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TERMS OF REFERENCE 

The UNIDO Investment Co-operative Progranme 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 in 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 c0st and 
an outlook for future dPvelopments, 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 wi 11 prepare a cumpreher:s i ve report on the above (about 20 

to 25 pages) and submit it to UNIDO/ICPB by August 31, 1985. 
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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 ~oda, the production of phosphorus and calcium
carbide and several a~plications 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'.3d power stations in mining areas h the USA, in the USSR 
in the uerman Democratic Republic, and in the Federal Republic of 
Germany in the Cologne area; certain other thermal power stations, 
where the primary fuel is available at low cost, and certain nuclear 
power stations. 

With the availability of fossil fuels as raw materials and as energy 
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 th€ ~etrochemical 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-c~iled carbide-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 yPars requirements of the industrial developm~1t and the private 
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consumers can be guaranteed without major ~uts 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 
corrmercial 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 on~ of Prof. L. Bolkow 
in Munich predict. that the electrolytic production of hydrogen may 
play a major role in t~e 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, Italy, Canada, the USSR, Japan and in 
other countries would go far beyond the terms ot" 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 
r;roposed plant. 
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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 procP.sses have 
been developed into cormtercial-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 interes~ 
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 proce$S w~s 
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 rE:action into a "commercial scale" operation. 
At the beginning of this century the first few kilogram of HN03 
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 I) 
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To-day this process is only of historical importance. The ~roduct 
yield in relation to the consumption of energy was never able to 
compete with the ammonii\ synthesis/ammonia combustion route as it 
was developed to technical application by Haber. Bosch and Oswald. 
Nevertheless other te;:~·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 ethylene 
from methane and other hydrocarbons. The cap~city of VEBA-HULS is 
indicated to be appr. 130.000 tpy of acetylene and 60.000 tpy of 
ethylene. A second pl~nt in Europe is operated in ~umania. 

Some years ago an electric arc/plasma method has been published by 
HULS and by HOECHST under the name WLP (Wasserstoff-Lichtb~gen
Pyrolyse). The technologies of th~ two inventor companies ar~ 
slightly different: Whereas HULS activates the hydrogen st:eam 
which is used a~ 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 fro~ HULS. this technology 
is capable to utilize a wide ranger~ ~ydrc 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 technolo~y 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 gas no other petrochemical 
feedstock is locally available. So far nobody has been able to 
prove the fe~sibility 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 ir. the foreseeable future. 
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The Production of Hydrogen and Oxygen by Means of Water-electrolysis 

Although its large scale comm~rcial 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-
1nation of materia. In the past it has been applied in re~ ions where 
electric power constitutes ~ source of energy which is mere econo
mically available than coal. '.1 0rocarbons or other fossil feedstocks 
for the production of lar·~'"° volumes of hydrogen. In '-hese regions 
the electrolysis of water l>ecame the basis for the ammonia a:id fer
tilizer industry for many years. In the early '30ies NORSK HYDRO as 
a oioneer of t~is technology sturted the large scale production of 
hydrogen i~ two locations in Scandinavia: Rjukan and Glomfjord and 
until to-day the electrolytic production of hydrogen in these two 
locations still conttnues 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 investigdte 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 
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and in Paraguay as well as in Borneo and possihly in Canada. to 
name on!y the ~pots with the highest potential. 

(.!\.ttachment I I) 

Besides of its direct utilization as a raw material in chemistry, 
the hydrogen from the electrolysis of water may well become an im
port3nt 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
tion; the transport of compressed or liquified hydrogen for distance~ 
above 400 km is more economic than the transport of electric power 
in the moin electrical grid. They further predict that it may become 
t~asible to proctuce 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 hydrog€~ will play a major role in the scenario of 
energy economics in the future. It is also quite cle3r 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/cmz - 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., Cdnada 
GENERAL ELECTRIC COMP., USA 
ICI, United Kingdom 
NORSK HYDRO, Norway 
ORONZIO DE NORA S.p.A., Italy 
and others. 
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The direction of these efforts include the zero-gap electrodes and 
the introauction of membrar.es in order to optimize the specific 
power consumption per Nm 1 of product and the operation of the 
electrolyzer-cell at an elevated pressure far beyond the present 
1 imits. I may very .,!ell be ex'Jected that new impulses for the fur
ther dev~lopment in this field will ~esult from space technology 
and it will certainly be of interest to follow-up the status of 
this developments in regular interval ls of one or two years . 

The Production of Chlorine and Caustic Soda from Sodiumchloride or 
Natural Brine and the Production of Chlorine from Muriatic Aci~ 

The fi~st 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 
chemic8ls 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 chemicals. The second product, caustic soda, is 
mostly consumed in the production of ~luminium and in the chemical 
industry itself. The electrolytic producr.ion of chlorine from muria
tic acid is used for balancing the regional chlorine demand versus 
the ~austic soda market or the one hand and in order to solve a dis
posal problem which occvrs 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
cess~s it may - also from an economic point of view - be advisable 
to consider this electrolytic process in order 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 ecr1omic (power rates) reasons however, very active development 
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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 nazards resu!ting 
from the 3pplication of mercury as a cathode and diaphragmas made 
from astiestos. 

In this field the technology development has do~e 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 activ~ly working in the field of water-electro
Jvsis, 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 elim;nated or 
minimized. 
(Attachments III, IV) 

For the direct chlorination of seawater ORONZIO DE NORA S.p.A. rle
veloped their SEACLOR system for the on-site instantaneous genera
~ion of hyp0chlorite solutions. This system is widely used in sea
water intakes for power stations and seawater desalination units. 
( Attdchment V) 

A very interesting combination of technolcgy may be the combination 
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of a chloroalkali electrolysis with tile production of phosphoric 
acid. This process elimirates the difficulties whi(h result from 
the need to utilize or sell or dispose off the chlorine from a 
plant which is mainly operated to produce :odium hydroxyde. The 
chlorine obtained ~s a by-product in this case is converted into 
HCl and utilized in this form for the treatment of phosphate rock 
far the production of fertilizer-grade phosphoric acid. This pro
'~-~ 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. 
(f,ttachment V!) 

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 a~~ve, this product 
in certain ca~es 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) 
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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 alL•minium is prodi.:ced in huge quanti
ties at many locations in the world, magnesium is still the special
ty of a few production units only. Similar tc the transport of li
quid chlorine or VCM the transport of aluminium ingots means trans
porting energy in a manageable fonn. Unfortunately there are only 
a few places in the world where the 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 HYDRO 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 c.ommerc.ial production of plastics, plastizisers, 
solvents, and other materials over many years, until - with the 
availability of hydrocarbons from petroleum fractions - the p0tro
c.hemic.al routes were established. Besides of calcium c.arbc1 1ate and 
i:.oke, 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. 
(Attac.hment IX) 
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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 tr.~ 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 CaCN

2
, a 

nitrogen-fertilizer with special properties and a raw material for 
certain synthesis routes, as it is produced by SKW, Trostberg/ 
Germany. 

The Electrothennal 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 V·e pro
duct fror.' the elctrothermal route has decreased. The dramatic down
trend in s·1Ifur prices has provided an additional impact to this 
development. 
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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 we!l as the electrothermal 
processes listed above may well be controlled 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 ac~uracy 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 to 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. 
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The survey whilh has beer. executed by the author under UNIDO
Contract Nr. CLT 35/194 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, rrankfurt 
ICL, Tel Aviv 
LURGI GmbH, Frankfurt 
MBB GmbH, Munchen 
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 
. whene\~r another process route with easily available raw ma-

terials and other sources of energy will make available the 
s-1me i;.~Jducts . 

. whenever industrial or private consumers have developed a de
mand for the capacity of electric power which is available in 
the specific region. 
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- For ~he 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 recycling of chlorine from HCl 

. the production of phosphorus and calciumcarbide for consumers 
who cannot replace the electrothennically manufactured product 
in their processing lines for reasons of technology or quality 

. the production of small quantities of pure hydrogen. whicl1 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 economic 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 2 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 ti1e revival of a ferti 1 izer production based upon electrolytic 
hydrogen (a commercial size ammonia plant woLld require about 
80.000 Nml/h hydrogen). 

A similar situation exists with regard to the calciumcarbide - ace
tylene route for the production of plastics and chemicals. It is 
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certainly a more economlc utilization of natural resources to pro
duce vinylchloride-monomere or polyolefine-granulates fron the c

2
-

fraction or natural gas via ethylene and to establish the pro
cessing units in the consumer region step by step in accor:ance 
with the growing der.•and. 

In view of the above it is rec011111ende0 to continuously monitor the 
scenario, the status, and the eventual results of the developmental 
efforts of the variuos teams. A conference where selected teams 
would be invited to present t~e results of the;r 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 
Zaire, 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 t!"te .:vailability 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 
a plant (i.e. a fertilizer plant) becomes obsolete due to a 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-dat~ deve
lopment status which is presently available for the important 
process routes is presented, including specific figures of power 
c.onsumption. 
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As fdr as investment figures are concerned, in view of the ongoing 
development it is cor.sidered not recommendable to collect any such 
information from contrac~ors at this state, and quote it in a ge
neral paper like this study. The value of these fig:rres would be 
very limited or rather negative due to the potential of confusion 
which they include • 
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CH:\Pl1 '~-E I'\: - A L\ CROISEE DES CHE~ll~~ 

I - LES PHE.HIERS ESS.·115 DE 5YST/-iESE A.\OIONJ.-\C.-\l~E : 

L-\ SY:\THESE .-\:\L\10:\L-\CALE SE POSE ES CO:\CLRRE:\T 

DL' PROCEDE .\ L".\RC 

N
')FS avor.s vu au chapitre VI, 

page ll8, comment la Bacl:::;che 
Anilin & Sodafabrik consentir en 
1911 a resilier !'accord de colla-

• 
borarion qu'elle avair conclu en 

1907 avec la Sociere de l' Azore. Sam Eyde 
_Jut, a ce moment, s'csrimer fa\·nrise par le 
destin ; car la bonnc \·olonre done les Allemands 
firent preuve a cettc occasion fur plus grande 
qu'on aurair pu s'y attendre ; er au surplus 
elle erair agreable aux Franc;ais. II n'en reste 
pas moins que, comme nous l'avons dit, cette 
attitude des Allemands s'expliquaic p~r le fair 
qu'ils avaient decide de su1vre une voie 
difference : la mechode a arc, avec sa forte 
consommatio11 d'energie, r • com·enait pas aux 
conditions de production . 1nt ils disposaienc ; 
de plus, leurs essais en vue de la production 
synchetique de l'ammoniaqu ~ etaient deja assez 
avances a ce moment pour que le succes de 
la nOU\'elle methode parut assure : effective
ment, nous l'avons v... au chapicre VII I, 

• page 193, leur premiere production d'ammo
niaque synthetique eut lieu des 1913. 

Le moment est venu maintenanc, nous 
semble-t-il, de donner au lectcur un aperc;u du 
procede de la synthese ammoniacale. 

Tandis que Ia mcthodc a arc consiste a 
combiner l'azote et l'oxygcnc de l'air, la 
mcchode Haber-Bosch fixe l'azote de l'air sur 
l'hydrogene, sous formc d'amm1Jniaque, dans 
des- fours de synthese a haute pression. 

Pour cela, il faut d:sposer d'un melange 
gazeux compose de ces deux clements dans la 
proportion de l pare ,l'azote (~q pour 3 parts 
d'hydrogen_ (H:), com.:spondant au rapport 
de la mol~culc d'ammoniaquc (NH3). La 
reaction dr. la synthcsc dle-mc!me 

N~ 7 3 H1 ;_: 2 NH 3 

abou!it a un equilibre dependant des conditions 
de pression er de temperature. Une haute 
pression augmente le pourcentage d'ammo
niaque tandis qu'au contraire une temperature 
elevce le diminue. II sembleraic done que l'on 
obrienne le meilleur rendemenc en ammo
niaque en tra\·aillant a une haute pression et 
a une basse temperature ; mais avec une 
temperature peu ele\·ee, la reaction, tout en 
s'operant bien, se produit lentement, c'est-a
dire que l'equilibre s'ecablit crop tard. II faut 
done tra\·ailler dans le champ des temperatures 
moyennes de -100 a 700 °C pour arriver a un 
resulcat inceressant. Mais meme dans ces 
conditions it est necessaire d'accelerer la 
reaction au moyen d'un caca~\'SeZtr, c'est-a
dire d'un corps qui provoque la reaction sc:ns 
y participer er done sans ecre consomme. En 
general, ii est impossible de prevoir quel 
catalyseur permettra d'obcenir une reaction 
dcrerminee ; aussi sa composition ne peut-elle 
etre etablie qu'a Ia suite de recherches longue;) 
et sysremaciques ; er de ce fair elle est consi
dcrcc comme un secret de fabrication. 

Jusqu'a la fin de la guerre, en 1918, les 
informatic ns qui perc;aient sur les conditions 
techniques ct economiques de la methode 
Haber-Bosch resterenc fort rares. Le profrsseur 
aUemand Bernchsen, chef du service des brevets 
de la Badische, avait bien fair, en 1913, une 
conference sur '' Haberverfahren ,, aux Et;its
Unis; et en 1915 il fut question d'introduire 
la mcthodc dans ce pays. Mais on estima ~ue 
J'azote qui scraic ainsi obccnu reviendrait trop 
cher comparativemcnt avec le proccdc a la 
cv:mamiJi: di: calcium l!t a\·ei.:: i1 mcchodc a 
l;arc - aussi c!tonnant qu'une telle opinion 
puisse nous parairre maincenanr, car ii etait 
avere des cc moment que la mc!thode de la 
synchcsc ammoniacale avait ere couronnc!e de 
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<,Ul:ce<, en .-\lkmagne. Par Ia suite, cependant, 
le<. auwnt~~ am~ncaincs designerent un Comite 
<,pccial The ~itrate Supply Committee), dont 
un reprcscntant, le Dr Charles P. Parsons, 
alors chimiste en chef du Bureau des Mines, 
sc rendit tn 1916 pour un \·oyage d'ctude en 
Italie, en .-l.ngleterre, en Franc'!, -=n Kon·ege 
et en Suede. 

Ajoutons ici que ce Cornite en arri,·a plus 
OU moins a la conclusion que, Si la guerre 
n'etait pas sur...-enue, la Societe de l'Azote 
n'aurait pu continuer a exploiter sa methode 
de production : c'etait la, on le voit, une 
opinion pcssimi~te, - a laquelle cependant 
bien des gens se rallierent par la suite. Q1.1ant 
a nous, nous ne nous considerons pas en 

-~esure de dire quel 3urait ete le sort de la 
.:socicte de l' Azote si la guerre mondiale 

'l'avait pas eclate, et si le confiit ne Jui avait 
pas permis de consolirier sa situation fina:.1ciere; 
mais - devons-nous ajouter - nous ignorons 
tout autant si l' Allemagne se serait engagee 
aussi energiqucment dans la \•oie de la synthese 
ammoniacale si elle n'y a,·ait pas ete poussee 
par Jes necessites nees de la guerre. 

Quoiqu'il en soit, un fait, qui devait a partir 
de cc moment d '1miner tout le probleme, 
demcure : par kilobramme d'azote obtenu, le 
procede a l'arc Birkeland-Eyde exigeait 68 kWh 
alors que la S\"nthese ammoniacale Haber
Bc ;ch n'en con!.ommait que 17 : soit du 
simple au quadt~'ple. Encore cene comparaison 
n'est-elle correcte que sous la condition que 
I'hydrogcne necessaire pour la synthese ammo-

.iacale soit obtenu par electrolyse de l'eau : 
si, au comraire, l'hydrogene est produit en 

artant du charbon (ou d'huile ':.inerale, de 
gaz nature}, etc ... ), Jes besoins en energie 
electrique sont minimes. Cela signifiait que, 
a partir du morr.cm ou la synthcse ammoniacale 
serait techniquement realisee, la production 
d'engrais azotes synthetiques ne constitue-
1a1t plus un prh·ilege absolu pour les pays 
disposant d'energie hydraulique hon marche. 

Ains1 done, une question se posait pour Ia 
Societe de I' Azote : la mcthodc a I'arc pourrait
elle continuer a sout"nir la concurrence? A la 
Jonguc, J'avantagc rc<,uJtant du prix extr~mc
mcnt foible de l'cncrgie hydrauliquc s'averc
rait-il suffi<.ant? 

Com·cnons en tout ca~ quc, par suite de Ia 
gucrre, ia Socictc cut unc chance ct un delai 
supplcmcntaircs pour preparer Jc passage a Ia 
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nou,·clle methodc au momcm oil ii dc\·im 
infritablc; car, comme nous r~,·ons \"U dans 
les chapitres precedents, la Socierc put ainsi 
atteindre sa plcine capacite et mcme, grace a 
des achats d'eau ammoniacale et de cyanamide, 
augmenter sa production au dcla de sa capacite 
effective. Les prix qu'elle obtint penc'.ant cette 
periode n'enrent d'ailleurs rien d'excessif, 
puisque la hausse qu'ils faisaient res'.iortir 
resta inf erieure a celle accusee par Ia moyenne 
ge~erale des prix. Bien plus : lorsque par la 
suite le marche mondial enregistra une forte 
baisse - c'est-a-dire durant la periode de 
crise qui sui,·it la fin de la gucrre -, la Societe 
de I' Azote resta dans unc situation rclati,·ement 
avantageuse, grace a la chute de la couronne: qui 
jouait le role d'amonisseur. Et c'est done 
seulement au moment ou Ia NorYege entra 
dans la phase dt.: hausse de Ia r_uuronne et de 
deflation, - epoque qui fut aussi celle pendant 
laquelle la forte augmentation de la capacite 
de production de l'industrie de l'azote com
mern;a a faire sentir se~ ,.ffets -, qu'il de,·int 
fride!lt que la Socihe de l' Azore se rrom.:aic 
a la croisie des chemins. 

Un certain temps de,·ait pourtant s'ecouler 
avant qu'une decision fiit prise et que Ia 
direction de la Societe se decidat a abandoIUler 
la methode a l'arc pour passer a la synthese 
ammoniacale. C'est qu'en effet l'on disait assez 
couramment - disons que c'etait une sone 
de pani-pris d'optirnisme - que le procede 
a l'arc r.:sterait en mesure de soutenir la 
concurrence pour la production de l'acide 
nitrique et des nitrates, argument pris de ce 
que l'ammoniaque symhetique de,·ait etre 
convertie en acide nitrique, ce qui necessitait 
d'importantes installations et entrainait, en 
outre, des pertes en azote. 

II peut y avoir imeret, a cene occasion, a 
mentionner !es rcmarques bien symptoma
tiques qu'echangerent au cours d'une reunion 
qui eut lieu en 1924, l'un des dirigeants de 
la Socicte de l' Azote et !'expert fran<;ais 
Schlocsing, ues rcputt! en matiere d'azote, et 
quc nous avons deja mcntionnc pages 68 et 120. 
Le profcsscur Sch1oesing ayant declare quc la 
!lynthcsc nc donncrait pas scukmcnt Jc l'ammo
niaque, mais aussi de l'acidc nitrique et 
des cngrais azotes meilleur marche que dans 
)a mcthode a l'arc, Je rcpre!>Cntant de la 
Socicte de I' Azote repondit : fl Si YOUS aviez 
u raison, Monsieur Schlocsing, j'abandonncrais 
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Les Fabri.:iues de XocoJden vers 1926 

1< 1'industrie de l'azote et <leviendrais agriculreur 
• en Norvege ... 11 

Comme nous l'avons dir, l'avancage de la 
~thode aminoniacale etait que, par unite de 

1derence, elle ne necessirait qu'un quart de 
l'c:!nergie urilisee par le proc.!de a l'arc. On 
pouvair ccpendanr espc!rer remedicr, clans une 
certaine mesure, a l'inferiorite de la mechode 
a l'arc en se servant du four a arc Schonherr 
done ii a deja ete faic mention : etfcccivemcnt, 
des essais realises avcc un petic modele de 
four . avaienc montre qu'en augmcncanc la 
prcssion jusqu'a 10 aunospheres, le rendcrr.enc 
pouvait etrc porce d'environ 600 kg de N03H par 
kW-an a cnvirl'n 730 kg, c'esc-a-dire augmcnte 
de 22 ~ •> ~:tviron ; ct en outre, si l'on se 
servait d'ur, melange d'oxygenc ct d'azo·~e au 
lieu d'air, ii scmblaic, d'apr!s la loi d' action 
de masse, que le rendcment dut aug·.nencer 
encore d'cnviron 24 ~~' et atteindre environ 

900 kg de N03H kW-an : ii paraissait done 
possible d'augmenter le rendement des fours 
de 50 °~ par ra~port au rendemc.t de ceux 
installes a Rjukan et a Notodden. 

La Societe de 1' Azoce comprit assez tot 
:'interet qu'elle avait a entreprcndre l'erude 
syscematique des fours a prcssion : er en eff et 
elle conscruisit, a Notodden, un four de ce type 
en connexion avec un appareil a oxygenc 
Claude done elle avait fait l'ac· uisition. 
Les essais de ce four comm enc !s en 191'6 
furcnt poursuivis jusqu'en 1922, - epoque a 
laquelle fut conscruic un four de 1 000 k ,v, done 
la charge n'exceda cependant jan.ais -100 kW. 
Les essais effcccucs avec cc nouveau four 
durercnt jusqu\:n 192;. On constara al0r" 
qu'er. le faisant dcmarrer avec un refriglrateur 
cylindrique en cuivre, on obtenait 680· 700 kg 
de N03H par kW-an, et avec un melange 
oxygene-air a 50 ° °' 800 a 830 kg ~C\H par 
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k\'\"-an, c'cst-.i-Jirc scnsibkmcm nwins que 
ce que l'on anit espere. En rc,·anchc, en 
mcttant le four en marchc a\·cc un rcfrigfratcur 
en argent, en aluminium ou en acicr ir.o
x,·dabk, on ot'-tint toul d'abord de m::1ikurs 
r~sultats ; mais l:.'ux-ci ne furent pas durables ; 
et l"on rewmba cmuite aux mcmcs rcndcmcnts 
quc CCUX obtcnus 3\"CC le refrigfratcur de 
cuiHe. 

En conm:xion 3\"CC le grand four a pression, 
tine petite imtalbtion d'absorption sous pres
si<'n fut egalcmc.m construite. Elle se co1 posait 
d'une scule tour, au sommet de laquelle on 
inu ::iduisait de l'cau puur rctirer en bas l'acidc, 
les !az de four circulant en sens im·erse (la 
chai1:ur resultant de }'absorption etait climinee 
a raide d'elements refrigerants encastres dans 
Ia tour meme). Le proccdc se rfrcla satisfaisant; 
et d'ailleurs il fut .:ede a la Societe Du Pont 
de ~cmours lorsque cclle-ci acheta la licence 
du proccde a rare : auiourd'hui encore cette 
firme !'utilise dans son systcme d'absorption 
sous press1on. 

~1algre l"imeret des amClioratio is qui a\·aient 
ete ainsi obtcnues dans le rcnde:nem en azotc 
par kilowan-heure, ii fut rcconnu que celles-ci 
etaient insuffaantcs pour permertre a la methode 
a l'arc de soutenir la concurrence. Et finalement 
une serie de problcmes elcctrotechniques et 
mecaniques, qui s'etaient reveles tres Jnercux, 
comribuerent a la decision de menre fin aux 
essais . 

Commc nous l':l\·ons deja dit, lcs informations 
qui a\·aicm pcm: pendant h gucrrc sur ks 
conditions techniques er economiques de la 
methode symhctique Jllemanuc ctaicnt fon 
rar :s. On a\·ait cependant !'impression, d'apres 
ce•tains brc\·ets pris a\·am gucrrc, et d'apres 
la conference deja mentionnee qui fut donnee 
aux Etats-l.Tnis par le professcur Bcmthscn, 
que l'cmploi de la methodc ctait extrcn:~ment 
difficile : ii semblait que la moindre impurete 
dans Jes gaz utilises risquait de p'llluer le 
catalyscur et done d'arreter toute la fabrique; 
l'on ajoutait que l'acicr, qui de\·ait supporter 
um· pression et des temperatures ele\·frs, 
~e,·cnait cassant comme du ,·erre si l\1n faisait 
l'errcur de construction fa plus minime; et 
l'on disait aussi que des millicrs de catalyseurs 
dcnaient fare essayes avant que l'on en 
trom·at un qui puisse dcnne1 satisfaction, etc ... 

Lorsque, en 1919, les Puissances de !'Entente 
enrnyerent des experts inspecter Jes installa
tions allemandes de symhese ammoniacale, ii 
se re\·ela que les Allemands n'avaient pas 
exagere : les installations en question etaient 
eff ecti,·ement tres compliquees, et le tra,·ail qui 
y a,·ait ete accompli en si peu d'annees appa
raissait comme ,·fritablement impressionnant. 
La Badische avo.1t vraiment eff ectue une a:uvre 
de pionnier en construisant ces fours a synthese 
- qui devaiem d'ailleurs servir plus tard de 
point de depart pour tant de fabrications 
nouvelles de caractere revolutionnaire. 
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. .\ c.:tr.: ~!'•'-!l"~ Lt -tuc-.ti•'rl rrin:,1r,li.1k ct.lit 
Jc ~a\·uir c,mm:.:nt rr,1Cl~,kr J l.l CllllStru.:tinn 
J'unc pn.:mi~rc u"inc l Rjubn .. \ ~owJJcn, 
pour l'c-,-.Ji l.k::. fours S..:hlinhcrr, !;.>. fahrique 
Jice J'a..:ilk J\".lit ct~ misc a b disrosition 
Jc la BJJis..:hc . .\nilin und SoJJfabrik a\·cc 
la flirce d'unc gencratrice de Svadgfos ; et de 
toucc C\iJcnc..: urn.: concu:-rcncc allait s\!tJblir 
cntre ks fours BirkdanJ-EyJc ct k:; fours 
Schi.)nhcrr pour l'instalbtio~ Je RjukJn. 

11 impurtait Jone de se mcttre rapidcmcnt 
a l'cru\TC; et un grand four fut mis en marche 
d~s ffrricr 1910. Le rappon de la fabrique 
pour le mois en question indique quc les 
esperanccs cxprimecs quant aux conditions 
de marcht: du nOU\"C:lU four a\·aient etc realiseeS 
et meme Mpassccs. Tout paraissait done aller 
de ce cote. ,\bis dcpuis un certain temps des 
doutcs s'etaicnt fair jour quant a !'exactitude 
aes mesures d'foagie ekctrioue : la firme 
Siem.!ns Habkc fut done eharg~e de proeeder 
a un ~x:i.men approfondi des instruments 
de mesure ; et elle constata sur les kilowatt
metres des fours un ecart de 7 a 8 °~. La 
consommation redle d'encrgie etait done 
beaucoup pl11s elevee que les ehiffres indiques ; 
cc fut une derniere deception, au moment 
OU l'on s'appr~tait a p::-oeeder aux e.ssais 
definitifs. 

Les instruments correctement reglcs, tout 
fut prepare pour la comparaison des deux 
modeles de fours. Une importance commission, 
composec de comites designes par les deux 
parties - la Badische et la Sociere de l' Azote -, 
fut nommee pour decider, dirigcr et surveillcr 
les essais et rcdigcr un rapport a ce sujet. 
Les essais devaient comprendrc une periode 
de march.: continue de 3 semaines pour chaque 
type de four, le four Schonherr devant etre 
essayc d'abord, le four Birkeland-Eyde ensuite. 

La tension etait grande. On travailla acti
vcment et energiquemenc pour tout preparer 

k r:1i..:ux P"''it-k ; en r.m1-:ul1a I Li:-L: 
B1mr.;.:\·ic, rc.:r"l1nndkm..:nt .::h.1~;;c du fl,~;7 
Birk..:bnJ-EyJ..:, ne prit plu-; un..: minut.: .!~ 
rcrl.1S. 

Les 1.kux ti.mrs a\·aicnt un n:nJ..:mcat tr::-. 
.::l1mpJrJblc, et il etJit done imr1hsit-k J;.: 
prcrnir le resultat dcfinitif Jes ess:m ; mai:. 
commt: k four a 3 300 k\'\" fon..:tionmit ass.:z 
bicn, on dc\·ait espcrcr qu'il pourr;tit ~tre 
utilist'. dans ccs experiences : ce qui - au 
cas ou ii triompherait du four Schonhcrr -
pcrmt.:ttrait a Rjukan une installation plus 
simple et plus meth0dique ; car, dans le c:is 
contraire, un nombrc quatre fois plus impor
tant de fours Schonhcrr deHait etre installc. 
C'etait Ia une contrepartie a l'a\·antage presence 
par le four Sehonherr, dont le systeme de 
concentration du gaz pcrmettait cie simplifier 
la methodc d'absorption . 

La misc au point de ces experiences fut 
longue et detieatc, et ce ne fut que le 15 juin 
1910 que celles-ci purent commencer avec !es 
fours Schonherr de la fabrique rl_'aeide. Les 
calculs de rendement devaienr. s'opercr pen
dant 3 semaines... Mais brusque:nent, le 
21 juin, a la grande surprise des membres 
du Comite de la Societe de I' .\zot~ , les Alle
mands intcrrompirent les essais. La raison 
qu'ils donnerent officiellement etait que l'eau 
de refrigeration des fours ne donnait pas 
satisfaction; et en effct dans leur p1oces-verbal 
du 22 juin les membrcs du Cornice norvegien 
ecrivirent : II A une question directement 
(( posee par le professeur Birkeland demandant 
11 si les essais avaient et.i- interrompus du fait 
(( d'un rendement insuffisant, le Dr Schonherr 
(( repondit que tel etait bien le eas, et que la 
(( raison en etait le depot boueux que l'eau de 
(( refrigeration deposait sur les ehaudiercs '· 

En tout etat de cause, les membrcs du 
Comite norvegien eraient convaincus que 
!'interruption des essais avec le four Schonherr 
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rerrc~cntiit :.me \"iCttiirc rour k four Birkdand
fa·de. 

Si makn~ cda il fut decide que le premier 
amena!:t:l~Cnt de Rjuk:m - Rjukan I - SC 

fcrait ~\"CC -1 5 de l'encrgie pour }es fou1s de la 
Badische et I 5 seukment pour lcs fours 
Birkeland-Eyde, cc fut pour des raisor.s d'ordre 
politique ct non pas technique. Un accord 
Yenait, en effet, d'etre conclu a\·cc la Badische 
Anilin und Sodafabrik, d'apres lequel a\·ait 
ete fixec la proportion d'utilisation des dcux 
modelc~ de fours - bien quc le four Birke
land-Eyde eut un rendcmcnt depassant parfois 
de 20 kg KO=H p?:- k\'\'-an celui du four 
Schonherr. 

Par la suite, cependant, le triomphe du four 
Birkeland-fa-de fut confirme lors de l'amena
gemenr de Rjukan I I. II ne fut plus alors 
question des fours Schonherr ; et seuls Jes 
fours Birkeland-Eyde y furent installes. 

On prevoyait toutcfois que la mise en 
concurrence entre Jes deux modeles de fours 
intcrviendrait plus tard. La Commi~sion prc
citee etait en effet restee en fonctions. ~\Iais 
des difficultes s'eJe,·aicnt constamment ; ct un 
beau jour, Jes fours Schonherr furent demontes 
dans la fabrique d'acide et enrnyes a Rjukan. 
Ce fur le denouement de la competition a 
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~otodden . k fl'Ur BirkdanJ-E\·Jc n.·<.tan 
\·amqucur. 

Pendant tout cc h:mpc;;, k grand four a\·ait 
continue a fonctionnt:r sans interruption -
entou:-e des plus grands soins, car on \·oyait en 
Jui le triomphatcur. A la fin de l"etc 1910, un 
noun~au four de grand modC:k foe mis en 
scn-ice ; et des essais fur.:nt tentes, durant le 
mois de deccmbrc, =n-ec des puis<.ances 
encore superieures. ~ous lisons en effet dans 
le rapport de la fat:-rique pour ce moi:; de 
deccmbre 1910 : · Au cours des cssais open~s 
• a\·ec le four, celui-ci fonctionna a\·ec une 
" charge de 4 000 kW - la plus grande 
" puissance qui ait jamais etc employee pour 
" un seul four ; et nous sommes heureux de 
" pom;oir dire que la marche a ete aussi bonne, 
•·pour ne pas dire meilieure a\·cc 4 000 k\\' 
" qu'avec 3 000 k\\' "· 

Ainsi l'on en etaic arri\·e a fixer l~s dim~n
sions definici\·es du four. Cependant cenains 
essais eurent encore lieu; et ron proceda en 
particulier a des modifications a l'intericur 
du four, a l'effet d'obtenir une exploitation 
continue a\·ec un minimum de frais de repa
ration, ct afin de s'as5urer le meillcur rende
ment pos5ib1e. Pounant le rype meme du four 
n 'a\·ait pas change depuis le premier four a 
bouclicr ·de Vassmocn . 
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l>l·TXIL\IF P.\R1 IL 

LA SOCIETE DE L'AZOTE PENDANT LA PERIODE 

DE LA METHODE A L'ARC 1905-1927 

CHAPITRE IV - LES DEBUTS DE LA SOCIETE DE L' AZOTE 

I - UNE N.-USSA.NCE DIFFICILE 

L'ASSE.\IBLEE r ~ERALE CO:\STITL-TIVE 
SE TIE:\'":.· A R:\ADHCSG.\ TE:\ 20 

E
LLE N'ET A IT guere nombreuse, 

cette assemblee constitutive de la 
Societe Norvegienne de l'Azote et 
de Forces Hydro-Electriques en date 
du 2 decembre 1905, qui devait 

prendrc la plus importame decision sans doure 
intervenue jusqu'a ce jour dans l'histoire de 
l'industrie norvegienne, et qui SC tint dans 
Ies bureaux de Sam Eyde 20 Raadhusgaten a 
Kristi:ma. Elle se composait en etfet, en tout 
et pour tout, de 3 personnes, a savoir : ~\arcus 
\X·'allenberg, banquier; le frere de celui-ci, le 
capitaine J. 0. Wallenberg, et Sam Eyde lui
meme, dont la personnalite etait a l'epoque 
encon: relativemem peu connue du grand 
public. Mais, si restreinte qu'elle flit, cecte 
Assemblee comptait d'autant plus du point 
de vue de l'autoritc. Ces trois hommcs avaient 
en effet dcrriere cu:x un considerable potemiel 
en capitaux suedois, ct plus encore fran~ais. 
Pour l'instant, en tout cas, Marcus Wallenberg, 
J. 0. Walknberg, ec Sam Eyde rcprescmaimt, 
du fait de lcurs proprcs titres et des pournirs 
done ils etaient porteurs, 11 112 actions de 
preference, emisc<; en numerairc, pour unc va
leur nominalc di: Kr N 4 000 320 et 8 3 34 actions 
ordinain:s, cmi'\CS en remuneration d'apports, 
pour un monc:rnc 1 .. k KrX 3 000 240 : soit la 
totalitc des KrX i 000 560 qui allaic:nt consti
tuer le capital de depart de la nom·elle 
societe. 

En tete de la liste des actions de prefe
rence souscrites figurait la Banque de Paris 
et des Pays-Bas, a\·ec 1 000 titres, soic 
KrN 360 000 ; venaic ensuite une serie de 
noms se rattacham a cette banque et qui 
represcnraient, a leur tour, 3 600 actions, soit 
KrN l 296 000; parmi ces personnalites, qui 
comprenaient pratiqm· :nent tout le Conseil 
d' Administration et la direct!on de la Banqu~, 
il faut citer nocamment, pour l'importmce de 
leur souscription, Edmond Moret, directeur, 
avec 400 actions, soit KrN 144 000, et Hugo 
Finaly, pere J'Horace Finaly, qui de\·im 
par la suite Directeur Gi.!neral de la Banque, 
avec 500 actions, soit KrN 180 000. Figuraienc 
ensuitl! : la Societe Gc!nerale pour fa\·oriser k 
de\·cloppem.:nt du Conunerce et de l' lndus
trie en France, avec l 000 actions, soic 
KrN 360 000; la Banque de !'Union Pari
sicnne, avec 400 actions, soit KrX 1-14 000. 
Venaic enfin la Dresdn~r Bank, avec 200 actions, 
soit KrN i2 000. La participarion fran~aise, 
dans laquelle etait inclus le pecit ~hitf re de 
la Dresdnc:r Bank, represcntait ainsi un tocll 
de 7 000 actions, soit KrN 2 520 000. 

Les intercts suedois ecaiem rcprc!semcs par 
lcs banquiers Knuc A. \\'alknberg, .\\arcus 
Walknbag i:t Knut Tillberg, qui 1.kcemi.:nc 
chacun l 100 actions, soit KrN 396 000, et 
par J. 0. Wallenberg, qui di.!tenait 112 actions, 
soit KrN -lO 320. 
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\"c:n;iit l:nfin la quNe-rart n0n·e~il:nne, cclk 
de S;im Eyde, C0n-.titucc par /00 actions, 
s0it Kr~ 252 000. 

Quant aux actions ordinaircs, qui etaicnt 
de'line::s a remunercr les aprons dont ii scra 
parle ci-:i.pres, elks eta1ent cntieremcnt 
rcpartic:s cntre ks actionnaires sucdois precites 
et Sam Eyde. 

L'A.~semblee se tint sous la pre~idcncc de 
,\\arcus \X"allcnberg, qui declara que l'on 
a\·ait rimention de fonder la societe sur Ies 
bases ci-;ipres : 

.. I. La Societe est une societe anonyme 
non·egienne, regie par Ia Loi commerciale 
non·egicnne, et dont le siege est acruellement 

• 
a !\otoddcn, ~on·ege. 

2. Cette Societe a pour objet : 
a) l' acquisition el I' r:xpl.1iracio11 de couccs 

f orccs hydrauliques 11acurelles e1 arci
ficielles; 

b) f"acquisicion el /' exp/oicacion en TOllS 
pays de lOllS brt:t·ccs eT in;.:cmiom concer
nanc la produc1io11 ct la f abric.irio11 de 
l' acid.- nicrique el de cous produirs a::o1es 
OU dtfrfr.!is; 

c) I' acquisition, la comcruclion et l'cxploi
carion de lOUS Ccablissemcms i11d11s1ricls 
descinis c:i la mise en 'i.0alrnr des proddb, 
brc;.,•ecis 011 1w11, concff1111111 la pr0Jucrio11 
el la f abricacion de I' acide 11icriq11c cc 
de lous amres prod11i1s azorcs ou Jeri7:is, 
ainsi que l'ucilisacian de couces forces 
hydrauliques, narurelles ec anificidles, 

• en vue de routes industrie.;; 
d) cc, gbzb·alcmcnc, l011Tcs opfraci.:ms et 

emreprises commerciales, fwancieres er 
i11Justriel/es, meme immobi/ieres, SC rat
tac/za1ll aux objets ci-dc:sms i11diqr es "· 

L' Asscmblee Generale approuva ensuite 
dh·ers projets de contrats : 

- comrat avec Ics proprictaircs de Ia 
chute de Svaclgfos, MM. Knut \X'alh:nbcrg, 
Marcus \X'allcnberg, Knut T1llherg et Sam 
Eyde, en vuc de J'achat de Ct:tlc chute avcc 
Jes terrains nfrcssaircs, de maniC:re a garantir 
a la Socictc la pkine ct cnti~rc rroprictc 
de ccttc chute, ct ccla contrc n:misc des 
8 33.1 actic1ns ordinaires precitccs, pour unc 
\"akur nominalc de KrN 3 000 2-10, plus un 
mcmt:1nt en c~ptccs de KrN 315 000, a payer 
comptant. Les n:ndcurs s'cng:?gcaicnt t'.·sak-

-,, ,_ 

mcnt a ceder i b Socil~tc toute~ li:s chutes 
d'c:au ~ituces en ~..;~Tcge dont ii<. dn·icndraient 
propriet:iirc~. la Socicte ~on·e~icnnc de 
!'Azore et de Forces Hydro-Ekctriqw.:s ayam 
le droit de participer e\·emucllement pour 
moitie a la societe a Creer en \"UC de J'cxploi
tation de tclks chutes ; 

- comrat a\·cc la societc anon .. ·mc A S Det 
!\orskc K\·aelstofkompagni, en \:Uc d'obtenir 
une option, au prix de Kr?\ 500 000, sur le 
droit de propriete en Non·ege de 
.\HL Birkeland et Eyde sur tous bre\·ers 
existams et f uturs concernant des procedes 
pour Ia fabrication d'acide nitrique er de 
produits azO!es ou derin!s. Cene option stipu
Iait que la Societe ~orn~gienne de l'Azote et 
de Forces Hydro-Elcctriques aurait le droir 
de disposer en ~on-egc, en \"Ue de Jeur cession, 
des brewts en question, et cela pour une 
periode de dix-huit mois apres Ia pleine 
entree en exploitation de la fabrique prl-jetee 
pour }'utilisation de toute Ia puissance de 
Srnelgfos, soit 29 000 CV. Un vcrsement de 
KrN 2,00 par kilowan-an dernit aussi etre 
assure a Ia Societe Non·egienne de I' Azote 
et de Forces Hydro-Electriques par toute 
socicte qui scrait e\·emuellement fondee en 
n1e d'utiliscr Ies bre\·ets sus-mentionnes, grace 
a l'amenagement des chutes de Rjukan, Vamma 
et Boile, ou d'autres chutes en Non·ege 
appartcnant aux \'endeurs ci-dessus mention
nes OU a la societe Det Korske Aktieselskab 
for Elektrokt"misk lndustri. Cette clause etait 
applicable meme au cas oil Ia Societe Non-e
gienne de I'Azote et de Forces Hydro-Elec
triques ne ferait pas J'acquisition de ces 
brevets pour la Norvege. Dans le cas contraire, 
la Societe Norvegienne de I' Azote et de 
Forces Hydro-Electriques nc dcvait pas s'oppo
scr a cc que Ies 'irc\·ets fussem utilises en vue 
de }'exploitation des chutes de Rjukan, Vamma 
et Boilc. En rc\·anchc, pour J'amenagement 
d'autres chutes, Jc comentcmen( de la Societe 
Korvcgicnne de l':\zote et de Forces Hvdro
Electrrques de\"ait ctre obtenu. CelJc-ci ;,·ait, 
en out re, droit a 3l) c. ;, des benefices nets 
r~ali~cs sur la \"<.·ntc des brc\·ets fran~ais de 
la Socictc K,·acb11 1~"11mp:i1.mi, ct a 10 '\, de 
ccux qui le scrai~nt dans ks autrcs pays. 

- contrat a\·cc Oct !'\on.kc Akticsclskab 
for Elcktrokcmisk Jndustri, rortant octroi a 
la S(1Cil:tc Xon·~gil·nne de I' :\zotc ct de Forces 
H ydro-Elcct riqw.:s d'une option !'Ur ks actions 
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1.k !a s.· . ...::-:r ... ~ Jc: Rruk:u;~~ .... J\"I.'.( [PU'\ k' 
t.:rr Ji:1, r...:...::..·,,Ji r;.:, rour k pkin Jn~.:ru:;~·:nl.!nt 
Jc:, 22tl 1~111} C\. pr~•.:u-. h~mt.:ur Jt: chute 
)'52 m , n:.•ly.:nn.mt un prix dt: Kr~ ) 000 000. 
Ll Sc.:: . .::..: ~nr·:~~icnn.: Jc L\z,>t~ ct de 
For..:..:, HyJro-Ekctriqu.:' sc rnyJit en m·~mt: 
t-:mr' Jv,ur.:r un drnic J~ rr-:t.:r.:ncc sur le-; 
chU( .. > Jt: B;)jk (2'5 300 CV; ec Jc Vamnu 
·.-kl l)1)1) CY;', aimi que sur route"' ks chutes 
e\·encudkm.:nc en pn"~c:.~il)n de la Sociecc 
Ekktr•Jkcmisk en Non·~g.:, dam chaque cas 
au m~me prix que celui des off res dont ii 
aurait C:te juc;cifie. Cc droic de preference 
rnmprcnJit, egakment ici, la faculte de parti
cip.:r par moicie a tomes socictes frentuelle
ment cr~ees en vue de l'amfoagement des 
chutes ; et Ia Sociece Non·egi.:nne de I' Azote 
et de Forces Hydro-Electriques se reservait 
ks m~mes droits d'annuites que ceux figurant 
au concrac precice. La Sociece Non·egienne 
de I' .\zote et de Forces Hydro- Eleccriques 
obcenait enfin une option, valable jusqu'au 
t ··r juin 1906, en vue de l'achat, moyennam 
remise de Kr~ 500 0-10 en actions de prc!f e
rence supplementaires encieremem liberees 
mlis ne portanc interet quc deux ans apres 
leur creation, de " la petite usine nitratiere 
actudlement sise a Notodden . ., avec tous Jes 
terrains necessaires pour permettre son agran
dissement en vue de l'utilisation de la totalite 
de la puissance de Svaelgfos. 11 s'agissait 
done lei de la premiere fabrication destinee a 
faire l'cssai de la methode Birkeland-Eyde 
a l'echdlc industrielle. Et ii etaic ajoute 
que la Societe N'orvegienne de I' Azote et de 
Forces H ydro-Electriques de\·ait proceder, le 
plus tot possible, a l'amenagement de la 
chute de Svaelgfos et a I'installation de la 
nouvelk «Grande Usine "· 

Pour couvrir Jes frais d'etablissemenc, la 
nom·elle socicte s'ecait assurcc ks fonds neces
saircs pour le cas ou le capital de preference 
ne serait pas suffisant : la Stockholms Enskilda 
Bank s'etait en effec dcclarce disposcc a Jui 
consentir un emprunt obligacaire de 
KrN 2 -199 8-10 a 5,50 11

;,, en echange d'une 
hypothi:que sur Jes proprietes immobilieres 
de la Socicte (c'cst un fait d'ailleurs que la 
Soci~tc n\:uc pJS a rccourir a cette emission 
obligacairc ). 

Aux tcrmcs des statues, pouvoir ecan en 
outrc donnc au Conscil d' Administration pour 
proccdcr a unc augmentation du capital-
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actions de KrN 500 0-10, sous formc d'actions 
de preference, pour le cas ou ii decideraic de 
lever l'option done ii a ete question ci-dessus, 
en ce qui concerne l'achat de l'usine de 
Notodden . 

Un droit preferentiel, portant sur I -l des 
actions emises lors de chaque augmentation 
de capital, fut accorde aux premiers sous
cripceurs des accions de preference, des actions 
ordinaircs et de l'emprunt obligataire sus
mentionne. II fut prevu a cetce occasion de 
proceder a !'emission de 2 639 certific:its de 
souscripteur originaire - a raison d'un cerci
fic:u pour KrN 3 600 en titres de l'une des 
3 categories (en dcfiniti\·c, par suite de Ia 
non-realisation de l'emprunt obligatairc 
susmencionnc, s~uls 19-'5 cercificats furent 
crccs). 

Au sujec de la direction de la Sociccc, ii fut 
scipule dans Jes statues quc la Societe s.:raic 
gerce par un Conscil d' Administration compre
nant un Directeur General, elu par I' AsscmMcc 
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Gcnc:-ak pC'lur k temps qu'cllc dctcrminerait, 
ct 6 a 8 autrcs mc:-nrn.-s no111mcs par rAsscm
bkc Gcnerale, rar pcriodes successi\·cs Jc 
trois anncCS: et tC\UJOUrs reeiigibles. La majorite 
des membres du Conscil d'Administration 
dc\·ait toujours ctre de nationalite norn~gicnne 
OU suedoise, ctant precise que, si le Conse1I ctait 
compose de 7 pcrsonncs, il dc\·ait comprcndre 
au moins 2 mcmbres norYcgiens, et 3 mcmbres 
non·egiens au moins ~'ii etait compose de 
9 personnes. Le Conseil d'Adminisuation 
de\·ait se di\·iscr en deu.~ sections, l'une 
ccmpC'lsee des administrateurs domicilies en 
Scandinavie, et l'autre de ceux domicilies 
soit en France soit ailleurs en dehors de la 
Scandina\;e. Sous le nom de Comite de 
Paris, les administrateurs domicilies en dehors 
de la Scandina\·ie constitueraient la delegation 
et Ia representation de la Societe en France. 
Les deliberations dc\·aicnt etre prises, dans 
chaque section, a la majorite simple des 
membres presents ou represcntes, ceue majo
rite dennt grouper au moins deux adminis
trateurs. Pour etre definiti\·emcnt valables, Ies 
deliberations de\·aient etre approu\·ees par 
les dcux sections ou par une majorite composee 
d'au moins Jes 2_'3 de l'ensemble des mcmbres 
du Conseil d' Administration ; si ces condi
tions n'etaient p2s remplies, les deliberations 
devaient etre soumises a une Assemblee 
Generate. 

Les pournirs du Conseil d' Administration 
etaient tres etendus et generaux, sous les 
seules exce;>tions stipulees en faveur d~ 
l' Asscmblee Generale, c'est-a-dire les elections 
des membres du Conseil d' Administration et 
des Commissaircs aux comptes, la fixation du 
di\·idende et J'augmcntation OU la reduction 
du capital social. 

En ce qui conccrne la repartition des excc
dents, 5 <• 0 devaicm scrvir a la cons•itution 
d'un Fonds de rcsen·e ju~qu'a concurrence 
du 1. 20 du capital social ; sur le so Ide, 10 ° ;, 
dcvaiem ctre alloucs au Conscil d' Adminis
tration a titre de tanticmcs, ct 90 % aux 
actionnaires. Sur ccs 90 1

' ,,, ii dc,·ait ctre 
d'a1'ord prckvc la sommc ncccs<..airc pour 
scn·ir aux action~ de rrcfrrcncc un dividi:ndc 
de 8 ~ ;,, puis cc Ile corrcspondant a un divi
dcnce de 8 °;, aux actions ordinaircs. Sur le 
reliquat C\·cmud, l'As!>cmblce Generate pou
,·ait decider des dotations a un Fonds de 
Prc\'oyance ; ct le ~oldc dcvait ctn: r~parti 

cgalcment cntrc lcs dcux gwupcs d·actionc;: 
proportionncllemcnt au nombre de titres de 
chaque catcgorie. 

L' Asscmblee Gfoerale dcsigna unanimcmem 
Eyde comme Directcur General, a des condi
tions stipulCes en detail dans un contrat 
comprcnant i articles. En \"ertu de ce contrat, 
Eyde etait nomme pour une periode de 
dix ans. En echange, il erait exige de lui 
.. qu 'il consacre en tout premier lieu son 
temps et son tranil au scn·ice de la Societe . 
Si ses forces le lui permettaient, il pou\·ait 
continuer a agir comme directeur adminis
tratif ( 1) de la Societe Elektrokemisk et de 
la Kvaelstofkompagni, et pou\-ait occuper des 
fonctions analogues dans des societes e\·en
rucllement creecs en relations a\•ec la Societe 
de l'Azote. 

L' Assemblee Generale decida que le Conseil 
d' Administration serait compose de 8 membres 
en plus du Directeur General, et elut 
le premier Conseil d' Administration ainsi 
compose : 

1. M. t:RB..\N JACOB R..\S~u:s BORRESEX, 

COXTRE-.UURAL, KRISTIANIA ; 

2. M. GUSTAV SMIDTH, DIRECTEt:R DE L.\ 

SOCIETE t."!l;IOS CO, SKOTFOS, PRES 

DE SKIEN; 

3. M. KXt:T • .\GATHOX WALlEXBERG, DIREC

TEUR DE LA STOCKHOLMS EXSKii.D..\ 

B..\XK, STOCKHOLM ; 

4. M. ~\ARCUS LAt:RENTIUS V:ALLEXBERG, 

DIRECTEt:R DE LA MEME B..\SQt:E, 

STOCKHOLM; 

5. M. KXl'T ROBERT TILLBERG, STOCKHOD\; 

6 .. \\. JOSEPH M . .\RIE ED~\OXD ~tORET, DIREC

TEt:R DE LA BANQUE DE PARIS ET 

DES PAYS-BAS, PARIS; 

7. LE CO~tTE CHARLES GEORGES DE GER

~U?'Y, I' ARIS ; 

8. M. E.\Ul.E FR..\XyOIS MAURICE GIROD DE 

L' AIS, P . .\RIS. 

(us dmx d•nzicrs itaimt des a mis de 
la B . .mquc .Ir: Paris et des Pays-Bas, 
<Ii'<.: l.1.m,·ll• ifs ,n·.::zicm d,·s lio1s br,1i15 1. . , 

(I) F.n :-= .. n~i:c, le 111rr d.: dir .. ctcur :iJmini,trari( .:·,;:m·aut :ii 
rdu1 •I.: ll:r:.:r~ur Ci.-ncrJI .. O,hi~ d.n~ le cas d.: b S,,;i.·rc 
?'N,·<;;•• nnc .!~ l" . .\tot~, ct dan. qucl.:iu•·s rares ~uirc~ cnrrc· 
rrhl., n·1f\t-~1~·nn~·\ (l\J 11 y :a un D~rt .. ,h:ur G~·n~··r:il. 1! U'frC"~,·~d 
,,.r.,11>: •. m~nr ~ '.: quc r1•!1 ~rrdk en Fr~ncc un Oir~•:cur 
Gcn.:nl-.\J11"n1. 
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G'~:-t:..: c.,n:'.71:~'.l:r..:-. .lU:\: (1l;:1~~[1...;, confor
m.::&i..:;:t :t rJr<iL!C 3-l J;.:-.; St.Huh, fur :nt 
J.::-.i;;r:~' .\\. Gunn.ir Kr?.u .. !,..:n, ;rn.:i :n 
mm:-.<:.:, Bor:;c-;tJJ; .\:. Th. Fri.>l:mJcr, b;in
qui:.:r, St11(k.h,)lm, et .\\. de Ll5..:h-c, Pari'\. 
Le Pr•Jt..:<>-,:.:ur Kr. BirkdanJ fot nomm~ con:'cil 
t.:..:hr.i4uc a \·ie Je la Soci..:r.:. Comm.: Commis
s3ir.:s ,-~riii.:;tt.:ur~ fur:.:nt au'):.\\. 0. ~ickd"i.:n, 
consul, Kri:-tilni:1, et le be;iu-::r;:rl! Ju banquicr 
Knut \\.alknberg, ~L R. Klingcnbag, 
Kri~tilni3. 

La s..!an.::c fut cnsuite k•:ce. La Socictc 
Xon·~gicnne de l' .\zote ecait fonJ~e. 

Au cou;, J·: l;i pr.::ni~r..: r..=un;.m JJ (.':-:·..::: 
d'.\dmii~i-..crJCi•m qui cut lii.:u k 16 ..!..:::.:::::...~.:. 
.\\arc us \\" J!knh:rg fut du Pr.:.;;._!..:r.: .i'-1 
Con'lcil J' .\Jmini-,cr;.1.cion, situ:iti1'n qu 'il ..:..:· . .l:: 
occupcr ju..,qu'au moment ou ii se r~ci:J .::-; 
l 9-12, un an avant sa more ; et le Come;: G. de 
Gamim· fut nommc Vicc-Prc-.;iJcm. en ra~::-:...: 
temps que PrcsiJcnt Ju Comitc ·de P .l:i.;. 

11 fut proccdc aux eng:ig.:m.:nts sui,·a~:" : 
comme Dircct.:ur du Bur.::m ccmrJ!, .\\. .\If 
Scott-Hansen, et comme Chcf des tra\·aux ..:-: 
construction a Svaelgfos, .\\. S. K.loumJnn, 
Ingenieur. 

L\ CO~JO~CTIO>: DE S.-\:\1 EYDE ET KRISTIA:\ BIRKEL\>:D 
DO~::\E ::\AISS.\::\CE .A L-\. :\IETHODE QCI PORTERA LECR ::\0:\1 

Ce qui a\·aic eu lieu dans Ies bureaux de 
Sam Eyde, le 2 decembre l 905, n'etair pas, 
a propremcnt parler, le commencement de la 
Societe Norvegienne de l' Azore ; c'ecaic au 
contraire, peut-on dire, la conclusion d'un 
chapitre introductif long ec interessant. C'est · 
cdui-Ia quc nous allons maintenant ecrire. 

Tout au debut, Ia premiere personne qui 
emre en scene n\:sc aucre que le heros principal 
de la piece : Sam Eyde. II ecait ne en 1866 
et ecait le fils d'un armaceur d' .-\rendal. Sa 
rncation d'ingenieur construcceur s'etait revelee 
en Allemagne. A 31 ans, ii remporta, de 
concert avec son arni et collaboraceur alkmand 
l'ingenicur G. 0. Gleim, le premier prix 
dans un concours international pour la cons
truction de la gare de l'Est a Kristiania. L'annee 
sui\·ance, en 1898, ii re\·int dans son pays 
natal et fonda a Krisciania un II Bureau d'inge
nieurs , avec succursale a Stockholm : ce 
Bureau reussit dans une serie de concours 
pour la conscruccion de gares er ports, entre 
aucres a Stockholm. 

Ces premiers succes avaient eu pour rcsultac 
de faire connaicre le nom d'Eyde aussi bien 
en Nor;ege qu'en Suede, - ec cela d'aucanc 
plus que son mariag1~ a\·ec la comtessc Anna 
Ulrika ~\Orner de MorlanJa et son charme 
personnel comme homme du monde lui avaienc 
donne acccs aux meilkurs sllonc; de SPi:Je ct 
d'AlkmJgnt:. Ajoutons quc, des le terr ps de 
scs ecudc:s ct de ses prcmi~ri:s accivites comme 
ingfoicur a Dortmund Ct a Ltibeck, ii s'etait 
fait des relations dans !es milieux scientifiqucs 
ct industricls allemands : tout cela dcvaic 

jouer un cres grand role dans son acfr,.-ic.! 
future en ~orvege. C'esr d'ailleurs lui-meme 
qui devaic ecrire plus card, dans son line 
imirule •l .\la vie et l'ccuvre de ma vie ' : 
,, grace a mon travail a Lubeck, j'a\·ais dix ans 
n d'avance sur d'aucres jeunes ingenieurs ·-

Arri\·ons au 13 fevrier 1903, jour fasce et 
decisif. Ce jour-Ia, -· ainsi que I'onc deja rdare 
precedemment M.M. Keilhau p. 7 et Bodtk~:: 
Naess p. 31 - Eyde renconcra le professeur 
Kristian Birkeland a diner chez son ami, 
l'ingenieur Gunnar Knudsen, ancien .\\inisrre. 

Or, on l'a vu, sept jours auparavanc, le 
6 fevrier, Birkeland avait provoquc! un acci
dent, dans !'amphitheatre de l'U ni\·ersic~ de 
Kristiania, pendant qu'il y faisaic une demons
tration avec son canon electrique... et cec 
accident l'avait mis sur la voie de la decou\·erce 
qui allait illustrer son nom : le four a arc 
electrique. 

Le hasard avaic bien fair les choses : depuis 
quelque temps le cycle force hydraulique
azore fermcncait dans le cerveau d'fa·dc. 
Et voici que, grace a un accident, la Fortune 
venait sourire a ccc ingcnit:ur et a ce physicien 
nonregiens que le hasard d'un . diner J\·Jit 
reunis chez un ami ... Nous rcpeccrons ici la for
mulc saisissante d'Eyde: •1c'est le 13 fcnier 1903, 
•( que naquit l'industrie norvcgiennc: de l'azote •. 

Ce propos n'esc pas cxcessif : c\:st bi.::i ce 
jour-la en etfot quc jaillit dans k c..:r·;eau 
de Sam Eyde, commc un..: ccincdle, l'idce a 
Jaquelk la Socicte de l' Azore doit d\!crc venue 
au mondc ... 
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L\ CO'.\ 10:\CTIO'.\ DE S:\:\l EYDE ET FREDRIK HIORTH 
LLL R PER:\lET DE S'.\SSL"RER L'E'.\ERGIE HYDR:\L.LIQL"E 

:\ujourJ"hui, Ia constellation Birkeland-Eyde 
est connu1: du mondc emier. Et cependant, la 
ftammc du rrnfr~seur Birkeland aurait jailli 
en rnin ct n':mrait donnc naissancc a aucune 
ctincclle dans le cerwau d'Eyde, si celui-ci 
n'a,·ait pas rencomre aupara\·ant une autre 
pcrsonnaiite : celle de l'un de ses collegues 
ingcnicurs, le Directeur Fredrik Hiorth, qui 
ra\·ait conduit de\·ant ce qui allait etre le 
point d'appui de tout son effort : la force 
hydraulique de la Non·ege (voir page 6). 

C'est deja en 1902 que Eyde et Hiorth 
a\·aient acquis les chutes de Vamma, sur le 

9eu,·e Gl~_mma, a la latitude de .\\oss (pro
,·ince ,.ie Ostfold), et de Rjukan (pro,·ince de 

"ckmark). Et pourtant, a cette croque, ni 
run ni l'autre, ni Jes amis suedois d"Eyde sur 
lesquels ct.!ui-ci s'appuyait, n'aYaient de plans 
determines }'Our !'utilisation de ces chutes. 
Comme Eydl' l'ecrit : "ce n'etait pas un 
"probleme simple que de trou\"er l'emploi de 
.. ces qudqt~es ccntaines de mille che\·aux
•· Yapeur "· II raconta meme qu'il a\·ait compte, 
des le com:nencement, que Jes chutes de 
Vamma contribueraient a l'approYisionnement 
en electricite de la capitale ; et cependant, a 
J'epoque, personne n'etait pres de rre\'Olr Je 
prodigieux dcveloppement que prendraient Jes 
besoins dits domestiques. Fallait-il alors se 
tourner \'ers J'industrie pour trom·er l'emploi 

-1e cene energie? La aussi Jes perspectives 
~taient incertaines, l'industrie clectrochimique 

.,,J monde entier traversam une crise qui 
•• a\'ait pas cpargnc Jes grandes societes sue
doises et alkmandes (\'oir page 27). 

Parmi Jes papiers prives laisses par Marcus 
\\'allenberg se trouve un .. carnet de notes 
de \•oyage .. , ou ii consignait de nombreux 
tclcgrammes et Jeures. Selon ce carnet, c'est 
des aout 1902 qu'il aurait eu des com·ersations 
avec Eyde et Hiorth : ii s'agi~.sait alors des 
chutes du flcuve Glomm1. II rcssort effecti
\'Cmcnt de diff crcnts documents quc le projet 
ctabli pour J'amenagcmc:nt de \'amma pre
\'O\'ait la ces~ion a la commune de Kristiania 
d'~nc partic de la force en \'UC - ct ii scmblc 
que ce dut en ctre la partic csscnticlle. 

II est nai que, quclqucs jours apres la 
\'isitc de Eyde ct Hiorth chez \X'alknbcrg, ce 
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dernicr cnrnyait un c;1blc ainsi con~u a Eyde 
a Kristi:mia - J'ai rcussi a amener 
•· G. \X'cnstrom, directeur de Vasteras, et 
··A. Sjogren, dircctcur d'.·\xesta, a \·isitcr pour 
"mon compte l'imtallatior.. de Kykkclsrud ... 

\X'alknberg mcntionnait, on le rnit, 
Kykkclsrud, et non \'amma. Pourquoi? Certes, 
ii peut y arnir Ia une confusion ; mais cela 
n'est pas certain ncn plus. Car c'est justement 
a cc moment-13 que le Conscil d'Adminis
tration de la Societe Non·egienne A S 
Glommens Tracsliberi (Fabrique de pate de 
bois de Glommen), qui possedait Kykkclsrud, 
s'effon;ait de reunir Jes fonds necessaires a la 
constitution du capital social de l'entreprise, 
conformement 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 opere par Eyde. Ajourons 
que, pour four, la Societe Schuckert & Co 
reprit Jes actions en mains non·egiennes a 
36 ° 0 de leur valeur nominate, bien qu'elle 
se trouvat elle-meme dans une situation finan
ciere difficile, et que la Compagnie proposa 
a la commune de Kristiania de Jui ceder 
J'usine, - son offre, datce du 22 octobre 1903, 
etant valable jusqu'au In ffrrier 1904. En 
tout cas, Marcus \X~allenberg parle, dans une 
depeche du IO decembre 1903, de l'exploi
tation des brevets Birkeland-Eyde "a Rjukan, 
a Vamma et eventuellement a Kykkelsrud "· 

De toute maniere, le Conseil municipal de 
Kristiania rejeta la proposition de Ia Societe 
A,'S Glommcn Tracsliberi et donna egalemcnt 
une reponse negative a une off re re~ue simul
tancment de Sam Eyde en vuc de la fourniture 
de courant en pro,·cnance des chutes de 
Vamma, aussitot que }'installation de force 
aurait cte amenage: I• en 1908 I), 

Un autre nom doit encore ctre prononcc 
Iorsque I'on rcmonte aux origincs de la Societe 
Non·egicnnc de l'Azotc, cdui de N. Kiclland
Torkildscn, dircctcur de la Skicmfjordcns 
Krcditbank : car ii ctait de CC\IX qui, a partir 
de 1890, s'assurcrcnt des chutes d'cau. 

De concert avcc Borchgrcvink, ingcnicur, ii 
posscdait done dircrscs chutes. Mais Jes 
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m..1i1!~-t>~t~n1~nt I,1~nc . .tir: .. :'-. Ct:r-:~:! 1.Li:";.l, \.ti~~ ... h: 
nl-.'.l~h)r;mJer.1 p.ir klJUd il Jan>; l rn:;r !J. 
pr .::r.i.::r-.: fois '>O:l ~·!Jn tt.'.nd~mt i -:r:i ~'!ir iJ 
C.:nt!".dhnk t11r ~l1r;c BJ~-1.'.lt.'. C:ntrJk J: 
:\11r·.-~;<, il lie m·:nti1m de la dii:..:r;:-r:.:-.: J: 
prix ~xi)rJnt t.'.:Hr.: !J · fon.:.: hyJn<!:..:tril1u.: i 
Kri'>tiJni.1 t.'.t a Skit..'n : r;:ir.Ji-; qu·.: l'on ;!\·.i!ce 
··le prix 1finsu!LHi\n 1.i'un~ churc d\::rn a 
.. Kristiania a l 000 Kr:\ p;:ir C\", !cs m;;m..:s 
·· pcrsonnes c-.,corr.;'t.:nt que ce prix pourr}.it ;.:tr-: 
· de: 300 Kr~ a Skien, ct encore moim ailkurs "-

Quoi qu'il en soit, KidbnJ-Torkildsen 
p:in·int a rbliscr son '";F.tc proj;.:c concernanr 
la Ccntralbank, - .:t cda surrout gracc aux 
ireres \'\'allenbcrg, done il s'etait assure b 
collabor:uion en 1397 ; la Srockholms Enskilda 
Bank souscri\·it un gros chitfre d'actions : pas 
moins de Kr~ 5~5 000. D'autrc plrt, Knut 
\'\.allenberg imroduisit Kielbnd-Torki!dsen 
aupres des banques de Copenh:igue, Berlin, 
Paris et Londres : comme devait l'ecrirc 
Kielland-Torkildsen, le nom de Wallenberg 
agissait, :i ceue epoque-la deja, comme un 
:• Sesame om.-re-toi ! ·· dans routes ks banqucs 
europeennes et dans les cercles fin:mciers du 
monde entier. 

,\1algre de tdles relations, mal~re I' esprit 
d'initiative excepcionnel done il temoignait, 
Kielland-Torkildsen n'avair gu~re eu de resul
tats concrets a\·ec ses projecs d'equipemmt 
de chutes. 

C'est dire que, lorsqut' Hiorth se prescma, 
il l'accueillit a bras ouverts. 

Eydt!, Hiorth et Saetren obcinrcnt d'aboni, 
Jc 9 aouc 1902, une option sur !'hotel de 
Rjukan. Etant devenus propriecairc:s de cct 
hotel, ils fondcrcnt deux jours aprcs, 
de concert avcc Kielland-"forkildsen et 
Borchgrevink, une societe en nom collectif 
qui fit l'acquisition de !'hotel de Rjubn et 
des chutes de Rjukan et de Skar. Bic:ntot la 

['Jrt [Jiv-..~~ Jt~-... ·: ... ~~~ :'"4r"' f~t =---~~h·.:~('-" c·, h: 
)I) a·:ril ( 9.n. h So..:i~!,: .. !: Riu~111~~., cu< 
er~..'..: a St •. c;;.i«'l::1 ~:atr.: E_.-~.:, Tii!"'.:r:..:. R,::-r~ 
et lEorth. 

Cc n\'.uit P·'" Ii un JLh H fair ;:iu lu-...ir .. i : 
six senuin..:-. aup !r.1vJ1H, k I) tt:nier, E ~:de 
ct BirkeLmJ _,·~:.ii1.:i~t ren..::•'<H<, au Jiner ch:z 
Gunn:Jr Knu.J-..::1 et la ih ;i\·.iient coc-.du 
-- nous ra\\)i1~ J:r - un ;i..:cnrd a l\:ff.:t de 
d.:mander, en comi:rnn, un br..;\·et sur !'utili
sation d..: h fhmm-.: .!k-:rriqu·.: j la production 
de deri\·~s de I'azore : l'applicarion de la 
m~thod.! Bir!d1:;J-EyJc etJit en vue. II 
falbit done m1int~n:mt qu'Eyde cntrC!t dans 
la second.: rnit! qui s'ou..-rait dc"·:mt lui : 
l'urilis1tion de la force hydrnulique. 

En ll circonstance Sam Eyde allait fair;: 
prem·c de ::.es eminences 4u·:llites d'anim·ueur : 
en un tourn,.:-m1in, et annt que les v.:ndeurs 
pussenc dc\·iner les proj::cs en fermentation, 
ii s'assura les droits d't!au ec Ies propric!tes 
necessaires, soit les 552 metres de h1uteur de 
chute de Rjuk:m. et 2 000 hectares de terrain. 

Hiorth Jui fur, en cecte occasion, d'un 
precieux concours, et Eyde rend hommage 
a S<!. mmi~re de prendre Jes paysans et a SOO 

talent pour s'assurer des options. Eyde fait 
aussi l'Cloge des avocats C::irl Lundh et Per 
Rygh, qui agissaienr aupres de lui comme 
conseils juridiqucs. Dans son livrc, Eyde fait 
eg::ikment m~ntion des ingfoieurs Heggstad 
et Ugland . qui Ont ete d'une grande utilite 
'' au cours de la reunion de coutes ces pro
" priect!s, souvcnc dans des circonstanc~s assez 
" dramatiques : une nuic, par exempk, l'on 
,, obtinc des options sur tout un district sans 
•c que pc::-sonnc n'eut venc de ce qui s~ passair. 
" Mais, eerie Eyde, tous ceux a qui nous avons 
,, achete ont obtenu un bon prix pour leurs 
" droits ct propri~tes compce tcnu des condi
" tions de 1' ~poque ; cc partout OU c~Ja eta it 
" possible nous leur a"·ons laisse l'usufruic 
" des bicns fonciers a vie, sans redc\·ance "· 

L'>:' C\DRE EST TR.-\CE O:\'.\S LEQL'.EL L:\ RE:\LISATlO'.\ DE L'IDEE 
SER.-\ E'.\TREPRISE 

Rc\·cnons mainrt!nanr a I'i J~c: du four de: 
synchcsc. 

Le 5 juilkt 1903, lcs premiers fonds furc:nt 
trouvcs pour cntrcprcndrc ks cssais a son 

sujct, grjcc: a la crcauon d'une pn:mi~r.: 
soci~ce en nom colkccif •i Jaqudlc parcicip~renc, 
aux coccs de Birkdand c:c Eyde, lcs amis de 
cc dernic:r, ainsi quc Tillberg et N. Perc;son, 
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l°l•n,ul j Hehin~horg :cc dernier paruc1pait 
J~rj larf:l·ment a des comortiums non·ef:iens ). 

Les essais qui sui\·irent Ont fair l'objet du 
d.;irirre rrccedent, rcdigc par E. Bodtker 
X...tess. }:ous nous corn:nterons done de rappe
lcr ici qu 'ils COUtaient Cher Ct nfressitaient 
done de nom·eaux financcments : en fait 
deux annees dc\·aient s'ecoulcr encore en 
experiences compliquees et onfreuses . 

. \ \ais tout de suite - nous nous r~ponons 
ici a cc qu'a dit a cc sujet le professeur 
Keil!lau (page 8) - ii apparut qu'il serait 
tres difficile de trouver Jes capitc1ux voulus 
pour experimenter la methode a I'echelle 
industrielle : a l'autornne 1903, en effet, toutc 
l'entreprise apparaissait encore comme fantas
tique a qui n'a\·ait pas Ia foi inebranJable de 
Sam Eyde et du cercle des inities. En tout 
cas, ii n'etait pas possible de recourir aux 
etablic;sements bancaires a ce momem-la : ii 
etait done necessaire de faire appel a des 
capitalistes prives et, parmi eux, a des gens 
animes d'une audace allant de pair a\·ee celle 
d'Eyde, puisqu'il Ieur faudrait e\·aluer Jes 
possibilires pratiques d'une entreprise fantas
magorique aux yeux de leurs contemporains. 
En d'autres termes, ii n'y avait pas d'autre 
pani que de trouver des gens qui fusscnt assez 
lies a\·ec Eyde pour etre influences par son 
ardente foi. 

Eyde a ecrit a cet egard : "ii me fut mal
" heureusement impossible de trouver Jes fonds 
"necessaires en Non-ege n. C'est done qu'il a 
essaye. Ajoutons que, meme s'il y avait eu 
suffaamment de bon vouloir dans le pays, Ia 
possibilite de fournir un effort financier impor
tant ctait fort limitee a l'epoque : la Norvege 
se trou\·ait encore dans Jes remous de la 
crisc de 1899, le marche financier ctait ctroit 
et l'csprit de speculation etouffe. En bref, 
la ccmjoncture etait defarnrable. 

Eyde dc\·ait done continuer a comptcr sur 
ses amis et relations en Suede : parmi ccux-ci, 
Tillberg ctait encore, ct comme toujours, le 
plus proche ct le mieux dispose ; par la suite 
le comul Persson SC joignit de nou\·eau a cux. 

Effcctivcment, le 11 decemhre 1903, la 
socictc Dct Nor~ke K \·ad~tofkompagni fut cons
titu~e a Stockholm ; cllc ctait au c:1pital de 
KrN 500 000, et arnit l'objct ~ocial ~uivant : 
•• l'cxploitation, la vemc ou toutc aut:e appli
" cation des brevets et inHntions de 
•· M~\. Birkeland ct Eyde appartrnant a la 
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" socictc ct conccrnant la fal:irication et la 
·· production d~ derin!s de I'azotc par \·oie 
" elcctriquc, ai:1<.i que de tous autres bre-.:ets 
" Ct im·cntions dont la socictc ferait raequisi
" tion "· Tillberg et Birkeland furent eius 
administrateurs, a\·ec Scon-Hamen comme 
supplcant, tandis que Sam Eyde fut nomme 
directcur administratif pour une periode de 
dix ans, et Birkeland, conscilk:: technique, 
a\·ec droit de conscn·cr i:~tte situation a 
ne. 

La fondation de la K\·aelstofkompagni n'ecait 
qu 'un des echelons du plan qu'Eyde a\·ait 
con~u pour !'organisation et le financem-ent 
de l'affaire. Le second fut constitue par Ia 
creation de la societe Det Norske Ak"tieselskab 
for Elektrokemisk lndustri, au capital de 
KrN 5 000 000, qui eut lieu irnmcdiatemenr 
apres, soit le 2 jam·ier 1904, et egalement a 
Stockholm : cette societe devait reprendre les 
actions des societes de chutes et la majorite 
des actions de Ia K nelstofkompagni, qui dete
nait le droit exclusif d'exploitation des bre\·ets 
Birkeland-£ \·de. 

C'est alors que les freres \X'allenberg, que 
nous arnns deja cites plusieurs fois, firent 
leur premiere apparition officielle dans l'his
toire de la Societe. Le Conseil d'Administration 
de l'Elektrokemisk se composa en effet de 
Knut A. Wallenberg, Marcus \X'allenberg et 
Knut Tillberg. lei egalement, Eyde fut nomme 
directeur administratif pour une duree de 
dix ans, et Birkeland fut atcache a la Societe 
en qualite de cons,!iller technique. 

II est dit dans le proces-\'erbal de l'assemblee: 
'' II a cte decide de fonder la societe g:-ace 

f( a l'appon de !'ensemble des actions de la 
" Societe Vamma Fossekompagni et de la Societe 
" de Rjukanfos, ainsi que de 251 actions de 
ff la Socicte Dct Norske K\·aelstofkompagni. II 
n a ete decide quc le capital social sc momcrait 
" a Kr!'\ 5 000 000, cntil-remcnc n:'.r~c rar la 
(o cession a la ~ocictc des actions rn:citces des 
ff socictcs Vamma Fossekompagni, Rjukanfos, 
"et Det Norskc KYaelstofkompagni, tandis que 
" des actions dc\·aicnt ctrc souscritcs en cspcces 
(' pour Jes KrN 100 000 rcstantcs, moycnnant 
" pai1:ml·nt comptant !>clon Jes b~·soins de la · 
,. ~oci~tc, la totalitc du montant en question 
" dc\'ant ccpcndant ctre vcrsce le 1 rr juillet 
,, 1905 au plus tard n. 

Nous nous trom·ons done dc\'ant la ccinstcl
lation l>Ui\·antc : la K\·aclstofkompagni d~tient 
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k:-. .!~•;r-. J\:xt"k,iuri.,n J.:s brcn:r-. Birkcbn1..l
E\..:.:: er rEl~!.-rrnk-:mi~k p0ss;:1.k ks chute-; 
d~ \"Jnmu et Rjubn; la t:khc de cette 
sc.:1.."'r.~!~ soci~r~ s.:rJ done d'uciliser d;ins I' aprli
c:ir:•"'il de la m~rh\kk Birkdand-Eydc l\!nagie 
a rw;:enir des dices chutes et, en tant Gt!e 
rrnrr;.:c:iire de ccs dcrnihcs, de troU\·er les 
fon~-; necessaircs pour k financement des 
insral!Jtions industridles necessaircs. Comme 
E\·Jc l'a ecrit dans son livrc, c'etaient les 
chutes qui constituaicnt le veritabk actif 
fon..:!.!r.1cntal du groupe jusqu':m moment ou 

- l'exr~·1itation de la methode de production 
d'azote serait de\·enue une realite. 

.-\insi moins de deux ans s'ecaienc ecoules 
de?uis la rencontre de Birkeland et Eyde 
jusqu'au moment oil la Societe Norvegienne 
de l' .\zoce allait commencer a prendre tour
nun:~ . .Mais si l'on suit par la pensee les evene
ments qui, pendant ce temps, se sont produics 
sur les deux fronts ( d'une part experimentation 
technique de la methode, d'autrc part finan-

cement~, le temr"l ne p;!rait p.is long. Aussi 
ne rcuc-on qu':idmin:r b p·.:rse\·crJn~e, la 
con-;cicnce et la foi en l'1cuH-: a accomplir 
done firent prcm·e ks promotcurs de l'atfJire, 
ec qui sc:ules pcm·enc cxpliqua que des 
rc!sultats aient fo: si r:ipidement obcenus. 
Ccrtes le nombre d.:s personncs Jttelces a cette 
tache allait toujours croissant, et le merite de 
la :eussite doic done en etre attribue a plusieurs. 
II n'en reste pas moins que c'est a Sam Eyde 
que revient l'honneur d'avoir commence et 
mene a bien toute l'entreprise : sa vitalite, sor 
aptitude a inspirer la confiance e~ a stimuler 
ses collaborateurs, son ardeur a declencher et 
a coordonner les forces, a trouver des solutiom, 
a mediter des projets et au besoin a en impro
viser, meritent que nous nous inclinions devant 
sa memoire a\·ec une reelle admiration. Durant 
ces annees ou, dans un tourbillon ininterrompu, 
ii courait d'une capicale a l'autre, il appa
raissait en verice comme une sorte de magicien, 
qui aurait pu donner le vertige a 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: 

H O~H + !i 0 2 2 2 

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 % KOH concentration. The continuous feed of demineralized 

water keeps constant the caustic concentration into the electrolyzer. 

According to the Faraday law the amount of· gases generated by the 

electrolysis is directly proportional to the impressed current. 

Quantitatively, 96.494 Coulomb (26.8 Ah) 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: 

3 - 0.418 Ndm 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 cat. 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, polarizations, drop in 

electrolyte, drop in the metallic structure of the cell. 

Th~ total practic~l voltage drop of one cell averages 1.9 V, at a current 
. 2 
density of 2000 A/m • 
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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) at 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 a control p~nel. 
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The clectrolyzers are usuall~ installed indoors in an electrolysis room 

~hich is equipped with associated facilities including: 

- Electric conversion equipnent (transformeL- 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. 

-



tJ 
7 

u 
4. TECHNICAL CHARACTERISTICS OF A TYPICAL Q DE NORA WATER ELECTROLYZERS 

FOR MEDIUM CAPACITY ru::Ts 

rJ - Electrolyzer type 190D-50C l 90D-l00C 

l1 - Number of individual cells 50 100 

II - Current A 3600 

El9 - Voltage, per cell v 1.9 

ll - Current efficiency % 98.0 

3 - DC power consumption kWh/Nm H
2 4.7 ll 

- Production u • "2 Nm3/h 72. 72 145.44 

!J • 02 Nm3 /h 36.36 72. 72 

- Electrolyte % KOH 29 

"· - Operation temperature oc 75 

n - Overall dimensions 

ii • width m 2.2 

height m 4.0 n • depth m 3.24 5.79 

fl - Appro>:. weights 

• empty Ton 17.4 30.8 

11 • in operation Ton 25.2 45.7 

(J 

® IJ 
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5. PRODUCTS OUALITY 

The double diaphragm which constitutes a peculiar characteristic of the 

De Nora electrolyzer allows the production ~f particularly pure gases 

with the following typical analysis : 

Hydrogen Gas (dry basis, at Electrolyzer outlet) 

"2 min 99.8 % v/v 

- 0 2 max 0.2 % v/v 

- Pressure 200 mm H2o 

- Temperature max 40 oc 

Oxygen Gas (dry basis, at Electrolyzer outlet) 

- 0 2 min 99.6 % v/v 

- H 2 max 0.4 % v/v 

- Pressure 2LO mm H
2
o 

- Temperature max 40 oc 
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6. REQUIRE~tEns 

Typical consumption figures, relevant to the production of l Nm3 

hydrogen, are the following : 

DC electric power, measured at electrolyzer 

terminals, at 75°C with 29 % KOH electrolyte 

Demineralized water 

Cooling water 

4.7 

0.85 

60 

kWh 

1 

1 

Instrument air and nitrogen negligible. 

The demineralized water fed to the electrolyzers shall have the 

following characteristics: 

Resistivity min 200.000 Ohmxcm 

pH 5 -!' 8 

Insolubles max 2 ppm 

Retention time of KMn04 min 10 min. 
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7. THE CO~!PLETE 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 

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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:::>E ~~1.EA ~!O~OPOL\R ~LECTROLYSt:K 

Si~ple and s0lid construction together with easy, safe, and economic ope

ration are the :n.ai:i characteristics of the de Nora 1J10nopolar membrane 

electroly~er which follows filter press design arrangements. 

A series of positive and negative electrode eleraents separated by gaskets 

w~ich 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 aad caustic soda with an expect

ed life of at least two years. 

Each electrode ele:nent can normally operate at 3,500 to 4,000 ampere. 

The chlorine, hydrogen and caustic soda outlets together with provisions 

for recirculation of electrolytes, are fabricated into the metallic 

electrode elements. Thus there are no connections between plastic joints 

or tubes to contend with, and the sL~ple parts forni a com?act cell that 

is easily assembled and disassembled. 

In view of its si:nplified construction and long-lived elements the main

tenance costs are very low and due to the stability of the system under 

loau, tiie operating att~ntion required is minimal. Monopolar cells 

us.,.:slly require large amounts of copper in their design but in de Nora 

design t~is has been overcome by an ingenious arrangement mini~izing the 

copper e:::?loyed. 

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

are insulated by the use of simple ~nsulators. 
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In the de Nora monopolar membrane electrolyser. electrolyte circulation 

is by ::ieans of self induced gas lift, thus there is no need for external 

circulation pumps to :nove fluids within the electrolyser. The design 

pr~~~des 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 

fo:: assembly. 

The :;iaterials of construction used for the metal parts of the de Nora 

mono polar membrane electrolyser assure a life of :nany years; further. 

with gasket 1.ife 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 unit. 

The electrolysers are designed for operation at approx. 3.3 kA/m2 current 

density, and can be equipped with me:nbranes suitable for zero-gap or 

narrow-gap design. 
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DE ::o:i_.\ BIPOLAR ~tE~BRANE ELECTROLYSER 

De ~;ora bipolar mecbrane electrolysers are characterized by a compact 

desig~. long lived component! and low operating costs. 

The electrolysers are formed by assembling modular ~ipolar ele~ents toge

ther ~ith inert cathodic and anodic frames held together by end plates 

with a~ inexpensive tie rod cocpression system. The rated amperage capa

city of the electrolyser can be as high as 11.5 kA with the total output 

of an electrolyser bf':.,1g a direct function of the nuciber of bipolar ele

ments 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 

avoid~ng the use of a multiplicity of separate tubes for introducing and 

removing electrol:·:::er fluids from each bipolar frame. Recirculation of 

electrolyte is simply provided for by ll!'iXimizing the use of gas lift 

created by the evolved chlorine and hydrogen. Thus no recirculation pump 

is required. 

The electrolyser consists of t~n 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 ~~ra bipolar electrolyser. 
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B•JPRETARY CATHODE PACK.\GE 

A peculiar feature of the de Nora elcctrolysers of both r.ionopolar and 

bipolar design, consists in the possibility to install different types 

of meaibranes without :nodification of the structure of the individual 

cells. 

A proprietary cathode package, which includes an elastic metallic ele

me~t and an activated cathode net, allows the de Nora electrolysers to 

be equipped indifferently with: 

a) ~embranes suitable for narrow-gap design 

b) membranes for zero-gap design 

c) me~branes having electrodes applied to its surfaces (S.P.E. system) 

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

t!ie double function to keep the membrane compressed age? inst the anode 

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

(systems b) and c)). 
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S.?.S. TECH~~OLOGY APPLIED TO DE t:ORA ELF.CTROLYSERS 

Included in the research was t~e development of t~e world famous S.P.E. 

rne~~rane technology by General Electric under technical and financial 

support froo Oronzio de Nora Coopany. The e~ployment of the S.P.E. concept 

in the de Nora designs provides special advantages in regard to power 

savings. 

The,~ork 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 ~ora S.P.E. electrolysers represent a substantial step 

forward in the evolution of idealized electrolysers because they offer 

the chlor-alk.ali producer almost complete freedom from pollution problems 

and ~r~~Lly improved plant working conditions for the protection of human 

health, as well as lowered energy requirements, L~proved product quality, 

si~?lified operation and low ~intenance. 

TRE~D AND DEVELOP!1ENTS 

In its purs1.:it of technical excellence and commercial practicability, 

Oronzio de Nora also joine1 hands with the Dow Chemical Company (U.S.A.) 

in 1981 for the developmf.nt of an S.P.E. type bipolar membrane electro

lyser for use in large scale chlor-alkali plants. 
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AC:i I C:\'E~lE~TS 

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

several small size cells. 

Over two years of operation, continu-;•_1s and trouble free, of 

an industrial size bipolar electrolyser. This electrolyser, 

complete with all ancillary equipment including brine preparat

ion, is intarconnected 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 operatLm at 

DA~tMAM (Saudi Ara'lia). 

Contract signed with SREE RAYALASEEMA ALKALIES AND i.LLIFD CHE

MICALS LTD - HiDIA, for a plant of 18,000 TPY NaOH capacity 

Agreement signed with Messrs. DOW CHE:HC:AL - Midland, USA for 

a joint further development of membrane electrolysers towards 

"jumbo" size ele·::trolysers. 
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Tec~m.:...:l.l Characteristics of De :fora :-tonopolar ~-to<lule 

Op~ration data (with zero-gap ~embranes) 

Current (rated) 

::u::iber of eel ls 

.\~tive 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 COI&centration 

Operating temperature 

!l~::ibrane 1 ife 

Production: 

-- ~iaOH {lOOi. basis) 

c1
2 

(lOOi. basis) 

(lOOi. basis) 

Dimensions and weight 

O·:erall dimensions (approx). 

length 

width 

-- height 

t{eight (ap?rox): 

C:nj>ty 

in operation 

50 

24 

0.635 

15.24 

3,28 

3.15 

95 ~ 96 

2200 

32 -t 

90 

over 

1.70 

1.50 

505 

1.5 

0.8 

2.0 

2.1 

3.2 

34 

2 

10 

kA 

m2 

m2 

kA/m2 

v 
% 

kWh/T NaOH 100% 

% Sa OH 

oc 
years 

TPD 

TPD 
3 Nm /day 

m 

m 

m 

tons 

tons 
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Technlc~l Characteristics of De ~ora Hipol~r Electrolyser type 3 ~ 20 

Qqeration data (with zero-gap membranes) 

Current (rated) 

:fomber of cells 

.\ctive surface, per cell 

Active surface, total 

Current density, at rating 

Voltage, at cell electrodes 

Current efficiency, cathodic 

D.C. energy consuc.ption, at cell electrodes 

Catholyte concentration 

Operating temperature 

!12mbrane life 

Production: 

NaOH (100% basis) 

c1 2 (100% basis) 

tt 2 (100% basis) 

Dimensions and weight 

Overall dimensions (approx). 

length 

width 

height 

U~ight (approx): 

..:!»lpty 

in oper.:ition 

11. 5 

20 

3.1 

66 

3.5 

3.15 

95 ~ 96 

2200 

32 ~ 

90 

over 

7.82 

6.n 
2320 

1.8 

3.3 

2.5 

13. 5 

21.0 

34 

2 

m2 

m2 

kA/m2 

v 
% 

kWh/T !-iaOH i.00% 

% NaOH 
oc 

years 

TPD 

TPD 

Nm
3

/day 

m 

m 

m 

tons 

tons 
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Produ~t~ ~haracteristics (tvpical) 

Chlorine (dry basis, ~y volume) 

Cl
2 

H2 

02 

co
2 

Temperature 

Pressure (negative) 

:nin. 

max. 

max. 

99 

0.1 

0.5 

0.3 

85 

50 

12 

7. 

% 

% 

% (*) 

~ 90 oc 
~ 100 mm "20 

(*) average value, depending on co) -- ions in brine 

Catholyte (by weight) 

Na OH 32 ~ 34 ., ,. 
NaCl 30 ~ 40 ppm 
NaC10

3 20 ~ 30 ppm 
Na

2
co

3 400 ~ 500 ppm 
Temperature 85 + 90 oc 

Hydrogen (dry basis, by volume) 

"2 min. 99.95 % 

02 less than 0.05 % 
Temperature 85 + 90 oc 
Pressure (positive) so .,. 100 mm 1120 
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I 
Brine. ~at~r and H~drochloric Acid Specification 

I 
Feed brine specification 

I ~faCl :::in. 300 GPL 

Ca + ~·lg max. 20 ppb 

I 
Fe max. 10 ppb 

Al max. so ppb 
so --

4 max. 6 GPL 

I ~;ac103 max. 10 GPL 

1• 
Si02 max. 3 ppm 

Heavy metals max. 10 ppb 

Ferrocyanide absent 

I Suspended solids max. 100 ppb 

Temperature 70-!' 75 oc 

I Anolyte (as returned to the brine system) 

I ~aCl min. 180 -!' 200 GPL 

504 max. 7.5 GPL 

I NaCl OJ max. 15 GPL 

Dissolved chlorine ::;a tu rated 

'-
pH 2,2 -!' 2.5 

Temperature 85 -!' 90 oc 

I Feed water specifir.ation 

I Conductivity max. 10 micro S xcm 

Total hardness max. 40 ppb as Ca++ 

I SiOz max. 100 ppb 

Fe max. 20 ppb 

I Organics max. 100 ppb as 02 
Temperature 30 -!' 35 oc 

I Hydrochloric acid (for brine acidification) 

I HCl 30 + 33 •1 .. 
Ca + Mg max. 100 ppb 

I Fe max. so ppb 
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ELECTROLYSER TYPE 

TOT.RATW CURRENT kA 

CURRE1ff DENS lTY kA/m2 

D.C. CELL VOLTAGE v 

D.C.ELECTROL. VOLTAGE v 

CURRENT Eff •• CATH. % 

D.C,ENF.KGY CONSUMP. kWh/T NaOH 

NaOH CONCENTRATION 

NaOH PRODUCTION 

Cl
2 

PRODUCTION 

ANODE/CATllOI>~: ELEHENTS 

ME~BRANES 

CF.LL UN lT SURFACE 

ELECTROLYSER SURFACE 

DIMENSIONS: - H 
- w 
- L 

WEIGHT: - Empty 
- Oper. 

% 

TPD 

TPO 

No 

No 

2 
m 

2 m 

m 
m 
m 

T 
T 

12 K40 
(1 Module) 

50 

3.28 

3. 15 

3.15 

95 1' 96 

2200 

32 .,. 34 

l. 70 

1.50 

12 

24 

0.635 

15.24 

2.0 
0.8 
1. 5 

2. l 
3.2 

24 Kl10 
(2 Modules) 

100 

3.28 

3. 15 

3.15 

95 + 96 

2200 

32 + 34 

3.40 

3.00 

24 

48 

0.635 

30.48 

2 .o 
0,8 
2.85 

3.9 
5.8 

36 K/10 
(3 Modules) 

150 

3.28 

3. 15 

3.15 

95 + 96 

2200 

32 + 34 

5 .10 

4.5 

36 

72 

0.635 

45. 72 

2.0 
0. H 
3.9 

5.3 
8 

3 MlO 

115 

3.5 

3.15 

31.5 

95 + 96 

2200 

32 + 34 

3.91 

3.46 

lC 

10 

3.3 

33 

2.5 
3.1 
l. l 

8.5 
13.0 

3 Ml 5 

l 7 2. 5 

3.5 

3. 15 

47.25 

95 + 96 

2200 

32 .,. 34 

5.86 

5. l 9 

15 

15 

'3. 3 

l+9. 5 

2. 5 
'3. 1 
l. 'i 

l l. 0 
17.5 

3 ~120 

2 ]I) 

J. 5 

1. I 'l 

6) 

95 + 'Hi 

2200 

32 + 1!· 

7.A2 

,, • <)2 

20 

20 

1. 1 

6'> 

2.5 
3. 1 
l. 8 

I 3. 5 
2 l. 0 
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Anolyte cone. 
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180 gpl 

Temperature 90 °c 
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2 8 l . -----· ..... • I T 

1.5 2.0 2.5 3.0 3.S i<A/m2 



€). 

0:.Xl.LUOltiy t 
'.1US B~RS) 

3.5 

3.4 

3.3 

3.2 

3., 

3.0 

2.9 

• • 
PE NORA BIPOLAR ELECTROLYSER 

CONDITIONS: 
--.::.:-- -·- .. . ... ··--

NaOH cone. 
Anolyte cone. 

Temperature 

32 % 
180 gpl 

90°C 

PERF"ORMANCE WITH 
NARROW-GAP MEMBRANE 

PERfORMANC E WITtl ,. 
ZERO-GAP MEMBRANE 

2.8 .... 
1.5 2.0 2.5 10 3.5 kA / m2 
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Uhde membrane cells 
Technical data 

• Power consumption 

The Hoechst-l.Jhde membrane cells 
require only 2100 kWh/t NaOH (at 
a current density of 3 kA!m2

). 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. 

• Optimum currenl density 

Power consumrtion 
as a function of current density 

3.5 

3.0 

2600 
Nalion NX-90209 
Stainless steel calhode 
electrode gap: 3 mm 

2-400 

2200 
Nalion NX-961 
Activated nickel calhode 
electrode gap: O mm 

2000 

1800 

The current density of Hoechst-Uhde 
membrane cells can be varied over 
a wide range. This makes it pos
sible to select the economically 
optilnum cL1rrent density in con
sideration of cost factors such as 

2·5 L....'~t0----2....1..0 ____ 3_,_.o ____ 4 ..... 0 ____ s ..... o_inwrr_. 

= electricity price = product price = depreciation = service life of membranes and 
elP.ctrodes. 

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. 

4 

Optimization of the 
current density 

2 3 4 5 8 7 8 
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Operating data: 

NaOH concentration: 

Power consumption: 

up to 35 O/o by wt . 
(depending on type 
of membrane) 

2100-2500 kWh/mt NaOH at 3 kA/m2 

(depending on cathode and membrane 
material) 

Service life of membrane: 2-3 years 

Lifetime of 
electrode activity: 

Sizes and production rates 

> 5 years 

of the Hoechst-Uhde bipolar membrane tells 

Electrode surface 
area in mz 

1.2 
1.8 
2.4 
2.7 
3.0 

Larger cell elements 
are obtainable if required 
in special cases. 

Electrolyzer with 100 cell-elements 
at 4 kA/mz 

Amperage 
in kA 

4.8 
7.2 
9.6 

10.8 
12.0 

NaOH production 
in mtpd 

16 
25 
33 
37 
41 

Product quality: 

Caustic soda solution 

Na OH 
NaCl 

up to 35 r.10 (wt.) 
< 100ppm 
(referred to 
1000/o NaOH) 

Gaseous chlorine 

Cb 
02 
Hz 

Hydrogen 

> 97 O/o {vol.} 
< 1.5 O/o (vol.} 
< 0.05 O/o (vol.} 

Hz 99.9< (vol.) 

5 
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Uhde membrane electrolysis plants 
Membrane cells 
in Norway 
have proved a success 



Due to the restrictions imposed on 
the transport of liquid chlorine. 
Tofte lndustrier A.S. were compel
led in 1979 to produce this chemi
cal. which is necessary for bleach
ing the pulp, in situ. Tofte lndustrier 
aimea at meeting the applicable 
pollut10!1 abatement and safety 
requirements at the same time. 
What technology was to be used? 
The cost of electric !)ower. 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 
competition from other experien
ced European plant contractors. 

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

The Uhde engineers hat to com
plete the plant within a construc
tion pc riod of only 14 months 
(mech.mical completion). 

.. : .... : .. 

8 

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 trouble 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 cells 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 O/o. 

Day by day. this plant produces 
40 tons of chlorine 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 in line with 
the requirements of the pulp and 
paper factory. 

;: ....... : : .:··· 



~ I. 

Follow-up orders 
thanks to the 
ligh reliability of 
Jhde 
membrane cells 

The experience gained in the Tofte 
reference plant, the operation of 

('the membrane electrolysis plant 
equipped with monopolar cells at 
Rt'c'ie Products, Scotland, the 
results obtained from the research 
and development work carried out 
in the pilot plants of Hoechst and 
s~yer: These were some of ths 
decisive factors why Uhde was 
being awarded a number oi follow-
up contracts in short succession 
from Pc.kistan (where the plant is 
already under construction). lndo-
nesia and from Arab coutries as 
well as a Letter of Intent from 
General Electric Plastics of the 
Netherlands. 

For the Kertas LetjE>c: .:iaper tac-
tory of Java1lndonesia, a mem-

(Jbrane electrc!yc;is plant is being 
set up by Uhde in cooperation 
with Uhde S.A. of Paris. This plant 
will increase the capacity of the 
existing diaphragm electrolysis 
plant by some 2500 tpa NaOH. 

The plants mentioned will be using 
the proven Hoechst/Uhde bipolar 
membrane cells. 

Monopclar rrem!yane cells, 
Roche Produc~~ Sco~'and 
I ~OP) 

Uhde membrane 
electrolysis plants 

1 Hoechst AG 
Frankfu11/Main 

2 Hoechst AG 
Frankfurt/Main 

3 Bayer AG 
Leverkusen 

4 Roche Products Lto. 
Dairy 

5 Tofte lndustrier A/S 
Tofte 

6 Potasse et Produits 
Chimique S.A. 
Thann 

7 P. N. Kertas Letjes 
Probolingo 

8 Bela Chemical Ind. Ltd. 
Karachi 

9 Hoechst AO 
Frankfurt/Main 

10 Confidential 

11 General Electric 
Plastics B.V. 
Bergen op Zoom 

Comm is- Na OH 
sioning capacity 

in tpa • 
Fed. Rep. 1977 500 
of Germany 

Fed. Rep. 1981 1500 
of Germany 

Fed. Rep. 1981 3500 
of Germany 

Scotland 1983 24000 

Norway 1983 18000 

France 1984 1400 • 
Indonesia 1985 2500 

Pakistan 1985 16000 

Fed. Rep. 1984 1700 
of Germany 

Middle East 1987 10000 

Netherlands 1987 confidential 

9 
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Applications 
New plants 

!n 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 1200/o 

Assumptions: 

Capacity: 50000 tpa NaOH 

Current price: 0.10 OM/kWh 

Current 
densities: 4 kA/m1 membrane 

10 kA/mZ mercury 
2 kA/m1 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 
co.1sideration: 

C Complete or step-by-stei:. epla
cement of mercury or diaphragm 
cells 

= Capacity unchanged/increased 

Possible use of 

= existing rectifiers 

..__, piping system 

~ bus bars 

:-= brine purification facilities 

::= cell room equipment 
(racks, hoist) 

Examples of converted plants are 
shown in the following. 

The small space requirement!. 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) 

£:,:isling d:aor:•agm ce:I room 
132 ce:!s i.r: 4 rows 
2 rect:t1er units parallel 
2 v 60 kA: r.iax. 500 V 
capac •y 528 ,7JfPd NaOH 100 c:, 

Co.1ver:ed memorane cell room 
20 bipoiar ce :s in 2 rows 
1 rectifier per ceil row 
60 kA: max 500 V 
capacity. 543 mtod NaOH 100 % 

Conversion of mercury cells 
to bipolar membrane cells 
(schematic) 

£x;sr1ng mercury ce'1 room 
38 cells m 2 rows 
2 rectd1er units parallel 
2 x 90 kA. max. 180 V 
capacily 235 1ntpd NaOH 100 °c, 

Con.;crted memorane cell room 
16 bioo!il.' ct;:.':; 1ri 2 rows 
1 rec:d1er per ce1! row 
ma; 90 kA. max. 180 V 
( l:).JC 1'·1 3,y; "'1~:;d 'JJ.Jrl 1 ;on ' 

• 
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Uhde GmbH 
a member of the Hoechst group 

Hoechst 13 

• Uhde GmbH 
Fnedrich-UhOe-Strasse 2 
P. 0. Box 1529 
D-6232 Bad Soden/Taunus 
Fed. Rep. of Germany 
Telephone: (06196) 2051 
Telex: 415641 uhded 

Manufacturing workshops: 

Uhde GmbH 
Werk Hagen 
Buschmuhlenstrasse 20 
P.O. Box 4260 
D-5800 Hagen 1 
Fed. Rep. of Germany 
Telephone: (02331) 6920 
Telex: 823798 uhded 

Sub!liidiaries. associates 
and tranches: 

USC 

• Uhde Services and Consulting GmbH 
Karl-Marx-Strasse 56 
P.O. Box 1307 
D-4600 Dortmund 1 
Fed. Rep. of Germany 
Telephone: (0" ..:•157587-0 
Telex: 8228-

Uhde Anlagenbau GmbH 
Steinplatz 1 
D-1000 Berlin 12 
Telephone: (0 30) 3 12 20 38 
Telex: 0183421 hoebld 

Berliner Chemie-Anlagenbau GmbH 
Kurfurstendamm 43 
0-1000 Berlin 15 
Telephone· (030) 8832007108 
Telex: 185389 bcabl 

Uhde S.A. 
71 Ouai de Dion Bouton 
Paris la Defense 
92806 Puteaux Cedex 
France 
Telephone: (16) 17786121 
Telex: uhdesa 611331 f 

'"'• ,, I / / '1 • ~ "." ~ 1 

·)t ..:rie..,1.c .. 1 1 a·ic 
o!her 1'1.:l.;s:r 1al pl.l'"!!S 

Uhde GmbH 
Friedrich-Uhde-Strasse l5 
Postfach 2 62 
0-4600 Dortmuno 1 
Fed. Rep. of Germany 
Telephone (0231! 54 70 
Telex: 822841-0 udd 

Hoechst-Uhde Corporation (HUC) 
560 Sylvan Avenue 
Englewood Cliffs. N. J. 07632/USA 
Telephone: Area Code (201) 56901 00 
Telex: 0135476 uhdechem egwd 

Uhde Limited 
Hoechst House 
Salisbury Road 
Hounslow. TW 4 6 JH 
Great Britain 
Telephone: 5 72 21 42 
Telex: 23284 

Uhd::- (Pty) Limited 
P. 0. Box 5~762 
Saxonwold 2132 
Uhde House 
St. Davids Place 
Parktown 
Johannesburg/South Africa 
Telephone: (11) 643-811· 15 
Telex: 4--25875 

Inter-Uhde 
Engenharia Ouimica Ltda. 
Edificio Andraus 
Rua Pedro Americo. 32-25" andar 
01045 SAo Paulo/Brazil 
Telephone: (011) 2 22-21 33 
Telex: 1 125 840 iueq br 

Mavi Uhde Maquinas Vibratorias Ltda. 
Rua Robert Bosch 150 
01141 SAo Paulo/Brazil 
Telephone: (0 11) 6 66-9 20. 8 26-62 00 
Tele: 1134 952 

Uhde India Ltd. 
Uhde House 
L.B. Shastri Marg 
Vikhroli (West) 
Bombay 400083/lndia 
Telephone: (0 22) 58 77 01 
Telex: (11) 71654 

Refineries 
Syngas and synthesis processes 
Gas purilica!1on 
Coal technology 
Fertilizer 
Foodstuffs 
Biotechnology 
Brewen es 
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 
clo Hoechst Moscow 
International Post Off•:e 
P.O. Box 78 
Tryokhprudny Per-11113 
Moscow/USSR 
Telephone: (095) 9236061. 2998285 
Telex: 413138 

Uhde Office. Riyadh 
P.O. Box 4320 
Riyadh, Saudi Arabia 
Telephone: (01) 4 77 83 05 
Telex: 205941 uhdesj 

Uhde Office Beijing 
Hotel Yanjing, Room 1902 
19 Fuxingmenwai Dajie 
Beijing, PR China 
Telephone: 868721 App. 1902 
Telex: 22674 uhdecn 

Uhde Office. Tokyo 
clo Matsuzaka Company Ltd. 
Nishimatsu Building 
20-10 Toranomon 1-Chome 
Minato-Ku 
Tokyo 105/Japan 
Telephone: (03) 5 08 23 73 
Telex: 2 22 988 

Uhde Office Jakarta 
P. 0. Box 703 KBY 
JI Jend Gatot Subroto, Kav. 14 
Jakarta Selatanllndonesia 
Telephone: 517781/82 
Tel~x· 46470 

~·- . '•"~ .. ~ ··~ ~- .. , ,, ,_ ........ , 
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The Generation of Hypochlorite from Seawater 
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I. Tiit: <;t::'1ffRATIO'\ OF HYPOClll.ORITE FRO\I St:.\W.-\TER 

I. The chcmi ... tr:. of the process i ... hascJ 0n the partial ckctrolysis of ... oJium 
-.:hhmJc contained in r.iw -;cawatcr as it lhn\s hct\\CCn Jirc..:t cum:nt enagizeJ 
;modi\.· and cath,ldic cb:trodcs in an appar.itus (named an ch:ctrolyzer) and on 
..;w.:ccs ... :\·c chemical rca.-tions \\hich take place in 1he seawater het\\cen the 
producl'i of ekctrolysis. 

On passing a direct current through an aqueous solution of sodium chloride 
I '.'\aCLl. which is totally dissociated to '.'a· and CI-

I l free chlorine is generated at the anode: 
2 c1- - Cl: + 2e-

2) hydrogen is C\ohed at the cathode with tht• corresponding formation ofOH-
1ons: 
2 H:O + 2e- - 20W + H: -

OH- ions migrate from the cathode area and react with '.'a• and Cl: near the 
anode. thus producing sodium hypochlorite :'l:aCIO: 

3) This overall chemical reaction can be expressed ad follows: 
2 '.'aOH +Cl: - :\aCIO + '.\iaCL + H:O 

Side reactions. both chemical and electrochemical. take place simultaneously 
\\ith the basic reactions. such as the decomposition of hypochlorite to chloride. 
the anodic oxidation ofhypochlorite to chlorate (traces only). the cathc,dic reduc
tion of hypochlorite to chloride and the anodic e\olu~ion of oxygen. 

\1oreo\er. some cations which are present in seawater (e.g. calcium. magnesium 
and other metals) form hidroxides and carbonates resulting in suspended solids 
which are carried out of the electrolyzer by the ~eawater stream. 

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

In the chemical literature. hypochlorih.: rnncentrations are commonly referred 
to in terms of arn1lahle or<< acti\ e »chlorine. i.e. the quantity of chlorine ha\ing 
the same oxidizing effect as the hy pochlorite when analyzed by standard me
thods. 

The a\ailahlc chlorine concentration in h} pochlorite solutions from pre-engi
neered SEACl.OR Systems is 11. the: range of IOOO to 2500 ppm. 

Hy pochlorite produced from o;e;rnater is sullkiently st:1hlc to tolerate. without 
substantial loss of chlorine. the ... tomge condi1ions required for shock treatment 
\\ith chlorine injections re1rnlarly .;pa~ed during the day and ellrrcsponding renc
\\al l't' the hy p1lChlMite 'olution in the storage tan!... 

Loni; ~1orJge pen11J-.. such <h t\\O Jay' or more. sl111ulJ not he considcri.:d as a 
Jc,ign datum. 

H~drogen gas is produ~·ed in the ekctrol~1cr at the rate of ahout 0.)~ i11
1 kg 

chlMJOe 

-v 
/ 



Dilut1lm of the hydrogen \\ith air is pr.icuccd to reduce the h}drogcn concentra
tion w kss than 2n., (\ \I immediately as it disengages from the li4uid clTiuent 
in the h} pochlorite collecting tan I. where\ er the rclca~e of hydrogen to the atmo
~phere as an undiluted gas may create hazardous conditions. 

2. Sea\\ater i~ deli\ered to SEACl.OR S}stcms at a const:mt !low rate. Seawater 
is to be taken dm,nstream the hypochlorite injection point because it is essential 
that the seawater dcli\ery system contain some acti\·e chlorine. as pro\"ided by 
the SE..\Cl.OR System. to protect pipelines and other equipment (such as the 
screens) from organic fouling. 

Before entering a SE..\CLOR System. seawater is strained through o.5 mm 
screens to remow suspended solids which would otherwise affect the nonnal 
functioning of the installation. Automatic self-cleaning screens are normally used 
fonn medium and large capacity plants. 

The required scawa• r pressure \"aries with the cap;city of the SEACLOR System 
and the circuit characteristics frOin I to 2.5 Barg. 

Location of seawater intakes in waten.\·ays. 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 treatmenr to make it suitable. Where possible 
altemati\"e 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 to de :'fora to ascertain its suitabili<y 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 abo\e point I. 

The~ deposits are removed by dissoh·ing them in a diluted solution of hydro
chlorii: ai:id \\ hich is i:irculated through the clectrolyzers by means of a cen1:-ifu
gal pump. 

The cleaning cycle for one SE..\CLOR System takes approximately one hour 
and is carried out afta shutting off the electric current and draining the seawater 
from the elcctrolFero;. 

The ai:1d ~olution has a concentration of 5no HCL (w w l when fre~hly prepared 
;ind i:an he u~ed for '\C\eral cleaning qclcs until the HCL concentration is down 
to appro'<. 2.5"•·. 

The \\eJI. .. ,)luti1m can he .. trengthcned .ii-:1an to 5"n HCL 1."l1nccntration h~ the 
add11wn of .. ome commercial h}dr~hlM11: acid and rcu-;cd for more cleaning 
qdc'i. 

The con,umrt1on of h~droi:hloni: al.'id i-. minimal and w11hou1 an} o;igniti~·ant 
1n1:11.knl"L' tm lhc orer.1llO!,! 1:0\h. 
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It ... houIJ he nlltCJ 1h;11 ill' lk-.1gn ofh~Pl''-·hloritc gcncr;1t,1r. ,m the market t('Ja:. 
tl1tall: c.1rn.11atc ... the need for pai0Ji'-·al '-·kaning. 

The deaning h: acid '.\;hhing ha ... nl) dfrct on the pcrfrirm.in,·;.: anJ lili: of the 
~~ciali1cJ ckctroJc, \\hich equip SE:\Cl.OR Ekc1rnl~1cl'. 

II. SE.\CLOR' SYSTDIS 

I. SE:\CLOR Systems consists basically of: 

- One or more SEACi..OR elctrolyzers 
- .\ source of direct current (rectifier unitl 
- D.C. bus bars or cables for the interconnection bet\\een the electrolyzers and 

for the connection of !he electrolyz,1-s to the rectifier unit 
- Piping hetween the electrolyzers including hydrogen separators when required 

and connections to the seawater supply. the hy pochlorite collection and the 
acid cleaning systems 

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

. \s a general rule the e.,:iuipmcnt is supplied pre-assembled or pre-fabricated to 
the maximum possible extent copatible with transport and h;mdling limita<;c,ns. 

SEACLOR Systems arc 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
~;gned to assure elTecti\c performances of the Systems. 

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

In case that the hypochlorination plant consists of more than one SL\CLOR 
System and the actual chlorine requirement is lower than the installed capacity. 
it is advi~ahlc that all installed SL\CLOR Systems be kept in operation. as i:ncr
gy is sa\ed by operating more Systems at lower D.C. '-·urrent k\els for thi: same 
production rate. 

2. The .;:andard electri.:al in1erc0nnec1ion of the SL\Cl.OR clc.:trolyzers of a 
S}'ill!m i' in 0111!. . ,aii:s. Thisarrangemi:nt gi\e ... the hc,1 r\)SSihlc comcrsion 
ctli.:icnq and PO\\ er fa.:tM of the rect: -.:r unit :ll all lipcrating .:onJition~. that 
i'i. the hmi:,t r<m.:r .:11,1. and thi: lowest ro~'ihk· capit;i! ~·1i-1 fM the Sy,tcrn and 
p;irtil.'ul.1rl~ f11r ih rc.:1i1icr uni!. 

J. T~p1.:al h)Jr;111li.: llo\\ p.11h~ of SE.\Cl.OR S),!cnh arc -.h1i\\O in ligurc 9. 
'Mm;1I h~Jraulic intcr.:onncction of thi: SE.\Cl.OR Elc.:tr11l)1cro; of a S)~ti:m 
'' ,1nc ''"!.!le ,~·n~·'· ll1~hcr \;due' of ;l\aibhlc d1l,,rin•: '-"1'111.'..-n!ration 1n the cf. 
fluent 'olu111m arc u,u.111) 1'ht;11ncJ \\1th more ck.:1r0I) 1cr, 111 ,i:ric,. 

11 
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.i. H~..iwgcn scparator. maJc llfpLNic mat.:rials !such as FRP \\ith P\"C inta
n.tl lincrl an: inscnc:d in the h}Jr:rnlic path bct\\een two JdJaccnt clt:ctrol}!Crs 
- \\ hcn thc ektrolyzers arc Jc~ignl'd for installation in a \cnical positrc1n - or 
hcl\\ccn 'aics oft\HHhrcc clcdrnl~zer~ - \\hen thc} are designcd for in,ta:btion 
in a llllrizontal position. 

Th~·: an: used to separe most llfthe h}drogen nl•;ch is gmernted in the prcccding 
dcctrt'l:z~·rs. or group thereof. from the chlorinated sea\\ater ~trcam. 

By thi~ pro\ ision. al5o the follo\\ ing ekctrolyzers are ti:d with seawater\\ hi ch is 
suhstanzially gas free and a S<I\ ing in power consumption is achieved. as o\·erall 
seawater conducti\ ity increases as its content of hydrogen ga~ is decreased. 

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

Hydrogen gas outflowing from the top of the separators entr.:iins a small flow of 
chlorinated sea\•ater. which is re.:o\ered in the hypochlorite collecting and Jc
gassi11g tank placed next to the SEACLOR System. 

Plastic materials are preferred to lined steel for the piping within the SE..\CLOR 
Systems because lined steel may lose its insulating propeny and become. some
times. a safety hazard too. 

\toreover any hole. howe\·er small. which may occur in the lining by wear or 
shock (during maintcnan.:e. for example) causes a quick perforation oi the pipe 
because of chemical and electrochemical corrosion. 

For the same reasons. \·ah·es in moldc:d plastics are preferred to lined metal \al
\·es. 

5. The standard instrumentation and protecti\"e de\·ices which are included in a 
SEACLOR System consist of: 

- an automatic electronic control system to stabilize the D.C. cur;ent supply to 
the electrolyzers 

- devices required to adjust the D.C. current to lhe desidered value 
- meters 10 indicale the D.C. curren1 and voltage supplied to 1he System 
- meters 10 indicate 1he D.C. voltage across each electrolyzer of the S~ stem 
- melers to indicate 1he sea\\alcr nowrale to each hydraulic path of the System 
- de\ ices required 10 protect ea.:h electrolyzer of the Sys1em against abnormal 

D.C. \Oltagc levels 
- pro1cc1ion of each h: draulic path against failure of the seawater supply sistem 
- protcl."tion of the rectifier uni1 agains1 inlemal failures. external A.C. o\·ervolt-

ages anJ D.C. side overcurrents. 

All 1he <ihne mentioned inslrumcnts and proteclive de\ices an: mounled on a 
i:ontrol p;1ncl pn1\ idcd with an annunciator system. which is u-;ually in~·orporat
ed in the same rectifier cuhick. \\i!h the cxn:ption of the !low indicatNS and 
S\\ i1d1c' 11 l11ch arc in,t;illcd on tile ,c;i\\;1tcr tC:cd line. 

tr an~ ahnunnal condition arises. the a~sociatcd protective de\ ice operates a 
lurninuu' anJ ai.:1)1Ni~·al signalling dcvi.:c ;ind, accl:rding lo t'1e fault gravity, 
gi\e~ an ;tl:irm or 'hut.; down !hi.' rcctilicr unit, actuaring 1:.-· irippin~ Cl)il of the 
a'~OCl;t[CS power circuit hreakc:r. 

--------------
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The ;tnnun~·iah'r ,~,tcm '' rr,,\ 1JcJ \\ ith 'pan: al~1rm P•'inh for adJiti,inal pro
t..:..:ti'''h llr 111t .. :r1,,~-k Jt.:\ KC' C\tcrnal to the SE.\Cl.OR s~ -t..:m. 

fhc ha,1..: 111J1~·;1thl0' ,,n th.: \\Mktn!;! ..:,mJition, ,,f th.: SE.\CLOR S: ..;tern-; can 
hi: r~·r.:a:.:d lllr Ji,rLt:. ,1n the ;111nun..:1ator ,,fa rand lo..:a:.~J in a renwt.: i.:..:ntral 
i.:,,ntrol ro,im. 

The-;.: inJi.:ati,,1h arc g..:n.:rall: limiti.:J to: 

- S:stems in or out of up..:ration 
- The uc.:urreni.:e of alarm conditions (one g.:neral alarm signal pereai.:h System) 
- The occurrence ofa failur.: folf,meJ by shut dO\\O (one general lockout signal 

per each Sy~teml. 

6. Electrical eq~irment is c,,nfined within enclosures of tyre and mat.:rial ade
quate tu the intended use an:.! local conditions . 

\\"t:ather-proof cndosures are pr,wided for outdoor installation in unclassified 
areas and air purged and or explosion proof enclosures for installation in hazar
dous art:as. 

It shoulJ he noted that the installation of the equipemcnt indoors in a safe area 
i~ to he preti:rred whcne\ er feasible because of the lower capital cost of the equip
ment. easier maintcnan.::e and repair work and longer life oi the equipment. 

This a pp lie~ particular!: in sc\ ere weather conditions where heavy rains or sand
storms arc frequent. 

7. Figure 12 shO\\S a typical indoor layout of a hy pochlorination plant using two 

S!: \Cl.OR Systems. 

Thi: diagram at Fil!ure 13 shows the a\crage CO\ered area as related to the total 
installed capacity forty pica I hy pochlorination plants. 

Suh ... tanti;ll \ari<1tions to the plant area may result from spi:cilic requiremi:nts 
and or additional equipmi:nt. 

8. For \t.:ry Im\ producti.in capai.:itii:s. 0.5 to 2 K~ h a\ailar:.: chlorini:. standard 
units nami:J \lini SE:\CLOR, S~st~ms ar~ pro\'idcd. 

Figure~~.., anJ 28 shO\\ a 1.5 Kg h a\ailahlc chlorine: proJu.:tion capacity \lini 
SE.\CLOR' S~o;tcm. 

I ' 
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----- -·---- --- --- --------- - - ---------

Ill. SE.\Cl.OR~ Eu:crROl.YZERS 

l. SE.\CLOR dl.'ctrvl:1cr-. consi,t ofl.'lcctml:ti~· cell.; ofnll1J:...!;ir construct10n: 
th'-'''-' ;ire comhinl.'d in 1.'kctrical anJ h~drat•lic scric, and fa,:;,::icJ togcthcr to 
li.lrm an « ab:twdc as-.cmhly >>!Figure 1-t, which is pla..:ed in a c:. IinJrical .:k~·
trolyzcr hody IFigun: 151. Standard clcctrolyzcrs 1.xmtain IO moJulJr c.:IL;: hO\\

C\ er. eh:ctrnlyzers containing 6-8-9- cells are also in current use. 

The electrolytic cells are bipolar in dcsign. This means that the cathlXks of c·.c~ 
cell arc: directly connected to the anodes of the next cell. 

The paths of current. seawater and electrolysis products through the clcctrolyzers 
arc show in Figure 16. 

A uninu~ feature of an «electrode assembly » is the case of replacement of th.: 
de, 0des installed in the electrolyzcrs: it can he inserted into or rcmO\ed from 
tl.c clcctrolyzer hody in a short time without need for special toob or speci:.ilizt:d 
mechanics. 

SEACLOR clectrolyzcrs arc a\"ailable for installation hoth in a horizontal and 
in a \·crtical position. 

2. The mate~ials used in the construction of the SE.\CLOR elcctrolyzcrs arc as 
follows: 

- The clcctrolytic cells - anodes and cathodes - arc made of titanium .\ST\I 
8265 grade I. 

- The anodes arc DS:\' - dimen~ionally stable anodes- with a coating of plati
num ~roup metal particularly ruthenium. 

- The h•:rdwarc to secure the electrolytic cells is made of titanium .-\ST\I 8265 
grade 2. 

- The elctrode spacers are made of Tenon~ . 

- The casing of the electrode assembly i< Mdc of PVC 

- The elcctrolyzcr body is a solid. cylindrical shdl of filament \\OUnd FRP with 
an intern;. I liner of PVC; it is highly resistant to stress and corrosion and is 
cb:trically insulating. 

- The nan!!ed end~ arc made of hard rubhcr lined •ilcd. 

- Hot dip ~al\ani1cJ ~tee! and stainl..:ss steel arc used for th..: C:\ternal hardware. 

----------· -- - -- -----------·- ---- - - ---------· - --·-- -- ·----·- --- -- ---

J•I 
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3. It is rrd°;:rJhk that the ekctrol: zer-; orer.11e unJer constant 'e;.rnatcr tlO\\ rate. 
\\ hrk the D.C current is aJjustcd so that the generation of '-·hf,)rinc rnstantancnu
,fy ma11.:hcs the rel.juircment li.1r the \\ater treatment. 

The ··oft;.1ge J1.Tns-; the dectrul:zers in operatiol"' ts measurd \\ith D.C \Olt
meters in:-talled un the rectifier control panel. 

The reaJings of the \oltmeters shall be periodical!: taken. checked and rernrJed 
as the: rdlect the worl-.ing conJitions of the elcctroiy zers. 

The abO\e readings will be helpful too in prO\iding. alkr :ear'\ of continuous 
operation. an early warning on the near exhaustion of the catalytic properties of 
the anoJe coating. 

This occurence shows itself by gradually rising \Oltage le\"els. in sharp contrast 
\\ ith the steady voltage characteristic that has been maintained throughout the 
life of the coating and which is one of the propertie-; of DSA • . 

Should the rnltage across any electrolyzer of the System de\iate from its normal 
operating \alue and approach a le\el which is dangerous to the electrode metal 
structure. an automatic de\·ice installed in the rectifier control section will signal 
the fault and or shut off the electric power supply to the electrolyzers befor da
mage occurs. 

4. SEACLOR electrol:zers are a\ailable in se\eral sizes to co\ er a \"Cry wide 
range of System capacities. 

:\umber and size of electrolyze rs are in relation to the System capacity. 

I\". RECTIFIER l":\ITS 

I. The rectifier units arc specifically designed to li:ed SE.-\CLOR clectrolyzers 
with D.C. current \\ hich is continuously and automatically controlled. 

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

The rectifier is pro\ ided with an automatic electronic controls:- 'tern which stabi
lizes the direct current value with an accuracy of = 1°0 rated (ull current. 

2. \\'hcne\-cr feasihk. the :\.C. supply rnltage to the rectifier transformer should 
he rc!ated to the pO\\Crl1f1hc rectifier unit in order to h:nc a 1.··1sr-effcctive electri-
1.·al installation. including :\.C power breaker. protections. c;1hling and rectifier 
1rano.;l(1rmer. 

- P1mcr up 10 .:!OO k \\' frnrrc,ponding ;ipprox. In a 50 kg h SL\('l.OR S~ st~·m): 
J80 to 500 · •. 50 1H 60 111. J phase 

- Power from .:!OO to ~000 k \\' f 500 kg h SE.\Cl.OR S:- 'lr:m 1: J fl) U .8 k \". 50 
or 60 111. J pha~e. 

·-·-··---·----------------·--- -----·----------·-·-··---···· -·· -···-·-
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- one th~ ri,hlr rcctif~ mg. ,c..:til'll 
- llnc nmtrol -.cction 

-'· The rectifier trJsl\1rmer .. arc tined \\ ith taps to fie .;ek1.:teJ tlff-loaJ in Mder 
tu opcrJre the rectifier at the hcst po-.,ihk pO\\Cr fa1.:tor in relation to: 

- the steady-state primary supply \Oltag..: lc\cl 

- the actual D.C. \Oltage le\el. which is i!llluenced by the D.C current le\el as 
well as by seasonal changes of seawater conducti\ity. 

5. The rectifier units rated up to approx. I.JO kW h:orresponding approx. to a 
35 kg h SE.-\CLOR System) are contained in one com1.1on cubide. inclusi\e of: 

- one general circuit breaker 

- one dry type rectifier transformer 

- one th~ stor type rectifying section 

- one control section. 

Heat losses can be remO\·ed from the cubicle using the once-through forcc:d air 
or the recirculJting forced air cooling system indicated in the following point 8. 

Heat remo,·al by natural conn:ction through the walls of the cubicle is feasihle 
only for the rectifier~ which equip low \;apacity SEACLOR S~stems. 

The rectifier units entirely contained in one cubicle. provided with recirculating 
forced air cooling system and \\ ith an air purged enclllsure. can be designed \\ ith 
the requirements for use in hazardous areas of Clas~ I. Di\ ision I and 2 . 

6. Rectifier units consisting of a transformer and rei:tificr assembly total!~ im
mersed in an oil tank with natural air cooiing and a control se1.:tion housed in ;1 

separetc panel can he prO\ ided on request. 

7. The rcctifii:r units with a pO\\er rating higher than approx. I.JO kW ha\e the 
rectifying and the control sections conwined in a common cuhick: the tran-;for
mer. either of the Jry type or of the oil immersed ty pc. is a separate piece of 
·:quipmcnt to be connected to the rcctifii:r cuhicle \\ ith .·\.C. hus ha rs or l:;1!iks. 

---· -· -· ·- --·------ ---- ---·------ -·--- - -·---···--·-·· ·------ ---·-- --·-
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- I h'-' unn:-thmul.!h forn·d air '~'lem: th.: .:ut-1d.: hJ, on.: '-1; m,1r.: ;n1al i .. rn:. 
:nJi-111:: th.: Jlr ..:in.:t:'..::~· thr<•ugh tht." tins of th.: th~-.10r h..::n~inl-;. 

·\mh.:r:t J:r :- br,>u::l":: :n:o th<." cuh..:k thr,mgh ,1~nin;;,. (.,,-.;:d .m :h.: ~,w . .:r 
r.1rt 1•! tht: !at.:r;i! \\;1i:.; ;ind hlil\\O •'Ut fa1m the top :.id.: ,1( :~.: cubid..:. 

Thi ...... ~ ,lt:!':1 1 ... th .. · m• ,,t ... uit:1hk ti•r ~..:..:ttfi.:r ..:ubid.:s locat.:li ::i a ro1...,m rru\ 1J
t."J \ .. 1th :uk..JUJh." Jtr \l.'.:ltibti(m 0r Cl.mditi.ming to remo\~ :he heat los:-6. 

- The redrculalin~ forced air ~~slem: it diff.:rs from the onc.:-through forcd air 
"~"t.:m in.,..., thJt air circulate-. in dosc=d circuit with a buiit-in wata .:oo!er. 

- The deionized "ater s~-;tem: it consists mainly of a circuit in which deionized 
\\ater i-. pas.;ed through .:upronicld tube-; (dri\"en into the aluminium heat
sinl..~ ol the th~ ristl.lrl b~ a mechanically "<!aled pump and circulated through 
a dl."1omzed \\Jter \\ate; or deionized \\ater forced air heat exchanger. The ma
terial-. of the d.:ioniz.:J wat.:r circuit components are partic:..brl~ designed to 
re..,ist corro ... :on. 

:\n ion-e\change deionizer forms pan of tht: circuit. The conductivity of th.:. 
deionized water is monitored b~ a gauge with a maximum .:ondu..:ti\·it~ alarm 
contact \\hi ch l.."an ben preset at about 50 µS .:m. 

This ~~~tern i ... used for only high power re..:tifier cubicles \\llh power r~tings 
appro\. 2000 I,.\\' and O\Cr. 

9. The rcct1tia units are dc-;ignt:d. manufacture. assembled :ind shop tested in 
a..:l.."ordance with the rcquirt:mt:nts of Publil.."ation '."l:o. !46 19'.'3 of l.E.C. (Interna
tional Elc-:trotc.:hinical Commisionl "Semicondu.:tor Comeners >1. 

The basis ol rating i-; the following: 

- IOO",, rated c ~rrent c,mtinuousl~ 

- Tht: rectitier unit .;hall be energized at rated :\.C \Oltage and operated Clinti
nu • ..,u,I: at 10011

11 of the rated ampt:rcs until a constant temperature-rise has 
been rca..:hed h: all parb of the re.:tilicr unit. 

\\hen the temperature -rise of all parts of the rectifier unit is at or below that 
Cl)ffl." ... ponding tt~ filil load \aluc. it shall he capahle of withstanding a momen
tar: 1.n crcurr.:nt of ~u.:h magnitude and duration as is neccssar~ to allO\\ the 
au10mat1.· load rcgul:iting equipment or O\ercurrent protectin: equipment to 
pr11tec1 all the part-; from d;1mag.:. 

Th.: relr:11'Ilit:. of the rectifier unit j, as!>ureJ h~ the use of hi~h quality compo
ni:nt- ,dl.'-:tt:J fiir fun~·t1oning in tropic:1l and cMrosi\e en\lr11 :iments and hy an 
unm;111.:h.:J l.'\Pl.'rien~·..- in th~· de,i;:n •tnd ..:11n~tructiun of re..:tiriers spccilically 
tnil.'nded f, ir lhl.' 111 hi:.I\: dut: ck\.'l rodwmi.:al plant-. 
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\-_ POWER CO~Sl.'1PTIO~ 

I. The power consumption ofSEACLOR dectrolyfers depends on D.C. current 
k\el. ~awater salinity and temperature as well as on the concentration of a\"ail
able (active) chlorine in the effiuent so:ution. 

\\"hen referring to operation at D.C. rating with seawater at :?O"C and of standard 
composition (Figure :!I)) and normal chlorine concentration. the average specific 
D.C. power consumption of pre-engineered SEACLOR Systems is lower than 4 
kWh kg available chlorine. 

The nailable chlorine concentration in the effluent hypochlorite 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. 

H0we\er. the bands of variation of these quantities are narrow (approx. 2% of 
average value) if chlorine concentration is kept within the range of lOOO to 2500 
ppm. 

2. Specific A.C. power consumption. including all loses in the SEACLOR Sy
stem (transfonner. m:tifier. A.C. and D.C. conductors. electrolyzersl can be ob
taine multiplying the specific D.C. power consumption by a factor ranging from 
1.0..i to l.10. 

I 

i 

! 
i 
i 

Figure 26 

CO'.\IPOSITION OF ST..\~DARD SEAWATER 
(according to the Hydrographic Laboratory of Copenhagen) 

Cations mg'I me/I Anions mg/l 

'.'II: • . a 11.035 479.8 i c1- 19.8-H 

Mg .. 1.330 109.4 
I so .. -- 2.769 

C'a .. 418 20.9 HC03- 146 

I K• 397 10.2 Br- 68 

I I I sr· 13.9 0.3 I r- IA 
i ------ ·--- -

Total ~alinity: 
-, 0tal alkalinity: 

36.0-i7 mg I 
119.8 mg·! 

me,! 

559.6 

57.6 

2.5 

0.9 
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It~ upp.:r \:.tluc ~llllulJ he normally rdi:rrcd lo SE.\Cl.OR Sy'ilcms c4uippcd 
\\1th only 1..'nc ckctmlyLcr and ils IO\\.:r \aluc lo SE.\Cl.OR Systems c4uippcJ 
wnh four dcclrolyzcrs in one electric series. 

The resul!, of long-lime opcr.llions arc pro\ing 1ha1 the direct gcncrJlion of ac
ti\e chk,nnc from se:rna1er using the SE.\Cl.OR Systems requires the ll)\\CSl 
O\er..111 ener~y consumption. when comparison is made al the same opcrJting 
.:onJi1ion-; \\ith competing systems. 

\"I. PRE\T\Tl\"E \l..\l'.\TE'.\..\'.\CE 

I. Pre\·enti\e maintenance is not the uni\·ersal 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) Ha\e the Production Department proYide ad\·ance notice on any scheduled 
shutdown: this is an ideal time for inspection and'or repair. 

c) Maintain and adequate supply of spares. 

When ordering spare parts. give a detailed description of the pans 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. 

e) L'nder normal conditions the protective devices do not operate: therefore 
these de\ ices need careful inspection. In case of any scheduled shut-down the 
manual tripping of a protectiYe device will afford an opponunity to obserYe 
the manner in which the device is operating. 

f) Accumulation of dust. dirt and corrosion. panicularly on -;tand-by equipment. 
may cause faulty operation of man} devices. Therefore. a periodic routine of 
cleaning and inspections should be established. 

2. The most difficult area for establishing a sound preventi\e maintenance pro
gram is determining the frequency of inspection and testing. 

:\ schedule of inspection and maintenance operations ma~ he ;id follows: 

IHILY 

- Record l'per;1ting parameters oo log sheets 

- Te!'lt alarm light~ 

- Check air-circulation monitoring de\ ice of l(1r(~d-air c1i11kJ rectilier cuhidc!'I 

-----·- ------ ---·-----·--·-----·-------·---- -··-·- -· 

-~I 
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WEEKLY 

- Chcd. tlO\\ swi1chcs on "-";l\\alcr ,.upply line lo lhe ekc1mlyzers 

FORT'.'IGHTI.\" 

- Clean 1he electrolyzers hy recirculaling \\eak hydrochloric solution: record 
operation \Jn log sheets 

'.\ote: It :t possihle to schedule less frequent cle:ming operations: howe\"er. they 
require a time usually longer than the a\eragc one-hour time (refer to 1.3) and 
are less ad\·isable for what concerns effecti\eness and equipment O\erall down
time. 

'.\JO!\THL\' 

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

\'EARL\' 

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

The abo\·.! schedule may be adjusted to meet the local operating conditions. after 
a first trial period. 

3. Replacement of the electrode assemblies 

The proc~dure for the replacement of the electrode assemblies may \"ary in rela
tion to the number of installed and operating electrolyzi-rs and other specific 
conditions C'f the plant. but generally in a staged mannt .. wheile\·er the plant 
includes more than one ekctrolyzer. 

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

The elcclrode assemhly which has been rerno\·ed. is shipped to the factory for 
inspection and recoating of DSA" and reassembled for use. 

:\s soon as it is received from rhe factory. the reconditioned assembly is used to 
replace another clectru1.k assembly. 

This procedure may stan \\ith one: or more electrode asscml'llie,. depending on 
the numhcr of in,tallcd elc1.:1rol}1ers: it is repe;ucd un1il all 1hc opi:rating clc'-·· 
troly 1ers ha\ e heen re-equipped wi1h reconditioned electrode as)eml'llies and the 
same number of rcnencJ electrode assemhlico;. used to o;1an the replacement pro
cedure. is in stock at the plant. 

The rei:ond11ioned clc'-·troJI.' a.,,emhlies arc e\pccted to h;l\e lhl.' 'ame opcra1ing 
111'1: a' nc\\ dec1rodc a"crnbli~~ hefon~ a funher re1.:onditi1inin~ '' rcquir~d. 

J 1 
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ATIAClf4ENT VI 
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p. 27 

Preliminary Feasibility Study for a Combined Plant to Produce 
146.000 t/y of Sodi1.11 Hydroxyde and 60.000 t/y of P2o5 

-I 
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Re:ittivi 

2. t:tilities 

Qu.Jntita/ 
:\nno 

t 220.COO 

?:-~z:::o u.-:-
rs i 

, ") 
.1.-

E.E. C . .!.. Ft:!' c!.c:t::-c~~.:::. k~·:h 32!..00J.CCO 0.015 

0.015 

0.5 

::.::. per :::etc:-!. 

H20 der.:i 

Va?Ot:.'.? 

?:-..::iuz: .::<? : 25 

!·!.:i:-.u t~nz :.cni? 

. . . .. 
ac·..:.L!::;. :.n 

" lS.OCO.COO 

ClC 250.000 

t 88.00J 

portata mc/h 
5.CGO 

s 

400.000 0.03 

10 
.. . . .. 

; iort:.J.. :.~r l 

= 

f;. '·'·· ,., :·!1:·.·.·~ .. ·n:: <;: .!~11'""· 
------~--~--

:'r. :.;:~~.\~·~ 

s. . . . ~ .... '" ....... I,.,'•' • , • \.,1. • ; 

[S .'\ ------

2 • .;:~r:J. c~~·) 

2:.0.000 

210.·::::..:; 

125.000 

440.000 

501'.'.':'00 

!. .. 3 so. l'.:·J 

970.000 

255. ')\~.) 

5•''1 l. '.. '-.: 

J ~ • ) •"I ' . .. 
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! .'..(1. 000 t 93 :.-s '!.'t 

II ~~:~a c~sta i~=ustr:~lc dclla scda caustica e st~:o ric~vato tcnendo 

pres~~:e c~e l'acido clo~idrico ~rodotto nell'i=?iacto, nella qu~ntiti 
di l~:.oao t/a base loo: viene trasferito all'i~pianto di ?raduzionc a
ci..:.:> :osforico a val ore "O" • 
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3. c: _--.: -=· 

1. :-:1 :·.:=-~r.: P:-i:::c 

:.:.~:.Jrit..: "! .,- r ... o_ 
.:. J 

EC: lCO'.: 

2. :.-::lities 

E. :::. 

\'a~:::re p.!r H.,PO, n:: 
J .. 

r·~~\:::-e per H~?O, 85;-: 
.J .. 

.. i .. i_ ra:fredd::.::<::!to T 

.. " n2 ... processo 

3. ~-:~: ~~iali di esarcizi\> 

Ca l..:e 

,. - '"':t .. .:: ...... 
S::: :·::ate (ccnsc~o) 

t 

t 

kt\h 

t 

t 

S°C 

me 

t 

t 

t 

~·.1.:H~t i. t::/ 
r;r: :1·~) 

:.93.::'.GO 

i:::..ooo 

30.0uO.OOO 

33.0CO 

120.0GO 

p(')rt;:;ta 
r::c/ii 1.000 

210.000 

18.oao 

960 

600 

Pr-i!z.:.J u:? l:. 

)r) 

0.015 

5 

5 

0.03 

lS 

93 

750 

P~:::=~zione: 20 adrietti in turno + lC 3~cr~alieri 

Pr.~:~ ·:of .~.:-ma 
cs :-) 

450.0CO 

161.000 

600.000 

95.000 

6.000 

324.000 

90.000 

450.000 

x 19.CCO GS $/Anno 570.000 

~:an'.l:enzione: 10 addetti x 19.000 US $/Anno 190.000 

5. L.:·:.Jro indirct:o 

Jo: ~el lavoro diretto ns.ooo 

6. ~a:~riali ~anutenzione (2% dellc apparecchi~turc) 560.000 

7. ~a:~riali v~ri Produzinne 12.J .000 

9.6~ '."1.000 

-==:::•==::•==·· 
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Il valor~ ~~~i0 J~ll'~ciJo fosforico pr~J~tto sccondo i pi~ recenti 

dac: di ~crc::o p~5 esserc assunto in 5CO rs ~/t per un r1c~v0 tota 

le 11i i;s z :::.o·J•LOOO. 

Il valore della soda caustica seccndo i pi~ recenti dati di ccrc~to 

puo esserc assuntc in 260 US S/t p~r ur. ricavo totale di 

us s 23.360.000. 

L'utile lorco <lei due i~pianti presi in considerazione viene calcola 

to in: 

us s 55.360.000 - 23.231.000 = 32.129.000 us g 

L'investi::ento per i due impianti puo valutarsi in 100.000.000 US $ 

con un ritvr::o di ir.vestinento di 3 anni • 
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UHDE 
Bleaching chemicals -- -1 

Chlorine dioxide 
Chlorine 
Sodium hypochlorite 
Sodium hydroxide 
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Chlorine dioxide 
Uhde/Munich process 

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

Numerous processes are 
available for •he production of 
chlorine dioxide, the main differ
ence between them ooing the 
reductant used. The Utrde/ 
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 pract!cable 
over long distances. 

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

NaCICh+2HCl-
NaCl +H20+CIO: + ~ Cl2 

The side reaction 

NaCl03+6HCl
NaCI +3H20+3Cl2 

is sup.,ressed by selecting the 
correct ratio of sodium chlorate 
to hydrogen chloride. 

The residual solution, which still 
has a relatively high NaCl03 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 
NaCl03. 

Chlorate production takes place 
in two process steps: 

1. Chloride 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 -+61'120 

~3HCI0+30H" +3H20 

2. The subsequent chemical 
reactions proceed for the majora, 
part outside the electrolyzer, i. t!llP' 
in the circulation tank, according 
to the following summation 
equation: 

3HC•0+30H
---Cl03+2CI-+3H20 

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

cr+aH20 
6 e· 

----"---CIQ3" +3H2 

By maintaining the pH value 
within the range mentioned 
above and by limiting the resi- A 
dence time of electrolyte wlthir9( 
the cell, the anodic chlorine for
mation, which proceeds accord
ing to the summation equation: 

Cl" + ~ H'lO 

9 e - ., Cl03 - + ~ H2 + ~ 02 

is prevented to a 12"'1e extent, 
the current yield of this reaction 
being only 66. 7 %, thus favouring 
the puraly chemical formation of 
chloride (current yield: 100%). 

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

( The di2gram represents a chlo
rine dioxide facility coupled with 
a chlorate electrolysis unit 

The electrolysis eel.. (1) are 
equipped with ac.1ivated titanium 
anodes and steel cathodes. The 
electrolyte circulation between 
the cells ar.d 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 

• fad via a filter (4) to the electro
lyte cooler (5). The major portion 
of the cooled electrolyte is 
returned to the reaction vessel; 
the remaining minor part is sent 
to the chlorate solution storage 
tank (6). The concentrated chlo
rate solution is pumped from this 
tank via a further cooler (7) to 
the reaction column (10). Con
trolled quantities of hydroct.loric 
acid are fed to the reaction 
column from the hydrochloric 
acid storage tank (8) via a heater 
(9), while air is admitted at the 
bottom. The column is subdivid
ed into several stages, the lcwer 
part being heated. As a result, 
the water excess introduced by 
the reaction water and by the 
hydrochloric acid is evaporated 
and subsequently condensed. 

This condensate and the con
densate oWained in coofing the 
cell 998 is used as absorptio11 
water for the hydrochloric acid 
synthesis Unit 
The residual solution in the reac
tion column '5 returned from the 
lov.ermost tray via the reaction 
vessel into the electrolyte cycle, 
thereby completely avoiding a!ly 
chiorate losses. 

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

Owing to the better solubility of 
chlorine dioxide in water, the 
chlorine and chlorine dioxide are 
separated. Th! chlorine can be 
burnt in the ~1ydrochloric acid 
synthesiF. ur,it {12) together with 
the cell ,.as to f•Jrm HCI, or it can 
be used for the production of 
bleaching liquor. 

Consumption figures 

For the production of chlorine 
dioxide with integrated Nar:tOJ 
electrclysis and HCI synthesis 
units 

--1 

~kgCICb-100% 

HCl-100% 

Scft water for CI02 
absorption at 12 °C 

Electric power (DC) for 
electrolysis 

Steam (3 bar) 

0.55tg 

0.17m3 

dt6gCIC 

8.9kWh 

4.5 kg 

Cooling water (20-40 °C) 0.44 m3 

Proportionate cost 
of recladdang anodes, 
per ton of C12 OM 21.-

Chlorine dioxide production pro 

1 Chlorate cells 
2 Gas separator 
3 Reaction vessel 
4 Filter 
5 Electrolyte cooler 
6 Chlorate solution tank 
7 Chlorate solution cooler 
8 Hydrochloric acid tank 
& Hydrochloric acid heater 

10 Reaction column 
11 Separating column 
12 Hydrochloric acid synthesis 

unit 

3 

I 
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• Tiie Cllfl9llllm represenls a chlo· 

,.,.. doOloode '4lc:ili1y coupled with 
a clllofale elec1roly9i1 unit 

The eiec:tRllylia cella 111 are 
eQUillped Witt\ ectlwlled titanium 
anodes and lleet catllcJcln Tiie 
ollec:UolYle ClfCulatiOn '*-" 
the celb llf\d rNCliOn vessel (31 
ia promcMed uy Ille gaseous 
hydlogen '°""""' .. lh• 
- Etec:trolyte ancl cell 
gas are lllOltlled 1n the gu -·tor 121. th• llM bei119 
COOied belore it is sent to a hy. 
( -:JilQric acid synthesis unit 

lo dis-'9 the Joule's heat losS 

•
111 11141 electrOlySIS PIOC9SS. I 
side Sir- ol lht• electlOIYle •• 
led via ;i hlt9f 141 to !tie elec:lro· 
lyte QOOler (5) The major portion 
ol the COOied electrolyte IS 

relumed to the reaclion vessel: 
.... ~minor part ia ant 
to !tie clllcnle IOlution ·~ 
lank (61. The concentralect chlo· 
r...., SOiution ia pumpeJ lfom this 
lank via a lurthef cooler 171 to 
••.• -iOn column 1101. Con· 
trolled QUalllities :>t hydrochloric 
acid - led to !tie reaction 
column lfOm the hydrochloric 
Ktd~tankC81villaheal9f 
191. 'Nt\ile air is admitted al the 
bottom The column ia 1ubdivid· 
ed illlO _,,, stages. the to
part being l'.tlted. As a resutt, 
th• _.., ··- introduc:t'd by 
the re.:'.on water Md t·. 11e 
hydrOdltoric acid ii ~ted 
and subsequently condensed. 

Thia condensate ancl the con
c:lenlate obtained in coaling the 
cell gas is uaed as absorption 
_t.,, lor the hydrochlorl" acid 
synthella .inll. 
The residual aolutlon in th11 reac· 
lion cclumn la returned from the 
io-moat tray via the re'ICtlon 
Yllsael inlo the electrolyte cycle, 
thereby completely avoiding anv 
chlorate IOIHI. 

The a-• miJctut9 thlll form• tn I!•• 
rt11etion COiumn, conalsting ot 
chlorine dloalde, Chlorine and air. 
la led to the aeparauon column 
(111 Into which water is sprayed 
at the top. 

OWing to the better aolubilitv ol 
chlorine dioxide in water, the 
chlotine ancl chlorine dioxide are 
~ed. The chlorine can be 
bu"'11 in lh11 hydrochloric acid 
aynth11ai1 un11 ('l!I logether wllh 
the cell gas to lorm HCI, or II can 
be used tor the production ol 
bleaching liquor. 

• 

CoMumpllcMI ...... 

For the production ol chlorln• 
dioxide wllh Integrated NaCIO> 
electrolyala and HCI aynlheaia 
unit a 
per kt CIO> - 100 % 

HCI · UJO% 

Soll water lorCICR 
absorption al t 2 "C 

Electric po- 1oc1 lor 
MM.trolys•• 

s1eam 13 barl 

0.55hg 

0.17m' 
116gCIO>ll 

8.9hWh 

4.5 kg 

Cooling waler 120-40 "Cl 0.44 m' 

Propot11onate cost 
ot recladdlng anodes. 
per ton otCh DM21.-

Chlorlllfl dlorlde production proce11 

I Chloral• cell• 
2G111eparator 
3 Rea..11on veaaol 
4 Filler 
5 Electrolyte cooler 
6 Chlorate aolullon tank 
7 Chlorate aolullon cooler 
8 HyrJrochloric acid tank 
ll Hydrochloric acid heater 

1 o 'l•ctlon column 
11 Separating column 
12 Hydrochloric acid 1ynthe1la 

umt 

""""'°' ......... 
Ablorp•lon waler 
lemperature 

CIOt Ch HCI 
content contenl conlent 

_________ i_n..:g'--/1---'" g/I In gll 

6 "C 
11 "C 

12 "C 
20 'C 

Alt 

II 08 08 
8 o.a o e 
8 o~ 08 
~5 1 08 

CI01+Cl1>AH 

10 

St11m 

,.._,..,...,._"' 
lor tho entire plant 

~! 

t mnn 

'"'' 'h"' 

Cl,1411 V/HluCJ•ll' 

•·--· 
So"Wlltr !;<,ft 

"""'"' 

Aqutou1 ctlk>f1ne dlO•ld• 

.--~~~~~--~~~~~t I I ~ 

r: ++ I • c ' t 4f ' !''13 
1 

• 
.J 
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Advantages of the Uhde/Munich 
process 

0 No losses of sodium chlorate 
occur, as the residual solution 
from the chlorine 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 
pollution. 

0 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 accept up to 
5 g/I organic impurities in the 
acid. 
Moreover, there is no necessity 
to handle or store solid chlorate 
salts. 

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

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

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

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

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

O Low maintenance costs anr1 
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. 

0 The proc~ss is well-proven, 
having beet. 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. 

0 The proce.ss is highly reliable 
and very stable. The low 02 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 
no gas spaces. Explosions of cell 
gas within the cell are thus 
impossible, even if the gas con
tains more than 4 % 02 as a 
result of a fault or during start
up. 

0 No chlorate-bearing residual 
solution: hence, there is no risk 
of an uncontrolled chlorine 
dioxide formation in the receiver 
for such solutions. 
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Advantages of the Uhde/Munich 
Pl'OCess 

0 No losses of sodium chlorate 
occur, as the residual solution 
from the chlorine 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 
Pollution. 

0 The only feedstock required is 
hydrochloric acid. Waste acid 
from organic chlorination proc
esses could be used for this pur
Pose, because the chlorine dio
xide process will accept up to 
5 g/I organic impurities in the 
acid. 
Moreover, there is no necessity 
to handle or store solid chlorate 
salts. 

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

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

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

chlorine dioxide solution 
oroduced always has the same 
chlorine dioxide and chlorine 
concentrations. • 0 Simple to operate, hence low 
personnel requirements: 1 man 
per shift is sufficient. 

0 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. 

0 The process is well-proven, 
having been applied on a 
r, "lmercial scale in more than 
21.1 plants. The design gives due 
consideration to the latest state 
of engineering technology and 
uses carefully selected mateliill,.s 
of construction. • 

rJ The process is highly reliable 
and very stable. The low 02 con
tent (< 2 %) of the cell gas 
makes it suitable for HCI syn
thesis. It shoulrJ be mentioned 
that the cells are totally filled 
with liquid at all times and have 
~o gas spaces. Explosions of cell 
gas within the cell are thus 
impossible, even if the gas con
tains more than 4 % 02 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 . 
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Chlorine d!~xide 
by the Hoechst AG process 

The Hoeclls• AG procen lor Ille 
P«>duchon ol chlorine dioaide is 
based on the con-sion of 
sodium clltorale 1n 11 SUiphuric 
acid solution by means ol sul· 
phur dioaide llCCOl'ding to the 
lollowing gross reaction 
equation: 

2NaCl()t+SO, • 2CIC>r+Na>SO. 

Al>ar1 from this main rellCtton. 
-IOUS side ..aclions lake place 
wt1ic11 llfOduce chlorine or 
c"110nde irlsleacl ol chlorine 
dioxide and result 1n yield losses 
1c"'-'cal loSMSI Further tosses 
occut due to unused chlorate 
iea .. ng the system witll Ille reac· 
loon aolulion (ellluent tonesl. 

Wtlll tlle Hoechst AG process. 
the reacttons wllich haw • 
reducing ellect on tlle yield are 
9UPPf9SHCI lo a large extent. so 
lllat. under conecl _.ting 
conditions. chlorine dioaide 
yoelds ol 92-94 ' referred to the 
total SOdium chlorate input. can 
be ac:llifted 

"'- llHDl'lp4io;i 

Tiie pl;int ll\llinly comprises a 
acrubblng --'· a ll\llin reactor. 
• liNll reactor and a pUrge 
COiumn 

The ruc:tanb. namely concen
trated soc'ium clllorate solution 
and sutpllunc acid - led to Ille 
scrubbing vessel on order to 
remove Ille unconMlted sulphur 
dioxide and the hydrochloric 

acid trom Ille gas miature pro
duced in the rr lin reactor and 
Ille linal reactor Alter IMving the 
scrubbing vessel. the reaction 
solution nows lorsl onto Ille main 
reactor and then into the final 
reactor. 
A miature ol air and sulphur 
dioxide is led into these two 
rtlllClors in order t~ reduce the 
chlorate to chlorine dioxide. The 
solution from the final reactor 
nows to a pUflle column, In 
wllich dissolved chlorine dioxide 
and sulphur diOaide are 1lmulla· 
neously removed by means ol 
air 

The solution lealling the purge 
column has the lotlowlng 
~omp0sition : 

Na,SO. 
H1SO• 
NaCl 
NaCIO> 

220 
450 

3-4 
1.0 

g/I 
git 
gll 
git 

This solution can be used for the 
reco-v ol ta•~ oil. 

The air dilution rate ol the gaae. 
ous so, and the air teed to the 
pUrge column are adjusted auch 
that the gaseous mixture PIO· 
dueed contains approx. 10-12'1. 
by vol. chlorine dioxide and 0.2-
0 25 'It by vol. chlorine. The 
gaseous mixture •• led lo a 
spray.type absorption column. II 
absorption _,., with • tempera· 
ture ot 3-4 'C 11 used. the con· 
centretlon ol the chlorine dioxide 
solution will be 8-8 g CIO>ll. 

Advantage• of the Hoechst 

~· n low capital investment costs 

l J Simple operation, high opera· 
toonal reliability 

U High product quality, I.e. CIO, 
solut1011 with low Cl' and HCI 
contents 

CI01 plant u~illfl Iha 
Hoechat AG proceaa "" 

'"' 
so,·~·:::"-----
H,SO .. 

NooCIO, 

Sc'°""""V-91 

• 

• 
Conlumptlon ......... 

per kg CIO, 100 ._ 

NaCI01 100 '·• 189 kg 

so. 100'>1. 

H•SO• 100 ·~ 
Electric power 
lor motors 

Steam (3 bart 

Cooling water 

Solt water for 
c10. absorption 
(4 'Cl 

Cf01+air 

0.83 kg 

1.8-1.9 kg 

0.010 kWh 

0.5 kg 

0.050 m• 

0.17 m> II 
8 gCIO•/I 

Praduct qualltlel 

Temperature 
ol 1baorpt1on 
water 

3 '"C 
4 "C 

c10, content 
tn g/I 

II 
6 

........ n .. ,.. -"' 
lor lhu en111u plant I man p111 

a.tuft 

All 

Ah'4't1f ... 11u1 ...... 

CIO. ••ler 

'-----------------N-;.~ 
l'urgt 
column 

CI01 
•btoftwf 

tt.fi.O. 
r1..c:r 



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
en~e 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 monopolar cells (MM) 
Uhde/Hoechst bipolar cells 

Cation exchange membranes: 

_ Aemion (Asahi Glass) 
Nation (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 thts electric 
pawer. 

Features of the UhdeJHoechst 
bi~ membrane eel 

0 Available in differer it sizes from 
1 m2 to 2.8 m2 per cell element 
(active anode surface). 

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

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

0 No electrical connections 
inside the electrolytic cell. 

D Each 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
stallation and reassembly of indi
viduai cell elements. 

D In contrast to other monopolar 
and bipalar 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 bipalar cell, 
resulting in high on-stream fac
tors even during membrane 
exchange or other maintenance 
operations. 

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

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

0 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 pawer from 
several low-amperage rectifier 
units. 

Safe design: 

0 Functional components located 
outside reaction chamber 

D Individual vessels, reliable 
leakage detection 

0 Time-proven conventional 
materials of construction 

• 
D Low risk of blockages at the inlet 

High layout flexibility: 

0 Parameters: 
area per element, 
current density, 
number of elements 
per electrolyzer 

D Capacity easily increased 

Eale of operMion: 

0 Simple monitoring of individual 
cell voltages 
- by operator or 
- automatically 

D Electric contacts easily 
accessible 



Operating data: 

NaOH cone entration up to 35:: 
(by wt. depending on type 
of membrane) 

Power con:iumption: 2100-2400 kWh!t NaOH at 3 kA/m: 
~'!~nding on cathode and membrane 
material) 

Service life of membrane: 2-3 years 

lifetime of 
electrode activity: >5 years 

Uhde/Hoechst bipolar membrane 
cell 2. 7 m1 (15 elements}. 
Hoechst AG, Frankfurt 

OFew units 

0 Few electrolyzer blocks 

0 Individual cells can be 
replaced easily 

0 Low costs for spares 
- Few elements 
- Few components per unit of 
capacity 

0 Low production losses in the 
event of cell replacement 

0 No high-current switch 

Bipolar membrane cells Tofte Cel
lufosefabrikk!Norway 

Monopolar membrane cells. 
ROCHE PRODUCTS!Sc.otland 

. · l · 
RJ;-' 

I i 

Product quality: 

Caus•1c soda solution 
NaOH up to 35~o (wt.) 
NaCl < 100 ppm 

(referred to 
100°0 NaOH) 

Gaseous chlorine 
Cl: > 97 °o (VOi.) 
0: - 2 o.o (VOi.) 
H: - 0.05°'o (~I.) 

Hydrogen 
Hz gg_goc, (vol.) 



Uhde membrane electrolysis plants 

O Since 1981, Tofte Cellulosefa
brikk A/S & Co. at Tofte in Nor
way has been operating the first 
complete meinorane electrolysis 
plant to be d1?signed and con
structed by Ulide. 

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

Uhde completed the plant only 
13 mon·hs after signing the con
tract. ,..,e 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 Dairy, Ayr
shire/Scotland, has a capacity of 
about 70 tpd chlorine. It is 
equipped with 28 monopolar 
cells working at a maximum load 
of 80 kA. Commissioning started 
at the end of 1983. 

View of the membrane electroly
sis plant for Tone Cellulosefabrikk 
in Norway 
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t J Chlorine treatment and hypo· 
chlorite plant, Tessenderlol 
Belgium 

2JSecondary brine purification 
plant (filters and ion exchangers). 
ROCHE PRODUCTS/Scotland 

3JHypochlorite plant, 
SCHWEIZERHALL!Switzerland 

4Jlon exchangers in a pilot plant. 
BAYER AG/Germany 

------··--



Combination of membrane cell electrolysis 
and Uhde/Munich process 

Chlorine dioxide, chlorine, 
sodium hypcchlorite 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 alkalir.e chloride elec
trolysis plant using the mem
brane process and a chlorine 
dioxide plant using the Uhde/ 
Munich process. This i~ 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. 

Uhde's combined process offers 
the following: 

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

0 the only feedstocks are com
mon salt and electric power; 

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

0 high adaptability to the desired 
chemical balance; 

0 no transport of hazardous and/ 
or diluted chemicals; 

The excess hydrogen can ti 1 0 process well-proven in prac-
used as fuel for generating ::.team. tice. 

Combination of membrane cell £_ 
electrolysis and Uhde/Munich • 
process 

. NaCl 

arine 
saturation 

.-------

4 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
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12 tpd CI01 plant by the Uhde/ 
Munich process, SAPPl/South 
Africa 
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UhdeGmbH-
a member of the Hoechst group 

Hoechst re 

Dt?s1gn and construct•on 
c· chemical and 
ether industrial plants 

Uhde t.; ·bH 
P.tectnch-Uhde-Strasc;e 15 
Postfach 2 62 
0-4600 Dortmund 1 
Feet.Rep. of Germany 
Telephone: (02 31) 54 70 
Telel': 8 22 841-0 ud d 

-·- ----------------------

UhdeGmbtl 
Friedrich-Uhde-Strasse 2 
P.O. Box 15 29 
D-6232 Bad Soden/Taunus 
Fed. Rep.of Germany 
Telephone: (0 6196) 20 51 
Telex: 415 641 uhde d 

Manufacturing workshops: 

UhdeGmbH 
Werk Hagen 
Busctimuhlenstrasse 20 
P. 0. Box 42 60 
0-580C Hagen 1 
Fed. Rep.of Germany 
Telephone: (0 23 31) 69 20 
Telex: 8 23 798 uhde d 

Subsidiaries. associates 
and branches: 

USC 
Uhde Services and Consulting GmbH 
Markische Strasse 85 
P. 0. Box 13 07 
0-4600 Dortmund 1 
Fed.Rep. of Germany 
Telephone: (02 31) 5 75 t.: -0 
Telex: 8 22 841-36 

Uhde Anlagenbau GmbH 
Steinplatz 1 
0-1000 Berlin 12 
Telephone: (0 30) 312 20 38 
Telex: 01 83 421 hoebl d 

Berliner Chemie-Anlagenbau GmbH 
Kurfurstendamm 43 
0-1000 Berlin 15 
Telephone: (0 30) 8 83 20 07108 
Telex: 1 85 389 bcabl 

UhdeS.A. 
71 Ouai de Dion Bouton 
Paris la Defense 
92806 Puteaux Cedex 
France 
Telephone:7781621 
Telex: uhdesa 611331 f 

Hoechst-Uhde Corporation (HUC) 
560 Sylvan Avenue 
Englewood Cliffs, 
N. J. 07632/USA 
Telephone: Area Code 
(201) 5 69 01 00 
Telex: 01 35 476 uhdechem egwd 

Uhde Limited 
Hoechst House 
Salisbury Road 
Hounslow, TW 4 6 JH 
Great Britain 
Telephone: 5 7213 22 
Telex: 23 284 

Inter-Uhde 
Engenharia Quimica Ltda. 
Edificio Andraus 
Rua Pedro Am8rico 32-25° andar 
01045 Slo 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 Houle 
L B. Shastri Marg 
Vikhroli (West) 
Bombay 400083/lndia 
TelephOne: 583329, 583386 
Telex:1171654 

MclJOr ftt?lds of activity 

Rehnenes 
Syngas and synthesis processes 
Gas purification 
Coal technology 
Fertilizer 
Foodstuffs 
Biotechnology 
Breweries 
Plastics 
Synthetic fibres 
Organic chemicals 
PhanT12ceuticals 
Cosmetics 
Electrolysis e>n>eesses 
Nuclear t'!Ct .nology 
Electrothermal processes 
Environmentai protection 
Miscellaneous processes 
Civil engineering and erection 
Energy supply systems 
Infrastructure 

AINSA - Uhde S.A. dP. C. V. _,-
Blvd. Avila Camacho 6-A ~ 
12° Piso 
Mexico City/Mexico, 10, D. F. 
Telephone: (5) 3 95-25 37. 
395-3400 
Telex: 1 775 662 

Uhde Office, USSR 
clo Hoechst Moscow 
International Post Office 
P.O. Box 78 
Tryokhprudr.y Per-11113 
Moscow/USSR 
Telephone. (0 95) 2 99 82 85. 
2953530 
Telex: 413 l:JS 

Uhde Office, Riyadh 
P.O. Box 4320 
Riyadh, Saudi Arabia 
Telephone: (01) 4 7894 33/ •< 
4 765107 
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 67 4 uhde en 

Uhde Office, Tokio 
clo Matsuzaka Cor ... ~ny Ltd. 
Nishimatsu Building 
20-10 Toranomon 1-Chome 
Minato-Ku 
Tokyo 105/Japan 
Telephone: (03) 5 08 23 73 
Telex: 2 222 988 

Uhde Office Jakarta 
Suite 301 
Je Jend Gatot Subroto, Kav. 14 
Jakarta Pusat 12910/lndonesia 
Telephone: 51 77 81182 

-1 
I 
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Norsk Hydro 
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1rsk Hydro Group companies and sales offices, 
Jminium Division: 

w•v: UK: 

• 

:.i.. Hydro as Karmoy Fabr1kker, Karmoy. 
"" Hydro Alumimumprohler a s. Magnor. 
. c..tble A ·s. Hav1k. Karmoy. 

Norsk Hydro (U.K.) Lid., Feltham, Middic. 
Aluminium Precision Ex1ruders Lid .• 

'Clen; 
'" Hydro Svenge AS. Stockholm. 
·,si..a AB Eloxal. Tyreso. 

marl!.: 
.i.. tlydro Oanmark a s, Glostrup 
Jer Aluminium ApS. Tonder. 

ri.: 
-.. :uumwerk Nenzing GmbH, Nenz1ng 

oerm.ny: 
Aluminium GmbH & Co . Berhn 

·" Hydro a s. Vt"!'rkautsou1. fur Hull1~u· 
1111n111111. U:nl U111kh1m11 

Bedwas. Newport Mon . 
Ashley Aluminium Lid .• Winslord, Cheshire. 
Alus1ock Ltd., Feltham, Middx. 
Aluminium Packaging Ltd., 

Blackmill, Bridgend. 
Viking Alloys Ltd .. Manchester. 

Fr•nce: 
Alunord s.a., Louviers. 
Alustock s.a .. Le Mesnil·Longpont s/Orge. 

Belgium: 
Hydalu s.a., Senette. 

Switzerland: 
Nornlu AG. Dilbcndo~I. 

l11uml,1hl r. ~on 11\•li.a..1•11 /\" 
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Tho "lumin111m PIAn1 al Karmoy helped lo provide • broader 
l>a•u ~ "~ lnr N<>r&k Hydro and Ille local commun1ly 

The role of aluminium in Norsk Hydro 
;-1,..rsk Hydro is active in several fields of industry. 
Tho two most commonly associated wilh our na· 
me are fertilizers and oil, and it is ollen forgotten 
that wo me also a major proclucor of light motnlh 
In this booklot we descr1ba our aluminium oper11· 
t1m1s, 1111d tho part they play 1n relation to our 
other products. 

In Norsk Hydro we have sought to disvers1fy our 
activities., in order to make us better able lo 
weather the fluctuations of world trade and thus 
help make our operations and tho 1obs in our 
fnctorios lo!ls vulnorablo to ur.nnon11c press11rn!'i 

1 ho hyclro·c·im;lrn: powor 1or ow 11lum1n111111 
p1oduction has its source in the Roldal-SulrJal 

catchment area m the counllos of HfJr<l.il,1:.: ·'' : 
Rognland 111 wo!ltorn Norway In ttio t'li,<J" :• "'' 
were lew 1obs ava1lablo 111 north"'" '"•'i·•' , .. .; 
ancJ many ponplo WfJrr: r;ornrr1111tr1t1 • .~,,.,, , ,11, 
hotwoon Kmrnoy, it d1<;lru;t nl FIOIJlll.11111 ,,,,.1 :· ... 
COf1st11I lir.t11n(I bi111ks ol ""'I ';,,/I Whilt """' ,. ,,.,, 
wanled, howevur, "",, 10 ••vu ar1tf wt,rk ,,, t11,n11·" 
Karmoy 

Thus the 1nterO!.IS c•i lho r1:111t1n ;,1111 ~I·" · 
Hydro wore both servc1d hy tile 1h:r:1s1ofl "' 1'••. •. r 
t>~11ld nn alum1n11rrr1 plant al Kt1rrr1111 lro 1'11,;·. " .. 
Pruno Mir11s1t.H· at tho '""''· •'•:r l$,,rltH1 ''1111. ,1 

i.wrlc.:tmd u•; tll11 µciw•" .11 1111r K;irr1111y 1.i.1111 

'.\ 



.\t "'.,,_.,,._,....,. P'•nl l\lofs' Hyclto pl\xlu<•"' a wide oange ot Al Mongslad Nors~ Hydro ow1111 a 1,750 acre 11te1us1rn1I l!IO lhu 

1w,,,A . .,. •nc•udo"1;1 terld~ers. PVC. m•gnesoum and 1ftdus1ual lust devek>pmenl pro1ecl, lht1 Ralonor 011 rehnery, was complolotl 
, -" .. ,, ... -ais m the summftr of 1915 

The Norsk Hydro Group 
In Norway. Hydro has production plants at Karm· 
•'V R1ul\an. Notodden. Porsg1unn and Glomf1ord. 
\\',, ,\l!lo p.·ut1c1pate in the oil refinery al Mongslad 
·''"1 .u(' now hulldm11a1><"trochcnucal c:omplox at 
U.1h11•s m soull"''" No1way in p.ulne1sh1p w1lh 
1w.~ other Norwegian companies The Group has 
over 10.000 employees and makes over 50 ditfe· 
rent products. Synthehc fe,-~•hzers. 011 and alumi· 
mum t.a.,,e already been ment1011ed. a.id to lhese 
mu"I t>e added magnesium. r ·1101,•um products. 
.,,, 1••astics raw mateual •·vc. industrial cherrn· 

, .11... t'h'<'.l11c vower. mechan cal l'nqmoerin!J PIO· 
du\..-ts .. Ull1 lanunates 

4 

Hydro at Karm0y 
The Karmoy plant. wilh 1,200 employees, is Norsk 
Hydro's neict iargest production sile. 
The aluminium plnnl came on stream in 1967. 
1111\ c:;;il;11:11v for primary aluminium is c:ur rrmlly 
120,000 tonnes a yc;u, most of whi<:h goes lo 1110 
Group's own semi-fabricating facilities al Karmoy 
and elswhere in Norway and abroad. 

There are today two cell buildings al Karmoy. • 
but site preparations h1we already been made for 
the addition of two more and an expam>ion of our 
reduction c;ipac1ty is being planned. This is clns1· 
rable for two mmn rm1sons: ii will mnku m: i;10m 
compchhvu 111 the luny te1m and will help to 
safeguard 1obs in the plant. 

• 

I 
t'" 

Al Karmoy No11k Hydro hn an 1ndu•l1t41 1110 ot 550 acrea The 
alumnuum planl lakes up aboul 175 11cru1 

Karm0y 
The distric1 vi ;,armoy comprises both lhe island 
of Karmoy and a mainland strip on the :Jlher side 
ol lho Knrmsund sound south ol Haugesund. II hap 
30,000 i11hahi111nls, nnd junqcd by populalion is tho 
:dr!)csl d1i;tric1 of north Rugnlnnd. 

Until ~he mid·1960's the economic life or 111., 
community was dominated by farming, fishing and 
seafaring. However, structural changes led lo a 
surplus ol labour loc:ally. The distric..1 needed new 
jobs ilnd a more vuri.ld economic base. 

This is lho bo"knround lor the enthus1asl1" ..... 1111 
whir:h No1sk I iydro s plum1 worn rm:n1vnd 111 196'.I 
wl11111tho compony 1111nou11ccd lllill 11 had doc11:od 
lo build an aluminium plant at Karmoy. Several 

f; 

factors had influenced H~::lri...·li cho1r.o 01 111• ,,,, .. ,, 
Experience lrom olhur "'''" ;lroal !i•I"" "' ~ i ,, 

way inrl1catod lhal 11 wuuh1 hfl w1'io lu ,,,. 11• l . 
s11u11lm . whoru 11111 now 11lilnl 1lf>111111;il"tl '''" I•,• ., 

cornmu1111y flus w;1~1 why My1J11, ""'""''···~ 1• • 
exlra 1nves1me111 needed lo 1ra11sr1111 11111 I·'•'" 
from the noldal·Suldal area 0111 •u 111u • '•.1-.1 
where a now planl would be more u,,,,,,'I' .1!•· 1 
bed by lhe surroundings w1lhoul cm1s11Hj I•'" •I''· , 
ChllnfJOS in Ulf-: populallon ri.illmn illlll 1111! ·11.i 1 .. 
lifu of tho 111lwtJ1lant!> 

A1 K1u n1oy. r11111 l!o\/1•• l1tluu11 w.1·. ,, , 1•' '' ... 
phmly uf land w.1s uarn1a1ku1f 1111 1111h1•.1t1.11 1°·. 
opment. and an 1cu·free harbour c.oul.' bu '""'' 
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Production of aluminium 
The productron of alum1mum takes place in seve
ral stages 

the nuning ol bauxite 
lhl" edraclion ol aluminium oxide 
111,• 1uoduc:hun ol pum;uy ahm111uum 
the produchon ol semi·labricatcd products 
the production of finished goods 
the remelhng of aluminium scrap. 

Norsk Hydro·s aim is to expand its aluminium 
activ1ties lo include several of these steps. This 
w111 nMl..e us less 111'pcndcnl on ('Others and 
'''''lillll't'll <>Ur COlllllt'tltlVOllf'SS 

1; 

& 

The Roldal·Suldal pro1ec1 comprises live power stat1on•. They 
-ienerate each year around 2 5 thousand milhon kilowatt hours. 

•1 ol which goes to the Karmoy plant 

~1ectric power 
Norsk Hydro hRS always been a large ·manufactu· 
rer 01 fertilizers. Originally this production was 
based on hydro·electric power, and as a result 
l~ydro·s lalnr devolopment has hr.on Rs a power· 
p10ccssiny c:o111pa11y. l he induslt ial utilw:itmn of 
electric energy will continue in the future lo be 
one of the mainstays of our activities. 

Tile production of primary aluminium requires 
large quantities of electricity. When the method ot 
producing ammonia for fertilizers by the electroly· 
sis of water was superseded by petrochemically 
hf!S\"!d ammo111a. ll11s frncc1 eluc:tric: power 111111 put 
I ly1ho m ii position In 1011hsn ii:; lo11q·!lli111clin!I 
pl.ms lo start alun11nru111 production. 

Electro· metallurglcal ln,.11s. 
Raductil•n plant 

·-~ 

Mining bau1ite. Bauxil•J 1s uluillly luund on Iha lorm ol loose rock 
which 11 easy to lake out. 

Bauxite 
Bauxite is a type ol clay which contains 1luminium 
oxides. The big;;iest bauxite deposits are found in 
Africa, Australia and in Central and Soulh 
Anmric:a. 

·1 ho al11111ini11111 irnfui;try is al prnsm11 clepcrnclrml 
on bauxite, which is lhe basis for the incJuslrial 
production of tho intermediate product, alumina. 
trom which primary alununium is obtained. 

Norsk Hydro has an interest in a mining compa
ny in the Amazon region in Brazil. in an area 
where deposits of around 500 million tonnes of 
ha11x1to ol nood n1mllty havn tmon provml. 

The petroleum cokor c.1 Monqs1111' n.aktJ" u'i \1•1f ..,,,,, ... ,, ' · , 
important r:Jw m111er·a1 tor itlumm1urn p,,.,,,.,r,f,,,,, 

Petroleum coke 
Petroleum coke 1s one ol the au111t111y ,.,,,,,., •·•' 
used rn alum1mum produc.11on The aror111o11 . .,,. 

sumption al Karmoy 1s arouncJ 55.000 tnrrnr·-. ., ... : 
lormnrly ttw; tra<I In hn hn1111hl "'"" ;if,,,,., .. 

f'i:lrol1:1m1 c.r1kl! 1s now r11it•l1: ;ii llor: f,4.,,, 1 ',. 

refinery 111 W<Jslern Norw;iy 111 wl11t;11 tly1lr" '•·• .• 
share. and wtuch is able lo 5upply l•'•I'• ,. .. 
Karr.1oy plant and other Norwe41,ar1 .11"""'' ·'' 
producer'> Mongstad can produce 160 ulJO 1 .. • ..... 
(lf petroleum coke a year 



• ... vn '~ _.-1..-c1talyt1C teductton ceUs "'9 meta• IS •aken In large 
~ I U·, •tll,"'i tlti) tl'-1' toundry 

Primary aluminh.:im 
,\runumum oxide. or alumir.a. is the most unpor· 
t.1nt '·'". m;it,~nal in the f'IC\duchon ol 1mm:uy 
.•h11n11uun1 lhc 01'.Y~l''" 1S ~t~p .. \1.ttt~d ho1u th'"? 
ahumruum metal m el~t1olyt1c reduchon cells by 
a process called electrolysis The alumina is dis
solved m a bath of cryohte at a lemperature ol 
about 960' C A strong electnc current passes 
ttuou\)h the cryohte bath and sphts the alumina 
inlo aluminium and oxygen 

111._• 1i,1u11.1 metal is tapped from the cells and 
1.11..t'" It) tht> loundry To produce one kilogramme 

_ "' .11:11n11111m1 1t takes two krlograrrnnes ol alununa. 
.tt•,•ul h,111 ,l l..1logramme ol anoJC l'<IShJ, /0 wam
lllt'S ,,, u\·tlhle alld 70 grammf's of aluminium 

~ 

fluoride. and 14 to 18 kilowatt hours ol electric 
Cl\('l~lY-

J\t Kmmoy lho clecholysis lllOCllS!I 1ai..o!I pince 
Ill two large buildings. each almost a kilomclro in 
length. containing 340 cells which can prod.ice 
about 300 tonnes ol primary aluminium a day. 

New technot09y 
A pro1ect aimed at improving process control and 
cell design and output is being carried out. The 
pr 01ect combines computer-based proce!ls sunu· 
lation with external. pur<:hased technoloqy. 

\ 
l 

I 

f'rom nne ot lhe cell bu1ldlng1 at K•rmoy. The white powder 11 Alurmnmm 1• •••v to form Tflo 10111r1rJ "''" .ti "''''"'"' ,,, '" 

lllum1na l11lunnmum 011d11) wnoch 11 C11saolved on 1ne cell• •nel 111aul and 11rop 
hoo~an dnwn 1nlo •lum1n1um •nel 01ygen. 

The foundry 
In tho next stage most ol the liquid primary 
nhrmrnium tnkon from thn c;alls goes into malling 
lurnar.ns in lhu luuru.lry, wtmro !ho molal is rnlinud 
and alloying elements are adcJed in orcJer to 
achieve the desired composilion. One widely used 
alloying element is magnesium. which is also a 
Hydro producl. 

From the melling furnaces the melal llows lirst 
to casting furnaces and !hen to casting machines 
whic:h form ii rnto ingots. extrusion billets, rolling 
slahi;, w•ro hnrs and rod, and cast coils. 

Tim luunclry is also oq111ppon wrlh 11 large 
111duc11on furnace lor mellrny scrap . 

The rolling mill 
In the rolling mill par! of lhe molal •s m;r•I·· "" 
11heot and s1rrp 111 fl11furent 11ll11yc;, c;11••-> .11111 If,,•• 
11ossos. Thu r.npar;1ty is 11ho111 i'!J CJIJO 111111 ..... 
year. du pend mg '"' the producl mu 

The cast coils of 6.5 mm 1111<:k al11111111111r•• 1,. ,,, 
lhe foundry are passed throuyh ii rolh11•1111111 .1·•· 
for each pass the 1111ck11m1s 1s rncfur.ml 11y :111 1 .• 1· 
per cent. Whon llm products t1nvu IJH•ill 1""' '•" 1 
trimmed and slit 11110 s1r1p or cut into ,.1um1·. q,," 
undergo a lhorouqh quality control twr,,111 '""'' 
packed for tr anspm I 

" 



Jh,, "'"""'s"'"' ot.nl at Karn10y can ma._e ove• ~-000 dllterent 
,,..,,•1•,•S.\"'1t~ 

The extrusion plant 
I ht• raw materials tor the presses arn cylindrical 
"'"'•ts '" h1llc-ts. tr om the- lound1 y T111~sc- a1 c- put 
onto lhe press. heated to 400·600"C. and pressed 
1111ou9h a die opening which corresponds to the 
shape ot the hnal prohle or tube. 

1 he die work$hop. where the dies tor the va· 
roous prohles are made. is a vital part ol the 
elltrus1on plant. 

In lull operation the plant has a capacity of 
around 10.000 tonnes ol profiles a year 

The profiles can be anodised to give thorn a 
''" 1.1<e n>.lhnq Ill sevnral colour" Tiu,.. '" an 
·It" ht.t\~tu~·nut:,11 Ph>Ct~ss and also ••h•ke!i the nH~~ 
.11 more cor;os1on resistant. 

,,, 

Tho doo opening 1s cut out and hied with great precision The doe 
woekshop has tts own drawmg ottice 

Prolilns lrom Karmoy 11re mainly used 111 tho 
ship·hu1ld1110. build111n and electrical mcluslncs. 
and in the tiansport soclor. 

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

. • 

~ 

• 

• 

Thr e•lru11on plant al Magnor lies cloH to lhe Swed11h border 
II makes aluminu • .un profiles for lhe Norwegian anc:i Swed•lh 
m;trlml• 

The extrusion plant at Magnor 
Nor!lk Hyr1ro Aluminiumprolilar, tho ex1rus1on 
pl;111t nt Mnqnor, supplir.!I prolllus mmroly to Ell· 
stom Norway nnrJ tho Swo1l1sh mmkot. Tho pl11nt 
w11s started up in Hl"l2 wllh one 1,600 tonne pross 
with a capacity of 3,500 tonnes of profiles 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 facilities are now being built. 

The company has about 100 employees. 

II 

Alum1n1um 11 I gund UJIHtur,,.,, ,,f trlm:t,1r1ly ,,, I ,., 

powe• I"'"' Nmcdblt, 111 t<a,muy "'•°''"• ,,,,.,. 1. ·' 1 .. 
an&J CHbltt coro1 

Norcable 
Norcahla 1s a som1·lab11c.11111111 l;ir;1hly ;1•11.1<.•·1 • · 
lhr: Kmmny pt;rnl nml 1s 11w111:<f 1r111111v tiy '.1.11 .. 1 ,, : 
I olulrm 011 K11t.1:lli1tirtk IS f K1. 1111: Nt1t W•:t11.or. ... 1. 
s1d1ary of ITT. and Norsk Hy<Jm 

The company was stnrtcd 111 1973 nnd w;i:. ,.,.,, 
rod from the foundry al Kar moy Norcct!JIH 11.i·. 1 ,.,. 
main products. cable cores which are 5up:;r ,.,, 1 
STK's factory in Oslo. and conductor c;,t,i.: !·" 
transm1ss1on lines 

Norcable has an annual capar.1ty ot 1'io111 •1 r:r 
tonnes. 
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'-'''' u"'' ,. ~" b..MI' tt't•USt\lf\ P'•n1!l m 1\11!.lnl. F1..\nctt. Uul· 
.i .. • ,, \\,.,., """m.1ny. Aus.,_. and (N.nm,u' the p1C1ur'1S $ho* 
u..,,,,,,u 1n 8'.•1111•un' 

Semi-fabricating facilities abroad 
The -·1a1or aluminium oroducers ot the world are 
eng.lged in all stages ot the produchon process. 
The tree market tor pnmary alum1mum is therefo
re lurnteo. and a producer who wants to maintain 
h;s independence and secure outlets tor his pro
ducts must fabricate a large part ot the metal 
111msell. From the outset Norsk Hydro planned to 
pn>eess •ts primary metal in its own semi
tatmcatang plants. Economic factors make it ne
.:essary to carry out some ol this fabncating close 
Iv lhe customer. Production can then also be 
t.111,.,,.'1 t,, suit the market 11 will "'''Vf'. anti 11 1s 
e.1s·e• to maintacn the close co111act wclh custo
mers needed :or many sem1-fabncated products. 

,j 

l 
1 

In the United Kingdom Norsk Hydro has two 
extrusion plants, Aluminium Precision Extruders 
Ltd. near Caerphillr. and Ashley Alum1111um Ltd. Ill 
Cheshire. We also have a stockist company lor 
extruded and rolled products, Alustock Ltd .. w1111 
ollices and warehouses covering the whole of 
Britain. Hydro has a factory making lc-il containers 
tor the food packaging industry, Aluminium Packa· 
ging Ltd., and an interest in Viking Alloys Ltd . 
which makes aluminium rod and wire. There 1s a 
sales department tor al11mi11111m rroducts at the 
N11rsk Hydro qrnup ollin1 m Folthllm. 

In France Hyclro owns Alunord s.a .. an extru· 
s1on plant in Louv1ers. and Alustock s.a . a stockist 

12 

tho pl11Uorrn ol lhll lorry I• alum1n111m. 

tor ex1ruc1ed and rolled products wilh warehouses 
outside Paris and Lyons. 

Hydro also has extrusion plants in Austria. 
Aluminiumwerk Nonzing GmbH, in West Germa· 
11y, BAG Aluminium GmbH. m Denmark, Tonder 
Aluminium Aps, which specialises in making c10-
M1 tolerance lubos tor the car mduslry and various 
other applications. and m l3elg1um, Hydalu s.a. 
which m11kes aluminium conductors. In addition 
wo hnvc salos offices in Sweden and Denmark 

1\11 0111· !>11111i·l11bricatina plant!; me backed u11 by 
thl! cxprn lisu mut rmarnrc:h ;,rid cl11volopmo111 lnr.1-
ht10~ of tho Kar111uy planl 11niJ the Hyelro group. 

-
.:A-~"~~:-,~ ,. _· .' 
cT."t) :,- ;.-.. 

1• •. '°''P'' ~'. ;'L:· ;.: 
•<t;~,~~~~ .. ;~,:~ ·~":·, ~ ', .' ..• • 
·' ... 

~lun11niurh 1t. ini:rt111s1nc.111 u'ml .... ,, t.u1ILh'·'f 1•1.11t•11.11 

The environment 

.. 

Efforts to reduce effluents and 1101!>•1 IJy '"'f'''' · '' 
equipment and flncting bt:ttnr tm;h11ol<1•11r:<tl •, .i. 
t1ons go on continuousl1 Rcs11;iri:11 pl<t(., ''" ,,,. 
portanl part on lhuse onrl£:avours. anrl 1 ''"' •! ,., . 
great advant.,IJO that we can lffil'N on trlfl •·•!•·• 
s1ve 1echn1ca1 or9an1sat1on or thP Hy 0 1ro "'' ,,,, 
which has been active w1th•n tho ch1111·•1..1I ,,,.: . 
slry for many years anti has 'J•l•nt:tl ··~"'" '"'" 
rience on cloallng with envrruru11c:r11a1 ,,,,,,,1, .. , . 

Our HOill 1s tu r.roatc ii tll.IOlflN HHl11•.trr.11 ,., , 
ronrnr:nl ttncl tt111!-.. ~1lso trL•"·'! J'Jh~. ''' .,11 '"'' I· 1•·' 
i•llli1!1ilf1to:r ;uni 1111110 •,;it1•,ty111q 

n 
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. ·•"-\'ii ·"·'"'t" poSS•bl"° n\uCh o' l~\e P''HJ't'~' ma,h' 11' our 

A. versatile metal 
,.. ..... 11 !actors make alum1n1um a metal w1lh 
.... :••t pr0spects It is one of the most widespread 
nt'!.11<; Ill till' t•;uth·s ClllSI. an11 its v.\luahle pro· 
,, •• t .. ·°' °"1.n·h .1:-; hlW SJh',·1hC Wf'H.lhl ll''t.1d CC.Ult.hll> 

1' •?y ~•' t'nqth an1.i h1yh rcs1st~,i1cP td cou os1on. 
r·1~•· •I S11•t.1ble tor rnany purposp-; 

T •!I) •t is used especially whert~ tile empha· 
·" ,.., , .. , t.,_;'lt weight and durab1l•ty Typical are<1s 
• .1:•;•;,, .11"'" are in the transport sector. tor 
1-.:.1·1,·., "" the bodies ot lorries anol husns. tor 
'\;G t.\11~..; .-,n1.1 h>f cvnt,l•ners. 1n ttu• hu1ld1nq 
·.~~ ...... ~'' •,,, \\1niJows. ct~1hnqs. c.1~"1d1nq illlC1 1ns1-
,. "' 11~ p.,·11•!:--. 1n p.1t·~.1q11hl lu1 .111 "iud~. ol lnot1 
·i.J ,!•!11"-. ~-,J11r~1uu~•S tor cu111p1.uu•111~ 111 plt_•t:lrn:,,1 

1.t 

\ I 

articles and household appliances. and as profiles 
which go into many c11lterent kinds of finished 
\100115 

llPSt'.Ut:h .1ntl pr oduc1 c1ovcloprnonl ;uc l'>epnr::· 
tell gradually to opon up now poss1lJlc flulds ol 
application. and here Hydro's Alum1n1um D1v1s1on 
will be in the lorelront 

A ~u1ect1on of alurmnium profiles m11c.Jo by Norsk Hydro 

An energy-conserving metal 
One ol tho main ob1eclives during the produclion alum1n1um 1s particularly pow<:r 1n1t·11· .. ,,. ,. 
ol alum1n1um 1s to gel as much as possible out ol when we consider lhc C<Jlllplctu c:ti,1111 ,,1 " 
thr powur used. Aluminium product1<Jn has olten n1um pro<luc11on prnr.css'''• ""'""'""'" '·"' 
lmrn1 d""crolH:d as powor 1nlm1s1vn. hut t1w1 lakn!I pare tavouralJty w11t1. 101 '"'""JI''' '"'" .1· 1 
11110 m:counl only onn phnso of tlrn wllolc IJWCCSS, T111s l!i uvon "''"" rnarkr:d wlu·11 "'" .1 ·. • · 
narnnly 11111 produclion ol primary melnl Al lt11s c1er tho rnwr(JY (.011~ump1 ... 11 ot 1111• ,,,,,.,1 <··! 

st;1qe 1l 1s correct '11al power consumption 1s d11cl llurong 11s l1lulor11<! fl1•c,111'>l! .. 1 1h l<JJ. "' • 
h111hcr lor alum1nll' 11 than ill tho correspondmy we1ghl. lol t,.arnpll!. <11111111111,1111 'r,11111"""'" 
stage lor many other materials. rrcJur:r 1t1n IUIJI cor1'iu111ptu.11 or I•''""'' ,, 'I" , .. 

Howevnr, the Oil cros1s and the poss1b1l1ly ol a payload tor all'"'"'" of"·""·""'' 
<Jl'IHHill shorlauo ol nnnrgy madn us lake a closm Tl11J f!lll!llJY L<>fl!>11111r·<1 ;ii!•·• ""' 111 .. 1.11 r .1· i · 

lohk nl lhn wliolo p1cruro nf rnalt!rial SP.l~r.110" ilt1c1 sr.rappP<t n111c..1 .11•,,, lu•, 1111• 111"••·•1 l1u '.,::. 

"""'CIY c:o11•t11111pllo11 No1ll1Pr h.uoc1l11 111111u111. 1f10 '"'ti re•111 .. 11111q 111 o111ur1111111111 "~ r ''' 11·• 1•1·'' 

pruducl11J11 ul alun1111a. nor tho !>c1111-lahr1cat111q ol l'llcflJY 111.111 lor """·' ollu•r 1111·!.1•·· 
1!1 
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01eser F1lmprojektor Isl eln Beisplel tur die v1e1en Ver· 
wendungsmoglichkelten des Le1chtme1111s Magnesium. 

Vorgeschichte 
Am 1 August 1951 produz1erte Nl"lrsk Hydro 1n 
Heroyil die erste .. norweg1sche .. Mngnes1umm11s· 
SP.I. Darn1t war e1ne <11te Norsk Hydro-lrlee 11erw1rk
hcht worde11 - die Nutzun(l elektrischer Energ1e lur 
die Herstellung von Le1chtrnP.tallen 

M1tentsche1dend lur die Emchtunq einer Mii· 
gnes1urnhutle 111 Heroya wmen che m1hezu 1c1P.ale11 
Orts11erhaltnisstt Norsk Hydro 11urluqt hoer uher 
grosse Mengen elP.~troscher EnerqoP. Seew11ssnr 
1111r1 DolomotqP.slrnn qoht flS 111 11111irscho 1plloclor•11 
M1111q1•11. 111ul r!;1111tu•1 l\11,;u1•, kn11111111 .1111 I\ tJPli1•11 
l'l/l'lll)IU~1•1t' i1l1'lttl1!I l'1111h1"llllll~./Wl'lllt1111 lll'lfJYd 

lur '''u Mil\Jflf'~.·umlwr stelltlll\l ~1c11u111 wercl1m 

Die er!>te Jahrespro•lukl10n von ""' ;••.•, I 
wurde Ill r1en folq"11rJt.!ll J11hre11 1rr.nu•' ,,,. •, · 
slu1qftrl DurCfl Slitf1<J1q~ trwt•1lf!tl,fl•1•• 1 1 •.· '.-·' 
s1erunqf'n. Nt•lJ.tl\1.tfJf~ri 1111d n:r~tit /· .1 .. • 11 : · 1 

dun hE•rvorr.1qr-111lt•ll Eom,.111 ;,11 .. r 1,11,,rt,,. I• 
che Kar,.:at•1c-t1 :·~Ill ~O 000 Tonru•fl 1.1•111,, '1 ,.,,,., 1 1 

Vor alh~m tu;tctllf.'11 ,,, •• 1llfPfl't''/f'fl r ,,, .. ,.I 

llfld l-n1w1ckh111<)~111rf1t 1 1!ttfl ,,,u1,11!.f1111 •,ti·•' r 

Kf•nntn1~,~.-~. ut1er cl1f~ ru•tlf•n NfJr~.tii H1 1l•11 ,., . 
tlf•lf!f Ht•PllL•llt•I ..,,,.lf11qt 



11,1.1 •u'l.1 4 600 11/i.tarbeilern isl Porsgrunn Fabrilker die 
.;·-'ssh> "''~·•sstane '" Norwe;ien 

Norsk Hydro 
~- !','°' ....,,,. : dt•t Guun1un(} t't's1·h.1f1•t1t s1ch d•t' 
N ..... ~ •t· •. !''' ""''""'•''"'"nc1 nut t•1h•111u•\'•'rt'1h•lluh•n 
..... "~~1kt•1.""•lHt..):t""~Sl'll O.lS , .. , Sh' "'·'"\"•''.._, 
s-.. 1,•1 ... ;•~)~S't'rl be1 Notodden - WUllh~ l~U7 qe·h4\ut 
E" ,, :ir <.!.,,11.11s <las grosste 1n Et11 uri<1 und chente 
.1" E""'·l t·:pelle lur d•e Kunsld•""lf'' -Procluktion 

f-it-:.!e ,eriugt Norsk H~·dro ut'>•'' ::1hlr·· che P10-
. i.:-.t _,,,,.,,_. ,::,.' '" Norwegen D.1s 41.:isste \\/erk 
t'"-'''''.!~? ~1...:.h u\ Ht•roya bt-• Porst1n111n Es 1st rrnt 
-! ._;•_>:l 9 .. ,,.;hafhl ten der g10SSlt• lrH1USt11etlet11el1 
~ ·· ... ~· i•'""' H tt•! "\•"'<lt·nKunshh:.•hl''1 ~11\•;n(•S1t1m. 
~>\ '--, .:•· ! ·'" !t"'P lnd\1"'1.tr·~·Ch,~!" l...11 Pll tlri.'du/1t.1ort 

'.' ~...,, \\"···\... q ·:~:\'.\ "•,~ 11 t Kl1'~..,;,.t l .. ·• :1-r ..... ~t,._._.,,,,."\ 

\·V.'s"*'' und f\l111rnnn111u1uss hnr AnqP~:.chln·.~;,(•r\ 
1~.t t'•ll M.1sclu11.-n~ ";,it f\pp.u;1h•l10111 

N.ih>tltl•·ll isl d11• ;ilh··,h• 1'101t11i..1to11,;•;l.1lh• ti•·" 
Kon1t~r ns Ltunin"h" '.'t~rpat:kungs11H1h.1 11i1l1t>1\. 
Elei..trolyse111e und Verbre1111ungsanlagen s11111 l111·1 
du~ Protlulo.l•unsschwc•rpunkle 

Aul de• lnsel Karmoy betre1bl Norsk Hyclro PllH' 
Ah1m111111111hullP. 1t1e nPl)Bn Hutte11alum11l111m ;H1Lh 
Hdlll.'<'1111>' lit•h••I 

D.1s 11.~1dlichsh• Wt>1k liPql 111 Gloml1oi<t D•,. 1'10· 
<1u~ti0nsk,\p;1111il1 <liPSt'S WerkHS £1pc.:kt tlf 1

11 Cl•'· 
s;11n1t•11 11,11w1•q1scl11!11 Bc·c1arl .m Kt111stc1t111•J•·1 

'-.·t! !1"s•:1:intf•il••11 dP1 het1eute111tswn Olf11111I· 

Oas Alumlniumwerk aul Karm··y hat eine jAhrliche Kapa· 
ZiUll von 110.000 Tonn11n Hut1en·Alum1nium. Ungetahr die 
Halite wird tm Werk welterve1arbe1tet 

•;.11~llPn 11n norwPq1sr;hf•n S1:hr~11. 11nt1·r nruh!ron Ek· 
(lf1•.J.. 111111 f·r111q .••• ,fly( ti(, •,1•11 1~u.·~ Ill ttrl11•IHH.lt1•111 
U11d.11•11 .111 ch•r N1111I•,,., •. ( >l•1t:w11111111111 l1t•lt·1lu1I 

L111e Oli;1!1111u11r,, cl1t• s1•1t I ~J /~, 11 r t>.'u11q•,t;itl pro· 
dt1/1l'rl. wurdt! unter Norsk Hyi!ro·H!'q1e t•r11cl1tt!l 
Ll>•'nso hetre1ht Norsk Hyctro petrochem1sche A11-
laqe11 .. err Athvlenwerk. e1ne V111ylchlornl· u11r! 
t,111e Ctilorl 1l>r1k - auf Ral11es in Bamtilr,, cl1e Roh· 
stolfl' ;i11<; <If':,, [ .. }.0!1sk·F l!ld v1!ri1rl>l"ten 

UrHJf!l;·I': Dr1<1v1erl£!l d111 Procl11kt1on rl11,!>er U11-
l•!llH'IH1H!n w1rcl nxport1r,rt Vorw11irJ••r11I n;,..:11 
Schwudt--1\, Dttnun•ttlk, Gro~~ .. tir1laruHP11. HI cf1u 
EWG-L:indf!I, the USA u111I 11<1cl1 Fw11os! 

OtJcn Aut Pdlnf"!s r.;roduzur11 t-ty1'rcJ Am·1'''" '/1 1•, 
uncJ Chlw 

Nr11•,lo. tf1rfffJ 11t11tl11/11•11 d1 ,- ••• 1,.,, I .i' :' ,, 

f 1tl1t 1111 I 11111,d f,,1.1!.lf 1111 t!,,fl1d1 1•.!•·•1 /1t·r·li· 

1111 JI lid~· 111 llf tlo1fl I' ,f 11lf, :l,I .loo I •I I I 1t •f 'P •f,1 •t I 

~JI 11 1 ,k t l'/1 '"I l11 ••,i!/I II I t 111ll.1l 11 I IJ11 • f J• ,•,t •' j• 
ll:tllll~t.' Sr1~~lul r,.1o111tSLl1.111pq~ t_t.,. r.1n.·,I : 
n11tlt 1I t,~r~ldU. un<I 1 2UO P1·r~o11t.·11 I, .• , •1.1" 

/!u1111r"1llHll ·1,11rd HI f•Hft'flf~ll p,, .. ,.,,,,,.,,,. 
Gro'-.. 1br11.1r1111f!l1 Fri111kr·~·1.tt \"J1~··''!1· ,•., • 
(J•,lt!fH~1ch B1·lqu•11 Oi1r11•1n.11k 1jl1f: .11 •~" ,.,. ,., 

<11',''~'~''~''" 111 ~><.t1"11t~rt1·11 ,,,·ii•!' t .. '·'"'"'!··' 
At1ct1 111 0f•11t•,1.l11.ir1tl .-1·rf11 1 1t r ~· ,rr,P HI :· 

t!lll V1 11tr11•l1•,. 11r1rJ Vii!•'•·' tt•1o1rr,11.l•,r.·; .. • ~· • 

1ntor1 fur tv1.aqr1••"'1n1111 



O•e d•e• Melallstucke aus Magnesium. Aluminium und 
Eisen "''egen g1e1ch .. el und 1nustrieren 11as niedrige spe· 
:•~·s..;!'l~ \Jio;.."'wu.;ht des Magnesiums 

Was ist Magnesium? 
Magnes•vn kommt 1n der Natur 111 re111er Form 
111.;ht "0' Es is! e•n Erdalkahmeh1ll (las zwar 111 
g•~'"""" ll.1engen. aber nur als chPm1sches Ele· 
"'~nt 1n Abraunlsalzen. 1m Meerwasser und 1n ver· 
sct•1t>,1enen Geste1nen geb1.1nden vorkomrnt 

R,•,nes Magnesium 1st das le1chtt>sle lndust11e· 
,.,.,:,111 Im Vergle1ch der spez1!1sct1t>11 Gew1chte 1st 
A1,.rn•n•um anderthalt>rnal und Stahl v1e1e1nhalhmal 
s;;",\t>rer als Magnesium Doch 1m Verhaltnis von 
Ft>st•qlo.e•t zu Gew1chl i...1nn Magrws1um durchaus 
rn.t 111\•'iP!l f\1,,1,\llf•n Vl'tqhchf'n w1•1dPn 

[).,~ q-.•hnqt' ~p,•:1f1s<.:ht' G~w·d•I d"d tl1t' ht"f· 
~;::,r~~\l.Jt.~~,.J~n .:ht'm•sCtlt'll unc1 ,,,~ .. \.·harnscl't~'l [1· 

" 

genschaften haben dem Magnesium stanct1q 11eue 
und grossere Anwendu11gsgeb1ete erschloss1•11 

Als Leg1e1u11gsbest;in<lte1I anderer lnctustr•e· 
met;ille 11erbessert Magnesium wesenthch clme11 
Fest1gke1t und Korros1onshestanct1gke1t 

Weqen seiner chen11schen Reakt1onsfah1q~"'' 
benutzl man M~•gnes1un1 auch. urn Vt~rur11t"1n1qun· 
gen be1sp1elswe1se aus Eisen. Stahl. Ble1 1111<1 KuP· 
fer zu entlerne11. Es wird zt11 Herstellunr1 11t•11r>r 
Mel<1llt> und zur Gew11mung e1ner Reihe versch1P· 
t1t'lll'I <'hP11H~lChPr VPrlu1ut11nqttn l'llHIP~·•·l/I lJ114I 
,,Is Anodt•1Hlh1tP1i.1l sdu1t1t t~S L1sPn wul St.1111 q1· 
q,~n Kor1os1•ln 

Oie Rohstotle In der Magnesiumproduktion s1nd Oolom1t 
aus SOrlold in Nordland, Magnesiumchloridlauge aus 
Doutschland, und Meerwasser aus Frrert1orden. 

Rohstoffe 
Norsk Hydro produz1ert Magnes1urn aus Dolom1t· 
qestein. M;iq11es1um-Chloridl11uge und Meerwas· 
!.er. Vo11 d1esen Aohstolte11111bt es grosse Vorr<1te. 
unrt tt<1s Seewasser 1st nahezu unerschopllrch Mrl 
Oolom1t 11ersorgt s1ch Norsk Hyclro von Sorfold 1n 
Norcl-Norwoqr.n. wo <1111 Vorkornrnen s1ch durch 
hohP Re111hrnl nusztt1ch11P.11 Dils Monrwas!.el w1f(I 
illlS F11e111orc1en var Hcroyn hoch~1ep11rnpt 1E111 
K11l11kmeter S!c!ewassPr enthnll etwa 1 .3 kq Mil· 
q11Ps1um1 Orn Mii<Jlles1urn·Chlor•dlnuqe kommt 
1111 1 1 W11~,frlflllf 1 iC:hliHUf 

1l1fl h11 dt 1 11 th·•~tlPll\ll\q~.plll/l'!'!i Vllll M;1q11t'~11l1Ul 
11ut•q1•11 E111•rq11•rno11ql'11 l:h•kt111rtat. 011111<1 Gas 

. -· -· ~ ... .. .... . r~ . . , 
::::;::::--- ' i •.• 

!'·,·1r 
' 

he11r1tlt Nor~k t-iytlro ,111~ t!H;t-n1!11 r;,,1o1•1·r• 1. 

ch11qs tr;1ql h1f 1r d1f! 11ilt•11'l1'1 r,•·tr1•·L1·1o1• •. ,. 

For!lchunq <tc11u lH!1 da'.'• ~·ct' 1!tt1 L 1.•·', •.•.• 

tHauc.h pro To11nf! Mt!t.:111 !'>t.irvl1<J ·-1P"•'•'i'"'' 



Fllessbild der Magneslum-Produktlonsverfahren \ Norsk Hydro 
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Relnmagneslum 

N0'S" H)\lro proouz1er1 Magnesium nach zwe1 verschie
aenen Herstellungsvertahren mit e1n1elnden gemein· 
s,·n3tt11chen E1gensch<11ten 

Herstellung von Magnesium 
Nvrs>. Hy,1ro bt'nu1lt fur die Magnc>s1um·Herstel· 
lunq t1.1s schmelzelektrolyhsche Ver1ahren. wolle1 
11.•.1gnes1um-Chlond m1t Hille von Elektriz1tat 111 
M.1g11es1um und Chlor zerlegt word 

M.1g11es1um·Chlorid wird heute 111 Heroya 1n zwe1 
F:tt>".!o.en auf untersch1edhche \'V••ose hergestellt 
D.1s \'•''1.1n1en. das Norsk Hydro se1t dem Start 
1~1:;1 an";>ndet. gent von Dolom1t und Meerwas
ser ;1us Ze1kle1nerter Dolom1t w11d 111 Dreh:ohroftm 
<Jt't":,nnt Das gebrannte Produkt wird mil Meer· 
"·l"'>I'• ,.,.,,,,,scht. •n grosse BPh;ilter qefullt und 
o.;•"' l1.1s M.11,111es1um-Hydrox11I illl'>•lt>fallt Es w1111 
:,•?•c•1.:i...1,,-., und lU M.-,Qnflos•tHn-O"ui QPllrannt 

Ein Te1I des Magnes1um-Ox1ds, das 1n versch1e· 
denen lndust11ezwe1gen fur die untersch1ecll1ch· 
sten Zwecke verwendet wird. geht rn den Verk;wf 

Der grosste Teri wird jedoch fur die Met<1lllw1· 
stellung qenutzt. Dabei w1rd das Ox1d moltf'ls 
Chlorgas und Kohle 1n wasserlreres MiHJnt·s111n•
Chlorid umgeset1t Anschhessend w11<1es111 r1t•k· 
trolysebadern 111 Chlorgas und flussoges Maq111•S•· 
um-Metal! gespalten. Das Chlorgas geht 111 <lf'n 
Pro1ess zuruck 

Neue Technologle 
Als At>schluss ""'"s rtror riross!en Norsk H,-<trn· 

' J 

\ 
\ 

Von der Anlage ganz oben links wlrd wasserfreles Magne· 
siumchlorid zu don Elektrolysozellen lun!en) geleilet, wo 
llus~igcs Roh-Magnesium gewonnen, raffrnlerl und dar· 

Entw1cklungspro1ekle wurcfe 1elzl eone neue Ania· 
qe wr Herstellung 11011 wasserlrerem Magnesium· 
Chlorod 1n Betroeb genommen. D1ese Anlage arbeo
tet worlschafthcher und umweltfreundhcher. 

Der Rohsloft, der h1er verarbe1tel wrrd, rst e1ne 
Maqnesium-Chlorodlauge, doe mehr als 30 Prozenl 
Mnqnns111m-Chlorid. aber auch Verunre1n1gungen 
woe SchwC!fel uncl Bor enthalt. doe on der ersten 
Shrfe dns Procfuktionsprozesses ausgeschoe<fC!n 
werilen Danach w1rd das Wasser zunachsl durch 
F1ml;1111pfm1 dttr LmroA 011lfl'rnl DoesA wircf rfnn111n 
t•111n11 Spr11hkrostalhsallo11!.h11111 qt>lllotl't. wu sou Ill 
c•11wn1 fl'stnn qPkomltrn Stoff t1rstnrrt Wnrrnhrft 

aus rn der Magnesiumg1ess,.ra1 tob11r• 11· •• n1s1 1,4,,.,.,,.,., 
und andere Produkte hergus1r.111 warden 

umf Salzs11ure1p1'i 1r1;1!J•"1 1f;1o; rP.'\tl.1.t· . ., '.'/ .. 
vollkomme. rtt1~ Dc:•s -11.·1i;~tHftt.·11~ M.i'i'•'"· ." 
Chlorrd w1rcl 1n Eleklreilysc .. 11a1.h.!111 '" Ct.•1,ro;.1·. 
fluss1ges Magnes1ummut;1ll qeo;p;,111,11 "'·'' ! , 

Met all schhesshch zu Mi1!>!.t!l11 111111 B· '''"" '" 
sen Al!> Nehe11pro1l11kl l.'111'\l•!h•"' m1t ,,.,,,,, I 
Maqne~1urn \J11q,:f11hr ctrt!t TcJr111v11 Lr.i ·"I·•'· ·· · 
Wf!rlvoller Rohstoff 1111 <f•f! P•dror.h1'"'·'>'-'·"" '.'I· ·•. 
1n R<tlni,s 



D•ese Ku•be•-ne ist aus Spharoguss. der durch 
Magnesium Behancllung des Gusseisens enlstehl. 

Produkte und Verwendungen 
l>nlegiertes Magnesium 
N,,,si.. ll~·,1ro verk;iult unleg1ertes 0<1er remes M;i
unes•um grosstente1ls ;in die Al11rrnn1umindust11e 
111 N,m,,<'gen und 1m Ausl;ind Durch Mag1ms1um 
at~ Leg1erungszusatz g ~wrnnt dilS Atum1nrurn bc
st.mmte phys1kai1sche E1ye11schalten 

Oas Ende der 40er Jahre entwrckelte Gussersen 
m•! Kugetgraph1I gilt als e1ner der bedeutendsten 
Fo•tsch11t1e aut elem n'etallurg1sclwn Gebiet Es 
""'! rn•U<>ls Magnesium 1n remer Fi11111 oder m1llt>ls 
f , .. ,,,.,,,1.:1urn hprq.-~,h,llt Ot'r ~1.hl"l'~HIUlVPf

t•r.uh.:h fur lh~ l:.llUlHJUU~• von liu-:: .. ~t~•~un nut Ku· 
yt·l,l«lf.lh1I nommt Stand1g ZU 

1(1 

Magnesium In Hobby·Ausrostung und fur Autos. 

Ncue Tt>ch •'.Jloq1en fordcrn besserE> St01hlq11nli· 
taten M;i!Jne nrm wud cleshalh 7111 E11tschw1•tn
lung von E1s1•n 1:ml Stahl e111~1esetzl. 

Die chemrsche i:,r111slnf' nulzl Maq11es111m·SP'1· 
ne fur organische Syn:hesen. Und be1 der Hnrslt>I· 
lung von Titan. Z1rkon. Uran und anderen Mrt;1ll1111 
w1rd Magnesium als Redukt1onsm1t1el verwen<ft•I 

Legiertes Magnesium 
M•I Alum111111m uncl Zink IPqrert, erhall Maqnr.s1111n 
h''' vcu 1.u I"'""' "'''" 1uu-h·~Pu1P11~1:lh\H1•n M.,1111P· 
~lllJH·Ll~HIOl\IU~Jl!fl l,\!'\~t·I' ~H-h w,•1h•1y.-1.i1lit•d1•n 

durch G1essen, Wallen. ?ressen uml Schn111!lh111 

-~ : ... '' . . 
~"":11,. 
~~ "·' ':!-, . ~ . .·~ .. 
§''\• ... :,·. 
~{4\ .-')\ 
~~!~,. 
, I 
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Gerale mil nledrlgem Gew.cht erlelct1111rn die Arbelt. 

M01qnes111m 1~•1 lerchl iu vernrherten, uwt die 
Komll1nat1on clo, moclrrq1m Gewrchts mrl hohcr 
FP•;tiqknrl mschl nssl rhesnrn Mnlilll stand1q neue 
v IH Wllll( h lllf)SIWJ ·1hchkc1t on 

M;rqnes1um 1i"1ctel 111;111 heute 111 111duslnell ge
nut1ten Produ~,ten genauso w1e 111 Gegenstan ren 
dPs laqlichen 8"dm1s: In Flugzeuqen. Motor ~:i· ,en. 
Kam1~rns, RasEinmnhern, Motor t>locken. Aulofel~1e11. 
Gelrit•tmqehausun un<I Camp111qausruslllll'Jtlll 

Spr.1.1ell nn Trnnsporlsoktor wercten durch che 
V1•1w1•111l111111 lp1r:hl•11'WWhl1qPr Mit•llll'~111m·l 1Ht•P· 
r11flt/B11 lu,11t111ltt11du I 11u1q11•1!1t1:.pi1111nu<111 nr/ntll 
Die hrer moylichtm Brennslofle1nsparungen lle:ra-

;: I\~ 
·~ J 
-~ ) 

'.t 
·' 

fJfHl e111 V1ulfc1che5 <tf:< fl,, <J1f.- •1·~,..,1,~11.,11{; ~'' 
Maqno..,1unl ;1"lq0Wl!rict•!l•·11 t. 111:rq1f:t111~11r;•''' 

Magnesium·Oxid 
M;rqne'i11H1t·0<1tl enl'iff,hl :rl•, Z111•.cto1•111·•1•·· '•' 
be1 der Melallherslelhllt\J von Nor">k ti1o1r: rt.,,.;. 
tat,11ehrner isl rJ1e Zeliulosn1111f :'>l••l' rt .. , 1!.1•. '·'·•; 
nes1um-Ox1rl als Bilst! rfer Koch II •'>'•"I~,,., :: .· ... :• 
Doe Bulr1ehe ko11111111 umw1!illr.-.u111f!,1.lu•1 "' I ,, ·• 
SChrtfthChOt r,r()CfU/1Hff~l1 t..,1,1f)lll•',111rr fJ11rl ,'. t I 
:1111.h HI', 711'.o1l1 111r11 V11·lil111t,., t,., t•,,,i. •. , ,, 

wot.kn ,11111 111 .i .. 1 '"'"'"""' ht'I• '''"' 1,t,.111•• 1:• •. 
sctlt.:t \ \1 HtlJ !:tt f 11! vttrWUlltlt~t ,, 
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Produktlon Verbrauch 
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Norsi. Hydro hal einen bedeulenden Anteil an der Well· 
prooui.11on "°"Magnesium. Ube• 90•·· werden expor\lert. 

Verkauf und Markte 
Aul •h•m ll.1.1gnPs1um-M;ukl qrhorl Norsk Hydro zu 
tf..'11 h1hrt>nl1t'n Unlrrnehnwn. O.is Ma!lnes1um ;ius 
Ut••oya - 111ll•ma1ional unter ct.~111 H.:mdelsnamen 
NORMAG 1R1 bekannt - deckt un9efahr ein Sechs
tel des heuhgen Weltverbrauchs 

Dae weltumspannende Norsk Hydro-Verkaufs
und Beratungsorgamsat1on pflegl den sland1gen 
Konlakl uncl Er1ahrungsaustausch mot Abnehmein 
,\lit ,111,•n 11.1.11kten 

Ut,e• 90 Pro1E"nl der Maqnrs1um-Produkt1on 
"a"' •"•Pt»l•r•I. h.u11>ts;ichlach ;,.,.·h WPst-F111opn 

lu 1.h.•11 ~vosstPn ~1,,qn~su11n-V,•1tn.Hu::t't~11l i.HIS .. 
s,..•..,,1!t.> Wrst-Europ.is un<1 ll•'" USA 1.JE-"ho1e11 <1•P 

Der Wettverbrauch von M11gnestum nach Verwendungs· 
geblelen. 

U1ISSR. Japan. Brns1hen und Kilni\Cta 011! Sch;111· 
tah'h' ohPn l<'1qt>n tho c1ooqrt1pl11!;,ch1• Vt•rlt•1h1nq 
von Maqnes111m-P1odukhon uml -Vrnti1nucl1111 d"r 
Well, aufgeghedert n;ich VerwendungS\Jllb1uten 
01ese Zahlen geben einen Uberbhck der he11t1nun 
S1luahon. die jedoch im Hinblick auf doe sland•<JI! 
techn1sche und wor1sch<1ltliche We1terentw1cklu11n 
1mmer wieder Veranderungen unterworfen s111<1. 

Aul dum skancl1n;i111sche11 Marki tur IH1chtrw
llrnnntes Mng11es1um-Ox1d deckl Norsk Hyctro 
uhl'r no P101ent dns G!'samlbPdilrtS dN ZPlh1ln
s••111il11sl11t• 111 Nu•w•'ll'"' 111111 Sc:t1wP1h•11 

,.. ... • 

- - !J"l If,: 
~~, \\··~t:r:l n1::al\;a.a... ... 

h~~0~)) - .,.,.,,. ..... 

~~---·i·: ::~~-=----·-... ---- .. . . . ~ -::,,,·· ·"': E:.: . . .F.:'" •. :: . . ; 
Die Produktionsanlage der Norsk Hydro MagneslumQe· 
sellschalt fur Anoden, Spano und Umschmelz· 
Legierungen In Bottrop (Westdeutschland). 

Norsk Hydro Magnesiumgesellsc:halt 
Gro~,·1t! M1!11~1t·n 1101wnq1".l:hf!ll Maq1H~~111n1'l Wf!r• 
duo1 nach Wnstde>ulschlwul 111ort o-.1t~rr•J1ch "~nor
herl lmµorteur 1st die Norsk Hydro Magnes1umge
sellsch;ifl mbH on Ess1m. cloe auch Sekundilr·Ma
r11ms111111-Len1erunqn11 procluz1NI, Mngnes1um-Ano
octen lur 1ten kathod1schen Korros1onsschutz her
stPlll unct 11te chem1sche lndustroe mil Maqnes1um
Spn11P11 l1uhntml Aul dflm Anodonsuktor isl <110 
rtl!utschu Norsk Hydro-Tochter e111 luhrendes Un
tnrn,.hmrm 

Mat moilPr111•11 1'rorl11klln11• .. 111l11q1•11 111 """" I !175 
t•1rr1.hll.•lf!ll AHt11oli:o.!.liill1! l11!s1l1t rt•" Norsk Hyctro 

...... 't~--

MaqnP~11111111ro•,1·ll',,.t1.1fl , •• ,,,. ~,r,i.rll• B.i','" ''•' ·: •· 
1111h1 1 ,lflf~ll•· N11l/1ll•fJ 1t11•~· V.1•11111111'.'.•' ·····I !·•'·' 
1r~tu1h:ld1H,f•11 Lrl;itu11flllf!ll 11111 th•tfl h 1

11 t.t1~ ,,.tt 
Nuttmet;1ll Mar,,ic511rr11 

Ii 
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Norsl\ H)dro setzt grosse MiUel in der Forschung tor die 
Pr:xlul\hons· und Anwendungs-Techn1k von Magnesium 
eoro 

Forschung 
Als G•0sst'rodulent mil ho~em technolog1schem 
N "'.n• "'•tugt Norsk H\·dro ut'oer 1'111 entsprechen
,1,•s h~•s,·hungs- und Entw1cl..lungs1.>otent1al. Die 
N,,,si.. li\clro-Forschung konzentnert s1ch vorran
•: •l aul ,;. '" Geb•ete 

.~,., \' .. r1.lhrenstechn1k. d.e stam1•fl zu verbes
s.·· •1 ·~l c:!l,I fur die 1mmer w1edt'r "•'lie Methoden 
t~f'~ ,.\ .... ~11\tlo!t \\~r\1en mus~en. 

llit• An\\t."•ndungst~chrnk. n11t <If'' Ot"nl M.1gne· 
"'•t.m npu" 11\tP1t"SSillltf' E1n~;,t/qf•l'lu•h11 ."u Pnlw1k· 
1ii...·1!1 ;,111.1 .~t, crsLhht'!'ii~t•n s11ut. 

,1,•" U•n"eltschutz. m deSS•'"' lnteresse die 

1.1 

Produkl1011sprozesse ;wf genngstmoghche Um
weltbelastung zu gestalten s1nd. 

E1n al..tuelles Be1sp1el fur die 1ntens1ven Norsk 
Hydro-Forschungsaktiv1taten 1st das on 1ahrelan· 
ger A11'e1t entw1ckelte neue Ver1ahren fur die Her
stellung vori wasserlreie111 Magnes1urn-Chlorid, 
durch das t11t! Umweltbed1ngungen entsche1L1end 
ve1 bessert wurden. 

I • • •- • - ' 
' :,: . -· \ 
_;.;. ~- \ -. . , . . ..... .., 
97' _;. ~ 
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Magnesium in der Zukunft 
M;innesium 1st e1ner der rne1st vP.rbre1teten Grun<1· 
slofle 11ul der Erdoberllache. Trotzdem y·urrJe es 
erst spat nls Gehrnuchsmetall genutzt, we1I <ter 
l11nqo und kornphz1erte Produkt1onspro::ess ersl rm 
modernen lndustneze1talter entw1t:Kelt werden 
konnte. M<tgnesiurn rst eon runges Metall; es sp1elt 
erst e111e besche1dene Rolle 111 der Met<1llw1rtschaft 
rler Welt Aber gerade d;inn s1eht Norsk Hyrlro 
grosse Chancen tw doe Zukuntt des M;ignes1urns 

D;is 111ednge spezrhsche Gewrcht. verhunclPn 
11111 q11lrn1 phys1kalisc;hnn 111111 c:hr>riuschnn F1qr•n· 
·~c:l\i•tlP11, Wt!11IP11 cht,~Prn h1•rvo1rac11•riclo11 Wt!1k
s1otl we1tero E.rns;1t1rnoyl1chk1•11tm aul vrelflll Go· 

hrete11 crschhe!;sen D•f! v .. •wf'rHlunq 1r111 t,1.,. 
~1um hH1rn Ba11 yon Vf~rknhr 1}n111tf•ln. tu•1 r!1•r t 
11ml Sli1hl1t1er~IOll11r1r1 11nrl 111 ''"' c;t1Hr ""·'"" 
c.Juslr1e r111nnl1 sta111h~J 1u Ah•?r vor ;11l•·1n '•'' · ··•' 
cl1e Unerschnnfl1chkt!•f ~t'•'"'' V4H':.~•Jfft• dttrn '.', 

qnes1unl eirH~ e.:p,,n~1ve l11kuf'ft f '-. "'''' •.!·•'' 
ne heutrqe Stellunq al<; Kon!ilr. ktoon., ,,,., • · " 
Leq1erungseltnlenl und CtH•m1kitltP. 1111.;11i•) 1.• •, .. 

an Bet1euh111g qew11111e11 

,., 
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Die ldeen ~.inter 
Norsk Hydro 
W•e i..ann die Lebensmittelproduktion im Einklang 
rrnl dem Bevolkerungszuwachs gesteigert wer
('len "> 

O•ese Frage ist in den letzlen Jahrhunderten 
s1and19 gestelll worden. und viele haben den Ver
such gemacht. das Problem zu lc-<ien. 

''"' uer ersten HalltP. des 1&. Jahrhunderts haben 
O••' Fvrscher eingesehen. class man nicht dam1t 
lt"!lahrt>n konnte. die Erde durch Emlen aus
lut'f'ull'n. (lhnl' mehr dalur zu tun als etwas Natur-

- l1ll•Hlt'f n,,, r rd'' ftlUS .. h' '1\J*'~t·rch•rn •"'llU' R(llhf' 

v Plau:t•l\l\;\tnstc.,flPn llH)•''"'"' Wt~Uh'll. bC'~ 
"''"'"'" Sri.-1<s1oll. Phosphcir unn Kahum Die 
,, 

Kn•han 8n"Pland 

nahirlichen und nutzbaren Vorkommen von 
Phosphor und Kalium waren reichlich. wahrend 
die Stickstoflvorrate (Salpeterlelder in Chile) nur 
tur eine begrenzten Zeit ausreichen konnten. 

Daher ling man an. sich lur Luft zu interessieren. 
die 1a 80 °o Stickstofl enthall. Die Aulgabe war. den 
Lul1stickstofl in eine Verbindung i.Jberzuli.ihren. die 
von den Planzen verwertet werden ko11nte. - Die 
Wissenschaltler hatten lestgestem. dass dies dur·. h 
elektrische Enlladun(Jl'n bei hohr.r Tomperalur 
rnnqhc:h wurclt• ~tH1h' chPS ilhf'' 1nch1c;1r1Pll nu·•· 
g .. 11ul1t w•~u1c•n. so wurlht u~ nnch <h•n 1ta111al1t]t'l1 

VNh<11tn1ssrm P.norml' [1wrg1om1lll!1"" mlordurn 

I{ 

Birkelands elektn1che I< 1none 

Oe• f'fsle ••P•••menllelle L1chlbogencten 

I ~ 
J\: 1 '11 

JI 
'i.: ,. 

Hier kamen die Wasserllille zur Anwendung. Ab 
Ende des vorigen Jahrhunderts war man sich Ober 
die Moglichkeiten klar geworden, die in der Aus
nutzunp der WasserUllle !Or de Herstellung von 
Elektrizitilt lagen. 

Mil solchen Probtemen belasste sich lngenieur 
Sam Eyde, als er dem Wissenschaltler Kristi"" 
Birkeland Ii einer Gesellschalt bei dem damaligen 
Staatsminister Gunnar Knudsen begegnete. Es war 
am Freitag. dem 13. Februar H103. Eyde erzahlte 
Birkolnnd iihor so inn Pll\no. und !IRQIO, dll!l!I or oin11 
krllhlfln olnktrnu:ho E 11tlmt11m1 11111 ~uhr hoh1•r T 11111-
pnratur boncltigte. um Lull·Sl1ckstot. lll bmdcn 

,,.-

~ • 

Birkeland war emer der tuhrenden und o"'l""'' 
sten Wrssenschalller von Norwegen Ihm t..ri1• .. 
aber das Geld. um w1ssenschaltilche E •P"'"'·'·' .,. 
betreiben zu k"nnen 

Daher halle er e1nige Pro1ekte 1n Angrirr CJ"''"'" 
men, die er gedachte. indus1r1ell auszunu111:11 """ 
sich danil das notv.en11ge Kap1tal zu be-.r.hatl•", 
Eines von d1esen Pro1ekten war a1ne 1:l1·klr." •··· 

Kanone. die er sor.:en einem auserwahllf,n f'11li 
l1kum im Festsaal der Un1vP.rs11a1 vorqnl11hrl t•.i'I•· 

DiP. Domon~trnt1on war w•l1111h• 'I'""'"' "" 
'""0"fl I u1u krar1u1tt 1d1dd11'\1 1111 f 1111.,r11111r1 '· •''· 
uuutn Kur1sc:~1lu~~ "''tor l'''"1ur1 K;11u1iu1 "'' t •. ,,. • 
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0.r Wa~s.rtall R1ukantossen .... er ~h 1mrner 1n besonders was· 
wrr~chen Jal\ren Z~O' 

grossen Radau verursacht Vielleicht war diese 
Entladung der Funke. nach dem Sam Eyde suchte. 

Dam1t begannen der tngenieur und Wissen· 
~hattler eine ertolgreiche Zusammer.art•eit. Diese 

1 ~u••·.rte in dem Uchlbogenolen. genannt Birke· 
land 'Eyde-Olen. und ergab die erste Fab·ik der 
Welt fur Herstellung von Stkkstolldunger. die au! 
Notodden am 2. Mai 1905 in Gang kam. 

Durch M1twirkung des schwed1schen Finanz
mannes Wallenberg wurde das nolwendige Kapital 
beschalll. und am 2. Dezember 1905 wurde Norsk 
tly,110 grgrundet mil Marcus Walh•nbcrg als Prii
s1denl und Sam Eyde als erster Generaldirektor. 

8 

Norsk Hydro 
wird gegrOndet 

..... 

~~ 
: ... ~ .~ 

; ; .... 
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Norsk Hye ·F'lf •risk Kvmlstolaktieselskab 
(. . . Stickstr ie die Gesellschalt damals 
hiess. wurd ie~. . .... ~. um .wasserkriilte zu er· 
werber: 1• - · Lttzen. nalUrliche und kunstlich 
ausgeba1o . .~ ... e ·alle industriellen Anlagen zu 
erwerben. zu bauen und zu betreiben ... zur Her· 
stellung von Salpetersiiure und allen anderen Arten 
stickstollhaltiger Produkte ..... 

Die erste Zl"il hindurch geht die Entwicklung der 
Gesellschaft parallel mil dem Wasserfallausbau in 
Telemark. Die Produktion benotigte grosse Men· 
gP.n flleklrischcr Energifl. und die Wasscrlilule 1m 
ostlichen Telemark, Tinnelven mil Svaelglossen 

SAne1m Kraftwerk. auch .. die Oper yon R1uk1n• g1tn1nn1 

und den Flussen Mlma mil Ajukanfossen. wurden 
die Kraftquellen des Unternehmens. 

Die erste bescheidene Produkticn bei Nolodden 
Fabrikker erforderte 1800 kW. (Heule verfugt Norsk 
Hydro uber eine Maximalkapazitat von nahe:u 1,6 
Millionen kW). Ohne vor technischen Schwierig· 
keiten zuruckzuschrecken. wurde damit begon· 
nen, den Wasserfall Svll!lgfossen bei l'lotodden 
auszubauen. Dieses Kraltwerk war das grosste in 
Europa, als es 1907 in Betrieb genommen "urde. 

flnld wurde bnqchlossen. nnue Fabrikco~ zor 
baucn, und schon 1911 stand das Vemork· 
Krallwerk lertig. 

Die Technik von damals kannte keinro Mr,qt" ,, 
keolen zur elektrischen Krallubertraqunq ,,,,, 1 

grcissere Enllernun9en. Doe zweolf! nach·,r., r,u,,,. 
der Gesellschalt. Rrukan Fabrokker. 1sr d;1t11·r '" 
dem engen und nahezu unbewohnten Tai V· "' 
l1orddalen entstanden. wo s1ch nach und nact• '"' ,. 
kleine StadtgemeindE- enlw1ckelle 

R1ukan war mehrere Jahr• hondurch Zt•ntru11. 1.,1 
Norsk Hydros Salpe1erprodu~11on Von h1H """ ,,, : 
von Nolodden. wurde NorCJ"~alpl!!M "'"' '•I•"'''' 
Kalksalpotnr on gro!>!>e Toolu 1lor Wf'it ,,.,.,,11 ... r! 

'• 
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Vom ErdOI zum VolldiJnger 
W.0: L ..... -.._ -.--.... ,_.,, .. - --· ·- ·-· -·,----· - --"'l'"·~,11~·:....~ Jt - ,;. ,· ~ .~~~~n~irv. ~~ -.. \l~~~ ... .;~ 
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S•.:11 .. ,.•·b.Jium d•r V••arbe•tunq von ErClol 1um tt'rt•oen Volldunger Anlagen zur Verbrennung von Ammon•ak zu S11cko•ld 
H, .!•.,, t" t"!irt tl•••tunq uRd W•rlll.Shtlte- ubf>• d•• gain1• Wt'll an 

•u'\ •'-'' 4•"11"-'n1a11r.tabo11r. 

Ande•ungen des Verfahrens 
Bas zum E. 1e der 20er Jahre betrieb die Gesell· 
schatt 1hre ;:.. ""4!terprodukt1on nach dem Birke· 
lano.Eyde-Vertah•."' In 1927128 ertolgle eine 
durchgrealende Anderung. Die Produklion wurde 
aul das Haber1Bosch·Verfahren umgestellt. wo der 
\\"eg zur Sa?petersauregewinnung ubtr Ammomak 
tuhrte M•I demselben Stromverbrauch ergab das 
Arnmonaakverlahren eme etwa v1ermal hohere 
Ausbeule als das B•rkeland/Eyde-Verlahren. 

o .. , Fabnken aul R1ukan und NotC\dden wurden 
wt:I n;u:-h und nach 11111 AmmomakQf'wmnunq um
<l•'Slt•lll und t'llll' nt·ul' F abrtk w1111lo 11ul lli•royn 
bt•• Porsgrunn gebaut Haer sotlle das Ammonaak 

aus Rjukan und Notodden zu tertigem Salpeler 
verarbeitet werden. Binnen kurzer Zeit wurde die 
Produktion verdreilacht, und neuA Produkte wur· 
den in das Produklionsprogramm autgenommen. 

Dann brach 1940 der Krieg aus. Bomben und 
Sabotage verursachlen grosse Zerstorungen auch 
an mehreren Fabrikanlagen von Norsk Hydro. Aber 
bf!reits das erste Jahr nach der Belreiung arbeiteten 
die Fabriken w1eder voll und ganz. Allmiihlich 
wurde es auch moglich. Erweiterungen vorzuneh· 
mf'n Nl"UP. Krallwr.rkr wurden in Belrir.b gr.nom· 
mt•n. und 111 1!149 wurl1n11 dnnn Gloml1ur<l Fnhri" · 
ker m Nordland m Betrieb gesetzt 

·-···- . ··- ..... 

Volldunoer11brlk Ill. Herey1. mll llO••n1llen uno Scnu11ou111 

Neue Produkte und 
Rohstoffe 
Nach 1945 hat sich Norsk Hydro In starker Expan· 
sion belunden. mil grossen lnvestitlonen in Erwei
terungen und Neu-Anlagen. 

Das Produktionsvolumen fur die Stickstoflpro· 
dukte wurde vertOnttacht, und gleichzeitig sind 
neue techno· und petrochemlsche Produkte wie 
Aluminium, Magnesium und Kunststollrohstoll 
h1nzugekommen. 

Ab Mille der 60er Jahre sind ausserdem ent· 
scheidende Anderungen in der Rohstofl· und Ener· 
nirqrunc1l11go li.ir Stickstolldunger eingetreten. dnr 
'"'"'"' noch ctln wli:hll!J!lln Pro11uktnruppo du!I Un· 
ternehmens isl. Die Fer11gung wurde au! 01 um· 

....... ......,. .... 4,_ • .,.~--···~~ ............... ,, 
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gestellt. Wiihrend der Wasserstofl fur Amm'""·•• 
lruher durch Elektrolyse von Wasser h•ir9,.~···• 1 
wurde. wird er 1etzl c1urch Spallung von 01 '"''"' 
Oldestillaten und Wasser in e1nem petrr;r.t"'" 
schen Verlahren hergestellt Oam11 •s' d''' z,.,, v1,r 
be1. wo man von grossen Mengen eleklrisc;h,., I •.., 
g1e zur Herstellung von Kunsldunqer abhanr;•q 1. ,, 

O;e Wasserkrafl konnle demzulolq" '"' ,,, :. '" 
und hoherwer11ge ProduktP. fre1gemachl "'"''!•·" 

Norsk Hydro baute als Kon~P.qu1••11 ,,,,, I •" 
wicklunci 1wci qro~·;11 n,.110 A111rn11r11a~f;1trr1••"· .,.,1 
ftur"vn. nuf <h•r flil'il~ vor1 ~;, l1wor l >t 01111 .,,.,. 

01-Destillat Naµhtha al~ no11s11,tr 

I' 
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...,,.,. Hyd•o• Ha~a~uno In llWQdey allt om Zenttum ..,,. Oslo 

und l•t~lar•• l 1n Oslo/Ollc'n 

Die Hauptverwaltung 
Die Hauptverwaltung des Konzerns liegt in Bygdoy 
alle 2 1n Oslo. Das Gebaude wurde von dem Ar· 
ch1tekten Erling Viksjo entworfen. und wurde im 
De:ember 1960 bezoge ... Um das Gebiude herum 
hat d•e Gesellschaft einen 12.000 m• grossen Park 
angelegt 

Der Kunstmaler Jakob Weidemann hat die gros· 
sen Wandllachen des Vestibiils dekoriert. 

Der grosste Teil von Hydros Hauptverwaitung isl 
in d1esem Gebaude konzentriert. •ind von hier aus 
wirct doe weltumspannende Tlltigkl'•I der GP.sell· 
sc hall gesteuert 

Se•tdem die Bi.iroraume im Jahre 1960 bezogen 
-.,-, 

wurden. hat sich die Anzahl der Mitarbeiter ver· 
doppelt. Dies hat dazu gefiihrt. dass die Gesell· 
schalt in 1975 ein grosseres Biirogebliude aul 
0kern/Oslo gekault hat. wo u.a. die Engineering· 
Division und verwandte Tiitigkelten ihren Sitz 
haben. Die eigene Versicherungsgesellschall der 
Norsk Hydro, lndustrilorsikring A/S, 1st ebenlalls 
dort untergebracht. Im ganzen arbeiten ca. 300 
Personen in 0kern, wlihrend rund 500 ihren Ar· 
beitsplatz in Bygdoy alle haben. 

Dio Abteilung dN 01-Divislon liir Erlorschung 
uncl Produklion hat ihren Sitz in Sandvika in der 
Nahe von Oslo mil ca. 100 Angestelllen. 

, 

" 
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Norsk Hydro Notodden Fabrikker l11g11n d1m B1nn1nH1 Hodd1lt· von der S1ckl1brok 
v1nnee 

Schwe11tarb111tn in der Zont11lwerk11111 

Notodden Fabrikker 
Die erste Fabrikanlage von 1905, Notodden Fabrik· 
ker. hat im Laule der Jahre erhebliche Verlinder· 
ungen erlahren. Die Salpeterproduktion. die die 
Grundlage fur Norsk Hydros weitere Entwicklung 
und Wachstum geschaffen hat. begann bereits 
Ende der zwanzlger Jahre nachzulassen. da Am· 
mon1ak das wichtigste Produkt wurde. Aber auch 
Ammoniak !iel weg beim Ubergang zur petroche· 
mischen Herstellung aul Heroya Ende der sechzi· 
ger Jahre. Stattdessen wurden jetzt in Nolodden 
~abrikknr mehrere interne Hillsbetriebe der Gesell· 
Sr.halt uinonric:htot 

Eine Verpackungsfabnk wurde bere1ts 1935 er· 

slellt. e1ne An I age fur Vern1ckelung van f ••·• '". 
lyseuren kam hrnzu. unc 1957 wurde rJ1P. '-'" 11.11 
werkstall der Gesellschaft nach Nolodclf•n ,,.,,,.,1: 

Diese Tatigke1ten haben srch m11 der z,.,, t•1 
selbstand1gen Produkt1onse1nhe11en Pnl~•" ••·II 
Dre Zentralwerkstatt ha1 ~1ch auf Masct11nt·ro. ,., . ., 
Anlagenbau spez1a:isrert. und die Verpar • •11"'" 

labrik produzrert Kunststoff· und Pap1,.,\a1.• ,. '"'' 
erner 1ahrlichen Kapazrtat van uber 50 M111 .. • '"' 

Ern ganz neuer Produkt1onszwl!11') rh'r I '1 1,1< '"' 
9enon1n11!n wurcfn. umfar,r,r cJio t-4ttr•,lf·ll"• 1'1 ,,., 
Lnnurrnh• n11sp11lt1JC UfHt rt1• ... p11J1f \(JWlf• ! ti f11.11 ... 

platten uncl E1nrochtung1Jn aus Lan11na1 .. ro 

,'! 



"'~'r"lit. H,dro R:1ullan FAbn-..9'e• h•g1 1n V•sll1orddaleJ'\ 

J·•-"1-'iF"t"-J.ij,_.. .. ,.,d•n 1n Flasc,...n un.l f'a'S~'1'm 9t'"l1t"f"'f't 

Rjukan Fabrikker 
R1u"-an Fabrikker 1st se1t 1911 in Betrieb und war 
nach der Produktionsumstellung Ende der 20er 
Jahre der grosste L1elerant der ·Gesellschafl von 
Ammonia!( Wegen hoher Frachtkost"ln und Uber· 
~P"9 zur b1lligeren Ammon1akprodukhon aul 01· 
bdsis 1n Heroya wurde Norsk Hydro in den 60er 
Jahren gezwungen. die Prndukl1on auf R1ukan 
umzustellen und den Stromuberschuss nach Her
o• a zu le•ten. ""o er s1ch besser ausnutzen liess 

AussN Ammon1ak aul Elektrolysebasis. produ· 
:••""" R1ut..an Fabrikker heute vNsch1Pdene Sor
'"" Dun:wm•ttel. lndustriechPnllt...1l11•n. Edl'IQasc 
""'! Sci1 ... ~·rwassor (D11uteriu1111•"1ll Ow · lunl 

Sandg1essen 1n der le1ch1met1Ug1e11ere1 

Kraflwerke der Fabrik 111 Vestljorddalen haben eine 
installierte Leistung von 423.000 kW. die ca. 35 
Prozent des Gesamtbedarls des Unternehmens 
dee ken. 

Nach der Umstellung wurde seitens Norsk Hydro 
intensiv daran gearbe1tet. Rjukan neue lndustricn 
zuzuiuhren. teilweise auch mil anderen F1rmc11. 

Eigenerseits hat der Konzern die Norsk Hydro 
Verksteder R1ukan gegrundet. als Produktions· 
statte mit drei Fertigungszweigen: Leichtmctall· 
giesserei. VPnhllabrik und Produktionsabtcilung 
fur Fornstoucrunorn fur Venhlo und fur dt•n Sr.lull· 
bt•u · 

.. 

,....._......, Y# ; •·~•·•-......... ; 4 Sq MC I ~ ~ .,....,, • .,. 
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Porsgrunn Fabrlkker 
Om Aulbau von Porsgrunn Fabnkker in 1928 lei· 
tl'te cine kraltige EJCpansionsperiode !Or Norsk 
Hydro e1n. Die . technische Entwicklung ermog· 
l1chte ietzt die Ubertragung von Strom i.lber we1· 
t<'re E ntlernungen. und die Gesell sch aft konnte 
dilhN ihre neue Produktionsstiltte an den Ver· 
!litndhafen legen. Die Fabrik wurdr· aul Heroya in 
E 1danger gebaul und enlwickelte ·;1ch rasch zum 
grossten Produktionsbetrieb der Gesellschafl. 

Die Hauptprodukte sind Volldunger. Kalksalpe· 
rcr. Ammciniak uncf Harnstoll. mil 1uhorigcn cha· 
rn1!;r.hf'11 NdHlnprncluktort. 111•;qosnm1 mohr 11ls 30 
;111 <h•r /11111. 

Die Ma!)nc•s1umrab11k1!n ~ind d11< 1v11·•lqr. ,., .. r. 
in der WP.Slltclwn Wflll tllfir wP.tdcri 1,i.ir1•"·" ,,, •. 
OJCld und ·Merall sow1e clns wcrtvullP. 1,,.,,..,.P'' 
dukl Chlor erieugl. In dcr K•Jn~t~1<.rr.11,r.·•l11• 

diP.nt eine F abrik zur tt1irslollu119 von Kur ,1.,1. " 
rohstollen (Norvinyl PVC,. Natronla•HJO ""'' <. '"' • 

Das Forschun9s111ntrum lier Nor~k H'l''"' 1. .. .,. 

h1er 1r1 d1roktem Knnlakl rn11 <JP.t lnc11,~rr11·r,,11,,,.11 

und .imrasst P.irlf!S dcr prrotJuk11v~I"'' /,.,,.,,.., ' " 
d10 prakrr~che uncJ l<1CtHH'tChfl r1.1hlfw1•,•,,., ... ''·•'' 
licho Fnr~rhurHr ch". I,,,,,., . ., 

Pon,11ri111'1 f .1h"''"'''' ,.,, 11111 ,,.,,.,. • " ·1 ,~ 1. /, 

!Jl'~IC!lll1•r1 dur or11~'>lr• Arl,.·•l•.pl.111 ~h• ..,, .• ,, ,.., 

.. 



""'"''" H.,010 GtomftOtO F•br1k.ller hegt •n Nordland. I K110meter 
11 .... 11 ... -"' '"'" BoJo 

Glomfjord Fabrikker 
Gtomt1ord Fabrikker ist die nordlichste von Norsk 
~i, "'''S Produklionsstatten. 

Die Tat1gke1t begann h1er am 1. Juli 1949. nach· 
,1.-m Staal und Gemeinde es hier m1t Zink· und 
>Dd!N Alum1niumproduktion versucht hatten. 
Glomt1ord Fabrikker wurde zunachst gebaut lur 
:1•e Pro;:tukhon von Ammoniak zur Weiterveredel· 
""9 . ., Clen Anlagen der Gesellschalt au! Heroya. 
1955 1et1och bekam G1omt1ord eigrne Fabriken zur 
Herstt'llung von Volldunger und Kalksaloeter. und 
... r !'ol'•h1('rn arr Hauolil'l..rant vr>n H:1nc11'•!'oc111nQrr 
tur .. J•t· rh.•r>At·g1sch1! Landvi•utsch.111 (Jl"'-~")fdt•n 

Doe Produktionskapaz1tat fur Endprodukte st1eg 

.'.I 

• 
~ 

'\"·;~·· ... :i. 
1 I·· ' ., I 

·-~.o111-r. 

r 
c /t'~ 
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in 1972 um SO Prozent. und insgesamt produzieren 
Glomt1ord Fabrikker 1etzt rund 600.000 Tonnen 
jahrllch. aut eigener Ammoniakbasis mit einigen 
Zulieferungcn von aussen. Die Fabrik erzeugl auch 
Schwerwasser. 

Glomt1ord ist heute eine gesunde lndustriege· 
meinde von ca. 2000 Einwohnern. Es isl v1el ge1an 
worden. damit die Einwohner sich wohl li.ihlcn 
sollen. und Norsk Hydro hat grosse Betrilge fur 
den Wohnungsbau investiert und mil zum Bau 
l'inrr Kirch!'. f'inl's Hl'!'ol:111rant!'o. Hoh•ls 11nd ~port· 
u11~a!Wll bl!l!.Jl'lr.ll)l'I\ I· 11111 ()111ht:u11l1>11hn luhrl cfla 
Leute in das s,·ho 1ste Gebirgsgelanda h1naut. 

~ortk Hydro K 11mey F 1brlkker. 

flu1119e1 Atum1n1um wlrd In Formen g1go11en. 

KarmBy Fabrlkker 
Karmoy Fabrlkker bel l'.armsundet glelch si.idlich 
von Haugesund isl mil lhren gegen 1300 Angestell· 
ten die zweitgrl:lsste Arbeltssllltte der Gesellschalt. 

Die beiden Elektrolysehallen w"rden 1967 1n 
Betrieb genommen. Im Oktober 1969 war die 
ganze ersle Baustufe fertlg mil Elektrolyse, Gies· 
screi, Walzwerk, Grobdrahlwerk und Presswerk. 
Die ElektrolysekapazlUU wurde in 1971 um 25 
Prozent erwe1ter1. 

Karmoy Fabrikker wurde ein zu 100 Prozent 
norwrqischer Detriob. al'I Nnr~k Hydro 10 1973 dM 
llt!sam1t1 l\klln11k;1p1tal Lim l\llwr Alurmn11rn Nurwny 
AtS ubernahm, von dom sie bore11s 51 Prozent se11 

: · ....... ~· ... , ~ ~ .:~·. :]~~ .. 
... 

.... -_. -· ,1.•, 
Tr1n1pcJt1 YOn flut119tm Met all von d•' E 11•lrolt••~•"• '"' 
a •• , .. ,,, 

., 
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Griindung der Gosellschalt 1n 1963 1n 1hrern Bt!'\•11 
hatte 

Ole Lage 1n Karmoy erlaubl es drop,,,.,,,.,,.,, .. , 
kapazitlt stufenw1:1r.e au! 200 000 Tonnt:n Hu11.,n· 
11um1n1um oder mehr pro Jahr zu stll•gern 

Schon von Antang an wurde em t11l•l,.ulf''"'"' 
Teil der Produktion an Ort un<l Stell" ve•c·'l"ll 
Ausser 1n NcrwtJgen bes1lll d:e G1•\l!ll~• •1,11! ·, • ' 
edolungsbol11obe un:l Verkaul~tiuru'!I "' lltoi•I" ,, 
Danemark. Frar11.,111ch Gros•;Or11,111111"" I•' 
Sr.hw1•i1. Schw111Jr111 Wr•~I !11:1110,1 hl,111•1u•icf1, ,.,., 
ll!IC:h 

1· . 



0.r Ratne:altotftPle• Uffttaa1 te .._ Fabr11t. fur V1nylct\Jond und 
C"'->• 

Rafnes 
RalnE'S in Bamb!e. aut der Westsr.ite des Fner
l1ords d11ekt gegenuber von Porsgrunn Fnbrikker, 
wurde in 1967 von Norsk Hydro als tndustriegebiet 
lur d•e Erweiterung ihrer Tatigke1ten eingekauft. 

O•eser Komplex mit petrocht.mischen Fabriken 
1st das b1sher grosste- tndustnepro1ekt in Norwe
gen Hydro war Planer und Bauherr fur die Ania
gen von denen 1hr die Vinylchloridlabnk zu 100 %. 
d•e Athylenlabnk zu 51 • •. und d•e Chlorfabrik zu 
SO •. gehoren. ausserdem leitet Hydro den Betrieb 
alter dre1 Fabriken. 

Die Athylen'abrik isl der Kern drs Komplexes. 
un•I son aus Feuchtgas von Ekohsk 300 000 Ton-

:.'6 

nen Athylr.n und 70 000 Tonnen Propylen Im Jnhr 
erzeugen. D1ese Produkte sind Rohstollbasis fur 
die ubrigen Anlagen auf Raines und fur die neuen 
Polyolefinfabriken aul Ronningen in unmittelbarer 
Nahe. 

Die Vinylchloridlabrik veredelt Athylen und 
Chlor weiter zum Zwischenprodukt Vinylchlorid, 
das Rohstolf fur die PVC-Herstellung aul Heroya 
ist. Die Jahreskapaz1tat betrilgt 300.000 Tonnen. 

Die Chloridlabrik produzierl Chlor fur die Vinyl· 
chtoridproduktion. und Natronlauge. die in der 
Holzveredelung und in andor11n chemlschen lndu· 
strlen vorwondot wtrd. 

.. 
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Nor111: Hydro w1r der 81uh•rr rur d•• Mono111dr1H1neue A1f1nor Aus "'' A•rt'"""' 

Mongstad 
Norsk Hydro ubernahm 1971 ein 7.000.000 m' 
grosses Ausbaugebiet aul der Mongstad·Halbinsel 
60 km nordlich der Stadt Bergen. 

Nordhordland 1st lange ein Notstandsgebiet mil 
grossem Mangel an Arbeitspliltzen gewesen. und 
es war fur die l>rtlichen Behorden von grosser 
Bedeutung, diesen Zuatand zu ilndern. 

Als orsto Stule in Norsk Hydros lnduslrieplan !Ur 
Mong!>tad hat die Gesellschalt die Olralfinorie 
Ralinor errichtet. Die Rallinerie kam im Fruh1ahr 
1975 in Betrieb mlt einer Produktionskapazitllt von 
vier Milllonan Tonnon 01 Im Jnhr 

Die Produklion umlaut Ralhnerieerzeugnisse 

w1u ti1111ol. Bl!lt/111, Ni1pht1111 Aulrlfllf•',r·I 1',1•.1'' · 
ui.w Aussurdum w111don rund lhOOOO '''"'""' ,.,. 
trcleumk()kl produ11ert. welcher eon "'" 1 ,,.,,., 

Hrllntolf fur die Alumrn1umproduktmn 1sr "'· r !,., 
lruhor vollstand1g rmportrert werdl'n ""'~~•·· I•·• 
Mongstad·Ralhner1e 111 die ernz1g11e '" S•·•'"' 
navien. die Anlagen lur erne 1olche Kok\P"•''"' 
lion bes1tzt 

Norsk Hydro boterlrgt S•i.h mll 30 P"''"''' .... ·I·• 
Rallrnerie Ral1nor hat dum Bc111k 3~,o 11,,.,,., ,, 
bo1tsptit1e gobrnchl 

NorMk ~tydro hotrnc:htHI MorHJ\l,111 ,,,., ''"' '"' 1. 

t1ge1 E rwe1t11runysgcb1111 rur dw luku11ll 
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1.0 Introduction 

1.1 Old and new fields • . 
of application for calcium carbide (•_I 

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. 

-, 

I 
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Carbide plant with acetylene 
generator 

1.2 The Uhde know-how 

( The design and construction of 
• plants for the product;on and 

further processing o' calcium car
bide is one of U'"je's many fields 
of activity. Well-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~.;trile, acrylic acid 
and butinci:ol. 

Knapsack, an affiliat~ of Hoechst 
AG, and SKW Trostberg AG are 

' 

mass producers of cartide and a 
number of derivatives. Th,~y have 
acqui:ed a wealth of o;:>era~ing 
exr:erience over 70 years am.: this 
is incorporated into Uhde's eng;
mrering work. Each project handle<.! 
by Uhde therefore corresponds to 
the latest state of technology and 
ensures maximum profitability. 

The high degree of cooperation 
between Hoechst, SKW and Uhde 
permits a constant and speedy 
feedback r' 3Xperience between 
pil:!nt operators, process engineers 
ano design engineers. 

"Family tree" for carbide. 
The figures in tons refer to 80 % 
calcium carbide. 

Steel desul
phurization 
..0.45 

- -.- .... --~-~ 

.... · .. ,Jr ... \.-- . -
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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 modem 
carbide technology. 

0 Closed type of furnace 

0 Hollow electrode system 

D Ory purification of the hot 
furnace gases 

0 Manufacture and application 
of Soederberg electrodes 

D Ory gasification ot' carbide 
and purification of the acetylene 

0 Recycling of lime from the 
carbide gasification unit 

0 Continuous nitrification 
of carbide to produce calcium 
cyanamide 

4 

2.0 Criteria for the design 
of a carbide plant 

2.1 Plant size and selection 
of location 

Tht: 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 60 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 furnace 
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 furnace and com- &. 
puter control of the furnace are of W 
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 
electrorje system, acetylene gene
ration and lime recycling. 

Flowsheet 
carbide I 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 furnace. 
It is therefore essential that they 
comply with certain requirements 
in respect of composition, physi~I 
properties and grain size distriflu
tion. 

The following data are of decisive 
importance: 

0 electric conductivity and 
reactivity of the carbonaceous 
material 

0 grain size. abrasion resistance. 
compressive strength of carbon
aceous material and lime 

0 softening point of !'le 
Soederberg paste 

c..i 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 appliC'.ation of hollow electrodes 
permits the use of inexpensive 
fines below 6 mm at a rate of up 
to 20% of the total feedstock. 
It also facilitates intervention by 
plant persorinel and reduces the 
electrode consumption rate. 
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The upper limit for the grain size 
of the carbonaceous material 
depends on the !"eactivity. The 
portion below o mm should be 
kept as low as possible. 

0 Analysis 

Lime (referred to dry substance) 

CaO: 
C02: 
Fe203 + Al203 + Si02: 
MgO: 
P20s and 502: 

92-95% 
1- 3% 

max.3% 
max. 2% 
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 conve~ ?d 
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 ct'mprises a 
briquetting and a calcining step, I 
for which carbide furnace gas can • 
be used as fuel gas. 

Various types Qf 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 reg<..1'd 
to its suitability in a closed carbide 
furnace is one of the main tasks I 
of the licensor and the project 
engineer. In many cases. final data • 
cannot be elaborated until large-
scale tests have been performed 
at Kn.-.psack or Sl<W. 

In some cases, an optimum furnace 
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 plane w1Ch acecylene 
generacor t Saudi Arabia 
Top phoco plc-nc model 
Bottom phoco dunng erecc1on 

TI1e consumption of Soederberg 

• 
electrodes is 10 to 17 kg per ton 
of carbide for hollow electrodes an closed furnaces and well above 

920 kg per ton of carbon for solid 
electrodes. 

In open fumac~s. the electrodes 
?.~e subject to a higher bum-up 
rate due to the presence of air. 

The specific electric power require
ment of a carbide 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 
3 000 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 •ooo to 3600 kWh per ton of 

9f: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 carb;de. 

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 sale~ region 

For a carbide furnace, 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 energy-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. 
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3.0 Principal 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 equipred 
with hoods or retrofitted for use 
as semi-c.losed furnaces. 
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A closed furnace ensures com
plete recovery and treatment of 
the carbide furnace gas. This type 
of construction is mainly suitable 
for high furnace 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/m~. 

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 

a portion of the hydrocarbons is 
P 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 niagnesium oxide. It can be 
used as fertilizer after the noxious 
substances have been incinerated. 

As an alternative to the dry 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 wate1 involves relatively 
high operating costs, particularly 
in the case of smcill 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-closeci 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, hollc·w 
electrodes are a prerequisite L· a 
process computer is to be used 
for furnace control. 

T:1e electrodes are normally sup
plied with power via three single
phase transformers. It is also pos
sible to use a single three-phase 
transformer in the case of smaller 
furnace ratings or if it is important 
to minimize capital investment 
costs. However, the alternative 
involving three single-phase trans
formers offers the following advan
tages: 
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0 Symmetrical load of furnace 
and power mains. 

0 All three secondary power lines 
are short with consequent reduced 
electrical losses and uniform phase 
load. 

C The waight of each transformer 
is relatively low and facilitates 
transportation; this also simplifies 
the design vf the load-bearing 
structural members. 

0 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 
func:ion of consumption and the 
raising and lowering to ~ermit 
electric control of the furnace are 
effected fully automatically by 
means of a hydraulic system 
(illustrated). 

Hydraulic system for electrodes 
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3.4 Dry acetelene generators 

.... Wet acetylene generators are 
"W suitable for converting calcium 

carbide to acetylene where small 
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 prc,ved 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. 

c) 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 mo~e
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 yield 
per unit of time, referred to full-load 
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 on!y low. 

11 



4.0 Material balance for the production of carbide 

Ca~80% 

1000kg 

Ca~losses 

17kg 

Ferrosiicone 

5kg 

. : :··· 

~=·;_ 
. ~-= 

Oust (MgO, CaO, C) 

44kg 

. ,. ~-. 

~ .. ~ 

·::~:~~f 
:...· . -... 

·'!;» ··'-. 
~ .·- ~ . ., ' . 

1591 kg 
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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 u;> or expanding indus
trial facilities for the production of 
organic chemical products on 
the basis of alternative starting 
materials and 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 production 
of acetylene from carbi<h, ethylene 
from crude oil. and their deriva
tives. 
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o.o References 
Calcium carbide and acetylene plants 

Order Customer Location Products Capacity Type of plant Process 
oate ( 

1952 lmpenal Melbourne Acetylene 2 x 750 rn~/hour Dry acetylene Knap sit 
Chem. Industries Australia generation Uhde 

1958 Jugohrom Skopje Granulated 30CXIO tons/year Carbide preparation. Knapsack 
Yugoslavia calcium (2 rotc.:y furnace plant. 

cyanam1de furnaces) "agging facilities 

1960 Dynam1t Nobel AG Liilsdor. Acetylene 400 m~/hour Dry acetylene Knapsack/ 
red. Rep. of generation. Uhde 
Germany chemical gas purification 

1960 NV Elektro-Zuur- Amsterdam Acetylene 1050 tons/year Dry acetylene Knapsack/ 
en Waaterstoffabnek The Netherlands generation. Uhde 

chemical gas purification 

1960 Komplex Budapest Acetylene 2 x 400 m~/hour Wet acetylene Knapsack/ 
Hungary generation. Uhd(; 

chemical gas purification 

() 
1960 Pechiney St. Auban Calcium carbide 100CXIO tons/year Furnace plant. Knap sac. 

Compagme des France (1 furnace. 42 MW) carbide cooling. Uhde 
Produ1ts ch1m1ques crushing and screening 
et electro- fac1hties 
metallurg1oues 

1963 Holland Elektra Ballenge1ch Calcium carbide 24 CXIO tons/year Furnace plant. Knapsack/ 
Chemical Industries South Africa (1 furnace. 10 MW) carbide cooling Uhde 

1964 Dynam1t Nobel AG Liilsdorf Acetylene Expansion to Dry acetylene Knapsack/ 
Fed. Rep. of 750 m~/hour generation. Uhde 
Germany chemical gas purification 

1971 Lonza Werke Waldshut Calcium carbide 35 MW furnace Hollow electrode Knaps .. :I</ 
GmbH Fed. Rep of capacity sytem ucc 

Germany 

1971 Zaklady Chorzow CO gas for 6 x 20 (22) MW Furnace gas dry SKW 
Azotowe Poland org synth. furnace capacity punf1cat1on system 

1975 AECI Lid Sasolburg Acetylene 5 7lr m~/hour Carbide preparation. Hoechst· 
South Africa acetylene generation Knapsack. 

and punf1cat1on Linde. 
Uhde 
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~ner Customer Location Products Capacity Type of plant Process 
e 

1977 US Government USA Calcium 15 000 tons/year Carbide preparation, Hoechst 
cyanamide furnace plant. 

bagging facilities 

1978° Zaklady Chorzow 3 x 18 t/h Carbide classification Uhde 
Azotowe Poland and bagging facilities 

1980 Sentrachem Newcastle Carbide+ 36000 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 
crusr1i11g, acetylene 
generation + purification. 
lime recycling 

1981 Saudi Calcium Riyadh Calcium 10 MW furnace Burden proportioning. SKW 

r' 
Carbide Factory Saudi Arabia carbide carbide furnace 10 MW. 

carbide cooling. 
crushing and filling. 
drum manufacturing 

• Engineering 
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UhdeGmbH-
a member of the Hoechst group 

Hoechstfe 
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J~s1gn and cons:ruct10r. 
ot chemical and 
ether industrial plants 

Uhde GmbH 
Fnednch-Uhde-StraBe 15 
Postfach 2 62 
D-4600 Dortmund 1 
Fed. Rep of Germany 
Telephone (0231) 54 70 
Telex 822841-0 ud d 

Rehnenes 
Syngas and synthesis processes 
Gas punficat1on 
Coal technology 
Fen1hzers 
Foodstuffs 
Breweries 
Biotechnology 
Plastics 
Synthetic fibres 
Organic chemicals 
Pharmaceuticals 
Cosmetics 
Electrolysis processes 
Nuclear technology 
Electrothermal pror:esses 
Environmental pollution control 
Miscellaneo•JS processes 
Civil engineering and erection 
Energy supply systems 
Infrastructure 




