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Status of Bauxite Residue production
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Bauxite Residue (RED MUD) :

Global generation > 140 million tonnes/year;
Global inventory > 3 billon tonnes;

CAPEX and OPEX of disposal are typically
below 4-8 $/t;

Classified as less or non-hazardous tails for

storage, l.e. no strong environment pressure,

Global utilization ranges from 2 to 4 million

tonnes/year, with no reliable data from China;

Over 1200 patents to treat BR in the world
with  only few of the technologies

implemented.
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Status of Bauxite Residue utilization
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Product from BR

Current
utilization

Potential utilization rate*, mtpa

Additive/ raw material to

rate*, mtpa

100% bauxite residue can be consumed.
Today's annual global cement production has

1.0-1.5
cement plants reached 2.8 billion tonnes, i.e. 140 Mt of BR a year is
merely 5% of current annual cement production
02_12 100% bauxite residue can be consumed.
Additive/raw material to iron Fo- Today's anqu_al global pig iron_ production has
and steel plants concentrate reat_:hed 1.1 b!lllon tonnes, needing about _1.8 bt of
in China iron ore with Fe 65%. Thus 100% BR will be
consumed to make 3% of total pig iron production.
Directiron red_uctlon - Potentially attractive after mastering of technologies
technologies
Sc and REE extraction - Promising. Pilot plant trials are in progress
Building materials (bricks) 05-1.0 Use the sand separated from red mud (China)
: Sorbent, coagulant, , Relatively small utilization volume, depending on
pigment, catalyst, ceramics, 0.3 local conditions
environm. appl.
Total 2.0-40

* Source: UC RUSAL assessment
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Using bauxite residue as blast furnace feed or in new type furnaces
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« UC RUSAL developed additives on the basis of BR to be used in blast furnace:

M Flux for agglomerate — industrial trials showed sinter strength increase by 4.1%, reduction
of sintering fuel consumption by 11.8%;

M Binder for bentonite substitution — pilot industrial trials show increase of iron ore pellets
strength by 15%.

. » . . e D o ,
* Requires additional investment at iron and % A - :
steelmakers facility, that hinders application e fals o
of BR as an additive; 8 o”ﬁ i ﬂ El” i Ujﬂ g
| gl U Uk i

«  Similarly consumption of Fe-concentrate from AJ——\_,,.,/"\/\/'\/\”
BR used as Blast Furnace feed in China is O R
highly influenced by iron ore market prices,
currently is limited,;

 Moscow Institute of Steel and Alloys (MISA)

. 0100
develops new generation furnace to Para
- - -. € €
process BR and produce pig iron and slag
. . Area of furnace, m2 20 20
products, with reduced energy consumption — —
. . Specific productivity, t/m2h 1.0 1.0
and improved metal quality compared to : —
. BR consumption, kg/t pig iron 3,185 3,217
established Romelt technology; : —
Coal consumption, kg/t pig iron 1,264 903
« Similar trials are done in Greece (pilot plant | o, (959) consumption, nm¥ t pig iron 1,027 677

producing iron and mineral wool).
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Mining of iron ore in the world World reserves of iron ores, %

Others
Brown iron ore 3% 1%

13%

Fe- quartzite
67%

500,000+ i
100,000-500,000

10,000-99,959

Ti-magnetite

16%

Skarns
1.000-5.959
0-59%
World balance or alumina vs pig iron production Utilisation of ore types in the world production, %
Regions Alumina Crude iron
9 Production Production Brown iron ore Others
China 42 % 61 % 3% 1%
13% .
North America 6 % 9% Ti-magnetite Fe- quartzite
CIS 7% 9%
Middle East 2% 2% Skarns 9%
Europe 5% 10 % 24%
Asia excluding China 5% 34 %
Central & South America 13 % 4%
Australia 20 % <1%
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\

rE RUSAL

f

Laboratory agglomerate sintering tests were performed at a constant
composition of the ore part of the feed: 57% of ferruginous quartzite
concentrate and sinter ore from Michaylovskoye and Lebedinskoye deposits
and 29 % of Bakalsk sinter ore, the rest being metallurgical wastes: blast
furnace dust, slag, blast furnace sludge, agglomerates and pellets screenings.
In all experiments of sintering the CaO / SiO, ratio in the feed was 1.6 + 0.2-
0.3%. The content of coke breeze in the mixture was 4.2%. Red mud from Ural
smelter treated with lime in a reactor to reduce alkali content was used as an
intensifying additive. Chemical composition of low alkali bauxite residue
(LABR) is presented in Table 1.

Table 1. Low Alkali Bauxite Residue chemical analysis, mass %

Fe,O;

SiO,

CaO

A|203

MgO

K,0

Na,O

TiO,

P20s

LOI

36.8

7.9

21.9

10.8

0.8

0.15

0.85

3.8

0.75

2.8

LABR additive was introduced in amount of 1, 3, 5 and 7 % relative to the iron-
ore component of the feed.
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Table 2. Key parameters of sintering (agglomeration).

Bauxite residue dosage, % of iron-ore component

Key parameters of the feed

0 1 3 5 ]
Height of sintering layer, mm 290 | 290 | 290 | 290 290
Relative reduction of layer, % 17.59 | 1828 | 19.66 | 19.66 |  20.69
Sintering rate, mm/min 935 | 967 | 1036 | 10.36 10.74
Useful agglomerate from sinter, kg 170 | 2367 | 259 | 2565 | 2450
(>5mm)
Yield of useful agglomerate, % 7050 | 71.10 | 75.80 | 76.90 |  74.40
Specific production ;)f useful 1908 | 1205 | 1386 | 1446 LD
agglomerate Q, t/m"h N
Strength (drum sample +5mm) | 61.62 | 63.53 | 66.09 KE.33/ 69.11
Attrition (drum sample-0.5mm) | 759 | 7.88 | 6.61 ( 433 ) 583
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Microstructure of the basic agglomerate.
Magnetite — white, glass phase — grey.

Changes in the strength of the
agglomerate, in our opinion, are
determined by the formation of
the mineralogical composition of
the sinter, depending on the
amount of low alkaline bauxite
residue introduced into the feed.
Samples of basic sinter (without
LABR) represented virtually a
two-phase system: ore phase
hardened with glass phase with
no signs of decrystallization. Ore
phase consisted of magnetite
and hematite grains, where the
latter were confined to the
conductive pores, cracks and
surface volumes of the
agglomerate.
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Microstructure of sinter with 1 % LABR.
Glass phase — grey,
needle crystals of ferrite — light grey

At the minimum addition of
LABR to charge in amount of
one percent two-phase
composition of ore and silicate
phases is maintained in the
agglomerate.

Changes concern only
microstructure of the silicate
phase itself. Upon cooling of
the agglomerate tiny needles of
ferrite phase precipitate from
ferrosilicate melt, and in the
volume of silicate binder there
are no contacts of ferrite crystal
with the ore phase, so the
strength carrier of sinter is
glass phase reinforced with
acicular ferrite crystals.
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Microstructure of sinter with 3 % LABR.

Ferrites — light grey scaly crystals,
glass phase — dark grey.

Increase in bauxite residue
content in sintering mix to 3%
changes significantly mineral
formation in the sinter as a
whole. Agglomerate is
converted into ternary mineral
composition consisting of
magnetite, ferrite, and glass
phase. The role of ferrite phase
Is modified. Its scaly crystals
formed on magnetite contact
with ferrosilicate melt, become
the main bunch of ore grains.
The amount of residual melt in
the form of glass phase is
observed in loops of ferrite
crystals.

10
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Microstructure of sinter with 5 % LABR.
Residual grains of magnetite— white,
ferrite — grey, glass phase — dark grey.

Microstructure of agglomerates
changes fundamentally with the
increase of LABR content to 5
and 7%. In this case, the
components of bauxite residue
become defining in the process
of melt formation in the areas of
liquid-phase sintering of the
agglomerate. The amount of
silicate forming components
increases in the melt. At
agglomerate cooling stage, at
contact of ferrosilicate melt and
magnetite grains that are
oxidized at the surface, crystals
of Al-Si ferrite phase nucleate
and grow performing in this
case the role of binding of ore
grains

11
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The ratio of the magnetite, Al-Si
ferrite and glass phase in
agglomerates with 5 and 7%
LABR, depends on composition
and structure of granulated
volumes of the charge.
However, in all studied samples
of agglomerates total number
of ferrite binding dominates
over glass phase

Microstructure of sinter with 7 % LABR
Residual grains of magnetite— white, ferrite
—grey, glass phase — dark grey.

12
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Main phase components
of agglomerate (sinter), %
Vs percentage of
introduced LABR: 1 —
iron ore phase (magnetite
+ hematite), 2 —glass
phase, 3 —-Al-Si ferrite.

Established optically, phase transformations of ore, ferritic and silicate phases
with the increase of LABR in the charge are definitely confirmed. The process of
ferrite formation in the bundles of agglomerates already at 1% LABR is
accompanied by reduction in magnetite content, as far as for the formation of Al-
Si ferrite the iron of magnetite is consumed. The increase in ferrite phase content
in bundles is the reason of glass phase reduction in sinter. This is due to the fact
that silica of industrial wastes is present in Al-Si ferrite up to 10 %

13
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Thus, during sintering of a multicomponent charge
based on sintered ore and iron quartzite concentrates
mechanism of agglomerates formation with the addition
of low alkaline bauxite residue is determined by the fact
that the fine particulate mass of LABR in the high
temperature sintering zone is transferred Into
ferrosilicate melt of agglomerates reverses mineral
formation, resulting in replacement of silicate binding by
stronger ones — ferrite. Increased content In
agglomerates bonds of Al-Si ferrites and reduced
amount of glass phase is accompanied by enhancing of
strengthening properties of the finished product.

14
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Table 3. Properties of green pellets

Additive
Parameter LABR LABR Bentonite
LABR ) .
+Bentonite | +Bentonite (base)
Charge, %
concentrate 98.0 97.7 98.5 99.18
bentonite 0.3 0.5 0.82
Low Alkaline Bauxite Residue (LABR) 2.0 2.0 1.0
Mass portion in green pellets, %
class +20 mm 6.3 3.4 4.2 0.0
class +16 mm 15.1 19.1 14.8 2.9
class 8-16 mm 77.5 76.7 79.1 96.7
class 0-8 mm 1.1 0.8 2.8 0.4
Av. diameter, mm 13.0 13.2 12.9 12.0
Compression strength, kg/pel.
green 0.63 0.80 0.790 1.04
dry 0.68 1.28 2.349 2.22
Dropping strength
green, time 1.9 2.7 3.1 4.8
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Table 4. Properties of baked pellets

Addition
Parameter LABR + LABR + Bentonite
LABR ) . (base
Bentonite | Bentonite
case)
Charge, %
concentrate 98.0 97.7 98.5 99.18
bentonite 0.3 0.5 0.82
Low Alkaline Bauxite Residue (LABR) 2.0 2.0 1.0
Compression strength
Baked pellets, kg/pel 234 275 313 223
top 270 283 232 253
middle 258 291 341 239
bottom 173 251 366 177
Chemical composition, average % of baked pellets
Fe 65.33 65.14 65.64 65.34
S 0.003 0.004 0.010 0.005
CaoO 0.61 0.53 0.38 0.54
SiO> 5.60 5.76 4.99 5.74
MgO 0.19 0.19 0.2 0.19
K>,O 0.040 0.043 0.055 0.041
Na,O 0.104 0.104 0.100 0.102

16




Conclusions QRUSAL

\

f

1. Addition of low alkaline bauxite residue into iron ore sinter charge
Initiates formation of ferrite in the sintering process and transforms
a binder of ore grains from glass phase to the crystal ferritic phase,
which explains the increase in strength and decrease of
agglomerate attrition.

2. Low alkaline bauxite residue can be effectively used in the
production of pellets. The compositions of low alkaline bauxite
residue and bentonite allow in the baking process to produce a
melt with a relatively low melting point and intensify sintering of
pellets. Increase in calcium alumoferrite phase content in the liquid
phase and reduction in fayalite phase improve the strength
properties of the baked pellets.

3. The results of the study create conditions to apply treated red mud
as commercial product in iron and steel metallurgy.
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Thank you for your attention!

www.rusal.com
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