Polymers

Utensils made from biodegradable plastic

What is a Polymer?

* A polymeris a large molecule
(macromolecule) composed of repeating
structural units typically connected by
covalent chemical bonds.

* A polymer is analogous to a necklace made
from many small beads (monomers).

* Well-known examples of polymers include
plastics, starch and proteins.

IUPAC definition of Polymer

* “Apolymeris a substance composed of
molecules characterized by the multiple
repetition of one or more species of atoms or
groups of atoms (constitutional repeating
units) linked to each other in amounts
sufficient to provide a set of properties that
do not vary markedly with the addition of one
or a few of the constitutional repeating units.”

Polymer Synthesis

* Polymerization is the process of combining
many small molecules known as monomers
into a covalently bonded chain.

* During the polymerization process, some
chemical groups may be lost from each
monomer.

* The distinct piece of each monomer that is

incorporated into the polymeris known as a
repeat unit or monomer residue.
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Monomer

* A monomer (from Greek mono "one" and
meros "part") is a small molecule that may
become chemically bonded to other
monomers to form a polymer

* Monomers can be divided into two categories:
— Synthetic monomers
— Natural monomers

Natural monomers

* Amino acids are natural monomers, and
polymerize to form proteins.

* Glucose monomers can polymerize to form
starch, cellulose and glycogen polymers.

* Inthis case the polymerization reaction is known
as a dehydration or condensation reaction (due
to the formation of water (H,0) as one of the
products) where a hydrogen atom and a hydroxyl
(-OH) group are lost to form H,0 and an oxygen
molecule bonds between each monomer unit.

Synthetic monomers

* Hydrocarbon monomers such as phenylethene
and ethene form polymers used as plastics like
polyphenylethene (commonly known as
polystyrene) and polyethene (commonly
known as polyethylene or polythene).

* Other commercially important monomers
include acrylic monomers such as acrylic acid,
methyl methacrylate, and acrylamide.

General Classes of Polymers

* Thermoplastics

— Can be repeatedly melted upon the application of
heat, considered recyclable

* Elastomers

— Rubbery materials that can stretch many times their
original length; they do not melt upon application of
heat, they will degrade if heated to high enough
temperature

* Thermosets

— Generally rigid materials that can withstand higher
temperaturesthan elastomers, they do not melt and
will degrade if heated to high enough temperature

4/16/2012



History of Plastics: Bakelite

* The first synthetic, man-made substance was
discoveredin 1907 by Leo Baekeland.

He found that mixtures of phenol and
formaldehyde produce an extremely hard
material when heated, mixed and allowed to
cool.

Known as phenolic or phenol-formaldehyde
he calls the new material bakelite and is the
first synthetic thermosetting resin.

History of Plastics: Bakelite

* Bakelitewould not burn, boil, melt or dissolve in

acids or solvents. Bakelite was the first thermoset
plastic which would retain its shape and form.

Bakelite was also introduced as an electrical
insulation.

Today, it is still used for household purposes since
itis electrically resistant, chemically stable, heat
resistant, shatterproof and does not crack, fade
or discolor when exposed to the elements

History of Plastics: PVC

PVC was accidentally discovered on at least
two different occasions in the 19th century,
first in 1835 by Henri Victor Regnault and in
1872 by Eugen Baumann.

On both occasions, the polymer appeared as a
white solid inside flasks of vinyl chloride that
had been left exposed to sunlight.

History of Plastics: Polyethylene

Polythene) — Discovered in 1933 by Fawcett
and Gibson during a botched experiment.
Upon applying extremely high pressure
(several hundred atmospheres) to a mixture of
ethylene and benzaldehyde they again
produced a white, waxy, material.
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History of Plastics: Polyethylene

* Because the reaction had been initiated by trace
oxygen contamination in their apparatus the
experiment was, at first, difficult to reproduce.

It was not until 1935 that another chemist,
Michael Perrin, developed this accidentinto a
reproducible high-pressure synthesis for
polyethylene.

This material evolved into two forms, low density
polyethylene (LDPE) and high density
polyethylene (HDPE).

Polyethylene ...

* Polyethylene is cheap, flexible, durable, and

chemically resistant.

LDPE is used to make films and packaging
materials, including plastic bags, while HDPE is
used more often to make containers,
plumbing, and automotive fittings.

Polyfluoroethylene (Teflon®)

While Polyethylene has low resistance to
chemical attack, it was found later that a
Polyethylene container could be made much
more robust by exposing it to fluorine gas,
which modified the surface layer of the
container into the much tougher
"polyfluoroethylene”also known as Teflon®.

History of Plastics: Teflon®

Teflon was invented accidentally by Roy
Plunkett of Kinetic Chemicals in 1938. Plunkett
was attempting to make a new CFC
refrigerant, the perfluorethylene polymerized
in a pressurized storage container.

In this original chemical reaction, iron from
the inside of the container acted as a catalyst.
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History of Plastics: Teflon®

* In 1954, French engineer Marc Grégoire
created the first pan coated with Teflon non-
stick resin under the brand name of Tefal after
his wife urged him to try the material, that
he’d been using on fishing tackle, on her
cooking pans.

* Teflonis inert to virtually all chemicals and is
considered the most slippery material in
existence.

History of Plastics: PET

* Rex Whinfield and James Dickson developed
polyethylene terephthalate or PET in 1941.

* |t was used for syntheticfibers in the postwar era
under names like polyester.

* PETis more impermeableand abrasion resistant
than other low-cost plastics.

* PETis more impermeablethan other low-cost
plastics and so is a popular material for making
bottles for Coke and other "fizzy drinks", since
carbonation tends to attack other plastics; and
for acidic drinks such as fruit or vegetable juices.

PolyEthylene Terephthalate (PET)....

* PET s also strong and abrasion resistant, and
is used for making mechanical parts, food
trays, and other items that have to endure
abuse.

* PET films, tradenamed "mylar", are used to
make recording tape.

Classification of polymers

(a) by chemical compositions

* homopolymers: contain a single kind of
monomer

* copolymers: contain more than one kind of
monomer
(a) random
(b) alternating
(c) block
(d) graft
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Classification of polymers

Homopolymers and Copolymers

-A-A-A-A-A-A-A-A- Homopolymer
4 -A-B-B-A-B-A-A-B- Random copolymer
b -A-B-A-B-A-B-A-B- Alternating copolymer
C -A-A-A-A-B-B-B-B- Block copolymer
d -A-A-zi-\.-A-A-A-A-A- Graft copolymer
B-B-B-B-B-B-

Further Classification of polymers

Amorphous Polymers (Plastics)
* These polymers are very simple, usually

* consisting of one or two repeating subunits, and have
no complex three-dimensional structure.

* —Examples include polyethylene, rubber, Teflon, nylon,
polyesters, etc.

Complex Polymers

* These polymers often consist of a number of repeating
subunits, and do have complex linear and three-
dimensional structures.

* Examples include proteins and enzymes, DNA, RNA.

Classification of polymers

(b) by chain structures:

linear (e.g.. high density PE) ~\_J~ \—~__

branched

(e.g., low density PE) mﬁ‘

network (e.g., cross-linked

polymers: elastomers) \/’}:&X

Classification of polymers

(c) by processing properties:
* Thermosetting polymers: insoluble and only
swell (network polymer)

* Thermoplastic polymers: not cross-linked,
soluble, will melt and flow (linear or branched
polymer)
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Classification of polymers

(d) by physical or mechanical properties, or end
use:
— plastics,
* fibers,
* coatings,
* Adhesives

— rubbers (elastomers)

Major classes of polymer formation
mechanisms

* There are two major classes of polymer
formation mechanisms
— Addition polymerization: The polymer grows by

sequential addition of monomers to a reactive site

¢ Chain growth is linear

* Maximum molecular weight is obtained early in the reaction

— Step-Growth (condensation)polymerization:

Monomers react together to make small oligomers.
Small oligomers make bigger ones, and big oligomers
react to give polymers.

¢ Chain growth is exponential

* Maximum molecular weight is obtained late in the reaction

Types of Addition Polymerization
Reactions
* Inthe addition Polymerization - the monomer

molecules bond to each other without the loss of any
other atoms.

¢ Free radical polymerization

¢ lonic polymerization

Free radical polymerization

* What are free radicals?

* Two ways to break an A-B single bond into two
fragments:

e jonization: A-B> A"+ B
s freeradicals:  A-A> A°+°A
the dots denote unpaired electrons

free radicals are very reactive
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Mechanism of Free Radical Mechanism

* Free radical polymerization is restricted to
unsaturated organic compounds, and
normally olefins.

Since every monomer is added to the chain
end, it is a chain-growth polymerization
process.

Mechanism of Free Radical Mechanism

The polymerization system could be homogeneous or
heterogeneous, and the polymerization could be carried out in bulk,
solution, suspension, or emulsion etc

Kinetics of free radical polymerization

Like most other free radical reactions of low molecular compounds
(for example halogenation), free radical polymerization is a chain
reaction and can be divided into four parts:

— Initiation

— Propagation

— Transfer Reactions

— Termination

Each step may have a significant influence on the choice of
polymerization conditions and the properties of the polymer.

™ N e

| — )

R R R R
Initiation

The initiation reaction is the attack of a monomer
(M) molecule by a primary radical R. originated
from the initiator (1). This process involves two
reactions:

Decomposition of the initiator to form primary
radicals | —= 2R,

The actual initiationreaction R * M — R

The initiator decomposes in an unimolecular
reaction into two initiator radicals.

In this equation R, means the radicals that are
able to propagate

Propagation

The propagation reaction is characterized by the
consumption of one radical to form another radical.
In the propagation process, a monomer molecule is
taken up by the primary radical to form a new
radical. This new radical takes up another monomer
molecule to form a new radical etc

R1+M4>R2

R2+M—>R3
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Propagation Transfer reactions
* With the assumption that all radicals R; have * Transfer reactions have the same characteristic as
the same reactivity, mathematically: the propagation reaction, in which one radical is
. . consumed when another is formed. The
(R= Z[Ri] ) differenceis in the nature of the new radical.
I

* During propagation the new radicals are polymer

* Where R represents the sum over all growing radicals with one repeating unit ( RU) more than

polymer. the original, while the radicals formed in a
transfer reaction may be a monomer radical or a
substrateradical. . § .
Ri+M s Pl
Transfer reactions Termination
* The monomer radical can than start a new * Atermination reaction normally involves two
chain. This is called reinitiation by transfer radicals, reacting either by recombination or
radicals. by disproportionation.
‘ o * Recombination means the formation of a
M+M —2- R,

single bond between two polymer radicals
leading to an “unreactive” polymer molecule
of on an average twice the size of the polymer
radicals.

R, + R, —— Punm




Termination

* Recombination broadens the molecular
weight distribution, thus increases the
polydispersity.

* Disproportionation means the hydrogen
transfer from one polymer radical to the
other, whereby one of the “unreactive”
polymer molecules is saturated and the other
involves a terminal double bond.

A Free radical polymerization specific
example
* A free radical polymerization requires an initiator
to start the reaction
* Typical initiator: benzoyl peroxide
* CzH;COO-OOCC¢H; > 2 C;H;COO"
benzoyl free radicals

» Example: Ethylene (C,H,) forms polyethylene
(PE) in the presence of free radical R (catalyst or
initiator)

Free radical polymerization

H H
monomer é=é
"B
H H H.: H
initiation R + C|:(lj s R—C]—CI
T
H ~H H H H

|
s i e
H H H H H H H H

Free radical polymerization

¢ Propagationis a chain reaction

e fFree radicals are not consumed in propagation
reaction

* Number of free radicals is unchanged during
propagation
¢ But the reaction can stop — termination
¢ Transfer of radicals

¢ Reactions involving free radicals

4/16/2012
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Free radical polymerization

* Reactions involving free radicals:

—R-(CH,-CH,),,* can react with molecules besides the
monomer:

R-(CH,-CH,),* + A-B = R-(CH,-CH,),-A + B*
® Typically:

—A-Bis another polymer molecule often Ais a
hydrogen

—This termination process transfers the radical to a
new chain

Free radical polymerization

» Termination: reactions involving free radicals
* by reaction between two chains:
HHHH H HHH
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Free radical polymerization

» Termination in PVC bv reaction between two chains
H H

R—O—(CH:—CHCI);CH,—(::- + -ﬁ‘:—CH,—(CHCI—CH;).—O—R' —_—
a a
H H
R—O—(CH,——CHCI):G!,—(::-—C:—CH,—(CHCI—CH,),—O—R‘
aa

 Termination in PVC by transfer of H with creation of a
double bond

H H
I |
R-—O—(»CH;—CHCI*,—,CI——?- + -(':—CHZ-(-CHCI—CHZ-);,-O—R’ —
H Cl
R—O~+CH,—CHCl)zCH=CHCI + CH,Cl—CH,+CHCI—CH,);0—R’'

(termination)

Commercial Polymers Formed via
Free Radical Polymerization

* low density poly(ethylene) LDPE
H
\
ﬂLCHz‘C%L
H
« poly(vinyl chloride) PVC H
\
%CH;CE#
Cl
* poly(methyl methacrylate) PMMA

o
~fonch-

COOCH,
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lonic polymerization

+ Chain polymerization, with active center being a cation or
anion

» Example: polyacrylonitrile, initiated by butyl lithium:
Bu©Li® + CH2=('}H — Bu——CHZ—(|ZH9Li@ (initiation)
C=N C=N

The new anion then reacts with an additional molecule of acrylonitrile:
Bu—CHz—('IHeLi@’ + CH,=?H —
C=N C=N
Bu—CH;—(iIH—CH;—CHG)U@ (propagation)
C=N C=N

lonic polymerization

* Initiators are organometalliccompounds, e.g.

—n-butyl-lithium, n-C,HgLi (reacts with 1 monomer
molecule)

—triethylaluminum (C,Hs)4Al (reacts with 3
monomer molecules)

* Termination by coupling of two chains is not possible

—Once initiator is exhausted and all monomeris reacted,
reaction stops,

— ... but may resume on addition of fresh monomer

i.e it is a “living polymerization”

Some Common Addition Polymers

N CHy=CH, —_caast {»CHszHHB

andlor heat
Ethene Polymer = Polyethylene
(Ethylene) (Polyethene, Polythene)

* n=10,000- 30,000 = low-density polyethylenes (LDPE)

* n=10,000- 50,000 = high-density polyethylenes (HDPE)

* n=upto 200,000 = ultrahigh-molecular-weight
polyethylenes (UHMW@PEs)

* Polyethylene is useful in food storage
containers, plastic wraps and films,

» garbage bags, insulation for electrical wiring,
squeeze bottles, etc.

Some Common Addition Polymers

CH, CHsy CHy CHs CHy
CH,—¢ ——> =—CH,—CH—CH,—CH—CH,—CH—CH,—CH—>
\H Polymer = Polypropylene
Propene Polypropylene (PP) forms a more orderly polymer than
(Propylenc) polyethylene. and is much harder. and is stable at higher

temperatures (which makes it possible to use in
sterilizable storage containers). It is used in fibers,
indoor-outdoor carpets, bottles, artificial turf. etc

/C\ (l:l (‘:\ Cl Cl
cH=C — =<—CHy—CH—CH,—CH—CHy—CH—CH,—CH—>
Polymer = Polyvinyl chloride (PVC)
Chloroethene Polyvinyl chloride (PVC, V) is an extremely stable
(vinyl chloride) plastic. and is very resistant to degradation. It is also

resistant to absorbing water and other solvents, and so is
useful in plumbing applications. garden hoses. synthetic
leather. etc

4/16/2012
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Some Common Addition Polymers

CH=CH, F\ F
VA
F F
Styrene Tetrafluoroethylene
Polymer = Polystyrene Polymer =Teflon

* When styrene is polymerized in the presence of a
foaming agent (CFCs, low-MW hydrocarbons),
styrofoam s produced; this material is a good insulator
against heat and cold.

* Teflonis extremely stable because of the very strong
C—Cand C—F bonds; grease and oils cannot bond to
the carbon chain through the fluorine atoms, and so
Teflon forms slick, nonstick coatings.
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Some Common Addition Polymers

H\ /cozcm
c=C¢

/N

H CHs

Methyl methacrylate
Polymer = Poly(methyl methacrylate)

This polymer has a chaotic internal
structure that makes it ﬂ'ﬂllSl)ﬂl'el]‘ to

light. It is used in airplane windows.

contact lenses, fiber optics, etc. Itis
known by the trade names Lucite,
Plexiglass. and Perspex.

H\ B /cogc Ha
c=—¢
/ \
H H

Methyl acrylate
Polymer = Poly(methyl acrylate)
This plastic forms a milky emulsion
in water. to which pigments can be
added to form acrvlic paints. When
the water evaporates, the polymer
remains behind. holding the pigments

/cw
CH;:C\
ol
Vinylidene chloride
Polymer = Saran A

in a rubbery. flexible film

Saran A is made from pure vinylidene chloride:
Saran B is a copolvimer of vinylidene chloride
and vinyl chloride. These substances form dense
solids having high melting points and
impermeability to gases: they are useful in food
packaging and storage (*Saran wrap’).

Some Common Addition Polymers

H /C N H /CO;C Hs
/C = C\ /C :C\
H H H H
Acrylonitrile Vinyl acetate
Polymer = Polyacrylonitrile Polymer = Polyvinyl
This polymer forms fibers which can be acetate (PVA)
used in carpets and fabrics. It is known This polymer is used in adhesives.
by the trade names Orlon, Acrilan. and latex paints, chewing gum, safety
Creslan. glass. textile coatings. etc.
CH=CH.
cl 2

CH,=CH—CH=CH
CH,—=C—CH=CH, 2 2

Chloroprene

Polymer = Polychloroprene Styrene + butadiene
When cross-linked with ZnO. this  Polymer = Styrene butadiene rubber (SBR)
polymer forms a material called These monomers form a copolymer
neoprene rubber., which is very which. when cross-linked with peroxides.
resistant to oil and gasoline. - forms a very tough. heat-stable rubber:

used in automobile tires.

Addition Polymers

Monomer M(g/mol) Repeat unit Chemical name(s)
28.0 &> Polyethylene
H
HONH "
104 Polystyrene
H H

chloride). “vinyl”

{/\() Poly(vinyl
n Lad
Cl
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Addition Polymers

Monomer M(g/mol) Repeat unit Chemical name(s)
H H et
- 530 N" mly:?I?:!}nle.
H CN CN !
H. & Poly(vinylidene chloride)
Y=( 97.0 <, y(viny
H cl cc
Me Me Poly(methyl methacrylate),
H 2N O e 100 i Plexiglas®. Lucite®

=

[e]
[=]
[=]

56.0 Polyisobutylene

F
£
55

.
2

n
m

I
g
<

Poly(tetrafluorocthylene).
Teflon®

-,
-
m,
m

Addition Polymers

Monomer M(g/mol) Repeat unit Chemical name(s)
<7 0. Poly(ethylene oxide).
o 240, > ‘)n poly(ethylene glycol)

H
0 N Poly(e-caprolactam).
Q‘ 13 “‘"“s‘ror 3, Nylon-6

Condensation Polymerization

* Also known as Step-growth polymerization

* Usually two different monomer combine with
the loss of a small molecule, usually water.

1. Polyester

HO o] o o)
I T T e T S W P
o OH o A

Poly(ethylene terephthalate), Terylene®,
Dacron*, Mylar*

Condensation Polymerization

2. Polyamide

o o
HooH
n HoNy_yNH — [Ny N
M+ oA (*”EM’”HC'
o O

Poly(hexamethylene adipamide), Nylon-6,6

3. Polyurethane

0 o
n 0=C=Ny 4 N=C=0 + n ot hon —= @ﬁ*\%ﬁko*\tg
6 n

Poly(tetramethylenehexamethylene urethane),

Spandex®, Perion”

4/16/2012
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Step- Growth Po C3/21)e_ricz)at(i5>n

Stage 1

0D omo 0-Q0-0-0
0-0-0-0 00
. 00000000
™ Q-3-0-0-0-0-0-0-0
-
%O 43{}0{){)

oligomers to give

high molecular
W poymer O—O—O—O—O—O

Condensation Polymerization

4. Polycarbonate

0 e W s
— — - + H
ol 0 0O o oo e
Me Me 4
Poly(4.4-isopropylidenediphenylene carbonate)
bisphenol A polycarbonate, Lexan™

5. Inorganic

Me ere
n Me- Sl Cl+n HO —» 63]i—0> + 2n HCI
Cl Me /n

Poly(dimethylsiloxane)

Classes of Condensation polymers

* Polyester has good mechanical properties to
about 175°C, good resistance to solvent and
chemicals. It can exist as fibers and films. The
former is used in garments, felts, tire cord, etc.
The latter appears in magnetic recording tape
and high grade films.

Classes of Condensation polymers

* Polyamide (nylon) has good balance of
properties: high strength, good elasticity and
abrasion resistance, good toughness,
favorable solvent resistance. The applications
of polyamide include: rope, belting, fiber
cloths, thread, substitute for metal in
bearings, jackets on electrical wire.

4/16/2012
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Classes of Condensation polymers Classes of Condensation polymers

® P0|yurethane can exist as e|ast0mers W|th gOOd . Polys|loxane are ava”able in a W|de range Of

abrasion resistance, hardness, good resistance to
grease and good elasticity, as fibers with excellent
rebound, as coatings with good resistance to
solvent attack and abrasion and as foams with
good strength, good rebound and high impact
strength.

Polyurea shows fair resistance to greases, oils and
solvents. It can be used in truck bed liners, bridge
coating, caulk and decorative designs.

physical states-from liquids to greases, waxes,
resins and rubbers. Uses of this material are as
antifoam and release agents, gaskets, seals,
cable and wire insulation, hot liquids and gas
conduits, etc.

Classes of Condensation polymers

* Polycarbonates are transparent, self-
extinguishing materials.

They possess properties like crystalline
thermoplasticity, high impact strength, good
thermal and oxidative stability.

They can be used in machinery, auto-industry
and medical applications. For example, the
cockpit canopy of some fighter planes is made
of high optical quality polycarbonate.

Classes of Condensation polymers

* Polysulfides have outstanding oil and solvent

resistance, good gas impermeability, good
resistance to aging and ozone.

* However, it smells bad and it shows low

tensile strength as well as poor heat
resistance.

* It can be used in gasoline hoses, gaskets and

places that require solvent resistance and gas
resistance.
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Classes of Condensation polymers

* Polyether shows good thermoplastic behavior,
water solubility, generally good mechanical
properties, moderate strength and stiffness.

* Itis applied in sizing for cotton and synthetic
fibers, stabilizers for adhesives, binders, and
film formers in pharmaceuticals.

Classes of Condensation polymers

* Phenol formaldehyde resin (Bakelite) have good
heat resistance, dimensional stability as well as
good resistance to most solvents. It also shows
good dielectric properties.

* This material is typically used in molding
applications, electrical, radio, televisionsand
automotive parts where their good dielectric
properties are of use.

* Some other uses include: impregnating paper,
varnishes, decorative laminates for wall
coverings.

Classification of Polymers by
Processing Properties
—Thermoset: cross-linked polymer that
cannot be melted (tires, rubber bands)
—Thermoplastic: Meltable plastic

—Elastomers: Polymers that stretch and
then return to their original form: often
thermoset polymers

—Thermoplastic elastomers: Elastic
polymers that can be melted (soles of
tennis shoes)

Thermoset Plastics

* Thermosetting plastics (also known as
thermosets) are polymer materials that
irreversibly cure.

* The cure may be done through heat (generally
above 200 degrees Celsius), through a
chemical reaction (two-part epoxy, for
example), or irradiation such as electron beam
processing.

4/16/2012
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Thermoset Plastics

* Thermoset materials are usually liquid or
malleable prior to curing and designed to be
molded into their final form.

* (The curing process transforms the resin into a
plastic or rubber by a cross-linking process).
* Others are solids like that of the molding

compound used in semiconductors and
integrated circuits (IC's).

Why Thermosets Cannot be
Remelted

As in thermoplastics, the backbone of most
thermosetsis covalently bonded

In contrast to thermoplastics, there are no
individual macromolecules

Thermosets consist of a continuous cross-linked
network of covalently bonded molecules

Thermosets are “locked” into their molecular
structure by strong covalent bonding, which does
not allow polymer chains to move freely with the
application of heat

Thermoset plastics

* Some examples of thermosets are:
— Polyester fiberglass systems
— Vulcanized rubber

— Bakelite (used in electrical insulators and
plasticware)

— Duroplast, similar to Bakelite

— Urea-formaldehyde foam (used in plywood,
particleboard and medium-density fibreboard)

Some examples of thermosets

— Melamineresin (used on worktop surfaces)

— Epoxy resin (used as an adhesive and in fibre
reinforced plastics such as glass reinforced plastic
and graphite-reinforced plastic)

— Polyimides (used in printed circuit boards and in
body parts of modern airplanes)

4/16/2012
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Thermoplastic Polymers

* Athermoplasticis a polymer that turns to a
liquid when heated and freezes to a very glassy
state when cooled sufficiently.

* Most thermoplastics are high-molecular-weight
polymers whose chains associate through: weak
— Van der Waals forces (polyethylene);

— stronger dipole-dipole interactions and hydrogen
bonding (nylon);

— or even stacking of aromatic rings (polystyrene).

Thermoplastic Polymers

Thermoplastic polymers differ from
thermosetting polymers as they can, unlike
thermosetting polymers, be remelted and
remoulded.

Thermoplastics are elastic and flexible above a
glass transition temperature T,, specific for each
one

Thermoplastics can go through melting/freezing
cycles repeatedly and the fact that they can be

reshaped upon reheating gives them their name.

This quality makes thermoplastics recyclable.

Thermoplastic Polymers

* Some examples of thermoplastics are:
— Polyacrylates (Acrylic)
— Polyamide (PA or Nylon)
— Polyethylene terephthalate (PET)
— Polyester
— Polyethylene (PE)
— Polyvinyl chloride (PVC)

Elastomer Plastics

An elastomer is a polymer with the property of
elasticity

Elastomers are usually thermosets (requiring
vulcanization) but may also be thermoplastic

The elasticity is derived from the ability of the
long chains to reconfigure themselves to
distribute an applied stress.

The covalent cross-linkages ensure that the
elastomer will return to its original configuration
when the stress is removed.

4/16/2012
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Elastomer Plastics

* Elastomers can reversibly extend from 5-
700%, depending on the specific material.

* Without the cross-linkages or with short,
uneasily reconfigured chains, the applied
stress would result in a permanent
deformation.

Thermoplastic elastomer

* They are sometimes referred to as
thermoplastic rubbers,

* They are a class of copolymers or a physical
mix of polymers (usually a plastic and a
rubber) which consist of materials with both
thermoplastic and elastomeric properties.

Thermoplastic & thermoset
elastomers

* Most elastomers are thermosets
* Thermoplastic elastomers show both advantages
typical of rubbery materials and plastic materials.

* The principal difference between thermoset
elastomers and thermoplastic elastomers is the
type of crosslinking bond in their structures.

* Crosslinkingis a critical structural factor which
contributes to impart high elastic properties.

Thermoplastic & thermoset
elastomers

* The crosslink in thermoset polymers is a

covalent bond created during the
vulcanization process.

* Crosslink in thermoplastic elastomer polymers

is a weaker dipole or hydrogen bond or takes
placein only in one of the phases of the
material.
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Disposal of Plastics

* Dumping plastics in a land fill takes up a
tremendous amount of space; most plastics
do not degrade readily

* Incineration of plastics has an especially
controversial issue since the 1970’s when
clean air regulations around the world were
putin place

Disposal of Plastics

* PVCin particular has been a concern for
incineration because it releases dioxins a
suspected carcinogen

* Biodegradable plastics have started to be
used that break down in the presence of
sunlight, water, and microorganisms

Recycling

* This has become a hot environmental topic for
many reasons
— Most polymers are not biodegradable
— Most polymers are made from petroleum and
other non renewable resources
— Polymer processing requires many
environmentally harmful solvents

Recycling of Thermosets

* While most thermosets are not recycled there
are methods of reusing some of these
polymers
— Many thermosets can be chopped and used as

filler
— Powdered phenolic can be added to the raw
— material stream

— Depolymerization can be used in some cases to
break down thermosets into their component
parts for reuse
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Biodegradable plastics

* These are plastics that will decompose in the
natural environment.

* Biodegradation of plastics can be achieved by

enabling microorganisms in the environment
to metabolize the molecular structure of
plastic films to produce an inert humus-like
material that is less harmful to the
environment.

Biodegradable plastics

Fully biodegradable plastics are more
expensive, partly because they are not widely
enough produced to achieve large economies
of scale.

Under proper conditions biodegradable
plastics can degrade to the point where
microorganisms can metabolise them.

Biodegradable plastics

* Degradation of oil-based biodegradable
plastics may release of previously stored
carbon as carbon dioxide.

* Starch-based bioplastics produced from
sustainable farming methods can be almost
carbon neutral.

Biodegradable plastic - PHA

Materials such as polyhydroxyalkanoate (PHA)
biopolymer are completely biodegradable.

PHAs are linear polyesters prodlced in nature by
bacterial fermentation of sugar or lipids.

They are produced by the bacteria to store carbon and
energy.

These plastics are biodegradeable and are used in the
production of bioplastics.
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Biodegradable plastic - PHA

* They can be either thermoplastic or
elastomeric materials, with melting points
ranging from 40 to 180 °C.

In the industrial production of PHA, the
polyester is extracted and purified from the
bacteria by optimizing the conditions of
microbial fermentation of sugar or glucose.

Biodegradable plastic - PHA

* PHA polymers are thermoplastic, can be

processed on conventional processing
equipment, and are, depending on their
composition, ductile and more or less elastic.

They differ in their properties according to their

chemical composition (homo-or copolyester,
contained hydroxy fatty acids).

They are UV stable, in contrast to other
bioplastics from polymers such as polylactic
acid, up to 180 ° C, and show a low permeation
of water.

Biodegradable plastic - PHA

Processability, impact strength and flexibility
improves with a higher percentage of a
natural ester valerate (derived from valeric
acid) in the material.

PHA is similar in its material properties to

polypropylene (PP), has a good resistance to
moisture and aroma barrier properties.

Polycaprolactone (PCL)
It is a biodegradable polyester with a low

melting point of around 60°C and a glass
transition temperature of about -60°C.
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Polycaprolactone (PCL)

* This polymer is often used as an additive for
resins to improve their processing
characteristics and their end use properties
(e.g., impact resistance). Being compatible
with a range of other materials, PCL can be
mixed with starch to lower its cost and
increase biodegradability or it can be added as
a polymeric plasticizer to PVC.

Polycaprolactone (PCL)

* It has physical properties of a very tough,
nylon-like plastic that melts to a putty-like
consistency at only 60°C.

* PCL's specific heat and conductivity are low
enough that it isn't hard to handle at this
temperature. This makes it ideal for small-
scale modeling, part fabrication, repair of
plastic objects, and rapid prototyping where
heat resistance isn't needed.

Polylactic acid or polylactide (PLA)

* PLAis a biodegradable, thermoplastic,
aliphatic polyester derived from renewable
resources, such as corn starch (in the U.S.) or
sugarcanes (rest of world).
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* Although PLA has been known for more than a
century, it has only been of commercial
interest in recent years, in light of its
biodegradability.
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PLA

* PLAis more expensive than many petroleum-
derived commodity plastics, but its price has
been falling as production increases.

PLA is currently used in a number of biomedical
applications, such as dialysis media and drug
delivery devices.

PLA is used for biodegradable and compostable
disposable beverage cups, the lining in hot
beverage cups, deli containers and clamshells for
food packaging.

A Type of biodegradable polythene film

Additive based (OXO-BIODEGRADABLE)

* Polythene or Polyethylene film will naturally
fragment and biodegrade, but it can take
many decades to do this

* One can modify the carbon chain of
polyethylene with an additive to improve its
degradability.

Oxo BioDegradable Plastic

OBD plastic is polyolefin plastic to which has
been added very small (catalytic) amounts of
metal salts.

These catalyze the natural degradation
process to speed it up so that the OBD plastic
will degrade when subject to environmental
conditions to produce to water, carbon dioxide
and biomass.

Oxo BioDegradable Plastic

* OBD plastic is degradable and biodegradable, and
can be recycled with normal plastic but it is not as

yet marketed as compostable.

* Thisis because the oxidation process takes longer
than the 180 day period required by ASTM D6400

and similar standards for compostable plastics
such as EN13432 and ISO 17088.

* This short time is necessary for compostable

plastics because industrial composting has a short

timescale, and is not the same as biodegradation
in the environment.
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Pros of additive based Polythene
film/bag (OBD plastic)

Much cheaper than starch-based plastics

Can be made with normal machinery, and can
be used in high speed machines, so no need
to change suppliers and no loss of jobs

Materials are well known
Does not compete against food production

Pros of additive based Polythene
film/bag

These films look, act and perform just like their
non-degradable counterparts, during their
programmed service-life but then break down if
discarded.

They can be recycled with normal plastics

Like normal plastics they are made from a by-
product of oil or natural gas, but these would be
extracted whether the by-product were used to
make plastic or not.

They are certified non-toxic, and safe for food-
contact

Cons of additive based Polythene
film/bag

Degradation depends on access to air

Not designed to degrade in landfill, but can be
safely landfilled.

Will degrade if oxygen is present, but will NOT
emit methane in landfill

They are not suitable for PET or PVC

Precise rate of degradation/biodegradation
cannot be predicted, but will be faster than
nature's wastes such as straw or twigs, and much
faster than normal plastic
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