possibilities of red mud utilization were dealt

with in Chapter 5. and relating investrent/operation costs are

reviewed in Table 6.3, pagye 6-9.




Based on the review given in Tdable 6.3, Ba§
the majority of recommendations for the utilization of red mud
are not attractive for the users uncer the present economic
conditions. A way of utilization which could ke considered
perspective is transforring red mud to an economically produce-

able product and using it for the production of rulti-purpose

heavy ceramic wares.




REVIEW

OF FACTORS AFFECTING THE C

ST OF RED MUD

Aspects of environmental compatibility

Investment Ccosts

- Cansideration of the feature of the
resulting red mud {amount, phys:cal

and chemical oapositian, paraeters)

- Prevention of jecpardizing natural

l1i1fe, hind2ring of brcaccumulatun

- Preventan of seepage of the amn-
taminated water in the upoundrent

area

- Consideratiaon of pussab.le natural

disasters (earthquake, !louling)

- Minimizaing of dusting of dried-out
red mxd 1mpoundrent areas (by taking
into acocount metecorologic factors

oo

- Present and {uture use of the

appointable and surrounding areas

- Usage of the area for relaxatim

and recreation (tourism)

- Acceptanoe to the public

SEIECTION OF THE ST

- st ot the selected land

- determunarion ol Ly optiumer distanoe
frops the social and canamuc environ-

ment ond the prooessing plint

{transportat in aost, prevention of

damues)

- taking maxime advantaae of thee envi-

ronmental fandieentals e of nataral
hollows, e.a. valleys, sloxr of the

yround surface, location an

Lmpe 1yne -
able layer)

- determmunpation of optimum size of the
upoundrent area

LIING

by the use of:

coat-free local material ot disposal

(e.q. power plant's fly ash)

-~ local material of certain exploita-
tion md/or transportation oosts

(e.g. s01]1 of nc valur, rodk)

- locally purchased and exploited

material (e.4q. arable soil)

- purchased ndustrial material trans-
ported to the site (e.q, cement,
asphalt)

- taking 1nto acoount disposal techno-
logy {(0.9. welr systems for settling

solids and reanvery of waters):



Table 6.1

LISPOSAL ON LAND

Operation costs

THATMENT OF RED MID

- washing, filtration, repulping (by the
extent of tochnology «lopted)

- chargying of chemicals (acad, liquefying

material)

DELIVERY OF R:D MUD TO THE IMPOUNDMENT AREA

- by making use of the slanting surface of the area
DARpLNY encryy (taking into acoount
the succing effect of the slanting pipe)

- chedking and maintenance of purps and
pipeline o

- cathodic protection

OPERATTONS ON THE IMPOUNTMENT AREA
{oxgqect tor pollntian control activity)

- washing out of the red mad pnd (by intro-
Jueing nlint waste waters) to reduce

the source of losses
~ recirculation of red mud pond water

- heightening of dans (by taking the hyd-

rostatic pressure into account)



compatibiilty Lnwe

nvlronmental

trent costs

INSUTATION

- no exoess costs in case of using nat-
ural wmpermeable materials to construct

the basin

= nsulatian of bottow and dike by -

ural material (e.yg. clay)

- insulation of botoom and dike by the
use of ndustrial materials G,
chemacals, foil, coment ancrete:,

bitumen, asphalt)

- 1nsulation of bottam and dixe by ain-

pactian

= active water protection

[ETERGNATION OF THE DISPOSAL SYSTEM

- parameters and physical and chemical
oaposition of resulting red mad

- amsideration of the alumina plant's

processing technology

- distance of areas apt for storing red
mad fram the plant (length of pipe-
line, pumps, etc.)

WATER FEMOVAL

- by purping off fraom the surface
- by drainage system
- by drain well + pumping

SPECIAL ENVIRONMENTAL PROTECTION INVESTMENTS

- establishment of monitoring wells
- plantatin of wuad telts for dust

antrl

Table 6.1 continued

Operation costs

SPECIAL ENVIRONMENTAL PRIYTECTION OPERATIONS

- darng of dwmicals (neutralization,

strenghening)

- reqular chedking of the environment 1n
order to prevent damages (analysis of
water sanples, measurement of dust load,
acrial photography, cte.)

- covering the surtace of red imad storage
area with natural, industrial or xricul-
tural materials (stane, agricultural

waste, bitumnen, etc,)

- plantation of naturzl or camercial crop
(by means of suitable material, arable
so1l, fertilizer, overage with waste [e))
sludge, grassing, alforestation) ~J

- cuets of shaping public opinion (informa-
tion, propagation)




Table 6.2

REVIEW OF FACTORS AFFECTING THE COST OF RED MUD DISPOSAL IN WATER

Aspects of environmental compatibility

Investment costs

Operating costs

Consideration of the feature of

resulting red mud (amunt, physical and

chemical composition, paramaters)

Prevention of jeopardizing marine life,

hindering of bicacaumilation
Consideration of extreme temperature
and sea motion anditions (rainfall,
storm, spring tide, flood-tide
current, etc.)

Present and future use of the selec-
table and envircnmental areas

Recreatian and relasation usage of
the environment (tourism, bathing)

Prevention of discoloration of
water (aesthetic point of view)

Acceptance to the public

EMPLACEMENT

- cost of the selected sea-shore area

- detemminatian of the optimum distance
fram the social and eoonamic environ-
ment and the processing plant
(trangportation cost, prevention of
damages)

- maximum use of given environmental cn-
ditions (sea trenches, lagoms)

DIKING

- insulation of the sea-shore area from
the sea by natural materials (rock, sand)

CETERMINATION OF THE DISPOSAL SYSTEM

- physical and chemical canposition and
parareters of resulting red mud

- onsideratian of the alumina plant's
technology

- distance fram the plant and feature of
the area cnsidered for the storage
(pipeline, barge)

- matching with internatiaonal standards
ancerning naval cnstructions

- protectian of pipeline and other
equiprent

- monitoring of the cperatian of the

facilities (instruments, cameras)

TREATMENT OF FED MJID

- repulping with sea water

[ELIVERY OF RED MUD TO THE DISPOSAL AREA

- puping into the sea or lajoomns

- checking and maintenance of puwps and
pipeline, (divers)

- cathodic protection

- transportation by barge

SPECIAL ENVIRONMENTAL PROTECTION PROCE- o
DURES

-~ npeutralization by sea water

- reqular checking of the environment in
order to prevent damages (analysis of
water samples, chedking of the living
culture)

- covering of the filled-up lagoons by
natural or industrial agricultural
materials

- plantation of natural or camercial crops
(grassing, afforestation)

- oosts of shaping public opinion (in-
formation, propagation)



REVIEW OF

THE UTILIZATION OF

RED MUD

Mode of utilization

Investment costs

Operating costs

In case of utilizing red mud, it ocases

to be a source of envircnmental pollutant

A. UTILIZATION OF RED MUD AS INDUSTRIAL
RAW MATERIAL

a) carplex utilization of red mud
- smelting of red mud
- productian of iron, alumina, cement
- production of iron glabule, alumina,
cement
- producticn of iron, alumina,
fertilizer, rare earths
b) utilization as additive
- for iron metallurgy purposes
- for cement production
- for building and construction
material
- other puxi:oses
c) utilization of individual con-
stituents of red mud

B. UTILIZATION OF RED MUD FOR
AGRIQULTURAL PURPFOSES

- s0il amelioratian purpcees

~ plantation

C. VUTILIZATION OF RED MUD AS ALIMINA

PLANT 'S PRODCT

- bricks, tiles, cover flags, ceramic
t1les, other heavy ceramic wares

- uneoconanically too high at present

=~ energy cnsurptian too high at present

it is more econamical in the Soviet Unian as if products were separately produced

high

no information

similar to the convent. cement product,

- high

= no infarmation

- iron metallurjy costs can be reduced
-~ 15 ¢ less than at anventional cement pr.

similar quality products than those produced fram conventianal materials

road canstruction, flocculant, filler for nubber industry, etc.:ecnamy depends on

local conditions

no industrial realizatian so far

- reference plant will be erected in

Hungary

-~ realizable depending on transport. costs
- searching for adequate plants and species

- depending an the amount, guality, grain

size of the additives charged to the red
mad and selectiaon of ceramic process

t echnology

6-9
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ANNEXURE 1

FORMAT FOR REPORTING INFORMATION ON THE
ENVIRONMENTAL ASPECTS OF ALUMINA PRODUCTION

PREAMBLE

This format has been prepared by the UNEP and UNIDO Secre-
tariats, with the help of consultants, in order to collect in-
formation in preparation of a Secretariat's overview report.
This report will be examined at a workshop of experts on the en-
vironmental aspects of alumina production to be held with the
co-operation of the Jamaican Government, 1-5 December 1980, in
Kingston. The format, which deals with environmental impact and
resource use, attempts to cover the main processes of ore mining,
ore treatment, alumina production, residue use and disposal. It
covers both the use of bauxitic and non-bauxitic ores as well as
. the Bayer and other processes. Proprietary information and de-
tails of process technology are not being sought. The format is
meant as a guide to providing information on those subjects
which are relevant to your experience and, clearly, should be

followed selectively. Available documentation, and bibliographic

notes illustrating submissions would be most welcome.
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1.1 MINING

1.1.1 Types of bauxitic and non-bauxitic ores, mode of occur- :
rence, chemical and mineralogical composition

1.1.2 Methods of mining

1.1.3 Pretreatment processes - washing and beneficiation, en-
riched ore drying

1.1.4 Mining laws

1.2 ENVIRONMENTAL PROBLEMS ASSOCIATED WITH MINING AND SITE
RECLAMATION
1.2.1 Dislocation and resettlement of communities located on

ore sites
1.2.2 Methods of reclamation of mined out land ;
1.2.3 Use and productivity of reclaimed land

(a) agricultural

(b) housing/resettlement

1.2.4 Aesthetic, air and water pollution
1.2.5 Measures taken to protect working envirnnment (noise,

dust, use of explosives, etc.)

1.3 ORE DRYING
1.3.1 Environmental problems acsociated with ore drying

1.3.2 Socio-economic impact

2. ENVIRONMENTAL ASPECTS OF LAND USE

2.1 Town planning - avoiding urban spread onto ore bearing
sites

2.2 Mud lakes and the unavailability of arable land

2.3 Problems associated with the relocation of communities

located on bauxite ore sites

Some procedures

2.5 Socio-economic impact _‘
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3. ALUMINA EXTRACTIOM FROM ORE

3.1 Summary of the Bayer and non-Bayer process used

3.2 Alumina plant site selection parameters (was and environ-
mental preaudit study carried out; was a hydroclogical
survey undertaken? Further, for example were the follow-

' ing taken into consideration: location of red mud ponds,

size, quality and topography of land, proximity to town-

ship, rivers and ports - general infrastructure require-

ments) .
3.3 Environmental impact of plant location
3.4 Other raw materials used (e.g. lime, sodium sulphide for

Zn control, flocculants, acids, soda and caustic soda,
etc.), products and by-products/pollutants generated.

3.5 Mode of generating steam and electricity on site (coal,
0il, etc.), composition and quantity of fuel used (e.q.
S content): environmental impact.

3.6 Physical and socio-economic impact of operation of plant
(air pollution, water pollution and their impacts on
agriculture and the community).

Waste generation
List the measures taken to protect the working environ-
ment (e.g. heat, noise, toxic gases, dust and corrosive

chemicals).

)

RESIDUE PROPERTIES, DISPOSAL AND USE

4.1 PROPERTIES

4.1.1 Characteristics of the filtered red mud, if filtration
is practised

4.1.2 The physical and chemical nature of ore residues before
and/or after treatment. Composition of the liquid phase
and composition and mineralogy of the solid phase. Con-

. tent of solids in g/l or %, total NaOH, caustic NaOH and

A1203 content of the liquid phase in g/1 or %; list the
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concentration or % of other impurities occurring in the

liquors. Variations in physico-chemical properties due !

to difference in ore quality and processing technology,
% quantity of ore residue related to 1 ton of alumina and
' the total annual quantity produced on both a wet and dry

basis.

METHODS OF DISPOSAL
2.1 Disposal on land
2.1.1 Site selection parameters (distance from plant, geology
of area, etc.)
4.2.1.2 Disposal: in sealed and unsealed ponds, old mines, em-
bankment in closed valleys (materials used for diking)
4.2.1.3 Methods of disposal. Dry stacking, DREW process, etc.
recycling of liquid phase and/or treatment and disposal
of effluents; volume occupied by 1 ton of solid residue
4.2.1.4 Seepage of dilute Bayer and other ligquors into aquifers
- monitoring and effects on water quality
2.1.5 Air pollution from wind blown dust
2.1.6 Cost of disposal (investment costs, scheduling, operat-
ing and maintenance costs)?*
4,2.1.7 Socio-economic impact
.4.2.1.8 Revegetation of mud ponds (methods used, holding time
before revegetation; additives used - soil, sterile
material etc. covering layer, types of plants used for
revegetation, mechanical equipment used in revegeta-
tion), cost* of revegetation, including productivity
of reclaimed land
2.2 Disposal in water
2.1 Nature and type of preaudit study if any
2.2.2 Methods of and reasons for marine disposal; pretreat-
ment of mud before disposal (neutralization); transpor-
tation of mud through pipelines; barging; shoreline
lagooning

* - All costs in US$ January 1980.
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4.2.2.3 Cost* of marine disposal (capital costs, operating

| maintenance costs)

4.2.2.4 Methods of and reasons for disposal in rivers

4.2.2.5 Effects on the biota of marine or river disposal (out-
line observations undertaken)

4.2.2.6 Socio-economic impact,e.g. on fishing, tourism, etc.

4.3 RESIDUE USE

4.3.1 From bauxitic ores

4.3.2 From non-bauxitic ores
Use of whole mud in road and building construction,
ceramic material, flocculants, production of rubber,
paints, additives, etc.

4.3.3 Total utilization of red mud components

4.3.4 Examples of extraction of mineral values from residues
(production of cast and pig iron from red mud; use of
red mud for cement manufacturing and as a fertilizer,
etc.)

4.3.5 Small scale use of red mud, e.g. desulphurization of
stack gases, use as pigment, etc.

4,3.6 Use of residues from non-bauxitic cres for manufactur-
ing cement and refractcry bricks, etc.

4.3.7 Process economics and socio-economic impact (cost of
producing by-products, values of the produced by-prod-
ucts; marketing possibilities of the by-products)

4.3.8 Environmental aspects of processing residues

* ~ All costs in US$ January 1930.
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ANNEXURE 2

ANSWERS (ABSTRACTS) TO THE FORMAT FOR
REPORTING INFORMATION ON THE ENVIRONMENTAL
ASPECTS OF ALUMINA PRODUCTION

UN ECE. 12 February 1980: "A Tack force was established
by the ECE in 1977 for the development of guidelines

for control of emissions from the non-ferrous metallur-
gical industries”.

Sends the draft chapters on primary and secondary alu-

minium.

Aluminium Company of America. 25 March 1980. Questions
the need for a protracted workshop. Sends a listing of

subjects taken from a checklist prepared by IPAI EC.

Canada. Department of External Affairs. 26 March 1980.
"Very limited work on the environmental aspects has been

carried out at federal level".

Australia. Department of Science and the Environment.
March 1980. "Are preparing a paper with appropriate at-

tachments in accordance with the Format suggested".

Ministerio de Industria y Energia. Spain. 1st April

1980. Sends information in form of an "Estudio sobre
los Efectos de la Produccion de Alumina en el Medio

Ambiante".

International Bauxite Association. 8th April 1980.

Short report on the environmental aspects of alumina

production using the recommended reporting Format.
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U.K. Department

L -
9. April 1980. "UK has no input to make to this Review".

US Environmental Protection Agency. 29th April and 18th
June 1980. Detailed answers to all questions of the

Format with enclosures.

Alcoa of Australia. 30th April 1980. Refers to the visit
of the UNIDO mission in April and to previous information

on Australian activities forwarded to UNEP.

Turkey. Etibank. Seydisehir Aluminium Works. April 1980.

Detailed answers to all questions of the Format.

France. Ministére de l'Environment et du Cadre de Vic.
April 1980. Short information on environmental nroblems

of French alumina plants.

Indiar Aluminium Company, Limited. April 15680.

Detailed answers to all questions of the Format.

China. Division of Foreign Affairs. 16th May 1980.

Utilization of Red Mud in Cement Production.

Alumetal. 20 Mai 1980. "nous avons remis immédiatement

A4 1'IPAI toute information sur l'alumine".

Jamaica. Ministry of Mining. 8th July, 1980. Detailed :.n-

formation on Jamaican activities in form of papers.

Australia. Department of Science and the Environment.
30th July, 1980. Detailed answers to all questions of

the Format.

Italy. Ministry of Industry. 1st August, 1980. Short in-

formation on elimination of red mud in Po:to Vesme.
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ANNEXURE 3
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Lotze, J.: Economic evaluation of world bauxite resources.
4th Int. Congress for the Study of Bauxites, Alumina and
Aluminium. Athens. 1978. Vol. 2. Bauxites p. 493-506.

Adamson, A.N.: Alumina production: Principles and Prac-

tice. The Chemical Engineer, June 1970. p. CE156-164, 171.

UNIDO Group Training in Production of Alumina. 1979.
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Juh&sz, A.: Some criteria for comparing varicus means of
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Bielfeldt, K.: Die Alumirniiumoxid-Erzeugung als verfahrens-
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539-547.

o
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