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A Polymorphous Plastic

What is VESTAMID?
It's the first
high-performance
plastic that can

do everything



A Master of
Metamorphosis

It's used in everything from sports shoes and underwater oil lines to medical appliances, ski surfaces and

Decorative layer for skis

Fiber-optic cables
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toothbrush bristles—everyone has some contact with Vestamid, the “multitalented” high-performance plastic

longs to the class of polyamides—which also
includes the well-known fibers nylon and
- Perlon, which wrote fashion history during

TEXT KLAUS JOPP

WHAT DO tiny gear wheels, petroleum

pipelines, and modern carving skis have in

common? All of these products consist at

least in part of VESTAMID from Evonik In-
- dustries AG. VESTAMID is a plastic that be-

roH

Germany’s “economic miracle” era. Today
Evonik is the world's largest manufacturer
of polyamide 12, which is also designated
by the chemical abbreviation “PA 12”". The
“12" stands for the number of carbon atoms
in the initial building block, which is called a
“monomer.” In the case of PA 12, this mono-
mer is a compound with the difficult name
« laurinlactam, which Evonik manufactures
& itselfusing a multi-stage process at the Marl
E Chemistry Park. “We're profiting from our
£ back-integrated production here,” says Mi-
% chael Beyer, Vice President Market Devel-
¢ opment High Performance Polymers (HP)
¢ at Evonik.
£  With its special nomenclature, formu-
% las, and symbols, the field of chemistry is
g for many an unfamiliar world, and for some
E even inaccessible. And yet it plays a domi-
% nant role in our everyday lives: At home or
S ontheroad, while enjoying sports and other
z pastimes, orin medicine and technology, we

Gas pipes

|

Michael Beyer is
Vice President
Market Development
High Performance
Polymers at Evonik
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How much VESTAMID isinacar? /

Decorative film for Door lock casing of plastic-rubber
exterior and interior composite
trim

Bowden cable
sheath

Plastic optical fiber sheath
Fuel filter

Windshield washer lines

Windshield wiper bearings

Vacuum lines
for power brake

Plug-in couplings
for fuel systems
Hydraulic

clutch lines )
Metal brake lines

coated with VESTAMID

Multilayer gasoline lines,
or high temperature-resistant diesel lines

Compressed-air Multilayer coolant lines

suspension lines

PHOTOGRAPHY /ILLUSTRATION: EVONIK INDUSTRIES, PHOTOMONTAGE: PICFOUR

S: VESTAMIDiis used especially in single- and multi-layer cable and pipe systems, such as fuel lines, but also in
olded produgtslike bearings for windshield washer systems. This and other plastics from the same polyamide family are used
VESTAMELT is used.to bond textile parts and seat heaters; the coating powder VESTOSIXNSI;EeIps to ensure

iMID is used for injection-molded parts that.are subjected to mechanical and thermal stresses, such as the

Pneumatic brake line




are surrounded by materials and solutions
that owe their existence to the inventiveness
of chemists. This is especially true of poly-
amide 12 from Evonik, a plastic with a vari-
ety of properties that make it suitable for a
very broad range of uses. The attributes of
the polyamides are determined to a signifi-
cantdegree by the concentration of the am-
ide groups in the macromolecule. The am-
ide group, a special constellation of atoms
of the elements carbon, nitrogen, oxygen,
and hydrogen, is the linking point at which
the monomers are joined togetherin along
chain. This structure holds the secret of the
polyamides, because the chains are linked
to one another by special bonds—chem-
ists refer to them as “hydrogen bridges.”
These help explain the desired character-
istics, which include strength, chemical re-
sistance, and a high melting point.

In PA 12, the concentration of the am-
ide groups is the lowest of all the commer-
cially available polyamides—and this special
feature gives the Evonik plasticits very own
characteristic set of properties. “And that
definitely includes the very high resistance
to fats and oils, fuels and hydraulic fluids,
solvents—and even solutions of salts such as
zinc chloride, which can cause stress cracks
in other plastics,” reports Beyer. Thisis why
Evonikis the leaderin the global market for
plastic systems used in multilayer fuel lines;
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Plastic developed for
2,000 meters under water

the exterior layer of such lines always con-
sists of the tried-and-true material VEST-
AMID. For the inner layer and the barrier
between the layers, there are various solu-
tions—now for biofuels as well, which are
known to be particularly demanding. The
new types of fuel line systems are tested un-
der the harshest conditions: Gasoline at 80
°Celsius, consisting of up to 85 percent ag-
gressive ethanol, is pumped through them
for 5,000 hours. A direct comparison has
shown that the condition of fuel lines sub-
jected to these stresses remained unchanged
from that of new lines.

IMMUNE TO THE EFFECTS OF
OIL AND SALT WATER

Extreme conditions also are prevalent in
offshore oil production: The salt water is
as corrosive as the oil itself; and the equip-
ment must also contend with factors in-
cluding pressure and temperature, which
play a major role at underwater depths of
2,000 meters and more. The famous Lloyd’s
Register has given the modified material
(VESTAMID LX9020) its “blessing,” so it is

VESTAMID is used as a material for lines in
offshore oil production—where both strength
and flexibility are needed

approved for use in the production of flex-
ible oil transport lines. “Several years of re-
search and development went into achiev-
ing this major goal. The new material is
based on our VESTAMID polymers for fuel
and brake lines, which are both big suc-
cesses in the automotive sector,” explains
Dr. Christian Baron, Vice President Strate-
gicProjects at HP.

These materials are processed in an ex-
truder at 250 °Celsius. At this temperature,
however, their viscosity had previously not
been high enough for the new application. In
the extrusion process, the plastic is melted
by applying heat and then pressed through a
dieto give it the desired shape. Making pipes
of a larger diameter therefore requires use
of a molding compound that has a much
higher melt stiffness. Ultimately it was pos-
sible to “grow” a new type of molding com-
pound that gives VESTAMID the requisite
melt stiffness, without any loss in mechani-
cal strength. And the strength is absolutely
essential. Without it, it would be impossi-
ble tolay the lines in one piece from produc-
tion platforms at the water surface down to
aborehole ata depth of 2,000 meters. With
these lines, it is necessary to achieve the
proper balance between mechanical stabil-
ity, sufficient flexibility, and long service
life. In offshore applications, for example, a
service life of over 20 yearsis required. And

15



16

SHAPING VESTAMID

EVONIK MAGAZINE 2/2009

New designs from the

chemistry lab

VESTAMID LX9020 has yet another ad-
vantage to offer: The material is very stable
when processed and can be extruded right
from the package, without further pretreat-
ment and without predrying.

It is also possible to use PA 12 for gas
pipes, which in municipal gas mains have
to withstand pressures of between ten and
20 bars. At present, all existing gas mains
are made of steel. In cooperation with op-
erators of gas distribution networks, Evonik
has now demonstrated the suitability of PA
12 for this application in long-term tests.
The pipes designed for these purposes
have an outside diameter of 110 millime-
ters and a wall thickness of ten millimeters.
“Ifyou consider that stability and flexibility
are prominent features of the VESTAMID
pipes, they are also very well-suited to ‘re-
lining," which is a method of refurbishing
pipes from the inside,” says Baron.

There also are very challenging demands
to be satisfied on ski slopes—especially due
to the crowded conditions around ski lifts.
To ensure that skis and snowboards retain
theirattractive appearance, their outermost
layer consists of a durable VESTAMID dec-
orative film. The material also shows offits
“sporty” side in running shoes—in this case,
the utmost performance is required of the
material used for soles, in particular.
Polyamide 12 elastomers have provenideal

forachieving the required balance between
strength and damping—the PA components
create the right hardness, while soft poly-
ether elements absorb impacts and pro-
tect the joints of the person wearing the
shoes. The right degree of resilience also is
required in toothbrush bristles, which are
made of VESTAMID D (a polyamide 612,
which is produced from different starting
compounds than those of PA 12). Automak-
ers use a very similar material for hydrau-
lic lines and plug-type connections (quick
connectors) for such systems. These prod-
uct examplesillustrate the broad range cov-
ered by the polyamides.

RAISING THE MELTING POINT

The creative “designers” at Evonik use two
adjustment mechanisms to endow their
plastics with theideal properties for the task
in question. Using the chemical modifica-
tion approach, they can insert other com-
ponents into the polyamide chains, which
by their nature always consist of the same
links. Forinstance, catheters used in medi-
cine consist of a PA 12 in which short-chain

Until now, gas pipes have been made of steel;
today engineers can lay flexible VESTAMID
pipes that are no less sturdy

polymers are integrated. “Catheters have
to be stiff enough when being inserted, but
once they are in the body they have to be
very flexible and rather soft, to ensure that
they don't injure the blood vessels,” ex-
plains Beyer. This balancing act is accom-
plished by achieving a glass transition tem-
perature of about 38 °Celsius, meaning
that the change in properties is triggered
through body heat. For some tasks, plastics
must be made more thermally stable. The
“design kit” of chemical building blocks can
offer help here too—the melting point rises,
for example, as soon as aromatics or short-
chain amides are inserted into the chain.
This was the technique used to create
VESTAMID HTplus, which will only melt
at temperatures above 300 °Celsius. It can
therefore be used for parts that are subject
to high temperatures in the engine com-
partments of automobiles, for example. In
recentyears automotive engineers have im-
proved vehicle features that boost pedes-
trian safety, while preventing aerodynamic
drag fromrising. The reduction in available
space under the hood caused a significant
increase in the temperature around the en-
gine. “We have to respond to this trend with
our materials,” arques Beyer. And VESTA-
MID HTplus also is appropriate for applica-
tions in which there is direct contact with
drinking water and food. Thanks to its high



Siemens fiber-optic cable’

The plastics market

SYMBOLS AND FORMULAS: High-temperature o PEAK PERFORMANCE
Chemistry has developed its plastics A diverse group of plastics for spe-
own language for the complex cial applications in automotive
world ofgmog{ecules; itis P 250,000 tonnes/y:ar COﬂS’EFUC’[iF()ﬁl, aerospace, medicine,
defined by the International €10-100/kg and household products, these
Union of Pure and Applied materials can be used at operating
Chemistry (IUPAC). PVC, for temperatures of over 300 °Cel-
example, stands for polyvinyl sius. The group also includes PEEK
chloride, and PET means and PPA from Evonik. These plas-
polyethylene terephthalate. tics have special properties and are
Often the abbreviations are also frequently lighter and cheaper
used in place of these complex Pi:  PEI than other materials.
terms. At the same time,

trade names like PLEXIGLAS PMI
are also used (for polymethyl PES Among other materials, the struc-
methacrylate, PMMA). tural plastics include polycarbon-
PMMI ate (PC), which is used to make
PSU CDs and other data-storage discs.
PAR The large family of polyamides
(PA) is used primarily in mechani-
Transp. PA i cal engineering and for pipes, ca-
Structural PA 612 bles, and f'|bers. PET is increasingly
plastics mas being used to make bottles.

5,700,000 tonnes/year PMMA PA 6/PA 66

€3.50-15/kg PC Inexpensive plastics are used in many
everyday products. Polyethylene
(PE), for example, is used to make
plastic bags, and polystyrene (PS) is
found in plastic foam or yoghurt
cups. There is also a great deal of
Standard diversity among the polyure-
plastics thanes (PU), which are used

131,000,000 to make paints as well as
tonn'es/y'ear mattresses and shoe soles.

€2-8/kg

PHOTOGRAPHY: EVONIK INDUSTRIES, PHOTOMONTAGE: PICFOUR, ILLUSTRATION: DR. DIETER DUNEKA

THE PLASTICS PYRAMID: There are many varieties of “plastic.” They can be sorted according to their capabilities, their price per kilogram, ortheir
internal structure. The molecules of amorphous plastics (left side) are entangled like cooked spaghetti. In contrast to this, however, chainmoleculés can also
sometimes lie parallel in places—like spaghettiiina package. Such plastics are crystalline (right side). Plastics for mass-produced articles, like polyethylene

for plastic bags, control over 95 percent of the market. Structural plastics like polyamides account for approximately four percent. The extremely heat-resistant
plastics at the top of the pyramid represent less than one percent of the total amount of plastic produced, but their price is by far the highest.
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Carbon fibers

Physical additives
a8

Electrically conductive plastic—housings
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Impact-resistant, mechanically stable
plastic—athletic equipment, medical prod-

The plastics construction kit

Chemical additives

Hard plastic—toothbrush

Plastic with high melting
point—fuel lines, filters,
switches and housings

Aromatics

4 2 a &

Nanotubes for measuring instruments, telephone and . bristles, hydraulic clutch Cé6/polymers
radio parts, fans for electric motors Low-.fnctlon_, _thermally stable lines
plastic—precision components
— ————— for gear systems, gear wheels,
B TR = S .—.—. and worm gears
TR T =" Very rigid plastic—snap connectors
Long glass fibers  for fuellines . . .
Temperature-resistant
QR_ow R plastic—electronic parts, Aromatics
._._. . . . . drinking water pipes
q Low-friction plastic—tracks, &2 2& . &2
Teflon/graphite sliding bearings Very soft plastic with low
melting point—flexible
tubular films for impact-resistant afa
auaRl | o wen ubylrth 8-8-8
R S e
nan 2& 2& nn Very soft plastic—packaging films, printed decorative films ‘
. Plasticizers e e e [ = o Polyethers =
Mechanically stable, transpar- L]
3 a-a-0 fent plastic—eyeglass lenses and q
o n . . rames, medical equipment
3 Mechanically stable plastic—housings
2 Glass beads for gears andyshift valces, gear wheelgs, o, o, o, . . . ; L 3
<< u . = u) - I
= - pump parts .,%.é.%. Plastic with low melt- .
oG, oz Impact-resistant plastic with high ing point—thermoplastic . :
5&% .—.—. meliting point—colr’nponents for uge adhesive Short amides
e i e S R in automobile engine compartments —
Short glass fibers :?rpfﬁ_ﬁ::'smm plastic—plug connectors

Polyamide 12/Vestamid

ONE BASIC MATERIAL WITH MANY VARIANTS: Chemists at Evonik have developed a whole range of plastics with tailored properties based

on the polyamide 12 with the trade name VESTAMID. In general, there are two approaches to creating such new materials: On the one hand, additional
polymers can be integrated chemically into the base plastic (right column). On the other hand, the desired attributes of the materials can also be
achieved by physical modifications (left column)—e.g., admixture of glass fibers, Teflon, or graphite. For special requirements, it is also possible to use
both approaches (compounds in the middle). In this way, Evonik can satisfy almost all customer needs with various VESTAMID types.

ucts, aerospace components
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dimensional stability and wear resistance,
the product also is a first-rate material for
the electronics industry, where the ongo-
ing trend toward miniaturization is making
ever greater demands on raw materials.

Making use of the available range of
polymer building blocks is one possibil-
ity; the other option involves physically
influencing the properties of a material.
Evonik has a wide range of tactics avail-
able here also: Glass and carbon fibers in
various lengths; glass beads; fillers like
Teflon, graphite, and mica; carbon black;
emollients, and flame retardants all help
to improve mechanical stability, stiffness,
or durability. Bearings and screws, for ex-
ample, should ideally operate without any
friction—a “pinch” of Teflon or graphite en-
sures outstanding antifriction properties.
Housings of switches, lamps, and other de-
vices must be electrically conductive to
ensure that static charges do not build up.
Differences like this have the potential to
trigger sparks, and thus even explosions,
in chemical systems—which is why the an-
tistatic equipment is so important.

So far, the basis for the various types of
VESTAMID has been the use of butadiene,
a hydrocarbon produced from petroleum.
In the interest of sustainable development,
Evonik has augmented its polyamide family
with anew group named Terra, which com-
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A pinch of Teflon can

prises materials based partially or entirely
on renewable raw materials. The parent
compounds required for these materials are
made from castor oil. This oil is extracted
from the seeds of the flowering plant of the
same name, which is mostly native to tropi-
cal and subtropical countries. The countries
that grow the most castor oil plants are In-
dia, Brazil, and China.

THE GAME GOES ON

Onthe otherhand, Evonikisalso strengthen-
ing its production capacity for laurinlactam.
Asrecently as 20006, the facilities at the Marl
location were expanded to 26,000 tonnes
per year. And work is now underway on
another expansion to be completed in mid-
2009. Evonik is investing millions of euros
in this increased production capacity.
“We're taking the steps that are neces-
sary to bolster our leading position in the
global market for polyamide 12,” says Dr.
Klaus Engel, Chairman of the Executive
Board of Evonik. The world of polyamides
opens up a tremendous range of possibili-
ties, which is why Evonik supports its cus-

P &N

“Achieving major goals”: Dr. Christian Baron
is Vice President Strategic Projects in the
business unit High Performance Polymers

do the trick

tomers with a comprehensive range of ser-
vices—from the initial design to completion
of the product in series production. “That
includes state-of-the-art equipment for in-
jection molding, extrusion, plastic-rubber
composites, and fiber production,” explains
Beyer. The analytical labs of Evonik are like-
wise open to these customers. The close co-
operation between the materials specialists,
on the one hand, and the producers, on the
other, is indispensable today; this is where
new ideas for solutions are born. And we
know with certainty that the range of pos-
sible uses of VESTAMID has not been ex-
haustively explored by any stretch. So the
“game” with the chemical building blocks
goes on.

SUMMARY

« Evonik is the largest manufacturer of the
“polyamide 12" VESTAMID, which is
produced in Marlin a multi-stage process.
» VESTAMID has a broad range of
properties and is used in everything from
sports shoes to offshore oil lines.

« The variety of special-purpose features
can be achieved in the lab through
chemical and physical modifications—the
plastic is thus designed to fit the need in
question.
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High-tech for High Performance

Success in sports requires the perfect interplay between physical fitness,
athletic technique, and optimal equipment. In the production
of athletic shoes, plastics play a major role in ensuring the latter

TEXT ANDREAS BRANNASCH

SPORTS INVOLVE running, jumping,
throwing, and scoring goals. Sports also
involve high-tech materials, which is
why hundreds of biomechanics, sports
physicians, and technicians work in the
research labs of athletic shoe manufac-
turers like Adidas, Asics, Nike, and Puma.
Together with athletes and coaches,
these staff members analyze pressure
distribution and flexing action, test new
materials, and measure thousands of feet.
The goal of all of these activities, which
are supported by universities and indus-
try, is to develop equipment that helps
professional and amateur athletes all

over the world to become better and
more successful in their sports.

Athletic shoes must optimally sup-
port the highly complex interaction be-
tween 26 bones, 13 joints, numerous
muscles, tendons, and ligaments, and a
dense network of nerves. Also to be con-
sidered when designing such shoes are
the approximately 600 sweat glands per
square centimeter that each foot con-
tains. Top-of-the-line athletic shoes can
absorb rough impacts and stabilize and
guide feet. Their soles can also with-
stand the stresses of constant pounding
against surfaces. The development of a
well-functioning athletic shoe is a diffi-
cult undertaking that results in a work

Optimal running shoe properties through molding compounds based on polyamide 12

of art, whereby the artistic achievement
lies in perfectly aligning the shoe’s many
components with the demands of the ap-
plication in question.

Majoradvances in this field have been
achieved with high-quality plastics and
sophisticated technologies, which turn
what were formerly mere visions into
technical realities. For example, appar-
ent contradictions—such as low weight
versus the highest possible stability—
have now been resolved through the
utilization of state-of-the-art materi-
als. Whereas leather soles fill with water
when worn on wet surfaces, polyamides
create along-lasting light shoe sole. Shoe
manufacturers put an extraordinarily
large amount of effort and expense into
the development of running and soccer
shoes, the mass markets for which prom-
ise the highest sales.

The material used in athletic shoe
soles plays a key role in development ac-
tivities. For running shoes, the most im-
portant attributes are shock absorption
and flexing qualities, while soccer shoe
development focuses on the sole and its
varying number of studs and spikes, since
a good grip can make the difference be-
tween victory and defeat on the field.
That’s because soccer is a stop-and-go
sport in which players have to sprint rap-
idly, change direction at lightning speed,
and get a firm grip when they set up to
score a goal. Goalie shoes, on the other



The shoe body, sole, and heel section are brought to the bonding temperature in a heating chamber before being joined together on a last

hand, are equipped with a larger number
of studs onthe outer part of the sole, which
ensures greater stability when jumping.

Given all these facts, it's not surpris-
ing that a plastic like VESTAMID (chemi-
cal designation: polyamide 12 elastomer)
from Evonik Industries AG is extremely
popular among athletic shoe manufac-
turers. Marc Knebel, a key account man-
ager at Evonik’s High Performance Poly-
mers Business Unit, has customers that
include sports industry companies. Him-
self an avid jogger, he describes the plas-
tic’s benefits as follows: “VESTAMID
reconciles seemingly contradictory at-
tributes such as flexibility, low weight,
and stability, and is also largely resistant
to temperature fluctuations.” Such char-
acteristics ensure an extraordinarily high
level of stability for products such as high-
end soccer shoes like the Adidas Preda-
tor TRXFG. A slightly altered mixture of
VESTAMID is also used in various types
of athletic shoesin orderto bring different
attributes of this versatile plastic to the
fore. One example of this involves achiev-
ing a high level of elasticity to ensure that
the midsole always returns to its original
shape, even after being exposed to ma-
jor stresses.

Several years ago, Evonik and Fra-
mas Kunststofftechnik GmbH (Pirma-
sens) achieved a quantum leap in soccer
shoe development by creating a spring-
elastic clip holder for studs. Framas is

now the world market leader for spe-
cial-application athletic shoe soles, pro-
ducing five to six million pairs of them
each year. The use of a particularly rigid
glass fiber-reinforced plastic mixture
for the clip holders in the Predator en-
sures that the shoe’s studs can no longer
be pressed upward against the player’s
sole, while the highly firm material also
prevents the holders from breaking off.
The idea of developing a system for clip-
ping on cleats rather than having to screw
them in is actually quite old. However,
only after plastics with the required sta-
bility were developed did it become pos-
sible to implement such a clip system. In
this case, cooperation between the raw
materials supplier, processing partners,
and athletic shoe manufacturers func-
tioned perfectly.

IMPACT SHOCK OF
THOUSANDS OF FOOTFALLS

Alongwith all of its great functional prop-
erties, VESTAMID also possesses an-
other important attribute: “VESTAMID
is color-neutral and can be dyed easily—
and it's also possible to paint it and print
onit,” Knebel reports. For these reasons,
according to Adidas spokesman Oliver
Briiggen, “This material is an absolute
must for out Predator Powerswerve TRX
FG, asits unmatched stability and robust-
ness make itanirreplaceable component
of the shoe.”

Various types of VESTAMID compounds
can be found in running shoes whose
soles are designed to ease the burden on
joints. Running shoes are supposed to
give the wearer a feeling of lightness on
the one hand, while at the same time ab-
sorbing the shock of many thousands of
footfalls, which, depending on running
speed and surface makeup, can equal
the equivalent of two to three times the
body’s weight being brought down upon
the feet. The different types of VEST-
AMID used in midsoles and lower soles
can meet all these requirements, as the
material absorbs energy during defor-
mation, some of which it gives back
to the runner through a spring effect.
High-performance plastics from Evonik
are also employed in the production of
cycling and fencing shoes.

Still, it should also be noted that the
1950 Indian national soccer team opted
out of participating in the World Cup in
Brazil thatyear afterits players were told
they wouldn't be allowed to play bare-
foot. There's also the South African run-
ner ZolaBudd, who in 1984 at the age of
17 caused a sensation by setting a new
world record in the women's 5,000-
meter race—barefoot. Another barefoot
runner was Abebe Bikila from Ethiopia,
who set a new marathon record at the
1960 Olympics in Rome. It thus appears
that equipment sometimes does not play
arole in sports—but only sometimes.
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Milestones in athletic shoe development

From Leather Safety Boot to High-end Soccer Shoe

While many things may have once been
better, athletic shoes certainly weren't.
The road from the first leather soccer
boots to the current Predator model
from adidas was a long one.

In the past, the weight of the heavy
leather boots doubled in the rain; today

No nails

Rule Number 14,
which was published
by the English Football
Association back in
1863, stated: “No
player shall be allowed
to wear projecting
nails, iron plates or
pieces of gutta-percha
(rubber-like material
produced from the
sap of the rubber
tree) on the soles or
heels of his boots.”

1925

Adolf “Adi" Dassler
applies for a
patent for soccer
boots. The company
he operates
together with his
brother Rudolf
develops soccer
boots with studs
and track shoes
with spikes.

1928

The Bahn all-around
athletic shoe produced
by the Dassler broth-
ers makes its debut at
the Olympic Games
in Amsterdam (Neth-
erlands), where it is
worn by athletes
competing on grass,
sand and ash.

shoe properties are entirely independent
of the weather. What at the start of the last
century was a handcrafted leather soccer
boot intended primarily as a safety shoe—
with a steel cap—is now the product of
years of development work. Running shoe
research is every bit as intense: High sales

1930 e

The soccer boot produced

in Germany by the
Dassler brothers’ joint
company for the first
Soccer World Cup in

Uruguay. Nailed leather

studs provides secure
footing; the high shank
protectes the ankle.

Oheni0

1948
Shoemaker Albert

application for
"“screw-in soccer

to market them.

Biinn submits a patent

studs.” Unfortunately,
however, he is unable

1949

The first adidas
soccer shoe with
asole having a
multitude of rub-
ber nubs instead
of individual
studs or leather
strips. The inno-
vation improves
comfort to the
wearer when
playing on hard

sand pitches.
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1952

Wearing adidas Marathons, Emil
Zatopek wins gold medals in the 5,000
meters, 10,000 meters and the
marathon at the Olympic Games in
Helsinki (Finland). The innovations that
make the shoe so special include an
absorbent insole, a padded tongue, and
a heel strap for a firm fit.

volumes beckon here just as they do with
that other popular sport, soccer. Until the
jogging craze in the early 1970s, the shoes
you wore to run through the woods were
the same ones you laced up to play volley-
ball. Since the introduction of running
shoes, particular attention has been paid to

1952/53

Rudolf Dassler, the
brother of Adolf
Dassler, begins series
production of shoes
whose characteristic
feature is their screw-
in studs. The soccer
club Hannover 96
wins the German
championship with
themin1954. The
brothers decide to go
their separate ways
in 1948, forming the
companies Puma
(UL ELGETIER
(Adolf).

O
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various functions, including cushioning;,
support and guidance. Heel wedges,
which for a while were extremely high,
have become flatter in recent years for or-
thopedic reasons. In other words, things
have in many ways come back almost full
circle to the models from the '70s.

1961

The New Balance
Trackster is the
word'’s first running
shoe that boasts
arippled sole and
can be purchased in
different widths.
The Trackster
becomes the most
popular running
shoe with college
students and within
the YMCA fitness
programin the USA.

Vf&

1958

The Puma form strip makes
its debut as a distinctive
trademark at the Soccer
World Cup, which takes place
in Sweden. Brazil and a
wbecome World Champions
in Puma shoes.
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It was a revolution when the Ger-
man national soccer team took the
pitch at the World Championships
in Switzerland wearing slim,
interchangeable nylon studs. The
Sepp Herberger-coached team
managed to defeat the Hungarians,
who were top favorites, 3-2 on
soggy turf in the final game of the
1954 World Championships.

The shoes worn by the German
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X ' team in Berne weighed 360
grams—almost half the weight of the shoes worn by their
Hungarian opponents (top shoes today weigh less than 250
grams). The screw-in studs developed by Adolf Dassler
gave the German players decisive advantages:

a better first step and surer footing. The
surprising victory over the Hungarians
in their old-fashioned shoes is ‘:
considered to be the birth ﬁ
of the modern soccer shoe. =
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The adidas 1, which hit the market in the year
2004 uses a magnet sensor system in order to
automatically adapt to different conditions. A
microprocessor calculates whether the cush-
ioning is too hard or too soft for the wearer
of the shoe. Roughly 1,000 measurements

are performed each second and for-
warded to the microcomputer in the
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cushioning while the
wearer is running.

1970
1964 One of the first running shoes
adidas introduces is the Briitting Roadrunner.
the lightest It features a cushioning layer

in the midsole; the forefoot
and rearfoot are located

on the same plane. Briitting
handmade athletic shoes
are still being manufactured
in Germany today using

the original lasts.

running shoe of
all time. The
Tokio 64 weighs
135 grams.

1968

adidas Achill: Long before
the first jogging craze,
the first shoe developed
in Germany specifically
for running is hitting the
streets. It features a
cushioned midsole and
later also acquires a heel
wedge. Runners had
previously put their faith
in normal athletic shoes.
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1980

adidas Marathon
Trainer: Good
cushioning, a grippy
sole profile, a very
comfortable fit and
mesh upper material
that provides excel-
lent ventilation make
this model a great
success story for the
manufacturer.

shoe. Adjustments are made
via a motor-powered cable
system that ensures optimal

1987

Asics GT II:

The first running
shoe that comes
with gel cushion-
ing. This liquid
replaces solid
materials in the
midsole and
inspires a whole
new generation of
running shoes.

The athletic shoe turns pro

In 1979, the Nike Tailwind becomes the first running shoe
with cushioning provided by a gas mixture in the midsole—a
pioneering development from the USA. The first Air
models are intended primarily for people interested in road

runs on hard
asphalt. They are
therefore too

soft for the average
central European
runner, who runs
primarily in the
woods and in parks.
Nike later adapts
the shoe for the
European market.

Joschka Fischer
becomes a state
Environmental
Minister in
1985—wearing
Nike basketball
shoes



1994 World Cup:
Jiirgen Klinsmann wears
the first Predator model

as Germany defeats
Belgium 3-2 in the USA.

A Layover on our Journey into the Future

Today’s soccer shoe is a high-tech product in which plastics such as VESTAMID
play a greater role than ever before

on the side of the adidas Predator,
fine rubber and silicone strips provide

- . improved swerve when shooting
o and act like an antislip system
1991 - 3 &, to en;ur: tha; the bfall— |
Puma Disc: The 1994 which at the professiona
disc system makes adidas Predator: level i.S alio mads of
it possible for The scale-like upper plastic—"sticks” to the
. . 1997 footas long as
athletes to close material made of a special possible.
their shoes rubber blend has been Puma- Cellera'for: 4
without the need designed with an eye on Uhzdibanilanse
for laces. improving the player’s ball soccer shoe offered
control. Shark skin is later by Puma. The honey- g
proposed as a material, but comb shape of the ——— R k.
never actually makes it to sole c?mpensates for
the series production stage. bluntimpacts on 2(.)06 .
The idea of scale-like ribs uneven surfaces. ke fipiax3c0: THE HEEL CAP is a plastic .
on the top of the shoe is T|.1e first runnlng. shoe shell, with soft plastic on the inside
A er i E ST b with no conventional for comfort and a hard component on
purs.ue . gsy cushioning material in the outside for stability. The reinforced ASYMMETRIC
thetic materials, however. the midsole makesiits shank provides additional support. 0 LACTG ?nhtheh
i i N, outside of the shoe.
debut. Instead, the sole Preseure onthe Achlesendon Y
comprises a completely Contact between
transparent air element. the foot and the

1989

adidas Torsion: ﬁ u p.

Splitting the sole A Y

allows for a natural 1',.-‘-__

rotation between M L
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the rearfoot and G ==

the forefoot

from the heel to

the ball when 1993

setting down the Nike Air Fuego M:

foot. It also offers The first soccer shoe

light support with air cushioning.

for the arch. This marks the first

o transfer of the cushion-

ing technology
proven in more than
ten years of successful
use in running shoes
to soccer.

1996

Puma Cell:

The cell cushioning
technology is based on
air chambers in the
shoe’s sole. Air can flow
back and forth within
these chambers through
narrow ducts, and it

is this exchange of air
that cushions and stabi-
lizes the foot.

ball is more direct
when shooting
and is not impaired
by the shoe laces.

2002

adidas Predator Mania:
Snap-in rather than screw-in studs State of
are a revolutionary development art—Evonik’s
and require the use of a material VESTAMID
offering the utmost in shatter remains the ¥

--""'l-..‘____ "“?fkf - _-—
F . o -
resistance. VESTAMID, a plastic material of _h"' - "‘ﬂ# =

developed by Evonik, satisfies this choice for the ~ PLASTICIS ALMOST . . F, T
criterion. stud snaps. ALWAYS FOUND in the following = ’

parts of professional soccer shoes:
sole system, cushioning elements, i
insole, spray-on shank elements, ' el
studs. There are also models made . ;
entirely of plastic. Plastic cushioning
elements play a lesser role than
with running shoes because they
require space. A higher stance

also adversely affects ball feel. The
mechanical properties of the

plastic soles are unaffected by cold, of the adidas Predator reduces weight significantly
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The studs of the adidas
Predator exert the least possible pressure
against the foot, provide the optimal amount
of grip on a grass pitch and are extremely
easy to replace when necessary. This
technology is made possible by the use
of VESTAMID. This polyamide 12
elastomer containing 23 percent

at and moisture; their elasticity and enables a natural set down and rolling of the foot.
des the cushioning that reduces A removable insole variant of the shoe also includes

. e e joints. a PowerPulse element filled with 10 grams of

new Predator Mania at the 2002 World glass fiber exhibits extraor tungsten powder. When shooting, the powder slides

Final vs. Brazil: The Germans wear the

dinary rigidity.

Cup held in South Korea and Japan. forward in a plastic tube and comes to a sudden

stop, providing additional energy for the shot.



