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Solutions for the Caustic Soda-Chlorine Industry  
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Prabodh Kumar Maiti, (MChemEng-IIT, Kharagpur), currently General 
Manager-Process Engineering Department, joined thyssenkrupp 
Industrial Solutions (India) Private Ltd. in 2006. He has been working in 
the caustic soda field for more than 24 years and has been involved in 

plant operation, designing and commissioning of 
caustic chlorine plants in India and abroad. He has 
experience in several caustic soda technologies, in-
cluding that of thysenkrupp where he is considered 
one of the company’s specialists on the technology. 
He has made many presentations for the chlor-
alkali industry.

Abstract
The caustic soda-chlorine industry has made rapid strides, progressing over the years, from mercury and dia-
phragm plants to modern state-of-the-art, environment-friendly membrane plants. Along the way, developments 
in the technology have resulted in reduction in power consumption and CO2 emissions. This article discusses the 
thyssenkrupp technologies and the benefits to the industry.

The Caustic soda-chlorine industry has made 
rapid strides, progressing over the years, from 
mercury and diaphragm plants to modern state-

of-the-art, environment-friendly membrane plants. 
Along the way, developments in the technology have 
resulted in reduction in power consumption and CO2 
emissions. This has helped customers optimise their 
operating costs, especially in light of power being the 
main cost component in the manufacturing process.

These developments have been possible due to con-
siderable Research & Development by established 
players in the field. While the technology has consid-
erably improved such aspects as power consumption 
and emissions, technology companies have gone fur-
ther to create new technologies for production of caus-
tic soda, different from the conventional means of pro-
duction. These companies offer a basket of services as 
well for recovery of by-product and re-cycling there-
of. In parallel, manufacturers have the added benefit of 
comprehensive after- sales services that will keep their 
plants operating at optimum levels.

These companies have also collaborated with their 
suppliers to ensure high-quality membranes with 
state-of-the-art features that will ensure long life and 
minimum maintenance. Options like retrofitting and 
re-coating have made these new developments cost-ef-
fective and   investment-friendly.

The presence of a strong R&D team and experi-
enced process engineers, many of whom have experi-
ence in all facets of plant set up running into several 
years, is a hallmark of companies.

thyssenkrupp is one of these companies with a long 
history of serving the caustic soda industry in India 
and abroad providing ‘under-one-roof’ solutions. It is 
reputed for providing sustainable and environment-
friendly solutions for electrolysis plants with the high-
est emphasis on innovation and quality. This includes 
the filter press bipolar ion-exchange membrane process 
electrolyzer-BiTAC (Former CEC), and BM Single ele-
ment ion exchange membrane electrolyser. thyssenk-
rupp Industrial Solutions (India) Private Limited (tkIS-
India) has installed more than 45 major membrane cell 
caustic chlorine plants in India, including mercury cell 
conversions, capacity enhancement/ expansion and 
grass root projects on EPCM and LSTK basis.

This article discusses the thyssenkrupp technolo-
gies and the benefits to the industry. 

The Design of Caustic-Chlorine Plant: Single Point 
Responsibility

thyssenkrupp uhde chlorine membrane process 
know-how covers all process units shown in the flow 
chart (Figure 1) as well as a number of downstream 
and utility supply units.
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The Electrolysis Process Principle
By electrolysing an aqueous solution of sodium 

chloride, the electrolyser produces gaseous chlorine 
and sodium hydroxide as well as hydrogen, the princi-
pal by-product. Chlorine is produced at the anodes, so-
dium hydroxide and hydrogen at the cathodes.

thyssenkrupp uhde chlorine BM and BiTAC tech-
nology are two proven chlor-alkali technologies of 
thyssenkrupp for production of chlorine, caustic soda 
and hydrogen with a goal to reduce power consump-
tion, improve reliability and performance of electro-
lyzer. The newest development in this direction is 25 
percent less power consumption per ton of caustic so-
da by using ODC technology for NaCl electrolysis.

BiTAC Technology
The latest BiTAC generation is based on more than 

two decades of expertise and experience in filter press 
technology. First marketed in 1994, the pioneering fil-
ter press bipolar ion-exchange membrane process elec-
trolyser, BiTAC set a new power consumption bench-

mark of 2,200 kWh/t at 6kA/m2. Such a high current 
density had also never before been achieved by a zero-
gap cell. Moreover, BiTAC minimised damage to the 
ion- exchange membranes, which tend to be more vul-
nerable in a zero-gap environment. These BiTAC de-
sign features have been maintained in each subsequent 
generation, with each one having the same active area 
of 3.27m2. The n- BiTAC introduced in 2005 further re-
duced power consumption to 2,060kWh/t and featured 
a 0.15mm fine cathode mesh. In 2013 the launch of the 
nx-BiTAC and subsequently nx-BiTAC plus marked 
another milestone in energy savings with a consump-
tion of 2,010–2,025kWh/t. It was also the first ever cell 
to include a fine anode mesh. Then, in 2019 e-BiTAC 
started commercial operation, pushing energy con-
sumption to a new record low of 1980 kWh/t NaOH 
at 6 kA/m2.

The filter press technology utilized in the BiTAC se-
ries has specific advantages
q Low sealing force required for gaskets, no bolts 

needed

Figure-1

Figure-2 Figure-4

Figure-3
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The generation 6plus reduced power consumption to 
1,995–2,015 kWh per metric ton of NaOH at 6 kA/m2.

Key benefits of the BM2.7 single-element series:
q  Energy savings: Much lower energy consumption 

thanks to increased utilizable area of membrane 
combined with full zero- gap design.

q Enhanced energy efficiency: More uniform current 
distribution to membrane and better release of gas 
bubbles to reduce any possible stagnation of gas 
transport inside cell.

q No leaks: 100 percent leak-proof cell through-
out service life due to single- element design with 
unique sealing and hose system.

q  Contact pressure independently controlled: Direct 
control of pressure applied to elastic elements and 
thus to membranes irrespective of torque forces ap-
plied on bolts of flanges for the sealing system.

q Extended membrane service life: Membranes 
run in optimal contact window to ensure zero gap 
across full active area and increase membrane ser-
vice life.

ODC Technology
In countries where electricity is expensive, the 

NaCl-ODC electrolysis technology developed in col-
laboration with Covestro (formerly Bayer Material 
Science) offers distinct advantages: for example, up to 
25 percent less energy consumption than conventional 

NaCl-ODC electrolysis technology is based on oxygen-
depolarised cathodes (ODCs) integrated into the sin-
gle-element electrolysis technology (BM2.7 design). 
The decisive difference between NaCl-ODC electroly-
sis and conventional membrane based technology is 
in the cathode; the anode is no different. 

q Fast  remembraning  of complete electrolyzer
q Smaller maintenance area required
q Lower power consumption through joining anode 

and cathode compartments by explosion bonding

BM Technology
Nearly 30 years after the Uhde® single- element 

membrane cell was first marketed, the highly suc-
cessful BM2.7 series is now available in generation “6 
plus”. However, cells from every generation are com-
patible, having identical dimensions that fit in the elec-
trolyzer racks.

From the BM2.7v3 in 1997, the first laser welded 
cell where internals on the anode side allowed acidi-
fied operation, to the BM2.7v6plus launched in 2019, 
a full zero- gap cell featuring a flexible elastic element 
in the proven BM single-element design, the BM se-
ries has set new standards in chlor-alkali electrolysis. 

Figure-6

Figure-5

Figure-7
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membrane-based technology.
NaCl-ODC electrolysis tech-

nology is based on oxygen-depo-
larised cathodes (ODCs) integrat-
ed into the single-element elec-
trolysis technology (BM2.7 de-
sign). The decisive difference be-
tween NaCl-ODC electrolysis and 
conventional membrane based 
technology is in the cathode; the anode is no different. 
The oxygen introduced into the cathode compartment 
suppresses the formation of hydrogen, which results 
in a reduction in cell voltage from around 3 V to 2 V. 
This in turn enables ODC technology to cut power con-
sumption by up to 25 percent, for example, 1,550 kWH/
mt NaOH at 6 kA/m2. Alternatively, if power con-
sumption is kept constant, a corresponding power ca-
pacity increase is possible. By saving energy, ODC 
technology indirectly helps customers to improve their 
carbon footprint and enhance their sustainability im-
age. Overall reaction 2NaCl + H2O + ½O2  Cl2 + 
2NaOH. Here the principle of standard NaCl electrol-
ysis vs NaCl-ODC technology is shown in figure-8.

ODC benefits
q Up to 25 percent less energy consumption than con-

ventional membrane based technology.
q Ecologically valuable solution thanks to lower CO2 

emissions.
q  BM2.7 and ODC technologies combinable in a sin-

gle plant, thanks to full compatibility of electrolysis 
cells and brine cycle.

q  Reliable, well-proven technology.
q Higher degree of site flexibility with regard to elec-

tricity and hydrogen supplies.

Additional features of the 
thyssenkrupp Uhde Chlorine 
process
Pressurised cell operation

The robust design and excel-
lent tightness of the cell allow 
them to be operated at pressures 
of up to 380 mbarg. Blowers for 

the Cl2 and H2 are not necessary as pressure is cell op-
erating pressure is adequate to operate downstream 
Cl2 and H2 system.

Brine acidification
Feed brine can be acidified to improve the quality of 

Cl2. Any risk of membrane destruction in the single el-
ement due to over acidification is eliminated through 
the internal cell design (down comer), which ensure ef-
fective mixing within the cells.

 Compact Cell Room Design
The largely standardised compact cell-house design 

has been optimised to deliver low investment costs, 
minimize space requirements and ensure easy mainte-
nance. By putting special emphasis on equipment and 
a space-saving construction, this cell- house approach 
makes lower investment costs possible. It reduces the 
amount of steel structures needed in the process build-
ing and utilises the space under the electrolysers in 
the best possible way, for example, by placing tanks, 
pumps and heat exchangers there. The cell house has 
no pits and the catholyte system is an integrated part 
of the design. 

Waste Gas Dechlorination and Hypochlorite Production
Any plant which uses gaseous or liquid chlorine 

must comply with strict environmental regulations. 
The waste gas dechlorination unit is an essential fea-
ture in this respect and the tkUCE’s design ensures 
that chlorine cannot escape into the environment un-
der any circumstances. The various chlorine-bearing 
gases are purified under formation of hypochlorite by 
using caustic soda solution

Chlorine Drying Tower
The chlorine drying tower is a part of tkUCE’s pro-

prietary equipment design. A special feature of the 
tower is that sulphuric acid consumption is at its low-
est when the ultimate humidity of the chlorine is also 
at its lowest. This is achieved through a two stage de-
sign within a single tower, thus saving the space and 
investment costs.

The largely standardised compact cell-house 
design has been optimised to deliver low in-
vestment costs, minimize space requirements 
and ensure easy maintenance. By putting 
special emphasis on equipment and a space-
saving construction, this cell- house approach 
makes lower investment costs possible.

Figure-8
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Combined Cl2/EDC production
No chlorine liquefaction, storage or evaporation is 

needed when tkUCE’s membrane electrolysis plant is 
combined with EDC production. The gaseous chlorine 
is directly introduced into the EDC reactor. Investment 
and operating cost are reduced and superior opera-
bility is guaranteed due to our in-depth knowledge of 
both chlorine and EDC production.
Sulphate Removal System

In order to maintain a constant sulphate level in 
the brine, the conventional approach is to either treat 
the brine chemically and precipitate the sulphate or to 
purge out the sulphate with a certain quantity of brine. 
Sulphate removal from brine by means of Nano filtra-
tion and crystallisation is becoming increasingly im-
portant. By using these technologies, salt losses and 
use of chemicals can be reduced to a minimum.
Diaphragms/Mercury Cell Conversion to Membrane Cells

In a conversion, reuse of majority of existing facili-
ties like rectifier / transformer, cell house, brine, Cl2, H2 
and caustic treatment facilities as well as existing off 
sites and utilities is meticulously planned by tkIS-In-
dia to deliver maximum value to customer. The con-
version of mercury cell caustic soda plants has great 
significance in the present scenario and has many ad-
vantages in terms of:
• Massive power savings means low cost of produc-

tion for caustic soda
• Low capital investment
• Low space requirement
• Environment friendliness
• Reduction of CO2 emission
• Better product quality
• Possibility to expand the plant capacity by 30-40 

percent
tkIS-India has gained vast experience in conver-

sion of many plants and with our proven expertise and 
know-how, we can find a suitable solution for each 
case of conversion.
Cell Elements Upgrades and Retrofits

The periodical recoating of anode and cathode el-
ements of running cells and replacement old mem-
branes are necessary for trouble free operation of the 
plant. Since thyssenkrupp’s newer generation offers 
very low power consumption compare to older gen-
eration, it has been observed that Instead of recoating, 
the conversion of older generation elements is advan-
tageous. This also offers the following benefits:

• Power consumption is much less, leading to less 
production cost

• As new generation cells can be operated at higher 
current density i.e. 6 kA/m2 as compared to 4 kA/ 
m2 of older generation cells. This means less num-
ber of new generation cells are necessary for same 
production.

• There is possibility of expansion during up grada-
tion by increasing the number of elements and / or 
increasing the current density.

Digital Plant Monitoring and Optimisation Uhde® Evaluator
The Uhde® Evaluator measures and analyses the 

voltages and operating parameters of the single-ele-
ments –125 times per second with an accuracy of 3 mV 
to ensure maximum safety levels. It then uses these 
precise measurements to diagnose the condition of 
the elements and forecast their future condition. This 
makes for safer plant operation, on-point maintenance, 
clear reporting and simplified troubleshooting.
Remote condition monitoring

Plant operating data generated from a vari-
ety of sources (e.g. Uhde® Evaluator and Uhde® 
Administrator) is sent to our technology service cen-
ter for further analysis. This feedback is then analysed 
by our specialists for the purposes of plant optimisa-
tion and performance improvement. Preventive anal-
ysis, as offered by this tool, increases plant availability 
and makes smart scheduling of targeted maintenance 
possible.

thyssenkrupp is represented in India by its Indian 
group company tkIS-India, with approximately 3.4 
million tons per annum from plants it has built, its 
market share is more than 75 percent of the caustic so-
da business in India. It has built more than 45 major 
plants in the country, covering all the major caustic so-
da manufacturers in the country for grass root plants, 
revamps, technology upgrades and refurbishments. 
The company is backed by a worldwide network of as-
sociates and experienced local representatives, as well 
as a first class back-up from its German counterparts.

“This article was published originally for the AMAI bul-
letin at their request, and is now presented here for the benefit 
of Chemical Industry Digest readers and the industry at large. 
thyssenkrupp reserves the rights to this article, and the same is 
not to be reproduced in whole or in part, without the express 
written permission from thyssenkrupp Industrial Solutions 
India.”
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