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Recently a Hauzer Flexicoat® 850 has been added to the range of physical vapour deposition (PVD) machines 

in the research facility of Surface Engineering Institute (IOT) at RWTH Aachen, Germany. Dipl.-Ing. Christian 

Kalscheuer, group leader PVD technology component coatings: “The smooth coatings we can achieve with 

CARC + technology have been a deciding factor for this machine. Fundamental research as well as applied 

research will benefi t and we can improve our already strong relationship with the industry.”

Surface Engineering Institute (Institut 

für Oberfl ächentechnik (IOT) in German) 

is a part of the faculty of mechanical 

engineering at RWTH Aachen University, 

and is a leading German institute off ering 

research on surface engineering. Last 

year RWTH Aachen University educated 

more than 45,000 students (more than 

12,500 students at faculty of mechanical 

engineering) and the numbers are still 

growing. A large part of IOT’s research 

is funded by third parties, half of which 

is spent on deep, fundamental research 

and the other half is application related 

in collaboration with national and 

international industrial partners. Dr.-

Ing. Tobias Brögelmann, chief engineer, 

TRIBO ACTIVE 
COATINGS INTERACT 
WITH LUBRICATION

explains: “For these last projects we 

collaborate with industrial partners 

and federal ministries. The Hauzer 

Flexicoat® machine has been funded 

within a project, which has as main topic 

mobility and energy effi  ciency. Our 

main driver is reducing CO2 emissions 

in the automotive sector and industrial 

machinery by developing minimum 

quantity lubricated tribological sys-

tems. Less lubricant means higher 

effi  ciency and less pollution in the 

environment from e.g. motorcycle 

chains. Furthermore, dry running is 

an important topic. We see surface 

engineering as a key technology for the 

21st century.”
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Low Temperature Component 

Coatings

“Our research in the PVD fi eld 

concentrates on the four coating 

families: diamond-like carbon (DLC), 

oxides, nitrides and oxi-nitrides,” says 

Christian. “To start with the last, they 

are especially used on tools for plastic 

injection moulding to stop thermal 

degradation and improve anti-stick 

properties. Because there is not one 

coating suitable for all plastics, we 

conduct fundamental research to look 

what happens in surface interaction 

between coatings and plastics melt. 

Where nitride hard coatings for 

components are concerned, we mostly 

LEADING EDGE TECHNOLOGY



Geert-Jan Fransen, Product manager Tribological 

Coatings at Hauzer, Dr.-Ing. Tobias Brögelmann 

and Dipl.-Ing. Christian Kalscheuer from RWTH-IOT
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research with magnetron sputtering 

as well as with arc evaporation. Before 

we had the Hauzer Flexicoat® 850, we 

used conventional arc evaporation. 

First (Cr,Al)N coatings deposited on case 

hardened 16MnCr5 by means of the new 

machine and CARC + reveal a reduced 

droplet size compared to conventional 

arc PVD (Cr,Al)N coatings (fi gure 1). This 

extends our range of possibilities.”

What is RWTH-IOT?

IOT stands for Institut für 

Oberfl ächentechnik and is 

based in Aachen, Germany. The 

institute consists of 28 academic, 

14 non-academic staff  and 31 

student workers. The institute’s 

core compentencies in surface 

engineering are in the research 

and development of physical 

vapour deposition (PVD), thermal 

spraying and brazing as well as 

modelling and simulation of these 

processes. In 2016 IOT had 2.4 

MIO € third party funding. RWTH 

Aachen University is one of the 

nine leading technical universities 

in Germany that together make up 

the TU9 university network. Last 

year RWTH Aachen University 

educated more than 45,000 

students. More than 12,500 

students major at the faculty of 

mechanical engineering.

concentrate on (Cr,Al)N coatings, e.g. 

on gears. Typically, these coatings for 

tool applications are deposited at a 

temperature of 400-500 °C. Our process 

development enables us for depositing 

them at a temperature below 200 °C, so 

they can also be used on temperature 

sensitive steels, e.g. low tempered 

rolling bearing steel 100Cr6. That 

makes (Cr,Al)N also very attractive for 

component applications. We do our 

Figure 1: (Cr50Al50)N topography 

comparison between conventional arc 

evaporation (left) and CARC+ (right)



Figure 3: Tribo-active coatings 

Figure 2: Interactions of S addition with tribo 

active coating; tribological tests in PoD tribometer 

at diff erent tribological loads (top) and Raman 

spectrometry inside and outside wear track (bottom)

Tribo active (Cr,AI)N+X coatings (X = Cu, Mo, W)
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RWTH-IOT

Goal: friction and waer reduction 

by tribo chemical interactions 

between coatings and lubricants

funded by the German Federal Ministry 

of Economic Aff airs and Energy (BMWi) 

has been following up on those 

principles. Together with our partners 

iwis motorsysteme GmbH & Co. KG, 

iwis antriebssysteme GmbH & Co. KG, 

BMW Group, Fraunhofer-IWS, FUCHS 

Schmierstoff e, FZG of TU München, 

Herzog GmbH, and KSB AG we look at 

tribo active coatings. The tribo active 

elements in our (Cr,Al)N coatings 

we investigate are Cu, Mo and W 

(fi gure 3). The goal is to transfer the 

results of the fundamental research on 

tribo active coatings in the applications 

of our project partners. We see 

promising results regarding friction 

reduction and wear protection on chain 

pins and gears under minimum quantity 

lubrication.”

CHEOPS3 Project

“The base of our research is funda-

mental,” Tobias continues. “We found 

an interaction between Sulphur (S) 

additives and tribo active (Cr,Al)N+W 

and (Cr,Al)N+Mo coatings (fi gure 2). The 

conclusion we came to was that under 

tribological loads, i.e. contact pressure 

and temperature, MoS2 and WS2 were 

formed as a result of the reaction of 

the coating with the lubricant additives. 

This resulted in reduced friction. The 

applied research project CHEOPS3 

Self-lubricating

“We also work on self-lubricating 

coatings (Cr,Al)N where the 

elements of W, Mo and S are 

added.” says Christian. “In situ 

there will be formation of MoS2 

and WS2 under tribological loads. 

There is a high demand to reduce 

process steps and mineral oil 

requirements in cold forging 

of steel. In order to achieve a 

lubricant-free 'green' factory the 

forming tools need to be self-

lubricating. Self-lubricating pro-

perties show high potential for 

components as well. A soft MoS2 

coating on top of a hard coating 

would only work in the beginning; 

it would wear off  soon under shear 

stress. The elements Mo, W and S 

however are embedded now and 

will migrate to the top during the 

lifetime of the coating.”

Artifi cial Neural Networks

“Two other subjects we are working on 

are artifi cial neural networks and plasma 

diagnostics,” says Tobias. “We want to 

get insight in the black box that usually 

connects the process with the coating 

properties. If we can come to a reliable 

correlation between plasma properties 

and coating properties, we can pre-

dict outcomes. It is knowledge based 

coating development. We are comparing 

experiments with the predictions of 

the artifi cial neural networks now and 

I must say the results are coming real 

close. In plasma diagnostics we see that 

there are not only linear relationships, 

there is much complexity. So if we 

get insight in correlation of all three: 

process parameters, plasma parameters 

from plasma diagnostics and coating 

properties, we might be able to work 

from the recipe backwards in future 

and know what the process should be 

to come to this result.” ”Until now we 

have mainly used these techniques 

on magnetron sputtering, but next is 

CARC
 +,” continues Christian.
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Hybrid Coatings

“As you can see we are working on a broad spectrum of topics, 

fundamental, applied and really in service to the industry and 

its demands,” says Tobias. “Hybrid coatings will further broaden 

our opportunities in this spectrum, so the next thing on our 

wish list is an upgrade of the Hauzer Flexicoat® 850 to give us 

even more options. In the design phase of this machine we 

already gave ourselves the option by choosing a second door, 

so we can easily change the technology inside. Our industry 

wants innovation and we are committed to supply it to them.”
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