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TERMS OF REFERENCE

The UNIDO Investment Co-operative Programme Branch has on hand
a number of investment project proposals based on hydrogen from
water electrolysis.

. Based on his knowledge and experience in the subject matter, the
consultant will provide information on the most recent technolo-
gies 1n the use of electrical power for the production of hydro-
gen for fertilizers and basic chemicals, with special reference
to the processes used by the de Nora Company in Milan, Italy,
and the Norsk Hydro Company in Oslo, Norway. He will provide in-
dicative figures for power consumption and investment cost and
an outlook for future developments, especially regarding high
pressure electrolysis.

He will visit the de Nora Company for one day and contact the

Norsk Hydro Company by telephone and/or letter. He will also
. report on his findings regarding progress in new developments

made by other spezialized firms, including Canada Electrolysors.

He will prepare a cumprehensive report on the above (about 20
to 25 pages) and submit it to UNIDO/ICPB by August 31, 1985.
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SUMMARY

Beginning with the early days of industrial chemistry electric
power has been applied as source of energy in a number of processes,
including the electrolysis of water, the electrolytic production of
chlorine and caustic soda, the production of phosphorus and calcium-
. carbide and several ajplications of the electric arc as well as the
electrolytic production of metals, such as aluminium and magnesium.
Development centers and centers of industrial production were those
areas where electric power was - and still is - available at rea-
sonably low cost: hydroelectric power in Scandinavia, in Canada and
in various dam-regions like Aswan, Nangal and others; power from
coal-fir=d power stations in mining areas i:: the USA, in the USSR
in the cerman Democratic Reputblic, and in the Federal Republic of
Germany in the Cologne area; certain other thermal power stations,
where the primary fuel is avaiiable at low cost, and certain nuclear
power stations.

With the availability of fossil fuels as raw materials and as energy

‘l’ at reasonably economic rates, with the development of processes to
produce synthesis gas from such raw materials and - last not least -
with the development of the petrochemical routes via ethylene the
development of the traditional electrochemical rcutes was not fur-
ther persued for 20 years and many electrochemical processes became
obsolete, i.e. the so-c2iled carhide-acethylene route.

Since the dramatic increases of the prices for petrochemical raw
materials, mainly gas and naphtha, the possibility of a re-activa-
tion of traditional electrochemical routes has been studied under
various provisions, the most important being the availability of
surplus electric power in a region, where for a foreseeable number
of years requirements of the industrial development and the private
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consumers can be guaranteed without major _cuts into the availability
of power to the electrochemical plant. Such regions will be in Africa,
in South America, and in Asia. Technological development work has
been directed towards the improvement of existing technologies: de-
crease of specific power consumption and applicability in to-day's
commercial scale plants.

These efforts have produced success essentially in all areas where
‘ electricity cannot be substituted by other forms of energy, i.e.
chloro-alkali electrolysis and production of metals. They have still
not produced an acceptable solution in other areas like large scale
water-electrolysis and the re-activation of the carbide-acethylene
route, although some development-teams, like the one of Prof. L. Bolkow
in Munich predict, that the electrolytic production of hydrogen may
play a major role in the economics of energy on our g.obe in the
foreseeable future. This refers to a time-span of 50 to 80 years.
The detailed analysis of the status of the development efforts of
various teams in Switzerland, 1taly, Canada, the USSR, Japan and in
other countries would go far beyond the terms of reference of this
paper and may not produce practical and applicable results before 3
‘ to 4 years from now.

It may however be recommended to continuously monitor the scenario.
A conference where various teams could report on the results of
their studies could produce a good survey if it is carefully pre-
pared and scheduled for 1986.

Any specific investment proposals have to be individual'y studied
and analyzed in view of the most probable development of the pcwer
supply/power demand situation during the expected lifetime of the
oroposed plant.
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Introduction

Since 1766, when Henry Cavendish first discovered an electrolytic
method to separate water into its elementary components hydrogen
and oxygen, researchers in science and in industry have put a
great deal of effort into the investigation of the effect of elec-
tric power on all kinds of chemical individuals or reactions.
Electrochemical processes in the context of this paper will in-
clude such processes, where electricity as a source of energy

. takes actively part to initiate or to make feasible a specific
chemical reaction. Such reactions may take place in aqueous or
other ionic solutions, in gaseous media or in mixtures of solid
or molten materials. A manifold of industrial processes have
been developed into commercial-size applications and quite a num-
ber of them have been continuously improved and kept up to the
latest state of the art as far as technological possibilities
and economics are concerned. There are processes which continue
tc have a well defined field of application and :thers which
have been forgotten over the years, but still may be of interest
under certain specific conditions.

The Process of Sam Eyde and Kristian Birkeland and other
Electric Arc Processes

The production of nitrogen oxydes in an electric arc process was
named after the two gentlemen who have studied the phenomena of

the influence of the electric arc in an air-filled glass flask

and developed this reaction into a "commercial scale" operatjon.

At the beginning of this century the first few kilogram of HNO3

were obtained and the basis for the synthetic production of ex-
plosives and fertilizers was laid, independent from natural nitrates
which were to be imported to Zurope from South America and which,
until then, were the only source for nitric acid, nitrates and all

products and chemical individuals derived from these raw materials.
(Attachment 1)

-8 -
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To-day this process is only of historical importance. The product
yield in relation to the consumption of energy was never able to
compete with the ammonia synthesis/ammonia combustion route as it
was developed to technical application by Haber, Bosch an¢ Oswald.
Nevertheless other tez»s have continued to investigate che-ical re-
actions under the influence of the electric arc. One of the pro-
cesses which is still in commercial operation in several plants in
Europe (HULS electric arc process) and in the United States (Du Pont
electric arc process) is the production of acetylene and gthylene
from methane and other hydrocarbons. The capacity of VEBA-H{LS is
indicated to be appr. 130.000 tpy of acetylene and 60.000 tpy of
ethylene. A second plant in Europe is operated in Rumania.

Some years ago an electric arc/plasma method has been published by
HULS and by HOECHST under the name WLP (Hasserstoff—Lichtbegen-
Pyrolyse). The technologies of the two inventor companies are
slightly different: Whereas HULS activates the hydrogen st.eam
which is used as heat transfer media with a direct current electric
arc, HOECHST obtains the elctric arc from three phase current. Con-
trary to the direct electric arc process from HULS, this technology
Is capable to utilize a wide range rv hydrc arbons with good re-
sults in acetylene/ethylene-yield (80%) and low quantities of car-
bon black as a by-product.

There is only one project in a developing country known to the
author, where the utilization of the electric arc technolozy is
considered for the production of acetylene and ethylene from
methane. This project is part of the petrochemical scheme in
Bangladesh where besides of natural ges no other petrochemical
feedstock is locally available. So far nobody has been ablzs to
prove the feasibility of this route for a new plant in Ban-ladesh
and the autnor is quite convinced that the plant may never be
built - at least not in the foreseeable future,
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The Production of Hydrogen and Oxygen by Means of Water-electrolysis

Although its large scale commercial application started only much
later, this process is certainly the oldest but perhaps also the most
potential application of electric power in the field of transfor-
mation of materia. In the past it has been applied in recions where
electric power constitutes i source of energy which is mcre econo-
mically available than coal. '.yurocarbons or other fossil feedstocks
. for the production of lari¢ volumes of hydrogen. In “hese regions
the electrolysis of water hecame the basis for the ammonia and fer-
tilizer industry for many years. In the early '30ies NORSK HYDRO as
a pioneer of tris technology stcorted the large scale production of
hydrogen in two locations in Scandinavia: Rjukan and Glomfjord and
until to-day the electrolytic production of hydrogen in these two
locations still continues at a combined level of 60.000 Nm3/h. In
other locations such as Nangal in India, Aswan in Egypt and Cuzco
in Peru, electrolytic hydrogen has been or will be replaced by hy-
drogen from petrochemical feedstocks or the product-range of the
plant has been converted to higher value products in order to justi-
fy the application of electric power which became more valuable as
. the demand increased with the ongoing industrial development of the
individual regions.

Electrolytic hydrogen to-day is produced in a great number of
smaller installations, where limited quantities of pure hydrogen
are used for the finishing of edible oil and fat or for various
chemical reactions in many industrial fields, including pharma-
ceuticals and perfumes.

With the considerable price increase for fossil feedstocks on the
one hand and with the availability of surplus electricity in some
specific locations of *he globe on the other hand, various studies
have been initiated to investigate the economics of the application
of hydrogen for the production of fertilizers. Such locations are
the Inga-Dam in Zaire, the surplus electricity regions in Brazil

- 10 -
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and in Paraguay as well as in Borneo and possibly in Canada, to
name only the spots with the highest potential.
(Attachment II)

Besides of its direct utilization as a raw material in chemistry,
the hydrogen from the electrolysis of water may well become an im-
portant factor in the economics of energy storage and energy trans-
port in the foreseeable future, and of course hydrogen is a fuel

' which can be utilized without creating any problems to the environ-
ment. Some authors have estimated that even under to-day's condi-
tions the transport of compressed or liquified hydrogen for distances
above 400 km is more economic than the transport of electric power
in the mcin electrical grid. They further predict that it may become
taasible to produce hydrogen in the immediate vicinity of glacial
power stations in Greenland and to ship the liquified material to
terminals in continental Europe (Ludwig Bolkow).

Even if this may sound a bit futuristic, it is quite clear now, that
electrolytic hydrogen will play a major role in the scenario of
energy economics in the future. It is also quite clear that the

‘ presently available and proven technology for the electrolytic pro-
duction of hydrogen - which is based upon the electrolyzation at a
slightly elevated pressure of about 6 kg/cm’ - has to be revolutio-
nary improved in order to open a new era for this resource. Efforts
into this direction are under way in some specialized firms and
institutions like:
ASAHI CHEMICALS, Japan
ASAHI GLASS, Japan
BROWN BOVERI & CIE., Switzerland
CANADIAN ELECTROLYSORS, Inc., Cenada
GENERAL ELECTRIC COMP., USA
ICI, United Kingdom
NORSK HYDRO, Norway
ORONZIO DE NORA S.p.A., Italy
and others.

-1 -
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The direction of these efforts include the zero-gap electrodes and
the introauction of membrares in order to optimize the specific
power consumption per Nm® of product and the operation of the
electrolyzer-cell at an elevated pressure far beyond the present
limits. I may very well be exocected that new impulses for the fur-
ther devzlopment in this field will result from space technology
and it will certainly be of interest to follow-up the status of
this developments in reqular intervalls of one or two years.

The Productior of Chlorine and Caustic Soda from Sodiumchloride or
Natural Brine and the Production of Chlorine from Muriatic Acid

The first of these two processes is perhaps the most important in-
dustrial application of electrolysis ir aqueous solution. With
chlorine consumers in plastics, chlorhydrocarbons, and many other
chemicals and with its direct application in the water treatment
and in the pulp and paper industry, chlorine is one of the traditio-
nal inorganic bulk chemicais. The second product, caustic soda, is
mostly consumed in the production of aluminium and in the chemical
. industry itself. The electrolytic production of chlorine from muria-
tic acid is used for balancing the regional chlorine demand versus
the caustic soda market or the one hand and in order to solve a dis-
posal problem which occurs if there is no reasonable outlet for sur-
plus muriatic acid available. Wherever relatively huge quantities
of HCl are an unavoidable by-product in certain chlorination pro-
cesses it may - also from an economic point of view - be advisable
to consider this electrolytic process in orcder to recycle the chlo-
rine.

With the slow-down in demand of PVC and chlorine chemicals both
processes have not kept pace with the growth rates they reached in
the '60ies and early '70ies. For environmental (mercury, asbestos)
and ecchomic (power rates) reasons however, very active development

- 12 -
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p. 12

efforts have been invested into this technology, resulting in a re-
marcable decrease of specific power consumption per ton of chlorine
and in the elimination of environmental and health nhazards resulting
from the application of mercury as a cathode and diaphragmas made
from asbestos.

In this field the technology development has done several big steps

in the past few years: DSA, Zero-gap, and Membrane Technology to
. name only a few. It is essentially carried by the same group of

companies who are actively working in the field of water-electro-

lvsis, namely

ORONZIO DE NORA S.p.A., Italy

ICI, United Kingdom

ASAHI GLASS, Japan

ASAHI CHEMICALS, Japan

and a German Group consisting of

BAYER AG, HOECHST AG and UHDE GmbH.

From an economic point of view one should consider the trade with

and the transport of liquide chlorine or VC monomere as a trade

and a transport of an energy concentrate.

. It is anticipated that with the realization of the objectives of
the present development the power consumption per ton of chlorine
will come down very close to the theoretic possible level, and
health and environmental hazards are completely eliminated or
minimized.

(Attachments 111, 1V)

For the direct chlorination of seawater ORONZIO DE NORA S.p.A. de-
veloped their SEACLOR system for the on-site instantaneous genera-
tion of hypochlorite scolutions. This system is widely used in sea-
water intakes for power stations and seawater desalination units.
(Attachment V)

A very interesting combination of technolzgy may be the combination

- 13 -
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of a chloroalkali electrolysis with the producticn of phosphoric
acid. This process elimirates the difficulties which result from
the need to utilize or sell or dispose off the chlorine from a
plant which is mainly operated to produce sodium hydroxyde. The
chlorine obtained as a by-product in this case is converted into
HC1 and utilized in this form for the treatment of phosphate rock
for the production of fertilizer-grade phosphoric acid. This pro-
+275 route has t~en jointly studied by DE NORA and ICL Ltd. It
will be of interest wherever NaCl, electric power, and phosphate
rock are available and sulfur would have to be imported for the
sulfuric acid - phosphoric acid route. The copy of a preliminary
feasibility study is attached to this paper.

(Attachment VI)

The Production of Hydrochloric Acid from Chlorine and Hydrogen

This process is cnly of very limited importance to-day as huge
quantities of muriatic acid are available as a by-product from
various chlorination processes. As mentioned above, this product

in certain cases creates rather a disposal problem and is recycled
via a special electrolytic process to produce hydrogen and chlorine.

The Electrolytic Production of Sodium Chlorate and Potassium
Chlorate and the Production of Bleaching Chemicals

These processes are to be considered as a manufacturing of special-
ty chemicals rather than a posibility to use surplus power in a

way which would influence the economy of energy.

(Attachment VII)

- 14 -
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The Electrolytic Production of Aluminium and Magnesium

This technology includes two of the major power-consuming industrial
processes of to-day. Whereas alvminium is produced in huge quanti-
ties at many locations in the world, magnesium is still the special-
ty of a few pruduction units only. Similar tc the transport of li-
quid chlorine or VCM the transport of aluminium ingots means trans-
porting energy in a manageable form. Unfortunately there are only

a few places in the world where th2 two resources, electric power
and bauxite, can be found so close to each other that one could say
“this is an ideal place to build an aluminium factory". One loca-
tion which has both is in the northeast of Brazil and it may be
predicted that a substantial aluminium capacity will be installed

in this region as soon as infrastructural and other problems have
been solved.

NORSK HYDRQ is one of the pioneers in both processes and the com-
pany is operating several plants based on the availability of hydro-
electric power in Scandinavia.

(Attachment VIII)

The Calciumcarbide - Acetylene - Chemical Route

This process has been the basis for the development of many chemical
products and for the commercial production of plastics, plastizisers,
sclvents, and other materials over many years, until - with the
availability of hydrocarbons from petroleum fractions - the petro-
chemical routes were established. Besides of calcium carbonate and

toke, electric power is the main "raw material” for this process

route. Coke, according to the results of development work which was
mainly executed in recent years, may be replaced partly or as a whole
by other suitable carbon-carrying materials from charcoal to scrap tires.
(Attachment 1X)

- 15 -
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With the price increase in petrochemical feedstocks since the early
‘70ies a number of projects has been studied with the objective to
determine the feasibility and the economics of a possible re-vitali-
zation of the calciumcarbide-acetylene-chemical route under various
local conditions, in Zaire, in Bhutan, and in other locations. To
the best knowledge of the author until to date none of the consul-
ting parties has been able to justify a re-vitalization of the old
route, althcugh some capacities are still in operation in the Buna-
Werke in Schkopau/GDR and in South Africa. In all other locations
where carbide is produced, the bulk of the material is sold to the
iron and steel industry and only very limited portions are used for
chemical purposes, i.e. - after reacting with air - as CaCNZ, a
nitrogen-fertilizer with special properties and a raw material for
certain synthesis routes, as it is produced by SKW, Trostberg/
Germany.

The Electrothermal Production of Elemental Phosphorus

Until about 15 years ago the electrothermal production of elemental
phosphorus was about the only way to obtain the purity needed for
many processing steps in the detergent industry, the food industry
and for many technical applications of phosphorus and phosphorous
compounds. Since then a considerable progress has been made with
the purification of wet phosphoric acid and the demand for t'.e pro-
duct frow the elctrothermal route has decreased. The dramatic down-
trend in silfur prices has provided an additional impact to this
development.

- 16 -
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Economic Operation of Electrochemical Installations

For any region where there is surplus electric power available in
quantities changing between daytime and nighttime or in any other
cyclus, the electrolytic processes as well as the electrothermal
processes listed above may well be contrclled in accordance to that
time-table in a way to utilize the surplus electric power whenever
it is available and to give priority to other consumers during
times when these consumers have their peak demand. In Europe such
time-tables normally are a part of the contract between the power
supply company and the industrial power consumer and the price
which the consumer finally has to pay for the energy depends upon
the accuracy with which he follows the quantities agreed upon in
the time-table. This flexibility of course has its limitations as
it can only be exercised on the basis of an installed surplus ca-
pacity in the electrochemical plant and accordingly it demands an
increased capital investment. This naturally is a disadvantage
especially for developing nations: The balance between additional
capital cost on the consumer side versus idle investment on the
side of the power generation plant is to be figured very carefully.
In the case of hydroelectric power the investment in the power
production (dams, turbines etc.) is generally higher than the in-
vestment of the consumer. Still the author is convinced that it
would be very irresponsible tn dare any generalized conclusion

or recommendation at this point. It is rather absolutely unavoi-
dable to study the specific conditions at a specific site over

a well defined time span (which should coincide with the expected
lifetime of the proposed plant) in order to develop a recommenda-
tion pro or contra a proposed investment.

- 17 -
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Conclusions/Recommendations

The survey which has veer executed by the author under UNIDO-
Contract Nr. CLT 35/1384 is based upon visits/discussions and
communications with 11 companies specialized in the design and
construction and/or operation of electrochemical plants. The
list of companies includes:

BBC Aktiengesellschaft, Mannheim
Chlorine Engineers, Tokyo

DE NORA S.p.A., Milano

HOECHST Aktiengesellschaft, Frankfurt
ICL, Tel Aviv

LURGI GmbH, Frankfurt

MBB GmbH, Minchen

NORSK HYDROA/S, Oslo

SKW Aktiengesellschaft, Trostberg
UHDE GmbH, Dortmund

VAW Aktiengesellschaft, Bonn

During ACHEMA 1985 the presence of many experts in Frankfurt was
utilized to exchange information which provided additional back-
ground to define the following conclusions:

- Electric power is considered a high-value energy ("Edelenergie")
and accordingly it is priced in almost all industrial regions
of the world. Under to-day's scenario it is economically not
feasible to utilize electric power in electrochemical processes
. whenever another process route with easily available raw ma-
terials and other sources of energy will make available the
same p.oducts.

. whenever industrial or private consumers have developed a de-
mand for the capacity of electric power which is available in
the specific region.

- 18 -
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- For rhe above reason, research and development efforts in the
electrochemical field during the last few y=ars have been con-
centrated in areas where such alternative routes are not
available:

. the production of chlorine and caustic soda from sodiumchloride

. the recyciing of chlorine from HC!

. the production of phosphorus and calciumcarbide for consumers
who cannot replace the electrothermically manufactured product

' in their processing lines for reasons of technology or quality

. the production of small quantities of pure hydrogen, which is
used for hydrogenation processes in the food industry, the phar-
maceutical and cosmetics industry and for small-scale consumers
in the chemical industry

. the production of aluminium and magnesium

. the production of metallurgical alloys like ferrosilicium, ferro-
chromium, ferromangan etc.

In all these areas up to date highly economi¢ processes are available
which comply with the latest standards of operating safety, environ-
mental protection and product quality. For the large-scale electro-
lytic production of hydrogen however and for the processing of this
. hydrogen, be it for the direct conversion to ammonia and fertilizers
or for transport as raw material or as source of energy it would be
necessary to come to more economic technical solutions which have to
include the electrolysis at an elevated pressure of at least 20 to
30 kp/cm® and the reduction of the specific energy consumption.

As long as natural gas is available and with to-day's cost of trans-
port with the presently available technology the author can hardly
imagine tie revival of a fertilizer production based upon electrolytic
hydrogen (a commercial size ammonia plant would require about

80.000 Nm?/h hydrogen).

A similar situation exists with regard to the calciumcarbide - ace-
tylene route for the production of plastics and chemicals. It is

- 19 -
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certainly a more economic utilization of natural resources to pro-
duce vinylchloride-monomere or polyolefine-granulates from the C2-
fraction ot natural gas via ethylene and to establish the pro-
cessing units in the consumer region step by step in accorzance
with the growing derand.

In view of the above it is racommendes to continuously monitor the
scenario, the status, and the eventuzl results of the developmental

. efforts of the variuos teams. A conference where selected teams
would be invited to present the resuits of their work could be a
good instrument to up-date detailed knowledge and to motivate for
further efforts.

In view of certain "unique" locations in developing naticns like
laire, Paraguay/Brazil, Malaysia, Indonesia, and others with much
smaller surplus power capacities like Bhutan and Malawi, it may be
recommended to study the present chances of power utilization and
to draw up diagrams of the most likely development of the general
power consumption and the cvailability of surplus quantities over
the expected lifetime of an electrochemical plant. This includes
the necessity to answer the question what would be done in order

. to keep an industrial and social environment full of vitality after
2 plant (i.e. a fertilizer plant) becomes obsolete due to 2 diver-
sion of electric power to other consumers. This situation is ex-
pected to arise in the Aswan area shortly.

In view of the above status the author may draw the attention of
the reader to attachments II - IX where the most up-to-date deve-
lopment status which is presently available for the important
process routes is presented, including specific figures of power
consumption,

- 20 -
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As far as investment figures are concerned, in view of the ongoing
development it is corsidered not recommendable to collect any such
information from contraciors at this state, and quote it in a ge-
neral paper like this study. The value of these figures would be
very limited or rather negative due to the potential of confusion
which they include.
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ATTACHMENT |

The Electric Arc Process of Sam Eyde and Kristian Birkeland
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CHAPIZRE I'C — A LA CROISEE DES CHEMINS

I — LES PREMIERS ESSAIS DE SYNTHESE AMMONIACALE -

LA SYNTHESE

AMMONIACALE SE

POSE EN CONCURRENT

DU PROCEDE A L'ARC

OU'S avons vu au chapitre VI,
page 118, comment la Bad:iiche
Anilin & Sodafabrik consenut en
1911 a résilier 'accord de colla-
boration qu’elle avait conclu en

‘1907 avec la Société de I'Azote. Sam Eyde

Jut, a ce moment, s'esumer favorisé par le
desun ; car la bonne volonté dont les Allemands
firent preuve a cette occasion fut plus grande
qu’on aurait pu s’y attendre ; et au surplus
elle éiait agréable aux Francais. Il n’en reste
pas moins que, comme nous I'avons dit, cette
attitude des Allemands s’expliquait p-r le fait
qu’ils avaient décidé de suivre une voie
différente : la méthode i arc, avec sa forte
consommatuon d’énergie, r * convenait pas aux
conditons de production . 'nt ils disposaient ;
de plus, leurs essais en vue de la production
synthétique de Pammoniaqu: éraient déja assez
avancés a ce moment pour que le succeés de
la nouvelle méthode parut assuré : effective-
ment, nous l'avons v. au chapitre VIII,
page 193, leur premiere production d’ammo-
niaque synthétique eut lieu dés 1913.

Le moment est venu maintenant, nous
semble-t-il, de donner au lecteur un apergu du
procédé de la synthese ammoniacale.

Tandis que la méthode a arc consiste a
combiner 1’azote et l'oxygéne de lair, la
méthode Haber-Bosch fixe 'azote de I'air sur
I’hydrogene, sous forme d’ammoniaque, dans
des fours de synthése a haute pression.

Pour cela, il faut disposer d’un mélange
gazeux composé de ces deux éléments dans la
proportion de ! part Jazote (N.) pour 3 parts
d’hydrogen. (H,), correspondant au rapport
de la molécule d’ammoniaque (NH,). La
réaction de la synthése elle-méme

N, -3 H 2 NH,

—
2 -

abourit a un équilibre dépendant des conditions
de pression et de température. Une haute
pression augmente le pourcentage d’ammo-
niaque tandis qu’au contraire une température
élevée le diminue. 11 semblerait donc que 'on
otuenne le meilleur rendement en ammo-
niaque en travaillant a une haute pression et
a2 une basse température; mais avec une
température peu élevée, la réacuon, tout en
s’opérant bien, se produit lentement, c’est-a-

dire que I’équilibre s’établit trop tard. Il faur

donc travailler dans le champ des températures
moyennes de 400 a 700 °C pour arriver a un
résultat intéressant. Mais méme dans ces
conditions il est nécessaire d’accélérer la
réaction au moyen d’un caralyseur, c’est-a-
dire d’un corps qui provoque la réaction s:us
v participer et donc sans étre consommé. En
général, il est impossible de prévoir quel
catalyseur permetira d’obtenir une réactuon
déterminde ; aussi sa composition ne peut-elle
étre établie qu’a la suite de recherches longues
et systématiques ; et de ce fait elle est consi-
dérée comme un secret de fabrication.
Jusqu’a la fin de la guerre, en 1918, les
informaticns qui pergaient sur les conditions
techniques et économiques de la méthode
Haber-Bosch restérent fort rares. Le professeur
allemand Bernthsen, chef du service des breverts
de la Badische, avait bien fair, en 1913, une
conférence sur « Haberverfahren » aux Etars-
Unis ; et en 1915 il fut question d’introduire
la méthode dans ce pays. Mais on estima Jue
'azote qui scrait ainsi obtenu reviendrait trop
cher comparativement avec le procédé 2 la
cvanamide de calcium et avec 12 méthode 2
I'arc — aussi étonnant qu'une telle opinion
puisse nous paraitre maintenant, car il érait
avéré des ce moment que la méthode de la
synthése ammoniacale avait été couronnée de
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succés en Allemagne. Par la suite, cependant,
les autorites amérnicaines désignérent un Comité
spéaial ‘The Niutrate Supply Committee), dont
un représentant, le Dr Charles P. Parsons,
alors chimiste en chef du Burcau des Mines,
s¢ rendit ¢n 1916 pour un vovage d’érude en
Italie, en ~ngleterre, en France, cn Norvege
et en Suede.

Ajoutons 1c1 que ce Comité en arriva plus
ou moins a la conclusion que, si la guerre
n'était pas survenue, la Société de I’Azote
n’aurait pu conunuer a exploiter sa méthode
de production : c’était 13, on le voir, une
opinion pessimiste, — a laquelle cependant
bien des gens se rallierent par la suite. Quant
a nous, nous ne nous considérons pas en

mesure de dire quel aurait été le sort de la
.Société de P'Azote si la guerre mondiale
n’avait pas éclaté, et si le conflit ne lui avan
pas permis de consolider sa situation financiére ;
mais — devons-nous z2jouter — nous ignerons
tout autant si I’Allemagne se serait engagée
aussi énergiquement dans Ja voie de la synthése
ammoniacale si elle n’y avait pas été poussée
par les nécessités nées de la guerre.

Quoiqu’il en soit, un fait, qui devait a partir
de ce moment dominer tout le probleme,
demcure : par kilogramme d’azote obtenu, le
procédé a I’arc Birkeland-Eyde exigeait 68 kWh
alors que la svnthése ammoniacale Haber-
Bcsch n’en contommait que 17 : soit du
simple au quadriple. Encore cette comparaison
n’est-elle correcte que sous la condition que
I’hydrogene nécessaire pour la synthése ammo-
@ iacale soit obtenu par électrolyse de I'eau :
si, au contraire, ’hvdrogéne est produit en

artant du charbon (ou d’huile r.inérale, de
gaz naturel, etc...), les bescins en énergie
électrique sont minimes. Cela signifiait que,
a partr du morm.ent ou la synthése ammoniacale
serait techniquement réalisée, la production
d’engrais azotés synthétiques ne constitue-
sait plus un privilége absolu pour Jes pays
disposant d’énergie hydraulique bon marché.

Ainsi donc, une question se posait pour la
Société de ’Azote : la méthode a 'arc pourrait-
elle continuer 2 sout~nir la concurrence? A la
longue, Pavantage résultant du prix extréme-
ment faible de I'énergic hydraulique s’avére-
rait-il suffisant?

Convenons en tout cas que, par suite de la
guerre, ia Société cut une chance et un délai
supplémentaires pour préparer le passage a3 la
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nouvelle méthode au momeni ou il devint
in¢vitable ; car, comme nous I'2vons vu dans
les chapitres précédents, la Société put ainsi
atteindre sa pleine capacité et méme, grace a
des achats d’eau ammoniacale et de cvanamide,
augmenter sa production au dela de sa capacité
effective. Les prix qu’elle obtint pencant cette
période n’eurent d’ailleurs rien d’excessif,
puisque la hausse qu’ils faisaient ressortir
resta inférieure a celle accusée par la movenne
générale des prix. Bien plus : lorsque par la
suite le marché mondial enregistra une forte
baisse — c’est-a-dire durant la période de
crise qui suivit la fin de la guerre —, la Société
de I’ Azote resta dans une situation relativement
avantageuse, grace a la chute de la couronne, qui
jouait le role d’amortisseur. Et c’est donc
seulement au moment ou la Norvége entra
dans la phase dc hausse de la ~vuronne et de
déflaton, — époque qui fut aussi celle pendant
laquelle la forte augmentation de la capacité
de production de l'industrie de I’azote com-
menga a faire senur ses effets —, qu’il devint
évideat que la Société de I'Azote se trouvait
a la croisée des chemins.

Un certain temps devait pourtant s’écouler
avant qu’une décision fiit prise et que la
direction de la Société se décidat a abandonner
la méthode a 'arc pour passer a la synthése
ammoniacale. C’est qu’en effet I'on disait assez
couramment — disons que c’était une sorte
de part-pris d’opumisme — que le procédé
a larc resterait en mesure de soutenir la
concurrence pour la production de Yacide
nitrique et des nitrates, argument pris de ce
que Pammoniaque synthétique devait étre
convertie en acide nitrique, ce qui nécessitait
d’importantes installations et entrainait, en
outre, des pertes en azote.

Il peut y avoir intérét, a cette occasion, a
mentionner 'es recmarques bien symptoma-
tiques qu’échangerent au cours d’une réunion
qui eut lieu en 1924, 'un des dirigeants de
la Société de I’Azote et I'expert franqais
Schloesing, trés réputé en matiere d’azote, et
que nous avons déja mentionné pages 68 et 120.
Le professecur Schloesing ayant déclaré que la
synthese ne donncerait pas sculement de 'ammo-
niaque, mais aussi de l'acide nitrique et
des cngrais azotés meilleur marché que dans
la méthode a larc, le rcprésentant de la
Société de I’Azote répondit : « Si vous aviez
« raison, Monsicur Schloesing, j’abandonnerais
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Les Fabriques de Notodden vers 1926

« Pindustrie de I’azote et deviendrais agriculteur

en Norvege... »

Comme nous P'avons dit, 'avantage de la

dthode ammoniacale était que, par unité de
iweférence, elle ne nécessitait qu'un quart de
I'énergie utilisée par le procédé a I'arc. On
pouvait cependant espérer remédier, dans une
certaine mesure, 3 infériorité de la méthode
a J'arc en se servant du four a arc Schénherr
dont il a déja éré fait mendon : effectivement,
des essais réalisés avec un petit modele de
four avaient montré qu’en augmentant la
pression jusqu’a 10 atmosphéres, le rendement
pouvait étre porté d’environ 600 kg de NO,H par
kW-an a environ 730 kg, c’est-a-dire augmenté
de 22°, raviron; et en outre, si l'on se
servait d’un mélange d’oxygene et d’azoie au
lieu d’air, il semblait, d’apr:s la loi d’action
de masse, que le rendement dut augmenter
encore d’environ 24 °,, et atteindre environ

900 kg de NO,;H kW-an : il paraissait donc
possible d’augmenter le rendement des fours
de 30 °; par rapport au rendemc..t de ceux
installés a2 Rjukan et 2 Notodden.

La Société de I'Azote comprit assez téi
‘intérét qu’elle avait a eéntreprendre Iérude
systématique des fours a pression : et en effet
elle construisit, a8 Notodden, un four de ce type
en connexion avec un appareil a oxygene
Claude dont elle avait fait I’ac uisition.
Les essais de ce four commencis en 1916
furent poursuivis jusqu’en 1922, — époque i
laquelle fut construit un four de 1 000 kW, dont
la charge n’excéda cependant jan.ais 400 kW',
Les essais effectués avec ce nouvcau four
durérent jusqu'en 1925. On constata alors
qu’en. le faisant démarrer avec un réfrigirateur
cylindrique en cuivre, on obtenait 6380-700 kg
de NO;H par kW-an, et avec un mélange
oxygene-air a 50 °,,, 800 a 830 kg NO,H par
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kW'-an, c'est-a-dire sensiblement mains que
ce que lon avait espéré. En revanche, en
mettant le four en marche avec un réfrigérateur
en argent, cn aluminium ou en acier iro-
xvdable, on obtint touw d’abord de mziileurs
résultats ; mais (cux-ci ne furent pas durables ;
et 'on retomba cnsuite aux mémes rendements
que ceux obtenus avec le réfrigérateur de
cuivre.

En connexion avec le grand four a pression,
nne petite installavon d’absorption sous pres-
sion fut également construite. Elle se cor posait
d'une scule tour, au sommet de laquelle on
intr2duisait de 'eau pour reurer en bas Pacide,
les raz de four circulant en sens inverse (la
chaicur résultant de I'absorption était éliminée
i I'aide d’éléments réfrigérants encastrés dans
la tour méme). Le procédé se révéla satisfaisant ;
et dailleurs 1l fur édé a la Société Du Pont
de Nemours lorsque celle-ci acheta la licence
du procédé a l'arc : aujourd’hui encore cette
firme Yuulise dans son svsteme d’absorption
Sous pression.

Malgré I'intérét des amélioratio is qui avaient
été ainsi obtenues dans le rendeineni en azote
par kilowatt-heure, il fut reconnu que celles-ci
éraient insuffisantes pour permettre a laméthode
a I'arc de soutenir la concurrence. Et finalement
une série de problemes électrotechniques et
mécaniques, qui s’étaient révélés tres onéreux,
contribuérent a la décision de mertre fin aux
essais.

Comme nous I'avons déja dit, les informations
qui avarent percé pendant Ja guerre sur les
conditions techniques er economiques de la
méthode synthéuque allemande ctaient fort
rar ;5. On avait cependant I'impression, d’apres
certains brevets pris avant guerre, et d’apres
la conférence déja mentonnée qui fut donnée
aux Etats-Unis par le professcur Bernthsen,
que 'emploi de la méthode ¢tait extrénicment
difficile : 1l semblait que la moindre impureté
dans les gaz uulisés risquait de polluer le
catalyseur et donc d’arréter toute la fabrique ;
I'on ajoutair que I'acier, qui devait supporter
une pression et des températures élevées,
Jevenait cassant comme du verre si P'on faisait
Perreur de construction }a plus minime; et
Pon disait aussi que des millicrs de catalyseurs
devraient ére essavés avant que lon en
trouvit un qui puisse denner sausfaction, etc...

Lorsque, en 1919, les Puissances de 'Entente
envoyerent des experts inspecter les installa-
tions allemandes de synthése ammoniacale, il
se révéla que les Allemands n’avaient pas
exagéré : les installatons en questuon étaient
effectivement trés compliquées, et le travail qui
y avait été accompli en si peu d’années appa-
raissait comme véritablement impressionnant.
La Badische avuit vraiment effectué une ceuvre
de pionnier en construisant ces fours a synthése
— qui devaient d’ailleurs servir plus tard de
point de départ pour tant de fabrications
nouvelles de caractére révolutionnaire.




LEbor K

BIRKECAND YD

A cette dpogee L question primordiale duat
de savoir comment procéder @ la construction
d'une premidre usine 3 Rjukan. A Notodden,
pour l'essai des tours Schonherr, 3 fabrique
dite d'acide avait été mise a la dispositon
de la Badische Anilin und Sedafabrik avec
la torce d’une génératrice de Svaelgfos ; et de
toute évidence une concurrence allait s'¢ablir
entre les fours Birkeland-Evde et les fours
Schonherr pour linstallation de Rjukan.

Il importait donc de se mettre rapidement
a 'ceuvre ; et un grand four fut mis en marche
dés février 1910. Le rapport de la fabrique
pour le mois en question indique que les
espérances eXprimées quant aux conditions
de marche du nouveau four avaient été réalisées
et méme dépassées. Tout paraissait donc aller
de ce coté. Mais depuis un certain temps des
doutes s’étaient fait jour quant a I'exactitude
des mesures d’énergie électrique : la firme
Siemens Halske fut donc chargée de procéder
i un oxamen approfondi des instruments
de mesure ; et elle constata sur les kilowatt-
metres des fours un écart de 7 @ 8°%;,. La
consommatiion réelle d’énergie érait donc
beaucoup plus élevée que les chifires indiqués ;
ce fut une derniére déception, au moment
ol Pon s'apprétait 3 procéder aux essais
définitiss.

Les instruments correctement réglés, tout
fut préparé pour la comparaison des deux
modeles de fours. Une importante commission,
composée de comités désignés par les deux
parties — la Badische et la Société de PAzote —,
fut nommée pour décider, diriger et surveiller
les essais et rédiger un rapport i ce sujet.
Les essais devaient comprendre une période
de marche continue de 3 semaines pour chaque
type de four, le four Schonherr devant étre
essayé d’abord, le four Birkeland-Eyde ensuite.

La tension érait grande. On travailla acu-
vement et énergiquement pour tout préparer

I~
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e micux possible: en particuier Harl
Bonrevie, pcrsonncllcmcnt charz¢ du tous
Birkeland-Evde, ne prit plus une minut RS
Tepos.

Les deux fours avaient un rendement tres
comparable, et il était donc tmpossible de
prévoir le résultat défimtif des essals ; mals
comme le four a 3 300 kW fonctionnatt assez
bicn, on devait espérer quiil pourrait &tre
utilis¢ dans ces expériences @ c€ qui — au
cas ou il triompherait du tour Schonherr —
permettrait @ Rjukan une installation plus
simple et plus méthndique ; car, dans le cas
contraire, un nombre quatre fois plus impor-
tant de fours Schonherr devrait étre installe.
C’était 13 une contrepartie a 'avantage présenté
par le four Schonherr, dont le systeme de
concentration du gaz permettait de simplifier
la méthode d’absorption.

La mise au point de ces expériences fur
longue et délicate, et ce ne fur que le 15 juin
1910 que celles-ci purent commencer avec les
fours Schonherr de la fabrique *acide. Les
calculs de rendement devaient s’opérer pen-
dant 3 semaines... Mais brusquement, le
21 juin, a2 la grande surprise des membres
du Comité de la Société de I'Azotz , les Alle-
mands interrompirent les essais. La raison
qu’ils donnérent officiellement était que 'eau
de réfrigération des fours ne donnait pas
satisfaction ; et en effet dans leur procés-verbal
du 22 juin les membres du Comité norvégien
écrivirent : «A une question directement
« posée par le professeur Birkeland demandant
«si les essais avaient ét interrompus du fait
« &’un rendement insuffisant, le Dr Schionherr
« répondit que tel était bien le cas, et que la
« raison en était le dépdt boueux que P'eau de
« réfrigération déposait sur les chaudieres .

En tout état de cause, les membres du
Comité norvégien étaient convaincus que
Pinterruption des essais avec le four Schonherr
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représentait sne victore pour le four Birkeland-
Evde.

Si malgré cela 1l fut déadé que le premier
aménagement de Rjukan — Rjukan I — se
ferait avec 4 5 de 'énergie pour les fours de la
Badische et 15 seulement pour les fours
Birkeland-Evde, ce fut pour des raisons d’ordre
poliigue et non pas technique. Un accord
venait, en effet, d’étre conclu avec la Badische
Anilin und Sedafabrik, d’apres lequel avait
été fixée la proportion d’utilisation des deux
modeles de fours — bien que le four Birke-
land-Eyde et un rendement dépassant parfois
de 20 kg NO.H per kW-an celui du four
Schénherr.

Par la suite, cependant, le triomphe du four
Birkeland-Evde fut confirmé lors de 'aména-
gement de Rjukan II. Il ne fut plus alors
question des fours Schonherr; et seuls les
fours Birkeland-Eyde vy furent installés.

On prévovait toutefois que la mise en
concurrence entre les deux modeles de fours
interviendrait plus tard. La Commission pré-
citée était en effet restée en fonctions. Mais
des difficultés s’élevaient constamment ; et un
beau jour, les fours Schonherr furent démontés
dans la fabrique d’acide et envoyés a Rjukan.
Ce fut le dénouement de la compétition 3

Notodden . Ik four Birkcland-Evde restait
vainqueur.

Pendant tout ce temps, le grand four avait
continué a fonctionner sans interruption —
entouré des plus grands soins, car on vovait en
lui le triomphateur. A la fin de I'été 1910, un
nouveau four de grand modele fut mis en
service ; et des essais furent tentds, durant le
mots de décembre, avec des puissances
encore supdéricures. Nous lisons en effet dans
le rapport de la fabrique pour ce mois de
décembre 1910 : - Au cours des essais opérés
«avec le four, celui-ci fonctionna avec une
« charge de 4000 kW — la plus grande
“ puissance qui ait jamais éi¢ employée pour
«un seul four ; et nous sommes heureux de
« pouvoir dire que la marche a été aussi bonne,
« pour ne pas dire meilleure avec 4000 kW
« qu’avec 3000 kW ..

Alnsi 'on en éuait arrivé i fixer lss diman-
sions définitives du four. Cependant certains
essais eurent encore Lieu; et 1'on procéda en
paruculier a des modifications 2 Pintéricur
du four, a leffet d’obtenir une exploitation
continue avec un minimum de frais de répa-
ration, ct afin de s’assurer le meillcur rende-
ment possible. Pourtant le type méme du four
n’avait pas changé depuis le premier four a
bouclier -de Vassmoen.
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DEUNIEME

PARTIE

LA SOCIETE DE L'AZOTE PENDAMNT LA PERIODE
DE LA METHODE A L'ARC 190%-1927

CHAPITRE IV — LES DEBUTS DE LA SOCIETE DE L’AZOTE

I — UNE NAISSANCE DIFFICILE

L’ASSEMBLEE € NERALE CONSTITUTIVE
SE TIEN™ A RAADHUSGATEN 20

LLE NETAIT guére nombreuse,
b cette assemblée constitutive de la
E Société Norvégienne de P'Azote et
de Forces Hydro-Electriques en date
du 2 décembre 1905, qui devait
prendre la plus importante décision sans doute
intervenue jusqu’a ce jour dans Ihistoire de
industrie norvégienne, et qui se¢ tint dans
les bureaux de Sam Eyde 20 Raadhusgaten a
Kristiana. Elle se composait en effet, en tout
et pour tout, de 3 personnes, a savoir : Marcus
Wallenberg, banquier ; le frére de celui-ci, le
capitaine J. O. Wallenberg, et Sam Eyde lui-
méme, dont la personnalité érait a I’époque
encore relativement peu connue du grand
public. Mais, si restreinte qu’elle fat, cette
Assemblée comptait d’autant plus du point
de vue de Pautorité. Ces trois hommes avaient
en effet derri¢re eux un considérable potentiel
en capitaux suédois, et plus encorc frangais.
Pour P'instant, en tout cas, Marcus Wallenberg,
J. O. Wallenberg, et Sam Eyde représentaient,
du fait de leurs propres titres et des pouvoirs
dont ils étaient porteurs, 11 112 actions de
préférence, émises en numéraire, pour unc va-
leur nominale de KrN 4000 320 et 8 334 actions
ordinaires, émises en rémunération d’apports,
pour un montant de KrN 3000240 : soit la
totalité des KrN 7 000 560 qui allaient consti-
tuer le capital de départ de la nouveile
sociéte.

En téte de la liste des actions de préfe-
rence souscrites figurait la Banque de Pans
et des Pays-Bas, avec 1000 titres, soit
KrN 360000 ; venait ensuite une série de
noms se rattachant i cette banque et qui
représentaient, a leur tour, 3 600 actions, soit
KrN 1296000 ; parmi ces personnalits, qui
comprenaient pratiqucment tout le Conseil
d’Administration et la direction de la Banquz,
il faut citer notamment, pour I'importance de
leur souscription, Edmond Moret, directeur,
avec 400 actions, soit KrN 144000, et Hugo
Finaly, pére Jd'Horace Finaly, qui devint
par la suite Directeur Général de la Banque,
avec 500 actions, soit KrN 180 000. Figuraient
ensuite : la Société Générale pour favoriser le
développement du Commerce et de I'Indus-
tric en France, avec 1 000 actions, soit
KrN 360000; la Banque de I'Union Pani-
sicnne, avec 400 actions, soit KrN 144 000.
Venait enfin la Dresdner Bank, avec 200 actions,
soit KrN 72 000. La participation franqaise,
dans laquelle érait inclus le petit chiffre de
la Dresdner Bank, représentait ainsi un total
de 7 000 actions, soit KrN 2 520 000.

Les intéréts suédois étaient représentés par
les banquiers Knut A. Wallenberg, Marcus
Wallenberg et Knut Tillberg, qui Jdétenmient
chacun 1100 actions, soit KN 396 000, et
par J. O. Wallenberg, qui détenait 112 acuons,
soit KrN 40 320.
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Venait enfin la quote- part norve ¢awenne, celle
de Sam Evde, consutuée par 700 acuons,
soit. KrXN 252 000. :

Quant aux acuons ordinaires, qu €taient
desuinées a rémunérer les apports dont 1l sera
parié  ci-apres, elles éralent enti¢rement
répartics entre les actionnaires suédois précités
et Sam Evde.

L’Assemblée se unt sous la présidence de
Marcus Wallenberg, qui déclara que l'on
avait I'intentuon de fonder la société sur les
bases ci-apres :

« 1. La Société est une société ancnyme
norvégienne, régie par la Loi commerciale
norvégicnne, et dont le siege est actuellement
a Notodden, Norvege.

2. Ceute Société a pour objet :

a) lacquisinion et Iexpluration de toutes
forces hydrauliques naturelles et arti-
Sicielles;

b) lacquisition et Pexploitation en  tous
pavs de tous brevets er iventions concer-
nant la production et la fabrication de
Pacide mitrigue et de tous produiis azotés
ou dérivés;

c) Pacquisition, la construction et I'cxploi-
tation de tous érablissements indusiriels
destinés a la mise en valcur des procédés,
brevetés ou non, concernant la producrion
et la fabrication de Pacide nitriqgue et
de tous aurres produits azoiés ou dérivés,
amnst que l'unilisation de toutes forces
hydrauligues, narurelles et artificielles,
en vue de toutes industries;

d) et, généralement, 1outes opérations et
entreprises commerciales, financiéres et
industrielles, méme immobiliéves, se rat-
tachant aux objets ci-dessus indiqi és ».

L’Assemblée Générale approuva cnsuite
divers projets de contrats :

— contrat avec les proprictaires de la
chute de Svaclgfos, MM. Knut Wallenberg,
Marcus Wallenberg, Knut Tillberg et Sam
Eyde, en vue de Pachat de cctte chute avec
les terrains nécessaires, de manicre a garantr
a Ja Soci¢t¢ la pleine et entiere propridié
de cette chute, ¢t cela contre remise des
8 334 actions ordinaires précitées, pour une
valeur nominale de KrN 3 000 240, plus un
montant ¢n cspéces de KeN 315000, 4 paver
comptant, Les vendeurs s’engageaient ¢gale-

52

ment a4 céder 3 la Socidté toutes fes chutes
d’cau situces en Norvege dont ils deviendraient
propri¢taires, la Sociét¢  Norvégicnne de
I'Azote et de Forces Hvdro- Elcctnqms avant
le droit de participer éventucllement pour
moiti¢ a la société a créer en vue de I'exploi-
tatuon de telles chutes;

— contrat avec la société anonvme A S Det
Norske Kvaelstofkompagni, en vue d’obtenir
une opuon, au prix de KrN 3500 000, sur le
droit de propri¢té en Norvége de
MM. Birkeland et Eyde sur tous brevets
existants et futurs concernant des procédés
pour la fabrication d’acide nitrique et de
produits azotés ou dérivés. Cette option stipu-
lait que la Société Norvégienne de I’Azote et
de Forces Hvdro- Ekctnqucs aurait le droit
de disposer en Norvege, en vue de leur cession,
des brevets en question, et cela pour une
période de dix-huit mois aprés la pleine
entrée en exploitation de la fabrique prujetée
pour lutilisation de toute la puissance de
S\'ac]gfos, soit 29 000 CV. Un versement de
KiN 2,00 par kilowatt-an devait aussi étre
assuré a la Société Norvégienne de P’Azote
et de Forces H\dro-Electnques par toute
société qu serait éventuellement fondée en
vue d’utiliser les brevets sus-mentionnés, grice
a 'aménagement des chutes de Rjukan, Vamma
et Boile, ou d’autres chutes en Norvége
appartenant aux vendeurs ci-dessus mention-
nés ou a la société Det Norske Aktieselskab
for Elektrokemisk Industri. Cette clause était
applicable méme au cas ot la Société Norvé-
gienne de I'Azote et de Forces Hydro-Elec-
triques ne ferait pas l'acquisition de ces
brevets pour Ja Norvege. Dans le cas contraire,
la Société NOI’VC"ICHDC de P'Azote et de
Forces Hydro- Elccmqucs ne devait pas s’oppo-
ser a ce que les hrevets fussent utilisés en vue
de Pexploitation des chutes de Rjukan, Vamma
et Boile. En revanche, pour I'aménagement
d’autres chutes, le consentement de la Société
Norvégicnne de I’'Azote et de Forces Hydro-
Flecmqucs devait étre obtenu. Celle-ci avait,
en outre, droit a 30 ¢, des bénéfices nets
réalisés sur Ja vente des brevets frangais de
la Société Kvaclstofkompagni, et 2 10°, de
ceux qui e scraient dans les autres pays.

— contrat avec Dct Norske Aktieselskab
for Elcktrokemisk Industri, portant octroi 2
la Société Norvégienne de P'Azote et de Forces
Hydro- l"lccmqms d’unc option sur les actions



¢ 11 Secrd de Ruukanios, aves tous les
errains micessdires pour le plein amenagement
des 220000 CV prevus  hauteur de chute
332 m . movennant un prix de KeN 3 000 €00
La Scuidid Noreégienne de PAzote et de
Forcoes Hydro-Electriques se vovait en méme
temps awsurer un droit de prétérence sur les
chutes de Baile (25300 CV; et de Vamma
0000 CV), ainst que sur toutes les chutes
éventucllement en possession de la Société
Elektrokemisk en Norvege, dans chaque cas
au méme prix que celui des offres dont il
aurait ¢éé justifie. Ce droit de préférence
comprenait, également ici, la faculté de parti-
ciper par moitic a toutes sociétes Eventuelle-
ment crédes en vue de I'aménagement des
chutes ; et la Sociéeé \oneounne de I'Azote
et de Forces Hydro- Elcctnques se réservait
les mémes droits d’annuités que ceux figurant
au contrat précité. La Sociéeé \oneownne
de I'Azote et de Forces H\dro-Elecmques
obtenait enfin une option, valable jusqu’au
1" juin 1906, en vue de I’achat, moyennant
remise de KrN 500 040 en acuons de préfé-
rence supplementama entiecrement libérées
mais ne portant intérét que deux ans aprcs
leur création, de « la petite usine nitratiere
actuellement sise 3 Notodden », avec tous les
terrains nécessaires pour permettre son agran-
dissement en vue de P'uulisation de la totahité
de la puissance de Svaelgfos. Il s’agissait
donc la de la premicére fabrication destinée a
faire I'essai de la méthode Birkeland-Eyde
a [Déchelle industrielle. Et il érait ajouré
que la Société Norvégienne de I’Azote et de
Forces Hydro- Elcctnqucs devait procéder, le
plus 16t possible, a P'aménagement de la
chute de Svaelgfos et a I'installation de la
nouvelle « Grande Usine ».

Pour couvrir les frais d’établissement, la
nouvelle société s’érait assurée les fonds néces-
saires pour le cas ou le capital de préférence
ne serait pas suffisant : la Stockholms Enskilda
Bank s'était en effet déclarée disposée a lui
consenticr  un  emprunt  obligataire de
KN 2499840 a 5,50";, en échange d’une
hypothé¢que sur les propriétés immobiliéres
de la Société (c’est un fait d’ailleurs que la
Socité n'eut pas a recourir A cette émission
obligataire).

Aux termes des statuts, pouvoir était en
outre donné au Conseil d’Administration pour
procéder a unc augmentation du capital-
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actuons de KrN 500 040, sous forme d’actions
de préférence, pour le cas ou il déciderait de
lever 'option dont 1l a été question ci-dessus,
en ce qui concerne l'achat de [Pusine de
Notodden.

Un droit préférentiel, portant sur 14 des
actons émises lors de chaque augmentation
de capital, fut accordé aux premiers sous-
cripteurs des actions de préférence, des acuons
ordinaires et de l'emprunt obligataire sus-
mentionné. Il fut prévu a cette occasion de
procéder a I'émission de 2639 certificats de
souscripteur originaire — 3 raison d’un certi-
ficat pour KrN 3 600 en titres de 'une des
3 catégories (en définitive, par suite de la

non-réalisation de [P'emprunt obligataire
susmentionné, seuls 1945 certificats furent
créés).

Au sujet de la direction de la Société, il fut
stipulé dans les statuts que la Société scrait
gérée par un Conseil d’Administration compre-
nant un Directeur Général, élu par "Assemblée
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Géndrale pour le temps qu'clle déterminerait,
¢t 6 3 8 autres membres nommés par FAssem-
bice Genérale, par périodes successives de
trois annees, et toujours rééligibles. La majorité
des membres du Consell d’Administration
devait oujours ¢tre de nationalité norvégienne
ou sucdoise, étant précisé que, si le Consell était
composé de 7 personnes, il devait comprendre
au moins 2 membres norvégiens, et 3 membres
norvégiens au moins s1l était composé de
9 personnes. Le Conseil d’Admimstration
devait se diviser en deux secuons, ['une
ccmposée des administrateurs domiciliés en
Scandinavie, et T'autre de ceux domiciliés
soit en France soit ailleurs en dehors de la
Scandinavie. Sous le nom de Comité de
Paris, les admimstrateurs domiciliés en dehors
de la Scandinavie constitueraient la délégation
et la représentation de la Sociétié en France.
Les délibérations devaient €tre prises, dans
chaque section, a la majorité simple des
membres présents ou représentés, cetie majo-
rité devant grouper au moins deux adminis-
trateurs. Pour étre défimuvement valables, les
délibérations devaient étre approuvées par
les deux secuions ou par une majorité composée
d’au moins les 2'3 de 'ensemble des membres
du Conseil d’Administration ; s1 ces condi-
tions n’étaient pas remplies, les délibérations
devaient étre soumises a une Assemblée
Générale.

Les pouvoirs du Conseil d’Administration
éraient trés étendus et généraux, sous les
seules exceptions stipulées en faveur de
I’Assemblée Générale, c’est-a-dire les élections
des membres du Conseil d’Administration et
des Commissaires aux comptes, la fixation du
dividende et 'augmentation ou la réduction
du capital social.

En ce qui concerne la répartition des excé-
dents, 5 ¢, devaient servir a la constitution
d'un Fonds de réserve jusqu’a concurrence
du 1 20 du capital social ; sur le solde, 10,
devaient étre alloués au Conseil d’Adminis-
tration a titre de tantiecmes, ct 90 %, aux
actionnaires. Sur ces 90, il devait éire
d’abord prélevé la somme nécessaire pour
servir aux actions de préférence un dividende
de 8°,, puis cclle correspondant a un divi-
dence de 8°,, aux actions ordinaires. Sur le
reliquat éventucl, PAssemblée Générale pou-
vait décider des dotations 3 un Fonds de
Prévoyance; et le solde devait ¢ire réparti
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¢galement entre les deux groupes dlactions,
proportionnellement au nombre de utres de
chaque catégorie.

L’Assemblée Générale désigna unanimement
Evdc comme Directeur Général, a des condi-
tions stipulées en déwtml dans un contrat
comprenant 7 articles. En vertu de ce contrat,
Evde éwait nommé pour une période de
dix ans. En échange, il érait exigé de lui
- qu’ll consacre en tout premier lieu son
temps et son travail au service de la Société -.
Si ses forces le lui permettaient, 1l pouvait
continuer a agir comme directeur adminis-
tratif (1) de la Société Elekurokemisk et de
la Kvaelstofkompagni, et pouvait occuper des
fonctions analogues dans des sociétés éven-
tucllement créées en relations avec la Soaiéé
de I'Azote.

L’Assemblée Générale décida que le Conseil
d’Admuinistration serait composé de 8 membres
en plus du Directeur Général, et élut
le premier Conseil d’Administration ainsi
composé :

1. M. URBAN  JACOB RASMUS BORRESEN,

CONTRE-AMIRAL, KRISTIANIA ;

GUSTAV SMIDTH, DIRECTEUR DE LA

SOCIETE UNION CO, SKOTFOS, PRES

DE SKIEN ;

. KNUT AGATHON WALLENBERG, DIREC-
TEUR DE LA STOCKHOLMS ENSKILDA
BANK, STOCKHOLM ;

. MARCUS LAURENTIUS WALLENBERG,
DIRECTELR DE LA MEME BANQUE,
STOCKHOLM ;

. KNUT ROBERT TILLBERG, STOCKHOLM ;

. JOSEPH MARIE EDMOND MORET, DIREC-
TEUR DE LA BANQUE DE PARIS ET
DES PAYS-BAS, PARIS;

7. LE COMTE CHARLES GEORGES DE GER-

MINY, PARIS;

EMILE FRANGOIS MAURICE GIROD DE

L’AIN, PARIS.

(ces deux dernters ératent des amis de

la Banque Ac Paris et des Pavs-Bas,

avee laguelle 1ls avaient des licns éroits),

2. M.

8. M.

(1) En Nonvege, Je nire de directeur administranf égquivaut a
colus de Dirccteur Goneral, Mais duns le cas de 12 Solwte
Nogvignnne de FAzote, ef dans quelques rares autres entre-
prises poneésennes ou ol va un Dirccteur Goneral, ol correspond
swrabloment o e que Voo appelle en Frunce un Dirccteur
Gendral- Adyoint,




Comare Commissaires aux wompies, confor-
mement 2 laradde 34 des stauts, fureone
désignds ¢+ M. Guonar Knudsen, ancim
munisize, Borgestad ; M. Th. Frolander, ban-
quizr, Stockholm, et M. de Lasclve, Pans.
Le Proicsseur Kr. Birkeland fut nommié conseil
techrique 3 vie de la Société. Comme Commis-
satres vércateurs furentélus : M. O. Nickelsen,
consul, Kristianiy, et le beau-frare du banquier
Knut  Wiallenberz, M. R.  Klingenberg,
Kristian:a.

La séance tut ensuite levée. La Société
Norvégicnne de I'Azote érait fondée.

-\u cours Jd fa prnm ril.n:nn J'J C"‘~
.\hrgu» \\ Jllr‘nl\c'\' fut du PK'LN\.\..\ du
Consail & -\dmmhtmlmn, situation qu'il de s
occuper jusqu'au moment ou 1l se rzuri en
1942, un an avant sa mort; et le Comtz G. de
Germiny fut nommé Vice-Présudent, en mdi:
temps que Président du Comied de Pusis.
Il fut procddé aux engagements suivanis
comme Directeur du Burg.lu central, M. Al
Scott-Hansen, et comme Chef des travaux J2
construction a Svaelgfos, M. S. Kloumann,
Ingénieur.

LA CONJONCTION DE SAM EYDE ET KRISTIAN BIRKELAND
DONNE NAISSANCE A LA METHODE QUI PORTERA LEUR NOM

Ce qui avait eu lieu dans les bureaux de
Sam Eyde, le 2 décembre 1905, n’était pas,
a proprement parler, le commencement de la
Société Norvégienne de I'Azote; c'érait au
contraire, peut-on dire, la conclusion d’un

chapitre introductf long et intéressant. Clest:

celui-ld que nous allons maintenant écrire.

Tout au début, la premicre personne qui
entre en scene n'est autre que le héros principal
de la piece : Sam Evde. II érait né en 1866
et érait le fils d’'un armateur d’Arendal. Sa
vocation d’ingénieur constructeur s’était révélée
en Allemagne. A 31 ans, il remporta, de
concert avec son ami et collaborateur allemand
I'ingéniecur G. O. Gleim, le premier prix
dans un concours international pour la cons-
truction de la gare de I’Est a Kristiania. L’annde
suivante, en 1898, il revint dans son pays
natal et fonda a Kristiania un « Bureau d’ingé-
nieurs » avec succursale a Stockholm : ce
Bureau réussit dans une série de concours
pour la construction de gares et ports, entre
autres a Stockholm.

Ces premiers succés avaient eu pour résultat
de faire connaitre le nom d’Eyde aussi bien
en Norvege qu'en Suéde, — et cela d’autant
plus que son mariage avec la comtesse Anna
Ulrika Morner de Morlanda et son charme
personnel comme homme du monde lui avaient
donné accés aux meilleurs salons de Srede et
d’Allemagne. Ajoutons que, dés le temrps de
ses études ct de ses premicres activités comme
ingénicur 3 Dortmund et 2 Liibeck, il s’était
falt des relations dans les milieux scientifiques
et industricls allemands : tout cela devait

jouer un tres grand role dans son actwvitd
furure en Norvege. C'est d’ailleurs lui-méme
qui devait écrire plus tard, dans son livre
inutulé « Ma vie et I'ccuvre de ma vie:

« grace a mon travail a Liibeck, j’avais dix ans
« d’avance sur d’autres jeunes ingénieurs .

Arrivons au 13 février 1903, jour faste et
déaisif. Ce jour-1a, — ainsi que l’ont déja relacé
précédemment MM. Keilhau p. 7 et Bodtker
Naess p. 31 — Eyde rencontra le professeur
Kristian Birkeland a diner chez son ami,
I'ingénieur Gunnar Knudsen, ancien Ministre.

Or, on l'a vu, sept jours auparavant, le
6 février, Birkeland avait provoqué un acci-
dent, dans I'amphithéitre de 'Université de
Kristuania, pendant qu’il y faisait une démons-
tration avec son canon électrique... et cet
accident I'avait mis sur la voie de la découverte
qui allait illustrer son nom : le four a arc
électrique.

Le hasard avait bien fait les choses : depuis
quelque temps le cycle force hyvdraulique-
azote fermentait dans le cerveau d’Evde.
Et voici que, grice a un accident, la Fortune
venait sourire a cet ingénicur et a ce physicien
norvégiens que le hasard d'un “diner avait
réunis chez un ami... Nous répéterons ici la for-
mule saisissante d’Eyde : «c’est le 13 février 1903,
« que naquit 'industrie norvégiennc de I'azote .

Ce propos n’est pas excessif : c'est bien ce
jour-Ia en effet que jaillit dans le cerveau
de Sam Eyde, comme unc érincelle, I'idée a
laquelle la Socicté de 1’Azote doit d'étre venue
au monde...

N
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LA CONJONCTION DE SAM EYDE ET FREDRIK HIORTH
LLUR PERMET DE S'ASSURER LENERGIE HYDRAULIQUE

Aujourd huy, la constellatuon Birkeland-Evde
est connue du monde enter. Et cependant, la
flamme du professecur Birkeland aurait jailh
en vain ¢t n'aurant donné naissance 2 aucune
éuncelle dans le cerveau d’Eyde, si celui-a
n’avait pas rencontré auparavant une autre
personnaiité : celle de Fun de ses collegues
ingénicurs, le Directeur Fredrik Hiorth, qui
I'avait conduit devant ce qui allait étre le
point d’appui de tout son effort : la force
hydraulique de la Norvége (voir page 6).

Cest déja en 1902 que Eyde et Hiorth
avaient acquis les chutes de Vamma, sur le

@Bcuve Glomma, i la Jatitude de Moss (pro-
vince Jde Ostfold), et de Rjukan (province de

‘elemark). Et pourtant, a cette époque, ni
I'un ni l'autre, ni les amis suédois d’Evde sur
lesquels cclui-ci s’appuvait, n’avaient de plans
déterminés pour luulisaton de ces chutes.
Comme Eyvde Iécrit : «ce n’était pas un
« probleme siraple que de trouver I'emploi de
v ces quelques centaines de mille chevaux-
« vapeur ». Il raconta méme qu’il avait compté,
dés le commencement, que les chutes de
Vamma conuibueraient a Papprovisionnement
en électricité de la capitale; et cependant, a
I’époque, personne n’était pres de prévoir le
prodigieux développement que prendraient les
besoins dits domestiques. Fallait-1l alors se
tourner vers I'industrie pour trouver ’emploi

dc cette énergic? La aussi les perspectives
taient incertaines, 'industrie électrochimique
"1 monde entier traversant une crise qui
savait pas épargné les grandes sociétés sué-
doises et allemandes (voir page 27).

Parmi les papicrs privés laissés par Marcus
Wallenberg se trouve un -carnct de notes
de vovage», ou il consignait de nombreux
télégrammes et Jettres. Selon ce carnet, c’est
des aout 1902 qu’il aurait eu des conversations
avec Eyde et Hiorth : il s’agissait alors des
chutes du flcuve Glomma. Il ressort effecti-
vement de différents documents que le projet
établi pour Jaménagement de Vamma pré-
voyait la cession 3 Ja commune de Kristiania
d’unc partic de la force cn vue — et il scmble
que ce dut en ¢étre Ja partic cessenticlle.

Il est vrai que, quclques jours aprés la
visite de Eyde et Hiorth chez Wallenberg, ce
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dernier cnvovait un cible ainsi congu a Evde
a Krisuama - Jar  réusst a amener
« G. Wenstrom, directeur de Visteras, et
« A. Syogren, directeur d’Avesta, a visiter pour
« mon compte l'installation de Kykkelsrud. »

Wallenberg mentionnait, on le vor,
Kvkkelsrud, et non Vamma. Pourquoi ? Certes,
il peut y avoir 1a une confusion; mais cela
n’est pas certain ncn plus. Car c’est justement
a ce moment-la que le Consell d’Adminis-
tration de la Société Norvégienne A 'S
Glommens Traesliberi (Fabrique de pate de
bois de Glommen), qui possédait Kykkelsrud,
s’efforcait de réunir les fonds nécessaires a la
constitution du capital social de Pentreprise,
conformément a I'accord conclu avec Schuckert
& Co Nuremberg ; et c’est un fait que, parmi
ces administrateurs, figurait M. Saetren, direc-
teur des canaux, qui participa au premier
achat de chutes opéré par Evde. Ajoutons
que, pour finir, la Société Schuckert & Co
reprit les acuons en mains norvégiennes 2
36 ¢, de leur valeur nominale, bien qu’elle
se trouvit elle-méme dans une situation finan-
ciere difficile, et que la Compagnie proposa
a la commune de Krisuania de lui céder
Pusine, — son offre, datée du 22 octobre 1903,
étant valable jusqu’au I¢r février 1904. En
tout cas, Marcus Wallenberg parle, dans une
dépéche du 10 décembre 1903, de Pexploi-
tation des brevets Birkeland-Evde «a Rjukan,
a Vamma et éventuellement a Kykkelsrud ».

De toute maniere, le Conseil municipal de
Kristiania rejeta la proposition de la Sociéié
A/S Glommen Tracsliberi et donna également
une réponse négative a une offre recue simul-
tanément de Sam Evde en vue de la fourniture
de courant en provenance des chutes de
Vamma, aussitét que Pinstallation de force
aurait été amcénagéz «en 1908 »,

Un autre nom doit encore étre prononcé
Jorsque ’on remonte aux origines de la Société
Norvégicnne de P'Azote, celui de N. Kiclland-
Torkildsen, directeur de la Skiensfjordens
Kreditbank : car il était de ceux qui, a parur
dc 1890, s’assurcrent des chutes d’cau.

Dc concert avec Borchgrevink, ingénieur, il
possédait donc  diverses  chutes.  Mais  les




peospedtines gu'vilos Turorfrarent lur paraissaiom
muintostement oatainos., Cependani, dans e
memorandum par lequel 1l Jangy pour la
promigre fors son plan tendunt 2 <radbhie W
Centralbank for Norge ‘Bangue Cenrmrale d:
Norvege, 1l fit meauon de la difirence
prix exbtant catre la-force hydrodl:cirique
Keisttama et a Skien 1 tandis que Pon 2valee
~le prx diinsullator d'une chure d'eau 2
» Kristidnia a 1 000 KeN par CV, les mémes
+ PErSONNes esomMient qUE Ce Prix pourrit <tre
-de 300 KrN a Skien, et encore mains ailleurs +.

Quoi qu'il en soit, Kielland-Torkildsen
parvint a réaliser soa *asic projet concernant
la Centralbank, — <t cela surtout griace aux
freces Wallenberg, dont 1l s’érait assuré la
collaboration en 1897 ; la Stockholms Enskilda
Bank souscrivit un gros chifire d’actions : pas
moins de KrN 325000. D’autre part, Kaurt
Wallenberg introduisit  Kielland-Torkildsen
auprés des banques de Copenhague, Berlin,
Paris et Londres : comme devait Pécrire
Kielland-Torkildsen, le nom de Wallenberg
agissait, a cette époque-la déja, comme un
« Sésame ouvre-toi ! » dans toutes les banques
européennes et dans les cercles financiers du
monde entier.

Malgré de telles relations, malgré DPesprit
d’iniuatve exceptionnel dont U témoignait,
Kielland-Torkildsen n’avait guére eu de résul-
tats concrets avec ses projets d'équipement
de chutes.

Clest dire que, lorsque Hiorth se présenta,
il Paccueillit a bras ouverts.

fot ¢y
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Eyde, Hiorth et Saetren obtinrent d’abord,
le 9 aotr 1902, une option sur 'hétel de
Rjukan. Etant devenus propriétaires de cet
hotel, ils fondérent deux jours apres,
de concert avec Kielland-i'orkildsen et
Borchgrevink, une société en nom collectif
qui fit 'acquisition de I'hétel de Rjukan et
des chutes de Rjukan et de Skar. Bientdt la

part Laisde aus voadransy fur radheee o, Ie
3 aval 19930 Iy Secidd de Ruukiatos fut
créde & Stockholm entre Eode, Thilbers, Rappe
¢t Hrorth.

Ce n'é¢tatt pas 12 un achw fair au hasicd
SIN semnnes auperavant, le 13 feveier, Edode
¢t Birkelund s"Sraent renconirls au diner chez
Gunmar Kuaudsen et [ ils avaient conclu
— nous lavens dit — un accord a leffer de
demander, en cominun, un brevet sur Vutli-
sation de la flamme &lectriquz 3 la production
de dérivés de l'azote : l'applicavon de la
mdthod: Birkeland-Evde étair en wvue. I
fallait donc manwenant qu'Erde eatrit dans
la seconde voie qui s'ouvrait devant lui :
I'utlisation de la force hydraulique.

En Ia circonstance Sam Evde allait faire
preuve de ses émineates qualieds d’animarteur :
en un tourne-miin, et avant que les vendeurs
pussent deviner les projets en fermentation,
il s’assura les droits d’ecau et les propriétés
nécessaires, soit les 332 matres de hauteur de
chute de Rjukan, et 2 000 hectares de terrain.

Hiorth lut fur, en cette occasion, d’un
précieux concours, et Evde rend hommage
a sz manicre de prendre les paysans et a son
talent pour s'assurer des options. Evde fait
ausst I’¢loge des avocats Carl Lundh et Per
Rygh, qui agissaient auprés de lui comme
conseils juridiques. Dans son livre, Eyde fait
également mention des ingénieurs Heggstad
et Ugland - qui ont été d’une grande utilité
«au cours de la réunion de toutes ces pro-
« priétds, souvent dans des circonstances assez
« dramatiques @ une nuit, par exemple, 'on
« obtint des options sur tout un district sans
« que personne n'edt vent de ce qui se passait.
« Mais, écrit Eyde, tous ceux a qui nous avons
« acheté ont obtenu un bon prix pour leurs
«droits et propriétés compte tenu des condi-
«tions de I'époque ; et partout ou cela érait
« possible nous leur avons laissé 1'usufruit
«des biens fonciers a vie, sans redevance .

’

UN CADRE EST TRACE DANS LEQUEL LA REALISATION DE L'IDEE
SERA ENTREPRISE

Revenons maintenant a I'idée du four de
synthese.

Le 5 juiller 1903, les premiers fonds furent
trouvés pour entreprendre les essais 4 son

sujet, grace a la création d'une premiere
socic¢té en nom collectf d Jaquelle participerent,
aux cotés de Birkeland et Eyde, les amis de
ce dernier, ainsi que Tillberg et N. Persson,

pX)




consul 3 Helsingborg ‘ce dernier parucipait
dera largement a des consortiums norvégiens).

Les essais qui suivirent ont fait Pobjet du
chapitre précédent, rédigé par E. Bodtker
Niess. Nous nous coninterons donc de rappe-
ler 1ci quils cotraient cher ct nécessitaient
donc de nouveaux financements : en fait
deux années devaient s'écouler encore en
experiences  compliquées et onéreuses.

Mais tout de suite — nous nous reportons
Il 2 ce qu'a dit 2 ce sujet le professeur
Keilhau (page 8) — il apparut qu’ll serait
res difficile de trouver les capitaux voulus
pour expérimenter la méthode 2 Péchelle
industrielle : 2 Pautomne 1903, en effet, toute
Pentreprise apparaissait encore comme fantas-
tique & qui n’avait pas la foi inébranlable de
Sam Eyde et du cercle des initiés. En tout
cas, il n’était pas possible de recourir aux
érablissements bancaires 4 ce moment-1 : il
éait donc nécessaire de faire appel a des
capitalistes privés et, parmi eux, a des gens
animés d’une audace allant de pair avec celle
d’Evde, puisqu'il leur faudrait évaluer les
possibilités pratiques d’une entreprise fantas-
magorique aux yeux de leurs contemporains.
En d’autres termes, il n’y avait pas d’autre
parti que de trouver des gens qui fussent assez
liés avec Eyde pour étre influencés par son
ardente foi.

Eyde a écrit 4 cet égard : « il me fut mal-
« heureusement impossible de trouver les fonds
« nécessaires en Norvége ». Clest donc qu’il a
essayé. Ajoutons que, méme s’il v avait eu
suffisamment de bon vouloir dans e pays, la
possibilité de fournir un effort financier 1mpor-
tant était fort limitée a I'époque : Ja Norvege
se trouvait encorec dans les remous de la
cnise de 1899, le marché financier était étroit
et I'esprit de spéculation étouffé. En bref,
la conjoncture érait défavorable.

Eyde devait donc continuer a compter sur
ses amis et relations en Suéde : parmi ceux-ci,
Tillberg était encore, ¢t comme toujours, le
plus proche ct le micux disposé ; par la suite
le consul Persson se joignit de nouveau 3 cux.

Effectivement, le 11 décembre 1903, la
société Det Norske Kvaelstofkompagni fut cons-
tituée a Stockholm ; clle érait au capital de
KrN 500000, ct avait Pobjet social suivant -
« Pexploitation, la vente ou toute autre appli-
«cation des brevets et inventions de
» MM. Birkeland ct Eyde apparicnant 2 la
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© S0CICt¢ et conccrnant la fabrication et la
» production de dérivés de I'azote par voie
« €lectrique, ainsi que de tous autres brevers
« ¢t mnventions dont la société ferait I'acquisi-
«tion ». Tillberg et Birkeland furent élus
administrateurs, avec Scort-Hansen comme
suppléant, tandis que Sam Eyde fut nommé
directeur administratif pour une periode de
dix ans, et Birkeland, consciller technique,
avec droit de conserver cette situation 3
vie.

La fondation de la Kvaelstofkompagni n’était
qu'un des échelons du plan qu’Evde avait
congu pour lorganisation et le financement
de laffaire. Le second fut constitué par la
création de la société Det Norske Akueselskab
for Elektrokemisk Industri, au capital de
KrN 5000000, qui eut lieu immédiatement
apres, soit le 2 janvier 1904, et également 2
Stockholm : cette société devait reprendre les
actions des sociétés de chutes et la majorité
des actions de la Kvaelstofkompagni, qui déte-
nait le droit exclusif d’exploitation des brevers
Birkeland-Evde.

C’est alors que les fréres Wallenberg, que
nous avons déja cités plusieurs fois, firent
leur premiére apparition officiele dans I’his-
toire de la Société. Le Conseil d’Administration
de PElektrokemisk se composa en effet de
Knut A. Wallenberg, Marcus Wallenberg et
Knut Tillberg. Ici également, Evde fut nommé
directeur administratif pour une durée de
dix ans, et Birkeland fut attaché 3 la Société
en qualité de consziller technique.

Il est dit dans le procés-verbal de I'assemblge:

« I1 a été décidé de fonder la société grice
«a I'apport de I'ensemble des actions de Ja
« Société Vamma Fossekompagni et de la Société
« de Rjukanfos, ainsi que de 251 actions de
« Ja Société Det Norske Kvaelstof kompagni. Ii
«a été décidé que le capital social se monterait
«a KrN 5000 000, cnticrement versé par la
« cession 4 la sociéié des actions précitées des
« sociétés Vamma Fossckompagni, Rjukanfos,
« et Det Norske Kvaelstofkompagni, tandis que
« des actions devaient étre souscrites cn especes
« pour les KN 100 000 restantes, moyennant
« paicment comptant sclon les besoins de Ja”
« socictd, la totalité du montant cn question
« devant cependant ére versée le Jef juillet
« 1905 au plus tard ».

Nous nous trouvons donc devant Ja constel-
Jation suivante : Ja Kvaclstofkompagni détient




les dovits diexploitation des brevers Birkeland-
Evice: ot I'Elcktrokemisk posséde les chutes
de Vimma et Rjukan; la tiche de cette
scconds socicté sera done d'utiliser dans Uappli-
cation de la méthode Birkeland-Evde I'éncrgie
a pm\:mr des dites chutes e, en tant que
propridtaire de ces dernieres, de trouver les
fonds nécessaires pour le financement des
instaliations industriclles nécessaires. Comme
Evde Pa écrit dans son livre, C’étaient les

chutes qui constituaient le véritable actif
fondzmental du groupe jusqu’au moment ou
“Pexploitation de la méthode de production
d’azote serait devenue une réalité.

Ainsi moins de deux ans s’éaient écoulés
depuis la rencontre de Birkeland et Eyde
1usqu 'au moment ou la Société Norvégienne
de I'Azote allait commencer a prendrc tour-
nure. Mais si 'on suit par la pensée les événe-
ments qui, pendant ce temps, se sont produits
sur les deux fronts (d’une part expérimentation
technique de la méthode, d’autre part finan-

cement), le temps ne parait pas long. Aussi
ne peut-on quiadmirer la persévérance, la
conscience et la foi en l'euvee 3 accomplic
dont firent preuve les promoteurs de Paffaire,
et qui seules peuvent expliquer que des
resultats atent été st rapidement  obtenus.
Certes le nombre des personnes atteldes a cette
tiche allait toujours croissant, et le mérite de
la -éussite doit donc en étre attribué A plusieurs.
Il n’en reste pas moins que c’est @ Sam Eyde
que revient 'honncur d’avoir commencé et
mené 3 bien toute P'entreprise : sa vitalité, sor
aptitude i inspirer la confiance er a stimuler
ses collaborateurs, son ardeur a déclencher et
a coordonner les forces, a trouver des solutions,
a méditer des projets et au besoin a en impro-
viser, méritent que nous nous inclinions devant
sa mémoire avec une réelle admiration. Durant
ces années ou, dans un tourbillon ininterrompu,
il courait d’une capitale a l'autre, il appa-
raissait en vérité comme une sorte de magicien,
qui aurait pu donner le vertige i bien des
braves gens...
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2. PROCESS

Hydrogen and oxygen gases are obtained by electrochemical decomposition

of water according to the reaction:

Hydrogen evolves from cathode and oxygen from anode.

Since the resistivity of water is too high for the electrolytic
process, the electrolyte is usually an aqueous solution of caustic
potash at 29 X KOH concentration. The continuous feed of demineralized

water keeps constant the caustic concentration into the electrolyzer.

According to the Faraday iaw the amount of  gases generated by the
electrolysis is directly proportional to the impressed current.
Quantitatively, 96.494 Coulomb (26.8 A h) generate 1 g eq. (1.0081 g
or 11.206 Ndm3) of hydrogen and % g eq. (8.00 g or 5.603 Ndm3) of
oxygen.

Consequently, the theoretic production of 1 A h is:

- 0.418 Ndm3 hydrogen, and
- 0.209 Ndm3 oxygen.

The actual production is lower than the above mentioned figures, since
it depends on the current efficiency of the electrolysers which cawn be

considered in the range 98 to 100 %.

The direct current flows through the electrolyser under a voltage which
depends on the reversible electrode potentials, ponlarizations, drop in
electrolyte, drop in the metallic structure of the cell.

The total practiczl voltage drop of one cell averages 1.9 V, at a current

density of 2000 A/mz.




3. DESIGN

The deNora water electrolyzer consists of several bipolar elements
assembled in electrical series and clamped together by external tie
rods terminating in positive and negative end plates, constituting a

filter-press assembly,

The single cell is basically a bipolar plate supporting the anode and
cathode structures on its opposite faces. Two adjacent bipolar plates
are separated by a diaphragm, consisting of two asbestos sheets,

permeable to the electrolyte but preventing the diffusion of gases.

The gases (hydrogen and oxygen) evolving from the cathodic and anodic
compartments of each cell flow through individual outlet pipes and are

collected in manifold installed on the electrolyzer.

The gases (hydrogen and oxygen) from the respective manifolds pass
through the gas coolers where they are cooled (and dehumidified) ac a
temperature of few degrees higher than the cooling water temperature.
Hydrogen and oxygen from respective coolers flow to the 'pressure
balancing tank" through bubble pipes which allow the gases to be washed

and sent to the down-stream processing facilities.

Tne operation parameters of the electrolyzer such as electrolyte level,
gas pressure and temperature are controlled by proper instrumentation.
Each controlled variable and relevant alarm, if required, is repeated

in 2 control panel.



The electrolyzers are usually installed indoors in an electrolysis room

which is equipped with associated facilities including:

Electric conversion equipment (transformer and rectifier)

Copper bus-bars to connect the electrolyzers to the conversion

equipment

Electrolyte receiving and pumping facilities

Demineralized water feeding facilities

Cooling water and inert gas (nitrogen) distribution net.
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4. TECHNICAL CHARACTERISTICS OF A TYPICAL

DE NORA WATER ELECTROLYZERS

FOR MEDIUM CAPACITY PLANTS

Electrolyzer type

Number of individual cells

Current

Voltage, per cell

Current efficiency

DC power consumption

Production

Electrolyte

Operation temperature

Overall dimensions
. width
. height

. depth

Approx. weights
. empty

. in operation

190D-50C
50
A 3600
v 1.9
/4 98.0
3
kWh/Nm H2 4.7
3
Nm™ /h 72.72
Nm3/h 36.36
% KOH 29
°C 75
m 2.2
m 4.0
o 3.24
Ton 17.4

Ton 25,2

190D-~100CC

100

145,44

72.72

5.79

30.8

45,7



5. PRODUCTS QUALITY

The double diaphragm which constitutes a peculiar characteristic of the
De Nora electrolyzer allows the production of particularly pure gases

with the following typical analysis :

Hydrogen Gas (dry basis, at Electrolyzer outlet)

- H, min 99.8 2 v/v
- 02 max 0.2 2 v/v
- Pressure 200 mm HZO
- Temperature max 40 °C

Oxygen Gas (dry basis, at Electrolyzer outlet)

- 02 min 99.6 2 v/v
- HZ max 0.4 % wv/v
~ Pressure 200 mm H20
- Temperature max 40 °¢C

E
|
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6. REQUIREMENTS

3

Typical consumption figures, relevant to the production of 1 Nm

hydrogen, are the following :

- DC electric power, measured at electrolyzer

terminals, at 75°C with 29 Z KOH electrolyte

- Demineralized water

= Cooling water

- Instrument air and nitrogen

The demineralized water fed to the electrolyzers shall have

following characteristics:

- Resistivity

- PH

- Insolubles

- Retention time of KMnO4

min

max

min

4.7 kWh
0.85 1
60 1
negligible.
the

200.000 Ohmxcm

5+ 8
2 ppm
10 min.
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7. THE COMPLETE PLANT

Depending on the final destination and uses, both hydrogen and oxygen

gases can be further on processed to obtain :

- Compressed gas

- Purified gas, using Pd-catalyzed reactors suitable to reduce the
oxygen content of hydrogen gas or the hydrogen content of oxygen '

gas to level of 1 + 10 ppm by volume

- Dried gas, using alumina or silica gel columns, or molecular

B

sieves to reduce the moisture content of the gas down to values
corresponding to dew-point -30 to -75 °C (referred to the

atmospheric pressure).

The processed gas can be stored in low, medium or high pressure tanks.
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Chloroalkali Electrolysis
De Nora Monopolar Electrolyser
De Nora Bipolar Membrane Electrolyser




3 o= aa

= m

14
$TTacurenNn7s Ty
-

DE NOXA MONOPOLAR SLECTROLYSER

Simple and solid construction together with easy, safe, and economic ope-
ration are the main characteristics of the de Nora monopolar membrane

electrolvser which follows filter press design arrtangements.

A series of positive and negative electrode elements separated by gaskets
which also retain the membranes, are clamped between two end assemblies
(non current bearing). The gaskets are simple flat sections of resilient

material resistant to attack by chlorine and caustic soda with an expect-

ed life of at least two years.

Each electrode element can normally operate at 3,500 to 4,000 ampére.
The chlorine, hydrogen and caustic soda outlets together with provisions
for recirculation of electrolytes, are fabricated into the metallic
electrods elements. Thus there are no connections batween plastic joints
or tubes to contend with, and the simple parts form a compact cell that

is easily assembled and disassembled.

In view of its simplified construction and long-lived elements the main-
tenance costs are very low and due to the stability of the system under
loau, the operating attention required is minimal. Monopolar cells
usvaily require large amounts of copper in their design but in de Nora

design this has been overcome by an ingenious arrangement minimizing the
copper e=ployed.

The cells are easily installed on a firm concrete floor, from which thev

Are insulated by the use of simple insulators.




In the de Nora monopolar membrane electrolyser, electrolyte circulation
is by zeans of self induced gas lift, thus there is no need for external
circulation pumps to wmove fluids within the electrolyser. The design
provides for safe, easy and fast cut out of the electrolysers from cir-
cuits and the electrolyser is further characterized by being fabricated
of light weight components, which do not require heavy lifting equipment

for assembly.

The naterials of construction used for the metal parts of the de Nora
monopolar membrane electrolyser assure a life of many years; further,

with gasket life being equal to membrane life premature replacement of

gaskets is avoided.

The range of capacity available in monopolar electrolysers varies accord-

ing to the number of cells grouped in an electrolyser umit,

The electrolysers are designed for operation at approx. 3.3 kiA/m2 current
density, and can be equipped with membranes suitable for zero-gap or

narrow-gap design,

i
|
i
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DE 502A BIPOLAR MEMBRANE ELECTROLYSER

De Nora bipolar menbrane electrolysers are characterized by a compact

design, long lived components and low operating costs.

The electrolysers are formed by assembling modular bipolar elements toge-
ther with inert cathodic and anodic frames held together by end plates
with an inexpensive tie rcd compression system. The ratad amperage capa-
city of the electrolyser can be as high as 11.5 kA with the total output
of an electrolyser beiug a direct function of the number of bipolar ele-

mnents installed.

Similar to the design of the de Nora monopolar electrolyser, fluid hand-
ing in the bipolar electrolyser is by means of internal ducting thus
avoiding the use of a multiplicity of separate tubes for introducing and
removing electrolvcer fluids from each bipolar frame. Recirculation of
electrolyte is simply provided for by maximizing the use of gas lift
created by the evolved chlorine and hydrogen. Thus no recirculation pump

is required.

The electrolyser consists of ten to twenty bipolar elements and operates

at a design current density of approx 3.5 kA/m2.

Both narrow-gap and zero-gap type membranes can be installed in the

de iwra bipolar electrolyser,




PROPRIZTARY CATHODE PACKAGE

A peculiar feature of the de Nora electrolysers of both monopolar and
bipolar design, consists in the possibility to install differeat types
of meambranes without modification of the structure of the individual

cells.

A proprietary cathode package, which includes an elastic metallic ele-
meat and an activated cathode net, allows the de Nora electrolysers to

be equipped indifferently with:

a) n~embranes suitable for narrow-gap design

b) membranes for zero-gap design

c) meabranes having electrodes applied to its surfaces (S.P.E. system)

The elastic element introduced by de Nora in its cell design accomplishes

the double function to keep the membrane compressed agzinst the anode

surface (system a)) and to lead the current to the activated cathode

(systems b) and ¢)).
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$.?.%. TECHNOLOGY APPLIED TO DE LORA ELECTROLYSERS

Included in the research was the development of the world famous S.P.E.
meabrane technology by General Electric under technical and financial
support from Oronzio de Nora Company. The employment of the S.P.E. concept
in the de Wora designs provides special advantages in regard to power

savings.

The ,work of Oronzio de Nora has led it to the construction and operation
of successful commercial S.P.E. bipolar and monopolar membrane electroly-
sers. These new de Nora S.P.E. electrolysers represent a substantial step
forward in the evolution of idealized electrolysers because they offer
the chlor-alkali producer almost complete freedom from pollution problems
and greucly improved plant working conditions for the protection of human

health, as well as lowered energy requirements, improved product quality,

simplified operation and low maintenance.

TREND AND DEVELOPMENTS

In its pursuit of technical excellence and commercial practicability,
Oronzio de Nora also joinei hands with the Dow Chemical Company (U.S.A.)
in 1981 for the development of an S.P.E., tvpe bipolar membrane electro-

lyser for use in large scale chlor-alkali plants.



ACAIEVEMENTS

- Over four years of operation, continuous and trouble free, of

several small size cells.

- Over two years of operation, continuzus and trouble free, of
an industrial size bipolar electrolyser. This electrolyser,
complete with all ancillary equipment including brine preparat-

ion, is intercomnected with an operating chlor-alkali plant.

- An industrial size monopolar electrolyser, complete with all
ancillary equipment including brine preparation, in operation

in series with an existing mercury cell circuit.

- A 5,000 TPY NaOH capacity plant in operation at P.N. KERTAS
LETJES - PROBOLINGGO, INDONESIA.

- A plant of 12,000 TPY capacity, expansible to 24,000 TPY - final
customer BASIC CHEMICAL INDUSTRIES LIMITED - in operation at
DAMMAM (Saudi Ara“ia).

- Contract signed with SREE RAYALASEEMA ALKALIES AND #LLIED CHE-
MICALS LTD - INDIA, for a plant of 18,000 TPY NaOH capacity

- Agreement signed with Messrs. DOW CHEMICAL - Midland, USA for
a joint further development of membrane electrolysers towards

"jumbo' size electrolysers,
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Technical Characteristics of De ilora Monopolar Module
Operation data (with zero-gap membranes)
- Current (rated) 50 kA
- tuzber of cells 24
- Active surface, per cell 0.635 m2
- Active surface, total 15.24 m2
- Current density, at rating 3,28 kA/m2
- Voltage, at cell electrodes 3.15 v
- Current efficiency, cathodic 95 + 96 Z
- D.C. energy consumption, at cell electrodes 2200 kWh/T NaOH 100%
- Catholyte councentration 32 + 34 % NaOH
- Operating temperature 90 °C
- ‘fenbrane life over 2 years
- Production:

-- NaOH (1007 basis) 1.70 TPD

- Cl2 (100% basis) 1.50 TPD

-- 4, (100% basis) 505 Nm3/day

Dimensions and weight

- Overall dimensions (approx).

-- length 1.5
— width 0.8
-~ height 2.0 m

- Weight (aporox):

-= ompty 2.1 tons
-~ in operation 3.2 tons
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Technicil Characteristics of De Yora Bipolar Electrolvser type 3 M 20

Oneration data (with zero-gap nembranes)

- Current (rated)
- Number of cells
- Active surface, per cell
- Active surface, total
- Current density, at rating
- Voltage, at cell electrodes
- Current efficiency, cathodic
- D.C. energy consumption, at cell electrodes
- Catholyte concentration
- Operating temperature
- Membrane life
- Production:

-~ NaOH (100% basis)

--C1 (100% basis)

- H2 (100% basis)

2

Dimensions and weight

- Overall dimensions (approx).

-- length
-- width
-- height

- Weight (approx):

-~ capty

-~ in operation

95 + 96
2200
32 + 34

7.82
5.32
2320

13.5
21.0

m2

m2

ka/m2

v

%

kWh/T NaOH i00%
% NaOH

°C

years

TPD
TPD

3
Nm™~/day

tons

tons




Products characteristics (tvpical)

- Chlorine (dry basis, by volume)
Cl2 min.
Hz max.
02 max.
CO2
Temperature

Pressure (negative)

12
99 %
0.1 %
0.5 pd
0.3 ()
85+ 90 °C

50 + 100 mm HZO

(*) average value, depending on COB—— ions 1in brine

- Catholyte (by weight)

NaOH
NaCl

NaClO3

N32C03

Temperature

- dydrogen (dry basis, by volume)

H2 min.

O2 less than

Temperature

Pressure (positive)

32 + 34 7

30 + 40 ppm
20 + 30  ppm
400 + 500 ppm

85+ 90 °C
99.95 %

0.05 %

85+ 90 °C

50 + 100 mm H_O
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Brine, Water and Hydrochloric Acid Specification
- Feed brine specification
! NaCl min. 300 GPL
i Ca + Mg max. 20 ppb
. Fe max. 10 ppb
l Al max. 50 ppb
‘ 50,7 nax. 6 GPL
l :;ac103 max. 10 GPL
SiO2 max. 3 pPpm
l‘ Heavy metals max. 10 ppb
Ferrocyanide - absent
’ Suspended solids max. 100 ppb
Temperature 70 + 75 °C
’ - Anolyte (as returned to the brine system)
l NaCl min. 180 + 200 GPL
50, max. 7.5 GPL
. NaClO3 max., 15 GPL
B Dissolved chlorine saturated
pH 2,2 + 2.5
Temperature 85+ 90 °C
- - Feed water specification
. Conductivity max. 10 micro S xcm
Total hardness max. 40 ppb as Ca++
. Si02 max., 100 ppb
Fe max. 20 ppb
. Organics max. 100 ppb as 02
Temperature 30+ 35  °C
. - Hydrochloric acid (for brine acidification)
. HC1 30433 %
Ca + Mg max, 100 pPpb ‘
. Fe max ., 50 ppb i
i
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MONOPOLAR

BRI POLAR
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ELECTROLYSER TYPE

TOT.RATED CURRENT kA
CURREWT DENSITY kA/m2
D.C. CELL VOLTAGE \

D.C.ELECTROL. VOLTAGE v
CURRENT EFF,, CATH, %

D.C.ENERGY CONSUMP. kWh/T NaOH

NaOH CONCENTRATION %
NaOH PRODUCTION TPD
Cl2 PRODUCTION TPD

ANODE/CATHODE ELEMENTS N°

MEMBRANES N°
CELL UNLT SURFACE mz
ELECTROLYSER SURFACE m?
DIMENSIONS: - H m

- W m

- L m
WELGHT: - Empty T

Oper. T

12 K40
(1 Module)

32 + 34

1.70

1.50

12

(2 Modules)

36 K40
(3 Modules)

150

3.28

2200

36

72
0.635
45.72
2.0

0.8
3.9

3 MIS

172.5

3.5

3.15

47,25

95 + 96

2200

32 + 34

5.86

5.19

15

3 120

63

95 ¢+ 96

2200

32 4+ 34

7.R2

6.92

20

20



(EXCLUDING
GUS BAaRS)

3.5

34

3.3

3.2

3.

3.0

29

2.8 |
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Uhde membrane cells

Technical data

B Power consumption

The Hoechst-Uhde membrane cells
require only 2100 kWh/t NaOH (at
a current density of 3 kA/m?), this
being one of the lowest achievable
with today’s membrane technology.
The graph reflects the power con-
sumption of two different bipolar
membrane cell types as a function
of current density.

i Optimum current density

The current density of Hoechst-Uhde
membrane cells can be varied over
a wide range. This makes it pos-
sible to select the economically
optiinum current density in con-
sideration of cost factors such as

Z electricity price

— product price

— depreciation

Z service life of membranes and
electrodes.

The graph illustrates the produc-
tion costs at a fixed electricity
price and varying current densities,

Uhde's services include the com-
puterized optimization of the cur-
rent density.

Power consumgtion

as a function of current densily . (
Z o L] v T T ¥
5 2600 g
: Nafion NX-90209 <
Stainless steel cathode £
asp electrode gap: 3 mm 2
12400 S

30

25— . -
1.0 20 3.0 4.0 50 i/kAm™

Optimization of the
current density

T

b

Costa/t NaOH

1 2 3 4 5 8 7 8 Current density (kA/m?)
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Operating data:

NaOH concentration:

Power consumption:

Service life of membrane:

Lifetime of
electrode activity:

Sizes and production rates

up to 35% by wt.
(depending on type
of membrane)

2100—2500 kWh/mt NaOH at 3 kA/m?
(depending on cathode and membrane
material)

2-3 years

> Syears

of the Hoechst-Uhde bipolar membrane celis

Electrode surface

Electrolyzer with 100 cell-elements

areainm? at 4 kKA/m?
Amperage NaOH production
in kA in mtpd

1.2 4.8 16

1.8 7.2 25

24 9.6 33

27 10.8 37

3.0 12.0 41

Larger cell elements
are obtainable if required
in special cases.

Product quality:

Caustic soda solution

NaOH up to 35 % (wt.)

NaCl < 100 ppm
(referred to
100 % NaOH)

Gaseous chlorine

Cl: > 97 % (vol)
0Oz < 1.5 % (vol)
Hz < 0.05% (vol.)
Hydrogen

Ha 99.9<C (vol.)
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Uhde membrane electrolysis plants
Membrane cells

in Norway

have proved a success
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Due to the restrictions imposed on
the transport of liquid chlorine,
Tofte Industrier A.S. were compel-
led in 1979 to produce this chemi-
cal, which is necessary for bleach-
ing the pulp. in situ. Tofte Industrier
aimea at meeting the applicable
pollution abatement and safety
requirements at the same time.
What technology was to be used?
The cost of electric nower, opera-
ting expenses. raw materials as
well as flexibility. i.e. integration
into the existing plant complex.
were the parameters to be taken
into account. Uhde was finally
awarded the contract in the face of
cornpetition from other experien-
ced European plant contractors.

Among the decisive factors were
Uhde's experience of more than
30 years' standing and some 5 mil-
lion tons of installed chlorine
capacity.

The Uhde engineers hat to com-
plete the plant within a construc-
tion pe riod of only 14 months
(mechanical completion).

Together with the customer, Uhde
decided to adopt the bipolar
membrane cell technology. But it
was by no means an easy task to
arrive at the trouble-free operation
of today. Uhde, too. gained new
experience.

This plant which is equipped with
the modern Hoechst-Uhde bipolar
membrane cells, went on stream
using the modern bipolar mem-
brane cells in late 1983 and has
been operating economically ever
since without any troubie or impact
on the environment.

This is where Uhde’s consistent
design pays off: The highly corro-
sion-resistant materials used for
the all-metal celis and their simple
construction minimize the frequen-
cy of shut-downs.

The simple and safe maintenance
achieved by using exchangeable
individual elements minimizes the
duration of shut-downs.

Result; extremely high on-stream
factor — 99.7 %.

Day by day. this plant produces
40 tons of chiorine and 45 tons of
caustic soda solution. And the
power consumption is very low
indeed.

Another reason for the customer’s
complete satisfaction: The plant
output can be varied 1n line with
the requirements of the pulp and
paper factory.




Follow-up orders .
thanks to the ] .k
1igh reliability of i e e Y
Jhde

membrane cells

The experience gained in the Tofte

reference plant, the operation of Uhde membrane Commis- NaOH
the membrane electrolysis plant electrolysis plants sioning capacity
equipped with monopolar cells at in tpa

Recche Products, Scotland, the
results obtained from the research

and development work carried out 1 Hoechst AG Fed. Rep. 1977 500
in the pilot piants of Hoechst and Frankfurt/Main of Germany
B~yer: These were some of the
decisive factors why Uhde was 2 Hoechst AG Fed. Rep. 1981 1500
being awarded a number o follow- Frankfurt/Main of Germany
up contracts in short succession
from Pakistan (where the plant is
already under construction), Indo- 3 anerkAG Ffeé Rep. 1981 3500
nesia and from Arab coutries as everkusen of Germany
well as a Letter of Intent from
Gerneral Electric Plastics of the 4 Roche Products Lta. Scotland 1983 24000
Netherlands. Dalry
For the Kertas Letje< paper fac- 5 Totie Industrier A/S Norway 1983 18000
tory ot Java’lndonesia, a mem- Tofte
()brane electrelysis plant is being
set up by Uhde in cooperation 6 Potasse et Produits France 1984 1400
with Uhde S.A. of Paris. This plant Chimique S.A. .
will increase the capacity of the Thann ’
existing diaphragm electrolysis
lant by some 2500 tpa NaOH.
prant by pa 7 P.N.Kertas Letjes Indonesia 1985 2500
The plants mentioned will be using Probolingo
the proven Hoechst/Uhde bipolar
membrane cells. 8 Bela Chemical Ind. Ltd. Pakistan 1985 16000
Karachi
9 Hoecnst AG Fed. Rep. 1984 1700
Frankfurt/Main of Germany
10 Confidential Middle East 1987 10000
11 General Electric Netherlands 1987 confidential
Plastics B.V.

Bergen op Zoom

Monopciar membrane cells,
Roche Produc!s Sco!'and
(iop)




Applications
New plants

!In general, the membrane process
is favourable for new plants with
regard to both the consumption
figures and the investment costs.
This is illustrated by comparing
the production costs of state-of-
the-art membrane, diaphragm and
mercury plants:

Typical production costs:

diaphragm 120%

Assumptions:
Capacity: 50000 tpa NaOH
Current price: 0.10 DM/kWh

Current
densities: 4 kA/m? membrane
10 kA/m? mercury
2 kA/m? diaphragm

Even under totally different ope-
rating conditions, the membrane
process ist always a winner on
economic grounds.

Conversion
of existing plants

The technology selected for revam-
ping an existing plant depends on
the specific operating conditions.
However, because of the flexibility
in layout, Hoechst-Uhde cells can
be adapted to most requirements
at reasonable cost when conver-
ting mercury or diaphragm cell
plants.

The following options offer advan-
tages and should be given due
coasideration:

 Compilete or step-by-step epla-
cement of mercury or diaphragm
cells

< Capacity unchanged/increased
Possible use of
— existing rectifiers

piping system

]

Z bus bars
- brine purification facilities

= cell room equipment
(racks, hoist)

Examples of converted plants are
shown in the following.

The small space requirements of
the membrane cells open up
numerous alternatives.

Owing to the fact that more existing
plant sections can remain virtually
unchanged, conversion to mono-
polar rather than bipolar mem-
brane cells can under certain cir-
cumstances offer even greater ad-
vantages. Uhde can also offer
these monopolar cells in such
cases.
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Conversion of diaphragm cells
to bipolar membrane cells
(schematic)

Existing diapnragm cell rocm
132 celis in 4 rows

2 rect:fier units paraile!

2 v 60 kA: max. 500V

capac'ty: 528 mtpd NaOH 100 ¢5

Converied membrane ceil room
20 bipoiar ce.'s in 2 rows

1 rectutier per ceil row

60 KA, max 500V

capacity: 543 mted NaOH 100 %

Conversion of mercury cells
to bipolar membrane cells
(schematic)

Existing mercury ce'l room

38 celis in 2 rows

2 rectitier units parailel

2x90 kA max. 180V

capacity: 235 mipd NaOH 100 %

Converied memoprane cell room
16 bipolar ce!!s in 2 rows

1 recutier per cell row

max 90 kA max. 180 V
cApacety 305 mind NadH 1,07,




Uhde GmbH
a member of the Hoechst group

Hoechst

Uhde GmbH
Friedrich-Uhge-Strasse 2
P.O.Box 1529

D-6232 Bad Soden/Taunus
Fed. Rep. of Germany
Telephone: (06196) 2051
Telex: 415641 uhded

Manufacturing workshops:

Uhde GmbH

Werk Hagen
Buschmihlenstrasse 20
P.0O.Box 4260

D-5800 Hagen 1

Fed. Rep. of Germany
Telephone: (02331) 6920
Telex: 823798 uhde d

Subsidiaries, associates
and tranches:

uUsc

Uhde Services and Consulting GmbH
Karl-Marx-Strasse 56

P.0.Box 1307

D-4600 Dortmund 1

Fed. Rep. of Germany

Telephone: (0”.*) §7587-0

Telex: 8228 .

Uhde Anlagenbau GmbH
Steinplatz 1

D-1000 Berlin 12
Telephone: (030) 3122038
Telex: 0183421 hoebid

Berliner Chemie-Anlagenbau GmbH
KurfGrstendamm 43

D-1000 Berlin 15

Teiephone: (030) 8832007/08
Telex: 185389 bcabl

Uhde S. A.

71 Quai de Dion Bouton
Paris la Défense

92806 Puteaux Cedex
France

Telephone: (16) 17786121
Telex: uhdesa 6 11331¢

Jes 37 3na tonstr ctan
ot Chem.car ang
other inausteial piants

Uhde GmbH
Friedrich-Unhde-Strasse 15
Postfach 262

D-4600 Dortmuna 1

Fed. Rep. of Germany
Telephone: (0231) 5470
Telex: 8228410 udd

Hoechst-Uhde Corporation (HUC)

560 Sylvan Avenue

Englewood Cliffs, N. J. 07632/USA
Telephone: Area Code (201) 5690100
Telex: 0135476 uhdechem egwd

Uhde Limited
Hoechst House
Salisbury Road
Hounslow, TW 4 6 JH
Great Britain
Telephone: 5722142
Telex: 23284

Uhde (Pty) Limited
P.O.Box 52762

Saxonwold 2132

Uhde House

St. Davids Place

Parktown
Johannesburg/South Africa
Telephone: (11) 643-811° /5
Telex: 4-25875

Inter-Uhde

Engenharia Quimica Ltda.
Edificio Andraus

Rua Pedro Americo, 32-25" andar
01045 Sao Paulo/Brazil
Telephone: (011) 222-2133

Telex: 1125840 iueq br

Mavi Uhde Maquinas Vibratorias Ltda.
Rua Robert Bosch 150

01141 Sao Paulo/Brazil

Telephone: (011) 666-920. 8 26-62 00
Tele: 1134952

Uhde India Ltd.

Uhde House

L.B. Shastri Marg
Vikhroli (West)

Bombay 400 083/India
Telephone: (022) 587701
Telex: (11) 71654

Naior Heigs ot activily

Retineries

Syngas and synthesis processes
Gas purification

Coal technology
Fertitizer

Foodstufts

Biotechnology

Brewenes

Plastics

Synthetic fibres

Organic chemicals
Pharmaceuticals
Cosmetics

Electrolysis processes
Nuclear technology
Electrothermal processes
Environmental protection
Miscellaneous processes
Civil engineering and erection
Energy supply systems
Infrastructure

AINSA - Uhde S.A.de C.V.
Blvd. Avila Camacho 6-A

12° Piso

Mexico City/Mexico, 10, D.F.
Telephone: (5) 5576863, 5576974
Telex: 1775662

Uhde Office, USSR

c/o Hoechst Moscow

International Post Off.~e

P.O.Box 78

Tryokhprudny Per-11/13
Moscow/USSR

Telephone: (095) 9236061, 2998285
Telex: 413138

Uhde Office, Riyadh
P.0.Box 4320

Riyadh, Saudi Arabia
Telephone: (01) 4778305
Telex: 205941 uhde sj

Uhde Office Beijing

Hotel Yanjing, Room 1902

19 Fuxingmenwai Dajie
Beijing, PR China

Telephone: 8687 21 App. 1902
Telex: 22674 uhdecn

Uhde Office, Tokyo

c/o Matsuzaka Company Ltd.
Nishimatsu Building

20-10 Yoranomon 1-Chome
Minato-Ku

Tokyo 105/Japan

Telephone: (03) 5082373
Telex: 222988

Uhde Office Jakarta

P.0O.Box 703 KBY

Ji Jend Gatot Subroto, Kav. 14
Jakarta Seiatan/indonesia
Telephone: 517781/82

Telrx' 46470
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I. THE GENERATION OF HYPOCHLORITE FROM SEAWATER

1. The chemistny of the process is based on the partial electrolysis of sodium
chlortde contiined in raw scawater as it flows between direct current energized
anodic and cathadic electrodes i an apparnitus (named an clectrolyzer) and on
successive chemical reactions which take place in the scawater between the
products of clectralyvsis.

On passing a direct current through an aqueous solution of sodium chlonde
(NaCL). which 1s totally dissociated to Na” and Cl-

1) free chlonne 1s generated at the anode:
2CF —Cl: + 2e

2) hydrogen is evolved at the cathode with the corresponding formation of OH-
. ions:
2 H.:0+2 — 20H + H.™

OH- ions migrate from the cathode area and react with Na* and Cl. near the
anode. thus producing sodium hypochlonite NaClO:

3) This overall chemical reaction can be expressed ad follows:
2 NaOH + Cl: — NaClO + NaCL + H.O

Side reactions. both chemical and electrochemical. take place simultaneously
with the basic reactions. such as the decomposition of hvpochlorite to chloride.
the anodic oxidation of hypochlorite to chlorate (traces only). the cathedic reduc-
tion of hvpochlorite to chlonde and the anodic evolution of oxygen.

Moreover. some cations which are present in seawater (e.g. calcium. magnesium
and other metals) form hidroxides and carbonates resulting in suspended solids
which are carnied out of the electrolvzer by the seawater stream.

These side reactions reduce the current efficiency. such that the actual amount
of electric power required to produce hypochlorite is higher than the theoretical
. requirement by approximately 10",

In the chemical hiterature. hypochlorite concentrations are commonly referred
to in terms of available or « active » chlorine. i.e. the quantity of chlorine having
the same oxidizing effect as the hypochiorite when analyzed by standard me-
thods.

The available chlorine concentration in hypochlorite solutions from pre-engi-
neered SEACLOR Systems is in. the range of 1000 to 2500 ppm.

Hypochlorite produced from scawater is sutliciently stable to tolerate. without
substantial loss of chlorine. the storage conditions required for shock treatment
with chlorine injections regularly spaced during the das and corresponding rene-
wal of the hypochlorite solution in the storage tank.

Long storage pertods, such as two days or more, should not be considered as a
Jesign datum,

Hydrogen gas is produced in the electroly zer at the rate of about 0.35 m' kg
chlorine

i
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Dilution of the hydrogen with air is practiced to reduce the hydrogen concentra-
tion to less than 2% (v v) immediately as it disengages from the liquid effluent
in the hypochlorite collecting tank wherever the release of hydrogen to the atmo-
sphere as an undiluted gas may create hazardous conditions.

2. Seawater 1= delivered to SEACLOR Systems at a constant flow rate. Scawater
is to be taken downstream the hypochlorite injection point because it is essential
that the seawater delivery system contain some active chlorine. as provided by
the SEACLOR System. to protect pipelines and other equipment (such as the
screens) from organic fouling.

Before entering a SEACLOR System. seawater is strained through 0.5 mm
screens to remove suspended solids which would otherwise affect the normal
functioning of the installation. Automatic self-cleaning screens are normally used
form medium and laree capacity plants.

The required seawar r pressure varies with the capavity of the SEACLOR System
and the circuit characteristics froin | to 2.5 Bar g.

Location of seawater intakes in waterways. harbours. estruaries or deltas fre-
quently means contaminated seawater; the same may occur in the vicinity of
industrial or urban discharge.

Seawater containing high amounts of suspended organic material and oil may
not be suitable for electrolysis as such. In certain cases the seawater quality can
be improved by filtration and. or treatmen: to make it suitable. Where possible
alternative sources of seawater should be ccnsidered. e.g. by tapping salty aquife-
rous layers.

In all such cases complete analysis or reprensentative samples of seawater to be
used should be sent 10 de Nora to ascertain its suitability and or the required
treatment.

3. After long operation periods. the electrolyzers should be cleaned of cathodic
deposits consisting mainly of the hydroxides and carbonates formed in the side
reactions mentioned at above point |.

These deposits are removed by dissolving them in a diluted solution of hydro-
chloric acid which is circulated through the clectrolyzers by means of a cen'rifu-
gal pump.

The cleaning cycle for one SEACLOR System takes approximately one hour
and 1s carried out after shutting ofY the electric current and draining the scawater
from the electrolyzers.

The acid solution has a concentration of $% HCL (w w) when freshly prepared
and can be used for several cleaning cycles until the HCL concentration is down
to approx. 2 3%,

The wesh solution can be strengthened agian 1o 5% HCL concentration by the
addiion of some commercial hydrochlonic acid and reused for more cleaning
cyeles.

The consumption of hydrochloric acid is mimimal and without any significant
mendence on the operating costs.




[t should be noted that no design of hy pochlorite generator. on the market today.
totally eam.nates the need for periodical cleaning.

The cleaning by acid washing has no effect on the performance and life of the
speciahized electrodes which equip SEACLOR Electroly zers.

II. SEACLOR® SYSTEMS

1. SEACLOR Systems consists basically of:

- One or more SEACLOR elctrolyzers

- A source of direct current (rectifier unit)

- D.C. bus bars or cables for the interconnection between the electrolyzers and
for the connection of the electrolyzess to the rectifier unit

~ Piping between the electrolvzers including hvdrogen separators when required
and connections to the seawater supply. the hypochlorite collection and the
acid cleaning systems

- Instrumentation required for the efficient operation and control of the SEA-
CLOR System.

As a general rule the equipment is supplied pre-assembled or pre-fabricated to
the maximum possible extent copatible with transport and handling limitaiions.

SEACLOR Systems are suitable for operation in marine and tropical environ-
ments. They are designed for continuous and unattended operation and require
only periodic checking.

E'ectric power rectification. instrumentation and all other components are de-
signed to assure effective performances of the Systems.

As far as the installation of stand-by Systems is concerned. de Nora suggests that
it schould be considered only in cases where local conditions are likely to hamper
timely replenishment of the spare parts taken from inventory for use or if difficul-
ties arc foreseen in carrying out un-scheduled repair work within a reasonable
time.

In case that the hypochlorination plant consists of more than one SEACLOR
System and the actual chlorine requirement is lower than the installed capacity,
it is advisable that all installed SEACLOR Systems be hept in operation. as ener-
gy is saved by operating more Systems at lower D.C. current lesels for the same
production rate.

2. The siandard clectrical interconnection of the SEACLOR electrolyzers of a
System s in one - . ~eries, Thisarrangement gives the best possible conversion
etliciency and power factor of the rect: " or unit at all operating conditions, that
is. the lowest power cost. and the lowest possible capita! cost for the System and
particularly for 1S rectifier unit.

X Typical hydraulic low paths of SEACLOR Systems are shown in figure 9.
Normal hydraulic interconnection of the SEACLOR Electroly zers of a Syatem
v one single series, Higher values of availuble chlorine concentration in the of-
Muent solution are usually obtained with more clectrolyzers in series.




4. Hidregen separators made of plastic matenads (such as FRP with PVC inter-
na! linerd are mserted in the vdraulic path between two adjacent clectroly zers
- when the eletrolyzers are designed tor instillation in a vertical position - or
between series of two-three eleciroly zers - when they are destened for instaliation
in a honzontal position.

They are used to separe most of the hydrogen which s generated in the preceding
clectroly zers, or group thereof. from the chlorinated seawater stream.

By this provision. also the following clectrolyzers are ted with seawater which is
substanzially gas free and a saving 1n power consumption is achieved, as overall
seawater conductivity increases as its content of hydrogen gas is decreased.

The hydrogen separators work as vessels totally filled with seawater and do not
create. in any condition, hvdrogen pockets.

Hydrogen gas outflowing from the top of the separators entrains a small flow of
chioninated seawater. which 1s recovered in the hypochlorite collecting and de-
gassiag tank placed next to the SEACLOR System.

Plastic materials are preferred to lined steel for the piping within the SEACLOR
Svstems because lined sieel may lose its insulating property and become. some-
times. a safety hazard too.

Moreover any hole. however small. which may occur in the lining by wear or
shock (during maintenance. for example) causes a quick perforation of the pipe
because of chemical and electrochemical corrosion.

For the same reasons. valves in molded plastics are preferred to lined metal val-
ves.

5. The standard instrumentation and protective devices which are included in a
SEACLOR System consist of:

- an automatic electronic control systcm to stabilize the D.C. current supply to
the clectrolyzers

- devices required to adjust the D.C. current to the desidered value

-~ meters {o indicate the D.C. current and voltage supplied to the System

— meters to indicate the D.C. voltage across each electrolyzer of the System

~ meters to indicate the seawater flowrate to cach hydraulic path of the Sysiem

~ devices required to protect each electrolyzer of the System against abnormal
D.C. voltage levels

- protection of each hydraulic path against failure of the scawater supply sistem

- protection of the rectifier unit against internal failures, external A.C. overvolt-
ages and D.C. side overcurrents.

All the above mentioned instruments and protective devices are mounted on a
control punel provided with an annunciator system, which is usually incorporat-
ed in the same rectifier cubicle. with the exception of the flow indicators and
switches which are instalied on the seawater feed line.

I any abnormal condition arises, the associated protective device operates a
fJuminous and acoustical signalling device and, accerding to the fault gravity,
gives an alarm or shuts down the rectifier unit, actuating vic iripping coil of the
assocniles power circuit breaker.
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The annunciator ssstem s provaded with spare alarm points for additional pro-
tections or mterlock dovices external to the SEACLOR System.

The basie indicanons on the working conditions ot the SEACLOR Systems can
he repeated for displas on the annunciator of a panei focated in a remote central
control room.

These indications are generally hmited to:

- Systems in or out of operation

- The occurrence of alarm conditions (one general alarm signal per each Syvsiem)

- The occurrence ofa failure followed by shut down (one general lockout signal
per ¢ach System).

6. Electrical equtpment 15 confined within enclosures of 1y pe and matenal ade-
quate to the intended use and local conditions.

Weather-proot enclosures are provided for outdoor 1nstallation in unclassified
areas and air purged and or expiosion proof enclosures for installation in hazar-
dous arcas.

It should be noted that the installation of the equipement indoors in a safe area
15 1o be preferred whenever feasible because of the lower capital cost of the equip-
ment. easier maintenance and repair work and longer life of the equipment.

This apphies particularly 1n severe weather conditions where heavy rains or sand-

storms are frequent.

7. Figure 12 shows a 1y pical indoor layout of a hvpochlorination plant using two
SYACLOR Systems,

The diagram at Freure 13 shows the average covered area as related to the total
installed capacity for typical hy pochlorination plants.

Substantial vanations to the plant area may result from specific requirements
and or additional equipment.

8. Forery low production capacities, 0.5 to 2 Kg havailakie chlorine. standard
units named Mini SEACLOR?® Systems are provided.

Figures 27 and 28 show a 1.5 Kg h available chlorine production capacity Mini
SEACLOR” System.

'
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HI. SEACLOR® ELECTROLYZERS

L. SEACLOR clectroly zens consist of electrolvtic cells of moduiar construction:
these are combined in clectrical and hyvdraulic series and fastened together to
form an « alectrode assembly » (Figure 14) which is placed 1n a cviindncal clee-
trolyzer body (Fizure 13). Standard electrolyzers contain 10 medular celis: how-
ever. electrolyzers containing 6-8-9- cells are also in current use,

The electrolytic cells are bipolar in design. This means that the cathodes of every
cell are directly connected to the anodes of the next cell.

The paths of current. seawater and electrolysis products through the clectrolyzers
are show in Figure 16.

A uninue feature of an « electrode assembly » is the case of replacement of the
clec odes installed in the electrolvzers: it can be inserted into or removed from
the electrolvzer body in a short time without need for special tools or specizlized
mechanics.

SEACLOR electrolyzers are available for installation both in a horizontal and
in a vertical position.
2. The materials used in the construction of the SEACLOR electrolvzers are as

follows:

- The electrolytic cells - anodes and cathodes — are made of tranium ASTM
B263 grade 1.

The anodes are DSA*® - dimensionailv stable anodes— with a coating of plati-
num group metal particularly ruthenium.

The hardware to secure the electrolvtic cells is made of titanjum ASTM B263
grade 2.

The elctrode spacers are made of Teflon®.

The casing of the electrode assembly ic =~de of PVC.

The electrolyzer body is a solid. cyvlindrical shell of filament wound FRP with
an internc! liner of PVC; it is highly resistant to stress and corrosion and is
electrically insulating.

The flanged ends are made of hard rubber lined steel.

Hot dip walvanized steel and stainless steel are used for the external hardware,

Electrical connectors are made of 99,9, clectrolytic copper.




3. Itis preterable that the clectroly zers operate under constant seawater flow rate.
while the D.C. current is adjusied so that the reneration of chlorine instantancou-
sly matches the requirement for the water treatment.

The oltage across the electrolyzers in operation is measured with D.C. volt-
meters installed on the rectitier control panel.

The readings of the voltmeters shall be pertodically taken, checked and recorded
as they reflect the working conditions of the electroiy zers.

The above readings will be helpful too in providing. after vears of continuous
operation. an early wamning on the near exhaustion of the catalvtic properties of
the anode coating.

This occurence shows itself by gradually rising voltage levels. in sharp contrast
with the steady voltage characteristic that has been maintained throughout the
life of the coating and which is one of the properties of DSA®.

Should the voltage across anv electrolyzer of the System deviate from its normal
operating value and approach a level which is dangerous to the electrode metal
structure. an automatic device installed in the rectifier control section will signal
the fault and or shut off the electric power supply to the electrolvzers befor da-
mage occurs.

4. SEACLOR clectrolyzers are available in several sizes 10 cover a very wide
range of System capacities.

Number and size of electrolyzers are in relation to the System capacity.

IV. RECTIFIER UNITS

1. The rectifter units are specifically designed to feed SEACLOR electrolvzers
with D.C. current which is continuously and automatically controlled.

Direct current can be adjusted within a range of 20 - 100" of the full rated
current.

The rectifier is provided with an automatic electronic control system which stabi-

lizes the direct current value with an accuracy of = 1% rated rull current.

2. Whenever feasible. the A.C. supply voltage to the rectifier transformer should
be related to the power of the rectifier unit in order 1o have a easteetective electri-
cal installation, including A.C. power breaker, protections, cabling and rectifier
transformer.

A correlation of suitable A.C.ovoltage levels with power fevels i as follows:

~ Power up 1o 200 kW (corresponding approx. to 4 30 kg h SEACLOR Svstem):
380 10 300 ", 50 or 60 Hz, 3 phase

= Power from 200 1o 2000 kW (500 Ag h SEACLOR System); 310 13.8 V', 50
or 60 Hz. 3 phase.

[
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3. Rectifier units consist mainly of:

~ one rectifier transformer

- one thyristor rectifying section

- one control section

4. The recufier trasformers are titted with taps to be selected off-load in order
W operare the rectifier at the best possible power factor in relation to:

- the steady-state primany supply voltage level

- the actual D.C. voltage level. which is inhluenced by the D.C. current fevel as

well as by seasonal changes of seawater conductivity,

- The rectifier units rated up to approx. 140 kW {corresponding approx. to a
3 kg h SEACLOR System) are contained in one comiion cubicle, inclusive of:

as 1hy

- one general circuit breaker

- one dry type rectifier transformer

cne thrystor type rectifving section

one control section.

Heat losses can be removed from the cubicle using the once-through forced air
or the recirculating forced air cooling system indicated in the tollowing point 3.

Heat removal by natural convection through the walls of the cubicle is feasible
only for the rectifiers which equip low cupacity SEACLOR Siystems.

The rectifier units entirely contained in one cubicle. provided with recirculating
forced air cooling system and with an air purged enclosure. can be designed with
the requirements for use in hazardous areas of Class 1. Diision land 2.

6. Rectifier untts consisting of a transformer and rectifier assembly totally im-
mersed in an oil tank with natural air cooiing and a control scction housed in 4
separete panel can be provided on request.

7. The rectifier units with a power rating higher than approx. 140 kW have the
rectifying and the control sections contained in 2 * common cubicle: the transtor-
mer. cither of the Jry type or of the oil immersed 1ype. is a separate picce of
*quipment 10 be connected to the rectifier cubicle with A.C. bus bars or cables.

AL




8. The coolme sasiems waed tor the SEACLOR rectifier cub-Cies are:

~ lhe once-through forced air system: the cubicle has one or more anial tans
manine the arr Girculate through the fins of the thnustor heatsinhs,

Ambient air i~ brouch? into the cubicle throueh openings placed on the fover

part of the lateral wails and blown out from the top side of the cubicle.

This systerm s the most suttable for recuifier cubicles located i1 a room provid-
. 13

ed with adeguate air venntlation or conditioning to remove the heat losses.

- The recirculating furced air system: it ditfers from the once-through torced air
system n so that air girculates in closed circuit with a buiit-in water cooler.

- The deionized water system: it consists mainly of a circuit in which deionized
water 15 passed through cupronickel tubes (driven into the aluminium heat-
sinks of the thynston by a mechanically sealed pump and circulated through
a deromized water water or deionized water torced air heat exchanger. The ma-
tenials of the deionized water circuit components are particularly designed to
resist corrosion.

An ion-exchange detonizer forms part of the circuit. The conductivity of the
detonized water 1s monitored by a gauge with a2 maximum conductivity alarm
contact which can ben preset at about 50 pS cm.

This system is used for only high power rectifier cubicles with power ratings
approx. 2000 kW and over.

9. The rectifier units are designed. manufacture, assembled and shop tested in
accordance with the requirements of Publication No. '46 1973 of I.LE.C. (Intemna-
tional Electrotechinical Commision) « Semiconductor Converters ».

The basis of rating is the following:
= 100"s rated current continuousiy

- The rectitier unit shall be energized at rated A.C. voltage and operated conti-
nuousiv at 100" of the rated amperes unti! a constant temperature-rise has
been reached by all parts of the rectifier unit.

When the temperature-rise of all parts of the rectifier unit is at or below that
corresponding te fuil load value. it shall be capable of withstanding a momen-
tary overcurrent of such magnitude and duration as 1s necessary to allow the
automatic load regulating equipment or overcurrent protective equipment to
protect all the pans from damage.

The rebability of the rectifier unit s assured by the use of high quality compo-
nents selected for tunctioning in tropical and corrosive enviroaments and by an
unmatched experience in the design and construction of rectitiers specitically
iniended for use 0 heavy duty electrochemical plants,




V. POWER CONSUMPTION

1. The power consumption of SEACLOR clectroly Zers depends on D.C. current
level. seawater salinity and temperature as well as on the concentration of avail-
able (active) chlorine in the effluent soiution.

W hen referring to operation at D.C. rating with seawater at 20°C and of standard
composition (Figure 26) and normal chlorine concentration. the average specific
D.C. power consumption of pre-engineered SEACLOR Systems is lower than 4
kWh kg available chlonne.

The available chlorine concentration in the effluent hvpochlorite solution affects
both the production capacity and the power consumption of the electrolyzers.
so that a higher chlorine concentration means a lower production and a higher
power consumption at the same D.C. current level.

However. the bands of vanation of these quantities are narrow (approx. 2% of
average value) if chlorine concentration is kept within the range of 1000 to 2500
ppm.

2. Specific A.C. power consumption. including all loses in the SEACLOR Sy-
stem (transformer, rectifier. A.C. and D.C. conductors. electrolyvzers) can be ob-
taine multiplyving the specific D.C. power consumption by a factor ranging from
1.04 10 1.10.

Figure 26

COMPOSITION OF STANDARD SEAWATER
(according to the Hydrographic Laboratory of Copenhagen)

{ Cations mg’| me/l Anions mg’l me-l
! Na® 11,035 479.8 cr 19,841 559.6
E Mg 1,330 109.4 SO,~" 2.769 57.6
LG 418 209 HCO,~ 146 2.5
K 397 102 | Br 68 0.9
s 13.9 0.3 F 1.4

Total salinity: 36047 mgl

5 otal alkalinity: 119.8 mg'l
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Its upper value should be normally referred to SEACLOR Systems equipped
with only one electrolyzer and its lower value to SEACLOR Systems equipped
with four clectrolyzers in one electric series. -

The results of long-time operations are proving that the direct generation of ac-
the chlorne from seawater using the SEACLOR Systems requires the lowest
overall energy consumption. when comparison is made at the same operating
conditions with competing systems.

VI. PREVENTIVE MAINTENANCE

1. Preventive maintenance is not the universal panacea for continuous equip-
ment operation: however, it is a major step in the right direction for reducing
non scheduled downtime and the following practices have been demonstrated as
being useful.

a) Establish and enforce regular inspection schedules.

b) Have the Production Department provide advance notice on any scheduled
shutdown: this is an ideal time for inspection and or repair.

¢) Maintain and adequate supply of spares.
When ordering spare parts. give a detailed description of the parts and com-
plete nameplate data on the devices. as well as the position in the schematics.

d

~—

Keep records of operating data. maintenance works and inspections.

¢) Under normal conditions the protective devices do not operate; therefore
these devices need careful inspection. In case of any scheduled shut-down the
manual tripping of a protective device will afford an opportunity to observe
the manner in which the device is operating,

f) Accumulation of dust. dirt and corrosion, particularly on stand-by equipment.

may cause faulty operation of many devices. Therefore. a periodic routine of

cleaning and inspections should be established.

2. The most difficult area for establishing a sound preventive maintenance pro-
gram is determining the frequency of inspection and testing,

A schedule of inspection and maintenance operations may be ad tollows;

DAILY
- Record operating parameters oo log sheets
= Test alarm lights

- Check air-circulation monitoring device of forced-air cooled rectifier cubicles

3




WEEKLY
- Chech tlow switches on scawater supply line to the electrolhvzers

FORTNIGHTLY

~ Clean the electrolyvzers by recirculating weak hvdrochlonc solution: record
opcration on log sheets

Note: It it possible to schedule less frequent cleaning operations: however. they
require a time usually longer than the average one-hour time (refer to 1.3) and
are less advisable for what concerns effectiveness and equipment overall down-
time.

MONTHLY

- Check for cleanliness of control cabinets. rectifier cubicle and outside surface
of transformers and insulators.

YEARLY

- Check for tightness of all bolted connections
- Check for correct operation of all protective devices (actuate them manually)

The abovz schedule may be adjusted to meet the local operating conditions. after
a first tnal period.

3. Replacement of the electrode assemblies

The procadure for the replacement of the electrode assemblies may vary in rela-
tion to the number of installed and operating electrolyzers and other specific
conditions of the plant. but generally in a staged manne.. whenever the plant
includes more than one electrolyzer.

The first step is to use an electrode assembly which may be an existing spare or
ordered a few months before the time scheduled for starting replacement.

The electrode assembly which has been removed. is shipped to the factory for
inspection and recoating of DSA*® and reassembled for use,

As soon as it is received from the factory. the reconditioned assembly is used to
replace another clectrode assembly,

This procedure may start with one or more clectrode assemblics. depending on
the number of installed electroly zers: it s repeated until all the operating clee-
troly zers have been re-cquipped with reconditioned electrode assemblies and the
same number of renewed clectrode assemblics, used to starnt the replacement pro-
cedure. is in stock at the plant.

The reconditioned clectrode assemblies are expected to have the same operating
life as new clectrode assemblies before a further reconditioning is required.
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ATTACHMENT VI

Preliminary Feasibility Study for a Combined Plant to Produce

146.000 t/y of Sodium Hydroxyde and 60.000 t/y of PZOS
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E.Z. kWh 30.0090.060 0.015 450.0C0
Vazore per 53P04 757 t 33.000 5 161.000
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£,2 rafireddzzento T S°C  portata
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el t 960 93 90.030
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PRIMO OTIT0 INDUSTRIALE DELL'ACIDO FOSTOXICo:

US 2 3.02I.000 @ AC.CDO ¢ = 161 US 3/t

I1 vatore ~udio dell’

acido fosforico prodotte sccondo 1 pit recenti
dati di merccto pud essere assunto in 3C3 US 8/t per um ricave tota

le ¢i Us ¢ 22.021.000.

Il valeore della soda caustica secondo 1 pit recenti dati di mercato

pud essere assunte in 260 US £/t per ur ricavo totale di

US 8 23.360.020.

L'utile lorco dei due impianti presi in considerzzione viens calcola

to in:

CS 8 55.360.C00 — 23.231.000 = 32.129.000 US §

L'investirmento per i due impianti pud valutarsi in 100.000.000 US §

con un ritorae di investimento di 3 anni.
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Chlorine dioxide

Uhde/Munich process

Unless only minor quantities are
required (i.e. less than 5kg/h
Cl02), chlorine dioxide is
produced by the reduction of
chlorate in an acid solution.

Numerous processes are
available for *he production of
chlorine dioxide, the main differ-
ence between them boing the
reductant used. The Uhde/
Munich process described here
uses hydrochloric acid as the
reductant. The Uhde/Munich
process is normally coupled with
a sodium chlorate electrolysis
plant using the latest cell tech-
nology. However, in the absence
of such an electrolysis facility,
chlorine dioxide can still be pro-
duced using purchased chlorate
brine.

It is recommended that the chlo-
rine dioxide unit be located in
the immediate vicinity of the
consumer, because the transpor-
tation of aqueous chlorine dio-
xide solutions is not practicable
over long distances.

The production of chlorine
dioxide by the Uhue/Munich
process is based on the reduc-
tion of sodium chlorate by means
of hydrochloric acid:

NaClO3+2HCl=
NaCl+H20+4+CIO:=+3 Cl2

The side reaction

NaClO3+6HCi=
NaCl+3H20+3Cl2

is suppressed by selecting the
correct ratio of sodium chlorate
to hydrogen chloride.

The residual solution, which still
has a relatively high NaClO3 con-
tent, is fed to a chlorate elec-
trolysis unit coupled with the
chlorine dioxide production facil-
ity.

In the chlorate electrolysis unit,
the sodium chloride recovered
from the chlorate is reoxidized to
NaClOa.

Chlorate production takes place
in two process steps:

1. Chioride is decomposed elec-
trolytically at a pH of 6.2 to 6.6
into hypochlorous acid and
hydroxyl ions according to the
following equation:

3CI"+6H20
8 & 3HCIO+30H" +3H:0

2. The subsequent chemical
reactions proceed for the major,
part outside the electrolyzer, i.

in the circulation tank, according
to the following summation
equation:

3HCIO+30H"
——Ci03+2C'" +3H20

Hence, the gross equation for
the formaticsi of chlorate may be
expressed as follows:

CI" +3H20

—G—e;—C|03' +3H2

By maintaining the pH value

within the range mentioned

above and by limiting the resi-
dence time of electrolyte withir.(
the cell, the anodic chlorine for-
mation, which proceeds accord-
ing to the summation equation:

CI” +3H0
—2€ . Ci0s +iH+3 02

is prevented to a l2me extent,
the current yield of this reaction
being only 66.7 %, thus favouring
the puraly chemical formation of
chioride (current yield: 100%).

Depending on the current den-
sity, the overall current yield of
this process is up to 95%.




p descripts

( The diagram represents a chlo-

rine dioxide facility coupled with
a chlorate electrolysis unit.

The electrolysis cel.. (1) are
equipped with activated titanium
anodes and steel cathodes. The
electrolyte circulation between
the cells ard reaction vessel (3)
is promoted by the gaseous
hydrogen forming at the
cathodes. Electrolyte and cell
gas are separated in the gas
separator (2), the gas being
cooled before it is sent to a hy-
drochloric acid synthesis unit.

To dissipate the Joule's heat loss
in the elect. olysis process, a
side stream of the electrolyte is
f=d via a filter (4) to the electro-
ivte cooler (5). The major portion
of the cooled electrolyté is
returned to the reaction vessel;
the remaining minor part is sent
to the chlorate solution storage
tank (6). The concentrated chio-
rate solution is pumped from this
tank via a further cooler (7) to
the reaction column (10). Con-
trolled quantities of hydrochloric
acid are fed to the reaction
column from the hydrochloric
acid storage tank (8) via a heater
(9), wtile air is aomitted at the
bottom. The column is subdivid-
ed into several stages, the icwer
part being heated. As a result,
the water excess introduced by
the reaction water and by the
hydrochloric acid is evaporated
and subsequentiy condenged.

This condensate and the con-
densate dbigined in cooling the
cell gas is used as absorption
water for lkp hydrochloric acid
synthesis unit.

The residual sotution in the reac-
tion column Is retumned from the
lowermost tray via the reaction
vessel into the electrolyte cycle,
thereby completely avoiding any
chiorate losses.

The gas mixiure that forms in the
reaction colurrn, consisting of
chiorine dioxide, chiorine and air,
is fed to the separation column
(1) into which water is sprayed
at the top.

Owing to the better solubility of
chiorine dioxide in water, the
chlorine and chlorine dioxide are
separated. The chlorine can be
burnt in the hiydrochloric acid
synthesis. unit {12) together with
the cell ¢as to form HCI, or it can
be used for the production of
bleaching liquor.

Consumption figures

For the production of chlarine
dioxide with integrated NaClO3

electrelysis and HCI synthesis
units
ver kg ClO2 - 100 %
HCI - 100 % 0.55tg
Scft water for CiO2 017 m’
absorption at 12°C at6g CiC
Electric power (DC) for 8.9 kWh
electrolysis
Steam (3 bar) 45 kg
Cooling water (20-40 °C) 0.44 m3
Prcportionate cost
of recladding anodes,
per ton of Clz DM 21—
Chilorine dioxide production pro

1 Chiorate cells
i+ 2Gas separator
: 3 Reaction vessel

4 Filter

5 Electrolyte cooler

6 Chiorate solution tank
7 Chiorate solution cooler
8 Hydrochloric acid tank
4 Hydrochloric acid heater
10 Reaction column
11 Separating column
12 Hydrochloric acid synthesis
unit

|




Process description

.Yho agIam represem\s a chio-
e ceoxide tacility coupled with
a chiorate siactrolysis unil.

The electrolysis cells (1) are

aquipped with activated titanium
des and stee: cathodes. The

electrolyte cuculation between

hydrogen forming at the
cathodes. Electrolyte and cell
Qas are separaled in the gas
separator (2), the gas being
cooled belore it is sent 1o a hy-
¢ ~ldotic acid synthesis unit

To diasipate the Joule's heat loss

‘mmdectrolwso'ocma

This condensate and the con-
densate obtained in cooling the
ceil gas is used as absorption
water lor the hydrochlorin acid
synthesis unil.

The residual solution in the reac-
tion column is relurned from the
lowermost tray via the reaclion
vessel into (he electrolyte cycle,
thereby completely avoiding any
chlorate losses.

The gas mixture that forma in the
reaction column, consisting of

dioxi and air,

ia fod to the separation column
(1) into which waler is sprayed
at the top.

Owing to the better solubility of
chiorine dioxide in water, the
N \ ioxide are

side of the ek vie 1s
fed via 2 hiter (4) to the etectro-

tyte cooler (S} The major portion

of the cooled electrolyte is
returmed 10 the reaction vessel;
the remaining minor pact is sent
to the chiorate salution storage
tank (6). The concentraled chio-

rate s0lution is pumpend lrom this

tank via a lurthar cooler {7) to
\i.@ reaction column (10). Con-

trofted quantities o! hydrochloric

acid are fed to the reaclion
from the hydrochlors

acid storage tank (8) via a heater

{9}, white air is adauited at the
bottom The cofumn is subdivid-

ed ino severr, stages. the lower

part being hoated. As a result,
the waler xcess intraduced by
the reachon water and b ne
hyarochloric acid is evaporated
and sub ly o d.

a
separaled. The chiorine can be
burnt in thu hydrochloric acid

Y ia unn {'2) together with
the cell gas to lorm HCL, or it can
be used for the production of
ieaching liquor.

Consumption figures Product qualities Personnel requirement
For the production of chiorine Absorption water ClO? Ch HCI for the enlire plant 1 man
dioxide with integrated NaCIlO» content confent content yar shit
electrolysia and HC! synthesis in g/ in g/ in g/
units L] ] X ] 06
por kg CI02 - 100 % < 8 08 06
) ' °c 8 os 06
HC! - 100 % 0.55 kg < a8 1 08
Soh water for CIO; 017 m'
absorption at 12 °C a8gCi0
Elaciric power (DC) tor 8.9 kWh
elet.irolysis
Steam (J bar) 4.5 kg
Cooling water {20-40 °C) 0.44 m*
Proportionate cost
of recladding anodes,
per ton of Clz DM 2t~
Chlorine dioxide produclion process
1 Chiorate cells
2 Gas separator o
3 Reaction vessal "
4 Filter
§ Electrolyte cooler
6 Chiorate solution tank
7 Chiorate solution cooler CiOs+ Cliv Al CleAw Viuste gay
8 Hyrirochloric acid tank
9 Hydrochioric acid heater
10 Reaciion column ¥ {
11 Separating column 10 ” — 12" e
! 12 Hydrochioric acid synthesis H Sol waisr (% ]
i umt waterr
j
|
I LIS VIV1V -
Steam
=T
( l J
! Agueaus chionne diosde
|
!
) HCI3I % .
, 21
é e rToee 3
FEM o




Advantages of the Uhde/Munich
process

O No losses of sodium chlorate
occur, as the residual solution
from the chlorine dioxide unit is
retumed into the electrolyte
cycle. In other processes, the
residua! solution contains
unreacted chlorate which must
be regarded as a loss. In view of
the herbicidal action of chlorate,
such residual solutions must be
treated to prevent environmental
pollution.

3 The only feedstock required is
hydrochlor’c acid. Waste acid
from organic chlorination proc-
esses could be used for this pur-
pose, because the chlorine dio-
xide process will accent up to

5 g/l organic impurities in the
acid.

Moreover, there is no necessity
to handle or store solid chlorate
salts.

[J No poliution of the environ-
ment: apart from small quantities
of pure condensate, there are no
byproducts or waste.

0O Unchanging product quality:
the process is continuous; the
gas stream is thus constant, with
the result that the aqueous

4

Chilorine dioxide plant (top)
Row of 25-kA cells (bottom)

chlorine dioxide solution
produced always has the same
chiorine dioxide and chlorine
concentrations.

O Simple to operate, hence low
personnel requirements: 1 man
per shift is sufficient.

O Low maintenance costs an
high on-stream factor by using
corrosion-resistant and reliable
materials. The titanium anode
cladding only has to be renewed
every 5 to 6 years.

O The process is well-proven,
having beel. applied on a
commercial scale in more than
20 plants. The design gives due
consideration to the latest state
of engineering technology and
uses carefully selected materials
of construction.

O The process is highly reliable
and very stable. The low (2 con-
tent (< 2 %) of the cell gas
makes it suitable for HCI syn-
thesis. It shouid be mentioned
that the cells are totally filied
with liquid at all times and have
no gas spaces. Explosions of cell
gas within the cell are thus
impossibie, even if the gas con-
tains more than 4% Oz as a
result of a fault or during start-
up.

O No chlorate-bearing residual
solution: hence, there is no risk
of an uncontrolled chlorine
dioxide formation in the receiver
for such solutions.




Advantages of the Uhde/Munich
process

ONo losses of sodium chlorate
occur, as the residual solution
from the chiorine dioxide unit is
returned into the electrolyte
cycle. In other processes, the
residual solution contains
unreacted chlorate which must
be regarded as a loss. In view of
the herbicidal action of chlorate,
such residual solutions must be
treated to prevent environmental
poliution,

O The only feedstock required is
hydrochloric acid. Waste acid
from organic chilorination proc-
eésses could be used for this pur-
pose, because the chlorine dio-
xide process will accept up to

5 g/ organic impurities in the
acid.

Moreover, there is NO necessity
to handle or store solig chiorate
salts.

O No pollution of the environ-
ment: apart from small quantities
of pure condensate, there are no
byproducts or waste.

O Unchanging product guality:
the process is continuous; the
gas stream is thys constant, with
the result that the aqueous

4

Chlorine dioxide plant (top)
Row of 25-kA cells (bottom)

chiorine dioxide solution
oroduced always has the Same
chlorine dioxide and chlorine
concentrations,

O Simple to Operate, hence jow
personnel requirements: 1 man
per shift is sufficient.

O Low maintenance costs and
high on-stream factor by using
corrosion-resistant and reliable
materials. The titanium anode
cladding only has to be renewed
every 5 to 6 years.

OThe process is weli-proven,
having been applied on a

~ mercial scale in more than
2V plants. The design gives due
consideration to the latest state
of engineering technology and
uses carefully selected mateJ's
of construction.

"1The process is highly reliable
and very stable. The low O2 con-
tent (< 2 %) of the cell gas
makes it suitable for HCI syn-
thesis. It should be mentioned
that the cells are totally filled
with liquid at all times and have
nZ gas spaces. Explosions of cell
gas within the cell are thus
Impossible, even if the gas con-
tains more than 4% O, as a
resuit of a fault or during start-
up.

ONo chiorate-bearing residual
solution: hence, there is No risk
of an uncontrolied chlorine
dioxide formation in the receiver
for such solutions,




Chilorine digxide

by the Hoechst AG process

The Hoechs' AG process lor the
duction ct chiorine dioxide is

based on the conversion of
sochum chiorate in a sulphuric
acyd solution by means of sut-
phur dioxide according to the
lollowing gross reaction
equation:

2NaCIOr+S0O: - 2CI0+NaSO4

Apart from this main reaction,
varous side reactions take place

acd from the gas mixture pro-
duced in the  yin reactor and
the final reactor. After leaving the
scrubbing vessel, the reaction
solution lows tirst into the main
reacior and then into the tinal
reactor.

A mixture of air and sulphur
dioxide is led inlo these two
reactors in order (5 reduce the
chiorate to chiorine dioxide. The
solution from the final reactor
tiows to a purge column, in

which produce chlorine or which dissolved chiorine dioxide

<" vonde instead of chiorine and suiphur dioxide are simulta-

roxide and result in yield | ly d by of

tchumical losses) Further losses  ar

occur due 1o uhused chiorale

leaning the system with the reac-  The solution leaving the curge

ton sohution (efftuent M has the following
~omposition:

With the Hoechs!l AG process,

the reactons which have a Na.SO« 220 N

reducing effect on the yield are HiSO« 450 o/t

suppressed to a large extent, so NaCl 3-4 U

that. under correct operating NaClO» 1.0 on

conditions, chiorine dioxide
yields ol 92-94 %, referred to the
total sodium chiorate input, can
be achieved.

Process description
The plant mainly comprises a
scrubbing

vessel, a main reactor,
a hinal reactor and a purge
column

The reactants, namely concen-

This solution can be used lor the
recovery ol ta" oil.

The air dilution rale of the gase-
ous SO: and (he air feed to the
purge column are adjusted such
that the gaseous mixture pro-
duced conlains approx. 10~12%
by vol. chlorine dioxide and 0.2~
0.25 % by vol. chiorine. The
gaseous mixture is led to a
spray-type absorption column. If
b water with a tempera-

N :
and sulphunc acid are ted 10 the
scrubbing vessel in order to

ture of 3-4 °C is used, the con-
ion of the chlorine dioxide
Hution will be 6-8 g CIO/.

the Iph
chaxide and the hydrochloric

Advantages of the Hoechst
process

’lLow capital investment costs
{1Simple aperation, high opera-
tional reliability

L'YHigh product quality, i.e. ClO.
solution with tow Cl; ang HCI
conlents

Hoechst AG process

CIO: plant using the ~

Consumption figures

per kg CIO, 100 %

NaClO1 100 % 169 kg

S0: 100 % 0683 kg

H:S0« 100 % 1.8-1.9 kg

Electric power

for motors 0.010 kwn

Steam (3 bar) 05 kg

Cooling water 0.050 m?

Soft water for

ClO2 absorption

{4 °C) 0.17 m* at
8 g ClO/

Product qualities
Temperature

of absorption 0 g/l
water

3<C ]
4C (]

ClO: content

Personnel req. ement

CI0; + air

CIO: + air
e
Ar
8Os + an
H. S0
NaClO,

Scrubbing vessel

Main reactor Final reacior

A

for the entire ptant

T Morgaion

1 man pa
shift

walyl

Purge
column

€0,
absorder

el
Na. 30,
1.50,
Halot



|
Chlorine, sodium hydroxide, sodium hypochlorite |
Uhde membrane-cell electrolysis

For membrane electrolysis plants
with their various plant sections,
Uhde not only has its own long-
standing experience in the engi-
neering and commissioning of
alkaline chloride electrolysis
plants to draw on, but also has
access to the operating experi-
ence and research of Bayer AG
and Hoechst AG in this field.
Uhde has the following mem-
brane cells and cation exchange
membranes at its disposal.

Membrane cells:

Uhde monopotar cells (MM)
Uhde/Hoechst bipolar celis

Cation exchange membranes:

. Flemion (Asahi Glass)
Nafion (Du Pont)

Bipolar cells

In bipolar cells, the power flows
parallel to the cell axis, in other
words the power flows from one
electrode through a partition to
the electrode with opposite
polarity of the next element.

The Uhde/Hoechst-type cells
consist of metal elements, the
membrane being clamped bet-
ween the cathodic and anodic
half shells. The individual ele-
ments are pressed together in a
frame to conduct the electric
power.

Features of the Uhde/Hoechst
binolar membrane cell

O Available in differeiit sizes from
1 m? to 2.8 m?2 per cell element
(active anode surface).

{J This cell technology was devel-
oped, starting in 1975, by
Hoechst AG/Frankfurt.

O Anode half shell made entirely
of titanium, cathode made entire-
ly of stainless steel or nickel.

0 No electrical connections
inside the electrolytic cell.

OEach cell element is sealed
with the aid of a separate flange,
which is a special advantage
compared to filter-press-type
cells and this permits quick in-
staliation and reassembly of indi-
viduai cell elements.

OIn contrast to other monopolar
and bipolar cells, if a membrane
of one cell fails, it is not neces-
sary to disassemble the com-
plete cell stack. This is a unique
advantage of our bipolar cell,
resulting in high on-stream fac-
tors even during membrane
exchange or other maintenance
operations.

O Recoating of anodes is easily
accomplished without any weld-
ing or cutting procedures.

O Capacity can be increased at a
later date by adding cell ele-
ments.

O Cathodes are available with
special coating.

Bipolar cells are particularly suit-
able for small to medium plant
capacities. The low amperage of
this type of cell has a favourable
effect on the investments for the
DC power supply system, espe-
cially in the case of low plant
capacities. This type of cell is
also suitable for converting older
electrolysis plants, which are
often supplied with power from
several low-amperage rectifier
units.

Advantages
Safe design:

O Functional components located
outside reaction chamber

O Individual vessels, reliable .
leakage detection

O Time-proven conventional
materials of construction

O3 Low risk of blockages at the inlet

High layout flexibility:

O Parameters:

area per element,
current density,
number of elements
per electrolyzer

[ Capacity easily increased

Ease of operation:

0O Simple monitoring of individual
cell voltages

- by operator or

- automatically

O Electric contacts easily
accessible




Operating data: Product quality:

NaQOH conc entration up to 35°: Caus*ic soda solution
(by wt. depending on type NaOH up to 35% (wt)
of membrane) NaCl < 100 ppm
Power consumption: 2100-2400 kWht NaOH at 3 kA/m: :g:;f"ﬁg(‘)‘:“
~epending on cathode and membrane o
material) Gaseous chlorine
_— . Clz >97 % (vol)
Service life of membrane: 2-3 years O ~ 72 o qvol)
~ N o
Lifetime of H: 0.05% (vol.)
electrode activity: >3 years Hydrogen
H: 99.9% (vol.)

Uhde/Hoechst bipolar membrane
cell 2.7 m’ (15 elements), Monopolar membrane cells,
Hoechst AG, Frankiurt ROCHE PRODUCTS/Scotland

-

O Few units
O Few electrolyzer blocks

OIndividual cells can be
replaced easily

O Low costs for spares

- Few elements

- Few components per unit of
capacity

O Low production losses in the
event of cell replacement

0 No high-current switch

Bipolar membrane cells Tofte Cel-
lulosefabrikk/Norway




Uhde membrane eiectrolysis plants

C Since 1981, Tofte Cellulosefa-
brikk A/S & Co. at Tofte in Nor-
way has been operating the first
complete membrane electrolysis
plant to be dasigned and con-
structed by Unde.

The plant has & capacity of 40
tpd chiorine and is equipped
with 5 blocks of bipolar cells.

Uhde completed the plant only
13 mon'hs after signing the con-
tract. The plant went on stream
with consumption figures which
are even more favourable than
the guaranteed figures.

»,

O Uhde has designed and con-
structed a membrane electrolysis
plant for the production of
bleaching liquor for Messrs. Hoff-
mann-LaRoche AG. The plant,
which is located at Dalry, Ayr-
shire/Scotland, has a capacity of
about 70 tpd chiorine. It is
equipped with 28 monopolar
cells working at a maximum load
of 80 kA. Commissioning started
at the end of 1983.

I . .
BN ey

B

View of the membrane electroly-
sis plant for Tofte Cellulosefabrikk
in Norway




1) Chlorine treatment and hypo-
chlorite plant, Tessenderio/
Belgium

2) Secondary brine purification

plant (filters and ion exchangers),
ROCHE PRODUCTS/Scotland

3)Hypochlorite plant,
SCHWEIZERHALL/Switzerland

4)lon exchangers in a pilot plant,
BAYER AG/Germany




Combination of membrane cell electrolysis

and Uhde/Munich process

Chilorine dioxide, chlorine,
sodium hypcchiorite and sodium
hydroxide, which are the most
important bleaching chemicals
for the cellulose industry, can be
produced together very economi-
cally in a combined plant com-
prising an alkalire chloride elec-
trolysis plant using the mem-
brane process and a chlorine
dioxide plant using the Uhde/
Munich process. This is because
some process units, for example
the HCI synthesis unit and the
waste gas dechlorination unit,
can be used for both the chlo-
rine dioxide plant and the alkal-
ine chloride electrolysis plant.

The excess hydrogen can b2
used as fuel for generating steam.

hde’s combined process offers
the following:

O simultaneous production of
bleaching chemicals: chlorine
dioxide, chlorine, hypochlorite or
caustic soda and hydrogen;

Othe only feedstocks are com-
mon salit and electric power;

Oit is particularly economical
because some process units can
be used for both processes joint-
ly;

O high adaptability to the desired
chemical balance;

O no transport of hazardous and/
or diluted chemicals;

O process well-proven in prac-
tice.

Combination of membrane cell ‘
electrolysis and Uhde/Munich
process

»| Brne
NaCl saturation i
——————-
|
|
| —
| @
= Ha
|
|
|
|
¥
Chiorate *
efectrolysis
4

12 tpd CIO, plant by the Uhde/
Munich process, SAPPI/South
Africa
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u H D E Design ang construct-on Major freids of activity
o chemucal and
‘ cther industnal plants Retneres
Syngas and synthesis processes !
Uhde ¢ ~bH Gas purification
Frednch-Uhde-Strasse 15 Coal technology
Postfach 2 §2 Fertilizer
-4600 Dortmund 1 Foodstuffs
Fed. Rep. of Germany Biotechnology
Telephone: (02 31) 54 70 Breweries
Teler: 822 841-0ud d Plastics
Synthetic fibres
Organic chemicals
Pharmaceuticals
Cosmetics
Electrolysis grocesses
Nuclear tect.nology
Electrothermal processes
Environmentiai protection
Uhde GmbH - Miscellaneous processes
a member of the Hoechst g oup Civil engineering and erection
» Energy supply systems
Hoechst Infrastructure
Uhde GmbH UhdeS.A. AINSA -~ Uhde S.A.de C.V.
Friedrich-Uhde-Strasse 2 71 Quai de Dion Bouton Bivd. Avila Camacho 6-A .(
PO.Box 1529 Paris la Défense 12° Piso
D-6232 Bad Soden/Taunus 92806 Puteaux Cedex Mexico City/Mexico, 10, D.F.
Fed. Rep. of Germany France Telephone: (5) 395-25 37,

Telephone: (0 6196) 20 51
Telex: 4 15641 uhde d

Manufacturing workshops:

Uhde GmbH

Werk Hagen
Buschmuhlenstrasse 20
PO.Box 4260

D-580C Hagen 1

Fed. Rep. of Germany
Telephone: {0 23 31) 69 20
Telex: 8 23 798 uhde d

Subsidiaries, associates
and branches:

uUsC

Uhde Services and Consulting GmbH
Markische Strasse 85

P.O. Box 1307

0-4600 Dortmund 1

Fed. Rep. of Germany

Telephone: (0231) 575t 0

Telex: 8 22 841-36

Uhde Anlagenbau GmbH
Steinplatz 1

D-1000 Berlin 12
Telephone: (0 30) 31220 38
Telex: 0183 421 hoebl d

Berliner Chemie-Anlagenbau GmbH
Kurfirstendamm 43

D-1000 Berlin 15

Telephone: (0 30) 8 83 20 07/08
Telex: 185 389 bcabl

fol FIRLL 3 LI X1
[

Telephone: 7781621
Telex: uhdesa 611331 f

Hoechst-Uhde Corporation (HUC)
560 Syivan Avenue

Englewood Cliffs,

N.J. 07632/USA

Telephone: Area Code

(201) 5690100

Telex: 01 35 476 uhdechem egwd

Uhde Limited
Hoechst House
Salisbury Road
Hounslow, TW 4 6 JH
Great Britain
Telephone: 57213 22
Telex: 23 284

Inter-Uhde

Engenharia Quimica Ltda.

Edificio Andraus

Rua Pedro Américo 32-25° andar
01045 S3o Paulo/Brazil
Telephone: 222-2133

Telex: 1134952

Mavi Uhde Maquinas Vibratorias
Ltda.

Rua Robert Bosch 150

01141 Sao Paulo/Brazil
Telephone: 6 66-920, 8 26-62 00
Telex: 1134 952

Uhde India Ltd.

Uhde House

L. B. Shastri Marg

Vikhroli (West)

Bombay 400083/India
Telephone: 583329, 583386
Telex: 1171654

395-34 00
Telex: 1775662

tJhde Office, USSR

c/o Hoechst Moscow
international Post Office
P.O.Box 78

Tryokhprudny Per-11/13
Moscow/USSR

Telephone. (0 95) 2 99 82 85,
2953530

Telex: 413138

Uhde Office, Riyadh

P.O. Box 4320

Riyadh, Saudi Arabia

Telephone: (01) 4 78 94 33/
4765107 .
Telex: 2 03 039 Lamard sj

Uhde Office, Beijing

Hotel Yanjing, Room 1902

19 Fuxingmenwai Dajie
Beijing, PR China

Telephone: 86 87 21 App. 1902
Telex: 22 674 uhde cn

Uhde Office, Tokio

c/o Matsuzaka Cor.,,;any Ltd.
Nishimatsu Building

20-10 Toranomon 1-Chome
Minato-Ku

Tokyo 105/Japan

Telephone: (03) 5082373
Telex: 2222 988

Uhde Office Jakarta

Suite 301

Je Jend Gatot Subroto, Kav. 14
Jakarta Pusat 12910/Indonesia
Telephone: 5177 81/82

Protag n Fa:t Rap -7 Garmany
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ATTACHMENT VIII

Norsk Hydro
Aluminium, Magnesium




iminium Division:
way:

able A‘S, Havik, Karmoy.

den:
sk Hydro Svenge AB. Stockholm.
nska AB Eloxal, Tyreso.

mark:
\ Hydro Danmark a s, Glostrup.
Jer Aluminium ApS, Tonder.

nia:
wnwmwerk Nenzing GmbH, Nenzing

iermany:
Alununium GmbH & Co . Berlin

A Hydro a s. Verkhautsorq. fur Hatten-
numam, Bad Durkhean

wrsk Hydro Group companies and sales offices,

sh Hydro a s Karmoy Fabrikker, Karmoy.
sk Hydro Aluminwumprohiter a.s, Magnor.

UK:
Norsk Hydro (U.K.) Lid., Feltham, Middx.
Aluminium Precision Extruders Lid.,
Bedwas, Newport, Mon,
Ashiley Aluminum Lid., Winstord, Cheshire.
Alustock Ltd., Feltham, Middx.
Aluminium Packaging Ltd.,
Blackmill, Bridgend.
Viking Alloys Ltd., Manchester.

France:
Alunord s.a., Louviers.
Alustock s.a., Le Mesnil-Longpont s/Orge.

Belgium:
Hydalu s.a., Senefle.

Switzerland:
Noralu AG. Diabendort.

Coandabl B San Tegbhen Ay
2 77 8000

((C_ A Norsk Hydro
Booklet




The aluminium plamt at Karmoy helped to provide a broader
basu ' Inr Norsk Hydro and the local community

ety
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The role of aluminium in Norsk Hydro

Mnarsk Hydro is active in several lields of industry.
The two most commonly associated with our na-
me are lertilizers and oil, and it is olten forgotten
that wa are also a major producer of tight metals
In this booklaot we describe our aluminium opera-
tions, and the part they play In relation to our
other products.

In Norsk Hydro we have sought to disversily our
activities, in order 10 make us beller able lo
weather the fluctuations of world trade and thus
help make our operations and the jobs in our
faclories iess vulnerabla to ccnnomic pressures

The hydro-cioctae power 108 our alunimign

production has its source in the Roldal-Suldal

catchment area in the counties of Horeua i e ¢
Rogaland 1n western Norway In the 14940« .
were lew jobs avalable i northern Hesgt e
ang many panple were Commubing s cace 1,
between Karmoy, a distnct of Bogataned e
constal hstung banks of the: oA Whial theey e,
wanted, however, was 10 hve 8008 Work of P o
Karmoy

Thus the interests o the reqon ang Hoc .
Hydro were both served by the decision i 1, ot
build an alununsn plant at Karmay In 1966 .
Prune Mimister at the tene, Poer Borleo oo,
swilched on thy power al our Karmoy gdant




Al 1 Pursgrunn plant Norsh Hydro producos a wide vange ot

Al Mongstad Norak Hydro owns a 1,750 acre industrial s:io Thu

pentnts ncluding fertihizers, PVC, Q and al
RULLI TN 11

The Norsk Hydro Group

In Norway. Hydro has production plants at Karm-
oy, Rjukan, Notodden, Porsgrunn and Glomfjord.
We also participate in the oil retinery al Mongstad
and e now bulding a petrochenncal complex at
Rates v southern Norway in pantnersinp with
two other Norwegian companies The Group has
over 10.000 employees and makes over 50 ditte-
rent products. Syntheuc festihzers. ol and atumi-
mum have already been menuouned. aad to these
must be added magnesium, p “uoleum products,
wwe plastics raw matenal FVC, industnal chemi-
Cals elactne power, mechan cal engqineening pro-
ducts and lanminales

st develop t project, the Ralinor ol refinery, was compiatod
wn the summer of 1975

Hydro at Karmoy

The Karmoy plant, with 1,200 employees, is Norsk
Hydro's next largest production site.

The aluminium plant came on slream in 1967
The capacity {or primary aluminiom is currently
120,000 tonnes a yeat, nost of which goes to the
Group's own semi-labricating facilities at Karmoy
and elswhere in Norway and abroad.

There are today two cell buildings at Karmoy,
bul site preparations have already been made for
the addition of two more and an expansion of our
recuction capacity is being planned. This is das-
table for two man reasons; it will mako us more
competiive n the fong term and will help lo
saleguard jobs in the plant.
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Al Kurimoy Norsk Hydro has an industnial sie of 550 acres The
alumimum plant 1akes up aboutl 175 acres

Karmoy

The districy vi narmoy comprises both the island
of Karmoy and a mainiand strip on the uther side
of ihe Karmsund sound south of Haugesund. It has
30,000 inhabitants, and judqed by population is the
targest district of north Rogaland.

Until the mid-1960's the economic life ol thu
communily was dominated by farming, tishhng and
sealaring. However, structural changes led to a
surplus of labour locally. The district needed new
jobs and a more variad economic base.

This is the backaround lor the enthusiasm wilh
which Nensk tiydro s plans wore recmvad in 1964
whaun the company announced that it had deciced
o build an aluminium plant at Karmoy. Several
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factors had influenced Hydru's choice of Tin gt

Experience from other industnial Sites in ti .
way indicated that it would be wise 1o e .
situatio . whara the naew plant dosminateeed e 1o
community  (tug wins why Hydie, uradetons 1
extra investment needed o transmt bt f.oar
from the foldal-Suldal area oul 't the «ont
where a new plant would be more cantly a1
bed by the surroundings withoul CauSINg too e
changes in the populaton pallern and the 4.y ..
life of the nhabiants

Al Karmaoy, meovet Lihoat was a7 a0 st
plenty of land was canmatked torindustoal e, o
opment, and an ice-free harbour could bu bt



Chemical industrv
Alumina plant
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‘ Products ham other producesy

Foundry

Electro. metallurgical inrtug
Reduction plant

Freine
nowaee

Petroleum coke'

Production of aluminium

The Roldal-Suldai project comprises five power stations. They
enerate each year around 2 5 thousand million kilowatt hours,
3t ot which goes to the Karmoy plant.

=lectric power

The produchon ot aluminium takes place in seve- Norsk Hydro has always been a large manufactu-

ral stages:

- the nwmng of bauxite

- the extraction of aluminium oxuie

-~ e production of primany alununuam

- the production o! semi-fabricated products
- the production of finished goods

- the remeling of alumunium scrap.

Norsk Hydro's aim is to expand its aluminium
acthvihes to include severat of these steps. This
will make us less dependent on others and
strengthen our compuelitiveness

"

rer o1 lertilizers. Originally this production was
based on hydro-electric power, and as a result
Hydro's Inter developmaont has been as a power
processing company. The industiial utiization of
electric energy will continue in the ftuture to be
one of the mainstays of our aclivities.

The production of primary aluminium requires
targe quantities of electricity. When the method of
producing ammonia for fertilizers by the electroly-
sis of water was superseded by petrochemically
basad ammonia, this freed electric power and put
Hydro m a position o reahse s longg-standing
plans to start alununium production.

Mining bauxite. Bauxits 18 usuatly found in the lorm of loose rock
which 1s easy 10 lake out.

Bauxite

Bauxite is a type of clay which contains aluminium
oxides. The biggest bauxite deposits are found in
Alrica, Australia and in Central and South
America.

The aluminium indusiry is at present dependaoent
on bauxite, which is the basis for the industriai
production of the intermediate product, alumina.
from which primary alununium is obtained.

Norsk Hydro has an interest in a mining compa-
ny in the Amazon region in Brazil, in an area
whiere deposits of around 500 million tonnes of
bauxite of good quality have been proven,

The petroleum coker at Mongstad makes us selt softe o ¢
IMEortant raw maler-at tor aluminiurm produchon

Petroleum coke

Petroleum coke is one of the auxihary Mmidteriy?
used in aluminium production The annua!
sumption at Karmoy 18 around 55.000 tonne-.
formerly this had 1o he hought froe b

Potroleam coke s now ade ol e 1A
rehinery in western Norway i which Hydro o
share, and which is able o supply b 1.
Karroy plant and other Norwegran loimoe e
producers. Mongstad can produce 160 000 1./t o
of petroleum coke a year.
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b ram the slectiolylic reducthon cells the metal s taken in large
L tdes 1 the toundey

Primary aluminium

Alunumium oxide, or alumina, 1s the most impor-
ant rav matenal in the producthon ol primary
Aunnmmum The oayaen $ separated trom the
alunumum metal in electrolytic reducthon cells by
a process called electrolysis The alumina i1s dis-
solved in a bath of cryolite at a lemperature ot
about 980°C. A strong electric current passes
through the cryolite bath and splits the alumina
into alunimum and oxygen

Ine hquid metal 1s tapped trom the cells and
taken o the loundry To produce one kilogramme
of Wanumum it takes two kitogrammes of alunuina,
about hait a kilogramme of anode paste, 70 gram-
mes of cryolite and 70 grammes of alummnium

]

fluoride. and 14 to 18 kilowatt hours of electric
oneigy.

At Karmoy the clecliolysis process 1ahes place
n two large buildings, each almost a kilometre in
tength, containing 340 cells which can produce
about 300 tonnes of primary aluminium a day.

New technology

A project aimed at improving process control and
cell design and output 1s being carried outl. The
project combines computer-based process stmu-
jation with external, purchased technoloqy.
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From ane of 1he cell huildings at Karmoy. The white powder 1s
Aumina (aluminium oxide) which 18 dissolved in the cells and
Lrokan down into aluminium and oxygen.

The foundry

In the next stage most of the liquid primary
Aluminium taken from the cells goes into melting
turnaces in the loundry, where tha melal is retined
and alloying elements are added in order to
achiove the desired composition. One widely used
alloying element is magnesium, which is also a
Hydro product.

From the meiling lurnaces the metal flows first
to casting lurnaces and then to casling machines
which form it into ingots, extrusion billets, rolling
slabs, wire bars and rod, and cast coils.

The foundry is also equipped with a large
mduction turnace for melting scrap.

Aluminium 18 easy 10 form  The soltneg null A1 Kareor, 1o ave
shaut and stnp

The rolling mill

In the rolling mill part of the metal »$ maee:
shaot and sirip in different alloys, Si7es and th.e
nessaes. Thae capaGity 15 about 25000 tonoe,
year, dopending on the producl mix

The cast coils of 6.5 mm Gk ahuruouue
the foundry are passed through a rolluwig nuit e
for each pass the lhickness 18 roduced by 30 5, ¥
per cent. When the products have been beyve et
trimmed and shit into stnp or cul Nt shet, thee,
undergo a tharough quahty control batare D
packed for lransporlt




T eatrusion olant Al Karmay can make over 5000 diterent
oty and tubes

Tihe extrusion plant

The raw malenals tor the presses are cylindrical
mgots. or ballets. from the foundiy  These are put
nto the press. heated 1o 400-600° C. and pressed
through a die opening which corresponds 1o the
shape ot the hinal prolile or tube.

The die workshop, where the dies for the va-
nous prohles are made, is a vital part of the
extrusion plam.

In tull operation the plant has a capacity of
around 10.000 tonnes of profiles a year.

The protiles can be anodised 1o give them a
srlace coatng in several colowrs  This s an
dedtrochemical process and also makes the me-
4l more coriosion resistant.

10y

LY
The che opening 18 cut oul and hied wilh great precision The die
workshop has its own drawing oftice

Protiles from Karmoy are mainly used in the
ship-building, building and electrical indusiries,
and n the trtansport sector.

Both standard and special proliles are made.
The extrusion plant can supply whole systems of
special profiles to meet the customers' particular
requirements, and designs are developed in close
co-operation with the customer.

.

’
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The exirusion plant al Magnor lies close to the Swedish border
It makes alumimum profiles for the Norwegian and Swedish
mirkels

The extrusion plant at Magnor

Norsk Hydro Aluminiumprofiler, the exirusion
plant at Magnor, supplies profiles mainly 10 Ea-
stern Norway and the Swaedish inarket. The plant
was started up in 1972 wilth one 1,600 lonne press
with a capacity of 3,500 tonnes ol proliles a year.
The billets which are its raw material come from
Karmoy. Some of the profiles produced are put
through further manufacturing processes, and
anodising facililies are now being built.
The company has about 100 employees.
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Aluminium s a gond conductor of stecticty a4 o,
power lings Norcable a1 Karmoy mabes, Dedh oo 1o o
and cable cores

A,

Norcable

Norcahle 1s a semu-labncating tacilty adpace
the Karmoy plant and oS gwmed jomnily by St e
Teleton og Kabieltabrnk (STK), the Notwegor .
sidiary of ITT, and Norsk Hydeo

The company was started in 1973 and use, s
rod from the foundry at Karmoy Norcable ha- ty
main products: cable cores which are supf! 1t
S§TK's factory in Oslo. and conductcr Calte: !
transmission lines

Norcable has an annual caparily of Ahout i
tonnes.
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N Ak 1 o A Dt eatruson plams e Botam. France, Bols
34 Wt Gwemany, Ausing and Denmark The pictures show
roawe n Beiguny

Semi-fabricating facilities abroad

The -1ajor aluminium producers ol the world are
engaged 1in all stages of the production process.
The free market tor primary aluminium is therefo-
re hinitea, and a producer who wants to maintain
his independence and secure outlels for his pro-
ducts must tabricate a large part of the metal
himsell. From the outset Norsk Hydro planned 1o
process its primary metal in its own semi-
tapricating plants. Economic factors make it ne-
cessary 1o carry out some of this fabrnicating close
o the customer. Produchon can then also be
Lulored to sudt the market 1 will serve, aigd s
easer o maintain the close comadt with custo-
mers needed or many semi-fabricated products.

-t v v -

In the United Kingdom Norsk Hydro has two
extrusion plants, Aluminium Precision Extruders
L\d. near Caerphilly, and Ashley Alumivum Lid. in
Cheshire. We also have a slockisl company lor
extruded and rolled products, Alustock Lid., with
oltices and warehouses covering the whole of
Britain. Hydro has a tactory making foil containers
for the food packaging industry, Aluminium Packa-
ging Ltd.. and an interest in Viking Alloys Lid.,
which makes aluminium rod and wire. There is a
sitles department for alumimum products at the
Norsk Hydro group oftice i Feltham.

In France Hydro owns Alunord s.a.. an extru-
sion plant in Louwiers, and Alustock s.a., a stockist
12

The platiarm of ths lorey is aluminum.

for extruded and rolled products with warehouses
outside Paris and Lyons.

Hydro also has extrusion plants in Austria,
Aluminiumwerk Nenzing GmbH, in West Germa-
ny, BAG Aluminium GmbH, in Denmark, Tonder
Aluminium Aps, which specialises in making clo-
s lolerance tubes for the car industry and various
other applications, and 1n Belgium, Hydalu s.a.
which makes aluminium conductors. In addition
we hiive sales offices in Sweden and Denmark

Al our semi-fabricating plants are backed up by
the cxperhise and research and development fac-
ties of tha Karmoy plant and the Hydro group.

ABUIIRIUID 1% 10GT0asingly USd as o Landdingg e

The environment

Efforts 1o reduce etfiuents and noise: by weepro
equipment and hinding hetter technotGacal ol
lons qo on conunuousty Research plitys an usn
portamnt part in these endeavours, and 1 ere e,
great advantago that we can draw on the cater
sive lechnical orgamsation ol the Hydro g
which has been aclive within the cheirwal o,
siry for many years and has gamed wile e
rience n deahng with environmental protten

Our goal 18 10 croate a Lleaner uwdusttu o,
ronment and thus also makee jobs n dtonr g0 gt
pleasinter and more Sitisdying

13




C s magde posSSible much o 1he Progr ess made o our

A versatile metal

>everal tactors make aluminium a metal with
wight prospects s one of the most widespread
10 the garth’'s crust. and ds valuable pro-
W haess Such as Tow specihe weights aood conduc-
ity strength andg high resistance to conosion,
ke 2 Swudable for many purposes

Tty atas used especially where the empha-
S5 s ot gt weaight and durabibly Typical areas
Voanpic abon are n the transpornt sector. for
Live for the bodies of lormes and buses. (o1
NG tanks and tor comtamers, in the bulding
Lty for waindows, ceilhings, claddimg and inse-
COnE! pomets i packaging tor all kads of Tood
L enk contamers o components i electneal

1

arucles and household apphances, and as prohles
which go wnto many dilferent kinds of timshed
Qoous

Rescarch and product development are oxpoec-
ted gradually 1o open up new possible helds ol
apphcation, and here Hydro's Alununium Division
will be n the lorelront

A setection of aluminium profiles made by Norsk Hydro

An energy-conserving metal

One of the main objectives during the production
of alumimum is to get as much as possible out of
the power used. Atunwnium production has often
been descobed as powar intensive, but (s takes
Mo account only onn phase of the whole process,
namely the production of primary metal. Al this
stiage 1t s correct "hat power consumplion s
higher lor aluminin than at the corresponding
stage lor many other matenals.

However, the oll crnisis and the possibility of &
general shorlage ol encrgy made us take a closer
ook at the whole picture of nuitenal selection and
energy consumphion  Newther boassalo ioimng, the
production of alunina, nor the semelabrnicating of

h

1INt g1 I

aluminium is particularly power
when we consider the complete chan of 4 .

nuUM Produchion processes aluimirgin oo -
pare favourably with, lor exianple aron o 40

This 15 even maore marked when v oo
der the encrgy consumplion of the fionst et
duct during s ifetime Because of s loa spe
weight, for example, alammiam componens .
reduce the tuel CoOnSuMplinn or paermmt g gre e
payload for all forims of transport

The eneigy consumed after e metagb b P
SCEAPPed mMust also becconnongeart Tra i
YA R R LR A T L T TN TR T R N T T B N RO T
vinergy than lor most other metar,
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Dieser Filmprojekior ist ein Beispiel tur dia vielen Ver:
wendungsmaglichkeiten des Leichimetalls Magnesium.

Vorgeschichte

Am 1. August 1951 produziente Nnrsk Hydro n
Heroya die erste «norwegische« Magnesiummas-
sel. Damit war eine alte Norsk Hydro-ldee verwirk-
neht worden - die Nutzung elekinscher Energie fur
die Herstellung von Leichtmetallen.

Mitentscheidend fur die Ernchtung enner Ma-
gnesiumhutte in Heroya wairen e nahezu wdealen
Ortsverhaltrusse. Norsk Hydro verfugt her uber
grosse Mengen elektnscher Energie Seewasser
und Dolomitgestein qibt s an unerschopthchen
Maogen, gl i Taive, lkonsny and b B
erzeugmtse sinderer Produk otz wecge i Histoyn
tur e Magnesumherstellung genuatet werden

Die erste Jahresproduktion von nue e 1

wurde 1n den folgenden Jihren smes gt

stegert Durch standige Erwenteraogea 2
sierungen, Neuanlagen und ment zobetst

den hervoraagenden Eansatz aller Mgttt
die Kapaaitat 12121 50 000 Tonneo janibe tieere

Vor allem brachten e anleis gen Foreo
und Entvackiunagsarbesten profuktionteo b
Kenntinsse, ubor (hes neben NGrak Hyae e
derer Hierstoler verdungt




AL? rund 4600 Mitarbeitern ist Porsgrunn Fabrikker die
S-dsste Arpeitssiatte in Norwegen

Norsk Hydro

S sedt et Grondung beschattigt saich e
N ok Hna vornwedgend out cocigeveredelnden
Procorbonsprosessen Das eiste haftwerk
S.aettossen ber Notodden - wurde 1907 gebauwt
Es war darnals das grosste in Eurona und diente
as Ererg equelle tur che Kunstdunget -Produktion
Hewte verfugt Norsk Hydro uber 2ahlt-che Pro-
et anss? i an Norwegen Das grosste Werk
Deber sich in Heroya bes Porsarunn Es st it
263 Beschatutten der grosste Industuebetneb
N e et s Hoerwerden Kunstaunags Moasnesiam,
o1 ao tere dastne-Chem kol on printuziert
1) oa ek Bk St Kanst o e sohawees

Wasser und Alumimauss her Angeschlonsen
wt o Maschnens wisd Appariteban

Notodden st dhe alteste Produktionsstatte gy
Konzems Lamunate, verpackungsmateinihen,
Elektrolyseure und Verbrennungsanlagen sing hier
de Produktivnsschwerpunkte

Aul der Insel Karmoy betreibt Norsk Hydro ene
Alumuuumhuotte, die neben Huttenalumiium auch
Halbzeuae hetend

Das nondhehste Werk hegt in Glomfjord De Pro-
dukbionskapaztal tieses Werkes deckt den Qe
samten norwegischen Bedarl an Kunstdunge

Mt Bestzanterden der bedeutendsten OHund-

Das Aluminiumwerk auf Karm"y hat eine jAhrliche Kapa-
zitat von 110.000 Tonnen Hutten-Aluminium. Ungelahr die
Halfte wird Im Werk weiterverarbertel,

stellen i norwoegischen Schell, unter anderen k-
ohsk tnd Fogeg, st Flydic ot TOR S m ethebachien
Uil ane der Nottsace - Ologeanninunig Dieetenhagt

Line Olatlinene, dhe sent 1975 i NMongstad pro-
dusert, wurde unter Norsk Hydro-Regie ernichtet
Ebenso belreibt Norsk Hydro petrochenusche An-
lagen - eir Athvienwerk, eine Vinylchlond- und
eine Chlorfabrik - aut Rafnes in Bamble, die Roh-
stolte aus deny Chohisk-Feld verarbeiten

Unqeti-h: Drewiertel der Produkbion dieser Un-
tetnehmen  wird  exporhient Vorwiegend  nisch
Schweden, Danemank,  Grassbritanmen, iy die
EWG-Lander, die USA und nach Fernos!

Oben Aul Ralnes produzunt Hydeo Athyuam, Yo
und Chlur

Neask dgpden progagueeat el e
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Die drer Metalistucke aus Magnesium, Aluminium und
Eisen wiegen gleich viel und illustrieren das niedrige spe-
athsche Gawicht des Magnesiums

Was ist Magnesium?

Magnesium kommt in der Natur in rewner Form
neht vor Es st ein Erdalkalimetall. das zwar 10
grossen Mengen, aber nur als chemisches Ele-
ment 1in Abraumsalzen, i/m Meerwasser und in ver-
schiegenen Gesteinen gebunden vorkommt

Reines Magnesium st das leichteste Industne-
matall Im Vergleich der spezihschen Gewichte st
Alumimium anderthalbmat und Staht viereinhalbmal
schwerer als Magnesium Doch wm Verhaltris von
Feshgket zu Gewicht kann Magnesium durchaus
At resen Metallen verghehen witrden

Das gennge speathsche Gewioht and dhie Ner-
worragenden chemischen und mechamschen Ei-

n

genschaflen haben dem Magnesium standig neue
und grossere Anwendungsgebiete erschlossen

Als Legierungsbestandtel anderer Industne-
metalle verbessert Magnesium wesenthch deren
Festigkeit und Korrosionsbestandigkent

Wegen semer chemischen Reaktionstahighet
benutzt man Magnesium auch, um Verunrewngue-
gen beispielsweise aus Eisen, Stahl, Bler und Kap-
fer zu entfernen. Es wird zur Herstellung neuer
Metalie und zur Gewinnung ener Rehe verschue-
dener chenuscher Vorbandungen mingesetzt Und
Al Anodenmatenal sehutet es bisen und Stanb e
gen Konoswon

yooe N
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Die Rohsitoffe in der Magnesiumproduktion sind Dolomit
aus Sortold in Nordland, Magnesiumchloridlauge aus
Deutschland, und Meerwasser aus Frierfjorden.

Rohstoffe

Norsk Hydro produziert Magneswuim aus Dolonut-
gesten, Magnesium-Chiondlauge und Meerwas-
ser. Von diesen Rohstolten gibt es grosse Vorrate,
und das Seewasser 1st nahezu unerschopiich Mit
Dolomt versorgt sich Norsk Hydro von Sorfold in
Nord-Norwegen, wo e Vorkommen sich durch
nohe Remheit avszerchnen Dis Meerwasser wird
aus Frnerjorden vor Heloyd hochgepumpt  (Ein
Kulnkmeter Seewasser enthall elwa 1.3 kg Ma-
gnessamy. Die Magnesum-Chlondlauge  kommt
ane, Wostdeutsehlnd

Iher fue den Herstellungspirozeesss ven Mitnesaum
notigen Energremendgen Elektnzdat, OV und Gas -

Rl TR

9 Ty

|
T

ammES Yo o

.

neseht Norsk Hydio iaus egenen Quedteo &
hnqgs tragl e diee mtensiy taetfagdeetar 10
Forschung dazu b it sich det [ RIS
Brauch pro Tonne Metall standig ventieged



Fliessbild der Magnesium-Produktionsverfahren \

Norsk Hydro
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Relnmagnesium

Norskh Hydro produzient Magnesium nach zwei verschie-
Jdenen Herstellungsvertahren mit einzelnden gemein.
schatthchen Eigenschatten

Herstellung von Magnesium

NOrsh Hyro benutzt tur die Magnesium-Herstel-
lung das schmelzelektrolytische Vertahren, wobwes
Magneswum-Chlond mit Hilte von Elektnzitat in
Magnesium und Chior zerlegt wird
Magnesium-Chiond wird heute 1 Heroya in zwes
Fab-ken aut unterschiedhche Winse hergestellt
Das ve:tahien, das Norsk Hydio sen dem Start
13531 anwendet. genht von Dolomit und Meerwas-
ser aus Zernlewnerter Dolonut wird in Drehrohroten
qgetrannt Das gebrannte Produkt wiad mit Meer-
waasser vermuscht, in grosse Behalter getullt und
tana das Magnesium-Hydroxid ausaetalll Es wird
revrocknet und 2u Magnesium-Qwud gebrannt

Ein Teil des Magnesium-Oxids, das in verschie-
denen Industnezweigen fur die unlerschiedhch-
sten Zwecke verwendel wird, geht in den Verkaul

Der grosste Teil wird jedoch fur die Metaliher-
stellung genutzt. Daber wird das Oxid multels
Chiorgas und Kohle in wasserireies Magnesim-
Chiond umgesetzt. Anschhessend wird es i Flok-
trolysebadern in Chlorgas und tlussiges Magnesi-
um-Metall gespalten. Das Chlorgas geht i den
Prozess zuruck

Neue Technologie
Als Abschluss eines dor qgrossten Norsk Hydio.

Von der Anlage ganz oben links wird wasserireles Magne-
siumchlorid zu den Elektrolysezelien (unten) geleilet, wo
tlussiges Roh-Magnesium gewonnen, rattiniert und dar-

Entwicklungsprojekte wurde jetzt aine neue Anla-
qe zur Herstellung von wasserfreem Magnesium.
Chlond in Betneb genommen. Diese Anlage arbe:-
tet vartschafticher und umweltfreundhicher.

Der Rohstofl, der hier verarbeitel wird, 1st eine
Magnesium-Chlonidlauge, che mehr als 30 Prozent
Maqgnesium-Chiond, aber auch Verunreimigungen
vae Schwelel und Bor enthalt, die n der ersten
Stule des Produklionsprozesses ausgeschieden
werden. Danach wird das Wasser zunachst durch
Findampten der Lauge entfemt Diese wird dann in
emen Sprohknstalisationstunm gelestet, wo sie 2u
onem festen qgekornten Stoff erstarrt Warminht

aus 1n der Magnesiumgiesserar (Obarn (e, hls) Mat e
und andere Produkte hergesieill werden

und Salzsaureqgas treshen s rasthelar VYo oo
vollkomme: Aaus Das wassettres Magrae., o
Chiond wird 1 Elektrolysetiaden in Chioegae,
flussiges Magnesiummetall gespalten g 1
Metall schiesshch zu Masueliy une Botzen o,
sen Als Nebenprodukt entstenen mit jeder 1 1.
Miagnesium ungetiahr dre Tonnen Chb g,
werlvoller Rohstofl tur die petrochem g b V. e
in Rafnes




Diese Kurbelwelle ist aus Spharoguss, der durch
Magnesium.Behandiung des Gusseisens entsteht.

Produkte und Verwendungen

Unlegiertes Magnesium
Norsk Hydro verkautt unlegiertes oder remnes Ma-
anesium grosstenteils an de Alumuumindusing
0 Norwegen und im Ausland Durch Magnesium
als Legierungszusatz g :winnt das Alumnum be-
stummte physikausche Eigenschatten

Das Ende der 40er Jahre entwickelte Gusseisen
mit Kugelgraphit git als ewner der bedeutendsten
Fortschntte auf dem metallurgischen Gebeet. Es
wint muttels Magnesium i reiner Form oder mittels
Fovrowhaum hergestolt Der Maanesiumveer -
traueh fur die Brzeugunyg von Gussuisen ot Ku-
getaraphit mmmt standig zu

10

Magnesium in Hobby-Ausrustung und tur Autos.

Neue Tech *ologien fordern bessere Stahlquili-
taten. Magne sum wird deshalb 2w Entschwiloe-
ung von Eisen und Stal emgesetzl.

Die chenusche indusine nutzt Magnesium-Spa-
ne fur organische Synthesen. Und ber der Rerstel-
tung von Titan, Zwrkon, Uran und anderen Metallen
wird Magnesum als Reduktionsmittel verwendel

Legiertes Magnesium

Mt Alununium und Zink legient, erhalt Magnesium
hervonraoende Goetranchsmgenschaflion Manne-
sim-Loguorungen lasser sieh waittavesarbeden
durch Giessen, Walzen, Pressen und Schimeden

R W) v

Gerate mil niedrigem Gew.cht erlsichtern die Arbeit,

Magnesium st leicht zu verarbesten, unr de
Kominmision de . medngen Gewichts mit hoher
Foeshgkent erschl esst diesem Matall standigy neue
Verwendungsmo jhehketen

Magnesium findet man heute in ndustnell ge-
nutzten Produhlen genauso wie in Gegenstan ien
des 1aghchen Radarfs: In Flugzeugen, Motor 2o jen,
Kameras, Rasenmahern, Motorblocken, Autotelgen,
Getnebegehausen  und  Campingausrustungen

Spoezielt wn Transportsekior werden durch e
Visrwondung lmehtgewchhoger Mirnqiesiume-t egee-
rungen bedontonds 1 oeieenspennngon ool
Dic hwer moghchen Brennstofteinsparungen beira-

,.

qgen e Vieltaches der tur diee Horstelog oo
Magnesium autgewendeten Lnergieinengen

Magnesium-Oxid |
Magnesim-0ad entsteht aly Zaschenerye 1,

ber der Metaltherstellung von Norsk Hyadr : o,
tabnehmer ist die Zelulosend 1§t dier das, Blag
nesium-0nd als Base der KoChi issigk et roe ot

Die Botnebe konnen umiitieundbehes a3 20t
schalthcher produaierisn Magnisaar gt oot

aueh ale Zoanatz zuem NViehdother o Poobeec e

wotkes sl an dor chetec b v ghea ',

schen industiee verwenide
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Magnesfurﬁ
Produktion Varbrauch

Nord-

Amerika 8%

Notd-
Amernka

1%

UdSSR
UJSSR

West:

Europa 22%

Norwegen
9 7%

12%

Japan
Andere

EWG
Japan

Aluminium-
Legierungen

Chemikalien,
Anoden und
sonstiges

Guss-, Walz-
und Presserzeug- Eisen- und

Stahlindustrie

nisse in Magnesium

Norsk Hydro hat sinen bedeutenden Anteil an der Weli-
produktion von Magnesium. Uber 90%s warden exportiert.

Verkauf und Markte

Aut dem Magnesium-Markl qehort Norsk Hydro zu
den lutirenden Unternehmen. Das Magnesium aus
Heroya - wternational unter dem Handelsnamen
NORMAG {R) bekannt - deckt ungefahr en Sechs-
tel des heutigen Weltverbrauchs

Die weltumspannende Norsk Hydro-Verkaufs-
und Beratungsorgamsation plleqt den slanchgen
Kontakt und Erfahrungsaustausch mit Abnehmern
aut atlen Matkten

Uber 90 Prozent der Magnesium-Produktion
wird eaporhient, hauptsachhch manh West-FEuropa

Zu den grossten M.‘\(_;nesnun-Vq-uhl.mchum aus-
sernah West-Europas und den USA gehoten die

Der Weltverbrauch von Magnesium nach Verwendungs-
gebieten.

UdSSR. Japan, Brasien und Kanada Die Schi-
el aben zegen e quoqriplusche Vertenhung
von Magnesium-Produktion und -Vaibiauch s der
Wel, aufgegliedert nach V_erwendungsgnlnmen.
Diese Zahlen geben enen Uberbhck der heutigen
Situation, che jedoch im Hinblick aut die standhage
techrusche und wirtschaftiiche Werterentwicklung
immer wieder Veranderungen unterworfen snd.
Aut dem skandinavischen Markt fur teichtge-
branntes  Magnesium-Oxid deckt Norsk Hydro
uher 90 Prozent des Goesamtbedarts der Zellwlo-
semdustne n Notwegen und Schwoeden

Myega ",d'o
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Die Produktionsanlage der Norsk Hydro Magnesiumge-
selischaft  fur  Anoden, Spane  und Umschmelz-
Legierungen in Bottrop (Westdeutschiand).

Norsk Hydro Magnesiumgeselischatt
Grosse Mengen norwegisehen Miagnesiimea Wil
den niaeh westdeulschiand und Osterroich expor-
verl. Importeur 1st cdhe Norsk Hydro Magnesiumge-
sellschaft mbH in Essen, e auch Sekundar-Ma-
gensium-Legerunagen produzmrt,Magnesmm-Ano-
oden fur den kathodischen Korrosionsschutz her-
stelt und che chemische Industne mil Magnesium-
Spanen bebetert. Auf dem Anodensekior 1st he
deutsche Norsk Hydro-Tochter e funrendes Un-
ternehmean

Mt modernen Procthish ontainfigen o amed 1975
oimchteten Betnehsstitte besitzt die Norsk Hydro
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Norsk Hydro setzt grosse Mittel in der Forschung tr die
Proguktions- und Anwendungs-Technik von Magnesium
114

Forschung

Als Grossproduzent mit horem technologischem
N eau vertugt Norsk Hydro uber en entsprechen-
des Forschungs- und Entwicklungspotential. De
Norsh Hyaeo-Forschung konzentnert sich vorran-
a g aul e Gebiete

Mo Verfahrenstechnik, die standig Zu verbes-
sen st and tur die immer wieder neue Methoden
entacaeit werden mussen,

G Anwendungstechmik, mut der dem Magne-
st neae nteressante Binsatzaebute Ju entwik-
et aned Socerschhessen sind,

don Umweltschutz, in dessem Interesse die

1

Produklionsprozesse auf genngstmoghche Um-
weltbelastung zu gestalten sind.

Ewn akluelles Beispiel fur cdie intensiven Norsk
Hydro-Forschungsaktintaten ist das in ihrelan-
ger Arbeit entwickelte neue Verlahren fur die Her-
stellung von wasserfreiem Magnesium-Chiond,
durch das die Umweltbedingungen entscheidend
velbessert wurden.

Magnesium in der Zukunft

Magnesium ist einer der meist verbreitelen Grund-
stoffe aul der Erdoberflache. Trotzdem wurde es
erst spal als Gebrauchsmetalt genutz?, weil der
lange und komphzierte Produktionspro.ess erstim
modernen Industriezeitalter entwickelt werden
konnte. Magnesium ist ein junges Metall, es spielt
erst emne bescheidene Rolle in der Metallwirtschalt
der Welt. Aber gerade dann sieht Norsk Hydro
grosse Chancen fur die Zukunft des Magnesiums

Das mednge spezhsche Gewicht, verhunden
mit quten physikahschen uand chepuschen Fiagen-
schaften, werden thisem hoervorrageoden Wik
stoff wentere Ensatzmoghchketen aut vielen Ge-

meten erschhessen Die Veowenduns von b, o
srum besm Ba von Verkehrsmten tua dor b
und Stahlzherstellung und wy der Cherisetas b
dustrie nunmt standig 2u Aber vor allem s !
die Unerschopthchkent sener Vorstotte em 20y
gnesium eine expansive Zukuntt Fo pptdnter o
ne heutige Stellung als Konstioktions, s 0
Legierungselement und Chemikahe ondinsg o
an Bedeutung gewimnnen
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Die ldeen uinter
Norsk Hydro

\WWie kann die Lebensmittelproduklion im Einklang
mil dem Bevolkerungszuwachs gesteigert wer-
den?

Diese Frage ist in den letzien Jahrhunderten
standig gestelit worden. und viele haben den Ver-
such gemacht. das Problem 2u icsen.

In der ersten Hallte des 16. Jahrhunderts haben
awe Forscher eingesehen. dass man nicht damit
lorttanren konnte. die Erde durch Ernten aus-
subeuten. ohne mehr dalur zu tun als etwas Natur-

~ duoger Dee frde mussie ausserdem eme Rethe
N Plansennahrstotien  zugetuhet werden, be-
sunders  Stickstof!. Phosphor und Kahum Die

"

Knatan Birheland

naturlichen und nutzbaren Vorkommen von
Phosphor und Kalium waren reichtich, wahrend
die Stickstotivorrate (Salpeterfelder in Chile) nur
fur eine begrenzien Zeit ausreichen konnten.
Daher ting man an, sich fur Luft zu inleressieren.
die ja 80 %o Stickstoff enthalt. Die Aulgabe war, den
Luftstickstof! in eine Verbindung dberzufuhren. de
von den Planzen verwertet werden konnte. - De
Wissenschattler hatten iestgestelll, dass dies dur.h
eleklrische Entladungen bei hoher Temperatur
moghch wurde  Soute dies aboer indusinell s
qQuenutet werdoin, SO winde es nach den davnmathgen
Verhaltmissen enorme Energiemengen erfordern

Birkelands olakinsche Kanone

Der arsie axpsrimentiells Lichtbogencien

Hier kamen die Wasserfdlle zur Anwendung. Ab
Ende des vorigen Jahrhunderts war man sich Ober
die Moéglichkeiten klar geworden, die in der Aus-
nutzung der Wasserfdlle fur de Herstellung von
Elektrizitdt lagen.

Mit solchen Problemen befasste sich Ingenieur
Sam Eyde, als er dem Wissenschalftler Kristi»n
Birkeland |1 einer Gesellschalt bei dem damaligen
Staatsminister Gunnar Knudsen begegnete. Es war
am Freitag, dem 13. Februar 1603, Eyde erzéhite
Birkeland i1bor soine Pliine, und saqte, dass er eing
Keiliige oloktrische Entlikiung mit sahr hoher Tom-
peratur benotigte, um Lufl-Stickstol. zu binden

Birkeland war einer der fuhrenden und onginagt
sten Wissenschaltler von Norwegen (hm et
aber das Geld. um wissenschafltiche Experime v
betreiben zu knnnen

Daher hatte er einige Projekte in Angrift ger.n
men, die er gedachte. industnell auszunutzen el
sich damit das notwendige Kapial zu beschalte
Eines von diesen Projeklen war aine elekir i
Kanone, die er sorSen enem auserwahilen Frat
jikum im Festsaal der Unwersiat vorgefuhrl hatte

Die Demonstralion war gehndi qusagt
lngen  Fing krittige ploktos hir § ntbardoreg 1ot
w1 Kurgschiuss in der ganzin Kahois ais fanta

’
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Der Wassertall Riukantossen. wie @7 Sich immer 1n besonders was-
serreschen Jahren Zeigl
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grossen Radau verursacht. Vielleicht war diese
Entladung der Funke, nach dem Sam Eyde suchte.

Damit begannen der Ingenieur und Wissen-
<chattler eine ertolgreiche Zusammer.arteit. Diese
v <ul*_rte in dem Lichtbogerofen. genannt Birke-
land Eyde-Ofen. und ergab die erste Fabrik der
Welt tur Herstellung von Stickstoftdunger. die aut
Notodden am 2. Mai 1905 in Gang kam.

Durch Matwirkung des schwedischen Finanz-
mannes Waltenberg wurde das notwendige Kapital
beschattt, und am 2. Dezember 1905 wurde Norsk
Hydro gegrundet mi Marcus Wallenberg als Pra-
sident und Sam Eyde als ersler Generaldirektor.

a8

Norsk Hydro
wird gegriindet

Norsk Hyc  -Fle ‘'risk

Kvalstofaktieselskab

(... Stickstc ie die Gesellschalt damals
hiess, wurd 12¢:  .u. i, um «Wasserkrélte zu er-
werber: 7. utzen, naturliche und kunstlich
ausgebau . ..ewi@ «alle industriellen Anlagen zu

erwerben, zu bauen und 2zu betreiben . . . zur Her-
stellung von Salpetersiure und allen anderen Arten
stickstotthaltiger Produkle . . .»

Die erste Zeit hindurch geht die Entwicklung der
Gesellschaft paralle! mit dem Wasserfallausbau in
Telemark. Die Produktion bendétigte grosse Men-
gen elektrischer Energie, und die Wasserlaufe /m
ostlichen Telemark, Tinnelven mit Svaelgfossen

raftwerks im Jahre 1926

Inneres des SAheim-

SAheim Kraliwerk, auch -die Oper von Rjukane genanni

und den Flussen Mana mit Rjukanfossen, wurden
die Kraftquellen des Unternehmens.

Die erste bescheidene Produkticn bei Notodden
Fabrikker erforderte 1800 kW. (Heute verfugt Norsk
Hydro Uber eine Maximalkapazitat von nahezu 1.6
Millionen kW). Ohne vor technischen Schwierig-
keiten zurlckzuschrecken, wurde damit begon-
nen, den Wasserfall Svaelgfossen bei Motodden
auszubauen. Dieses Kraftwerk war das grosste in
Europa, als es 1907 in Betrieb genommen vsurde.

RBald wurde beschlossen, neue Fabriker 2t
1911

bauen, und schon stand das Vemork-

Kraftwerk fertig.
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Die Technik von damals kannte keine Meahon
keiten zur elektrischen Kraftuberiraqung utes
grossere Entfernungen. Die zwede nach.te Fiatre
der Gesellschaft, Rjukan Fabrixker, 1st dihir i
dem engen und nahezu unbewohnten Tal V.-l
florddalen entstanden, wo sich nach und nach e e
kleine Stadtgemeinde entwickelle

Rjukan war mehrere Jahr » hindurch Zentrur tar
Norsk Hydros Salpeterprodusaon Von hier aus ur !
von Notodden, wurde Norqgesatpater. und opoater
Kalksalpetar n grosse Teo dor Welt eexportier!




Srambaum der Verardbenung von Erdol 2um fertigen Volidunger.
My 0 0 oetet Beratung und Werkshilte uber the ganze Welt an
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Anderungen des Verfahrens

Bis 2um E. 1e der 20er Jahre betrieb die Gesell-
schatt hre >. ‘~eterproduktion nach dem Birke-
lang. Eyde-Vertan..~ In 1927/28 erfolgte eine
durchgreifende Anderung. Die Produktion wurde
aut das Haber/Bosch-Verfahren umgestellt, wo der
\Weg zur Salpetersauregewinnung uber Ammoniak
tuhrte Nt demsetben Stromverbrauch ergab das
Ammoniakverfahren eine etwa viermal hobhere
Ausbeute als das Birkeland/Eyde-Verlahren.

Diw Fabrken aut Rjukan und Notodden wurden
et nach und nach aut Ammoniakqewinnung um-
qustelit. und ene neue Fabnk wurde aul Heroya
ber Porsgrunn gebaut Hier solite das Ammoniah

Anlagen zur Verbrennung von Ammaniak zu Stickoxid

aus Rjukan und Notodden zu fertigem Salpeter
verarbeitel werden. Binnen kurzer Zeit wurde die
Produktion verdreitacht, und neuas Produkte wur-
den in das Produktionsprogramm autgenommen.

Dann brach 1940 der Krieg aus. Bomben und
Sabotage verursachten grosse Zerstérungen auch
an mehreren Fabrikanlagen von Norsk Hydro. Aber
beteits das erste Jahr nach der Befreiung arbeiteten
die Fabriken wiader voll und ganz. Allmihlich
wurde es auch moglich, Erweiterungen vorzuneh-
men Neue Kraftwerke wurden in Betrieb genom-
moen, und in 1949 wurdon dann Glomfjord Fabei’ -
ker 1n Nordland in Betrieb gesetzt
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Volgungerfabrik 11l, Hereya,

mit Lagernalien und Schittguier

Neue Produkte und
Rohstoffe

Nach 1945 hat sich Norsk Hydro in starker Expan-
sion befunden, mit grossen Investitionen in Erwei-
terungen und Neu-Aniagen.

Das Produktionsvolumen fur die Stickstoffpro-
dukte wurde verfinitacht, und gleichzeitig sind
neug techno- und petrochemische Produkte wie
Aluminium, Magnesium und Kunststofirohstoff
hinzugekommen.

Ab Mitte der 60er Jahre sind ausserdem ent-
scheidende Anderungen in der Rohstoff- und Ener-
niegrundlage fir Stickstoftdiinger eingetraten, dar
muner noch die wichtigste Produktqruppe dos Un-
ternehmens ist. Die Fertigung wurde auf O) um-

gestelit. Wihrend der Wasserstofl fur Ammanie
friher durch Elektrolyse von Wasser hergesret
wurde, wird er jetzt durch Spaltung von O! e
Oldestillaten und Wasser in einem petraehne
schen Verfahren hergestellt Damit 18t e Zent vt
bei, wo man von grossenMengen elektrischer |+ 41
gle zur Herstellung von Kunstdunger abhanrug 4, v

Die Wasserkraft konnte demzufolge fur ar tere
und hdherwertige Produkte freigemachnt wurhs

Norsk Hydro baute als Konsequeny der |t
wicklung zwer grosse nrun Ammaoniibklihove 0,0
Horaya, aul der Basim von Sohwer O and e
Ol-Destillat Naphtha als Rohstoft
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Norsk Hydros Haupiverwa'tung in Bygdey allé im 2entrum von Oslo
_ und Lerentaret 3 1n Oslo/Okern

“_._:"_‘.R OV o

Die Hauptverwaltung

Die Hauptverwaitung des Konzerns liegt in Bygdoy
alle 2 in Cslo. Das Gebaude wurde von dem Ar-
chitekten Erling Viksjo entworfen, und wurde im
Dezember 1960 bezoge:.. Um das Gebidude herum
hat die Geselischaft einen 12.000 m? grossen Park
angelegt

Der Kunstmaler Jakob Weidemann hat die gros-
sen Wandflachen des Vestiblls dekoriert.

Der grosste Teil von Hydros Hauptverwaitung ist
n diesemn Gebaude konzentriert, ind von hier aus
wird die weltumspannende Tatigkent der Gesell-
schatt gesteuert

Setdem die Burordume im Jahre 1960 bezogen

i)
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wurden, hat sich die Anzahl der Mitarbeiter ver-
doppelt. Dies hat dazu gefihrt, dass die Gesell-
schaft in 1975 ein grosseres Burogebédude auf
Okern/Oslo gekauft hat. wo u.a. die Engineering-
Division und verwandte Tatigkeiten ihren Sitz
haben. Die eigene Versicherungsgeselischaft der
Norsk Hydro, Industriforsikring A/S, ist ebenfalls
dort untergebracht. Im ganzen arbeiten ca. 300
Personen in Okern, wahrend rund 500 ihren Ar-
beitsplatz in Bygdoy allé haben.

Die Abteilung der O!-Division fiir Erforschung
ung Produktion hat ihren Sitz in Sandvika in der
Niahe von Oslo mit ca. 100 Angesteliten.

Hydro Notadden Fabrikker liegt an dem Binnanses Heddals:
\

Norsk
vanna!

Schweissarbeiten in der Zentralwerksiatt

Notodden Fabrikker

Die erste Fabrikanlage von 1905, Notodden Fabrik-
ker, hat im Laufe der Jahre erhebliche Verinder-
ungen erfahren. Die Salpeterproduktion, die die
Grundiage fiir Norsk Hydros weitere Entwicklung
und Wachstum geschaffen hat, begann bereits
Ende der zwanziger Jahre nachzulassen, da Am-
moniak das wichtigste Produkt wurde. Aber auch
Ammoniak fiel weg beim Ubergang zur petroche-
mischen Herstellung auf Heroya Ende der sechzi-
ger Jahre. Stattdessen wurden jetzt in Notodden
Fabrikker mehrere interne Hilfsbetriebe der Gesell-
schaft aingerichiol

Eine Verpackungsfabrik wurde bereits 1935 er-

Von der Sachiabrik

stellt, eine Anlage fur Vernickelung von Flretr..
lyseuren kam hinzu, und 1957 wurde e Ze 114t
werkstatt der Gesellschaft nach Notodden vierte e

Diese Tatigkeiten haben sich min der Zeit 24
selbstandigen Produktionseinheiten antyor st
Die Zentralwerkstatt hat sich auf Maschinen. 1.
Antagenbau speziaiisiert, und die Verpar b,
fabrik produziert Kunststofl- und Papiersack e rat
einer jahriichen Kapazital von uber 50 Milli ¢ or,

Ein ganz neuer Produktionszweiq der 1050 .1
qQenommen wurde, umfanal die Heratellgng  1er
Lammate Respatox und fespabt sowie S b
platten und Einrichtungen aus Laminatin
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Norsh Hydro Ryukan Fabnkher hegt in Vesthorddalen

InYastnegase werden sn Flaschen und Fassern gehelent

Rjukan Fabrikker

Rjukan Fabrikker 1st seit 1911 in Betrieb und war
nach der Produktionsumstellung Ende der 20er
Jahre der grosste Lielerant der Gesellschaft von
Ammoniak Wegen hoher Frachtkosten und Uber-
gang zur billigeren Ammoniakproduktion auf Ol-
basis in Heroya wurde Norsk Hydro in den 60er
Jahren gezwungen, die Praduktion aut Rjukan
umzustellen und den Stromuberschuss nach Her-
ova 2u leiten. wo er sich besser ausnutzen liess.
Ausser Ammoniak auf Elektrolysebasis. produ-
2reren Ryjukan Fabrikker heute verschiedene Sor-
ten Dungemittel. Industnechemikahen, Edelgase
und  Schwerwasser (Douterniumoxid)  Die  tunt

»

Kraftwerke der Fabrik 1n Vestfjorddalen haben eine
installierte Leistung von 423.000 kW, die ca. 35
Prozent des Gesamtbedaris des Unternehmens
decken.

Nach der Umstellung wurde seitens Norsk Hydro
intensiv daran gearbeitet, Rjukan neue Industrien
zuzuiluhren, teilweise auch mit anderen Firmen.

Eigenerseits hat der Konzern die Norsk Hydro
Verksteder Rjukan gegrundet, als Produklions-
statte mit drei Fertigungszweigen: Leichimetali-
giesserei, Ventillabnk und Produktionsabteilung
fur Fornstouerungen fur Ventile und fur den Schift-
bau

et e~ — e g
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Porsgrunn Fabrikker

Der Aufbau von Porsgrunn Fabrikker in 1928 lei-
toete eine kréftige Expansionsperiode fur Norsk
Hydro ein. Die technische Entwicklung ermog-
lichie jetzt die Ubertragung von Strom uber wai-
tere Entlernungen, und die Gesellschalt konnte
daher ihre neue Produktionsstétte an den Ver-
sandhafen legen. Die Fabrik wurdr aul Heroya in
Eidanger gebaut und enlwickelte iich rasch zum
grossten Produktionsbetrieb der Gesellischaft.

Die Hauptprodukte sind Volldunger, Kalksalpe-
ter, Ammaniak und Harnstofl. mit 2uhérigen che-
muschen Nehonprodukten, insgosamt moehr als 30
anoder Zahl,

Die Magnesiumlabriken sind die Zviedgr.en
in der westhchen Well ther werden PMagraee, g
oxid und -Meltall sowre Gas wertvolle Tattinngee
dukt Chior erzeugl. In der Kuanststoflattetar
dient eine Fabrk zur Herstellung von Kurstte it
rohstoffen (Norvinyl PVC), Natrontauqe undg Critis

Das Forschungszentrum der Norsk Hyaro tae
hier in direktem Kontak! mil der [Industra gl
und umlasst emnes der produktivaten Jenteen to
e praklische und technmche NALUEwIS e, Talb
lichn Forsehgng oes |andee,

Porsgrann Fabnbker et g ahieer ca 30, A
qostelilen dur grosate Arbentaplats Nt seaqe ey



Norsa Hhyaro Glomhord Fabnkker begt in Nordland. 8 Kilometer
a.3tch won Bodo

Glomfjord Fabrikker

Glomtjord Fabnikker ist die nordlichste von Norsk
Hyuros Produktionsstatten.

Die Tatigkeint begann hier am 1. Juli 1949, nach-
Jem Staat und Gemeinde es hier mit Zink- und
spater  Alumimumproduktion versucht hatten.
Glomtjord Fabrikker wurde zunachst gebaut fur
de Produktion von Ammoniak zur Weiterveredel-
ung 1 den Anlagen der Gesellschaft auf Heroya.
1955 jeqdoch bekam Glomtjord eigene Fabriken zur
Herstellung von Volldunger und Kalksaloeter, und
st sentdem der Hauphelerant von Handeisdunger
tur e notacgische Landwintschall geworden

Dwe Produktionskapazitat tur Endprodukte stieg

R

in 1972 um SO Prozent, und insgesamt produzieren
Glomfijord Fabrikker jetzt rund 600.000 Tonnen
jahrlich, aut eigener Ammoniakbasis mit einigen
Zulieferungen von aussen. Die Fabrik erzeugt auch
Schwerwasser.

Glomtjord ist heute eine gesunde Industriege-
meinde von ca. 2000 Einwohnern. Es ist viel getan
worden. damit die Einwohner sich wohl fuhien
sollen, und Norsk Hydro hat grosse Betrdge tur
den Wohnungsbau investiert und mit zum Bau
einer Kirche, eines Restaurants, Hotels und Sport.
antgen bagelragen tme Diahtsaltsahn fuhil dio
Leute in das scho ste Gebirgsgelande hinauf.
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Norsk Hydro Kermey Fabrikker.

Flussiges Aluminium wird In Formen gegossan.

Karmgy Fabrikker

Karmpy Fabrikker bei Karmsundet gleich sudlich
von Haugesund ist mit ihren gegen 1300 Angeslell-
ten die zweitgrésste Arbeitsstiitte der Geselischaft.

Die beiden Elekirolysehallen wrden 1967 in
Betrieb genommen, Im Oklober 1969 war die
ganze erste Bauslule fertig mit Elekirolyse, Gies-
serei, Walzwerk, Grobdrahtwerk und Sresswerk.
Die Elektrolysekapazitdt wurde in 1971 um 25
Prozent erweiter.

Karmoy Fabrikker wurde ein zu 100 Prozent
norweqischer Batrieb, als Norsk Hydro in 1973 das
gosamto Aktinnkapital der Alnor Aluminum Norwiy
A/S Gbernahm, von dem sie bereits 51 Prozent sen

Yun.pon von flussigem Moull von der ElentrolgsePane tus
Giesserel

Griindung der Geselischatt in 1963 in ihremn Besity
hatte.

Die Lage in Karmoy erlaubt es. die Produstiniy
kapazitat stufenwerse auf 200 000 Tonnen Hutten:
alumimum oder mehr pro Jahr zu stmigern

Schon von Anfang an wurde ein hedegtend.s
Teil der Produktion an Ort und Stelle verc:init
Ausser in Norwegen basitet die Gesetlschalt oo r
edelungsbetriebe und Verkaufstiuros in Bedgir.
Danemark, Frankreich.  Grossbntannuen et
Sechweir, Schwailnn Woest Deutac and ynep e
reich
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Oer Ralneshomplex umisast (¢ eine Fabrik fur Vinylchiond und
Chlor

Rafnes

Raines «n Bamble, aut der Wesiseite des Frier-
fiords direkt gegenuber von Porsgrunn Fabrikker,
wurde in 1967 von Norsk Hydro als industriegebiet
tur che Erweiterung ihrer Taligkeiten singekauft.

Dieser Komplex mit petrochemischen Fabriken
1st das bisher grosste Industrieprojekt in Norwe-
gen Hydro war Planer und Bauherr tur die Anla-
gen von denenhr die Vinylchltoridiabnk 2u 100 ©,,
e Athylentabrik zu 51 %, und de Chlorfabrik zu
50 ®c gehoren, ausserdem leitet Hydro den Betrieb
aller drex Fabriken.

Die Athylentabrik ist der Kern des Komplexes,
und solt aus Feuchtgas von Ekotisk 300 000 Ton-

26

nen Athylen und 70 000 Tonnen Propylen im Jahr
erzeugen. Diese Produkie sind Rohstoflbasis fur
che Gbrigen Anlagen aut Rafnes und fur die neuen
Polyolefinfabriken aul Ronningen in unmittelbarer
Nahe.

Die Vinylchloridlabrik veredell Athylen und
Chlor weiter zum Zwischenprodukt Vinylchlorid,
das Rohstoft lir die PVC-Herslellung aul Heroya
ist. Die Jahreskapazitat betragt 300.000 Tonnen.

Die Chloridiabrik produzietChlor fur die Vinyl-
chloridproduktion, und Natronlauge, die in der
Holzveredelung und in anderan chemiaschen Indu-
strien vorwendotl wird.

Mongstad

Norsk Hydro (bernahm 1971 ein 7.000.000 m?
grosses Ausbaugebiel aul der Mongslad-Halbinse!
60 km nérdlich der Stadt Bergen.

Nordhordiand ist lange ein Notstandsgebiet mit
grossem Mangel an Arbeitsplatzen gewesen, und
es war {ir die &rtlichen Behdrden von grosser
Bedeutung, diesen Zustand zu #ndern.

Als erste Stufe in Norsk Hydros Industrieplan fir
Mongsiad hat die Gesellschaft die Olraffinerie
Rafinor errichtet. Die Raflinerie kam im Frihjahr
1975 in Betrieb mit einer Produklionskapazitél von
viar Millionen Tonnen Ol im Jahr

Die Produktion umfasst Ratfinerieerzeugnisse

wie Hezol, Benzin, Naphtha Autodiesel Barate -
usw Ausserdem werdon rund 160 000 Tannen .
trecleumkoks  produziert, welcher e vt tojee
Hiltsstolt fur die Alumimumprodukbion 1St ar. 3 - tee
frbher vollstandig importiert werden musstee [
Mongstad-Ratfinerie 18t die einzigste 1n Skt
navien, die Anlagen lur eine solche Kaksprotur
tion besitzt

Norsk Hydro beteiligt sich mit 30 Progent ar. e
Raffinerie. Rafinor hat dem Bezirk 350 [aer
beisplatze gabrachi

Narsk Hydro botrachtel Mongstad gl oan gt
tiges Erwenurungsgebiet fur die Zukunit
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1.0 Introduction

1.1 Old and new fields
of application for calcium carbide

The world production of calcium
carbide, which reached its peak in
about 1960, suffered a drastic
decline of some 40% in the course
of the following 20 years. This
decline was mainly due to two
reasons: firstly, the switch from
acetylene to ethylene as a starting
material for virtually all organic
bulk products and, secondly, the
fact that calcium cyanamide was
largely superseded by other syn-
thetic fertilizers.

The spectacular rise in the price of
crude oil in recent years is likely

to improve the competitive position
of acetylene as a chemical starting
material in those countries where
lime, coke or other carbonaceous
materials and electric power are
available at relatively low cost.

The further processing of acetylene
to important derivatives in large-
scale plants is gaining significance.

The "family tree” illustrated on
page 3 shows the various fields of
application of carbide. Uhde can
offer the know-how required for all
these processes.
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Carbide plant with acetylene
generator

1.2 The Uhde know-how

( The design and construction of

. plants for the production and
further processing of calcium car-
bide is one of Ur se’s many fields
of activity. Weli-proven processes
are available for processing calcium
carbide to acetylene, calcium
cyanamide, carbon black and
organic products, such as poly-
vinyl chloride and vinyl acetate.

Acetylene is also a suitable starting
material for the production of syn-
thetic rubber (polyisoprene) as
well as acrylc:utrile, acrylic acid
and butind:ol.
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Knapsack, an affiliate of Hoechst
AG, and SKW Trostberg AG are
‘ mass producers of cartide and a

number of derivatives. Thay have
acquied a wealth of operaiing
exr.erience over 70 years anc this
is incorporated into Uhde's eng;-
neering work. Each project handled
by Uhde therefore corresponds to
the latest state of technology and
ensures maximum profitability.
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The high degree of cooperation
between Hoechst, SKW and Uhde
permits a constant and speedy
feedback ~” 2xperience between
piant operators, process engineers
anc design engineers.
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"Family tree” for carbide.
The figures in tons refer to 80%
calcium carbide.




The reference list documents
Uhde’s broad spectrum of know-
how in the field of electrothermal
processes (production of carbide,
phosphorus, etc.) gained from the
design of commercial plants, in-
cluding civil works, erection and
commissioning.

All this experience has been used
to develop the plant components
which form the basis of modern
carbide technology.

O Closed type of furnace

O Hollow electrode system

0O Dry purification of the hot
furnace gases

O Manufacture and application
of Soederberg electrodes

0 Dry gasification of carbide
and purification of the acetylene

O Recycling of lime from the
carbide gasification unit

O Continuous nitrification
of carbide to produce calcium
cyanamide

2.0 Criteria for the design

of a carbide plant

2.1 Plant size and selection
of location

The selction of the location is
mainly governed by the size of the
plant and the intended application
for the carbide.

Carbide furnaces are operated at
powers of 4 to 6C MW in all parts
of the world (approx. 10000 to
15000 tpa).

However, further processing to
acetylene derivatives is only inter-
esting from the economic point of
view for plants with furnace ratings
of approx. 20 MW and above. In
this case a well-established infra-
structure is also necessary.

Smaller plants rated between
roughly 10 and 20 MW can only
cover a limited market for the
production of welding gas or
calcium cyanamide.

Another criterion for the selection
of the location is the availability
of the feedstocks and electric
power.

Large-scale furnaces are depen-
dent on a reliable supply grid.

Developments such as the hollow
electrode system, the dry purifi-
cation and utilization of the fumace
gas as an energy carrier and the
use of the screened fines as the
burden are of interest for furnace
ratings of 10 MW and above.

In addition, lime recycling, the
closed type of fumace and com-
puter control of the furnace are of
importance for the economical
operation of large-scale furnaces.

The next diagram gives a general
idea of the process configuration
Jf a carbide plant with hollow
electrorle system, acetylene gene-
ration and lime recycling.

Flowsheet
carbide / acetylene complex
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2.2 Feedstocks

The feedstocks have a decisive
influence on the quality of the pro-
duct and the economical utilization
of electric power as well as on the
smooth running of the funace.

It is therefore essential that they
comply with certain requirements
in respect of composition, physi:al
properties and grain size distrinu-
tion.

The following data are of decisive
importance:

O electric conductivity and
reactivity of the carbonaceous
material

0 grain size, abrasion resistance,
compressive strength of carbon-
aceous material and lime

O softening point of :Ye
Soederberg paste

{1 grain size distribution.

In order to ensure smooth opera-
tion of the furnace, the coarse
burden must not contain any
appreciable quantity of fines below
6 mm. A reasonably uniform grain
size distribution will counteract
dissociation phenomena and im-
prove the operating characteristics
of the furnace.

The application of holiow electrodes
permits the use of inexpensive
fines below 6 mm at a rate of up
to 20% of the total feedstock.

It aiso facilitates intervention by
plant persorinel and reduces the
electrode consumption rate.

The upper limit for the grain size
of the carbonaceous material
depends on the reactivity. The
portion below 3 mm should be
kept as low as possible.

O Analysis

Lime (referred to dry substance)

CaO: 92-95%
COz: 1- 3%
Fe203 + Al203 + SiO2: max. 3%
MgO: max. 2%
P20s and SO2: as low as
possible

Carbonaceous material
(referred to dry substance)

Ex- Coke Anthracite
ample

C: > 85% > 80%
Ash: max. 12% max. 8%
S: max. 1.3% max. 1%
P: max. 0.05% max.0.05%
Volatile matter: 1-2%

Total ash content

of burden: max. 15%
Recycled lime: max. 50%

If all or some of the calcium car-
bide is intended to be conver: 2d
to acetylene in dry generators in
the vicinity of the carbide furnace
unit, it is possible to recycle the
calcium hydroxide at a rate of up
to 50% of the total lime required
for the furnace operation. The
accumulation of impurities prohi-
bits a higher recycle rate. The
surplus calcium hydroxide can be
used in the building trade or as
fertilizer. No further treatment is
required because of the low resi-
dual moisture.

The recycling of the calcium
hydroxide basically comprises a
briquetting and a calcining step, .
for which carbide fumace gas can

be used as fuel gas. .

Various types of carbonaceous
material, for example metallurgical
coke, petrol coke, charcoal and
anthracite, etc., are suitable for
the carbide production process.

Carbonaceous materials with a
high content of volatile matter,
e.g. anthracite, can only be used
to a limited extent in closed fur-
naces or must undergo previous
calcination.

Assessment of the proposed car-
bonaceous material with rege.d

to its suitability in a closed carbide
furnace is one of the main tasks .
of the licensor and the project
engineer. In many cases, final data .
cannot be elaborated until large-
scale tests have been performed

at Knapsack or SKW.

In some cases, an optimum fumace
burden can be obtained by
blending different carbonaceous
materials. »

The Soederberg electrode paste is
manufactured from coke, calcined
anthracite or petrol coke, and a
mixture of tar/pitch of suitable
quality and grain size. The mixture
must satisfy the stringent require-
ments imposed on electrode
compounds for modern electric
furnaces with regard to the com-
position, mechanical and electrical
properties.




Carbide plant with acetylene
generator/ Saud Arabia
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The consumption of Soederberg

electrodes is 10 to 17 kg per ton

of carbide for hollow electrodes

in closed furnaces and well above
kg per ton of carbon for solid

electrodes.

In open fumaces, the electrodes
a;e subject to a higher burn-up
rate due to the presence of air.

The specific electric power require-
ment of a ca:bide furnace mainly
depends on the quality of the raw
materials (ash content) and on
the size and type of the furnace.
Under favourable conditions, re-
quirements of little more than
3000 kWh per ton of carbide
(standard quality) may be expected.
For smaller open furnaces fed with
raw materials of varying quality,
specific energy requirements of
000 to 3600 kWh per ton of
arbide are realistic figures.

Approx. 0.9 to 1 ton of CaO and
approx. 0.5 to 0.6 tons of fixed
carbon are required to produce
one ton of carbide.

2.3 Product shipment

The location of a chemical plant

mainly depends on the following

criteria:

a) cost-effective raw material
and energy supplies;

b) distribution of the product
within the sales region

For a carbide fumace, the emphasis
is on the availability of low-priced
lime, carbonaceous material and
electric power. Short distances to
these resources are of particular
advantage.

Calcium carbide, which is a valu-
able and energv-intensive product,
can easily be transported over
long distances (energy transporta-
tion). Drums with a capacity of
100 to 250 kg, small containers

for one ton and large containers
for up to 20 tons are recommended
types of packing.

The particular requirements for
transporting the product are satis-
fied by special containers which
are also part of the know-how of
Hoechst and Uhde. They can be
used both for land and maritime
transport.




3.0 “l5fi‘ncipal characteristics

of carbide plants designed by Uhde

3.1 Furnace design

The furnace may be of the open,
semi-closed or closed type, de-
pending on the capacity of the
furnace and the intended appli-
cations of the furnace gas.

An open furnace with a suction
hood is suitable for low capacities
and requires lower capital invest-
ment costs compared with the
semi- or totally-closed types. In
this case the energy is not recov-
ered from the furnace gas.

With the aid of additional suction
funnels which extend into the fur-
nace burden, part of the unburnt
furnace gas can be withdrawn.
This will reduce the quantity of
exhaust gas and lower the heat
load on the electrode components.
This is a semi-closed furnace.

Up to 80% of the furnace gas
can be recovered and used for
heating purposes, for example.

Open furnaces designed and con-
structed by Uhde can be equipned
with hoods or retrofitted for use
as semi-closed furnaces.

A closed furnace ensures com-
plete recovery and treatment of
the carbide furnace gas. This type
of construction is mainly suitable
for high fumace ratings. Uhde offers
carbide furnaces rated up to 70
MW, which are capable of produ-
cing more than 170000 tons of
carbide per year, provided that

a continuous power supply and
good raw material qualities are
available.

Closed furnace
designed by Hoechst-Knapsack




3.2 Treatment of the furnace gas

' .The furnace gas burnt with a high

excess of combustion air in the
open furnace is withdrawn and
passed through a jet filter. The
exhaust gas treated in this way is
discharged with a dust content of
approx. 50 mg/mj.

On the other hand, semi-closed
furnaces operate much more effi-
ciently, because a large amount
of the energy from the furnace
gas can be recovered. In this case
as well, the gas is passed though
a filter.

However, because the temperature
is much higher, ceramic filter car-
tridges are used. The greater
portion of the hydrocarbons is
condensed by means of indirect
cooling, the condensate also being
used for heating purposes.

The dust retained in dry state
mainly consists of calcium oxide
and magnesium oxide. It can be
used as fertilizer after the noxious
substances have been incinerated.

As an alternative to the <iry puri-
fication process described above,
Uhde can also offer a wet purifi-
cation process. The furnace gas is
scrubbed with recycle water which
is treated for re-use in a separate
unit. The scrubbing efficiency can
be adjusted to meet different gas
purity requirements which affect
the capital investment and opera-
ting costs. The treatment of the
scrubbing wates involves relatively
high operating costs, particularly
in the case of small carbide plants.

The amount of consequential
capital investment costs depends
on the requirements with regard
to the waste water and on the
extent of available treatment faci-
lities.

The comments made with regard
to closed furnaces also apply to
semi-closed furnaces.

As the two latter-mentioned types
of furnace are usually designed
ior higher capacities, it is recom-
mendable to integrate them with
lime recycling or anthracite calci-
ning facilities or the hollow elec-
trode system or a combination of
these. Furnace gas is required for
all these auxiliary installations.

3.3 Design of the electrode
system

The electrodes used by Uhde are
of the self-baking, continuously-
operated Soederberg type. They
are the most economical type for
furnaces with ratings from about
10 MW upwards.

Electrode compound can often be
procured from other manufacturers
(aluminium or phosphate manu-
facturers). Electrode shells can be
fabricated in a workshop equipped
for this purpose. For large pro-
duction units, in-plant manufacture
of electrode compound and shelis
is worth considerating for economic
reasons.

installation of a central pipe in the
Soederberg electrode permits the
introduction of fines directly into
the furnace hearth at a rate of up
to 20% of the total feed, which
greatly reduces the raw material
costs and lowers the electrode
consumption. As a rule, carbide
furnaces with a rating higher than
30 MW should be equipped with
hollow electrodes. Moreover, holicw
electrodes are a prerequisite i a
process computer is to be used
for furnace control.

The electrodes are normally sup-
plied with power via three single-
phase transformers. It is also pos-
sible to use a singie three-phase
transformer in the case of smaller
furnace ratings or if it is important
to minimize capital investment
costs. However, the aiternative
involving three single-phase trans-
formers offers the following advan-
tages: °




O Symmetrical load of furnace
and power mains.

I All three secondary power lines
are short with consequent reduced
electrical losses and uniform phase
load.

[C The weight of each transformer
is relatively low and facilitates
transportation; this also simplifies
the design of the load-bearing
structural members.

{J In case of failure of one trans-
former. the furnace can continue
to be operated at reduced output
if the unbalanced load is accep-
table for the mains.

Adjustment of the electrodes as a
funclion of consumption and the
raising and lowering to permit
electric control of the furnace are
effected fully automatically by
means of a hydraulic system
(illustrated).

Hydraulic system for electrodes
10




3.4 Dry acetelene generators

Wet acetylene generators are
suitable for converting calcium
carbide to acetylene where smali
quantities of acetylene are needed
for use as welding or flame-cutting
gas or as fuel gas in steel pro-
cessing shops and in cylinder filling
stations. For large volumes of ace-
tylene, preference should be given
to special dry generators, which
have already prcved their merits in
decades of operation.

The special design of the dry ace-
tylene generator permits a near-
stoichiometric conversion of car-
bide and water to acetylene so
that the residual calcium hydroxide
has a moisture content of only
1-4%. Compared with an aqueous
calcium hydroxide suspension,
this offers a number of advantages
which contribute to the economy
of the process:

a) Fabrication of briquettes for
the lime recycling mentioned above
(refer to Section 3.3).

b) Utilization of calcium hydroxide
in the building trade, chemical
industry, for waste-water treatment
and agricultural purposes, etc.

¢) Easier handling if the calcium
hydroxide has to be dumped for
lack of markets.

The acetylene yield is approx. 98%;
carbide consumption figures are
based on a specific yield of 280
litres of acetylene per kg of cal-
cium carbide.

Scrubbing with lime water and a
chlorine solution are the only
operations required before the
acetylene can be used as welding

or flame-cutting gas or as fuel gas.

The acetylene must be subjected
to chemical purification if it is
intended to be used as a feedstock
for the synthesis of higher mole-
cular compounds.

3.5 On-stream time, flexibility
of carbide production

Carbide furnaces designed accor-
ding to the know-how of Hoechst,
SKW and Uhde are backed up by
technological features proven in
decades of operation and have
evidenced high on-stream time
and profitability. This puts the
plant user in a favourable position
for negotiating electric power
supplies at special rates with the
public utilities companies. Carbide
furnaces of this type are capable
of ensuring a constant basic load
and can be operated along an
individual power supply schedule
to benefit from special rates.

It is this flexibility that is likely to
yield a substantial cost advantage
through preferential power prices
because electric power is generally
the major item for the plant opera-
ting costs.

This is bound to reduce the vyield

per unit of time, referred to fullHoad
conditions, and must be compen-
sated by a higher capacity of the

production unit.

The extra costs will be quickly

absorbed even if the power price
reductions are only low.

"




4.0 Material balance for the ’production of carbide
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5.0 Conclusion

Calcium carbide is gaining increa-
sing significance as a starting
material for the production of
plastics and other organic products.
The main reason is the rise in
crude oil prices. For countries
without appreciable national oil
resources, this offers a possibility
for setting up or expanding indus-
trial facilities for the production of
organic chemical products on

the basis of alternative starting
materials anc energies derived
from acetylene. Where raw mate-
rials available from domestic
sources, markets and sales prices
are substantially shielded from
external influences.

Well-established technologies are
applied for the electrothermal

carbide process to meet the stan-
dards of modern chemical plants.

These technologies are applied for
the electrothermal carbide process
to meet the standards of modern
chemical plants.

These technologies are available
to Uhde. A careful analysis and a
comparison of cost calculations
on the basis of different raw mate-
rials ensure an optimized plant
concept for each project.

In making a decision on the loca-
tion of the plant, particular atten-
tion should be paid to the trans-
portation of utilities, raw materials
and products. In this respect Uhde
can give expert advice by pro-
posing different handling concepts,
some of which are novel. Large-
scale carbide furnace units may
nowadays be built even in places

which are remote from consumer
markets. For these large-size fur-
nace units, all process modifica-
tions outlined in this review provide
significant improvements with
regard to the economics and
operating characteristics of the
plant.

Uhde also has a broad spectrum
of technologies for the prcduction
of acetylene from carbid2, ethylene
from crude oil, and their deriva-
tives.

13




6.0 References

Calcium carbide and acetylene plants

Order Customer Location Products Capacity Type of plant Process
aate (
1952 Impenal Melbourne Acetylene 2 x 750 mi/hour Dry acetylene Knap.:aQ
Chem. industnes Australia generation Uhde
1958 Jugohrom Skopje Granulated 30000 tons/year Carbide preparation, Knapsack
Yugoslavia calcium (2 rotary furnace plant.
cyanamide fumaces) -agging facilities
1960 Dynamit Nobel AG  Lulsdor? Acetylene 400 m3/hour Dry acetylene Knapsack/
red. Rep. of generation, Uhde
Germany chemical gas punfication
1960 N.V. Elektro-Zuur- Amsterdam Acetylene 1050 tons/year Dry acetylene Knapsack/
en Waaterstoftabnek The Netherlands generation, Uhde
chemical gas purification
1960 Komplex Budapest Acetylene 2 x 400 m3/hour Wet acetylene Knapsack/
Hungary generation, Uhde
chemical gas purification
1960 Pechiney St. Auban Calcium carbide 100000 tons/year Furnace plant, Knapsa(.
Compagnie des France (1 furnace, 42 MW)  carbude cooling. Uhde
Produits chimiques crushing and screening
et électro- facilities
meétallurgigues
1963 Holland Elektro Baliengeich Calcium carbide 24 000 tons/year Furnace plant, Knapsack/
Chemical Industnes South Africa (1furnace. 10 MW)  carbide cooling Uhde
1964 Dynamit Nobel AG  Lilsdort Acetylene Expansion to Dry acetylene Knapsack/
Fed. Rep. of 750 m3/hour generation, Uhde
Germany chemical gas punfication
1971 Lonza Werke Waldshut Calcium carbide 35 MW furnace Hollow electrode Knapsaok/
GmbH Fed. Rep of capacity sytem ucc
Germany
1871 Zaklady Chorzow CO gas for 6 x 20 (22) MW Furnace gas dry SKwW
Azotowe Poland org. synth. furnace capacity punfication system
1975 AEC) Ltg Sasolburg Acetylene 570" ml/hour Carbide preparation, Hoechst-
South Africa acetylene generation Knapsack,
and punfication Linde.
Uhde
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Products

Order Customer Location Capacity Type of plant Process
' Jate
1977 US Government USA Calcium 15000 tons/year Carbide preparation, Hoechst
cyanamide furnace plant,
bagging facilities
1978° Zaklady Chorzow 3x18th Carbide classification Uhde
Azotowe Poland and bagging facilities
1980 Sentrachem Newcastle Carbide + 36 000 tons/year Anthracite calcining, Hoechst-
Development and South Africa acetylene acetylene burden proportioning. Knapsack.
Technical Services hollow electrode, Linde,
carbide furnace 50 MW, Uhde
carbide cooling and
crus:ing, acetylene
generation + purification,
lime recycling
1981 Saudi Caicium Riyadh Calcium 10 MW furnace Burden proportioning, SKW
Carbide Factory Saudi Arabia carbide carbide furnace 10 MW,

* Engineering

carbide cooling,
crushing and filling,
drum manufacturing
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Design and construchion Major tieids ot activity
ot chemical and

other industnal plants Refinenes
Syngas and synthesis processes
Uhde GmbH yng y P

Gas punfication
Friedrich-Uhde-StraBe 15 Coal technology
Postfach 262

Feruhzers
D-4600 Dortmund 1 Foodstuffs
Fed. Rep. of Germany Brewenes
Telephone: (0231) 5470 Biotechnology
Telex 822841-0Qudd Plastics

Synthetic fibres

Organic chemicals
Pharmaceuticals

Cosmetics

Electrolysis processes

Nuclear technology
Electrothermal pror.esses
Environmental pollution control

Uhde GmbH - Miscellanecus processes

a member of the Hoechst group Civil engineering and erection
> Energy supply systems

Hoechst Infrastructure

Printed in Fard Rep of Germany






