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Our diaphragm technology produces chlorine gas

The H Cl diaphragm prOCGSS — on the anode side and hydrogen on the cathode

side — so this Is the ideal choice if you also need
hydrogen.

proven technology, extra hydrogen

All cell elements consist of a bipolar graphite electrode separated by a special PVC or
PVC/PVDF diaphragm. The individual cell elements are assembled similar to a filter-
press-type bipolar electrolyzer. In order to improve gas discharge, the electrodes are
provided with a large number of vertical slots. The individual electrodes are fitted into
frames made of synthetic material resistant to hydrochloric acid and chlorine.

The process was developed jointly by the former Hoechst AG and Bayer AG as well as
thyssenkrupp nucera. Collaboration between Covestro (formerly Bayer MaterialScience AG)
and thyssenkrupp nucera continues today.

Sample reference:
CUF-QlEstarreja, Portugal

(commissioned 2008)

epecb SRR B e Benefits of the diaphragm electrolysis technology

Produces H, and does not need an O, feed.
Sustainable use of resources which takes into account environmental responsibility.
Easily adaptable to the needs of related production processes.

Electrolyzer design ensures optimal maintenance flexibility and facilitates
potential capacity increases.

High robustness and durability under corrosive conditions.

Proven and reliable technology for high availability.




The diaphragm electrolysis principle

The diaphragm cell mainly consists of two graphite electrodes separated by either a PVC
or PVC/PVDF diaphragm. This diaphragm is permeable and allows the chloride ions to
pass through as well as the cationic hydrogen ions. The individual cells are assembled
similarly to a filter-press-type bi-polar electrolyzer.
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How does the ODC process work?
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HCI absorption and treatment

If deployed in conjunction with MDI/TDI plants, the process starts
with anhydrous hydrogen chloride gas which is conditioned in the
absorption unit. The dissociation of HCI gas in water or weak HCI
solution is a strong exothermic reaction. In general, hydrochloric
acid in a concentration range between 28 to 37 % is required.
There are two different options: isothermal or an adiabatic ab-
sorption. The above process flow diagram shows an isothermal
HCI absorption process, which is used for the production of
hydrochloric acid feeds with a higher concentration. Here, either
demineralized water or 17wt.% hydrochloric acid is used as an
absorbent in a falling-film column to produce hydrochloric acid
with a concentration of up to 37 wt.%. It is continuously removed
and stored after filtration, which includes e.g. active carbon filters
to adsorb organics. A stripping column is used to remove the
impurities within the HCI absorption unit. The stripper waste gas
contains the majority of the organic compounds and chlorine.
It needs to be treated in a scrubber, for example. Adiabatic
absorption is usually applied for weak HCl gases and includes the
deployment of tray or packed columns. With an adiabatic absorp-
tion process it is not possible to produce more highly concentrated
hydrochloric acid.

Electrolyzer with anolyte and catholyte recycles
The concentrated aqueous hydrochloric acid is fed to the anolyte
system and to the catholyte system. The process has hydrochloric

v

acid recycles for anolyte and catholyte. The two compartments
receive aqueous acid feeds of different concentrations, the
anode compartment approx. 23wt.% and the cathode compart-
ment approx. 21wt.%. Chlorine and hydrogen are generated
inside the cell. Depleted hydrochloric acid with a concentration of
17 wt.% leaves both compartments of the cell.

The anolyte acid flows through the anode chambers connected in
parallel and the catholyte acid flows similarly through the cathode
chambers. Any solid impurities are retained by filters, while the
heat balance of the process is maintained using heat exchangers.
A partial stream of the 17wt.% acid feedstock is diverted from
the catholyte recycle, re-concentrated with hydrogen chloride to
approx. 28-37wt.% in the absorption unit, and then fed back to
both electrolyte cycles.

Product treatment

Once the wet chlorine gas has been cooled and filtered, it is either
fed directly to the downstream consumer, or dried and compressed
before either being directly routed back to the chlorine consumer
to close the chlorine recycle loop, or liquefied for storage in tanks.

Hydrogen is a valuable by-product of the process and can be
supplied to hydrogen consumers, such as hydrogenation plants,
once it has been cooled and scrubbed with caustic soda.
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Worldwide service —

everythlng from a single source
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Long-term partnership

If you want a plant that fulfills the highest possible efficiency and safety standards
throughout its service life, we are just the partner you need. Our modular service
portfolio will provide ongoing support in minimizing power consumption and maximizing
plant availability, safety and product quality — so you can achieve your goal of becoming
a best-in-class producer.

Spare parts

The innovative design of our electrolyzers ensures any required maintenance activities
are kept to a minimum. However, if your plant is to run economically, efficiently and
reliably, it is vital to use nothing but our certified and carefully tested spare parts when
components need to be replaced. We use proven supply chains to minimize delivery
times.

Upgrades & retrofits

To improve the performance of your plant, we offer a range of services which significantly
reduce the energy consumed per metric ton of NaOH. These upgrades or retrofits can be
carried out for an entire cell room or individual electrolyzers. In the latter case, we
make maximum use of the existing equipment in your cell room.

Customer

—

thyssenkrupp

nucera
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Our ongoing aim is to enter into long-term
partnerships with our customers. Therefore,
our world-leading technologies and solutions
for high-efficiency electrolysis plants are
rounded off by a comprehensive service portfolio
to meet all your operational needs — wherever in
the world your plant may be located.

Digital plant monitoring and optimization

Uhde® Evaluator

The Uhde® Evaluator measures and analyzes the voltages and operating parameters
of the single-elements — 125 times per second with an accuracy of 3mV 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 variety of sources (e.g. Uhde® Evaluator and
Uhde® Administrator ) is sent to our Technology Service Center for further analysis.
This feedback is then analyzed by our specialists for the purposes of plant optimization
and performance improvement. Preventive analysis, as offered by this tool, increases
plant availability and makes smart scheduling of targeted maintenance possible.

Full service — maximum service,
minimal downtime

The challenge in electrolyzer maintenance is to minimize downtime and ensure work
undertaken is of the highest quality. This is where our full-service package comes into
play. Your main benefits: a single point of responsibility, our comprehensive expertise
and experience, and our highly qualified service technicians.

—=  Element Manufacturer
Asset Management
= Membrane Supplier

—=  Logistics Partner Spare Parts Supply
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