DEVELOPMENT

New technology to the
rescue for aluminum

The goals are a 50% reduction in capital per unit of
production and a 40% reduction in operating costs. Much of
the enabling technology already exists in other industries.

André R. Teissier-duCros

is the only meinl whose consumption 15 growing,
with diversified applicatsons foe which v has a clear
sdvaniige over other muterials. The industry’s cnsis
comsed by o growing discrepancy between strategic com-
srramis amsd |;-ch|'|.-.1l-ng}|;ul choices, Restructuring the Indus-
iry requires fethinking the way indusiry does its
iechnological development, puiting o highes prority on
“gpen., eatemal B&D™ than on “closed-shop, intemal
R&DL" Much of the technology that can be called 1o the
mescise already exists i other indosiries or ppplications,
The aluminuem indusiry has w recogniee its needs and look
for the soluiions, some of which [ discuss here
.!l.pp|||;|||i-u|1h for niumimum exploal 65 diverse proper-
tes. s stracteral properties allow it 0 be used in housing
and comstruction, in awbomobilke manufsciure, and i the
aerospace industry, hs maolkeability makes it xleal for
packnging and home products such as insulation backing.
Its elecrrical conductivity makes it suitable for some wine
and coble applicatsons; aluminum’s share of this market is
% and gr-u:w.ing Anmual world production is 18 milhon
metric tons (MT) compared with 700 million MT for steel
amd less than 100 millmn MT for copper. Hevwever, if world
per capita comsumgion of aluminum egualed Japan’s, we
would need 1440 millon 3T annually!

T he aluminum industey is @ crisis, And ver aluminum

Aluminum production

Aluminam s produced by elecirolysis of alumina
through a consumable carhan anode by the Hall-Herouls
process, Aluming ks isell separated from bauxite, a natu-
ral ore, by the Bayer solvent extraction process. The major
manufaciurers of aluminem are listed in Table 1 abng
with their procloction capacity, These seven leaders have
planis that produce o woeal of 40% of the world capaciry,

An aluminum plant (& shown in Figure 1. The econom-
ics of building a state-of-the-art plunt ke his from
scraich are owilined in the box. Aluminum produection s
the most capatal-intensive indusiry in the world. As vou
cam see, it s also highly energy intensive, requiring 6 K'Wh
18] I_'Irl'lllJL'E each pound of aluminum.

This plant we'ne proposing to build is quite Inrge. Could
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Tabie 1. Major manufacturers of alaminam

Cotipony by 1 mll'm;rm
Meoa LLS. 2000
Blcan Caraik 1600
Fesmoids L5 100
Pathingy Frarca L]
Aluma LS C=i]
Hydro Alumarsm Noreay 00
Haiger s 500

Fipore 1. An aluminem plaml, Each of the slscirobytic calls s
arranged |n elecirical series in “potlines,” @nd the plant may align
soveral pollings, Each call pravides slactrachemical resstance

it be smalker? Plani size has noi been growang unbil now
for pwo main reasons: economies of scale, o reduce
energy consumpiion; and the critical size of the carbon
plant where the anodes are macde, which consumes roaghly
% MT/year of petroleum coke and piich

How much does @ cost o produce aluminum? This &= a
iowchy subject becnusse T of world aluminum smeliers are
operating at a loss, but | have broken down the cost imeo ils
comstitients i Feure 7 o 171 Today ¥ wamelbers ane



One state -of - the - arf aluminem smeller

Inrvesirnant cost $1.5 bilion
Cagueity 30,000 MT#yedr
Sales revenus al §1 10007 £250 million

Energy consumed af 14 000 BWhAT 32 millios M

listed worldwide., but many are cocooned or closed down,
Adumina (5 assumed o be o commodity whose price i the
same wiorldwide, Any price differential comes from shap-
ment costs, which favor smelters on a seacoast or along a
large river. The price of energy, however, vanes enor-
mously acconding to coumrics, 10 natare of contracts, and
1o economic priorites in the couniry,

Two techmlogies have been used during this cenfury 1o
produce aluminum: the prebaked anode echnology and
the Soderberg technodogy (Figure 3. In both cases, alu-
mina, mixed with cryolite | sodiem-alemminm fuoside § o
form a eutectic of lower melling poinl, 15 clecirodyxed 1n A
refractory pod beteeen a cathiode of carbon blocks and an

Deprecigtion and overhaad | 8%

Maspoes 21%
Mumira 3% |

Energy 21%

Carbon producss. i

Fipwre 2. The operaling cost of & slabe -of-Ehe-arl fechory whers
the iotal posi per bon ks $1215. Thess parceniages ane approxima-
tioms since deprecialion o3 range from 14% io 17%, energy cosls
18% io 22%, and alumina cost l8 27% to 33%.

anmde of compacted amnd baked granuies of petrobswm coke
mixed with pich as o binder. Aluming and carbon are
comveried fo aluminum and carbwn deaoxiide

in the prebaked method, anodes ore compounded and
haked separaiely in an anode plant with a process compa.
eable 1o tha used in brick monufocture, This was the orig-
inal technology imagined by the inventors, Charles Marm
Hall and Paul Heroult, i |RR0L

Im 1927, o Scandinavian engimeer, Carl Wilkelm Soder-
berg, demonstrated a concepl of comtinesus anods. An
enormous. “slesve” or “casing” phowe the pot is Filled
with green premised anmnde pasie that is baked by the heal
of the pot itself as the paste poes down, fedlowing con-
sumption of the anode. The continuous anode s beld by
steel studs or spikes scatiered thooughoun these are pulled
ouil one afler the adber aind replaced

Soderberg’s ingenious design eliminated half of the
anode plang, l,||-'|'|.11-|||'|.:.-|j the process, ang| provided at the
time & higher Faraday efficiency becoase of larger surface
amd bvwer current density. Bt it is dangensus: Organic
gases emirtted by anode baking ae mixed with Nuorsde
mnd metsl compounds emitied by the pol. Asode coasump-
tion, hound o be aregolar on sweh @ large scale, ransiaes
into bocal overheating and penerates pockets of ges that act
as dnsulitors amd musi be eliminaied by human inlerven-
tion, Whar wih prevailing heat amd toxic almosphene. a
mismanaged Soderberg plant s very clme 10 Hell

Toward greater eificiency

The efficiency of o smelter con be messured in two
ways: the yiell of mewl per k'Wh consumed, and the Fura
day eificiency. which measures what percentage of elecin-
cal enarpy has been used to convert aluming into
pluminum. The first gives an économse performance. he
secomd on electrochemical performance. 'When the Sonder-
berg technology was imtroduced, (s higher efficiency and
bower capital cos prevailied. From 1927 (o the late 196s,
the Soderbeng techislogy wis more efficiend undil the pre-
baked echnology finally prevailed,

Berwesn these dates, enormous RE&ED budgets were
spent by the larger aluminem producers. The race was led
by Alcoa, and the main challengers were Alusaisse and,
post-World War [l, Pechiney in France: laier Kaiser, Rey-
nolds. and Hydeo Aluminum joined in the competition,

la}

ibi

Figure 3. The tws competing aluminem prodection technalogies. On ihe [ef is the older prebaked - cell bechnology and on Ehe night is
iha Soderbarg technology. After years of in-hoess development wark, the oider prabaked -cell technoiogy prevailed and is the ong In

uge TodEy.
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I.'h: Sudtrh-:rgpm:cah was rendered ohsolere, il- I.H:'EI:-i ..'-a 1.ri-
umph of internal R&D.

The technology advances

Until the late 19805 priority was put on ensrgy effi-
ciency even though it meant larger size and capital inten-
sity. The world industry, shaken by the 1973 energy crisis,
discovered the French aluminum iechnology promated by
Pechiney. For decades France, a phonger in aluminum, had
a prodected market justified by high energy costs, A mas-
sive effort was made domestically to increase metal yield
per Kilowstt hour, A technology breakthrough was intro-
duced in the late |9%00s with the Pechiney AP 16 and 18
pats of TRIUHKY amperes, This was obtaned by computer
masdeling of magnetic fields in the pot, a typical project
tor intemal corporate Ré& D,
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a market. Pechiney sought economies of scale fo further
optimize its control of magnetic fields in and around the
pot. s plans ane 280,000 and 300,000 A (versus 255,000
A for Alcea), with nominal capacities of 230,000 MT,

Berween 1970 and wwoday, Pechiney has supplied the
technology for abouwt hall of the smeliers buill in the
world, Aluminum smelting technology became available
“off the shelf.,” and newcomers such as Wenczuela, Arab
Emirates, and Awstralia have imported the technology
from Pechiney but also from Kaiser, Reynolds, and Alu-
supsse. Alcon still prefers to do internal R&D 1o mesr or
beat Pechiney and keeps its technology o iself,

Finding new technologles
Technology priorities now aim al increasing added
value, reducing costs other than energy, and reducing

Economics

World aluminum consumption doubled every decade from

1900 1o 1580. The industry, led by Alcoa from the 1910s o

1973, followed a price wmbrella sef by Alcoa, bassd on a

remarkably simple and sound palicy. Prices wens to be sta-

bz, Ehem showly descending againsi prices of sieel and cop-
compatiions

§8.00

Aluminum, pricedlh
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neglected, And yer the anode is at the hean of unsolved
problemns, The Faraday Index reaches %6%. but carbon
efficiency (i.e.. carbon consumption in excess of theoreti-
cal consumption as translated from the reaction formula) is
40-505%; however, most of the plant malfunctions are caused
by imegular and changing anode quality. Small producers,
such as Mational Southwire, which owns only one smelter,
have demonstrated improvements in anode lechnology and
in mechanization of anode operations while producing high-
purity aluminum that goes directly from the ladle 1o contin-
wous rod casting, and on 0 wire processing.

I believe that the aluminum industry will have to change
in the next few years. It will wamt 1o aim at building
gmaller units, which can address specific regional markets.
This is important in developing countries that must favor
their domestic manufacturing industries. The carbon plant,
the main factor in increased capacity, must be scaled
down. Companies will need to offer directly the alloy, or
high-purity metal, or semiproducts, such as rod, sheet or
foil, or extruded profile, which a more local customer
wants. Small-scale integration will allow lower cost and
higher added value in the finished product.

My firm has identified seven independent technocdogy

als that when implemented would result in a smelter
with the following parmeters:

m A zmelier of T0.000-100,000 MT capacity;

m Intermediate intensity: 160, 000= 1 B0, 000 A;

& Investment cost per MT of capacity: abour 33500

s Operating cost per MT of metal: less than 31000, per-
haps as low as $R50, at the best sites;

B Site selection: on the sea, and near a long-term partner
in electric power, or with an integrated power plant.

The seven goals can be pursued independently, and |
believe that an active scarch for owside technologies for
transfer to the industry will permit each goal 1o be met.

Scale down the carbon plant. The basic process used in
the carbon anode plant, illustrated in Figure 4, is ancient. and
evokes the technology used for making bricks. Trial and
error led to expedient additions of grinders, screeners, and
mixers to the process that became nday's stabe of the art. The
result is 8 complex process that is still prone to imegular qual-
ity. A faulty anode means a higher spontanecus air burm, a lnss
of energy and carbon product, and a risk of malfunction.

e I o e r o s e s e

Early tech iranster In the sluminom Industry

The first {ransiarmed from another industry
occurred in e One is the continuous anode paste
imeader, transferred from—no joke— the chocotste ingdus-
try, amd developsd by Buss AG, @ Swiss firm, of course. The
other is the invention of
gantry cranes, ECL

of & master=skve robot carmied by an
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shown the way 10 better control of particle size, R&D
Carbon redesigned the carbon plant (Figure 5), using &
process transferred from asphalt technology and the rosd-
surfacing industry; this carbon plant is now promoted by
ABB Engineering. The techniques used to prepare mives
are simpler and less elaborate than the prevailing ones.
Pennsylvania Crusher suggested changes, which it rans-
fermed from experience with fine crushing of coke in coal-
fired power plants, These changes could eliminate several
sieps of grinding and screening.

Toward an isoiropic anode. We foreses the use of
powder generation technology to produce an “isotropic™
anode instead of (ke granular strecture of the current
anode, This would be produced by sintering a carbon pow-
der, itself generated by solid coalescence of carbon n a
liquid phase. This technology could also be inherited from
the steel industry,

Continuous alumina feeding. The pol is permanently
breaking down alumina into aluminum and carbon diox-
ide. The right amount of alumina must be maintained so
that each electron voll available ideally feeds the electro-
chemical reaction 1o maximize Faraday efficiency. Linfor-
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Figure 4. Funclional chart of the plant that is currently used lo
produce the carbon anode.

(1682718 5/0.28/<0.25 men

Figure 5. The anode plant designed by R&D Carbon uses a sim-
pher process. The process was borrowed from the asphalt process-
ing industry.
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through that erust, It must be broken at regular iniervals 1o

let throwgh an injection of fresh alumina,

The bottleneck here is a subsystem called the point
feeder, The best current technology is the Pechiney design
shown in Figure & This device combines & pneumatic
hammer with a small hopper. There are three point feeders
per pot, which break the crust and feed the oxide every 2
minutes or 0, In between, the Faraday efficiency drifts
down slightly. If the frequency of the feed could be higher,
efficiency would increase. Unfortunately this device has
an Achilles’ heel: Iis air cylinder uses polymer seals and
elastomer hoses that do not function well in the presence
of alumina powder and high temperature. A seal technol-
ogy that uses only memals and minerals and is totally
refractory is available: it comes from the automotive
indusiry. A new design can eliminate the hoses, These
improvements are common in machine design, but the
industry has 1o be willing 1o go elsewhere and seek the
nesded expertise,

Heat insulation. In a rare example of university=alumi-
num industry cooperation, Hydro Aluminium, the Scandi-
navian producer, has sponsored in & local Technology
Center the development of an unexpected energy-saving
device, Because smelting oceurs 8l temperatures of about
1400 °F, a lot of energy is lost through heat. A heat
exchanger using a heat-conducting fluid as media covers
each pot. Hydro Aluminium demonstrated in its pilot oper-
ation that 11% of the previously lost heat can be converted
into usable cogenerated energy.

Meial recovery in dross. The dross is the slag com-
posed of metal, oxide, and salts at the surface of molten
metal. The invention of dross cooling plus metal recovery
in rotary furnaces came from MFS Engineering Company,
o small Canadian engineering finrm previously active—
agnin—in the steel industry. Even more high tech is the
transfer from plasma torch technology: Plasma Energy
Corporation promotes remelting of dross in a controlled
atmosphere to recover the metal. The process has been
used with success by Alcan and by Oralco Aluminum.

Environmental protection. The industry leaders in
reducing the air pollution from aluminum smeliers are a
Swedish firm, Flakt Industri, and & French firm, Procedair.
Their technology consists of scrubbers cleaning fumes
from various toxic components notably fuorine, 30,
VOCs, and metal compounids,

Disposing of the solid residue remains a problem. But
several technology transfers are in the making, aimed at
completely neutralizing the solid residue inio & vitrified
material safe 1o dump or even to reuse. Yitrification is
again obtained by plasma processing. One possibility
would be the technology developed in Europe by LAB, an
engineering firm cooperating with Europlasma, a spin-off
af an aerospace COMmpKRY.

Improved pot shelf life. The problem here is that the
exireme thermal siress oa the pot limits its life, The pot
lining must be replaced at regular imtervals, and the spent
lining is a hazardous pollutant. A breakthrough in materi-
als techmnodogy and in design could solve this problem. [ do
not believe that the breakthrough needed will come from
the aluminum indusary itself.

The future "
My company is monitoring these developments for our
clients in the aluminum industry, and we are confident that

Figure 6. The Pechiney poinl lseder system. Improvements in
materials could baad to more gven aperabion and higher Faraday
efficiencies.

in the coming decade aluminum consumption, driven by
stralegic priorities and a commitment 10 low prices, will
increase much more than current projections, The industry
will be less research oriented bt more innovative. In
Table 2 are the absolute cost of aluminum and its constit-
uents in three cases from the worst 1o the ideal but feasi-
ble case, which applics to several smeliers now &t project
stage. An operating cost of SE0G/MT is feasible, If anyone
wanls o pul some money into such a smelter, please give
me a call!

This aricle i hased on & peesentation o the spring 1994 meeiing of the
Commercial Developmen Assedision

Tatie 2, Production cosis for aluminum, 1993-1895

Cosi”

FaENE Idaal Aealigtic Worsl
Depraciation 9z 185 240
Alumina 300 ars 400
Carban praducts ar 110 120
Enargy 100 250 B00
Lahar Ed 180 360
Equipment & Supplies 160 240 240
Shipging 6 40 B0

Todal BG 1380 2040

il figuees are in LS dollarg per mainic fon
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