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Generation of red mud
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Red Mud
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REDMUD

* Production of primary aluminum: 55 mT/yr
e Bauxite mining: 300 mT/yr

e 50 % of bauxite is red-mud:- a waste-product from the
Bayers Process

Fe,0;: 70 wt. pct. (35-38% metal value)




The legacy......
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Red mud around the world

Country~~ Maim constuents (3 oom)  Rebrences

oy My, 0 S, T, ko
Al 285969 15640 233 W00 a0 L - Snars and Glkes (2009
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i 43 164 0] 18 il 4 15010 Wagh and Pnnack (1987
Rissan 19760 1§14 06302 8 6 ) 8010 Ytsenko and Pyagal (2010)
g 37 1] 33 i 115 36 : Snars and Glkes (2009
US4 33 184 10 b b3l bl : parsand Gilkes (2009)




Mineralogy

MINERAL BAUXITE REDMUD
GIBBSITE, Al(OH), 65-70 5-8
BOEHMITE, AIOOH 3-5 5-8
GOETHITE, FeOOH 8-10 3-5
HEMATITE, Fe,O, 5-8 45-50




Recovery Processes of Red mud

Product Note
1) Pyro | Pig iron, v Pyro method
only | Ti-rich slag (1) smelting : Iron oxide Reduction in blast furnace or similar reactor
(REE)/ (2) solid state reduction
Metallic iron v" Disadvantage
* High Na contents in Red Mud: sodium oxide deposition -.
* High drying cost of red mud
2) Pyro + | Pig iron, v Pig iron by reductant, Concentration of REE in slag
Hydro REE v Recovery of Concentrated REE by hydro method




A fundamental choice

Options:
Capacity, demand &
supply, economics, environmental

impacts, transport

construction aggregate
metal(s) + building material

metal(s) + oxides + building
material




What are the suggested paths forward?

Use BR as an
admixture in standard
OPC

Done, also
industrially, max 3wt%
because of OPC
chemistry (low iron!)

High-Fe hydraulic
cement

Two groups
foreseen, i.e. ferrite-
rich cements and
sulfo-ferroaluminate-
rich.

Comparable

mechanical properties
to OPC but also unique

characteristics (niche
market)




Real life applications of inorganic polymers




A fundamental choice: is BR core

business or not?

25 tons 0

Walker & NTUA
Development

5 tons of Pig Iron Produced .

1



Pig iron & other products

e Blast Furnace route
 Other smelting options

e Applications for slag




Potential applications

Value-added Products: Alternatives

e Alumina and an iron-rich BF feed material (100 pct. )
e Alumina, pig-iron and titanium oxide (75 pct.)

¢ Alumina and ferro-titanium ( 70 pct.)

KEY FACTORS: Cost, material and energy balance for the




Process Flow

Dry

Simultaneous Sinter and Reduction

| Magnetic Separation |

| Magnetic Fraction | | Non-Magnetic Fraction |
[
| | |

Compare with DRI Leaching and Drying Residue

Acceptable Not Acceptable Alumina Slag Analysis
Recovery for further Recovery

Iron Recovery



ALTERNATIVES

Process Material Flow (without magnetic separation):
e Red Mud Analysis: 70% Fe,O5 , 10% Al,O3, 7% CaO, 7%

T10,, 2% SI10, and 4% other constituents

e 1 kg dried redmud after sintering, leaching, drying and
reduction yields 725 g of product.




Blagt Furrzies Acdeitior)

« BASIS: 100 Kg redmud added through tuyeres per tonne of
hot metal.

« Coke required: 338 kg (357 kg): Saving 5 %
e Slag produced: 252 kg (245 kg)




Recovery of Iron oxides

* I[ron is major constituent of red mud. Iron oxide varies
between 10-75% in red mud.

« Hematite conversion to magnetite and later magnetic

separation was tried. It was observed that the fine particle

size of red mud particles required high magnetic field

Intensity.




Recovery of Metals - Iron

Soda ash + Red mud + Coke Breeze
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Iron Removal - Reduction

Fe,0; + 2C = 2Fe + CO(g) + CO,(g)

e Carbonin the form of Petcoke is added varied from 100% to 300% excess. CaO powder layer is
placed on top of the mixture in the furnace in N, atmosphere. The temperature of reduction
ranges from 900°C to 1100°C. The iron thus reduced is separated by magnetic separation

Reduction Conditions Weight Loss Mossbauer Analysis

Time Temp xs C % Lost Th Loss Difference Fe FeO Fe;O,

hr °C % % % % % % %

Carbon

content, temperature, time
were varied.

Reduction occurrence were
calculated by weight loss
calculations and
MOssbauer analysis.




Iron Removal — Magnetic Separation
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TITANIA RECOVERY: Perovskite to rutile

The concentration
of antase or rutile
titania in red mud
varies between 2.5
wt% and 22.6 wt%.




Recovery of Titanium Oxide
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Recovery of Alumina

Red mud contains 2.2-33% alumina.

Aluminais recovered by converting to sodium aluminate.

Hydrometallurgically Alumina can be recovered by forming a

hydro-garnet.

Li Zhong et al have conducted a multiple stage caustic

leaching process to recover Al,O; and Na,O.




Recovery of Alumina

Na,O0.mAl,0,.nSi0,.xH,0+2nCaO+(m-1)Na,CO,=
mNa,0.Al,0;+n2Ca0.Si0,+xH,0+(m-1)CO,
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Sintering and Leaching of Alumina

¥




Sintering and Leaching of Alumina

|| smteringcondon | | LeachingConditions | washing______|
Temperature Excess Soda A/CRatio  Excess Caustic Recovery Recovery

- E % (%) (%)

850 50 0.6 100 66.7 76.8
- 950 50 0.6 100 67.4 81.4
! 1050 50 0.6 100 69.6 83.1
- 950 0 0.6 100 62.7 66.2
‘ 950 50 0.6 100 66.9 75.3
| ]




Caustic leaching of Red Mud

» Experiments conducted
at Temp: 60 °C, 80 °C;
Leaching time: 3h, 6h;
NaOH Concentration:
10%, 50% and 100%
excess, pH 9~10

Only could get 1% of

Aluminum of red mud

out.



Iron Removal-Concentrating Magnetite (Proposed)
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