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Aluminium in the Periodic Table

Source: www.40cg.com
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“Aluminium” or “aluminum”? I
• 1st Century AD: Roman writer Pliny the Elder described the compound
potassium aluminium sulphate, KAl(SO4)2·12H2O as alumen
alumen = “bitter salt”
• In early modern history, alumen became shortened to alum
• 1761: French chemist Louis-Bernard Guyton de Morveau (1737-1816)
suggested that the basic component of alum was alumine
• Antoine de Lavoisier (1743-1794) believed that alumine was the oxide
of an unknown metal
• Scottish chemist Joseph Black (1728-1799) preferred the name
alumina for this oxide (Al2O3) and this name was generally accepted
• 1808: Humphry Davy (1778-1829) used the name alumium for the
metal he was trying to isolate electrolytically from the mineral
alumina.
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“Aluminium” or “aluminum”? II
• 1812: Davy used the name aluminum in his book Chemical Philosophy
• 1812: anonymous contributor to the Quarterly Review in a review of
Davy's book, objected to aluminum and proposed the name aluminium,
"for so we shall take the liberty of writing the word, in preference to
aluminum, which has a less classical sound.”
• The -ium suffix followed of other newly discovered elements of the
time: potassium, sodium, magnesium, calcium, and strontium (all of
which Davy isolated himself).
• Element names ending in -um were not unknown at the time: platinum
molybdenum, and tantalum.
• The -um suffix is consistent with the universal spelling alumina for the
oxide
lanthana – lanthanum
ceria – cerium
thoria – thorium
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“Aluminium” or “aluminum”? III
• 1828: spelling aluminum is used in Webster's Dictionary
• 1892: Charles Martin Hall used the -um spelling in his advertising
handbill for his new electrolytic method of producing the metal,
despite his constant use of the -ium spelling in all the patents
• Hall's domination of production of the metal ensured that aluminum
became the standard English spelling in North America
• 1990: IUPAC adopted aluminium as the standard international name
1993: IUPAC recognized aluminum as an acceptable variant
• IUPAC periodic table now includes both spellings
• IUPAC internal publications use the two spelling with nearly equal
frequency
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Traité Elementaire de Chimie (Lavoisier, 1789)
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Natural abundance of elements in Earth’s crust

Source: www2.latech.edu

Source: en.wikipedia.org

Aluminium
• 3rd most abundant
element
• Most abundant metal
• Main component of
aluminosilicate rocks
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Ellingham diagram
• Aluminium does not occur in
metallic state in Nature
• Aluminium forms very stable
oxides
• Making aluminium metal is
very energy-intensive

Source: en.wikipedia.org
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Pourbaix diagram
• Aluminium metal lies
outside stability region
of water
• Aluminium metal cannot
be electrodeposited from
aqueous electrolytes
(H2 formation)

Source: www.intechopen.com
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1808: Davy tries to isolate aluminium
• English chemist Sir Humphry Davy (1778-1829)
exposed red hot alumina to potassium vapour
without effect
• Davy made extensive experiments aiming to
break down the alumina by electrolysis in molten
salts. He did not succeed in producing pure
aluminium, but was able to prepare an aluminium-iron alloy.
• "Had I been so fortunate as to have […] procured the metallic
substances I was in search of, I should have proposed […] the name of
alumium."
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1821: Discovery of bauxite
• French professor Pierre Berthier (1782-1861) discovers
aluminium ore bauxite while prospecting for iron ores in
southern France
• Named “Terre d’alumina des Beaux” after the village of
Les Beaux (Provence) where discovery was made
• Was considered as a possible iron ore due to its red color,
but was found to contain too much Al2O3
• Name was later changed to “beauxite” and then to “bauxite”
• First thought to be Al2O32H2O, but later found to be a mixture of the
hydroxides Al(OH)3 and AlOOH.
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Les Beaux (France)
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1825: Ørsted prepares first (impure) sample of
aluminium metal
• Danish physicist Hans Christian Ørsted
(1777-1851) was in 1824 the first to prepare AlCl3
by passing a stream of chlorine gas over a mixture
of alumina and carbon
• Tried to isolate aluminium metal by
reacting AlCl3 with potassium amalgam in 1825
• When mercury was distilled away, a residue
resembling tin was obtained
• Never repeated his experiments, did not further work on aluminium
• Sample was impure (aluminium amalgam, containing potassium)
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1827: Wöhler prepares first samples of aluminium
• German chemist Friedrich Wöhler (1800-1882)
started to work on aluminium after a visit to Ørsted
• Heated mixture of AlCl3 and potassium metal
in a crucible (violent reaction)
• Reaction mass was treated with water to remove KCl
• Aluminium was produced in the form of a grey powder,
but the small amount was insufficient to establish the
properties of the metal.
• Stopped for 18 years to work further on aluminium
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1845: Wöhler produces first pure Al samples
• Wöhler continues his previous studies on aluminium
• Produces 10–15 mg of metal globules by passing AlCl3 vapour over
molten potassium.
• Determines properties of aluminium, including density, malleability,
and ductility.
• Discovered that
aluminium has a relatively
low melting point (660 °C)
• Amount of aluminium
prepared was so small that
the metal remained a
rarity
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1854: Reduction process with sodium
• French chemist Henri Sainte-Claire Deville (1818-1881)
develops a process to prepare aluminium metal by
reduction of AlCl3 with sodium
• Sodium is less reactive and easier to handle than
potassium, and can be produced cheaper
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1854: Importance of aluminium recognized
• Sainte-Claire Deville recognized the huge potential of aluminium:
"On comprendra combien un métal blanc et inaltérable comme l’argent,
qui ne noircit pas à l’air, qui est fusible, malléable, ductile et tenace, et
qui présente la singulière propriété d’être plus léger que le verre,
combien un tel métal pourrait rendre de services s’il était possible de
l’obtenir facilement.«
“One can easily understand that a white and stable metal like silver,
which does not blacken in the air, which is fusible, malleable, ductile and
tough, and which has the unique property of being lighter than glass, can
be very useful if it were possible to get it easily.”
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1855: first aluminium objects
• Sainte-Claire Deville makes a aluminium medal that he offered to
Wöhler in recognition of Wöhler’s work of 1827
• Bars of aluminium produced by Sainte-Claire Deville were presented
to the public at the World Exhibition in as ‘silver from clay’

• In those days, the metal was significantly more expensive than gold.
• Napoléon III proudly displayed aluminium cutlery at his state banquets
• With the support of Napoléon III, Sainte-Claire Deville sets up the first
plant for aluminium production in Javel, close to Paris. (Napoléon III
was hoping to develop lightweight body armour for his cavalry)
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1855: Le Châtelier process for alumina recovery
• Louis Le Châtelier (1815-1873) invented a
process for recovery of alumina from bauxite.
• process involved heating bauxite with Na2CO3 at
1000 °C to form sodium aluminate (NaAlO2) and
then leaching it with water. Al(OH)3 is then
precipitated by bubbling CO2 gas generated
during the calcination step

His son Henri Le Châtelier (1850-1936) discovered
the Le Châtelier principle
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1859: first textbook on aluminium
First textbook on aluminium
Henri Sainte-Claire Deville
« De l'aluminium: Ses propiétés,
sa fabrication et ses applications »
Mallet-Bachelier, 1859
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1859: Deville process
• Preparation of a double chloride sodium and aluminium by reacting a
mixture of bauxite, NaCl, and coal tar with chlorine gas in an iron
retort
• Preparation of metallic sodium by heating a mixture of sodium
carbonate, limestone, and coal in a retort
• reaction of metallic sodium with the double chloride AlCl3NaCl in
reverberatory furnace to get metallic aluminium and slag
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1865: Jules Verne
• When French writer Jules Verne (1828-1905) wrote "From the Earth to
the Moon" (1865) about the fictitious first attempt to send man to the
moon, the material he chose to "build" his space capsule was
aluminium - the one material with the lightness and strength for such a
project.

22

1871: Dynamo invented
• Belgian engineer Zénobe Gramme (1826-1901) invents the dynamo,
which allows to obtain large quantities of electricity (DC) at a cheap
price.
• Important for electrolysis at an industrial scale
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1884: Washington Monument
• a 6-pound (100 ounce) pyramid of at that time expensive aluminium
was placed as an ornament at the very top of Washington Monument
(USA). It also served as the tip of the lightning rod system, a practical
application of the high electrical conductivity and corrosion resistance
of this metal.
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1886: Electrolytic process (Hall-Héroult)

Charles Martin Hall
(1863-1914)

Paul Héroult
(1863-1914)
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1886: Electrolytic process (Hall-Héroult)
• Challenge: to develop an electrolytic process using Al2O3 as starting
material
– Electrons are the cheapest reducing agent (much cheaper than Na)
– Al2O3 is much heaper than AlCl3
But: Al2O3 has a very high melting point: 2054 C
Find a solvent for Al2O3 that can conduct electricity
• German chemist Martin Kiliani (1858-1895) found that a cryolite
(Na3AlF6) sample with an Al2O3 impurity had a lower melting point
than pure cryolite
• This information was immediately utilized by Héroult and Hall to
propose cryolite as a molten salt solvent for Al2O3
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1886: Electrolytic process (Hall-Héroult)
• On 23 April, Héroult files a patent for the production of aluminium by
fused-salt electrolysis of alumina dissolved in a molten cryolite bath.
• On 9 July, Hall files a patent for the production of aluminium by
fused-salt electrolysis of alumina dissolved in a molten cryolite bath.
• Hall was able to prove that he had made aluminium by the new method
before the date of the French patent to obtain patent protection in the
United States. Evidence from his family and former teacher Jewett,
including two postmarked letters to his brother, George, helped to
establish the priority of Hall's discovery in the United States
(successful experiment on February 23, 1886)
• Hall got the patent rights for the USA and Héroult for Europe
USA patent law: first to invent (up to 2 year before filing date)
EU patent law: first to file
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US Patent 400,677
• Two separate electrode rods in the melt
and a gasoline-fired burner used to heat
the pot
• Crucibles were made from iron shells
lined with graphite
• A graphite liner of the pot serves as
the negative cathode
• Electrolyte was Na2Al2F8, i.e. 2 moles
of AlF3 for each mole of Na3AlF6
(cryolite) = excess of AlF3
• Al2O3 was dissolved in the electrolyte and
added as consumed in the electrolysis
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US Patent 400,677
• The source of electricity was a “dynamo-electric machine giving a
voltage of 4-6 V and a high current.
• Graphite was used as the positive electrode and was gradually
consumed by production of CO2
• Liquid aluminium, being denser than the solvent, sank to the bottom of
the pot, where it was protected from reoxidation.
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1888: Commercialization of the Hall process
• A group of six industrialists led by Alfred E. Hunt, provided the
financial backing that enabled Hall to found the Pittsburgh Reduction
Company (now Alcoa Inc.)
• Before that year was out, Hall and his first employee, Arthur Vining
Davis, had produced the first commercial aluminium in a pilot plant on
Smallman Street in Pittsburgh
• The industrial process was simplified
by switching to internal resistive
heating by a strong electric current
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Why nearly simultaneous, yet independent
discoveries?
• Finding an economical process for refining aluminium was widely
recognized as a prime target for inventors
• Electrochemistry had begun to mature as an applied science.
• Large electricity-generating dynamos were being developed
commercially.
• Interest had been aroused in the chemistry of fluorine-containing
substances.
• Hall and Héroult were skilled experimentalist, who not only devised a
method of making aluminium metal, but made most of their apparatus
and prepared many of their chemicals.
• Héroult and Hall had good access to scientific journals and where
following the latest developments in the field
• Héroult and Hall had a burning desire to be a successful inventor and
industrialist.
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1888-1892: Bayer process
• Karl Josef Bayer (1847-1904) modified the
Le Châtelier process in two stages
• Bayer developed his process while working for the Tentelev Chemical
Plant (St. Petersburg, Russia), Al(OH)3 was used as a mordant for
dyeing textiles
• 1888: replaced CO2 by seed of Al(OH)3 on which precipitation took
place by vigorous agitation. Product was pure and easily filterable
• 1892: introduced the pressure leaching step ( in an autoclave) which
transformed the process into a fully hydrometallurgical process.
(= first high-high pressure hydrometallurgical process)
He also found that the alkaline mother liquor obtained after the
precipitation of Al(OH)3 could be recycled
• Process based on his two patents became known as the Bayer process
• Process received immediate recognition and is used today in
practically the same way as described in the original patents.
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Bayer process patent 1 (1888)
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Bayer process patent 2 (1892)
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Development of alumina processing methods

Source: www.abec.ca/history/1082history_part1.pdf
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1893: Shaftesbury Memorial Fountain
• Aluminium statue of Anteros (Ancient Greek god, brother of Eros)
• First large sculpture in the world to be cast in aluminium (2.5 m high)
• Located at the southeastern side of Piccadilly Circus in London
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1894: First industrial alumina plant using Bayer
process
• 1894: first industrial alumina plant using Bayer’s patents was started in
Gardanne (Southern France) by the Société Française de l’Alumine
Pure
• Choice of Gardanne was based on the availability of lignite in the
region
• It was estimated that it would be cheaper to transport bauxite than fuel.
• Bayer himself was present during the start-up of the plant.
• Pure Al2O3 was supplied to the Société Électrométallurgique Française
owned by Paul Héroult
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Links
•
•
•
•
•
•
•
•
•

http://www.aluminum.org/aluminum-advantage/history-aluminum
www.abec.ca/history/1082history_part1.pdf
www.abec.ca/history/1082history_part2.pdf
http://www.histalu.org
http://www.aluminiumleader.com/history/industry_history/
https://en.wikipedia.org/wiki/Aluminium
https://www.youtube.com/watch?v=4AhZ8503WPs
http://www.azom.com/article.aspx?ArticleID=1530
http://www.scs.illinois.edu/~mainzv/HIST/awards/Citations/v381%20p13-18.pdf
• http://nanostudies.org/pdf/regular/8_333_344.pdf
• https://www.acs.org/content/acs/en/education/whatischemistry/landma
rks/aluminumprocess.html
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