“Chemistry In Daily Life

THE CHENDTRY OF
MHODERN SPORIS

Veena Patwardhan, Special Correspondent

Chemistry is revolutionising sports like never before. Advances in chemical and materials
sciences have phenomenally changed sports, games and sports hields so much so that
the Olympic motic, ‘swifter, higher and sironger’ has acquired dimensions unimaginable
a few decades back. Chemistry, as always, is the behind the scenes player, the back
end performer for front end performance, unaware o most people, helping sportspersons
perform betier and transfomming the very nature of modem sports.

Read this fascinating account of chemistry's role in sports, the ink between benzene rings
and Olympic fings.
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Chemestry In Dally Life

What's the bond between chemistry and sports? What's the fink between benzene rings and Olympic rings?
For many people, including sports enthusiasts, it may come as a surprise that today’'s sporis gear, ap-
parel and field surfaces are, for the mos! part, chemical marvels.

wr instance, how many know that when the leg-

ENdary sporisman Lance Armstrong won a

record-setting sixth victory in the strenuous Tour
de France bicycle race in 2004, despite his exceptional
talent, he didn't achieve this all on his own? Chemis-
try was his secret helper. The bicycle he rode was a
hi-performance one custom designed to be lightweight
vet capable of providing the necessary stiffness and
strength for negotiating the 21 zigzagging switchbacks
of the Alpe d’Huez stage of the race, The frame andd
pther components were made from compaosites and the
bicycle weighed in at a mere 14.99 [bs, the minimum
permitted under international rules.

But not just bicycling, chemistry is revolutionizing
almost every sport. Sportspersons and athletes expect
continual enhancement in the performance of their
sporting gear and chemical technologists have risen
to the challenge by improving their design as well as
incorporating innovative materials. The materials that
have found the maximom iI.F'!."]iC-?I”ITI'Iﬁ in the sports
arena are carbon fibre compuosites. Carbon fibre is a
high strength, low weight, corrosion-resistant material
becawse of which it is often used as an ideal subst-
tute for metal, Carbon fibres are also very versatile in
that a wide varety of composites can be made from
them, for instanice, a carbon fibre /epoxy composite is
wsed for making bicycle frames.

Some of the other
hi-tech materials
used to tweak sports
paraphernalia in-
clude fibreglass com-
posites, polyure-
thane, thermoplastic
polyurethane, poly-
carbonates, polyeth-
yiene, polvpropylens
and polymer hy-
birics.

Sports Equipment
The impact of

chemistry is most

evident in sports that

Elastomiers are used in the manufacture of grips
for bicvele handle bars

call for specialized equipment. Such products are con-
stantly being modified through innovations, which is
why sporls gear in use today is not the same as it L
to bee. Take for instance golf chubs which around four
decades ago had aluminium or steel shafts, whereas
today composite fibres or polymers are used in the
shafts to propel golf balls at much higher velocities.
Also, heavy wooden tennis rackets are a thing of the
past. These are now made out of carbon fibre compos-
ites and are lighter, sturdier and more resistant to
cracking, The wooden hockey sticks of old are re
placed by sticks made of lightweight aluminium with
titanium inserts. Similarly, squash and badminton
rackets, fishing rods, ski poles, poles for vaulting, tent
poles, softball /baseball bats, bows and arrows, fish-
ing rods and marine hulls have all benefited from the
high-performance characteristics of carbon fibre com-
posites.

A combination of the characteristics of the ditfer-
ent components gives composites superior gualities as
companed to any homogeneous material such as metal,
For example, different types of golf shatts are made by
using different ply thickness, and carbon fibres hav-
ing different orientation and tensile modulus. Modern
pole vaulting poles are made out of carbon fibres and
fibreglass for added flexibility and strength, while at
the same time making them lighter and therefore easier
for the athlete to
manoeuver, For
making the frame of
racer cvcles like the
one used by Lance
Armstrong, carbon
fibres impregnated
with epoxy are
placed inside the
frame mould. Indce
hockey sticks, a mix
of different carbon
fibres and fibreglass
in resin matrixes is
used to provide
them with strong
hitting power, dura-
bility and stiffness.
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“FLi'rnuIa 1 race car design oo has benefited from ad-
vances in chemical technology. The use ol polymeric ma-
terlals in car bodles results in lighter and faster vehicles
tor car racing, and carbon composite materials help to pro
tect the drivers in the cockpits of open wheel race cars j‘!

Mewer sporting products in the pipeline include ones
based on nanocrystaltine metal /polvmer hybrid tech-

nology. Such nanometal-polymer hvbrids will have |

metal-like strength and stiffness while allowing for
design fexibility and lightweight benefits of '_I1:|:_'|h-p|s_':r-
formance thermoplastics

Elastomers are used in & variety of soft touch ap-
plications such as straps for a swimmer’s gogeles,
grips for bicycle handlebars and racket handles and
foam padding for shin guards; The newest additions
to the line of elastomers are olefin block copolymers
(OBCs) which have several advantages over the sar-
lier ones such as styrenic block copalymers (SBCs),
thermoplastic vulcan-izates (TFVs), t]h.‘r]'I'H.FF'Eﬂ:ittl.'
polyurethanes (TPUs), ethylene vinyl acetates (EVAs)
and fexble polyvinvl chloride (E-PYVC). For instance,
OBCs offer higher heat resistance and improved com-
pression as compared to EVAs, and can perform bet
ter under difterent temperatures as compared to £-PVC.
As for footballs, instead of leather, they now have wa-
ter-resistant polvurethane outer surfaces, and instead
of rubber bladders as in the past, today they are kept
inflated using polyurethane bladders which are not
only more puncture resistant but also cost much less
than the rubber ones

Laone are Lthe
davs when sports
shwes used to mean
the humble white
“tennis’ g oS,
From: the high-per-
formance aoles and
the comples-adhe-
sivies that ensure
|||:.' "h!'ll_"l_' TCITLA RIS
under ex
treme conditions, to
the “hreathing fab-
that keep the
feet cool and dry,
advanced technol
oy s involved in
the construction of

inkact

FILS

Lise of polymeric maleria N e results in lighter and

Faster wehicles for car racing.

_—

wdern day sports shoes. Super lightweight
foams lirst developed by NASA, no less, are
being adapbted for use as insoles in perfor
mance footwear, The soft foam provides supe-
rior protection for the fragile foot bones and
evenly distributes the body weight over its sur-
face. Besides, “fywire” (a high-performance
multifilament yam spun from liquid crystal
polymer) technology makes it possible to exploit the
high tensile strength, exibility and light weight of the
filrress to create super-light, durable and comfortable
sports shoes. The high-performance strands work like
cables in a suspension bridge. providing cushioning
a5 alsosupport, exactly where an athlete's fool nesds
i

Formerly made of leather and now out of polycar-
bomate, safety helmets used in sports like rugby, hockey
and bicycling have evolved both in design and the
wiry they are manufactured. The present dav polycar-
bonate helmet was introduced in 2002. In a recent
model, the traditional foam or polyurethane pads were
replaced with a series of air-filled thermoplastic shock
abszorbers,

Formula 1 race car design too has benefited from
advances in chemical technology, The use of poly-
meric materials in car bodies results in lighter and
faster vehicles for car racing. and carbon composite
materials help to protect the drivers in the cockpits of
open wheel race cars. In fact, carbon fibre is now used
in most areas where previously there were heavier me-
tallic components and is therefore now used for just

| about everything from brakes and suspension wish-

bones to bodywork
and heat shields. A
migjor problem with
race cars is the fre-
mendois amoundt o
heal soak that can
be generated. There-
fore heat shields
made out of a high
temperalure phe-
nolic carbon, & ma-
terial originally de-
veloped for rocket
nozzles, are fitted
in racer cars B0 miki-
gate the heat pro-
duced. To impari
maximum strength
to the chassis, they
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Bird's Mest Stadium

are made using a sandwich construction with an alu
minium honeyoomb filling between layvers ot carbon
fiare,

Sportswear

Sportswear, which is often critical to an athlete’s
performance, also relies on modern materials amd
chemicals. At the 2008 Beffing Olympics it was not just
Michael Phelps and his record breaking eight gold
medals that created a splash. There was a big buzz
about his new high-performance swimsuit, designed
with the help of NASA, as well. The revolutionar
swimwear, touted to be the world’s fastest swim suit,
15 the world’s first fully bonded suit that is ulirasomni-
cally welded and has no scams or material overlaps
that could act as speed bumps on
the body. The swimsuit features
a thin water-repellant polyure-
tharme membrane embedded in
the nvlon felastane fabric at stra-

“ Super Hghh

EU I-.:"'.\.- FicHT

tegic parts of the body to reduce

drag and improve speed DOy weigni over
fifilament yam spt

Besides helping in enhancing
speed, consumers also expect
sportswear bo be combortable,
lightweight and be able o adjust

adaptad Tor usa As

SHLITE

sioke 1o exploll the Righ enste 3
L

to the needs of the body over a wide range of external
temperatures and activities. Thermoplastic polyure
thane is used in cold weather sportswear such as sk
boots, skates, ice hockey boots, hiking and chimbing
boots and also tn ski/snowboard surfaces. Sports ap
parel is generally made from performance fabrics spe-
cially engineered for comfort and prl.'-'.'h.lll'u'L'Hll'vl'ﬂ-
ture regulation. Such fabrics maintain the body tem
perature at a level that will maximize performance
That is, they are so designed as to keep the body
warmer of cooler, and are geared for one or the other,
_"*&:.'I_-:tn_ LY ;1._'.|l.'|_‘-st|_-|‘_ pofvpropylens, wool and poly-
urethane elastane fibres or blends of different fibres
are some of the materials used for making sports ap-

parcl
T wep e T NASH 1 T a2 bhadr
GONES N DErmD G } = g | T aps
or the Triagiie QONes ANg eventy arsirl
I k
its surface. Besides, "fiywire” (a high-performanca miu

beanrids Bl iidER . ki wlmbd A8
e TU, NEEILEHEY Jield BRIt Wi gl Of T

fibres to creale super-lighl, durable and comioriable spors shoes ’,
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Sports Surfaces

Chemicals played a star-
ring role in the recent 2008
Bening I'.1I'.'n1|:-i.'-'- by wav of
notondy the high-performance
sports equipment and apparel
used by sportspersons, but
also the inventive roofing and
floering of stadiums and spe-
clalized surfaces for different

SPOTHITgE events

e remarkable Bird's Mest
stadium which became the
symbal of the Befjing Games
had a roof consisting of thou-
sands of translecent air-filled
pillows made from ethylene
tetra-fluoroethylene (ETFE), a
lightweight plastic film weigh
ing just 1% of an equivalent-
sized plags panel, clinging to
a gianl steel cage. Another
membrane laver made from
palvtetrafluorcethyiene (FTFE)
ensured sound insulation in-
side the stadium. The aguatics
centre had a similar roof fitted
with inflatable plastic pillows.
The innovative roof enhanced
the building’s energy effi-
ciency by trapping solar en-
ergy for heating the swimming
pools while at the same time
providing natural Light and
reducing the electricity con-
sumption. Polvearbonates are
another preferred material for
stadiom roofs because they
are lightweight, transparent
and ¢an be shaped into cre-
ative architectural designs. At
the Beljing Games, the roof of
the football stadium was made
out of transparent polycarbon-
ate -||1t'|-'ri!‘|_}; shaped like a
petal

Sports tracks and surfaces
can enhance the performance
of athletes, enabling them to
run faster, jump higher or

Chemisiry In Daily Life ~

ok

Mogem sporis tracks can be
either fabncated offsite and then ;||.1F.*f!
directly onto the asphalt with 2 specia

sdhesive, or can be liquld tracks

that are pul together onsie

b
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move better. The artificial sur-
faces in use in sports arenas
today are preferred because
they are all-weather playing
surfaces that are more durable
and are easier to maintain, Bul
athletes want much more (han
that. They want surfaces that
hiave better performance-en
hancing and safety features,
such as better traction and
speed as well as better shock
absorption. And so these fea
tures were alao tiken into ad
count while developing such
tracks and surfaces

Synthetic sports tracks
were first introduced at the
Muexico Olympics in 1968 and
CVET SINCE research an impros -
ing artificial
carried out to help sports- per
s0ns pertorm at thewr best
while at the same time provid-
ing them with maximum pro
tection from injurdes. The track
at the Bird’s Nest stadium was
made from renewable natural
rubber, natural fllers and
colour pigments

racks is being

Modern sports tracks can
be either fabricated offsite and
then glued directly onto the
asphalt with a special adhe-
gV, or can be liguid tracks
that are put together onsite, A
sprhisticated track of the lat-
fter kind is based on a sand-
wich system comprising an
elastic base layer of rubber
granules and a polvurethane
binder applied in situ to the
asphalt substrate with built-in
finishers. A pore sealer is ap-
plied over this layer, followed
by a self-levelling polvure
thane coating made of two
components which are mixed
on site, applied to the appro
priate thickness and then
spread with coloured rubber
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granules while still in the bquid state. This coating
then hardens as a result of the reaction of polvols and
ispcyanates to form a highly elastic polvurethane top
laver. In general, most synthetic tracks can last for
around 20 vears. Resurfacing could extend their Life
span by another 10 to 200 vears.

Many among the crowds that fill modemn stadiums
to watch football or hockey matches today would be
surprised to know that what looks like freshly mowed
green grass on the playing field is actually artificial
grass. Also called astroturf, such artificial pitches,
manufactured from synthetic materials like polypro-
pylene (PP} or polvethylene (PE), are widely used
nowadays for different sports. First developed in the
1970s, artificial grass was further modified in the
1980s to include a latex base laver with a sand infill
for providing an effective drainage system and mak-
ing the turf fit for playing under all weather condi-
tiona. The base layver also acts as a shock pad.

Some varieties of synthetic turf in use today fall un-
deer a more superior “third generation™ category which
is almost as safe to play on as natural grass. One such
turf comprises a top layer of soft artificial grass fibres
made from PP/PE over a backing of latex and poly-
urethane.
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Leaping over the anti-environment hurdle

Thanks to green technologies being developed
today, the sporting goods and surfaces industry is also
showing signs of going green. Artificial barf, ski-boots,
gogeles, running shoes and many other high-perfor-
mance sporting goods incorporate renewable-based
chemicals, recvcled materials, or both. Nowadays,
many synthetic grass and track manufacturers use up
to 7% recycled materials such as plastic bottles and
rubber tyres thus offering more environment friendly
products. Bio-palyols sourced from corn or other
natural-based feedstock are used for manufacturing
ski goggles and waich straps, bio-based polyamides
are used for making spectacle frames, soy-based
inks, water-based adhesives and bio-based thermo-
plastic elastomers are used for making running shoes,
recvcled engineering plastics are wsed in lacing svs-
terns, fishing reels, components of fitness machines
and mountain gear, the list is growing longer each
yEIr.

As the sporting world keeps evolving and the
needs of athletes and different sports keep changing,
vou can be sure chemists will be hard at work to sat-
iafy these demands, coming up with even more ad-
vanced materials in ways we can’t even imagine to-
day.
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