
SURFACES

1WOMAG   6 | 2019

Plasma paves the way for new quality standards
TRW Automotive GmbH, Gelsenkirchen put their trust in plasma jet technology from Plasmatreat 

When one of the world’s leading automo-
tive suppliers decided ten years ago to coat 
a safety-relevant aluminum component with 
atmospheric pressure plasma to improve 
corrosion protection, it was a sensation. To-
day they pretreat over one million parts a 
year with the environmentally friendly plas-
ma jet technology.
Prior to this, low pressure was the only op-
tion, but since the mid-2000s, it has been 
possible to produce and deposit functional-
ized plasma nanocoatings under atmospheric 
pressure. Whether for corrosion protection or 
adhesion promotion, as a release agent, an-
ti-adhesion or barrier coating, the Plasma-
Plus plasma polymerization technology joint-
ly developed and patented by Plasmatreat 
GmbH from Steinhagen (Westphalia) and the 
Fraunhofer IFAM in Bremen enables users 
to apply functional coatings to their material 
surfaces without a vacuum chamber. 
The process is based on the Openair-Plas-
ma technology developed by Plasmatreat in 
1995 and now used in virtually all sectors of 
industry throughout the world. The jet tech-
nology cleans surfaces to a microfine level 
and activates them to significantly improve 
their wettability and adhesive characteris-
tics in preparation for downstream processes 
such as bonding, painting or printing. With in-
line and robotic capabilities, the jet systems 
are designed for use in continuous, fully au-
tomated production processes (Fig. 1). 
A precursor in the form of an organosili-
con compound is added to the plasma gen-
erated in the nozzle to produce the plasma 
coating. Due to high-energy excitation with-
in the plasma, this compound is fragmented 

and deposited on the surface in the form of 
a vitreous coating (Fig. 2). The chemical com-
position can be varied according to the ap-
plication to ensure that optimum results are 
obtained for any given material. The applica-
tion is area-selective, which means that the 
coating precisely targets the predefined are-
as. The dry process is environmentally friend-
ly, reliable and reproducible. In 2007 a glob-
al player in the automotive supply sector was 
the first company to use the technology for 
series production on an industrial scale.

Subsequent integration 
into the process chain
Provided that the quality requirements for 
new developments are fully specified from 
the start, they can be implemented us-
ing well-established technical solutions in 
compliance with the processing parame-
ters. However, it is significantly more difficult 
if customer requirements change at a later 
stage of the project when the global process 
chains are already in place. 
TRW Automotive GmbH in Gelsenkirchen, 
now part of ZF Friedrichshafen AG, was faced 
with just such a challenge ten years ago. A 
well-known car manufacturer subsequent-

ly demanded a higher level of corrosion re-
sistance for the die-cast aluminum housings 
of its motor pump assemblies. These units 
are safety-relevant components used in the 
power steering systems (Fig. 3) and must 
satisfy extremely strict requirements for re-
silience to stress in daily use, such as corro-
sion resistance, thermal resistivity and spray 
water resistance. Mechanical, and above all, 
corrosive stresses that the component is ex-
posed to during its lifetime should not cause 

Fig. 1: ZF TRW Automotive has used atmospheric pressure plasma for ten years for the microfine 
cleaning and corrosion protection of safety-relevant die-cast aluminum housings �  
� (Photo Plasmatreat)

Fig. 2: A cross-section through an approx. 100-
nm thick PlasmaPlus coating (SEM 50000  
x magnification) � (Photo:  Saint-Gobain)

Fig. 3: A die-cast aluminum housing protects 
the motor pump unit. The bonded joints are 
pretreated with PlasmaPlus to prevent failure 
of the adhesive bonds due to corrosion �  
� (Photo: ZF TRW Automotive)
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the bonded joints to fail, as this would mean 
that the electric motor and electronic com-
ponents would no longer be protected. The 
original process, which involved spray-
ing a fluoropolymer-based corrosion inhib-
itor manually onto the bonded joint from 
the outside after glueing, was no longer ad-
equate since the car manufacturer now de-
manded a far more rigorous long-term corro-
sion protection test. 
In such cases, it is often impossible to inte-
grate well-established technical solutions 
into the existing process chain, or only by im-
plementing major changes with correspond-
ing high investment costs. Moreover, changes 
in production processes which involve altera-
tions to the plant result in production down-
times. There were three traditional options 
available to make the component more re-
sistant to environmental influences: 

–– upgrading the material
–– anodizing
–– passivation 

Low-pressure plasma coating was added as 
a fourth option, and finally, as a fifth one – 
the first industrial-scale application of a new-
ly developed corrosion protection from the 
plasma nozzle.
When weighing up the pros and cons of the 
different pretreatment processes, TRW Au-
tomotive worked on a process of elimination 
and eventually came to the following con-
clusion: The first four options had one thing 
in common; they were very expensive. Fur-
thermore, upgrading the material and anodi-
zation would entail extensive product valida-
tions. In addition, all the processes apart from 
low-pressure plasma, would have to be inte-
grated into the process chain in such a way 
that quality would be in the hands of external 
global suppliers. Carrying out quality-con-
trol on finished components in the as-sup-
plied condition would be extremely complex 
and would significantly reduce process reli-
ability. Only one pretreatment method re-
mained: The new plasma coating technology 
from Plasmatreat. A comparatively low-cost 
method which not only satisfied all require-
ments for immediate integration into the ex-
isting production line, but offered other ben-
efits as well.

Plasma coatings in series production
The decision to use plasma jet technology 
was taken only a few months after the pre-
liminary trials. TRW Automotive took a huge 
leap of faith in placing their trust in the plas-
ma systems engineer and their new technol-

ogy, which gave an enormous boost to the 
entire implementation process, emphasized 
Leonhard Enneking, Plasmatreat’s Key Appli-
cation Engineer responsible for the process 
at the time. 
In early 2007 the automotive supplier began 
series production of the motor pump housing 
using its first plasma unit – equipped with 
both Openair-Plasma and PlasmaPlus noz-
zles. The new system was integrated into the 
final assembly process with little effort, nei-
ther disrupting production nor requiring any 
new validations. The results of the corrosion 
protection tests even exceeded expecta-
tions for this new process. According to Got-
tfried Kühn, general production manager at 
the Gelsenkirchen plant, the plasma-polymer 
coating virtually doubled the level of corro-
sion protection obtained. The corrosion test 
involved a SWAAT test (Sea Water Acetic 
Acid Test) combined with a cyclic climate test. 
During an exposure test the time taken un-
til penetration occurred (appearance of the 
first signs of corrosion inside the housing) in-
creased by around 50 %. Even at 750 hours, 
the plasma-treated housing showed no signs 
of leakage.
With components of this type there is al-
ways a risk that moisture will migrate be-
neath the seal if they are left unprotected. 
The corrosion protection of the coating pro-
vided by the plasma experts from Steinha-
gen is particularly effective with the alumi-
num alloys used in the automotive industry  
(Fig. 4) and satisfies the requirements of 
DIN EN ISO 9227. The coating forms a co-
valent bond with the metal to ensure opti-
mum protection against moisture ingress. 
Recently conducted salt-spray tests show 
that – depending on the alloy and seal con-

figuration – with this coating, the compo-
nents can withstand even 960 hours of ex-
posure before failure. At the same time, the 
plasma-polymer coating provides an excel-
lent adhesive substrate for both liquid seals 
– such as the Loctite adhesive used by TRW 
– and solid seals, e.g. EPDM.
A total of four robot-controlled plasma noz-
zles are integrated into the highly automat-
ed unit, two for cleaning and two for coating. 
In a first step the adhesive surfaces, always 
comprising two components, simultaneously 
undergo microfine cleaning with atmospher-
ic pressure plasma.  This process restores the 
energy present in the surface of the met-
al which has been overlaid by contaminants 
to ensure uniform wettability and reliable ad-
hesion. This step is followed immediately by 
a second step in which the cleaned surfaces 
are nano-coated using the PlasmaPlus pro-
cess before subsequent application of the 
adhesive.
In addition to its in-line capability, the spe-
cial advantage that this technology has com-
pared with the above-mentioned coating 
methods is its area-selective application. Un-
like dip baths or vacuum chambers, it is not 
necessary to coat the entire component no 
matter what its size, but only the areas which 
actually need functionalizing (Fig. 5). And the 
process is fast: the cycle time for the com-
plete treatment of each component is just 
30 seconds. The housing can be further pro-
cessed immediately after treatment.

Plasma sets quality standards
The Gelsenkirchen plant now operates three 
plasma units with a total of ten plasma noz-
zles in a three-shift system five days a week. 
Investment and maintenance costs are low, 

Fig. 4: Comparison of an uncoated AlSi12(Fe) die-cast aluminum test specimen (left) and one 
coated with the PlasmaPlus process after a 720-hour salt-spray test clearly demonstrates the 
benefits of the new technology � (Photo Plasmatreat)
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Fig. 5: Corrosion protection from the plasma 
nozzle: The coating is applied with millime-
ter precision to the exact areas where surface 
functionalization is required �  
� (Photo Plasmatreat)

and the units take up little space. The plasma 
technology ¬– which has since received mul-
tiple awards – is used to pretreat over one 
million parts a year with a corrosion-proof 
coating. Whilst the motor pump housings 
coated with atmospheric-pressure plasma 
were formerly destined mainly for passen-
ger cars, today they are used predominant-
ly in light trucks and transporters manufac-
tured by major carmakers such as Renault, 
Mercedes and Fiat, as well as midsize cross-
over SUVs for Porsche. Corrosion protection 
from the plasma nozzle has proved success-
ful all the way down the line. But that’s not 

all: Bertram Schwanitz, development en-
gineer at the ZF TRW Tech Center Düssel-
dorf, emphasizes that the use of Plasmatreat 
coating technology in die-cast aluminum 
housings has set new quality standards. 
� Inès A. Melamies

Contact:

Plasmatreat GmbH, D-33803 Steinhagen
➲➲ www.plasmatreat.de  
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