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The photo shows the pyroprocessing section of a cement production plant located 
to the south of Casablanca/Morocco. The twin pipes in the center of the picture 
transport 900 °C hot air from the plant’s cooling zone to the calciner to utilize the 
process heat for combustion. The tower on the right of the picture houses the 
5-stage heat exchanger in two-string design. The central calciner duct can be seen 
attached to the outside, which branches at the top and leads downward into the 
two heat exchanger strings. Also in the tower, but concealed by the calciner, are 
two large CC-type combustion chambers. These combustion chambers have been 
optimized in recent years for the use of AFR (Alternative Fuels and Raw Materials). 
The alternative fuels are charged and combusted to a large degree. Full residue-
free combustion then takes place in the calciner. The raw material passes through 
this process in a counterflow, i.e. it is fed into the top of the heat exchanger tower 
and preheated to around 800 °C on the way down. In the calciner, fuel is added 
and the raw material is calcined at 850 - 900 °C before being burned in the rotary 
kiln (bottom left, red) at 1,450 °C. The burned clinker is cooled in the downstream 
cooler, and the cooling air which has been heated to 900 °C in the process is fed 
back to the kiln and the calciner as combustion air. The clinker is transformed into 
cement in the subsequent grinding process.

The AFR strategy by Polysius won ThyssenKrupp‘s special “Energy and Environment” 
innovation award in 2010.
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Dear Readers,

ThyssenKrupp stands for outstanding engineering competencies. Our Group attaches 
great importance to systematically strengthening our innovative capabilities in connection 
with the development of high-quality products and services. Against this background, we 
do everything we can to give our employees the necessary freedom for this and to focus 
our Group’s technical expertise more strongly on our customers and expand it further. 
This is of central importance to ThyssenKrupp – and to me personally as an engineer. 
 Our annual innovation contest was launched to reward ideas and inventions. This 
issue of techforum presents some of the outstanding projects from the past two years.
 The 2009 innovation prize was awarded to a process development from Uhde: 
The STAR Process® is the world’s first commercialized process offering high productivity 
and low energy consumption for the targeted production of propylene as a feedstock for 
polymer production. It reduces costs and CO2 emissions and makes an active contribution 
to environmental protection.
 The first special “Energy and Environment” innovation prize was awarded in 2009. 
A project team from ThyssenKrupp Xervon Energy developed an integrated modular 
retrofitting concept for rehabilitating and increasing the efficiency of conventional power 
plants as a contribution to active climate protection. The aim was to achieve significant 
improvements in efficiency and reductions in unit CO2 emissions. 
 The winner of the 2010 innovation award was the Groupwide InCar® project, which 
has already been presented on worldwide roadshows and has met with an extremely 
positive response from our customers. A total of 13 companies developed more than 
30 automotive innovations in the areas of chassis, body and powertrain. 
 Last year’s special “Energy and Environment” innovation prize was awarded to a team 
from Polysius for the development of a strategy for heat recovery and waste recycling in 
cement production. The strategy saves fossil fuels and significantly lowers CO2 emissions, 
substantially reducing the cost of manufacturing cement while making an active contribution 
to protecting the environment.
 Other prize winners from the last two years include an acoustically optimized submarine 
propeller designed by HDW made from composite materials which eliminates noise emissions
in almost all frequencies over the full speed range. Another award went to a team from 
ThyssenKrupp Acciai Speciali Terni, Italy, for a technically sophisticated process for casting 
large stainless steel ingots weighing 500 metric tons which are subsequently used to 
manufacture large components such as generator shafts and low pressure rotors. 
 The other articles in this issue also underline ThyssenKrupp’s innovative capabilities, 
which we will expand in the future by investing more strongly in research and development. 

I wish you an enjoyable read.

Yours,

Dr.-Ing. Heinrich Hiesinger
Chairman of the Executive Board of ThyssenKrupp AG
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08 / InCar® – The innovative solution kit for the automotive industry
 DIPL.-ING. OLIVER HOFFMANN InCar®  project manager/Head of Application Techn. Department ThyssenKrupp Steel Europe AG Duisburg

 Within the framework of the interdivisional project InCar®, an automotive technology demonstrator has  
 been developed to include all the automobile-related products and innovations of 13 ThyssenKrupp com- 
 panies in a single project, impressively presenting the capabilities and innovative strength of ThyssenKrupp.  
 Interdisciplinary cooperation led to the development of more than 30 innovative solutions for the body,  
 chassis and powertrain areas. InCar® sets a new milestone for future research and development work within  
 the Group. 

12 / LubriTreat® – A functional nanocoating for the automotive industry
 DR. RER. NAT. JESSICA BRINKBÄUMER Expert Coordinator for Surface Development R&D ThyssenKrupp Steel Europe AG Dortmund 

 DR. RER. NAT. KEN-DOMINIC FLECHTNER Expert Coordinator for Surface Development R&D ThyssenKrupp Steel Europe AG Dortmund 

 DIPL.-ING. PETER HEIDBÜCHEL Expert Coordinator for Forming Technology R&D ThyssenKrupp Steel Europe AG  Duisburg 

 DR. RER. NAT. STELLA JANSSEN Expert Coordinator for Organic Chemistry R&D ThyssenKrupp Steel Europe AG Dortmund  

 DIPL.-ING. GERNOT NOTHACKER Expert Coord. of Production at hot-dip galvanizing line FBA 8 ThyssenKrupp Steel Europe AG Dortmund 

 DR. RER. NAT. REINHARD WORMUTH Team Leader for Corrosion and Electrochemistry R&D ThyssenKrupp Steel Europe AG Dortmund

 ThyssenKrupp Steel Europe has developed a new coating that decisively improves the forming behavior  
 of galvanized steel. LubriTreat® is applied directly to the steel surface as an ultra-thin film, thus improving  
 the forming properties over the entire surface. The coating system was developed and patented together  
 with Castrol Industrial, and can be produced using existing plant technology. The coating is free of heavy  
 metals, and was developed as a universal forming aid. Fields of application can be found in the auto-
 motive industry and with manufacturers of complex components with high surface requirements. The  
 product will be marketed worldwide.

08 / 12 / 18 /

26 / 30 / 38 /
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18 / Innovative ingot casting for large sizes
 ING. AMBRO CARPINELLI Production Manager Società delle Fucine S.r.l. Terni/Italy

 ING. RENATO PALOMBA Special Projects ThyssenKrupp Acciai Speciali Terni S.p.A. Terni/Italy

 DR. ANDREA MIGNONE Marketing and Industrial Sales Manager Società delle Fucine S.r.l. Terni/Italy

 Market demand for ever bigger and heavier forgings, such as for rotors and generator shafts for thermo- 
 nuclear plants with outputs of up to 1,600 MW and back-up rolls for plate mills up to 6 m in width, has  
 prompted ThyssenKrupp Acciai Speciali Terni (AST) to design and carry out all the plant engineering  
 changes necessary to manufacture ingots of 500 t and more. With these ingots, currently the largest ever  
 manufactured in Europe, AST and its subsidiary Società delle Fucine (SdF) are able to supply the inter- 
 national market with rotor shafts and generators for nuclear or conventional plants, in addition to back-up  
 rolls for rolling mills with a shipped weight of up to 250 t.
 Fuci
26 / Optimization of aluminum and metal surfaces using the Clean Coil concept  RALF SCHMID General Manager ThyssenKrupp MetalServ GmbH Wörth

 DIPL.-WIRT.-ING. (FH) STEFAN CHRIST Head of Strategic Sales ThyssenKrupp Metallcenter ThyssenKrupp MetalServ GmbH Wörth 

 DIPL.-WIRT.-ING. (FH) BASTIAN BRUNOW Key Account Manager ThyssenKrupp Metallcenter ThyssenKrupp MetalServ GmbH Wörth

 In the production of rolled products, metal surfaces are contaminated by dirt particles, metal chips and  
 various rolling oils as a result of the various rolling steps, annealing and further production processes.   
 These impurities lodge in the pores and cavities of the metal surface and can lead to quality problems  
 during further processing steps such as adhesive bonding, punching, welding/brazing and forming.  
 The Clean Coil process developed by ThyssenKrupp Metallcenter uses special cleaning brushes and  
 a cleaning emulsion to remove dirt and abrasion from the material in a gentle way without leaving  
 scratches. Following this, a finish can be applied in the form of metered oiling or else the material can  
 be left dry.

30 / Modular retrofitting concept – efficiency improvement  
 and resource conservation in energy generation    DR.-ING. ULRICH SCHABERG Head of Commissioning ThyssenKrupp Xervon Energy GmbH Duisburg

 DIPL.-ING. ANNEGRET BAUM Project Manager ThyssenKrupp Xervon Energy GmbH Duisburg 

 DIPL.-ING. MARTIN HÖBLER Project Manager ThyssenKrupp Xervon Energy GmbH Duisburg

 Operators of industrial plants are subject to ever-changing requirements with regard to economic, technical 
 and political policies, as part of which greenhouse gas emissions and associated emissions trading are  
 becoming increasingly important. In this context, increasing the efficiency of existing plants and reducing  
 their pollution emissions represents an alternative to building new plants for the operators. With the modular  
 tool kit, ThyssenKrupp Xervon Energy has created an implementation framework which identifies the various  
 possibilities for upgrading and meets practically all customer wishes for increased efficiency and emissions  
 reduction. It enables operators to identify the potential which exists for optimizing their existing plants, and  
 put the improvements into effect with a binding cost framework and timetable.

38 / STAR process® – A new, highly productive method of propylene production
 DR. RER. NAT. HELMUT GEHRKE Head of Laboratory and Pilot Plants Uhde GmbH Dortmund

 DIPL.-ING. MAX HEINRITZ-ADRIAN Head of Process Department Uhde GmbH Dortmund 

 DIPL.-ING. ROLF SCHWASS Senior Chemical Engineer Uhde GmbH Dortmund

 DR.-ING. SASCHA WENZEL Head of Technology Service Department Uhde GmbH Dortmund

 The STAR process® is the world's first commercially used process for producing propylene on the  
 principle of the oxidative dehydrogenation of propane. Propylene is one of the major base products  
 of the petrochemicals industry and is enjoying sustainably high growth rates. It is used above all for 
 further processing in the production of high-quality plastic products such as polypropylene. Oxidative  
 dehydrogenation in the STAR process® is a new development undertaken by Uhde with the help of 
 a pilot plant built especially for this purpose. For the first time, it has been used on a large scale in a 
 commercial plant for an annual production of 350,000 metric tons of propylene. This in turn is processed  
 further to make polypropylene for the customer, Egyptian Propylene & Polypropylene Company (EPP),  
 in Port Said/Egypt, in a turnkey project. 
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44 / Mobile high-performance dust collection system for unloading bulk cargo
 DIPL.-ING. ANDREAS PETERS Head of Division Sales & Marketing Manager Uhde Services GmbH Haltern am See

 ANDRÉ KUHN Head of Division Technology Manager Uhde Services GmbH Haltern am See

 DIPL.-ING. GERHARD ALTMEYER Head of Division Blast Furnace Operations Manager, Hamborn ThyssenKrupp Steel Europe AG Duisburg

 DIPL.-ING. HANS-JÜRGEN LEIßNER Head of Department Dust Collection Technology/EA Manager ThyssenKrupp Steel Europe AG Duisburg

 Ever stricter environmental requirements to reduce particulate emissions during bulk goods handling 
 are setting new standards for iron and steel companies. Uhde Services and ThyssenKrupp Steel Europe 
 have jointly developed a unique mobile high-performance system – in operation since January 2008 – 
 to collect dust during the unloading of bulk cargo into the elevated bins in the blast furnace operations 
 at Duisburg-Hamborn.

48 / Polysius strategy on alternative fuels and raw materials (AFR)
 DR.-ING. DIETMAR SCHULZ Senior Executive R&D Polysius AG Neubeckum

 DIPL.-ING. KARL MENZEL Senior Executive Engineering Clinker Production Polysius AG Neubeckum  

 DR. RER. NAT. HUBERT BAIER Senior Project Manager Alternative Resources Polysius AG Neubeckum

 During the manufacturing process of cement approximately one third of the CO2 emissions can be 
 attributed to fuel consumed to decarbonize raw materials and generate the high sintering temperatures 
 of over 1,400 °C. In order to decrease these emissions and costs signifi cantly, increasing use is to 
 be made of ‘Alternative Fuels and Raw Materials’ (AFR). For this purpose, Polysius has developed 
 and implemented a tailor-made strategy showing high growth potential and signifi cantly extending 
 the value chain.

68 /

44 / 48 /
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54 / ThermoTecSpring® – High-strength lightweight spring as a contribution to CO2 reduction
 DR.-ING. MARCEL GROß Advanced Engineering Coil Springs ThyssenKrupp Bilstein Suspension GmbH Hagen-Hohenlimburg

 By adapting the thermomechanical forming process to the requirements of coil spring manufacturing,  
 ThyssenKrupp Bilstein Suspension has succeeded in changing the properties of the material to produce  
 higher-strength springs. This clears the way for lighter springs with smaller wire diameters and shorter  
 spring designs with the same level of performance. Compared with normal-strength suspension springs,  
 the ThermoTecSpring® technology permits weight savings of 15 to 20% per spring depending on  
 application. The ThermoTecSpring® therefore contributes to lowering fuel consumption and reducing  
 CO2 emissions.

58 / Acoustically optimized propeller made from composite materials DIPL.-ING. AXEL PAUL Theoretical Engineering, Team Strength Calculation Howaldtswerke-Deutsche Werft GmbH Kiel

 DIPL.-MATH. ANDREAS SCHMIDT Theoretical Engineering, Team Hydrodynamics Howaldtswerke-Deutsche Werft GmbH Kiel

 DIPL.-ING. ERIC WOLF Theoretical Engineering, Team Hydrodynamics Howaldtswerke-Deutsche Werft GmbH Kiel

 Howaldtswerke-Deutsche Werft is part of ThyssenKrupp Marine Systems and specializes in the design  
 and construction of non-nuclear submarines. HDW has developed and produced a new, groundbreaking  
 propeller for the new class 212A and 214 submarines. This propeller utilizes a composite material with 
 strongly damping viscoelastic intermediate layers. Its outstanding acoustic properties represent a further  
 unique selling point which makes HDW‘s submarines even more attractive to their naval customers. 

64 / ViSTIS® – Revolutionary team training for complex systems    
 MARKUS SCHUPPERT M.A. Project Manager ViSTIS® Blohm + Voss Naval GmbH Hamburg 

 High-quality training for personnel who operate and repair complex systems forms the basis for successful  
 and efficient use of people and material. However, crew training such as in naval ships has only been  
 possible on the original ship to date. In the future, ViSTIS® – the “Virtual Ship Training and Information  
 System“ – will also allow training on a virtual ship, independent of the original hardware and original ship.  
 This innovative training and information system is currently being developed under the supervision of  
 Blohm + Voss Naval in Hamburg.  
 Hamburg entwickelt. 
68 / RFID slab logistics DIPL.-WINF. LOÏC FEINBIER Head CoC Supply Chain Visibility ThyssenKrupp IT Services GmbH Essen

 DIPL.-WINF. YASEMIN YASLAR Supply Chain Visibility Projects ThyssenKrupp IT Services GmbH Essen 

 DIPL.-ING. HEINER NIEHUES ThyssenKrupp RFID Logistics Platform ThyssenKrupp IT Services GmbH Essen

 The automated scanning of material in logistics processes is growing increasingly in importance. In order
 to meet the requirements of a fast, reliable and transparent supply chain, RFID technology (Radio Frequency  
 IDentification) is increasingly being used. ThyssenKrupp was the first international material and technology  
 group to use RFID for the automatic identification of slabs along a new supply chain from Brazil, via trans- 
 shipment ports to Europe and the USA. This significantly reduces shipping times for the slabs and avoids  
 identification errors.
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InCar®

The innovative solution kit 
for the automotive industry
DIPL.-ING. OLIVER HOFFMANN InCar®  project manager / Head of Application Technology Department 

ThyssenKrupp Steel Europe AG Duisburg

ThyssenKrupp techforum 1 I 2011

InCar® project
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InCar® – Economic and ecological advantages 
Under the InCar® project, various approaches were de-
veloped in the areas of body, chassis and powertrain to 
show partners in the automotive industry possibilities for 
significantly reducing costs, weight and/or the CO2 emis- 
sions of a vehicle. Overall, InCar® contains more than 30 
innovations, each delivering a clear improvement over the 
current state-of-the-art on at least one of these points.
 All solutions were analyzed and evaluated for environ- 
mental impact, in particular with regard to CO2 emissions. 
The analyses were not restricted to the use phase of the 
vehicle, but also included the production phase. On the 
basis of these investigations, the ecological effects of new 
technologies, products, processes and techniques can be 
reliably and comprehensively estimated at an early stage. 
 Combining the “greenest” technologies from the InCar® 

project could reduce CO2 emissions by more than 17 g/km 
and deliver a lifetime reduction in CO2 equivalents of more 
than 5.5 metric tons per vehicle.
 The use of these innovative technologies also results  
in a cost reduction of €30 per vehicle, providing clear 
evidence that economic and ecological aims can be  
harmonized. This view provides valuable decision-making 
aids that go beyond purely technical and economic con-
siderations, and thanks to reduced vehicle emissions 
enables climate protection aspects to be built in to future 
automotive developments.
 The InCar® project won a prize in the German “Ökoglobe 
2010” environmental  awards, confirming the high relevance 
and significant potential of the various InCar® solutions  
as a contribution to sustainable mobility.

Solution kit
Up to 100 experts from ThyssenKrupp specializing in 
materials development, engineering, part production and 
equipment, prototype and tooling manufacture for the  
auto industry worked together on the InCar® project on 
an interdisciplinary basis. From more than 400 innovative 
ideas at the start of the project, the Group’s researchers, 
developers and key account managers selected the most 
promising concepts and analyzed their potential. These 
were then discussed with German and international auto-
motive manufacturers in workshops to define the direction 
of further research and development work. This approach 
ensured that the project was focused only on developments 
which had attracted great interest in the workshops and 
thus had very high market potential. It became clear that 
such a comprehensive research project could only be 
conducted in a technology group like ThyssenKrupp, as  
no competitor has access to the breadth and depth of  
development expertise presented by this project.
 From the more than 30 innovations included in InCar®, 
three solutions are briefly described in the following to  
give a first insight into the project. 

DampTronic® select
DampTronic® select / Fig. 1 / closes the gap between  
complex electronically adjustable dampers and con- 
ventional passive dampers. The customer can switch  
between “tight sporty“ and “comfort“ suspension settings 
at the touch of a button using a low-cost, easy-to-integrate 
system. The key to this innovation is the DampTronic® 

select valve, which can be switched between a sport  
setting and a comfort setting. Although the system is 
generally operated in the comfort setting, both damping 
force characteristics offer the full tunability of conventional 
suspension systems. Both settings can thus be adjusted  
to the specific requirements of the vehicle without com-
promising engine response, ride comfort and driving  
dynamics. By dispensing with sensors and expensive 
control devices, significant cost reductions of approx. 50% 
to 60% can be achieved compared with continuously  

Within the framework of the interdivisional project InCar®,  
an automotive technology demonstrator has been developed  
to include all the automobile-related products and innovations 
of 13 ThyssenKrupp companies in a single project, impres-
sively presenting the capabilities and innovative strength  
of ThyssenKrupp. Interdisciplinary cooperation led to the  
development of more than 30 innovative solutions for the 
body, chassis and powertrain areas. InCar® sets a new  
milestone for future research and development work within 
the Group. 

Fig. 1 / DampTronic® select – sport suspension at the touch of a button
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adjustable electronic systems. As a result, the advantages 
of adjustable suspension systems can also be opened up  
to the mid-size and compact car segments. 

Tailored Tempering
In the tailored tempering process, a partially heated die 
allows slower cooling rates in specific areas of the com-
ponent during hot stamping / Figs 2 and 3 /. In the non-
heated die area, higher cooling rates generate a martensitic 
microstructure, while lower cooling rates in the heated die 
area result in a ferritic-pearlitic or ferritic-bainitic micro- 
structure, depending on the process parameters. This 
means that the mechanical properties of the material or 
component can be matched to requirements by selecting 
suitable process parameters, permitting weight reductions 
of more than 20% compared with traditional stamping 
methods. A first volume production order has already  
been placed.

PDVC/PSVC
The development of a shiftable and a variable valve control 
system / Fig 4 / offers the optimum mechanical conditions 
for maximizing the performance of a gasoline engine while 
minimizing fuel consumption and emissions. An additional 
cylinder deactivation option in the low-load range allows 
proven fuel consumption advantages of up to 20% com-
pared with modern gasoline engines. This reduction in fuel 
consumption leads to a reduction in CO2 emissions during 
driving of more than 14 g/km.

Summary and outlook
Regardless of where automotive manufacturers are looking 
for improvements, InCar® provides the answers in the 
areas of body (e.g. tailored tempering), chassis (e.g. 
DampTronic® select) and powertrain (e.g. PDVC (Presta 
Delta Valve Control)/PSVC (Presta Shiftable Valve Control)). 

Fig. 3 / B pillar “MBW® 1500 tailored tempering” after a deformation test Fig. 4 / Presta Shiftable Valve Control (PSVC) – cylinder head drag test rig

Fig. 2 / Thermal image of the B pillar die for the tailored tempering process
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However, as innovation priorities and targets differ from 
customer to customer, InCar® usually provides multiple 
technical alternatives. Whether the focus is on weight  
reduction, efficiency or functionality, every InCar® solution  
is clearly and demonstrably superior to the state-of-the- 
art on at least one of these points. InCar® is therefore a 
modular system that allows each customer to choose the 
solutions that best match their needs.
 A new marketing approach was also realized to present  
the InCar® project. Alongside a 30-page abstract of the pro- 
ject, published in German, English, French and Japanese, 
a special, 250-page bilingual (German and English) edition 
of the ATZ automotive technology magazine was published 
entitled “The ThyssenKrupp InCar Project“.
 The worldwide roadshow visited more than 15 OEMs 
in Europe alone. Around 6,000 visitors came to the  
InCar® show – at times supplemented with further new 
developments and innovations from the ThyssenKrupp 
Group – and took the opportunity to exchange ideas with 
the experts during the associated technical presentations  
or directly at the exhibits themselves.
 In Japan, visits were paid to Toyota, Nissan and Honda 
(the country’s three biggest auto producers), reaching 
more than 900 guests. In the USA, five TechShows were 
staged for OEMs and attended by more than 950 guests – 
an important step which represented the kickoff for 
ThyssenKrupp Steel Americas as an innovative (develop-
ment) partner to the automotive industry in the USA. The 
TechShow in South Korea for Hyundai Kia was likewise 
a complete success, attracting more than 1,000 guests  
/ Figs 5 and 6 /.
 In addition to this came more than 25 publications in 
print media, 7 reports on radio and television, and more 

than 30 presentations at conferences, exhibitions and  
conventions.
 This marketing offensive, unique in the history of 
ThyssenKrupp to date, was specially tailored to the auto-
motive industry and received extremely positive feedback 
throughout. More than 150 follow-up meetings were 
arranged, culminating in almost 100 individual projects. 
Numerous orders can already be directly attributed to the 
success of the InCar® project.
 A possible continuation of the InCar® project is currently 
in the planning phase, aimed at continuing to provide the 
automotive industry with valuable impetus and developing 
attractive innovations to meet future requirements. Along-
side further efforts in the area of lightweight body con- 
struction, future work will focus, for example, on the demands 
placed by hybrid or electrical drive systems on the motor 
vehicles of tomorrow. In this way, ThyssenKrupp will  
continue to make a significant contribution to environment-
friendly mobility in the future.

The InCar® project presented in this article won the 
ThyssenKrupp Innovation Award 2010.

Fig. 5 / InCar® Demonstrator Fig. 6 / InCar® TechTruck – the center of attraction of the worldwide roadshow
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Continuous coating process with LubriTreat®  
at ThyssenKrupp Steel Europe

12 /  
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Background
Innovative design in the automotive industry leads to components 
with complex geometries, placing greater requirements on the forming 
process. Furthermore, the use of high-strength and ultrahigh-strength 
steel grades requires ambitious processing and thus improved 
forming capabilities from the materials in the forming process. The cost- 
effectiveness of such processes must still be guaranteed. 
 For this reason, ThyssenKrupp Steel Europe and Castrol Industrial 
jointly developed a patented coating system for the pre-treatment  
of coated steel strip. The focus of this project was the development  
of a new, heavy metal-free pre-treatment as a substitute for pre- 
phosphating. The product LubriTreat® is an ultra-thin organic coating, 
based on phosphoric acid esters, that significantly improves the  
forming properties of steel.
 The aim of the product development is to continue offering  
customers optimized products in the future through the use of inno-
vative steel grades in combination with intelligent coatings. 

How LubriTreat® works
Improved forming behaviour is achieved by applying specific, tribo-
logically active additives directly to the surface of the steel strip. 
During the forming process, LubriTreat® reduces the stick-slip effect  
between die and workpiece very efficiently so that cracking is avoided 
almost entirely. 
 Previously, forming additives have been used in the form of  
prelubes and hotmelts which are embedded in the oil matrix and 
applied to the strip during the lubrication process. In addition to  
the forming additives, however, lubrication fluids also contain other 
components, such as anticorrosion additives and emulsifying agents. 
All these functional additives compete for a direct linkage to the steel 
surface. Unfortunately they can also inhibit each other. Furthermore 
anticorrosion additives form stronger bonds with the steel surface than 

ThyssenKrupp Steel Europe has developed a  
new coating that decisively improves the forming  
behavior of galvanized steel. LubriTreat® is applied 
directly to the steel surface as a ultra-thin film,  
thus improving the forming properties over the  
entire surface. The coating system was developed 
and patented together with Castrol Industrial,  
and can be produced using existing plant techno-
logy. The coating is free of heavy metals, and  
was developed as a universal forming aid. Fields  
of application can be found in the automotive  
industry and with manufacturers of complex com- 
ponents with high surface requirements. The  
product will be marketed worldwide. 

LubriTreat®
 

 A functional nanocoating for the automotive industry
 DR. RER. NAT. JESSICA BRINKBÄUMER Expert Coordinator for Surface Development R&D ThyssenKrupp Steel Europe AG Dortmund 

 DR. RER. NAT. KEN-DOMINIC FLECHTNER Expert Coordinator for Surface Development R&D ThyssenKrupp Steel Europe AG Dortmund 

 DIPL.-ING. PETER HEIDBÜCHEL Expert Coordinator for Forming Technology R&D ThyssenKrupp Steel Europe AG Duisburg

 DR. RER. NAT. STELLA JANSSEN Expert Coordinator for Organic Chemistry R&D ThyssenKrupp Steel Europe AG Dortmund 

 DIPL.-ING. GERNOT NOTHACKER Expert Coordinator of Production at hot-dip galvanizing line FBA 8 ThyssenKrupp Steel Europe AG Dortmund 

 DR. RER. NAT. REINHARD WORMUTH Team Leader for Corrosion and Electrochemistry R&D ThyssenKrupp Steel Europe AG Dortmund 
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How to use LubriTreat®
The water-based, heavy metal-free coating is applied to the steel strip 
in a continuous process immediately after galvanizing. The aim of the 
development was to use pre-existing plant technology, hence keeping 
process costs to a minimum.
 / Fig. 4 / shows a schematic of ThyssenKrupp Steel Europe’s 
electrogalvanizing line EBA 3. LubriTreat® is applied here by spraying/
squeezing. In other production lines also a ’chemcoating‘ process 
is possible, for example in the hot-dip galvanizing line FBA 8. With 
electrogalvanized steel, phosphate-coating has been used to improve 
forming behaviour so far. In contrast to LubriTreat®, however, this 
system contains heavy metals, which should be avoided wherever 
possible for environmental reasons. 
 
  

Fig. 3 / Surface appearance of LubriTreat®-coated, 

galvanized surfaces

the forming additives, meaning that potential coordination points for 
these additives are already occupied. This disadvantage was taken into 
consideration during the development of LubriTreat®. For the newly 
developed coating, the tribologically active additives required for the 
forming process are applied to the steel surface first, followed in the 
second step by the lubrication / Figs 1 and 2 /. 
 Previous coatings with improving forming behaviour were typically 
based on inorganic phosphate systems. In order to achieve optimum 
effectiveness, these are applied in very high coating thicknesses of 
1-2 µm. LubriTreat® is already effective at coating thicknesses of 
less than 100 nm. The nano-scale surface modification through 
LubriTreat® can be visualized using high-resolution surface analysis
methods. As shown in / Fig. 3 / the layer has both amorphous and 
crystalline areas. 

Zinc

Fig. 1 / Application process for LubriTreat®

Fig. 2 / Regular concentration of the tribologically active substances on the

substrate surface (top) compared to the statistical distribution in previously 

standard steel mill lubrications such as prelube and hotmelt (bottom)

Hot-dip galvanized steel with LubriTreat® Electrogalvanized steel with LubriTreat®
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Application of LubriTreat® Forming
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The properties of LubriTreat® were investigated in various forming 
tests, including strip drawing tests and deep drawing tests. The positive
effect of LubriTreat® is seen in the processes investigated through 
the reduction of friction between die and blank. In a strip drawing 
test with LubriTreat®, there was no stick-slip effect at surface pressures 
up to 80 MPa. Stick-slip refers to the cold welding of the materials 
due to high tensile forces and subsequent release during the forming 
of sheet steel in the die. In the real forming process at automotive 
stamping plants, this can result in component cracking. The frictional 
coefficient graph shown in  / Fig. 5 / is uniform over the entire drawing 
range. The drawing speed can even be reduced to 60 mm/min with-
out a stick-slip effect occurring. This low drawing speed simulates 
the slowing of the punch just before the point at which it changes 
direction, and represents a significant challenge.
 The deep drawing test is used to simulate an ideal deep-
drawing process. In addition to the possibility of component cracking, 

susceptibility to undesirable wrinkling can also be investigated here. 
As shown in / Fig. 6 /, the process window for deep-drawing was 
considerably enlarged by LubriTreat® for both of the steel grades 
investigated. The blankholder forces FN can be significantly increased
without resulting in cracking. In practice, this means that the process
parameters for the forming process can be selected with significantly
greater flexibility, hence contributing to process stability. 
 In addition to the deep drawing test with a 100 mm round punch, 
deep drawing tests were also conducted with a punch diameter of 
600 mm. The dimensions of this large cup correspond approximately 
to the size of a spare wheel recess in a mid-range car, which consti-
tutes a critical and tribologically demanding component from a forming 
perspective. / Fig. 7 / shows a comparison between the previous small 
cups and the large cup now drawn. 
 In addition to the key property of greatly improved forming 
behaviour, further high demands are made on the new surface 

Fig. 4 / Application zone for LubriTreat® on electrogalvanizing line EBA 3 at ThyssenKrupp Steel Europe
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coatings by the customer. A large number of very broad product 
properties have to be fulfiled before using a new coating, especially in 
the automotive industry:

° Environmental friendliness 

° Applicability

° Weldability

° Adhesion characteristics

° Removability

° Paint adhesion

° Film stability

° Corrosion protection

° Suitability for phosphate treatment
In the testing programme the use of LubriTreat® may not result 
in any disadvantages for the product characteristics. Various typical 
joining procedures for the automotive industry were investigated,  
such as resistance spot welding and adhesive bonding. These  
methods are used among others during manufacture of the body shell.  
The investigations have done so far are showing no limitations of  
any kind. During the subsequent painting process, various layers  
of paint are applied one above the other in order to achieve the  
final paint appearance. The first applied phosphate coating is  
essential for the adhesion of the entire paint structure, as this  
primer is necessary for the subsequent cathodic dip painting  
process. As shown in / Fig. 8 /, the precipitation and formation of  
the phosphate layer on LubriTreat® is comparable to the uncoated 
reference material.  Fig. 7 / Size comparison between small and large cup

Dia. 600 mm

Dia. 100 mm

Fig. 5 / Strip drawing test: Frictional coefficient graph 

with and without LubriTreat® 

Fig. 6 / Deep-drawing range without LubriTreat® (blue) and enlargement using LubriTreat® (red shaded)
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 The subsequently investigated corrosion behaviour in painted  
condition is likewise comparable. LubriTreat® has no effect on the  
paint adhesion and corrosion creep properties. Overall, all investi- 
gations concerning the compatibility with subsequent customer pro- 
cesses demonstrate positive properties. Further long-term investi- 
gations and customer-specific tests are in progress.

Conclusion and future prospects
LubriTreat® is currently in the pilot phase of product development,  
and is being tested at production facilities of ThyssenKrupp Steel  
Europe. The focus here is on the process parameters and the im- 
plementation of the process in the active production process. Alongside 
this, methods for quality control of the future real process are being 
developed. These operational application tests are being used to 
manufacture test material which can be provided to customers for 
purposes of testing.
 Overall, the constantly rising requirements in respect of the for-
ming capabilities of the material are met by the use of LubriTreat®. 
Furthermore, LubriTreat® offers considerable freedom for the design  
of innovative and complex component geometries that would have  
been difficult to manufacture using the current state of technology.  
In addition, the previous need for additional lubrications in the forming 
process at the customers‘ plants can be reduced, and coatings  
containing heavy metals can be avoided. 

After successful completion of the pilot phase, the marketing of 
LubriTreat® in Europe on galvanized steel surfaces will be started. 
Global availability is ensured as ThyssenKrupp Steel’s new production 
sites in the USA and China are both able to apply LubriTreat®.

Fig. 8 / Visual appearance of the phosphate crystals on LubriTreat® after the phosphate coating process
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Heating of the ingot in a 600 t furnace
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Adjustments in plant construction
AST and its subsidiary Società delle Fucine (SDF) have  
been on the large forgings market for over a century,  
specialized in the manufacture of products for electric power 
generation and for industry in general, with ingots up to  
350 t in size. As these ingot sizes were starting to appear 
unsuited to the new market requirements, in 2005 a project 
was launched in Terni/Italy to manufacture a 500 t ingot.  
To realize the project it was first necessary to clarify whether 
certain basic requirements were met: 

° Detailed and overall dimensions of facilities

° Handling of equipment and products 

° New loads applied to the structures 

° New plant equipment  

° Metallurgical aspects of the casting and  
 forging operations. 

The project was therefore divided into several sub-projects 
which can be arranged in four large groups:
1. Developments in the steelmaking/casting area,
2. Developments in the forging area,
3. Heat treatment and machining equipment as well as
4. Logistics equipment.

In the steelmaking/casting area the lifting capacity of the 
internal transportation and overhead crane structures was 
increased. Specific devices were installed for stripping and 
turning the ingot. It was necessary to install a new vacuum 
pump and a casting pit suitable for the vacuum casting  

of such ingots. A small casting shop was set up to manu-
facture iron dies. In the forging area the lifting capacity  
of the craneway structures for the overhead cranes ways 
was increased. A new 600 t overhead crane equipped with 
600 t handling tongs was installed along with a new 
250 t - 700 t x m manipulator enslaved to the 12,600 t 
hydraulic press. In addition to the necessary reinforcement 
of the structures, the heat treatment and machining area 
was equipped with new overhead cranes with a maximum 
capacity of 350 t, a vertical furnace for the heat treatment 
of large rotors and generator shafts, and a new rotating 
furnace – the only one of its size in the world – for the 
differential heat treatment of large back-up rolls. A new 
300 t grinding machine completed the investments in the 
machining area. In the logistics area the rail track used for 
internal transportation of the ingots from the steelmaking 
area to the forging area was examined and reinforced  
together with the rail wagon.
 In the following, the main manufacturing steps in the 
production of a 230 t plate mill roll starting from a 500 t 
ingot are described.

Designing the ingot 
The ingot mould was designed with the aid of an FEM 
(Finite Element Method) analysis with the aim of containing 
segregation phenomena within the body of the ingot, es-
pecially carbon segregation, which is significantly present in 
ingots of such a size / Fig. 1 /. The results obtained on the 
first six ingots confirmed the model estimates / Fig. 2 /. 

Market demand for ever bigger and heavier forgings, such as for rotors and  
generator shafts for thermonuclear plants with outputs of up to 1,600 MW and 
back-up rolls for plate mills up to 6 m in width, has prompted ThyssenKrupp  
Acciai Speciali Terni (AST) to design and carry out all the plant engineering  
changes necessary to manufacture ingots of 500 t and more. With these ingots,  
currently the largest ever manufactured in Europe, AST and its subsidiary Società  
delle Fucine (SdF) are able to supply the international market with rotor shafts  
and generators for nuclear or conventional plants, in addition to back-up rolls  
for rolling mills with a shipped weight of up to 250 t.
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On the basis of these design parameters the first FN 500 
ingot mold was manufactured at the Terni foundry / Fig. 3 /. 
It consists of six hematite cast iron components with a total 
weight of approx. 550 t. Particular features of this ingot 
mold are:

° Height (H)/Diameter (D) ratio: 0.9 to 1.2

° Fluted inner surface with 28 sides  

° Two hollows in the hot top to create the lifting  
 trunnions during melting which are needed  
 to handle the ingot

° Tongue obtained on the bottom to facilitate handling  
 in the steelmaking and forging shops

° Safety reinforcing rings (made of steel) attached  
 to mold components of the body 

° Attachment of special plate protection on the bottom  
 to facilitate stripping operations

Steelmaking design
Melting is performed in a 150 t electric arc furnace (EAF), 
starting from selected scrap to keep the value of impurities 
such as arsenic, tin, antimony, copper etc. to a minimum. 
In this case, the amount of steel to be produced is equal to 
approximately 525 t, spread over four ladles each with a 
max. capacity of 140 t.

For steel refining a special procedure has been drawn  
up / Fig. 4 / to reduce the hydrogen content, which is a  
critical issue on large-sized ingots. Moreover the refining 
operations of each ladle – to be applied in the ASEA furnace  
and the VD (vacuum degassing) equipment – have to be 
defined in detail in order to achieve the chemistry, tem-
perature and cleanness requested for casting.

Ingot casting (performed at AST)
The ingots are produced by vacuum casting in a custom- 
dimensioned vacuum tank (D: 7,000 mm; H: 9,000 mm)  
/ Fig. 5 /. The casting sequence follows a specific pro-
cedure designed for the casting of a four-ladle ingot. The 
steel poured into the mold weighs 500 t.

Ingot stripping (performed at AST)
Approximately four days after casting, the ingot can be 
removed from the mold and sent to the forging shop. The 
lifting operation (stripping) is performed by two overhead 
cranes connected by a cross-head beam using the lifting 
trunnions created in the mold / Fig. 6 /. The ingot is laid 
lengthways for subsequent loading onto a rail wagon in  
the pit, which has a profile designed to achieve optimal  
90° turning / Fig. 7 /.
 

Fig. 2 / FN 500 actual carbon segregation values Fig. 3 / FN 500 ingot mold
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Fig. 4 / Steel making and refining flow chart

VD-unitASEA LF(Ladle Furnace) unit
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Fig. 5 / Vacuum casting pit 
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Fig. 6 / Vertical stripping of the FN 500 ingot Fig. 7 / FN 500 ingot loading on rail wagon
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Forging (performed at SdF)
FEM simulations were used to plan the forging cycle to 
process the FN 500 ingot into a plate mill roll / Fig. 8 /.  
The main forging steps were established to define the 
necessary temperatures, dies and forces. In particular, the 
forging-cogging operation was improved in order to give 
the product a structural homogeneity which ensures good 
toughness both in the core and on the skin.
 The defined cycle consists of the following phases 
which are performed at temperatures between 1,200 and 
1,250 °C on the 12,600 t press:

° 
Forging the upper tongue,

° 
Forging of the body and cutting off the top  

 and bottom excess (two heats),

° 
Cogging and measuring,

° 
Cogging necks and

° 
Finishing necks (two heats) and cutting off excess.

Once the hot top and the metallurgical excess has been 
removed from the top and bottom of the ingot, the rough- 
forged roll weighs 300 t / Figs 9 and 10 /.

Heat treatments (performed at SdF)
After forging, the backup roll undergoes normalizing and 
tempering heat treatment in a conventional gas furnace, 
which is necessary to give the necks and the core of the  
roll barrel the required mechanical strength and tough- 
ness properties (30-40 HSc (Scleroscope Hardness)). After  
suitable rough machining, the roll is pre-heated in a con-
ventional bogie hearth furnace at a temperature of 600 °C 
until core homogeneity is ensured. It is then placed in the 
new rotary furnace in which the barrel surface is briefly  
heated to a depth of approx. 150 mm at a temperature of  
950 °C  / Fig. 11 / and then water spray quenched to a  
temperature of approx. 250 °C / Fig. 12 /. This is followed by  

Fig. 9 / Forging in the 12,600 t press with 

a 250 t - 700 t x m manipulator

Fig. 8 / FN 500 ingot cogging simulations

Fig. 10 / Rough-forged plate mill roll weighing 300 t 
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Fig. 11 / Heating of roll barrel surface in new rotary furnace
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tempering treatment (generally two-fold) in order to obtain  
the required hardness level on the barrel (52-60 HSc). 
With the new rotary furnace SdF has been able to achieve uni-
form hardness in the various barrel areas within a tolerance 
of 3 HSc and a quenching depth of 100 mm. 

Final machining (performed at SdF)
After checking that the required mechanical properties  
have been duly achieved, the forging undergoes final  
machining. In this operation the roll is machined to the final 
size requested by the customer, resulting in a product which 
is ready for installation at its destination. The main steps  
of final machining are:

° 
Finishing of the barrel and pre-finishing  

 of the necks on the 300 t horizontal lathe / Fig. 13 /,

° 
Grinding on the new 300 t dedicated machine / Fig. 14 /,

° 
Various milling operations on the necks  

 and attachment of accessories

° 
Inspections and

° 
Packing and shipping / Fig. 15 /.

Conclusion
With the completion of this project, the development 
departments of AST and SdF created the ideal conditions 
to position themselves strongly on the world market for  
the production of forgings. The manufacture of 500 t ingots 
in the Terni AST melt shop enables Società delle Fucine to 
demonstrate its strengths in the market for large forgings. 
To date, ten ingots, both for rotor shafts and for plate 
mill rolls, have been manufactured with optimum quality  
results. This success is the basis for further developments 
in the field of large forgings with high quality standards.

Fig. 12 / Cooling of barrel surface in the rotary quenching machine Fig. 13 / Finishing of the barrel and pre-finishing of the necks 

on the 300 t horizontal lathe  

Fig. 14 / Grinding operation on the new 300 t machine Fig. 15 / Packing and shipping of the 230 t plate mill roll
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Processed Clean Coil
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Starting situation
The technical delivery conditions for the surface of  
aluminum are not clearly defined. Customers expect a clean 
and smooth aluminum surface, which is a subjective  
requirement. However, the metal surfaces are contami-
nated with dirt particles, metal chips and various rolling 
oils during the rolling process. These conflicting factors 
can have a negative effect on the subsequent production  
chain. The subjectively perceived surface condition is  
in fact different from the objective surface quality. With  
aluminum, the analyzable surface following the rolling  
and cutting process consists of a collection of rolling oils, 
mixed oxides, graphites and metal chips which occur in 
different concentrations, are intermixed and build up in 
various layers.
 The metal surface after the rolling process, referred to 
as the "mill finish", is roughened by the forming process,  
and thereby offers a surface on which the aforementioned 
impurities can easily adhere. Typical mill finish roughness 
values are in the range of Ra ≈ 0.3 µm with an overall 
profile depth of Rt ≈ 2.0 µm. The roughness values are 
determined by the texture of the rolls, and can vary  
depending on the roll grinding. Based on the rolling pro- 
cess and the roll texture, the surface structure runs parallel  
to the direction of rolling. The aforementioned roughness  
values relate to a measurement taken at right angles to  
the rolling direction. In a measurement parallel with the 
rolling direction, the arithmetical mean roughness value is 
lower, at Ra ≤ 0.15 µm. 
 The aluminum surface itself also presents a good 
surface for adhesion. This is composed of a 1-2 nm thick 
barrier layer (Al2O3) between the substrate and the  
5 -10 nm thick surface layer (Al(OH)3  + Al2O3). In aluminum, 
the barrier layer is constant and has almost no pores.  
This offers protection against corrosion as well as against 
various chemicals. The surface layer, on the other hand, 
forms almost immediately on contact with oxygen in a  
process referred to as self-passivation, is porous and  
displays minor irregularities as well as micro-pores.  
The production-related impurities also lodge within this  
surface structure / Fig. 1 /. For this reason, elaborate 
cleaning processes have to be carried out in different  
production processes depending on requirements so that 
the surface condition required for the particular work 

In the production of rolled products, metal surfaces are  
contaminated by dirt particles, metal chips and various  
rolling oils as a result of the various rolling steps, annealing 
and further production processes. These impurities lodge  
in the pores and cavities of the metal surface and can lead  
to quality problems during further processing steps such as 
adhesive bonding, punching, welding/brazing and forming.  
The Clean Coil process developed by ThyssenKrupp Metall- 
center uses special cleaning brushes and a cleaning emulsion  
to remove dirt and abrasion from the material in a gentle  
way without leaving scratches. Following this, a finish can  
be applied in the form of metered oiling or else the material 
can be left dry.

Fig. 1 / Layers of the aluminum surface in cross section view
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process can be achieved. One example of this is an oil 
required for specific processes which can only be  
deposited over the full surface of the material following 
cleaning (removal of dirt and other oils). Therefore, a 
clean surface is essential for technical processes such 
as adhesive bonding, punching, welding/brazing, forming 
and coating, in order to achieve high-quality, defect-free 
production. Experience has shown that many customers 
undertake this process in a very elaborate manner and 
even use additional in-house processes to adapt the 
surface quality of the material to their own requirements. 
However, this cleaning achieves only limited success 
because it is not possible to remove all dirt particles.  
The consequence of this is an increased scrap and defect 
rate in production caused by a contaminated surface  
/ Fig. 2 / or inadequate/incorrect surface lubrication.  
It is not rare for contaminated surfaces to also give rise  
to complaints with corresponding costs. Examples of 
grounds for complaint include striations on the surface, 
inadequate or excessive surface oiling as well as general 
impurities. This is where the Clean Coil concept comes into 
play, making customer production process more efficient 
as well as avoiding complaints and follow-up costs. 

Implementation
A concept was developed in several development phases 
which uses a defined process to first clean the contam-
inated surface and then provide a dry or oiled surface as 
required. This concept eliminates the discrepancy between 
the material supplied from the mills and the surface 
condition required by consumers. 
 As a first step, the material is transported into the 
cleaning system. Rollers covered with non-woven fabric 
guarantee that the process is gentle on the surfaces  
/ Figs 3 and 4 /. Inside the system, spray nozzles first  
apply a fully synthetic cleaning oil and additives to both  
sides of the material surface. At a temperature of 40 °C, 
this oil has a viscosity of < 1.0 nm2 / s evaporates without 
leaving residues.

The low viscosity means that the cleaning oil is able to 
remove the impurities and oils from the pores and the 
surface of the material. This process is supported by addi-
tional brushes in order to achieve an optimum cleaning 
effect. Brushing removes larger dirt particles in particular, 
as well as metal chips, and thus enhances the cleaning 
effect of the cleaning oil. The Perlon brushes rotate in 
the opposite direction to the running direction. A further 
positive effect is achieved here by the rolling direction on 
mill finish surfaces. The surface structure running parallel 
to the running direction means that the brushes remove 
impurities from the surface effectively. The majority of  
the dissolved oils and dirt particles are flung off by the 
counter-rotating brushes, and therefore rinsed off the 
surface in the very first spraying procedure. The removed, 
contaminated cleaning oil is collected in collecting basins, 
filtered and returned to the cycle. 
 Following brushing, there is a second rinsing procedure 
which rinses remaining particles off the surface. After the 
rinsing procedure, the applied cleaning oil is squeezed 
off the surface of the material by non-woven fabric rollers  
operating at a pressure of 7 MPa. The non-woven fabric 
rollers mean that the material is dried gently without any 
change to the microstructure or condition of the material  
/ Fig. 5 /. Only a thin film of cleaning oil remains on the  
surface and within the pores. This remaining film is removed 
by compressed air. Thanks to residue-free evaporation 
and the effect of the compressed air, the resulting material 
surface is free of dirt particles and oil. This surface can now 
be described as dry and clean / Fig. 6 /.

Fig. 3 / Simulation of brushing and rinsing within the cleaning process

Fig. 2 / Example of an impure aluminum surface 
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Fig. 4 / Simulation of the solute impurities within the cleaning process

(section view)

This dry material status cannot be used directly for most 
applications. The lack of lubricant makes the surface of 
the material extremely susceptible to damage, e.g. by 
scratching. An oiling system applies finely misted lubri-
cant onto the dry surface. Spraying means that the entire 
surface is evenly coated. The type of lubricant and the 
application rate (from 0.25 to 7.2 g/m2) can vary according 
to customers‘ requirements. The standard lubricant is an 
emulsion based on low-viscosity hydrocarbons which is 
applied to the surface of the material. This can be used 
in many subsequent processing operations, and is also 
compatible with many oils and lubricants. Furthermore,  
the lubricant protects the aluminum against corrosion. 

Fig. 6 / Example of the cleaning result – left before, 

right after cleaning process

Fig. 5 / Simulation of the drying process by fabric roller

Outlook
The Clean Coil concept offers major cost saving and  
efficiency improvement potential for many customer 
groups. For example, elaborate cleaning processes at the 
customer‘s premises prior to punching can be dispensed 
with, and setup times are therefore minimized. Further-
more, this ensures greater process reliability, and reduces 
the number of complaints and defects. The Clean Coil 
concept eliminates the discrepancy between the mill 
surfaces and the conflicting, subjective requirements  
of customers. With the Clean Coil concept, it is now possible 
to define the “dry and clean“ standard and meet customer 
requirements. 
 The concept was developed with the needs of the  
aluminum processing industry in mind. However, it can  
also be used universally for other areas and metal  
surfaces. For instance, it is quite possible for materials 
such as steel, stainless steel, non-ferrous metals, titanium 
and other metals to be cleaned and provided with a 
defined oil coating. The flexible configuration of the Clean 
Coil concept makes it possible to vary the cleaning oils  
as well as the lubricants and adapt them precisely to the 
particular material requirements and needs of the further 
processing stages.

  

Optimization of aluminum and metal surfaces using the Clean Coil concept / 29
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Modular retrofitting conzept
Efficiency improvement and resource  
conservation in energy generation  
DR.-ING. ULRICH SCHABERG Head of Commissioning ThyssenKrupp Xervon Energy GmbH Duisburg
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DIPL.-ING. MARTIN HÖBLER Project Manager ThyssenKrupp Xervon Energy GmbH Duisburg

Medium calorific value (MKK) power station – operated by swb Erzeugung GmbH & Co. KG, Bremen (source: swb/Mac photo service)
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Action framework for energy generation
No matter which direction the technically interested observer chooses  
to look in, all technologies for energy generation that have been 
tested in the past or are being tested nowadays have their limits. Also,  
opportunities and risks are evaluated in completely different ways, 
depending on the political and social perspective. Operators of industrial 
plant nowadays find it almost impossible to obtain reliable assumptions 
regarding fuel prices, permitted emissions or disposal methods for  
residual materials for the refinancing periods of their plant. Therefore, 
long-term thinking and acting is having to be replaced increasingly  
by a more flexible response. This is a difficult undertaking when what  
is in question is a major investment – such as energy generation plant – 
involving implementation periods lasting several years in some cases. 
 Industrial facilities, including municipal energy generation and  
waste disposal companies, and above all manufacturing industry such 
as the production of foodstuffs, cosmetics, pharmaceuticals, furniture 
or paper, all obtain their required electricity and process heat from 
their own energy generation systems in order to be able to keep their 
operations cost-effective for the benefit of end customers, and therefore 
remain competitive. As a result, plant operators are frequently faced 

Operators of industrial plants are subject to ever- 
changing requirements with regard to economic, 
technical and political policies, as part of which 
greenhouse gas emissions and associated emissions 
trading are becoming increasingly important. In this 
context, increasing the efficiency of existing plants 
and reducing their pollution emissions represents an 
alternative to building new plants for the operators. 
With the modular tool kit, ThyssenKrupp Xervon  
Energy has created an implementation framework 
which identifies the various possibilities for up- 
grading and meets practically all customer wishes  
for increased efficiency and emissions reduction. 
It enables operators to identify the potential which 
exists for optimizing their existing plants, and put  
the improvements into effect with a binding cost 
framework and timetable.
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with the question of whether their current energy generation 
concept is still sustainable: It could be, for example, that the 
fuel used to date has become more expensive or less plen-
tiful, that emissions limits have been tightened, that there 
have been changes in the need for useful energy, or that 
the costs of generating the produced energy are too high.  
 In addition to this, markets and technologies as well as 
public perception and society's expectations are changing 
all the time. The media play a major role in this. Examples 
include the political debates about fossil-fuelled power 
stations, waste incineration plants as well as the preference 
for cogeneration compared to conventional power station 
technologies.
 Also, political decisions such as those regarding the  
lifetime extensions of nuclear power stations could in- 
fluence the electricity markets and possibly place the eco- 
nomic standing of any particular company in question. A 
company's own facility and even municipal plants might 
have to be switched off if the electricity available on the 
open market becomes less expensive than the electricity 
that such plants produce, even though they may often be 

more efficient or feature the latest pollution control  
technology. Circumstances such as these have brought 
fundamental change to the market for plant constructors 
and industrial customers alike. The situation is further com- 
plicated because companies as a rule no longer maintain 
their own technical planning staff who are able to respond 
to upcoming changes by offering suggestions for solutions 
and improvements in the existing facility. 
 This document describes technical and economic 
conditions, trends, problems that operators of industrial  
facilities are presented with now and in the future, as well as 
the modular retrofitting concept offered by Xervon Energy   
/ Fig. 1 /.
 
Thesis 1: Modernization before new build
When faced with the question of whether to respond with 
a new investment or modify existing facilities, operators 
are turning to planning offices and consultants more and 
more frequently. ThyssenKrupp Xervon Energy has created 
a decision-making tool in the form of the modular tool  
kit which identifies various possibilities for upgrading and  
meets practically all customers' wishes for increased  
efficiency and emissions reduction. It provides operators 
and their consultants with relevant statements regarding  
the optimization potential of existing facilities, including  
the associated costs and downtimes / Fig. 2 /. 
 The advantages for the operator are clear: Not only can 
conversion measures be carried out more quickly than new 
builds because the majority of components with lengthy 
delivery times (forgings, turbines) can be reused, but also 
reutilization significantly reduces the necessary investment 
volume compared to new builds. This becomes clear if one 
considers that the entire building structure as well as the 
electrical, measuring and control technology taken together 
cost about the same as the mechanical equipment.

Economic parameters Political parameters

Technical parameters

Efficiency 
increase/ 

resource conservation

Fig. 1 / Action framework for the operators

Fig. 2 / Toolbox: Cluster of 13 optimization modules for power station upgrading (retrofitting) 
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However, another key advantage in favor of conversion 
or retrofitting measures relates to the much greater ease  
of obtaining permits. For conversion measures, the operator 
is able to call on the “grandfather” arrangements in place 
for its old facilities, as a result of which the approval process 
is greatly simplified. For example, it is possible to dispense 
with a public enquiry.
 All in all, plant modernization significantly enhances the 
response times of operators, something which dovetails 
much more effectively with the stated objective of flexible 
response than is the case when planning, approval and  
building of a completely new power station block are  
involved. A study by the German Federal Office for the 
Environment in 2009 ("Climate protection and security of 
supply") came to a similar conclusion, namely that flexibility 
in the electricity market can also be achieved with alter- 
natives to new power station construction, such as the 
retrofit described here. 

Thesis 2: Modularization – a successful concept  
not only for new builds
As already explained, plant operators need to respond 
to ever-changing requirements, with greenhouse gas  

emissions and the associated emissions trading playing  
an ever  more important role. After all, power stations are  
among the biggest CO2 emitters and therefore come  
under public scrutiny. In this context, boosting efficiency  
and minimizing pollution from existing plants are essential  
steps for operators to take. This is where the concepts 
from ThyssenKrupp Xervon Energy come into play  
/ Figs 3 and 4 /.
 As a plant builder, ThyssenKrupp Xervon Energy not 
only develops innovative power station technology but  
also has the necessary expertise for upgrading existing 
plants. The retrofit measures used mainly depend on 
the specific boundary conditions. There is an extremely 
wide range of limiting factors, and therefore no universal 
solution. As a result, it is important to identify suitable 
possibilities and develop tailor-made solutions which meet 
the needs of the customer for improved efficiency and emis-
sions reduction while allowing for the specific conditions 
of the plant location. The technology used not only 
needs to offer high performance but for preference should 
also have already proven itself in successful operation 
in reference plants. In order to meet these requirements, 
plant components have been developed which are mostly 

Fig. 3 / Application areas for optimization modules 
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Fig. 5 / Efficiency increase and emissions reduction through modernization of combined heat and power station HKW Würzburg and HKW Klein Wanzleben
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Fig. 4 / Overview of the 13 modules in the retrofitting concept 

Firing Technology Description of the module Xervon Energy expertise Already increasing 
   efficiency as a measure

Air and water-cooled  Coordinated firing modules for loading various   ° Unique selling point   
combustion grates replacement fuels and burning them with low ° More than 20 patents
 pollution emissions ° Numerous plants undertaken, incl. 15 new builds  

Ram dislagger system Removal element for solid combustion residues ° Patented
  ° Retrofitted to numerous plants 

Gas turbine Burner for fluid and gaseous fuels of all kinds, which ° 10 plants have already been converted 
exhaust burner can use both fresh air and gas turbine exhaust as    to this burner type
 the oxygen carrying medium    

Ash smelting cyclone Post-treatment of solid residues for obtaining energy ° Patented  
 and generating environmentally friendly residues ° 2 model plants in the Hoechst Industry Park

Boiler design  

Heating surface cladding   Cladding process for workshop and construction ° Unique selling point
and corresponding coating- site in order to protect boiler components at risk from ° Numerous patents
friendly design corrosion with special steels, as well as coating-friendly ° Cladding: independent business at location
 implementation features for heating surfaces    

Boiler cleaning system Online cleaning of radiant heating surfaces by means ° Working with cooperation partner (Clyde-Bergemann)  
 of water jets in waste-to-energy plants    which owns various industrial property rights   

Water/steam cycle  

Condensation heat displacement Condensation/feed water heat displacement in order ° Extensive operating experience  
 to achieve a lower eco-inlet temperature and thereby ° More than 20 plants implemented
 a lower exhaust gas temperature  

Space-saving convective In the conversion of steam generators to GT exhaust ° Extensive operating experience  
heating surfaces utilization, it is necessary to take account of the  ° More than 20 plants implemented
 increased convective heat available with the existing 
 construction volume. Specially developed and easily 
 retrofittable ribbed-tube heat exchangers are used
 for this purpose.   

Use of waste heat from  Thermodynamic improvement of the steam cycle ° Extensive operating experience  
grate cooling process by integration of the heat given off from ° More than 20 plants implemented
 combustion grate cooling   

Combustion air supply  

Mixing chamber Mixture of hot gas turbine exhaust with cold
 additional fresh air, avoiding temperature striations  ° Extensive operating experience
 and low flow pressure loss ° More than 10 plants implemented

Interior insulation Protection of the exhaust channel after the gas   ° Extensive experience through subsidiary 
 turbine against excessively high temperatures by    S. Schlüssler Feuerfestbau, Bispingen
 applying interior insulation   

Control technology  

Firing load control Optimum combination of fuel and air under defined ° Patent pending  
 temperature conditions, for high conversion rates
 and low pollution emissions  

Radiation pyrometer Non-contact combustion chamber temperature   ° Patent pending
 measurement for realistic assessment of the combustion 
 process and input parameter for firing load control  

Unique selling point   

Numerous plants undertaken, incl. 15 new builds  

 the oxygen carrying medium    

Patented  

Working with cooperation partner (Clyde-Bergemann)  
 of water jets in waste-to-energy plants    which owns various industrial property rights   

Extensive operating experience  

Extensive operating experience  

Extensive operating experience  

Patent pending  
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patented and have been modularized in the form of 
"tuning blocks" which can then be used in existing systems
in a largely free range of combinations in order to reduce
CO2 emissions, amongst other objectives. 
 This innovative tool kit comprising optimized compo-
nents with proven efficiency offers advantages not only to 
the operator but also to ThyssenKrupp Xervon Energy as 
the plant builder:
1. Flexible approaches to finding solutions
2. Technical and commercial calculability
3. Verifiably proven in reference plants, with the 
 possibility of further optimization in some cases.
The sales advantages this offers are self-explanatory. 
What this means in terms of figures is shown in  / Fig. 5 /.

Modular retrofitting opens up a market for ThyssenKrupp 
Xervon Energy in Germany corresponding to CO2 emissions 
of previously 100 m t/a which can now be reduced to 50 m 
t/a by means of the modular retrofitting concept / Fig. 6 /.

Thesis 3: Even in the medium term, fossil fuels 
will continue to bear the brunt of energy generation
The omnipresent discussion about renewable energies as 
well as reports in the media about newly installed systems 
operating with wind power, solar power or geothermal 
energy often obscure our view of reality. It is often over-
looked that these systems currently only supply low levels 
of electricity for public and industrial demand, although 
they take up a great deal of room or converted space. This 
is referred to as a low power-to-area ratio (electrical power 
divided by the surface area of the plant or its construction 
volume) which is a feature of the current technologies used 
for renewable energies. Furthermore, in spite of all their 
other problems with relevance for the environment, conven-
tional energy generation plants have much greater power-
to-area ratios, and are therefore capable of delivering the 
immensely large capacities required to supply the general 
public or industrial production processes at justifiable 
levels in terms of building technology and financial invest-
ment. Attempting to meet this requirement with renewable 
energies alone would result in plants of an absurd size. 
These physical limits are presently still restricting the 
spread of renewable energies. 
 Wherever possible, this problem is being addressed 
by decentralized energy generation and use, as well as by 
energy saving measures. Nevertheless, the unpredictable 
availability of sun and wind which is in any case essential
for industrial production, along with the low power-
to-area ratios, represents the biggest obstacle to the 
expansion of renewable energies. This also means that the 
importance of conventional technologies will not decline 
over the coming decades. On the contrary, the International 
Energy Agency forecasts that coal-fired electricity gen-
eration will expand significantly up to 2030. At present, 
40% of the world's electricity is generated in coal-fired 
power stations, in 20 years' time coal's share will be 45%
of a considerably higher electricity demand, leading to 
an increase in the amount of coal burned in electricity
generation to about 7.5 bn t/a. As a result of this, the
focus of technology in power station construction will not
change significantly in the foreseeable future. CO2-emitting
technologies will also continue to shape the market, as a 
result of which pollutant reduction and efficiency increases 
will remain the priority of research for some time to come.

Fig. 6 / Achievable market potential expressed in CO2 reduction
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bustion technologies to generate heat in conventional power 
station processes as has been done so far, researchers and 
developers are facing the challenge of using concentrated 
solar energy / Figs 9 and 10 /. It is also conceivable for a 
combination of gas turbines and solar power to be used  
in hybrid systems, thereby allowing periods with little sun-
shine or spells of bad weather to be bridged. 
 A wide range of research and development activities 
is underway into plants for generating energy on the basis 
of renewable energies with power-to-area ratios that were 
previously the preserve of conventional power station  
technologies. The fact that conventional technologies will 
remain essential in the future in order to meet growing 
demand for electricity does not mean that ThyssenKrupp 
Xervon Energy as a plant manufacturer is ignoring the 
urgent need to search for alternative solutions and then to 
develop and research the same.

Summary
Operators of industrial plant nowadays find it almost  
impossible to obtain reliable assumptions regarding fuel  
prices, permitted emissions or disposal methods for  
residual materials for the refinancing periods of their plant; 
therefore, long-term thinking and acting is having to be 
replaced increasingly by a more flexible response. This is 
a difficult undertaking when what is in question is a major 
investment, such as energy generation plant, involving 
implementation periods lasting several years in some 
cases. The innovative tool kit from ThyssenKrupp Xervon 
Energy comprising optimized components with proven 
efficiency offers both operators and the plant builder the 
advantages of a flexible solution as well as a firm basis for 
making technical and commercial calculations. The exam-
ple of the potential saving in CO2 emissions alone of about  
50 m metric tons per year (achievable on existing plants 
with the modular retrofitting concept) indicates the current 
and future German market for these solutions. 

The modular retrofitting concept presented in this article  
won ThyssenKrupp‘s special "Energy and Environment" 
innovation award in 2009.

Thesis 4: Energy storage – the key topic  
in the future of efficient energy use
An ever-present topic which affects both renewable energy 
generation as well as combined cycle cogeneration plants 
is the question of suitable energy storage facilities in which 
electricity and/or heat generated during times of surplus 
can be temporarily stored. In the former case, it is neces-
sary to serve different generating periods, while in the latter 
case different demand times need to be met. 
 RWE Power has made a start on developing a high-
temperature storage facility for combined cycle systems. 
As part of a project by RWE Power, ThyssenKrupp Xervon 
Energy has started to tackle this topic with strong coop-
eration partners such as the Paul-Wurth Group and the 
Institute for Technical Thermodynamics of the German 
Aerospace Center (DLR). Heating (charging) is performed 
by the hot gas turbine exhaust fumes which transfer their 
thermal energy to the storage materials (solids) contained 
in the storage facility. During discharge (nighttime mode), 
cold air flows through the heated storage facility, where  
it is heated and can be used as a thermal medium for gen-
erating steam/electricity. Integrating a storage facility of  
this kind in power stations would allow heat and electricity 
to be generated and provided at different times, which 
would further improve the efficiency of combined cycle 
cogeneration plants. As these plants are increasingly being 
operated to meet demand for heat rather than for electri-
city, they currently have to be operated at night as well for 
the purpose of providing heat – and therefore during  
periods of low electricity demand. Equipped with heat  
storage facilities, the plants will be able to store the surplus  
heat produced during the day, which can then be given  
off as process or district heat at night when the gas turbine 
is switched off / Figs 7 and 8 /.
 The degrees of freedom thus achieved in the operation 
of combined cycle cogeneration plants make it possible 
to further improve fuel utilization rates and reduce CO2 

emissions. This makes clear how important it is to develop 
the high-temperature storage facilities that are unavailable 
today for future, sustainable energy provision in line with 
climate protection goals.

Thesis 5: Symbiosis of renewable energies with  
conventional technology by reference to solar  
thermal power
Triggered by the realization that the heat storage facilities 
referred to above can be used both in the area of con- 
ventional cogeneration plants and in renewable energy  
generation, companies such as ThyssenKrupp Xervon  
Energy are addressing the issue of whether elements from  
both technologies could not be combined in completely  
new ways as so-called hybrid systems. In this way, it  
would be possible to offset disadvantages in either of the  
technologies – low power-to-area ratios on the one hand 
and CO2 emissions on the other hand. 
 The components required for electricity and steam 
generation, such as steam generators and steam turbines, 
are already available now for the most part from conven- 
tional power station technology. Instead of using com- 
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Fig. 9 / Hybrid power station in daytime operation – solar energy replaces fossil fuels Fig. 10 / Hybrid power station in nighttime operation – heat is transferred from  
the temporary storage facility to the waste heat boiler 
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Fig. 8 / Nighttime operation of a combined cycle cogeneration plant – heat is transferred 
from the temporary storage facility to the waste heat boiler with the gas turbine switched off
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Fig. 7 / Daytime operation of a combined cycle cogeneration plant – temporary storage 
of the heat produced that is surplus to consumer demand 
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STAR process® plant at the Egyptian Propylene & Polypropylene Company (EPP) in Port Said/Egypt
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The STAR process® is the world's first  
commercially used process for producing 
propylene on the principle of the oxidative 
dehydrogenation of propane. Propylene 
is one of the major base products of the 
petrochemicals industry and is enjoying 
sustainably high growth rates. It is used 
above all for further processing in the  
production of high-quality plastic products 
such as polypropylene. Oxidative dehydro-
genation in the STAR process® is a new 
development undertaken by Uhde with  
the help of a pilot plant built especially  
for this purpose. For the first time, it has 
been used on a large scale in a commercial 
plant for an annual production of 350,000 
metric tons of propylene. This in turn is 
processed further to make polypropylene 
for the customer, Egyptian Propylene & 
Polypropylene Company (EPP), in  
Port Said/Egypt, in a turnkey project. 
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tively. Alternative technologies for propylene production 
are propane dehydrogenation (PDH), metathesis, olefin 
cracking and methanol-to-olefins (MTO) or methanol-to- 
propylene (MTP) synthesis as well as catalytic pyrolysis 
/ Fig. 1 /. Approx. 7% of propylene is manufactured on 
the basis of these alternative technologies, mainly by 
processes specifically intended for the production of 
propylene (on-purpose), such as propane dehydrogenation 
or metathesis. In actual fact, there is an increasing 
shift in propylene production towards these technologies, 
because additional production capacities in steam crackers 
and refineries are by no means able to cover the growth 
rates in propylene demand. The production capacity of 
propylene using propane dehydrogenation is currently 
growing by on average approx. 500,000 metric tons/year 
/ Fig. 2 /, i.e. one or two large-scale commercial plants 
for propane dehydrogenation are being built every year. 

Conventional propane dehydrogenation
Exclusively conventional technologies have been used  
in commercial plants for propane dehydrogenation to  
date.Dehydrogenation involves converting propane into  
propylene and hydrogen. This is an endothermic equilibrium 
reaction that is promoted by high temperatures and low 
pressures. Due to the limitation of the thermodynamic  
equilibrium, propane conversion rates of approx. 30-50% 
are achieved under technically realizable conditions. In 
this process, the propane is catalytically converted using 
a platinum or a chromium oxide catalyst – possibly with 
the admixture of hydrogen or steam – at temperatures of 

Market situation of propylene
Propylene (systematic name: propene) is, alongside  
ethylene, one of the major base products of the petro-
chemicals industry and has a wide variety of possible 
applications. It is used for producing important monomers, 
polymers, intermediates and chemicals. By far the majority 
of the global production of propylene is used for further 
processing into polypropylene (PP). Polypropylene has out- 
standing product characteristics and, as a result, a wide 
variety of application fields. These applications are con-
stantly being developed further, such as in the packaging 
industry, in the carpet industry and in the production of 
hard-shell suitcases. As a result, the global market for 
polypropylene is benefiting from consistently high growth 
rates, thereby making it a significant driving force behind 
the sustainably high growth in worldwide demand for 
propylene. Other important reaction products of propylene 
are propylene oxide (PO), cumene, acrylonitrile (ACN), 
acrylic acid and oxo alcohols. Propylene oxide is used for 
manufacturing foams or resins, amongst other products. 
Cumene is used for producing phenol, and this in turn is 
used for producing polymers. Acrylonitrile is a monomer  
for manufacturing polyacrylonitrile or complex polymers; 
acrylic acid is used in the manufacture of polyacrylic acids, 
e.g. for super adsorbers. 
 In 2009, approx. 75 million metric tons of propylene 
were consumed globally. The majority of this propylene  
was produced as a co-product or byproduct of ethylene and 
motor-gasoline production in steam crackers and in  
refineries (mainly in fluid catalytic crackers / FCC’s), respec- 

Fig. 1 / Propylene production chain and its derivatives
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approx. 600 °C and pressures in the vacuum range or  
slightly above atmospheric pressure. Higher temperatures 
would lead to severe coking of the catalyst and significantly  
reduce product selectivity. Due to the coking reactions on 
the catalyst, it has to be regenerated regularly by burning 
off the carbon deposits as well as for chemical reactivation 
and pre-reduction. 
 Significant disadvantages of these conventional tech-
nologies include on one side the relatively high investment 
costs for these plants, and on the other side the high 
specific energy and catalyst requirement. Furthermore, the 
regeneration of the catalyst is challenging.
 
STAR process® with oxidative dehydrogenation
The STAR process® with oxidative dehydrogenation over-
comes the aforementioned disadvantages. The acronym   
STAR stands for ‘STeam Active Reforming’, i.e. the dehydro- 
genation takes place catalytically in the presence of steam. 
The catalyst used is a special platinum/tin complex fixed 
on a zinc aluminate support, which is sold under the brand 
name STAR catalyst®. Operation with steam reduces the 
partial pressure of the hydrocarbons, leading to a higher 
propane equilibrium conversion rate, which means the 
reaction can take place at higher absolute pressures 
of approx. 6 bar. This reduces the investment costs and 
energy consumption in the following raw gas compression. 
Furthermore, the carbon deposits on the catalyst are 
reduced as well, and regeneration of the catalyst is con-
siderably simplified as a result.  
 The reaction in the STAR process® takes place in two 
fixed-bed reactors connected in series / Fig. 3 /. The first 
reactor is an externally heated tubular reactor, referred to 
as a reformer. The tubes are filled with catalyst and are 
located in a top-fired oven box. The intermediate product 
is then supplied to an adiabatic fixed-bed reactor, the 
oxyreactor / Figs 4 and 5 /. The oxidative dehydrogenation 
step takes place in this reactor. A mixture of oxygen and 
steam is injected through nozzles above the catalyst bed. 
The admixed oxygen selectively converts hydrogen from 
the intermediate product into water in the upper area of 
the catalyst bed, which significantly increases the driving  
force for the further dehydrogenation reaction. This increases  
the amount of product obtained, and the reaction can take 
place at significantly higher space velocities. Moreover, the 
heat required for further endothermic dehydrogenation, 
which takes place in the same catalyst bed, is provided 
directly. The product from the oxyreactor is cooled in  
a series of heat exchangers and the process water is  
condensed out. At the same time, the heat generated from 
the cooling and condensation is largely used for preheating 
the feedstock, to generate steam, to generate low process 
temperatures with the help of an absorption refrigeration 
process, and to heat downstream process units. Following 
this, the raw gas is compressed, followed by gas separation 
and finally rectification to produce the propylene product.
 Oxidative dehydrogenation substantially increases pro-
ductivity in propane dehydrogenation. The STAR process® 
with oxidative dehydrogenation has 25% higher produc-
tivity than the best competing process. In a world-scale  

Fig. 2 / Development of worldwide propylene production capacity by propane dehydrogenation
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Fig. 3 / Schematic of the STAR process® reaction section
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propane dehydrogenation plant, the number of parallel  
reactor lines can thus be reduced from three to two; 
correspondingly, the catalyst inventory is reduced by 36% 
compared to the basic process. This means the process 
has the lowest specific energy and catalyst consumption 
amongst all the processes available on the market.

Development steps
In the development of oxidative dehydrogenation, the 
first step was to achieve a basic process configuration in 
a pilot plant built especially for this purpose, as part of 
extensive experimental studies on the reaction kinetics. 
At the same time, the operating conditions, optimum 
number of reactor stages and the division of the catalyst 
between the reactors were defined. The configuration of 
the process technology as well as the design of the  
adiabatic oxyreactor and the oxygen distributor system 
were carried out with the help of computational fluid 
dynamics (CFD) / Fig. 6 / and finite element method (FEM)  
calculation. Furthermore, special experimental studies  
and material tests were performed. At the same time, 
as far as oxygen injection is concerned, the conflicting 
general conditions of a very short retention time of only 
a few milliseconds between oxygen addition and entry 
into the catalyst bed on the one hand, and maximum 
mixing of the oxygen with the reaction gas prior to entry 
into the catalyst bed on the other hand had to be resolved. 
Finally, extensive studies were carried out aimed at 
selecting the suitable catalyst system for selective  
hydrogen combustion in the oxyreactor and for the 
STAR catalyst® the highest selectivity compared to all  
other systems could be obtained.

Commercial implementation
The first large-scale commercial implementation of the 
STAR process® with oxidative dehydrogenation is being  
realized for the customer Egyptian Propylene & Poly- 
propylene Company (EPP) at Port Said in Egypt. Here, Uhde 
is building a turnkey plant complex to produce 350,000 
metric tons of propylene annually, with subsequent further 
processing into polypropylene including all associated  
offsites and utility plants / Fig. 7 /. The largest single  
equipment unit in the plant, the C3 splitter to separate  
the propylene product and the unconverted propane by 
distillation, has a diameter of approx. 7 m, is more than 
100 m tall and weighs approx. 1,000 metric tons.  
Mechanical work on the plant was completed in June 
2010, commissioning began in July 2010. In parallel 
to the first commercial plant, it has already been possible 
to contract two follow-up orders for the STAR process®, 
both of which are in the engineering phase.

Fig. 6 / CFD simulation  

of the oxyreactor

Fig. 4 / Oxyreactor in PDH plant, EPP, Port Said/Egypt Fig. 5 / 3D model of the oxyreactor
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Summary and outlook
The production of propylene is undergoing an increasing 
shift from co-production to on-purpose manufacture. In the 
patented STAR process®, Uhde has developed the world's 
first process for producing propylene on the principle of 
oxidative dehydrogenation. Oxidative dehydrogenation is a 
completely new development that has been undertaken 
with the help of a pilot plant specially built for this purpose. 
The first commercial implementation was in a large-
scale petrochemical complex with an annual production of 
350,000 metric tons of propylene, with subsequent further 
processing into polypropylene, for the customer EPP in  
Port Said/Egypt. In parallel with the construction of this 
plant, which was commissioned in summer 2010, Uhde 
has already succeeded in contracting two follow-on orders, 
each for an annual production capacity of 450,000 metric 
tons of propylene. 
 The STAR process® has the highest productivity 
amongst all the processes available on the market for  
propane dehydrogenation, and the lowest specific energy 
and catalyst consumption. Furthermore, it is the most  
robust and user-friendly process. With the STAR process®, 
Uhde can offer its customers complete process chains 

starting from propane and leading to high-quality products 
such as polypropylene or even propylene oxide. Uhde 
offers the HPPO process (HPPO = hydrogen peroxide  
propylene oxide) to produce propylene oxide. This pro-
cess was developed jointly with Evonik. Uhde is not 
only a licensor and supplier of the STAR catalyst® but 
also an engineering and EPC (engineering, procurement, 
construction) contractor, which allows the company to 
handle orders for customers under a singlepoint respon- 
sibility. Furthermore, Uhde regularly exchanges information 
with the customer on new developments, even after  
handover of the plant, and supports its customer as an 
after-sales service provider, e.g. as a supplier of catalyst 
replacement or with a remote performance management 
service throughout the entire lifetime of the plant.

The STAR process® with oxidative dehydrogenation as  
presented in this article won first prize in the ThyssenKrupp 
Innovation Contest 2009.

Fig. 7 / 3D model of the PDH plant, EPP, Port Said/Egypt
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Mobile dust collection system for the elevated bin system in the blast furnace operations at ThyssenKrupp Steel Europe in Duisburg-Hamborn



ThyssenKrupp techforum 1 I 2011

         / 45

Mobile high-performance dust collection 
system for unloading bulk cargo 
DIPL.-ING. ANDREAS PETERS Head of Division Sales & Marketing Uhde Services GmbH Haltern am See

ANDRÉ KUHN Head of Division Mechanical Technology Uhde Services GmbH Haltern am See

DIPL.-ING. GERHARD ALTMEYER Head of Division Blast Furnace Operations, Hamborn ThyssenKrupp Steel Europe AG Duisburg

DIPL.-ING. HANS-JÜRGEN LEIßNER Head of Department Dust Collection Technology/EA Manager ThyssenKrupp Steel Europe AG Duisburg

Elevated bin system 
Blast furnaces 8 / Fig. 1 / and 9 at ThyssenKrupp Steel 
Europe in Duisburg are supplied with the necessary raw 
materials via a system of 64 elevated day bins / Fig. 2 /.  
The raw materials are delivered by freight trains which, 
depending on material, are assigned to one of three tracks 
leading to the elevated bins; on arrival the raw materials  
are tipped into the day bins. The 64 day bins handle around 
18,000 metric tons of material per day.

Ever stricter environmental requirements to reduce particulate emissions during bulk  
goods handling are setting new standards for iron and steel companies. Uhde Services  
and ThyssenKrupp Steel Europe have jointly developed a unique mobile high-performance  
system – in operation since January 2008 – to collect dust during the unloading of bulk 
cargo into the elevated bins in the blast furnace operations at Duisburg-Hamborn.

Fig. 1 / Blast furnace 8 in Duisburg-Hamborn

The task
During the construction of blast furnace 8, a state-of-the- 
art dust collection system had to be developed for the 
elevated bin system to prevent particulate emissions.  
The collection system had to be able to collect particulate 
emissions directly during car unloading and transfer them 
in controlled manner to the central filter system. The 
new dust collection system had to be integrated into the  
elevated bin system, which was built in the early 20th 

Fig. 2 / Overview of the elevated bin system (without dust collection system) 
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Transfer boxes

Mobile suction car

Belt lifter car

Main dust suction line

Stationary suction hoods

Steel structure mobile suction car

of the installation in order to define the spans for the suc-
tion tube bridges and the rails for the mobile suction cars 
based on the specified load input points. For the baseline 
configuration of the suction cars and the main dust suction 
lines, Uhde Services also attached great importance to 
achieving optimum flow design in all individual com- 
ponents. The model was completed once the baseline data 
from the laboratory tests had been established for the  
stationary suction hoods. Using the model, Uhde Services 
developed a tailor-made solution for collecting the partic- 
ulate emissions that arise during unloading of the wagons.

Detail engineering
The subsequent detail engineering was carried out with the 
help of efficient 3D engineering tools to

° 
avoid collision points,

° 
optimize production processes and

° 
reduce engineering hours.

As a result, engineering of the complex overall facility was 
completed within three months.
 The adapted engineering as part of a modular system 
enabled the construction and installation procedures to 
be optimized, allowing the facility to be built safely during 
ongoing operations / Figs 4 and 5 /.

Method of operation
The mobile suction car for each track is moved over the 
wagon to be unloaded by means of remote control and 
docks with the two stationary suction hoods which cover the 
bin on the left and right of the tracks / Fig. 3 / . The wagon 

century and was capable of withstanding only very limited 
additional loads. One particular challenge was to develop a 
modular system in which the individual components could 
be delivered in the largest possible units in order to keep 
the required track closures during unloading of the parts  
as short as possible and not disrupt ongoing production  
on the other blast furnaces. Blast furnace 4 was to be taken 
out of operation after the new blast furnace 8 had been 
fired up. In fact, the new system actually made it possible 
to undertake extensive repairs on the storage bin system  
in the course of installation.

Model trials of suction hoods
To permit the optimum design of the stationary suction 
hoods – taking account of potential energy savings –  
it was necessary to study the precise flow conditions of  
the emissions during tipping of the various materials. 
ThyssenKrupp Steel Europe entrusted this task to 
Kessler + Luch, which simulated bins of different sizes 
in its laboratory and modeled a 1:10 scale wagon, then 
undertook a series of tests to calculate the optimum 
baseline data for the stationary suction hoods. The final 
operating tests were performed on the bins prior to  
practical implementation.

3D model and simulation
Uhde Services created a 3D model / Fig. 3 / of the existing 
elevated bin system with all obstacles such as the inclined 
elevators, pipelines and clearances for the track systems. 
This model also integrated the main support framework 

Fig. 3 / Overview of the track with suction and main dust suction line
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Fig. 5 / Suction extraction from the side of a wagon

is enclosed by the suction car, thus offering additional  
protection against residual emissions. The belt lifter car, 
which forms part of the mobile suction car, deflects the  
rubber covering belt of the main suction line to establish 
a continuous connection with the main dust suction line  
leading to the central filter system. As a result it forms the  
link between the stationary hoods and the central dust 
suction line, which is located in parallel to the relevant 
railway track. Before the wagon is unloaded, the system 
operator requests the necessary suction from the central 
filter system by remote control. The mobile dust collecting 
system can also be configured for fully automatic operation. 
A sophisticated monitoring system takes account of all 
safety aspects.

Environmentally friendly and cost-effective 
equipment development  
The system is characterized by dust suction hoods which 
were optimized in laboratory tests and achieve collection 

rates of between 91 and 97% while using around 50%  
less energy than conventional systems. In addition the 
mobile solution, in which connecting pipes and shut-off 
elements to the dust collection lines are rendered super- 
fluous, reduces investment costs and annual maintenance 
and repair costs by around 27%. 
 The successful development and implementation of 
the mobile high-performance dust collection system for 
bulk cargo unloading on the existing elevated bin system 
at ThyssenKrupp Steel Europe have set new standards of 
highly efficient dust collection in conjunction with very low 
energy consumption.  
 The system’s very high collection rate produces results 
which are below the statutory threshold levels and thus 
makes a significant contribution to reducing particulate con-
centrations in the residential areas adjoining ThyssenKrupp 
Steel Europe in Duisburg-Hamborn.

Fig. 4 / Production and assembly of the equipment
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During the manufacturing process of cement 
approximately one third of the CO2 emissions can 
be attributed to fuel consumed to decarbonize 
raw materials and generate the high sintering 
temperatures of over 1,400 °C. In order to 
decrease these emissions and costs significantly, 
increasing use is to be made of ‘Alternative 
Fuels and Raw Materials’ (AFR). For this purpose, 
Polysius has developed and implemented 
a tailor-made strategy showing high growth 
potential and significantly extending the 
value chain.

Polysius strategy on alternative 
fuels and raw materials (AFR)
  

DR.-ING. DIETMAR SCHULZ Senior Executive R&D Polysius AG Neubeckum

DIPL.-ING. KARL MENZEL Senior Executive Engineering Clinker Production Polysius AG Neubeckum

DR. RER. NAT. HUBERT BAIER Senior Project Manager Alternative Resources Polysius AG Neubeckum

Cement manufacturing
The manufacturing of cement requires considerable know-how and is 
a resource and cost intensive process. The controlled material con-
version process transforms naturally occurring raw materials into a 
globally standardized binding agent with hydraulic properties. The
cement thus produced is expected to set after being mixed with
water and to maintain its stability and strength even when applied 
under water. The main component of all cements is Portland cement
clinker (clinker for short) produced from mineral raw materials at
kiln charge temperatures of approximately 1,450 °C. The natural raw
materials used for the process are limestone or lime marl and sand,
clay and iron ore. These raw material components are pre-treated
elaborately and must be available in the mixture ratio required for
the composition of the burnt clinker later on. The resulting raw meal
is fed to the preheater of the cement manufacturing process in a
counterflow and decarbonized in the calciner at burning temperatures
of 850-900 °C, i.e. CO2 is expelled from the limestone / Fig. 1 / .
An average-size cement factory requires approximately 170 MW of
thermal power, with the energy input coming simultaneously in a Fig. 1 / Rotary kiln in La Robla/Spain

ratio of 1:1 from the firing system of the calciner and the main
burner. In the process, approximately 850 kg of CO2 per ton of cement
are emitted, with 61% coming from raw materials, 32% from fuels
and 7% from the electrical power requirement.
 This decarbonized material (hot meal) is charged to the rotary kiln, 
in which the solid-state reactions occur among the raw meal com-
ponents. The rotating motion of the rotary kiln transports the material 
through the kiln and ensures it is thoroughly mixed. A partial melt 
forms producing granules, the so-called cement clinker. It passes 
under the approx. 2,000 °C hot flame of the main burner and must be 
quickly cooled down in the clinker cooler at the end of the rotary kiln. 
In this highly reactive, cooled down condition, the clinker is ground with 
gypsum and further additives into a true-to-standard cement, from 
which the familiar building material concrete is mixed by adding sand 
and gravel / Fig. 2 / . 



ThyssenKrupp techforum 1 I 2011

50 /  Polysius strategy on alternative fuels and raw materials (AFR)

AFR strategy
The AFR strategy, which has been developed in recent years and  
already been largely implemented, aims at significantly reducing CO2 
emissions during the cement manufacturing process. With regard to 
fuels, it aims at utilizing industrial waste material flows, which can 
be safely used at the high temperatures in the rotary kiln without  
emitting pollutants. The entire material preparation chain from the  
identification to the valorisation in the cement manufacturing process  
is shown in / Fig. 3 / .
 Polysius‘ AFR strategy does not start at the beginning of the  
material pre-processing chain but at its end with the burning process.  
Since cement is an internationally standardized building material and 
must meet high quality requirements, the use of variably combined  
fuels requires extensive know-how of cement manufacturing, which 
Polysius has acquired in its more than 150-year history. On the one 
hand, this know-how relates to the combustion properties of the  
fuels (conversion rate, kinetics, flame formation etc.) and on the other 
hand to the effects the non-combustible fraction has on the cement 
properties. Almost all fuels, apart from oil and gas, have an ash 
fraction to a greater or lesser degree. The ash is the sum of all non- 
combustible components of a primary and alternativ fuel. Many 
plastics have an ash content of 10 - 20% resulting largely from added  
fillers. These are mainly calcium- or silicon-containing materials but  

also zinc oxide or titanium oxide. Depending on its origin, sewage sludge 
has an ash content of 20 - 56%, which may also contain significant 
fractions of chromium, copper, nickel and lead as well as phosphorus. 
During the burning process, all these substances are integrated into 
the clinker from which the cement is ground. They have thus become 
insoluble and can no longer be extracted from the cement. These 
substances may, however, affect the processing properties of cement 
to varying degrees. Thus, knowledge of these effects is the key for the 
use of various AFR materials and, ultimately, the reason why the AFR 
strategy does not start at the beginning but at the end of the material 
pre-processing chain.
 The first step in the implementation of the strategy consisted 
in modifying the calciner, in which approximately 50% of the fuel is 
used at 850 - 900 °C, in such a way that it can be operated with up to  
100% of the substitute fuels. The two calciner types designed by 
Polysius, viz the CC (Combustion Chamber) and the MSC (Multi Stage 
Combustion), were modified for this purpose such that instead of coal 
ground to a powdery consistency it is now possible to charge and safely 
burn fuels with a lump size of up to 80 mm.  

° 
The first order of this type (CC design) was built in the USA  

 / Fig. 4 /. 

° 
The second order of this type (MSC design) was modified for  

 a plant in Hungary to safely burn coarse fuels / Fig. 5 /.

Fig. 2 / Cement manufacturing process: Quarry (left), burning process (centre), cement grinding (right)

Fig. 3 / AFR strategy with the extension of the value chain
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Fig. 4 / Cement factory in Harleyville/USA with a calciner of CC (Combustion Chamber) design 
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Fig. 5 / Cement factory in Beremend/Hungary with calciner of MSC (Multi Stage Combustion) design 
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Following the successful enhancement of the calciners, the main 
burner was developed for the use of alternative fuels, viz the Polflame 
VN (Variable Nozzle), a prototype of which is currently being tested. 
However, since in the sintering zone material temperatures of 
1,450 to 1,500 °C must be reached, particularly high demands are 
placed on the burner regarding the quality and the lump size of these 
substances. / Fig. 6 / shows the relationship between the degree of
conditioning and the appropriate firing point in the cement manu-
facturing process.
 As a consistent continuation of this approach, i.e. to use even 
coarser fuels in lump sizes up to 250 mm, the Prepol SC (Step 
Combustor) is currently under development to replace mechanical 
with thermal processing. The first prototype is planned to be com-
missioned late in 2012.
 With the first units for the safe use of alternative fuels now suc-
cessfully commissioned, the strategy is being continued further and 
the value chain shown in / Fig. 3 / extended upstream by expan-
ding the product portfolio. This means receipt on the cement plant 
premises, metering and delivering the fuels to the process with 
machines and systems are realized from a single source. In order to 
complete this Polysius AFR strategy with the processing of the starting 
materials, the company cooperates with suitable partners as required. 
Thus, the long-planned joint venture with the name Vecoplan FuelTrack 
was established recently, in which Polysius and Vecoplan combine 
their know-how concerning the use of AFR in the cement industry. 
Hence, Polysius is able to offer its customers a worldwide service to 
identify appropriate flows of basic materials, prepare them in a process-

specific manner as required and handle them such as to allow their 
product-/emission-neutral and cost-efficient utilization.
 Based on the acquired know-how regarding the burning of alter-
native fuels and their effects on the cement quality and on the 
establishment of the joint venture, the implementation of the AFR 
strategy is almost completed.

Conclusions
The motivation and the customer benefit of replacing regular fuels 
by AFR are cost savings and a reduction in CO2 emissions. Thus, an 
average cement factory with a daily production rate of 5,000 metric 
tons of cement clinker can save approximately 165,000 tons of coal 
per year by processed AFR, which corresponds to a reduction in 
operating costs in the double-digit million range. If, in addition, 50% 
of the coal is replaced by biogenic AFR (wood, rice husks, sewage 
sludge etc.), the emission certificates required by the plant will be 
reduced by approx. 230,000 metric tons of CO2 per year.
 The comparison between Europe and Germany alone demonstrates 
the major market potential. While in Germany on average already 
over 60% of regular fuels are substituted, the European average is 
currently only 20%. Accordingly, the backlog demand in Europe alone 
is very high.

The AFR strategy by Polysius presented in this article won 
ThyssenKrupp‘s special “Energy and Environment” innovation award 
in 2010.

Fig. 6 / Processing as a link between the identified composition of the waste and the planned firing point
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High-strength hot-formed suspension spring

ThermoTecSpring®

High-strength lightweight spring 
as a contribution to CO2 reduction
DR.-ING. MARCEL GROß Advanced Engineering Coil Springs

ThyssenKrupp Bilstein Suspension GmbH Hagen-Hohenlimburg
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Lightweight suspension springs   
As part of the suspension system, automotive suspension 
springs carry the weight of the body and permit relative 
movement between wheel and body through spring travel. 
In recent decades the weight of automotive suspension 
springs has been significantly reduced. This has been 
achieved by continuous increases in the strength of the 
spring materials used, as this is associated with higher 
material utilization. The strengths of current spring mate-
rials lie between 1,900 and 2,050 MPa. However, as 
increasing strength is associated with decreasing tough-
ness, suitable measures have to be taken to increase the 
toughness of the heat-treated material so as to ensure the 
required spring life expectancies. 
 The High Performance ThermoTec Process used by 
ThyssenKrupp Bilstein is an enhanced hot forming process 
suitable for all hot-formed coil springs made of cylindrical 
wire. The process increases the strength of the spring 
material, allowing strengths of up to 2,200 MPa to be 
achieved in the new generation of ThermoTecSprings®.  
As the optimized material can withstand higher stresses 
under static and dynamic loading, springs can be made 
with smaller wire diameters and fewer coils but with the 
same life expectancy. 
 The ThermoTecSpring® therefore contributes to lower-
ing fuel consumption and reducing CO2 emissions. In 
addition, however, it also offers the possibility of reducing 
package space. Among other things this can help im-
prove pedestrian protection, because the distance between  
the rigid suspension strut and the engine lid can be  
made larger. 

Finer grain structure through thermo- 
mechanical forming
The thermomechanical treatment of materials to improve 
their mechanical properties is a proven process that has 
been used for a long time in the hot forming of sheet 

metal, for example. However, in the production of auto-
motive springs it has so far been limited to leaf springs. 
With the “High Performance ThermoTec Process“ (HPTP), 
ThyssenKrupp Bilstein has succeeded in making thermo-
mechanical forming available to the production of coil 
springs as well.
 The HPT process is based on a combination of mech-
anical forming and precise temperature control of the  
spring wire with the aim of increasing its toughness. 
Temperature- and time-dependent recrystallization pro-
cesses in the material during and after forming result in 
a finer microstructure / Fig. 1 /. This finer microstructure 
is frozen by subsequent hardening of the treated material. 
  Whereas in the standard hot manufacturing process 
the spring wire (bar) is heated to austenite temperature, 
immediately wound into a coil spring / Fig. 2 / and sub- 
sequently hardened, in the HPT process an additional 
skew rolling process is integrated between heating and 
winding of the spring wire / Fig. 3 /. The spring wire is  

By adapting the thermomechanical forming process to the requirements of coil  
spring manufacturing, ThyssenKrupp Bilstein Suspension has succeeded in changing  
the properties of the material to produce higher-strength springs. This clears the way  
for lighter springs with smaller wire diameters and shorter spring designs with the  
same level of performance. Compared with normal-strength suspension springs,  
the ThermoTecSpring® technology permits weight savings of 15 to 20% per spring  
depending on application. The ThermoTecSpring® therefore contributes to lowering  
fuel consumption and reducing CO2 emissions.

Fig. 1 / Recrystallization processes during hot rolling

1 Non-deformed grains
2 New grain formation  
 at crystallization nuclei
3 Start of grain growth  
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forming temperature
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rolled to final diameter in one pass by means of three rolls 
set at an angle to the bar axis / Fig. 4 /. To produce the 
microstructure-refining effect, a critical degree of defor-
mation has to be exceeded.

Features of the ThermoTecSpring®

The greater material toughness is a key feature when it 
comes to reducing weight because increasing strength 
is typically associated with a decrease in toughness and  
increased notch sensitivity. Thanks to the high toughness of 
the material after it passes through the HPTP, strengths of  
up to 2,200 MPa can be achieved in the ThermoTecSpring® – 
without any adverse consequences for part life. 
 In general, all hot-formed coil springs with cylindrical 
wire can be manufactured as ThermoTecSpring®. The 
weight saving is around 15  to 20%, but the exact amount  
has to be determined individually for each spring as it 
depends on the complexity of the requirements the part 
has to meet: For example, factors such as characteristic, 
package space, lateral force compensation, installation 
situation and service life may limit the weight reduction  
that can be achieved.
 The high strength level of the hot-formed steel is the 
direct key to weight savings. In the design of a coil spring, 
an increase in the strength of the spring material means 
that the material can be subjected to a higher torsion stress.  
Put simply, the wire diameter d of the spring can therefore 
be reduced, with the force F remaining the same / Fig. 5 /. 
In the more complex design process there is an inter- 
relationship between the reduction of the wire diameter  
d and the number of coils n.
 The ThermoTecSpring® has the same spring rate c as 
the conventional spring but a lower mass m due to the 
reduced number of coils and the smaller wire diameter. 
Because the toughness of the material has been increased 

d0  Spring wire initial diameter
d1  Spring wire final diameter 

d0   d1   

Fig. 4 / Principle of the hot forming processes 

Fig. 3 / Steps in spring manufacturing

Fig. 2 / Spring manufacturing: Winding the spring wire into a coil spring
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Bar heating   Winding  Hardening 

Bar heating  HPTP  Winding  Hardening 
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by the hot forming process, the life expectancy of the 
ThermoTecSpring® is the same as that of the conventional 
spring. Simply substituting conventionally manufactured 
spring steel with the material from the HPT process can 
therefore already reduce component weight. A reduction 
in spring length combined with an additional weight saving 
can be achieved in a subsequent design step.
 The two design steps from the conventional spring  
to the lighter and shorter ThermoTecSpring® are shown  
in / Fig. 6 /:
 The first step shows the design of a ThermoTecSpring® 

without length change (straight substitution), with both  
the wire diameter and the number of coils being reduced. 
The second step to the shorter ThermoTecSpring® is based 
on the fact that due to the reduced number of coils and 
the thinner bar diameter the distance (pitch) between the 
individual coils has become larger. If this is decreased to  
the minimum necessary value, both spring length and 
spring weight (again) are reduced.

 
Summary and outlook
With the thermomechanical forming of spring steel wire 
ThyssenKrupp Bilstein Suspension has developed a new 
process for the production of lightweight springs with  
potential weight savings of between 15 and 20% depend- 
ing on application. The high-strength ThermoTecSpring®  

therefore makes a contribution to weight reduction in  
the body suspension system. Taking into account the  
additional option of reducing spring length, the components 
support two development goals of vehicle manufacturers: 
Lower part weight as a contribution to CO2 reduction, and  
smaller package space, e.g. as a precondition for  
improved pedestrian protection. The world’s first and only 
ThermoTecSpring® production line was put into operation 
at ThyssenKrupp Bilstein Suspension in May 2009, since 
when it has been supplying the first customers with 
ThermoTecSpring®.

Fig. 5 / Properties of ThermoTecSpring®  vs. conventional spring
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Fig. 6 / Design steps to the light ThermoTecSpring®
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Acoustically optimized propeller 
made from composite materials
DIPL.-ING. AXEL PAUL Theoretical Engineering, Strength Calculation Team Howaldtswerke-Deutsche Werft GmbH Kiel

DIPL.-MATH. ANDREAS SCHMIDT Theoretical Engineering, Hydrodynamics Team Howaldtswerke-Deutsche Werft GmbH Kiel

DIPL.-ING. ERIC WOLF Theoretical Engineering, Hydrodynamics Team Howaldtswerke-Deutsche Werft GmbH Kiel

Howaldtswerke-Deutsche Werft is part of 
ThyssenKrupp Marine Systems and specializes 
in the design and construction of non-nuclear 
submarines. HDW has developed and produced 
a new, groundbreaking propeller for the new 
class 212A and 214 submarines. This propeller 
utilizes a composite material with strongly damping 
viscoelastic intermediate layers. Its outstanding 
acoustic properties represent a further unique 
selling point which makes HDW‘s submarines 
even more attractive totheir naval customers. 

From the cast propeller to the second generation 
composite propeller
The primary development targets for submarine propellers are 
improved efficiency and reduced signatures – acoustic, magnetic and 
electrical. The chief amongst these is to reduce the acoustic signature, 
because passive sonar is currently the most effective sensor against 
submarines. As far as propeller design is concerned, this implies 
beside other considerations a complete avoidance of cavitation and 
a reduction of pressure fluctuations at the propeller. This is achieved 
with the help of an appropriate propeller geometry. For this purpose 
HDW has developed new design tools. A further requirement is to 
avoid effects that are referred to as propeller singing and propeller 
humming. These are self excited vibrations in the propeller blades, 
with singing concentrated at frequencies above 300 Hz, and humming 
more or less below. These vibrations can be eliminated by means 
of a suitable change in geometry (anti-singing edge). High structural 
damping makes it possible to eliminate the danger of propeller sing-
ing almost completely right from the design phase. One measure of 
structural damping is the modal loss factor η. It is calculated as the 
ratio between dissipated energy and maximum strain energy for each 
vibration mode. 
 Current propellers cast from the manganese bronze alloy “Sono-
stone“, which itself has strong damping properties, realize a modal 
loss factor of η = 0.5%. A modal loss factor of η = 1% was achieved 
by the first generation of composite propellers utilizing carbon, glass 
and aramid fibers. A first propeller of this type was developed for use
in the 206A class submarine operated by the German navy / Fig. 1 /.

Fig. 1 / Composite propeller 206A class



ThyssenKrupp techforum 1 I 2011

60 /  Acoustically optimized propeller made from composite materials

 Cavitation occurs when the local pressure falls below the vapor  
pressure of water, causing vapor bubbles to form on the propeller.  
The subsequent implosion of the bubbles can give rise to significant 
structural damage on the corresponding component surfaces. As  
far as submarines are concerned, the high noise level associated  
with cavitation is even worse than this damage, because it dramatically  
increases the range at which the submarine can be detected. Sus-
ceptibility to cavitation can be reduced, for example, by having a 
large area ratio of the propeller and by reducing the load on the 
propeller blade tips. However, these measures are generally counter- 
productive in terms of high efficiency because a low area ratio and  
large propeller diameter deliver advantages in this regard. In turn, the 
acoustic signatures are heavily influenced by the number of blades and  
their skew. 
 HDW uses a combination of numerical optimization and compu- 
tational fluid dynamics (CFD) in order to find the most appropriate  
propeller to meet all these requirements. In this manner, several hundred 
draft variants of a propeller design are investigated with regard  
to cavitation inception, efficiency and signature. Following this, the  
calculation results are verified with the help of model tests in order to 
arrive at the final design  / Fig. 2 /. 

A total of two propellers were tested successfully for several years 
and in particular demonstrated good acoustic properties. Following this 
test, a larger composite propeller was developed for the 212A class 
/ see title picture of this report /. In contrast to a bronze propeller  
cast in one piece, the propeller blades of composite propellers are 
manufactured individually and mounted on the propeller hub. In  
addition to the increased structural damping, composite propellers  
are also significantly lighter and have a reduced electrical signature. 
 In the future, the modal loss factor will be increased to a value of at 
least η = 4% due to the use of high-damping viscoelastic intermediate  
layers in the composite structure. This next generation of composite  
propellers will no longer be developed and produced in cooperation with 
external partners. Instead design and production  will entirely take place 
within the value creation chain of HDW. 

Propeller design
When designing a submarine propulsion system the main aspects are  
the hydrodynamic properties of the propeller and its incident flow.  
It is important to achieve the best compromise between several design  
objectives, some of them conflicting. The design objectives for a sub-
marine propeller – apart from a high efficiency level – are usually a low 
susceptibility for cavitation and the meeting of exacting requirements  
in terms of the acoustic signature. 

Fig. 2 / Pressure contours on the propeller surface and lines of flow in the propeller wash 
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Development of high-damping composite fiber structures 
and corresponding design tools
The material properties of composite fiber structures are determined 
by a large number of parameters, including the fiber/matrix combi-
nation, fiber orientation in the individual layers and the layer structure. 
It is necessary to optimize the composite structure in terms of its 
vibro-acoustic layout. 
 At present, no commercial software exists to allow the calculation of 
the modal damping of composite fiber structures. Therefore a numerical 
method to model the damping properties of composite fiber structures 
was developed together with the Institute for Lightweight Construction 
and Plastics Technology at Dresden Technical University. The calcu-
lations are performed using newly developed numerical procedures 
in a finite element process, and the modal loss factor is maximized as 
a function of the fiber orientation and layer structure. These calculations 
yielded a modal loss factor of η = 10% for a flat plate. In contrast a 
value of η = 8% was obtained by measurement. Based on the 
significantly greater complexity of propeller blades we expect these to 
achieve a value of η = 4%. 
 The strength coefficients required for the finite-element calcu-
lation were obtained by experiments on unidirectional test bodies. These
experiments are essential, because the mathematical calculation

Fig. 3 / Propeller blade, hub and propeller cap (right, HDW patent) for the 212A class  Fig. 4 / Section through a propeller foot 

based on the strengths of fiber and matrix does not produce any 
meaningful results.

Design
To improve handling – compared with the previous composite pro-
pellers on the 206A and 212A classes – the propeller blades will be 
removable in the future. For this, the blades made from composite 
material are inserted into a two-piece bronze foot by means of a 
positive joint and adhesive bonding; the bronze foot is bolted onto 
the hub / Figs 3 and 4 /. This makes it possible to replace damaged
blades at sea.
 The propeller blades consist of carbon and glass fibers with high-
damping viscoelastic intermediate layers. The CAD/CAM (Computer 
Aided Design/Computer Aided Manufacturing) software FiberSIM® –   
made by Vistagy – is used for composite material design including 
creation of production documents. 

Production and Quality Assurance 
HDW has many years of experience in manufacturing processes 
and  the production of parts from composite fiber materials based on 
glass, aramid and carbon, which impose demanding requirements 
with regard to size, shape, strength, precision and surface quality. 
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Fig. 5 / Impact tests on the propeller 

conditions but also under loads arising from extreme maneuvers 
such as emergency stop (full speed) astern or maximum accel-
eration. Following the component tests, the tested blades are sawn
into several pieces and examined.

Acoustic measurement
In order to guarantee the targeted reduction in acoustic signature, an
extensive range of acoustic measurements is taken. First of all, a 
modal analysis of the propeller blades in air is carried out. This 
establishes the natural frequencies, eigenmodes and modal damping
factors. A commonly used procedure for performing the modal analysis
is referred to as impact tests / Fig. 5 /. During impact tests an
acceleration sensor is glued onto the blade at one fixed point, and
an impulse hammer excites the blades at several defined points.

This experience can also be utilized in the production of the composite
propeller. The propeller blades are manufactured as two half shells. 
In order to maximize quality “prepregs“ (Preimpregnated fibers) are 
used in the process. This achieves very evenly distributed and well 
aligned fibers, nearly air bubble-free impregnation and small thickness 
fluctuations. The fibers are impregnated by machine.
 The automatically cut layers are positioned by means of laser
projection. After cold hardening and post curing/tempering, both half 
shells are milled to final size and subjected to X-ray checking. Only 
then are they bonded first together and then to the bronze foot.
 Fatigue strength is demonstrated in a 1:1 scale component test 
at the IMA (Materialforschung und Anwendungstechnik GmbH) in 
Dresden using a prototype blade. This testing demonstrates that
twice the service life is achieved, not only under normal operatin
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Another process used at HDW is laser vibrometer measurement.
In this case, the blades are excited by means of a shaker, and
the surfaces are scanned by a laser / Fig. 6 /. The deflection and
surface accelerations are measured by interferometry / Fig. 7 /. The
advantages compared to impact tests are a higher resolution and an
automated procedure.
 Before a boat is operating for the first time with a composite 
propeller, the impact tests are repeated in water on one blade with the 
assistance of divers. Only the natural frequencies and modal damping 
factors can be measured in this case. 
 The acid test for the propeller comes with the water sound 
measurements in Eckernförde (shallow water) and Bergen (deep water), 
during which the submarine and its propeller are tested acoustically 
in various maneuvering conditions. 

Fig. 6 / Laser vibrometer measurement – the rear, non-painted blade is measured Fig. 7 / Eigenmode from laser vibrometer measurement 

Outlook
The new hydrodynamically and acoustically optimized composite pro-
peller will enter sea trials on the new German navy submarine (Type 
212A/2nd batch) at the end of the year. This in-house development has 
aroused great international interest and has demonstrated its market 
potential through sales achieved with HDW type 214 submarines. 
 The technology of composite propellers with high-viscosity inter-
mediate layers still offers great potential for acoustic signature 
reductions, in particular possibilities of locally influencing structural 
damping as well as hydrodynamic optimization by means of a flexible 
blade structure. 
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Modern training for complex systems
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ViSTIS®

 Revolutionary team training  
  for complex systems  
 MARKUS SCHUPPERT M.A. Project Manager ViSTIS® Blohm + Voss Naval GmbH Hamburg 

Virtual ship training
Computer-based training tools such as simulations and computer 
teaching programs have long been features of the curriculum in  
naval academies. As a result, less original equipment is required as 
training aids. The reasons are obvious: Computer-based training tools 
are less expensive than original hardware, can be reproduced as often 
as required, and at the same time ensure that training achieves a  
consistent level of quality. Nevertheless, a large proportion of training  
in navies still takes place on board ship, because a standardized,  
virtual training environment covering all the tasks arising in a modern 
navy ship and the situations which occur has not been available  
before. This means team training for the entire crew has only been  
possible on the original ship to date.
 In the future ViSTIS® (Virtual Ship Training and Information System) 
will allow training to be done on a virtual ship.

High-quality training for personnel who operate  
and repair complex systems forms the basis for 
successful and efficient use of people and material. 
However, crew training such as in naval ships has 
only been possible on the original ship to date.  
In the future, ViSTIS® – the “Virtual Ship Training 
and Information System“ – will also allow training  
on a virtual ship, independent of the original hard-
ware and original ship. This innovative training and 
information system is currently being developed 
under the supervision of Blohm + Voss Naval  
in Hamburg. 
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Innovative training and information system ViSTIS® 
The innovative training and information system ViSTIS® is currently being 
developed under the supervision of Blohm + Voss Naval in Hamburg. 
 
The most important key functions of ViSTIS® are:

° 
High level of realism

° 
Integrated system architecture

° 
Innovative individual and team training

The high level of realism is based on a realistic real-time visualization 
using the CryEngine®  3, one of the world‘s leading game engines 
made by the computer gaming manufacturer Crytek. However, the 

models are based on original 3D-CAD (computer aided design) data 
which are processed in a complex conversion procedure for display  
in the game engine / Fig. 1 /.
 Another important function of ViSTIS® is its integrated system  
architecture. This combines real-time visualization with an innovative 
learning and knowledge management system. Integrating the relevant 
system simulations makes the virtual ship interactive, i.e. it responds  
to the user‘s inputs like the real ship does. Scalable and modular  
architecture makes sure that no entry-level project is too small and  
no major project too complex for ViSTIS®. At the same time, the entry-
level projects are not a blind alley, but form the basis for more complex 
follow-on projects / Fig. 2 /.

Fig. 1 / From CAD to ViSTIS®

Fig. 2 / Integrated ViSTIS®  architecture 
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Fig. 3 / Example of a training scenario with ViSTIS®

ViSTIS® with its integrated training scenarios enables innovative  
individual and team training. The virtual simulation environment makes 
it possible to simulate both routine tasks as well as emergency and 
battle situations realistically without endangering people or material. In 
this case, the user is presented with a virtual environment, the systems 
and equipment to be operated, as well as the other crew members,  
in real time and in a photo-realistic 3D environment. Users do not  
have to be in the same location for this purpose; they can participate  
in the particular training scenario via internet/intranet / Fig. 3 /. 

Compared to training on board or with original hardware, ViSTIS® 

offers a range of decisive advantages. These include:

° 
Lower utilization of the actual ships, therefore releasing them  

 for their real duties

° 
Significantly lower training and operating costs and at the same   

 time a major reduction in environmental pollution compared with  
 the use of real ships (for example: a frigate uses approx. 3,000 l  
 of diesel per hour, producing approx. 8 metric tons of CO2)

° 
The possibility of training critical situations such as fire fighting  

 or establishing emergency switching functions on systems in  
 continuous operation which are not possible in this way on the  
 original device without endangering personnel or material.

Summary:
ViSTIS® is the answer to the challenges that modern navies are  
faced with all over the world: Systems are becoming more and more 
complex, while at the same time crew numbers are dropping. As a  
result, individual crew members are faced with greater requirements. 
 The strength of ViSTIS® lies firstly in its ability to integrate an  
extremely wide range of simulations, and as such offer a realistic  
system and equipment response from the virtual ship. Secondly, it is  
possible to train not only individual crew members but also complex  
procedures and processes in a team. This means training times on the 
real ship can be significantly reduced because the crew has been  
well prepared for its tasks on board through the virtual training. 
At the same time, less use is made of the material, which ultimately 
helps to save costs further. 
 ViSTIS® has scored its first successes with the introduction of  
training solutions in the German and Australian navies, and has thus  
laid the foundations for further orders. 



68 /  Thema

 ThyssenKrupp techforum 1 I 2011

68 / 

 ThyssenKrupp techforum 1 I 2011

RFID tagged slab passing over a readpoint 



 ThyssenKrupp techforum 1 I 2011

      / 69

RFID slab logistics
DIPL.-WINF. LOÏC FEINBIER Head of CoC Supply Chain Visibility  ThyssenKrupp IT Services GmbH Essen

DIPL.-WINF. YASEMIN YASLAR Supply Chain Visibility Projects ThyssenKrupp IT Services GmbH Essen

DIPL.-ING. HEINER NIEHUES ThyssenKrupp RFID Logistics Platform ThyssenKrupp IT Services GmbH Essen

Motivation
The construction of a new steel mill in Brazil and a pro-
cessing plant in the USA made the optimization of the 
complex logistics processes for international maritime 
transportation of steel slabs a top priority. To achieve this, 
the slabs must be identified as quickly and reliably as 
possible at relevant key points in order to take optimum 
advantage of the capacity of the loading gear and to keep 
the lay days of the seagoing vessels as short as possible 
by speeding up the loading processes. Accordingly, it was 
necessary to find a marking method that adheres to even 
heavily soiled slab surfaces, and which can be quickly and 
reliably read from a considerable distance by day or night, 
even under poor weather conditions. Due to difficult and 
uncontrollable weather conditions, the barcode alternative 
was eliminated from the start. RFID, by contrast, had the 
potential to meet the high requirements. However, the 
proof of this first had to be obtained through complex field 
testing, since the use of RFID in the steel industry is still 
unique in this form.
 The identification of slabs using RFID was implemented 
at the works harbors in Sepetiba/Brazil (ThyssenKrupp 
CSA), Calvert/USA (ThyssenKrupp Steel USA) and 
Duisburg-Walsum/Germany (ThyssenKrupp Steel Europe). 
The transshipment ports operated by service providers in 
Rotterdam/Netherlands and Mobile /USA have likewise 
introduced the RFID technology and have been supported 
in the implementation process.

Challenges
Due to interferences and reflections, the use of RFID with 
metals and in metallic surroundings was previously often 
thought to be impossible, as neither the scannability itself
nor an acceptable read range could be guaranteed. With
the right RFID tag design, however, the project team was
able to calculate the optimum distance between the RFID
chip and the metallic slab body under physical aspects, 
thus allowing communication between the RFID reader and

the RFID tag. The part of this so-called „flag-tag“ containing
the RFID transponder is bent upwards in such a way that
it creates a 4-cm flag perpendicular to the metal / Fig. 1 /.
 The chip of the RFID transponder contains the unique 
identification number of the respective slab. This entirely 
passive solution allows the remote reading of slab IDs, 
despite the metallic slab surface, from a range of up to 8 m.
This can be done during the slab handling process 
/ Fig. 2 /, without the crane even having to stop.

The automated scanning of material in logistics processes is growing frequently in importance. In order to
meet the requirements of a fast, reliable and transparent supply chain, RFID technology (Radio Frequency 
IDentifi cation) is frequently being used. ThyssenKrupp was the fi rst international material and technology 
group to use RFID for the automatic identifi cation of slabs along a new supply chain from Brazil, via trans-
shipment ports to Europe and the USA. This signifi cantly reduces shipping times for the slabs and avoids 
identifi cation errors.

Fig. 2 / Fully automated identification during loading operations 
at the sea port in Sepetiba/Brazil

Fig. 1 / Slab label with RFID transponder and flag
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In order to be able to use the RFID tags over the entire 
transport distance, secure fixation of the tags to the slabs 
is essential. Scaled slab surfaces, residual slab heat, poor 
weather conditions such as precipitation and wind, and 
rough environmental conditions during transportation of  
the slabs represented new challenges. In order to over- 
come these, a cost-effective RFID tag was developed in  
close cooperation with a manufacturer of special labeling 
systems, using appropriate materials (synthetic, heat-
resistant up to 200 °C) and a special adhesive. This  
ensures that the tags adhere securely, even when the slab 
surface is damp and soiled. The flexible material ensures 
that the flag with the RFID -transponder yields under  
external pressure, but when released stands back up 
again sufficiently to ensure that the RFID chip can be read, 
even after several weeks in a compressed state. This is 
particularly important, given that the slabs lie on top of  
one another in the ship‘s hold for up to three weeks  
on their long journey from Brazil to the USA or Germany 
/ Fig. 3 /. The selected tag design also helps to keep the 
costs of the solution low, as the disposable tags do not 
need to be removed at the end of supply chain and sent 
back to the starting point, as is the case with conventional 
“on-metal“ transponder solutions. A further advantage of 
the tags used is that they can additionally be printed with 
2D barcodes and material specifications in plain text,  
allowing manual identification of the slabs if necessary.

Process sequence
For the basic cleaning of the slab surface on which the 
tags are to be attached, the programming of the RFID 
chips, the printing of the tags and their attachment to the 
long side of the slabs, specially designed tagging stations 
have been set up at the production sites in Santa Cruz/
Brazil and Duisburg/Germany. On their journey to the  
loading cranes, all slabs are stacked up to five high and 
transported into the respective tagging stations on heavy-
duty transport vehicles. Here the tagging points on the 
long sides of the slabs are mechanically cleaned. After 
a visual check of the load against the specifications of 
the tagging system, which in Brazil is automated using 
an OCR solution (Optical Character Recognition), the tags 

Fig. 3 / Loading of slabs for maritime trans-
portation in the hold of a Panamax freighter
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Fig. 4 / Safe and sound arrival of the first Brazilian slabs at the processing  

site in Duisburg/Germany

are produced by a laser printer. This prints the tag and 
simultaneously programs the RFID chip with the allocated 
data. A staff member takes the tag out of the printer, 
folds it along the perforation, and attaches it centrally to 
the corresponding slab side, in parallel to the edge of the 
slab. Each slab is fitted with one RFID tag on each long 
side. This ensures that the slab can be identified as quickly  
as possible during loading operations, irrespective of  
its orientation. This redundancy likewise increases the 
chances of automatic identification, even if one tag is 
physically damaged during the transportation of the slab.
 The RFID readers for identifying the slabs during 
loading operations are installed on the crossbeams of the 
cranes or directly on the magnetic load-lifting gear. Reading 
takes place automatically while the slabs are moved to  
the ship or the quayside. A sophisticated software analyzes 
the raw data transmitted back by the RFID readers and 
filters out any incorrect data that may result from reflection 
of the radio signals. This leaves only the relevant logistical 
events such as the confirmation of loading or receipt of a 
slab, which are transferred from the RFID system to the 
respective connected local IT system. This allows rapid 
checking of the cargo lists at the harbors as well as on- 
time communication of the target positions of the slabs  
to the crane operators. In addition to the cranes, there 
is also a final readpoint at the furnace roller table at the 
Calvert hot rolling mill. Here the slabs are read again prior 
to further processing into hot strip coils in order to ensure 
that the correct slab with the correct quality is entering  
the production process.
 The first slabs were shipped in April 2010 to Calvert  
from Duisburg-Walsum/Germany via Rotterdam/Nether-
lands and Pinto Island/USA, followed by the first deliveries 
from Brazil in November of the same year / Fig. 4 /. The  
automated recognition rate of the first delivery was more 
than 95% at the destination harbor, exceeding all ex- 
pectations, especially in view of the extreme conditions 
during slab transport. Slabs that could not be identified 
automatically, for example because the RFID tags had been 
physically destroyed, were quickly and accurately scanned 
at all locations using mobile barcode scanners.

Innovative IT solution
Alongside the development of the required RFID com- 
ponents and the associated processes at the involved  
locations, a further challenge was to build up high-per- 
formance IT systems for this global automated supply chain.  
 In light of the high development costs, as well as 
aspects such as reusability and sustainability, it was all the 
more important for the resulting IT solution to be based on 
recognized industry standards. Against this background, 
in 2008 ThyssenKrupp was the first company of its kind to  
join the standardization organization EPCglobal™ and has 
since been consistently applying relevant standards for  
the use of RFID technology and the electronic exchange  
of transportation data between supply chain partners.  
Thus, for example, the tagging of the slabs uses the  
future-oriented Electronic Product Code (EPC) system, 
ensuring that the slabs can be identified anywhere in the 
world and by any company. The RFID transponders and 
readers also conform to the EPC Class 1 Gen 2 standard, 
which has unified and significantly simplified international 
commissioning. An EPC Information System (EPCIS) 
specially designed for ThyssenKrupp allows all internal and 
external participants in the value chain to exchange relevant 
logistical events uniformly and in real time. In this way, all 
parties involved have access at all times to the logistical 
data relevant to them and can make decisions in real time.
The generic structure of this IT solution, known within the 
Group as the ’ThyssenKrupp RFID Logistics Platform‘, 
rapidly and cost-effectively facilitates new applications for 
RFID, focusing on converting the business processes into 
sustainable solutions.

Outlook
With its successful introduction of RFID in slab logistics, 
ThyssenKrupp has placed itself at the cutting edge of global 
material and technology groups in the use of this inno- 
vative technology. Due to the many possible uses of 
RFID technology, applications in other areas are virtually  
unlimited. RFID has since been deployed in other divisions 
of the Group to supplement or replace older technologies,  
or plans are in place for this to be done. Examples include 
the tracking of machine components, inplant transportation 
equipment and containers, all the way up to intermediate 
materials and end products. Thanks to RFID, all these 
processes can in the future also achieve higher levels of 
automation and reliability, while simultaneously granting 
improved insight into the value chain.




