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Closing the gap
on metals

MetaFuse™ nanometal/polymer hybrids com-
bine the strength and stiffness of metals with the

design flexibility of high-performance plastics

Read more on pages 2 + 4 The miracles of science*



Closing the gap on metals

By Clive Robertson, business development manager,
DuPont Engineering Polymers

As frequent readers of
Engineering Design will know,
the DuPont Engineering Poly-
mers business is founded upon
application development based
on high-performance materials
and technology aimed at helping
customers deliver high-quality,
cost-effective systems and compo-
nents. Our engineering thermoplastics

have consistently been used in industry

to provide material solutions that
optimize cost, mass, performance and
aesthetics in the manufacture of
products used around the world in
applications that range from consumer
goods to heavy industry. The wide use
of these materials as alternatives to
metals is based on many advantages
including low mass and excellent
strength to weight ratio, corrosion
resistance, design flexibility, low
processing costs and minimal added
manufacturing steps.

Recent developments in high per-
formance polymers and advanced rein-
forcing systems have allowed further
use of engineering polymers as viable
alternatives to metals in very demand-
ing applications. However, even with
the latest developments in polymer
technologies, there is still a significant
gap in mechanical properties that limit
the use of engineering polymers in
some applications. It is in these cases
that product and component designers
have been limited by the materials at
their disposal: While metal offers
strength and high stiffness, it is limited
in its ability to enable integration and
to cost-effectively create complex
shapes. Thermoplastic, on the other
hand, offers tremendous freedom to
create shapes and to integrate func-
tions, but it has suffered from some
limitation in combining strength and
stiffness.

Research and development in alter-
nate technologies have explored mate-
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An impressive demonstration of new technology at K 2007: Clive Robertson points at
a hybrid test bar, using Zytel® HTN PPA and MetaFuse™ technology, which is able to
carry 5 kg (11 Ibs) of weight. Also in the picture is a metallic-looking ping-pong ball,
also treated with MetaFuse™, supporting 8o kg (176 lbs) of weight

rials solutions to further bridge the gap
in material properties. Some new tech-
nologies involve combining metals and
plastics together in hybrid systems
that take advantage of the properties
of both materials. More traditional
methods of overmolding sheet metals
and other formed metal pieces have
been advanced, but are limited by the
reliance on mechanical joining of the
two materials and limitations on
design and tooling complexity, and
sub-optimum placement of the metal in
many cases.

An Advanced Metals Replacement
portfolio

It is against this background - particu-
larly with regard to the discrepancy in
terms of stiffness between its own
engineering polymers and metal - that
DuPont has built its own portfolio for
Advanced Metals Replacement, which

today includes two differentiated
offerings. Our SuperStructural Mono-
lithic Solutions consists of an array of
glass-, carbon- and long-fiber rein-
forced thermoplastics for very high
stiffness and strength combined with
excellent creep and fatigue resistance.
New launches include high-stiffness
carbon/glass reinforced resins for our
DuPont™ Zytel® HTN 51 and 53 series,
whereby tensile modulus, or stiffness,
has been increased by 50% or more
versus our existing glass-fiber rein-
forced grades.

The second, most recent addition
to our portfolio of advanced metal
replacements are MetaFuse™ nano-
metal/ polymer hybrids. Launched in
the last quarter of 2007, and described
in more detail in this issue of ED,
MetaFuse™ is a logical extension of
our SuperStructural offering that com-
bines the best of polymers with the
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best of metals. The new technology
employs a proprietary process that
precisely applies ultra high-strength
nanometal to components made of
DuPont engineering polymers to create
lightweight components in myriad,
complex shapes with the stiffness of
magnesium or aluminum and higher
strength. MetaFuse™ has already been
received with great excitement by
product and component designers
because it truly allows freedom to
design with fewer limits.

A third, complementary, offering is
currently still under development:
Thermoplastic Composite Solutions
from DuPont foresee the overmolding
of a continuous fiber reinforcement in
a finished part to combine very high
stiffness and strength with high part
functionality and complexity, while
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New and upcoming products and solutions to replace metals

offering energy absorption up to and
during failure which is similar to, or
higher than, levels for metal compo-
nents. Further announcements on this
technology, and candidate applica-
tions, are scheduled for the first half of
2008.

With most of our advanced metals
replacement technologies, initial devel-
opments will focus on selected applica-
tions in the automotive, consumer elec-
tronics and sporting goods markets

that offer the maximum benefit.

DuPont Engineering Polymers, with
global development, R&D and cus-
tomer-support centers, will provide
application development leadership in
the drive to bring these innovative tech-
nologies to market and to the benefit of
its customers. At the same time, the
business will continue to implement
scientific expertise and the latest poly-
mer advances to further close the gap
on metals.
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Polymer solutions for the ‘hot-end’
2 For the first time in Europe, a polymer — DuPont™

Zytel® nylon — is used to replace metal for an
exhaust system fixing bracket

DuPont™ Zytel® nylon goes off-road

The new FRX5 bike wheel has what it takes to with-
stand the punishment of recreational and competi-
tion biking.

Beyond the conventional
DuPont™ Zytel® HTN polyphthalamide (PPA) has
what it takes to deliver higher performance for

today’s automotive thermostat housings.
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A step ahead

A new, affordable, high-performance prosthetic foot
is molded in stiff, yet flexible DuPont™ Hytrel® ther-
moplastic polyester elastomer.

> Convenience in the kitchen
i A patented mechanism used to adjust the shelves of
- dishwasher brackets relies on the functional per-

formance of engineering polymers from DuPont.

Taking the guesswork out of polymer selection
The DuPont Material Selector is now available
online.

DuPont™ Hytrel® insulates at high speed

The thermoplastic polyester elastomer meets func-
tional and electrical requirements and is well-suited
to extrusion jacketing.



Design with new freedom

By Mike Day, DuPont Engineering Polymers, USA

During the recent K show (October 2007), DuPont officially launched MetaFuse™
nanometal/polymer hybrids. The new technology is used to manufacture extremely
lightweight components with the strength and stiffness of metal combined with the
design flexibility and lightweight benefits of high-performance thermoplastics. The fol-
lowing article explores MetaFuse™ technology and how it turns traditional plastic/
metal hybrid approaches inside-out to bring not only a step-change in performance, but

also provide product designers with a technology that can shift their paradigm.

MetaFuse™ nanometal/polymer hybrid
technology is a joint development
between DuPont and Canadian-based
Morph Technologies Inc., Integran Tech-
nologies Inc. and US-based PowerMetal
Technologies. It employs a proprietary
deposition process that precisely
applies a thin ultra high-strength metal
layer to molded components made of
engineering polymers to create light-
weight components in complex shapes
with the stiffness of magnesium or alu-
minum and higher strength. The metal
layer in this hybrid system is unique in
that it is based on nanocrystalline
microstructure in the metal, which cre-
ates high strength that cannot be
matched in other traditional metal dep-
osition processes. An illustration of this
hybrid system is shown in Figure 1.

DuPont

Engineering
Polymer
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1. MetaFuse™ nanocrystalline
metal/polymer hybrid

Nanocrystalline metals

The patented technology in MetaFuse™
nanometal/polymer hybrids produces
nanocrystalline metals which have an
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2. Comparison of nanometal alloy to high-strength and other metals

average grain size of about 20 nm,
which is about 1000 times smaller than
conventional metals, and are 2to 3
times stronger than typical steels and
decorative nickel-chrome (see Fig. 2).
Since the nanocrystalline metal
alloys have significantly higher
strength than conventional metals, rel-
atively thin layers can be applied — typ-
ically from 25 to 200 microns — to the
surface of plastic materials to create
hybrid constructions with structural
properties, unlike other metal deposi-
tion techniques, such as conventional
electroplating and vapor deposition.

An innovative metal over plastic
technology

MetaFuse™ nanometal/plastic hybrids
have been developed using specific
proprietary DuPont engineering poly-
mers and processes. A unique aspect
of this system is that it places the

metal in the optimum location to
increase stiffness. For bending loads,
the placement of the nanometal coat-
ing is most beneficial at the outermost
edges of the part, furthest from the
neutral axis. This is where the maxi-
mum tensile and compressive stresses
are experienced by a part, since the
stresses are directly proportional to
distance from the neutral axis. The
strong and resilient nanometals are
well placed to support the load. The
bending stiffness of the part increases
as well because it is a product of the
modulus and moment of inertia; the
inertia of the coating is increased
exponentially by moving it away from
the neutral axis. Torsional stiffness and
strength are also improved by moving
the coating radially outwards to
increase the polar moment of inertia.
The outer sections experience the
largest torque and this is where the
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superior strength of nanometal is most
beneficial.

Property testing has been comple-
ted with a number of different engineer-
ing polymer substrates to characterize
properties of the MetaFuse™ hybrid
system. Typical improvement in physi-
cal properties is illustrated based on
testing of 25% glass-reinforced Zytel®
PA66 polymer, injection molded into
ISO tensile bars and then clad with 100
microns of nickel/iron nanocrystalline
metal alloy, encapsulating the bar.

As shown in Figure 3, typical
increases in flexural modulus and
impact strength of two to four times that
of the plastic alone can be achieved.
These properties are very dependent
on the geometry of the sample, metal
thickness and substrate plastic mate-
rial. Tensile strength is directly propor-
tional to the amount of metal used.

Testing has also shown that Meta-
Fuse™ nanometal/plastic hybrids are
able to maintain excellent structural
properties in temperature ranges where
polymers alone exhibit significant loss
in properties. Data gathered by DuPont
suggests that MetaFuse™ may allow
the use of polymers in structural appli-
cations at elevated temperatures and
extend the working temperature range
of polymer parts by 50 to 75 °C (122 to
167 °F). Results will depend, however,
on the properties of the plastic sub-
strate that is used.

Design agility

In many practical applications the
nanometal cladding may not be needed
over the entire surface of the part. Parts
can be selectively clad - strategically —
to bear loads or provide other functio-
nal benefits. Complex parts are optimal
challenges because making them in
current metals-based technology is dif-
ficult or expensive. Figure 4 shows
some concepts for selective nanometal
cladding.
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While the primary focus of this arti-
cle has been related to stiffness and
strength properties, MetaFuse™ nano-
metal/plastic hybrids also have the
capability to provide additional bene-
fits to plastic materials, such as wear
resistance, creep resistance, electrical
conductivity, chemical resistance,

EMI shielding, reduced gas/fluid per-
meability and UV and hygroscopic sta-
bility.

Application areas

There are many potential applications
in automotive, consumer electronics,
sporting goods and other markets.
Examples include: engine oil pans,
cylinder head covers, water and oil
pumps, gasket carriers/gasket sys-
tems, engine timing chain tensioner
arms, transmission housings and com-
ponents, fuel rails, automotive electri-

Molded
Part

Interior surface

cal motors, electrical housings and
covers, steering column brackets and
steering system components, suspen-
sion/control arms, mobile phone
frames and housings, bicycle compo-
nents, fishing reels and golf club driver
heads.

DuPont doesn’t anticipate immedi-
ate commercial developments in large,
simple, load-bearing applications
because it may not be cost-effective to
replace simple stamped steel parts.
Instead, the company is looking at
strategically applying MetaFuse™
nanometal/hybrid technology to multi-
functional components that today
require loads or heat too high for plas-
tics and are costly to produce, or
design-limited, in metals requiring
multi-part welded assemblies or com-
plex/machined castings.

Connection
points

4. MetaFuse™ nanometal/polymer hybrid multiple cladding concepts offer design

flexibility



Polymer solutions for the ‘hot-end’

By Franz Spitznagel, DuPont Engineering Polymers, Germany

For the first time in
Europe, a polymer bracket,
molded in DuPont™ Zytel®
nylon, is used to secure
the ‘hot-ends’ of exhaust
systems to the underside
of a car. The two-compo-
nent part, which uses the
rubbers EPDM (black) and
VMQ (red) as well as the
nylon, was developed by
anvisgroup in cooperation
with Volkswagen.
Mechanically robust and
highly resistant, the poly-
mer bracket replaces metal
to deliver advantages in
terms of weight and cost
of manufacture.

anvisgroup of
Bad Soden-Salmiinster,
Germany, working in cooper-
ation with Volkswagen, has devel-
oped the first catalytic converter
bracket for cars to be made from an
engineering thermoplastic. Due to its
position — in close proximity to the
engine where temperatures of up to
175 °C (347 °F), high static and dynamic
forces, moisture and chemicals com-
bine — steel plates had previously been
considered irreplaceable for such appli-
cations. Yet anvisgroup has proven the
opposite by developing an innovative,
two-component bracket based on
glass-fiber reinforced DuPont™ Zytel®
nylon and rubber. Since mid-2006, the
design has proven itself at the ‘hot end’

of exhaust systems on all new vehicles
belonging to Volkswagen’s so-called
Golf platform (PQ35).

Manufacture of the newly-designed
bracket starts with the injection-mold-
ing of the cross-bar in Zytel®. During a
second production phase, the rubber
bearings, either made from EPDM (for
diesel and smaller petrol engines) or
the more heat-resistant silicon rubber
VMQ (high-performance petrol engines)
are molded on. Finally the aluminum
bushings, required to secure the
bracket, are assembled by force fitting.
Mounted between the exhaust mani-
fold and the catalytic converter, the
two-component part provides flexible
and attenuating support for the
exhaust system in the x-direction, while
absorbing static and dynamic loads in
the y- and z-directions. Thus it pre-
vents, for example, the exhaust system
from damaging the sensitive, flexible
metal bellows that decouples load
change movements and vibrations
between the engine and the exhaust
system.

Comprehensive testing, carried out
by anvisgroup, showed that Zytel®

The new bracket from anvisgroup is the first polymer mounting for the ‘hot end’ of

the exhaust module
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70G35HSL, a hydrolysis-stabilized
PA66 with 35 wt. % glass fibers, can
meet OEM requirements for depend-
ability for the entire lifecycle of the
vehicle. “The component was sub-
jected to the kind of extreme condi-
tions that you would only experience in
real life if you were to drive a car and
heavy trailer uphill on a potholed road
for hundreds of kilometers,” comments
Gerhard Heckmann, product group
manager for exhaust system mount-
ings and decouplings at anvisgroup.
“Our test results confirmed that, even
then, the cross-bar made of glass-fiber
reinforced Zytel® continues to perform
faultlessly. Indeed the new catalytic

converter bracket offers high levels of
safety over its entire lifetime.”

In addition, the new design offers
further decisive benefits: Firstly, the
polymer component weighs only 165 g
(5.8 0z) and is therefore considerably
lighter than its metal counterpart,
which comes in at 300 g (10.5 0z). Sec-
ondly, it provides the opportunity for
cost-efficiencies during manufacture
because, for example, surface protec-
tion is no longer required to prevent
corrosion. “With the completion of this
project we have been able to imple-
ment the first polymer mounting for
the ‘hot end’ of the exhaust module.
Hence there is nothing to prevent the

development of a polymer alternative
for the ‘cold end’ as well,” concludes
Heckmann.

CONTACT

Gerhard Heckmann

anvis Deutschland GmbH
Hanauer Landstrafle 16
63628 Bad Soden-Salmiinster
Germany

Tel.: +49 6056 787319
gheckmann@anvisgroup.com
Www.anvisgroup.com

New DuPont soft thermoplastic elastomer grades for ‘under-
the-hood’

DuPont Engineering Polymers has extended its range of
material to meet growing demand for soft oil- and heat-
resistant elastomers delivering the cost and design bene-
fits of thermoplastic processing.
The new offerings include:
e DuPont™ ETPV 95A02HS BKoo1 and 95A02 NCo1o for
outstanding processing stability in profile extrusion and in
blow molding of air ducts, for example. ETPV 95A02HS
BKoo1 is a black heat-stabilized grade rated for 3000
hours at 150 °C (300 °F), while ETPV 95A02 NCo10 is a
standard natural grade for less demanding requirements.
e  Two grades of DuPont™ ETPV with hardness values of
70 and 8o Shore A. Earlier grades in the DuPont™ ETPV
product line have Shore A values of 60 and go.
e DuPont™ Hytrel® AC801 NCo10, which is much softer
than any other grade of Hytrel® and has improved heat
resistance. Its nominal hardness is Shore A 80, and it is
rated for 150 °C (300 °F) service, which is about 20 °C
(68 °F) higher than most other Hytrel® grades.

The above material specifications are within acceptable

Extruded and molded parts made of DuPont™ ETPV engi-
neering thermoplastic vulcanizate can withstand the rigors
of automotive under-hood service
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ranges for most under-the-hood automotive and other high-
temperature industrial environments. Typical applications
include extruded hose and tubing, blow molded air ducts
and injection molded seals and body plugs.

http://automotive.dupont.com



DuPont™ Zytel® nylon goes off-road

By Ricarte Rivera, DuPont Engineering Polymers, USA

The new FRX5 bike wheel
has what it takes to with-
stand the punishment of
off-road recreational bik-
ing and competition.
American manufacturer
TAG Wheels makes the
new wheel in a single
piece using DuPont™

Zytel ® nylon resin s
thickness to provide
additional strength and
stiffness where needed,
while each spoke has an internal
rib,” explains George Kotzeff,
president of TAG Wheels. “The hub
shellis a robust, thick-walled construc-
tion, and it is keyed to optimize shear
resistance and torque transfer.”

TAG Wheels manufactures the
wheels using a patented lost-core
molding process that makes possible
its complex geometry and strong hol-
low structure. The manufacturing
process starts with molding a metal
mandrel from a low-melt-point alloy.
This mandrel is then overmolded with
Zytel® 8018. The mandrel, or core, is
then melted out leaving behind the
hollow-formed composite wheel.

delivering excellent
toughness, strength
and stiffness.

TAG Wheels of Newport Beach, Califor-
nia, relies on DuPont™ Zytel® 8018 to
make its innovative new FRXs bike
wheels for off-road biking. Manufac-
tured in a one-piece design, the FRXg
wheel optimizes the functional proper-
ties of the PA66 polymer, which has
been modified with advanced DuPont
toughening technology and reinforced
with glass fibers (14 wt. %). “The wall
sections of the FRX5 wheels vary in
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Made of DuPont™
Zytel® nylon, the moun-
tain bike wheel withstands
sharp impacts that cause per-

manent damage to conventional
wire wheels

Extensive laboratory and field testing
helped convince the company that
Zytel® provided the right combination
of impact resistance, strength, stiff-
ness and moldability.

When using FRX5 wheels in the
Hammer Fest downhill event on Van-
couver Island in spring 2007, pro rider
Dharma Fontaine hit a rock that flat-
tened his rear tire early in the race. “At
the finish line, after | stopped shaking
and rattling, | checked the wheel
expecting to find massive damage,” he
said. “l was stoked to see a very small
insignificant ding beneath the
destroyed tire. These wheels really are
bombproof!” Severe impacts like that
usually cause permanent rim damage
to traditional wire spoke wheels,
according to Fontaine.

Other advantages of the FRX5 over
traditional wheels include fewer flats,
reduced flat spots and less mainte-
nance. According to TAG Wheels, it
never requires truing, tension or align-
ment procedures needed for wire
spoke wheels.

CONTACT

TAG Wheels

78 Sea Island Drive
Newport Beach

California 92660 USA

Tel.: +1 800 8875070
mthomas@tagwheels.com
www.tagwheels.com
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Beyond the conventional

By Andreas Oldeweme, DuPont Engineering Polymers, Germany

DuPont™ Zytel® HTN
polyphthalamide (PPA) has
what it takes to deliver
higher performance for
today’s automotive ther-
mostat housings.

When seeking a material for the housing
of a map-controlled thermostat, to be
installed in BMW’s N43 series four-cylin-
der petrol engines, Behr Thermot-tronik
of Germany concluded their require-
ments exceeded the capabilities of con-
ventional polyamides used in under-the-
bonnet applications. “As the thermostat
is next to the cylinder block, it is exposed
to temperatures anywhere between
-40 °C to +150 °C (-40°F to 300°F),” says
Barbu Frunzetti, project leader at Behr
Thermot-tronik. “In addition, the exterior
surface is exposed to typical motor-com-
partment media, such as oils, greases,
fuel and road salts. Inside the thermostat
housing, coolant flows at up to 140°C
(284°F) and creates an interior pressure
of up to 2.5 bar. Moreover, when in oper-
ation the whole system is constantly
under vibrational stress. Taken together,
these parameters exceed the capabilities
of conventional polyamides used in
under-the-hood applications.”
Processing requirements further
limited the range of plastics which
could be used for this part. The hous-
ing’s injection-molded halves have to
be welded together in a cost-efficient
and reliable manner. The resultant
seams must have the strength to with-
stand burst pressures many times
higher than the nominal pressure. In
addition, the material must allow other
complete plastic parts—connector
plugs overmolded in nylon 66 for the
electronic control system—to be her-
metically overmolded.
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“In extensive comparative tests
with other thermoplastics, DuPont™
Zytel® HTN 51G35HSLR high-perfor-
mance polyamide met our demanding
requirements best,” Frunzetti contin-
ues. “This polyphthalamide (PPA) rein-
forced with 35 % glass fibre has the
required high static and dynamic
strength, the dimensional stability
over a broad temperature range essen-
tial for this application, high chemical
and hydrolysis resistance, good flowa-
bility and high compatibility with
PA 66. Itis also well-suited to vibra-
tion welding.”

Behr Thermot-tronik worked
closely with DuPont to choose and
optimise the welding process. One of
the first components of its kind to be
vibration-welded, the preparatory
work was very thorough before the

start of volume production. Compre-
hensive tests, carried out in DuPont’s
European Technical Centre in
Geneva, helped establish
that friction-welding
offered definite applica-
tion-related advantages.
Working together with the
welding equipment man-
" ufacturer, Behr Thermot-
tronik then converted
DuPont’s test-speci-
men results into
practice with the
real thermostat
housing, and thus
ensured rapid
and reliable pro-
duction of
the part.
“As a
result of
DuPont’s
> extensive appli-
cation-related support
and the good results we
have had to date with the pro-
cessing, Behr Thermot-tronik is now
using Zytel® HTN for further map-con-
trolled thermostats of which some are
in development and others already in
production,” says Frunzetti.

¥

CONTACT

Barbu Frunzetti

Behr Thermot-tronik GmbH
Enzstrafie 25-35

70806 Kornwestheim

Germany

Tel.: +49 7154 133233
barbu.frunzetti@behrgroup.com
www.btt.behrgroup.com



By Dan Curran-Blaney,

DuPont Engineering Polymers, Canada

The Niagara Foot is a new,
affordable, high-perfor-
mance prosthetic foot
intended for active individ-
uals who have been vic-
tims of landmines. Its
novel, energy-return
design relies on the stiff,
yet flexible properties of
DuPont™ Hytrel ® thermo-
plastic polyester elastomer
to provide user benefits in
terms of stability, effec-
tiveness and comfort.

The Niagara Foot was developed by
Rob Gabourie, certified prosthetist and
orthotist, and founder of Niagara Pros-
thetic & Orthotics International Ltd.
(Ontario, Canada), with support from
industry partners Hippo Design (Mon-
tebello, Québec), Précicad (Québec
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A step ahead

City, Québec), DuPont (USA & Canada)
and a team of engineers from Queen’s
University (Kingston, Ontario).

A key aspect of its design lies in its
keel — a single, S-shaped part, injec-
tion-molded from Hytrel® 8238, which
acts like a spring to provide energy
storage and return during the gait
cycle. “The energy-return principle
incorporated into the design of the
Niagara Foot allows the user to walk
more naturally than conventional
designs,” explains Rob Gabourie.
“Patients are able to detect and appre-
ciate the performance of this device,
which decreases the muscular effort
required for walking.”

The combination of low flex fatigue
and high stress resistance provided by
Hytrel® was fundamental to achieving
this concept — indeed Rob Gabourie is
convinced that his design will not work
with any other material. During static
testing, whereby a force is applied to
the toe and the heel of the foot and held
for a period of time, the Niagara Foot
exceeded the 3220 Newton (N) required
for heel loading and 2790 N required for
toe loading. A number of other materi-
als, including polyoxymethylenes (POM)
and polyamides, were unable to reach
these milestones due to deformation or,
in some cases, structural failure.

Further clarification for its excep-
tional performance in such a demand-

ing application is provided by the mate-
rial’s processing behavior. The geome-
try of the current design requires abnor-
mally thick wall sections, yet because
Hytrel® flows easily to produce a well-
packed part, the occurrence of voids is
eliminated.

Beyond the performance of Hytrel®,
Rob Gabourie cites DuPont’s technical
support, and its consistent quality of
supply, as the reasons behind his
choice of material supplier. “The techni-
cal back-up was incredible. DuPont’s
knowledgeable and cooperative
approach meant that not only did |
receive comprehensive failure analysis
during initial material evaluation, but
also insightful material engineering
advice, which made such an effective
design possible.”

CONTACT

Rob Gabourie

Niagara Prosthetics & Orthotics
International Ltd.

547 Glenridge Avenue,

St. Catharines, Ontario,
Canada L2T 4C2

Tel.: +1 905 6882553
npo@cogeco.ca
www.niagarafoot.com
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A patented mechanism,
used to adjust the height
of the upper baskets in
dishwashers and deyvel-
oped by Turkish appliance
manufacturer VESTEL,
relies almost entirely on
the smooth, functional
performance of DuPont
engineering polymers.

Turkish household appliance manufac-
turer VESTEL has come up with an
ingenious solution that allows con-
sumers to simply adjust the height of
the upper rack of dishwashers, even
when full, for greater convenience.
The patented mechanism consists
of four principal parts, all made from
DuPont high performance polymers. A
base plate, which is securely attached
to the dishwasher’s upper basket using
snap-fits, is molded in a particularly
low-wear, low-friction grade of
DuPont™ Delrin® acetal resin. It inter-
locks with a rail plate, molded in a
strong and stiff grade of DuPont™
Minlon® mineral reinforced nylon,
which has integral wheels — molded in

Orhan Hiilagii (top right) and the team
of designers at VESTEL spent 18 months
refining the unique design
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Delrin® — that fit within the dishw
rails and enable the basket to glid
and out for easy loading. Between the
two plates, which slide above each
other in a vertical motion, is a fixing
plate made of Delrin®. It contains a
star-shaped, rotating cog — also
molded in Delrin® — which locks the
basket in place at the desired height.

“ “The principal function of the
adjustment mechanism is based on
mechanical motion,” explains Orhan
Hiilagii, research and development
engineer at VESTEL’s di§t1Washer fac-
tory. “In the basket’s lowered position,
the cog rests against a long, thin raised
section on the base plate. When the
basket is pulled upwards, the cog is
rotated by interaction with a second,
rounded raised section at the bottom of
the plate, which also limits its upward
movement. As the basket is released,
the cog catches on the bottom of the
thin section and the basket is locked in
place by its own weight. As and when
required, the basket is lowered by
releasing the cog, through an upward
movement, which allows the basket to
drop to its resting position. A unique
advantage of the VESTEL-developed
mechanism is that the height of the
basket can be adjusted regardless of
the holding position.”

The DuPont materials are integral to
the smooth running of the adjustment
mechanism due to their functional
properties, which are maintained
despite multiple wash cycles of up to
three hours. Testing of the adjustable
basket mechanism included push-pull
tests with full loads. “We had previ-
ously trialed some other polymers, but
had encountered problems in terms of
warpage, which hindered the mecha-
nism’s operation,” comments Orhan
Hiilagii. “The DuPont materials pro-
vided the right combination of strength
and dimensional stability, as well as

User-conv
nism from

jence: the patented mecha-

TEL allows users to
smoothly adjust the height of the upper
basket of dishwashers, regardless of
where they hold it

additional benefits such as their >
appealing surface finish and overall =
colorability. With a large degree of '
interaction between the two materials,
their low noise and low friction per-
formance when in contact with each
other adds to the overall convenience
of the system.
“The patented mechanism is used
on dishwashers in both the Turkish
domestic market and across Europe.
With this uniquely-designed mecha-
nism, VESTEL dishwashers meet con-
sumer demand by providing the high-
est convenience in the kitchen,” con-
cludes Orhan Hiilagii.

CONTACT

Orhan Hiilagii

R&D Engineer

Dishwasher Plant

VESTEL White Appliances
Manisa, Turkey

Tel.: +90 236 2263000
orhan.hulagu@vestel.com.tr
www.vestel.com.tr
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Taking the guesswork out of
polymer selection

By Peter Tuschak and Debbie Lloyd, DuPont Engineering Polymers, USA

The DuPont Material Selector, available online at selector.plastics.dupont.com, has
been specifically created to help designers in ‘fit for purpose’ polymer

selection.

“There is no such thing as a bad material
— just the wrong material for a particular
application” is an adage which rings as
true today as it did in the first literature
on material selection produced by
DuPont many decades ago. Bringing this
material expertise well and truly into the
215 century, the DuPont Material Selec-
tor is an online support tool which has
been created specifically to give design-
ers and material specifiers access to a
searchable technical database of the
more than 500 grades in DuPont’s engi-
neering thermoplastics portfolio.

The DuPont Material Selector was
developed in close cooperation with
IDES, a global leader in search engine
technologies for the plastics industry,
with functionality and user-responsive-
ness in mind. Intended beneficiaries of
the new tool include designers not nec-
essarily involved with plastics on a
daily basis, who will particularly appre-
ciate the speed and simplicity with
which the DuPont Material Selector can
help them to identify the material that
fulfils their design needs.
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Available around-the-clock at
selector.plastics.dupont.com, the web-
based resource offers users a choice of
four principal search criteria:

e Property - Through the definition of
required material attributes,
whether mechanical, electrical or
others;

e Product - Locating material by type,
filler/reinforcement and availability;

e Quick search - The rapid selection
of materials by keyword;

e Multi-point - Where available, the
assessment of material properties
in multi-point graphs, including
creep modulus versus time, viscos-
ity versus shear rate, etc.

Of major convenience, the DuPont
Material Selector allows the user to
compare up to five grades, presented
in the same format, and to forward the
results as an e-mail to colleagues or
other project partners. Hyperlinks
within the tool bring the user to further
reference documents such as design
guides, data-sheets and case studies.

The DuPont Material Selector is the
latest addition to the company’s range
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Results of tensile tests at different
temperatures - just one of the multiple
datasets provided by DuPont’s online
Material Selector

of web-based customer services and
solutions, which already include web-
based seminars and collaboration
rooms for online interaction with
DuPont design specialists, aimed at
helping cut development time and
making a positive contribution to cus-
tomer competitiveness.

selector.plastics.dupont.com

Take the guesswork
out of mategial selection

The miracles of science~
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DuPont expands portfolio of renewably-sourced polymers

During the last quarter of 2007, DuPont announced progress
in the development and launch of high-performance poly-
mers made with renewable resources. Chief among its new
offerings are DuPont™ Sorona® EP thermoplastic resins,
DuPont™ Hytrel® RS thermoplastic elastomers from
DuPont’s portfolio of engineering thermoplastics, as well as
DuPont™ Biomax® RS packaging resins and DuPont™
Selar® VP breathable films.

A key ingredient in Sorona® EP is Bio-PDO™, which
replaces petrochemical based 1,3 propanediol (PDO) and/or
1,4-butanediol (BDO) in the two glass-reinforced grades of
Sorona® EP that will initially be available. Sorona® EP offers
performance advantages compared to polybutylene tereph-
thalate (PBT), including improved dimensional stability and
surface appearance. Sampling for targeted development

programs is under way with broader availability expected in
2008.

Hytrel® RS incorporates DuPont™ Cerenol™ renewably
sourced polyol made with Bio-PDO™, as a replacement for
petrochemical polyols. Initial grades of Hytrel® RS will have
a renewable content range of 25-50 percent. Hytrel® RS will
offer comparable performance to standard grades of
Hytrel®. Sampling for targeted development programs is
underway with broader availability expected in 2008.

The new offerings will contribute to the company’s goals
of doubling revenues from non-depletable resources to at
least $8 billion by 2015.

http://renewable .dupont.com

w'-s«u-ovn
DuPont™ Hytrel @ RS Thermoplastic Ela
DuPont™ Sorona® Polymers

DuPont™ Selar® VP Breathable "o

New DuPont™ Zenite® LCP meets warpage challenge of

thinner electronic parts

A thin-walled CPU socket benefits from the ultra-low-warp
performance of DuPont™ Zenite® ZE55201BKo10

Engineering Design 2008-01

New DuPont™ Zenite® ZEs5201 liquid crystal polymer
meets needs for ultra-low warpage in the thinner part
designs used in ever smaller electronic devices, such as
electronic connectors, chip sockets and interposers.
Whereas standard resins, which perform perfectly well in
thicker parts, can produce unacceptable warpage in the
emerging generation of low-profile designs, new Zenite®
ZE55201 has shown that it can meet this challenge. The new
resin’s ultra-low-warp performance is achieved by reducing
anisotropic shrinkage. Its flow direction shrinkage is simi-
lar to that of a typical 30 percent glass-reinforced LCP, but
its cross-flow shrinkage is more than 50 percent lower.

The new grade, Zenite® ZE55201 BKo10, is reinforced
with 5o percent glass and mineral and is available only in
black. Mechanical properties and flow are in the same
range as other highly filled LCP grades. A properties data
sheet is available at

http://plastics.dupont.com
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DuPont™ Hytrel® insulates at high speed

By Ramon Brugada, Wire and Cable Application Leader, DuPont Engineering Polymers

LEONI elocab has selected DuPont™ Hytrel ® thermoplastic polyester elastomer
for the jacketing of high voltage spiral jumper cables which carry electric
power between carriages of high-speed trains. Hytrel® was chosen
because it met the application’s demanding functional
requirements, it is a good electrical insulator and it
is well-suited to extrusion jacketing.

LEONI elocab GmbH of Georgens-
gmiind, Germany, is a manufacturer of

tailor-made special cables and special-

ist for mobile high-flex connections.
Among many other products, the com-
pany manufactures high voltage spiral
jumper cables which carry electric
power between carriages of high-
speed trains such as the Ger-
man ICE or the Spanish
VELARO. The cable jacket-
ing for such high volt-
age cables, which
reach from

the roof of

one carriage to

the next, must with-
stand a demanding combination of
extreme stresses. Operating voltage at
contact points is 25 kV. While a train is
moving, the cables are exposed to per-
manent vibration and have to dynami-
cally compensate distance differences
between carriages, which can be as
much as 1000 mm (approximately 39

14

inches) on extreme
track sections.
Very good
hydrolysis

resistance

is required, as
well as good recovery at
temperatures between - 30 °C
(- 22 °F) and + 80 °C (+ 176 °F). The
cables must stand up to ice, snow and
hail as well as exposure to UV radia-
tion, ozone and cleaning agents.

LEONI elocab chose Hytrel® for the
jacketing of the high voltage spiral
jumper cables because it meets all of the
material requirements for such a
demanding application. These include

)

Jacketing of DuPont™
Hytrel® protects and insulates
LEONI’s high voltage spiral jumper
cables that carry electric power from
the roof of one carriage to the next in
high-speed trains

flex-fatigue resistance, flexibility at low
temperatures, resistance to chemicals,
to UV exposure and to impact. The mate-
rial also had to be a good electrical insu-
lator, and to have good processing char-
acteristics that would permit cost-effec-
tive manufacturing.

“Our extensive tests showed that we
meet all these requirements with
Hytrel®, and that the required properties
are maintained during years of use,”
says Jorg Ruder, who works in Research
and Development at LEONI elocab. “A
decisive criterion for our choice of mate-
rial was the fact that Hytrel® offers
almost identical processing characteris-
tics from batch to batch. This means that
we can extrude the jacketing over the
electrical conductor, which is a highly
bunched copper stranding of about
15 mm (0.59 inches) diameter, with uni-
form productivity and with a constant
high quality.”

LEONI elocab manufactures the
stranded copper conductor at its

Engineering Design 2008-01



factory at Geor-

gensgmiind, near
Nuremberg, Ger-
many, and ex-
trudes the jacketing of
Hytrel® at the same loca-

tion. The complete cable is then
formed into a spiral and sections
are completed with terminal plates.
Together with the plates, one carriage-
to-carriage system for the ICE weighs
about 16 kg (approximately 35 Ibs).

cables, which are known for their tried-
and-tested reliability,” Ruder adds. “At
present LEONI elocab is making further
tests on cable constructions to be used
at even lower temperatures and under
more extreme mechanical stresses. In
these future-oriented projects, too, we
are planning to use Hytrel® as the insu-
lating jacketing on high-tension jumper
cables, because we know that in combi-
nation with this material it possesses the
necessary reserves.”

CONTACT

Jorg Ruder

LEONI elocab GmbH
Obere Lerch 34

D-91166 Georgensgmiind
Germany

Tel.: +49 9172 6980148
joerg.ruder@leoni.com
www.leoni.com

“High-speed train manufacturers the
world over are interested in our jumper

DuPont consolidates DuPont™ Hytrel® production in Luxembourg

The new unit for the compounding of DuPont™ Hytrel® ther-
moplastic polyester elastomer was officially opened by (left
to right) Marie-Thérése Gantenbein, mayor of Hesperange
(Luxembourg), Keith J. Smith, vice president & general man-
ager at DuPont Engineering Polymers, and Jim Schmitz,
mayor of Contern (Luxembourg)

DuPont has completed the consolidation of its DuPont™
Hytrel® thermoplastic polyester elastomer production in
Europe with the inauguration of a new compounding unit in
Luxembourg at the end of September 2007. The new line is
part of a large investment project by the company to inte-
grate the entire Hytrel® production chain — from polymeriza-
tion to compounding and delivery of the finished product to
customers — at its Luxembourg site for greater production
efficiencies, reduced environmental impact and improved
customer service. The plant expansion has also resulted in
the creation of eleven new jobs at DuPont Luxembourg.

Engineering Design 2008-01

The compounding of Hytrel® had previously been carried
out in Mechelen, Belgium - requiring the annual scheduling
of 300 truck journeys, over a distance of 200 kilometers, to
transport the polymerized material from Luxembourg to
Mechelen for final processing. Direct environmental bene-
fits of DuPont’s new consolidated approach are the elimina-
tion of most handling and transportation requirements as
well as a considerable reduction in packaging material con-
sumption and disposal. The company also hopes to achieve
production synergies through the integration of all
processes at a single site. Further targeted benefits include
increased operational flexibility and enhanced customer
service.

DuPont’s consolidation of its Hytrel® thermoplastic poly-
ester elastomer production in Luxembourg will generate
greater production efficiencies, reduce environmental
impact and improve customer service
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EUROPE/MIDDLE
EAST/AFRICA

Belgique [ Belgié

Du Pont de Nemours (Belgium)
Antoon Spinoystraat 6
B-2800 Mechelen

Tel. +321544 14 11

Fax +32 1544 1409

Bulgaria

Serviced by Biesterfeld Interowa

GmbH & Co. KG
See under Osterreich.

Ceska Republika a
Slovenska Republika

Du Pont CZ s.r.0.

Pekarska 14/628

CZ-155 00 Praha 5 - Jinonice
Tel. +422574141 11

Fax +42 257 41415051

Danmark

Du Pont Danmark ApS
Skjotevej 26

P.0. Box 3000
DK-2770 Kastrup

Tel. +45 324798 00
Fax +45 3247 98 05

Deutschland

Du Pont de Nemours
(Deutschland) GmbH
DuPont StraRe 1
D-61352 Bad Homburg
Tel. +496172870
Fax +49 6172 87 27 01

Egypt

Du Pont Products S.A.

Bldg no. 6, Land #7, Block 1
New Maadi

ET-Cairo

Tel. +202 754 65 80

Fax +202 516 87 81

Espaiia
Du Pont Ibérica S.A.
Edificio L'llla

Avda. Diagonal 561
E-08029 Barcelona
Tel. +34 227 60 00
Fax +34 227 62 00

France

Du Pont de Nemours (France) SAS

Défense Plaza

23125 rue Delariviére Lefoullon
Défense 9

92 064 Le Défense Cedex

Tel. +33 141974400

Fax +33 1475309 67

Hellas

Biesterfeld Hellas Intralink S.A.
Trading Establishment

149, AG. Triados Menidi Achar-

nes

GR-13671 Athens

Tel. +30 210 24 02 900
Fax +30 210 24 02 141

Israél

Gadot Chemical Terminals (1985) Ltd.

16 Habonim Street
Netanya — South Ind. Zone
IL-42504 Netanya

Tel. +972 352642 41
Fax +972 3528 27 17

Italia

DuPont de Nemours Italiana S.r.L.
Centro Direzionale “Villa Fiorita”

Via Piero Gobetti, 2/A
1-20063 Cernusco s/N (MI)
Tel. +39 02 92629.1
(switchboard)

Fax +39 02 36049379

Magyarorszag

DuPont Magyarorszag Kft.
Neuman Janos u.1
HU-2040 Budairs

Tel. +36 23 509 400

Fax +36 23 509 432

Maroc

Deborel Maroc S.A.

40, boulevard d'Anfa - 10°
MA-Casablanca

Tel. +212 227 48 75

Fax +212 226 54 34

Norway [ Norge
Distrupol Nordic
Ostenssjoveien 36

7 Oslo
Tel. +47 23 16 80 62
Fax +47 23 16 80 62

Osterreich

Biesterfeld Interowa GmbH & Co. KG

Bréauhausgasse 3-5

P.0. Box 19

A-1051 Wien

Tel. +43 151235710
Fax +43 1512 3572-100
info@interowa.at
www.interowa.at

Polska

Du Pont Poland Sp. z o.0.
ul. Powazkowska 44C
PL-01-797 Warsaw

Tel. +48 22 320 0900
Fax +48 22 320 0910

Portugal

Biesterfeld Iberica S.L.
Rua das Matas
P-4445-135 Alfena

Tel. +351 229 698 760
Fax +351 229 698 769

Romania

Du Pont Romania SRL

Sos. Bucuresti Ploiesti

No. 42 -44

Baneasa Business &
Technology Park

Building B, 2nd floor, Sector 1,
Bucharest 013696, Romania
Tel. + 4031 6204118

Fax + 4031 620 4101

Russia

DuPont Science and
Technologies LLC.
Krylatskaya str., 17, kor.3
121614 Moscow

Tel. +7 495797 22 00
Fax +7 495797 22 01

Schweiz | Suisse | Svizzera

Biesterfeld Plastic Suisse GmbH

Dufourstrasse 21
Postfach 14695
CH-4010 Basel

Tel. +41 612013150
Fax +4161 2013169

Slovenija

Serviced by Biesterfeld Interowa

GmbH & Co. KG
See under Osterreich.

Suomi | Finland

Du Pont Suomi Oy

PO Box 54 (Keilaranta 12)
FIN-02150 Espoo

Tel. +358 207 890 500
Fax +358 207 890 501

Sverige

Serviced by

Du Pont Danmark ApS.
See under Danmark.

www.plastics.dupont.com

Tiirkiye
Du Pont Products S.A.
Buyukdere Caddesi No. 122

Ozsezen Ismerkezi,A block, Kat: 3

Esentepe, 34394 Istanbul,
Turkey

Tel. +90 212 340 0400
Fax +90 212 340 0430

Ukraine

Du Pont de Nemours
International S.A.
Representative Office

3, Glazunova Street

Kyiv 252042

Tel. +380 44 294 96 33 | 269

1302
Fax +380 44 269 11 81

United Kingdom

Du Pont (U.K.) Limited
Wedgwood Way
Stevenage

Herts, SG1 4QN

Tel. +44 14 38 73 40 00
Fax +44 14 38 73 41 09

South Africa

DuPont de Nemours

Société Anonyme

South African Branch Office
4th floor Outspan House
1006 Lenchen Avenue North
Centurion

Pretoria 0046

Tel. +27 12 683 5600

Fax +27 12 683 5661

Requests for further information

from countries not listed above
should be sent to:

Du Pont de Nemours
International S.A.
2, chemin du Pavillon

CH-1218 Le Grand-Saconnex/Geneva

Tel. +41 2271751 11
Fax +4122717 52 00

NORTH AMERICA

USA

DuPont Engineering Polymers
Barley Mill Plaza, Building 26
P.0. Box 800026
Wilmington, Delaware 19880
Tel. +1 302 992 4592

Fax +1302992 6713

DuPont Automotive

950 Stephenson Highway
P.0.Box 7013

Troy, Michigan 48007-7013
Tel. +1 248 583 8000

Canada

E.l. du Pont Canada Company
Box 2200

Streetsville

Mississauga, Ontario

L5M 2H3

Tel. +1905 821 5953

Fax +1905 821 5057

Mexico

DuPont S.A. de C.V.
Homero 206

Col. Chapultepec Morales
11570 Mexico D.F.

Tel. +525 722 1248
Fax +525 722 1454

SOUTH AMERICA

Argentina

Du Pont Argentina S.A.
Avda. Mitre y Calle 5
(1884) Berazategui-Bs.As.
Tel. +54 114239 3868
Fax +54 114239 3817

Brasil

DuPont do Brasil S.A.

Al Itapecuru, 506 Alphaville
06454-080 Barueri-Sao Paulo
Tel. +55 11 4166 8229

Fax +55 114166 8513

ASIA-PACIFIC

Australia

DuPont (Australia) Ltd.
168 Walker Street

North Sydney NSW 2060
Tel. +6129923 6111
Fax +61 29923 6011

Hong Kong/China

Du Pont China Limited

26/F, Tower 6, The Gateway,
9 Canton Road

Tsimshatsui, Kowloon,

Hong Kong

Tel. +852 2734 5345

Fax +852 2724 4458

ShanghailChina
DuPont (China) R&D and
Management Co Ltd
Zhangjiang Hi-Tech Park
600 Cailun Road,
Pudong New District
Shanghai 201203

Tel. +86 21 2892 1000
Fax +86 21 2892 1151

India

E.I. DuPont India Private Ltd
Arihant Nitco Park, 6th floor,
90, Dr. Radhakrishnan Salai,
Mylapore,

Chennai 600 004

Tel. +91 44 2847 2800

Fax +91 44 2847 3800

Japan

DuPont Kabushiki Kaisha
Sanno Park Tower, 11-1
Nagata-cho 2-chome
Chiyoda-ku, Tokyo 100-6111
Japan

Tel. +81 35521 8500

Fax +81 35521 2595

Korea

DuPont (Korea) Inc.
3-5th Floor, Asia Tower
#1726, Yeoksam-dong,
Kangnam-Ku

Seoul 135-719

Tel. +82 22222 5200
Fax +82 22222 5470

Singapore

Du Pont Company (Singapore)
Pte Ltd

1 HarbourFront Place #11-01
HarbourFront Tower One
Singapore 098633

Tel. +65 6586 3688

Fax +65 6272 7494

Taiwan

DuPont Taiwan Limited

13th Floor, Hung Kuo Building
167 Tun Hwa North Road
Taipei 105

Tel. +886 2 2719 1999

Fax +886 2 2719 0852

Thailand

Du Pont (Thailand) Limited
6-7th Floor, M. Thai Tower
All Seasons Place

87 Wireless Road

Lumpini, Phatumwan
Bangkok 10330

Tel. +66 2 659 4000

Fax +66 2 659 4001

To get Engineering Design in an e-format, go to

http://www.engineeringpolymers.com/engdesign/

CRASTIN® PBT

THERMOPLASTIC
POLYESTER RESIN
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HYTREL®
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MINLON®
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RYNITE® PET
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ZENITE® LCP

LIQUID CRYSTAL
POLYMER

DUPONT™ ETPV
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OIL & HEAT

The DuPont Oval Logo, DuPont ™, The miracles
of science™, and Crastin®, Delrin®, DuPont ™
ETPV, Hytrel®, Minlon®, Rynite®, Thermx"®,
Tynex®, Vespel®, Zytel®, Zenite“are registered
trademarks or trademarks of E.l. du Pont de
Nemours and Company or its affiliates.

Publisher:

Evelyne Schiitz

DuPont Engineering Polymers
2, ch. du Pavillon
CH-1218 Le Grand-Saconnex

Geneva

Switzerland

Tel.: +41 2271751 11
Fax: +4122717 52 00

Editor: Andrew Wilkins PR

52 Collier Close, Ely,
Cambridgeshire CB6 3WX, UK
Tel.| Fax: +44 1353 663350

andrew.wilkins@btconnect.com

Layout &  Konsens PR GmbH & Co. KG

production: Hans-Kudlich-StraRe 25
D-64823 GroR-Umstadt
Germany, www.konsens.de

Engineering Design is published in English,
French, German, Italian, Spanish and
Russian by

Du Pont de Nemours International S.A.
P.0.Box 50, CH-1218 Le Grand-Saconnex
Geneva,Switzerland.

The information set forth herein is
furnished free of charge and is based on
technical data that DuPont believes to
be reliable. It is intended for use by
persons having technical skill at their
own discretion and risk. DuPont makes
no warranties, express or implied, and
assumes no liability in connection with
any use of this information.

©2008 E.I. du Pont de Nemours and Company
Printed in Switzerland

L-14026

The miracles of science”



