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I\ New words and expressions Unit 16

= radiant energy%s 51 fe

= electrical conductivity -5

= electrical transmission line A8 2%

= vegetation[,ved3i'tei[on ] T #

= gibbsite ['gibzait] = /K458

= Hydrargillite [hai'dra:d3alait] 7K
B

= aluminum [o‘luminom] %A

= poehmite [*ba:mait]|FI B4 , —
KSR A

= diaspore [‘daiaspo:]— /K EHEE AT

= anatase[‘enoteis] kN

kaolinite [‘keiolinait] =& A
rutile[‘rutil] &44
brookite ['brukait] i k4"

ilmenite['ilmonait] KA
FeTiO,

= corundum [ka'randem] Wil &

e Wilb

supersaturate [su:pa'satfareit]
AN

decantation [di:keen'teifon] i
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paper filler4%5K E )

paper coating4t_F¥RiR, 4%k
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I\ New words and expressions Unit 16

= zirconium [zo:'kouniom] &
= vanadium[ve'neidiom]4H.
= gallium ['geeliom]5

= chromium[kroumiom]%%
= manganese[manga‘ni:z]4h
= Alumina monohydrate

[0'lu:mina] [,mano'hai,dret]
= fused cryolite ['kraiolait]¥K i

£
= anorthosite [o‘na:0asait] #} K
£

= syenite ['saionait] IEK A, 2B
A=k

alunite [‘eeljunait] BH BN A
bayer process

digestity Hi

caustic soda['sovdo] & 14 B
red mud7~7e

sodium aluminate 45 B2 4/
desilication [di:sili'keifan] A
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counter currentifi i

nepheline['nefolin] & f1



I\ New words and expressions Unit 16

= spent liquor &R = crustfhie

= desiccant ['desikont] T/ sidewal Il B

= catalyst ['kaetolist]ff 4.5 siphon ['saifon] TP
= |imestone['laimstoun] 1 K £ rectifier losses#& i o5

= pedersen processffE AR = potline ["potlain] H i #t £
= stub[stab]H HE .ﬁu
= cavity['keeviti]i = carbon blockrHk
= prebaked anode T BH % = pitch cokefEmK
= carbonaceous [ka:ba'neifas]ik = m/fg\]ﬁa
Jifi ) = ground coke

= soderberg anode /5P (&R
FEAR A% BEID

= pus bar FEZ¢



m outline Unit 16

= |ntroduction
= Natural occurrence of aluminum ore
= Production process

> Alumina extraction: Bayer process
= Ore processing
= digestion:
= dilution

= decomposition
= evaporation

» calcination

> Electrolysis
= Cell and electrolyte
= Current efficiency and energy consumption
= anode



3B\ Language points Unit 18
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] Your parents, looking greatly worried, walk up and down on the
street.

OThe story, written by a young girl, became popular with the young.

OOur earth, in traveling around the sun, may meet many
unidentified objects in space.

O The student, ashamed of his bad temper, became kind now.
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Bauxite from Mine

Digester —__

\lf Balxite Residue

Preci pitator
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Electrolysis of Aluminum

Electric Power |||||
Source

Carbon Anode:

/ 6072 ->30,4+ 12

molten
cryolite, NazAlFg,
and Al EDE

Iron Cathode:
molten

4A1%3 £ 12e - 4 Al aluminum

Bauxite ore is purified to Al;05, which is mixed with cryolite, a

mixture of NaF and AlF s, which melts at 1000 C.
C. Ophardt c. 19297



LIB\ Par l:properties of aluminum Unit 16

>

Y V

The density of aluminum is small, only 2.7 g/cm3, pure
aluminum is soft, but can be made into all kinds of hard
aluminum alloy;

the electrical conductivity of the aluminum is only inferior
to silver and copper;

Aluminum is a good conductor of heat.

Aluminum has good ductility.In 100 °C ~ 150 °C,
Aluminum can be made into thin 0.01 mm aluminum foil.



m Part 1: uses of aluminum Unit 16

Because of its many desirable physical, chemical and
metallurgical properties, aluminum has become the
most widely used non-ferrous metal.




m Part 2:Natural occurrence Unit 16

=  Aluminum is the most abundant metallic element on the Earth and
Moon, but Is never found free In nature.

= It makes up more than 8% of the solid portion of the Earth’s
surface, seawater contains an average of only 0.5 ppm aluminum.

= The element is widely distributed in plant where it may be present
In significant concentrations, particularly in vegetation in marshy
place and acid soils.




m Part 2: Natural occurrence Unit 16

B Bauxite is often thought of as a mineral but is really a rock
composed of aluminum oxide and hydroxide minerals such as
gibbsite, boehmite, AIO(OH) and diaspore, HAIO,, as well
as clays, silt and iron oxides and hydroxides.

B Gibbsite,diaspore and boehmite are 3 major minerals of bauxite.

> Gibbsite is aluminum hydroxide minerals in bauxite deposit. It is often
designated as y-Al(OH), (but sometimes as a-Al(OH);. It is also
sometimes called hydrargillite




m Part 2 : Natural occurrence Unit 16

» Boehmite, structural formula AIO(OH), molecular formula Al,O,
- H,0O. It is white with tints of yellow, green, brown or red due to
Impurities.

» Diaspore has a molecular formula HAIO,, Often containing trace
Iron and manganese. It occurs sometimes as flattened crystals, but
usually as lamellar or scaly massesf @], It is colorless or
greyish-white, yellowish, sometimes violet in color, and varies
from translucent=t-i% #H to transparent .
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m Part 2 : Natural occurrence Unit 16

> Clay minerals such as kaolinite Al,SI1,0:(OH),, quartz SiO,, and
anatase, rutile, and brookiteTiO,, small amounts of magnetite
Fe,O,, Ilmenite FeTiO4 and corundum Al,O, are sometimes

present.

= |n addition to the foregoing minerals, bauxites usually
contain traces of other insoluble oxides such as those of
zirconium, gallium, chromium, and manganese.

= The term alumina trihydrate Is often applied to the mineral
gibbsite, and alumina monohydrate to the minerals

boehmite and diaspore.

In addition to [&. . - 24, &F



m Part 2 : Natural occurrence Unit 16

= Bauxites are often classified as trihydrate bauxites and

monohydrate bauxites, depending upon their content of the

principal mineral or minerals containing the extractable alumina.
JEPREIEEE

= The suitability of bauxite as a raw material for aluminum

production depends not only on its alumina content but also on its

content of combined silica, which is usually in the form of the
mineral kaolinite.

= Kaolinite not only contains aluminum which cannot be extracted
In the Bayer process, but it also reacts with the caustic-
aluminates solution to cause a loss of caustic soda.

Attention: their content or the content ? &) f5 75 %




[ER\ Part 3 :Production process Unit 16

= Production. The most widely used technology (Fig. 16-1) for
producing aluminum involves two steps; extraction and purification
of alumina from ores, and electrolysis of the oxide after it has been
dissolved in fused cryolite.

= Bauxite is by far the most used raw material at the present time.
Technically feasible processes exist for the extraction of alumina
from other raw materials such as clays, anorthosite, nepheline,
syenite, and alunite.

= However, these processes have not been competitive with the Bayer
process in the Western world.

= With the present rapidly changing economics of bauxite production,
some of the processes may well become competitive in the near
future. A few of these alternate raw materials are used as a source
for alumina in Europe and Asia.
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D \§ Introduction of Bayer process Unit 16

Bayer Process

M Bauxite is converted to aluminum oxide (Al,O,) via the Bayer
process. Relevant chemical equations are:

Al,O; +2 NaOH — 2 NaAlO, + H,0O
2 H,O + NaAlO, — AI(OH), + NaOH

W Bayer Process include 4 main processes: dissolution of bauxite,

digestion slurry dilution, seed decomposition and the mother

liquor evaporation.

#hFe R4 T



D \§ Introduction of Bayer process Unit 16

Dissolution of Bauxite Reaction

= Bauxite is digested by washing with a hot solution of sodium
hydroxide, NaOH, at 175 °C, under pressure.
Gibbsite: AI(OH);+NaOH=NaAlO,+2H,0

= For monohydrate type bauxite, the reaction must be under high
temperatures(300°C), high pressures, and high alkali

concentration.

AIO(OH)+NaOH=NaAl0,+H,0



D \§ Introduction of Bayer process Unit 16

_ _ _ _ ERR IS
= The Intermediate sodium aluminate, given the

simplified formula NaAlO,, is soluble in strongly
alkaline water, and the other components of the ore
are not. This treatment also dissolves silica, but the
other components of bauxite do not dissolve.



D \§ Introduction of Bayer process Unit 16

Digestion Slurry Dilution

= In order to promote the decomposition of sodium
aluminate solution

= To reduce the viscosity of sodium aluminate solution

= To facilitate the settlement and separation of red mud
= Further desilication of sodium aluminate solution

= The red mud was washed In order to reduce the loss of
Al,O, and sodium hydroxide.




D \§ Introduction of Bayer process Unit 16

Digestion Slurry Dilution

= Sometimes lime Is added here, to precipitate the silica
as calcium silicate. The solution is clarified by filtering
off the solid impurities, commonly with a rotary sand
trap, and a flocculant such as starch, to get rid of the
fine particles. The mixture of solid impurities is called

red mud.



D \§ Introduction of Bayer process Unit 16

Seed Decomposition

= After cooling, the solution is supersaturated with respect
to aluminum.It Is seeded with recycled synthetic

gibbsite (alumina trinydrate)and agitated.

= A large part of the alumina in solution thus crystallizes
out as gibbsite. This gibbsite is classified into product
and seed, the seed being recycled and the product

washed.



D \§ Introduction of Bayer process Unit 16

Evaporation

= The main alm Is to remove excess moisture in
the process and keep the water balance in the
circulatory system, making the mother liquor
concentration reach the requirements of
digestion of bauxite.



[ER\ Part 3: production process Unit 16

= Alumina extraction. In the Bayer process, (Fig. 31-1)bauxite is
crushed and ground, then digested at elevated temperature (140-
230°C) and pressure In a strong solution of caustic soda(80-110g
Na,Ollitre).

= For monohydrate type bauxites. in which the alumina occurs in
forms which are more difficult to dissolve than in trihydrate type
bauxites, stronger solutions (up to 220g Na,Ollitter), higher
temperatures (up to 300°C)and pressures(as high as 150 atm)
and sometimes longer digestion times are required.



1. Mixing Refining bauxite to alumina

Caustic soda

o

- ‘.'.' :

5. Calcination

_— Calcining kiln

Precipitators

2. Digestion

Filter

Pressure reducer
and heat exchanger

3. Clarification

- A. Precipitation

Settling Filter

tank

= Red mud to
disposal pond



[ER\ Part 3: production process Unit 16

= The gibbsite, boehmite or diaspore in the bauxites reacts
with the caustic soda to form soluble sodium aluminate.

= The residue, KNOWR " h& T mud, contains the insoluble
Impurities and the sodium aluminum silicate compound,
referred to as desilication product, formed by the reaction
of clay minerals with the sodium aluminate-caustic soda
solution.

= The red mud is separated from the solution by counter-
current decantation and filtration.

= After cooling , the solution Is supersaturated with respect
to aluminum.



[ER\ Part 3: production process Unit 16
seeding

= It Is seeded with recycled synthetic gibbsite (alumina trihydrate)
and agitated. A large part of the alumina in solution thus
crystallizes out as gibbsite. This gibbsite is classified into product
and seed, the seed being recycled and the product washed.

= Wash water and spent liquor, after concentration by evaporation,
are recycled to the digestion system. For metal production, the
product Is calcined at temperature up to 1300°C to produce
alumina containing about 0.3-0.8% soda, less than 0.1% iron oxide
plus silica, and trace amounts of other oxides.

Attention:
> I JUANBhR B ERE, IR 7 B R A
> AR e e IA



[ER\ Part 3: production process Unit 16

Use of alumina

= Some of the precipitated gibbsite is used for rubber, plastic and
paper fillers, and paper coating.

= Activated aluminas having high internal surface area are made
from the gibbsite by calcination at low to moderate temperatures.
They are used as desiccants and catalysts. Fully calcined
aluminas are used in the production of ceramics, abrasive, and
refractories.



[ER\ Part 3: production process Unit 16 ’
electrolysis

= Electrolytic reduction(smelting). although unchanged in
principle, the smelting process of today differs in detail and in
scale from the original process discovered by Hall and
Heroult.

= Modern technology has effected substantial improvements in
equipment, materials and control of the process and has
lowered the energy and labor requirements and the final cost
of primary metal.

differ in f£. . . A\|H
effect:v.5| e, f#r=4:



Inert anode technical specification.

» equation: Al,O;->AlI+0,1 (No carbon anode consumption)

» electrode: inert anode wenable cathode

» The electrode pole pitch: <2.0 cm

» average cell voltage: ~ 3.6V

> electrolytic temperature: ~ 850 °C

» the ton aluminum direct current consumes: <12000 kWh
» decrease of electricity consumption: >10%

» Anodic evolution: O,




Hall-Héroult anode technical specifcation

» equation: AlI203+C->Al+CO21

» cathode and anode: carbon materials

» The electrode pole pitch: ~ 4.0cm

» average cell voltage: 3.8 ~ 4.2V

> electrolytic temperature: 920 ~ 960°C

» the ton aluminum direct current consumes: ~ 13000 kWh

» electric energy efficiency: ~ 50%

» Tons of aluminum carbon consumption: ~ 400 kg

> Tons of aluminum equivalent CO2: ~ 10.7t ( electrolytic process

4.9t, power-generation process 5.8t )




Electrolyte

additives:
CaFZ\ MgF,. NaF. NaZCO3‘ LiF

to regulate the electrolyte performance : fusibility. density

viscosity. surface properties
conductivity



Modern Hall-Heroult process cell

Cryolithic bath

Carbon anodes Frozen ledae

» overall reaction: Al,O,+C—AI+CO,1

» Anode and cathode: carbon electrodes

RN wm LG .. WHAR » Anode-cathode distance: ~ 4.0cm

.....
i i i

» Average cell voltage : 3.8 ~4.2V

» Bath temperature: 920~ 970°C

» Direct current consumption : ~ 13000
KWh/t-Al

» Energy efficiency: ~50%

Aluminum pad _
» carbon consumption : ~ 400 kg/t-Al



LER\ Part 3: production process Unit 16

cell

= |n a modern smelter, alumina is dissolved in cells(pots)-
rectangular steel shells lined with carbon containing a
molten electrolyte (bath) consisting mostly of cryolite.

= The bath usually contains 2-8% alumina. EXcess
aluminum fluoride and calcium fluoride are added to
lower the melting point and to improve operation.

= Carbon anodes are hung from above the cells with their
lower ends extending to within about 1. 5 in (3. 8cm) of
the molten metal, which forms a layer under the molten

bath.

Within 21|44 4 B[




[ER\ Part 3: production process Unit 16
heat

= The heat required to keep the bath molten is supplied by the
electrical resistance of the bath as current passes through it.

= The amount of heat developed with a given current depends on
the length of the current path through the electrolyte, that is,
anode-cathode distance which is adjusted to maintain the desired
operating temperature, usually 960-970°C.

= A crust of frozen bath, 2. 5-7. 6 cm thick, forms on the top surface
of the bath and on the sidewalls of cell.

= Alumina is added to the bath or on the crust, where its sorbed
moisture is driven off by heat from the cell. While preheating on
the crust, the alumina charge serves as thermal insulation.
Periodically the crust is broken and the alumina is stirred into the
bath to maintain proper concentration.




[ER\ Part 3: production process Unit 16

= The passage of direct current through the electrolyte
decomposes the dissolved alumina.

= Metal is deposited on the cathode, and oxygen on the gradually
consumed anode . About 0.23 kg of carbon is consumed for
every pound of aluminum produced.

= The smelting process is continuous. Alumina is added, anodes
replaced, and molten aluminum is periodically siphoned off
without interrupting current to the cells.



[ER\ Part 3: production process Unit 16

current efficiency

= Current efficiencies in the industrial electrolytic process are
about 92-96%, and the energy Is about 50%.

= The voltage at the cell terminals is 4-5V, depending on the size
and condition of the cell.

= Voltage Is required to force the current through the entire cell
and the amount of power required to maintain the temperature is
a smaller proportion of the total power input in large cells than in
the small ones because of the lower ratio of surface to volume.

NN

= Thus power consumed per pound of metal is somewhat less In
large than in small cells. Consumption of 13-18 kwh/kg of
aluminum produced includes bus-bar, transformer?t %25, and
rectifier lossesZ& i 4.

Ll
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[ER\ Part 3: production process Unit 16

B A potline(FEfi## £ 41)) may consist of 50-200 cells with a total line
voltage of up to 1000V at current loads of 50000-225000A. Electric
power Is one of the most costly raw materials in aluminum
production.

B Aluminum producers have continually searched for sources of
cheap hydroelectric power, but have also had to construct facilities
that produce power from fossil fuels.

PEC: —ANME AR 251 H50-2004 B AR 2 R, E 2R
50000-2250000% 35 1 LT 0 B 45 =ik 10004k B 26 FEL I .
R A=, Bt mm R 2 —. AR AIISE
ZIEAWT SRR KRR BRI, (Hik 2 A A i M
PRI SRS RE = 1 &




[ER\ Part 3: production process Unit 16

B In the past half century, technological advances have significantly
reduced the amount of electrical energy necessary to produce a
pound of aluminum. In 1930 the requirement was 12kwh. In the
1970s a single cell can produce about 1.5 tons (1400kg) of metal
per day and uses only 6kwh/Ib(13kwh/kg). This level of energy
consumption has been maintained to the present time.

VE: 6kwh/lb 67T FUi R Es

P ERENA, BOR Bl C/ i B> 1A
FEITEE: (A T0.454T %) FEAT R ERHAEE. 7E19304E, 4
FEIGCEH AR T TS RS2 12 T FURY, AE20tH 705548, — 4]
FAL ) HE e A — R BB P~ 150 & SR T H P 195540 R 6T TL
S 1] FEL RE




[ER\ Part 3: production process Unit 16

B Current is led out of the cell to the anode busbar ([FHA%EFZE)
by a number of carbon block anodes(7x HfHHZ) suspended in

parallel (°F*47H#J) rows on vertical conducting rods of copper

or aluminum.

BESC PR SRR BN AR Gt BB B R
G P AT 0 — HEE 8 LA 7 4 5 r e | B
%




Pre-baked anode cell VS Self-baking anode cell

Self-baking cell
continuous anodes

no need for specialized factory
to produce anodes;

serious fume injury

higher cell voltage and more
energy consumption

higher cost and lower

mechanization level.

Pre-baked cell
lower cell voltage and less

energy consumption

less construction cost

can be large-scale and higher
mechanization level.
discontinuous pre-baked
anodes need to be changed
regularly, which is difficult
need specialized factory to

bake anodes




= Because impurities in the anodes dissolve in the bath as they are
consumed, pure carbon (calcined petroleum coke or pitch coke) is
used as raw material. The ground coke is mixed hot with enough
coal tar CHEEEW) or petroleum pitch (31T ) to bond it
into a block when pressed in a mold to form the “green” anode (4
BHKD .

calcined petroleum coke: H e T £2 7%

pitch coke: WIiH xR

ground coke: MrIREER (EERFT)
K| N AE 9 Bl HE T ) 2% o A IS B0 T A9 O IR e 2= v i 281 P JRE
B, BrPAgEi b HRVE VR R, REEE IR 5 2 8 1A R AR I
BE AT PR G AE ARG AR T BN B, BT Ak
T AR




[ER\ Part 3: production process Unit 16

B This is then baked (%%5%¢) slowly at temperatures up to 1100-

1200°C . In a cavity ([{) molded in the top of each block, a
steel stub (4{J1\) is embedded (#A. #& A\ by casting
molten iron around it or by using a carbonaceous paste; the
conducting bar is bolted ([ k-, F{£) to this stub.
B A BHAR B35 7E ik 1100-1200°C FIHRLE R # RS K o
FEAREA ¢ H T EIS By PR 34% e BT, T e RG] [ 3
Y Rk BN S BT TR N, TR (AT #2-I7E
JN_E T




Alumina

Anode
Busbar

Cover \L

Crust

Bath
Anode

Freeze
Side carbon
Ramming Mix

Metal
P P 8l g s el el

Cathode Carbon Block

e,

l Insulating Brick ‘ Collector Bar
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[ER\ Part 3: production process Unit 16

B Such an electrode is termed a prebaked anode Tk FHH)
to distinguish it from the soderberg anode ( H&5FHAR) | in
which the electrode (single anode to cell) is formed in place
from a carbonanceous paste which is baked by heat from the
pot as gradually descends C %) into the electrolyte.

VESC: X A AR Oy T B AR, AT B e 5 B R P
WX 7301, B B AR o (8 F A BRI R
BRAAE BT T P 2 F g ot ) AR gk B (adED 1Y
ASETE o




Process Product

Ore processing Finer bauxite

Bayer process Bauxite — sodium aluminate —
gibbsite— alumina;
Red mud

Electrolysis Aluminum ingot



A\ Homework Unit 16

= Write a summary of the text.
= Introduce the Bayer process

= Introduce the electrolyte for production of aluminum



End

@ lecturer: Xiyun Yang
@ School of Metallurgy and Environment
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