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Black 
Whether on covers, window channels, spoilers or

exterior mirrors, the high-quality surfaces of non-

transparent add-on plastic parts are the latest

trend in automotive design. Page 10

Soft 
The human skin measures two square meters,

weighs 10 to 15 kilos and fascinates many peo-

ple, not just doctors and biologists. Its sophisti-

cated mechanisms make it a model for anyone

engaged in developing surfaces. Page 18

Colorful  
Painting without a paintbrush – modern

manufacturing methods combine PVC window

profiles with colorful and weather-resistant

surfaces made from PLEXIGLAS® molding

compounds. Page 16
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You were obviously fascinated by the

magic of light – or so we deduce from the

questionnaire we sent out last year

together with the first issue of our new

customer magazine perFormer. Some 90

percent of readers said the magazine was

good or very good. Our choice of subject

matter also met with your approval, and

about 70 percent of respondents asked

for more information. Thank you for

your praise. We take it as an obligation

to continue in the same vein.

The second issue also focuses on a typical

molding compound topic – surfaces.

Although this might seem dry stuff at

first glance, surfaces are the interfaces

where different life forms and materials

meet. That leads to tension, energy and

conflicts, both in private life and in

materials science. For a long time, our

picture of surfaces was marked by con-

jecture, and not until the advent of the

scanning electron microscope and nano-

technology did we begin to understand

how surfaces function. Nature increas-

ingly serves as a valuable model for find-

ing new applications. Our cover story

concerns bionics, the science that marries

biology and technology.

Dr. Klaus Albrecht, the director of our

research and development department,

explains how such new findings and

ideas can be transferred to innovative

surface solutions using PLEXIGLAS®

molding compounds. We also report on

why automotive manufacturers are

increasingly using plastics for exterior car

body components. Again, it all comes

down to surfaces.

Surfaces have to feel good as well as

look good, particularly when people

handle them every day. We take the

example of writing instruments to

demonstrate the essential properties.

Finally, we take a look at what is

probably the prime role model for all

surface designers – skin. This is the

largest, most complex and possibly most

demanding human organ, the interface

between us and our environment.

Whether old or young, black or white,

smooth or lined, it protects us from sun,

heat and cold for decades. Despite all the

progress made so far in surface research,

skin will long remain the benchmark.

That will only change when we succeed

in manufacturing surfaces that are capa-

ble of self-renewal.

Dear Readers:

E D I TO R I A L

Snowflakes have some 105,000,000 different surface structures. There have never been that many snowflakes in the history of the universe, so each one is unique.

Have fun reading 

this issue!

Rudolf Blass

Director Product Line

Speciality Business

and Marketing Services
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Our perFormer is part of a magazine con-

cept designed to promote customer com-

munications in Degussa's Methacrylates

Business Unit. Apart from the individual

issues produced by our business line, in

the future you will also receive an annu-

al issue of perFormer in which the busi-

ness unit presents its targets, strategies

and innovations.
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Since January 1, the Molding Compounds

Business Line has been presenting itself to the

market in the form of two product lines, each

divided into two business segments.The main

change is that sales, marketing and technical

customer advice are now grouped together

under Speciality Business and Standard

Business.These product lines have profit

responsibility and are directed by Dr.Wolfgang

Pöffel (Standard Business) and Rudolf Blass

(Speciality Business).

Martin Conzelmann,Vice President and General

Manager of the Molding Compounds Business

Line, sees this restructuring as an optimization

process primarily designed to benefit cus-

tomers: ”The new, dynamic structure responds

to the specific demands of the different market

segments and the strategies for standard and

speciality business.“ Each of the two product

lines now contains two business segments

equally oriented to market requirements. In the

Standard Business Product Line, ”Automotive

Signal Applications“ is headed by Wolfgang

Reorganization Brings Molding Compounds Business Line Closer to  

Together with automotive plastics special-

ists WKW and the BMW Group, Degussa's

Molding Compounds Business Line

received the SPE Automotive Division

Award in the Body Exterior category for its

innovative add-on car body component.

Where mere metal provides the optical

link between roof and wing in many

other cars, the MINI prefers high-quality

plastic. The black cover of the A-pillar is

one of its hallmarks. At the award cere-

mony in Düsseldorf, the pillar cover

scored not just because of its good appear-

ance and positive properties like colorfast-

ness and weather resistance. The manu-

facturing method was another decisive

factor, being much easier than with other

plastic add-on components. Conventional

plastic parts have to be coated after

injection molding to provide them with 

a high-gloss surface. But the black

PLEXIGLAS® molding compounds

provide a Class A surface in just one work

step. "That saves time and money," says

Tony Halbländer, the responsible project

manager for non-transparent automotive

applications in the Molding Compounds

Business Line.

In addition, the jury underlined the per-

fect cooperation between the individual

project members. The BMW Group

worked closely together with WKW,

Degussa's Molding Compounds Business

Line, machine manufacturer Engel and

toolmakers Zipfel Formenbau to meet the

stringent requirements of the automotive

manufacturer. "When developing the

material, we also had to find the suitable

colorant. It had to be deep black and

weather-resistant," explains Halbländer.

The business line is certainly not resting

on its laurels - it aims to open up more

non-transparent automotive applications

(NTAA, see also page 10) with further

innovative materials.  — rei

Prizewinning Pillar Cover for the MINI
Innovation Wins ”SPE Automotive Division Award“ 

B O U L E VA R D

Degussa's Molding
Compounds Business
Line is moving closer to
the market and cus-
tomers with tailored
products, services and
applications. That is the
result of restructuring
with effect from
January 1.

It's small, black and bril-
liant – the A-pillar cover 
of the MINI. Its benefits
recently convinced the
jury of the Society of
Plastics Engineers.

What's more …

+++ A voltage of up to 92 V per meter impinges on the surface of the human brain during one cell phone call. +++  In the summer of 2002, the Arctic ice cap
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New Structure of Molding Compounds Business Line

(Rudolf Blass) (Dr.Wolfgang Pöffel)

Optical
Applications &

Surfaces

Distribution &
Niche Markets

Automotive
Signal

Applications

Distribution &
Extrusion

(Michael Zietek) (Jörg Stricker) (Wolfgang Kaster) (Karl-Heinz Merz)

Product Lines

Speciality Business Standard Business
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  Customers

perFormer: Mr. Hetzke, what were your aims

when you took up your position in November?

Hetzke: I would like to pursue and fur-

ther develop the successful strategy of the

business line together with my team. That

means achieving growth with a definite

specialities strategy, further developing

customer-oriented solutions and stepping

up internationalization, especially in Asia

and the USA.

What was your first impression of your new

sphere of responsibility?

Hetzke: The business unit is very well

positioned. We have a lot of committed

employees, and a very good team spirit.

And we have great products! I come from

the Fine Chemicals Business Group,

which also has exciting products, but they

are usually no longer visible in the end

product. What I like about our molding

compounds is that we can see and feel

them, and recognize their direct benefit.

Since starting my job here, I look at my

environment more consciously and con-

stantly discover our products around me.

How much help is your experience of fine

chemicals with regard to methacrylates?

Hetzke: My international experience

helps me because it fits in well with our

goal of internationalization. I am pretty

familiar with Asia and North America,

which are important regions for

methacrylates. Fine chemicals is a field

that has looked closely into customer

orientation, and Methacrylates also con-

centrates on solutions tailored to cus-

tomers. I am convinced that we can only

assert ourselves in the face of interna-

tional competition if we give center stage

to the customer. Our aim is not to devel-

op the ideal product, but the ideal solu-

tion for the customer. When people speak

of customer orientation, they often think

only of products, but that's not the whole

story. Products are often interchangeable,

but good service, competent advice, help-

ful technical support, flexible logistics,

reliable project management and under-

standing of customers and their compa-

nies are often indispensable.

In your brief tenure, the Molding Compounds

Business Line has already been restructured.

What were your aims in doing so?

Hetzke: I essentially have two objectives.

Firstly, by focusing on specialities and

standard products, we can respond better

to customer needs. We also want to

make our own processes more transpar-

ent both to ourselves and to customers in

these two market segments. Secondly,

the reorganization means our customers

have fewer contacts. We have achieved

this by forming business teams within

the two product lines. These business

teams combine and steer our marketing,

sales and technical support according to

customer segments.

What are your personal strengths?

Hetzke: I would say I am cooperative and

team-oriented. I try to promote coopera-

tion and creativity in my staff. I'm also

consistent when it comes to implement-

ing goals – and pretty tenacious if need

be.  — kely

”We Think in Terms of Solutions Rather than Products“
Targets and outlooks – Interview with Gregor Hetzke

Gregor Hetzke assumed
leadership of the
Methacrylates Business
Unit on November 1, 2003.

shrank from 6.5 million square kilometers to 5.5 million square kilometers. +++   The Earth has a surface area of 510 million square kilometers, 362 million of
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Kaster, and ”Distribution & Extrusion“ is managed

by Karl-Heinz Merz. In the Speciality Business

Product Line, Michael Zietek is responsible for

”Optical Applications & Surfaces“, and Jörg

Stricker is in charge of  ”Distribution & Niche

Markets.“ Each business segment comprises

sales, market development and technical support

functions, and has the task of promoting global

processing of the market and the further devel-

opment of business in target markets.

”We are convinced that the new organization 

will enable us to significantly improve our market

presence and create a further prerequisite for

positive development of the Molding

Compounds Business Line,“ says Martin

Conzelmann. — rei

Gregor Hetzke (aged 45)
began his career with
Degussa 20 years ago.
Before becoming President
of the Methacrylates
Business Unit, he was in
charge of the
Agrochemicals and
Intermediates Business Line
of the Fine Chemicals
Business Unit.
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Genning Up on Geckos 
Nanoscience focuses on surfaces – How we can learn from nature 

Nature is the best teacher.
That is why Leonardo da
Vinci mimicked the flying
technique of birds in his
efforts to invent a flying
machine. Five hundred
years after da Vinci's crash
landing, research has pro-
gressed in leaps and
bounds. Bionics is the
name of the science that
applies biological phe-
nomena to technology.

KEYNOTE: SURFACES

which are covered by water. +++   The surface of a diamond is the hardest of all elements. Cesium is the softest, measured according to the so-called Mohs'
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Walking on the Ceiling

How do geckos manage to walk on the

ceiling without falling off? The Max

Planck Institute for Metal Research in

Stuttgart recently came one step closer to

the solution. Geckos have innumerable

tiny hairs on their feet that enable them

to cling to surfaces. The scientists in

Stuttgart also examined the adhesive

structures of other crawling animals like

spiders, beetles or flies, and found out

that the bigger the animals, the smaller

and finer the adhesive structures are. ”If

a man wanted to walk on the ceiling, he

would need hands and feet covered with

individual sticky hairs no larger than a

few hundred thousandths of a millimeter

in diameter,“ says Ralph Spolenak, a

member of the team of biologists and

materials scientists who discovered the

geckos' secret. He sees the knowledge of

the adhesive hairs (setae) as a basis for

developing new technologies: ”Many

ideas are pure speculation, but a climb-

ing robot would be an obvious conclu-

sion. Applications for reusable adhesive

tapes would be another possible idea,“

says Spolenak.

Following Mother 
Nature's Example

The young science of bionics is a fusion of

biology and technology, not only in

name. Its purpose is to decipher the ori-

gins of biological phenomena and use this

knowledge for technical applications.

Self-cleaning exterior house paints,

streamlined swimsuits and aircraft coat-

ings are the best-known results so far.

The lotus, for example, lent its name to

the eponymous effect, where fine surface

structures invisible to the naked eye

make dirt and water roll off the plant's

leaves.

Sharks are also one of nature's great role

models. These predatory fish owe their

top speeds of up to 80 kilometers per

hour to their rough surface structure,

which is densely covered with tiny denti-

cles (riblets) that give the sharks their

streamlined position in the water. The

pattern of the individual scales prevents

the formation of vortices that would have

a braking effect. This discovery is put to

use in aircraft construction, where mod-

ern airplanes covered in shark skin-

scale. An element with a hardness of one can be scratched by a fingernail, one of ten means the element can scratch all precious stones. +++  Shark skin

textured film save up to eight percent of

fuel.

No Chance for Copycats

But nature is not so easily mimicked:

“We can't transpose phenomena one to

one. The phenomena that interest us are

usually part of a bundle of functions, and

we have to distinguish between and iso-

late them in order to be successful,“ says

Wolfgang Hasenpusch, a Degussa

chemist, Professor of Inorganic

Chemistry at Siegen University and a

bionicist. The lotus effect is a case in

point: Although the protective

microstructure has been successfully

transferred to roof tiles, bathtubs or even

PLEXIGLAS®, the lotus layer does not

renew itself as in nature. The protective

effect is impaired as soon as surface

scratches or certain solvents damage the

layer. Professor Wilhelm Barthlott, who

discovered the lotus effect, realized this

and reacted accordingly: ”The great chal-

lenge for us was to keep the surface sta-

ble in the long term.“ He admits that

technical implementation was more diffi-

cult than initially presumed. “At first I

thought we could do it in two years,“

says Prof. Barthlott, a botanist from

Bonn. “But it's not usual for such 

developments to take time. Just think of

Teflon – it was invented before I was

born, but the first Teflon-coated

saucepans were introduced when I was a

student.“ As far as the lotus effect is con- >

These feet were made for clinging:

The surface of gecko feet is covered

with tiny sticky hairs (setae), which

enable the lizards to walk on ceilings.

Scientists are examining how these

adhesive structures can be trans-

posed to technical applications.
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cerned, Barthlott believes the problems

have largely been solved. He expects

many new and promising products to

emerge in years to come.

To find innovative solutions, bionicists

must be prepared to depart from conven-

tional methods. “It's important to keep

an open mind and question things that

other people accept without thinking,“

says Dr. Thorsten Rossmann, Managing

Director of the Biotechnology Center at

the Technical University of Darmstadt.

Bionicists walk on the borderline

between different fields of research.

Whether they are biologists or engineers,

they can do little without basic knowl-

edge of other disciplines. Biologists, for

instance, must do more than just recog-

nize biological effects, they also have to

develop a feeling for how these findings

can be converted into technical applica-

tions.

There seem to be no limits to the inno-

vation potential of bionic research. Miele,

the manufacturer of household appliances,

has for some time been equipping its

washing machines with patented honey-

comb drums developed in cooperation

with bionicists from Berlin Polytechnic.

The surface of the drums is curved like a

honeycomb and resembles the shell of a

tortoise. The advantage is that the

honeycombs increase the mechanical

stability of the drum and improve the

washing process. The machine runs more

quickly and consumes less energy, as well

as being kinder to the clothes, as 

confirmed in a report by the independent

laundry research institute (wfk) in

Krefeld.

Nanotechnology Is the Key

Nanotechnology plays a key role in bion-

ic developments. “Many phenomena

have been known for centuries, but only

today do we have the technical possibili-

ties to understand why something works

this way and no other,“ Rossmann

explains. One milestone on the way to

the world of nanostructures was the dis-

covery of the scanning tunneling micro-

scope, which allows us to look at sur-

faces and textures only about ten times

the size of atoms. Surfaces assume cen-

tral importance in this context: “Biology

can actually be reduced to the interac-

tion of surfaces. Organisms only function

THEMA: OBERFLÄCHEN

consists of so-called placoid scales. The animals shed about 20,000 of these per year and grow new ones. +++   On a clear day, one can see about five kilome-

What's more …

When Professor Wilhelm Barthlott observed plants under the scanning

tunneling microscope in the mid-1970s, he was really looking for some-

thing quite different. Prof. Barthlott, a botanist from Bonn, wanted to cat-

egorize plant types by their leaf surfaces. He made his pathbreaking dis-

covery quite by accident. It was not the fact that some plants caused

water to flow off particularly well in the form of droplets, because this

phenomenon had long fascinated other

people before him. The revolutionary

thing about his observation was the

structure of the leaf surfaces. Barthlott

discovered that leaves like those of the

lotus are covered with a landscape of

miniature craters that do not allow dirt

to adhere. The microscopic structure of

curved epidermal cells and wax crystals

measuring only a few micrometers

reduces the surface area to which water

and dirt can cling by more than 90 per-

cent. Any remaining water or dirt is sim-

ply washed off by raindrops.

Together with partners from industry,

Barthlott has since worked on applying

the self-cleaning principle to other sur-

faces such as house façades, roofs, tex-

tiles or paints. An exterior house paint

with the lotus effect has already been

launched on the market, and further

applications are to follow. ”The word is

out that a whole series of products will

be launched this year,“ says Barthlott.

One of his cooperation partners is Degussa. The lotus effect can already

be achieved on polymer surfaces coated with water-repellent pyrogenic

silicic acids from the AEROSIL® product family. Thanks to their morpholo-

gy and size, the particles are able to reproduce the required nanostruc-

ture. The most recent development from Degussa is AEROXIDE® LE 1,

which enables the upgrading of polymers by film coating or injection

molding, for instance.

The Lotus Effect:

Biologist Prof. Dr. Wilhelm Barthlott

from Bonn is considered the 

discoverer of the natural lotus effect

that is being utilized in more and

more products.
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if their surfaces do too. A core problem

is, what is allowed to pass through the

surface, and what isn't,“ Rossmann says.

The further nanotechnology develops,

the greater the chances of success for

bionics, the scientist believes.

People without deeper knowledge often

have a false impression of nature. They

believe that smooth surfaces soil less eas-

ily than rough ones. They believe right-

angled constructions are more stable

than naturally curved ones. And they are

convinced that peachy skin offers less

resistance to water than the craggy vari-

ety. But they are wrong. The plump,

rather shapeless bodies of penguins, for

instance, are the non plus ultra in terms

of streamlining. One day, ship hulls and

submarines might glide through the seas

with optimum streamlining modeled on

penguins. Wolfgang Hasenpusch, an avid

diver and marine bionicist, likes to refer

to sea urchins, whose special lamellar

and grooved structure might help towers

or high-rise buildings to cope better with

strong wind currents. We may also learn

ters across the water surface to the horizon at sea level. Beyond this point, the earth curves out of sight, so to speak. +++  If the atmosphere only consisted

from the sandfish skink, which swims

through desert sand like a fish through

water. Bionicists presume that the scale

structure of this lizard reduces friction

between its skin and the sand. This

mechanism might come in handy for

drilling, excavating or tunnel building.

Natural phenomena like those of sea

urchins, penguins and sharks are sure to

give rise to further technical innovations

in the future. Thomas Rossmann, at any

rate, believes that the symbiosis of biolo-

gy and technology has by no means

reached its peak.  — rei

”Biology can actually be
reduced to the interaction of
surfaces. Organisms only
function if their surfaces do
too.“

Further reading…
The link between nature and technolo-

gy is a fascinating subject that deserves

closer study. Bionics pioneer Werner

Nachtigall and Kurt G. Blüchel, long-

serving editor of the German magazine

Natur, offer a comprehensive insight

into the vast scope of this futuristic sci-

ence in their”big book of bionics“.Their

illustrated volume published in a spe-

cial edition in autumn 2003 not only

offers a multitude of suggestions 

and ideas, but also shows the beauty

and harmony of natural patterns often 

only revealed by special close-up 

photography.

Werner Nachtigall/Kurt G. Blüchel

Das große Buch der Bionik

400 pages, EUR19.50

Deutsche Verlagsanstalt (DVA)

www. botanik-uni.bonn.de/system/bionik

www.tu-darmstadt.de/bitz

www.bionik.tu-berlin.de

www.creavis.de
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To give the roof of the new MINI an

even more distinctive profile, the

designers increased the upright effect of

the windshields and gave the MINI what

looks like wraparound glazing. On the

A-pillar at the transition from side win-

dow to windscreen, this is achieved by

black panels made of high-gloss PMMA.

"We opted for this material because it

works better than any painted finish to

express a glazed look and feel. A painted

surface always has a texture of its own

and never appears so highly polished,"

explains Wolfgang Meyr from the BMW

Group's plastics development team.

More and more automotive manufactur-

ers apart from the BMW Group, particu-

The designers of the new MINI have

given their ‘baby’ clean lines and pleas-

ing curves. The MINI has an unmis-

takeable face, from its cheeky nose to

the compact, square shape. But the

unusual design of the British car also

includes the roof. Unlike in classic lim-

ousines, which have the smoothest

possible transition from hood to wind-

shield to roof, the MINI has steeply

raked front and rear windows. The

designers copied this feature from the

original Mini produced in the 1960s.

That stood out from other cars because

of a further striking characteristic – the

roof was painted in a different color to

the car body, making it a rarity even

today.

Little Black Cover with a Mega Effect
Automotive manufacturers increasingly opt for colored plastic

On a car, all that glitters is
not chrome. More and
more often, manufacturers
like the BMW Group are
incorporating parts made
of polymethyl methacry-
late into their vehicles, for
the spoilers, panels and
window channels. That is
not merely a question of
design, it also reduces
costs and saves weight.
PMMA add-on car body
components are less
expensive to produce and
lighter than high gloss-
coated metal.

SURFACES & OPTICS

of the gases nitrogen and oxygen, which account for 99 percent of its composition, the mean temperature of the earth's surface would be a frosty 18 degrees
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rising demands of automotive manufac-

turers.

Parts with a mechanical function,

such as window channels, must function

perfectly even after a thousand actua-

tions, in continuous rain and fluctuating

climates. For materials development, this

means ensuring the perfect interaction of

the different material properties, tailored

to the individual application.  — rei
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below zero. +++ 9.5 percent of Germans wear tattoes. +++ Germany has an average population of 231 people per square kilometer. Singapore has 

“It provides a deep black 

effect impossible with any other 

plastic.“

”Our material is destined to shine.“

Horst Scheiffelen, WKW-Kunststofftechnik Rüthi

Tony Halbländer, Degussa Molding Compounds Business Line

larly those in the medium-range to lux-

ury segment, are choosing the high-

quality plastic to realize their design

objectives. "Design is increasingly

important in cars, and add-on parts

made from PMMA can supply distinctive

touches. Apart from that, PMMA con-

veys a feeling of class that is difficult to

achieve with other materials," says Horst

Scheiffelen, Technical Director of WKW-

Kunststofftechnik Rüthi. This company

manufactures the A-pillar covers from

PLEXIGLAS® molding compound, and

recently received the prestigious SPE

Automotive Division Award of the

Society of Plastics Engineers (see article

on page 4) together with Degussa and

MINI.

Yet design is not the only factor driving

the use of PMMA by automotive manu-

facturers. Since the components are

easier to fabricate, they are also interest-

ing in terms of cost. "With our colored

molding compounds, products can be

manufactured in just one step, without

any subsequent high-gloss coating," says

Tony Halbländer, the responsible project

manager for non-transparent automo-

tive applications in Degussa's Molding

Compounds Business Line. As a pleasant

side effect, the molded-in color of the

parts makes scratches practically invisi-

ble. Up to a certain depth, they can be

completely removed by polishing. The

use of PMMA has a further crucial

advantage for automotive manufacturers

– PMMA add-on parts save weight.

Not only pillar covers, but also win-

dow channels, spoilers and sliding roof

panels can be made from PMMA. WKW-

Kunststofftechnik Rüthi is presently

developing entire roof segments that can

be removed for an open-air feeling.

PLEXIGLAS® molding compound is the

material of choice for this automotive

supplier, being weather-resistant and

easy to color. What's more, it looks

particularly stylish. "It provides a deep

black effect impossible with any other

plastic," says Scheiffelen. "Our material

is destined to shine," adds Tony

Halbländer. Almost any color can be

produced.

Degussa works together closely with

BMW and WKW when looking for the

suitable molding compound grades with

the required properties. The products

are continually developed to satisfy the

The (PMM)Acover on the MINI

www.wkwktr.ch
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as we register the fact that something

feels good, our brain has already kicked

in and formed our first impression. Then

it's too late for pure feeling,“ the

researcher says.

Surfaces for Luxury Pens

Polymethyl methacrylate (PMMA) is

one of the materials preferably used for

high-end writing instruments. Many

manufacturers of premium fountain

pens have long selected PLEXIGLAS®

molding compound as the suitable

material.

Writing with these luxurious pens

incorporating gold and stainless steel is

often a very special experience, and

PLEXIGLAS® molding compounds have

long contributed to this feeling of per-

fection. ”We have made extensive use

of PLEXIGLAS® molding compounds 

for high-class writing instruments since

the late 1970s,“ Obersteller says. Studies

prove that this material offers a gloss

and polish that can rarely be achieved

with other plastics. The material does

not take the occasional scratch amiss

because the handle practically polishes

itself, the Pelikan scientist says. “We

receive an enormous response from

consumers about this material in partic-

ular. They tell us it feels so pleasant.“ 

He himself can only speculate why:

“PLEXIGLAS® molding compound lies

well in the hand and feels pleasantly

warm to the touch. It gives a feeling 

of comfort." Just like the little boy at

school who would rather write with 

his own pen than swap with his 

pal.  — jor

Udo Obersteller, Director of the

Research and Development Department

at Pelikan in Hanover, devotes much

more thought to when and why a foun-

tain pen is pleasant to hold. ”Our

ergonomists say the fingers must have a

good grip on the pen.“ The diameter of a

fountain pen should be no less than one

centimeter. Pelikan uses textured

indents and molded grips to improve the

hold on the pen and stop the fingers

from slipping. To show children how to

hold the pen properly, school pens are

often marked with dots to guide place-

ment of the thumb and index finger.

”The handles of our pens for children

are usually rubber-like,“ Obersteller

explains. Even with the same material,

each person has a different subjective

feeling when holding the pen. “The feel-

ing of touch is very subjective. As soon

SURFACES & HAPTICS

6,051 and Australia 2.5. +++   The surface of the new Adidas European Championship football, the Roteiro, is no longer made of leather, but of a seamless syn-

A Firm Grip
Writing instruments and the sense of touch

“Yours feels funny,“ says
the little boy in first year
at school, after swapping
fountain pens with his
friend. He is in no doubt
that his own pen feels
much better. Without real-
izing it, the little boy has
just taken part in a haptic
experiment and learned
something about the sci-
ence of touch.

“PLEXIGLAS® molding compound 

lies well in the hand and feels pleasantly

warm to the touch. It gives a feeling 

of comfort.“   

Udo Obersteller, Pelikan

www.pelikan.de

Photo: Pelikan
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SURFACES & FUNCTION

tactic PU material. +++   Touch is the first sense with which humans perceive their environment. Fetuses already train their sense of touch in the womb.

perFormer: The development of nanotechnol-

ogy is inspiring researchers and scientists

around the globe. Similar developments are

also underway with PLEXIGLAS® molding com-

pounds. What do you expect from this

research?

Dr. Albrecht: Nano is the research buzz-

word of the moment. If we succeed in

turning these findings into practical

applications, we will be able to further

improve the properties of a material like

PLEXIGLAS®. Just think of the lotus

effect, which makes the plant's leaves

dirt-repellent. This is due to the special

structure of the leaf surfaces, which

consist of tiny cones of wax resin invi-

sible to the naked eye, that shrug off

water and dirt. 

What's really new about nanotechnology?

Dr. Albrecht: The dimension we are deal-

ing with. Nanostructures are found in a

region no longer visible to the naked

eye. One nanometer is the millionth of a

millimeter, only ten times bigger than an

atom. Nanotechnology has made it possi-

ble to discover structures that play a

major role in the natural effects used by

animals or plants.

How can these findings be put to 

practical use?

Dr. Albrecht: Apart from the lotus effect

that theoretically makes it possible to

obtain non-soiling surfaces, the 

moth's-eye effect is also very promising. 

Moth's eyes have a special bump struc-

ture with an anti-reflective effect. That

means there is no light loss, nor is any

light reflected like with cat's eyes. 

PLEXIGLAS® in itself is already highly

transparent, but eight percent of light is

still lost due to reflection. If we succeed

in reproducing the moth's-eye structure

on PLEXIGLAS®, that will lead to a

dramatic improvement in luminous effi-

ciency.

How can such structures be transferred to 

surfaces?

Dr. Albrecht: There are various methods.

Either the structure is mechanically

reproduced on PLEXIGLAS® using 

technical processes like injection-

compression molding, or a coating can 

be applied with the same effect. The 

challenge is to make the structure durable.

If it gets scratched, the effect is lost.

Are there other applications for nanotechnol-

ogy apart from surface effects?

Dr. Albrecht: Yes indeed, and very inter-

esting ones at that. We are working to

achieve a significant increase in the elas-

tic modulus of PLEXIGLAS® by means of

nanotechnology. This increase can be

obtained by incorporating invisible

nanoparticles for enhanced rigidity.

Another exciting area is that of electrical

conductivity. So far, we have been able

to make PLEXIGLAS® electrically con-

ductive by incorporating or applying soot

particles. But the required proportion of

up to 15% soot reduces the material's

transparency. If we manage to embed

smaller particles and distribute them

evenly throughout the material, we can

achieve the same effect with much less

soot. PLEXIGLAS® would then be both

transparent and conductive, with greatly

enhanced properties for use in touch

screens, for instance. 

When do you expect the first applications to

emerge from this field?

Dr. Albrecht: Since this is a high-priority

field of research, I can imagine the first

products may be ready for market launch

in three to five years.  — rei

Nanoparticles Revolutionize Science
Nanotechnology and its possibilities 

Nanotechnology is the sci-
ence of the future.
Researchers all over the
world are working at top
speed to develop applica-
tions with particles sized
one millionth of a millime-
ter. That also opens up
entirely new perspectives
for plastics such as 
PLEXIGLAS®, as the
Research and
Development Director
outlines in this article.

Interview with 
Dr. Klaus Albrecht,
Director R&D, Molding
Compounds Business Line
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Werner Höss, Technical Service Director

Molding Compounds, is absolutely in his

element when he talks about the new

technology: ”Our new injection-com-

pression molding machine enables us to

replicate even the tiniest structures on

the surface of our PLEXIGLAS® molding

compound.“

Unlike conventional injection mold-

ing, by which the melted molding com-

pound is injected into a hollow mold

where it solidifies, the injection-com-

pression molding machine contains a

compression unit. This exerts pressure

on the melt in the mold as soon as the

material starts to cool and contract. ”Not

only can we manufacture extremely pre-

cise end products with low inherent

stress, we can also reproduce textures

down to thousands of a millimeter with

great accuracy,“ Werner Höss explains.

Suitable candidates for injection-

compression molding are optical applica-

tions for cell phones or cameras, whose

displays often impair the view when

only a little light enters from the side.

Fine surface structures reduce reflection

and increase the transmission of light.

These properties are essential for

speedometer covers, optical waveguide

systems in flat-screen monitors or in

applications for Fresnel lenses.

The experts from technical service

and market development work closely

with customers to find the suitable solu-

tions. At the technical center in Darm-

stadt, they develop the relevant package

made up of tailored PLEXIGLAS® mold-

ing compound, suitable molds and effi-

cient fabrication techniques. Other injec-

tion-molding or expansion-compression

processes can be employed as well,

including thermal processes. These lead

to even better feature replication if the

melted compounds are processed in tem-

perature-controlled molds. ”By using

dynamic forms of temperature control,

we can achieve even better replication of

surface detail and more delicate struc-

tures,“ says Höss.  — rei

Compression Makes All the Difference
Injection-compression molding offers more accurate mold surface 

reproduction – new technical center in operation

Injection-compression
molding opens up com-
pletely new dimensions in
plastics technology, offer-
ing even more accurate
moldings and minute sur-
face structures right down
to the micro and nano
scale. For optimum results,
it takes the corresponding
know-how, the requisite
molds and optimized
processes, as well as the
right molding compound
grades. At the new techni-
cal center for injection-
compression molding in
Darmstadt, the business
line experts look for solu-
tions together with cus-
tomers.

SURFACES & TECHNOLOGY

+++   In the Middle Ages, European rulers strengthened their position of power by touching their subjects. At the same time, regal energy was believed to

Precise structures down to nano level

– injection-compression allows for

precise reproduction of edges and

corners, providing better light diffu-

sion in luminaires, for instance.
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flow from the ruler's hands to the subjects. +++  Haptics is the science of touch. It is used to describe the feel of a textile, for instance. +++   The spiral track

What's more …

Conventional injection molding is known to enable the manufacture of plastic parts of com-

plex shape and practically any size in a one-step process. Little subsequent treatment is

required and large quantities can be produced in a short time. But there are limits to the

accuracy of surface detail reproduction because the melt is injected into rigid molds, where it

subsequently contracts to a certain extent during cooling. Injection-compression molding

technology makes it possible to compensate for this volume shrinkage. Here, the melt is

injected into a partially open mold that only closes during cooling. At the same time, regular

pressure is exerted on the melt during a compression phase until the molding has cooled

and assumed its final shape. The material can no longer shrink and the feature replication is

much more accurate than with injection molding.

Whereas in injection molding the part is shaped solely by the injection pressure, in injection-

compression molding, this is done not by the injection unit but by the clamping force of the

mold. That enables a lower injection pressure and clamping force. The interior pressure is

therefore much the same in all parts of the molding. That makes it possible to largely avoid

orientations and warpage of the moldings.

The injection-compression molding process is particularly suitable for long, flat parts with an

unfavorable wall thickness/flow path ratio, and for parts with a tendency to warp. It also

enables the precise reproduction of micro- and nanostructures. Mold surface reproduction

can be further enhanced by cyclic temperature control of the molds. For this, the compres-

sion tool is heated to ensure that no "frozen-in" boundary layer forms between the mold and

the liquid melt, which would prevent precise reproduction of the surface structure.

The Future Belongs to Injection--
Compression Molding
Innovative process for superior-quality moldings By Werner Höss

Injection-compression
molding is the order of
the day for anyone inter-
ested in obtaining opti-
cal lens configurations or
moldings with highly
precise geometries. This
technology offers a num-
ber of advantages over
conventional injection
molding. Werner Höss,
Technical Service
Director in the Molding
Compounds Business
Line, presents the
process here.

Parts of the Maybach taillight

assembly are also manu-

factured by means of injec-

tion-compression molding.

The picture shows Werner

Höss,Technical Service

Director, in front of the 

new injection-compres-

sion machine.
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Window frames tend to be available in

mundane colors like white, black or sil-

ver at most. Although building contrac-

tors and architects are plucking up their

courage and now frequently opt for col-

orful roof tiles and façades, at least,

white still tends to be the first choice for

plastic window frames. Yes, white is safe

and easy, albeit a trifle boring. But help is

now in sight…

The window profiles offered by

profine/TROCAL in Troisdorf are coex-

truded. Inside, they are made of PVC,

with colored PLEXIGLAS® on the out-

side. ”The profiles not only look smart

and stylish, they offer the toughness

you'd expect of the material,“ says pro-

duction manager Rolf Heidger. From the

Mediterranean to cooler climes, the

coextruded windows can cope with

almost all winds and weathers. ”The pro-

files can be used everywhere, with a few

exceptions.“ To guarantee their benefits

under extreme conditions, the profiles

are intensively tested in southern Spain,

the south of France and the desert of

Arizona. To pass the practical test, the

material has to withstand 40 – 50°C,

violent sandstorms and almost perma-

nent sunlight for five to ten years with-

out showing signs of weakness. The

main prerequisite is colorfastness. Nor

should the profiles show any changes,

because one of the advantages of the

colorful frames is their durability.

High-Quality Surfaces

Although the classic plastic windows

made from PVC are still the norm, coex-

truded profiles are making inroads into

new areas. “The acrylic surface offers the

highest quality in technical terms, you

can see and feel that straight away,“ 

says Heiko Braun, Marketing Manager

TROCAL profile systems. A variety of

colors are already on offer, and more are

being developed. Shades of brown, green

and gray are standard so far.

The colored TROCAL AcrylProtect

profiles are on demand in private, public

and commercial buildings. Austria is one

example. The director of the Austrian

residential building company “Schönere

Zukunft“ (Brighter Future), Reinhard

Muschl, opted for coextruded profiles

years ago. He first had TROCAL Color

windows installed in a residential unit in

Vienna in 1989. Today, he feels vindicat-

Colorful Prospects
Good-looking, easy-care coextruded window frames and eaves gutters

Color can be refreshing,
especially on gray and
gloomy winter days. When
color is combined with a
material that is tough,
extremely scratch-resist-
ant and easy-care, all the
more reason to use it in
buildings. Innovative plan-
ners looking for harmo-
nious designs for roofs
and façades find bright
ideas and high quality in
coextruded profiles with 
a top coat of colored
PLEXIGLAS®.

SURFACES & PROTECTION

on the surface of a CD is about 6.4 km long and 0.0005 millimeters wide. +++   Leather is classed in different qualities depending on the type of animal and

What's more …

Coextrusion, ”painting without a paintbrush,“ starts with

two materials and ends up with one. It enables perfect

surface upgrading of plastics with polymethyl methacry-

late (PMMA) and all its attendant advantages. Coextrusion

durably combines plastics of a different or similar nature.

The materials are separately melted and combined in a

profile die, where they fuse into a homogenous and

inseparable composite before leaving the die. Unlike most coextruded composites of a

different nature, the coextrusion of PMMA and rigid PVC calls for no adhesion promoter.

So there are no cavities or joints, just a homogenous union of materials. The coextruded

PVC profile requires no further treatment. That is a major advantage over processes entail-

ing subsequent coating or lamination. PVC and PMMA are highly compatible, but combi-

nations with other plastics like ABS are no problem either.

Coextrusion: Painting without a Paintbrush

The high-quality PMMA topcoat

becomes inseparably fused with the

underlying plastic layer during 

coextrusion.
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ed and is full of praise for the material: 

”I still have every faith in the acrylic

surface of the windows. Our tenants are

very happy with the quality and easy-

care properties of their green frames.“

Colored Downspouts

There are also matching coextruded

eaves gutters and downspouts for those

architects whose appetite for color

extends beyond doors and windows.

“They create façades with a unity,“ says

Dieter Schulze at Marley, a manufacturer

of plastic systems for construction and

renovation from Wunstorf in North

Saxony. Colored gutters and downspouts

are mainly in demand for private build-

ings. Here too, they consist of PVC with

surface texture, such as nappa, suede, nubuck or buckskin. +++   The melting point of a Teflon-coated pan is 300 – 350°C. +++  The first close-up picture of

an acrylic top coat, in red, blue, green or

other hues. More and more often,

durable and environmentally friendly

copper or zinc-colored systems are used.

Thanks to coextrusion, at first glance they

are difficult to distinguish from metal.

The perspectives by no means end

there. Peter Battenhausen, Market

Development Business Segment Optics &

Surfaces in the Molding Compound

Business Line speaks of developing a

PMMA molding compound that can be

combined with polystyrene in thermo-

formable coextruded sheets. Here too,

the product's strength lies in the tough,

smooth, easy-care surface and durable

color. Looking to the future, Batten-

hausen says there are “possible applica-

tions in sanitaryware and furniture

surfacing.“ — thz

High-quality surfaces for window

profiles: Coextruded profiles are avail-

able in many colors.

www.trocal-profile.de
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With a surface area of up to two square

meters and a weight of 10 to 15 kilo-

grams, the skin is not only the largest

human organ, it is also a medium. It is

a receiver of signals, communication

surface and history book all rolled into

one. It is also a self-mending protective

shield. Each square centimeter consists

of three million cells, 100 sweat and 

15 sebaceous glands, four meters of

nerves, one meter of blood vessels and

several dozen receptors for heat, cold,

pressure or touch.

The electron microscope reveals the

three layers of the skin. Outermost is

the wafer-thin epidermis, in the middle

the three-millimeter thick, elastic der-

mis and below it the subcutaneous

layer that stores fat.

Self-Protection and Regeneration

The epidermis consists of interlinked

horny cells, and protects our organism

from mechanical and chemical influ-

ences as well as protecting the skin lay-

ers below. These hide the many func-

tions that make our skin a medium.

Because the horny layer is exposed to

wear and tear, the germinal layer below

it provides a permanent supply of new

cells.

The hydrolipidic film produced by

the sebaceous and sweat glands pro-

vides additional protection. This film is

water-repellent and also acts as a barri-

er for bacteria and fungi. Should

pathogens nevertheless penetrate the

skin, they are trapped and eaten up by

the outposts of our immune system, the

Langerhans cells. Our skin never sleeps.

The Fascination of Skin

The impression we get
when we look at a perfectly
focused, extremely enlarged
meter-high photographic
portrait is overwhelming. It
is the skin that so attracts
and sometimes appalls us.
Enlargements mercilessly
show up every wrinkle, scar
and pore, patch of stubble
and blotch of red. After we
have adjusted to the initial
shock of this landscape
effect, our bewilderment
gives way to fascination.

the hot surface of Venus was transmitted to Earth in 1975 by the Venera 9 probe. +++ Fingerprinting was used in Egypt and China 2000 years ago. Suspects

Whether appalling or attractive, skin is a surface with a very special character



perFormer 04.1 19

were identified by their fingerprints in civil proceedings. Each individual has unique fingerprints. Even identical twins have different ridge patterns. +++

Skin as a Receiver of Signals

Skin is a gigantic switchboard that

assesses incoming information and puts

it through to our inner organs. Each

square centimeter of skin contains

about 200 pain receptors, 13 cold and

two heat receptors. The latter are close-

ly linked to the brain and nervous

system, and keep our body at a healthy

operating temperature. When we sit in

a sauna at 90°C, they tell our two to

three million sweat glands to produce

liters of sweat that cool us by evapora-

tion. And when we ski at temperatures

of minus 30°C, the cold receptors make

us shiver until our body has produced

enough heat again. Special receptors in

the dermis and epidermis tell us that 

an angora jumper feels soft and a

thumbtack feels sharp. Our skin is very

attentive.

Skin as a Communication Surface

We are often reluctant to believe how

much our skin mirrors our feelings. 

But there it is: red blotches betray

stress, pale skin says we're tired. In

embarrassing situations, our blood 

vessels dilate and we go bright red. Our

skin is incapable of dissimulation.

Skin as a History Book

Skin shows whether a person has spent

decades working on a fish trawler or in

an office, whether someone was and is

happy. Although skin does regenerate,

it never forgets a thing. And that is why

the dermatological realism of a pho-

tographed human face speaks such a

dramatic language. — aj

Skin is a sensitive switchboard that

assesses incoming information and

transmits it to our inner organs. Each

square centimer of skin contains

about 200 pain receivers, 13 cold and

two heat receptors.

www.medizinfo.de/hautundhaar
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