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2.1 Natural Rubber
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Natural ru/ olated te than a thousand different

species of plants, t ; iliensis), is practically the

sole source of co et/ : hel tree is indigenous to the
Amazon valley. Natu to the inhabitants of South

America for centuries. fopher Columbus is considered to be the first

European to dlsool(fr it durﬁlg'ﬁis e ;_n 1493-1496, rubber was
introduced to the. westerr world by le.da Condamine, who sent

samples to France-r-lrom Peru in 1736 and pDohshed the result of his
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America werefusing a few tons of rubber per year. However, users found it
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rubber tﬂmed sticky in hot weather and stiffened in the cold.

Two important developments in the nineteenth century enabled these
problems to be solved and laid the foundation for the multibillion-dollar
modern rubber industry. In 1820, Thomus Hancock invented a machine

called the “masticator” that allowed solid rubber to be softened, mixed and



shaped. In 1839, Charles Goodyear discovered the process of vulcanization.
He found that heating a mixture of rubber and sulfur yielded products that
had much better properties than the raw rubber.

ssibility of cultivating rubber in Asia,

O
p and Malaysia the following year.

‘ ‘1d§y @d in Asia. The land used for

rubber cultivation asi@ . ; bber has grown steadily as

The British considered the
the rubber tree arrived in Sri ‘

In 1880 Hevea seedin »
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India 0.425
China 0.325
Philippines 0.172
Sri Lanka 0.106
others 0.482
Total 5.43




Source : XIRSG, Rubber Statistical Bulletin
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In 1995 Thailand produce 1.7 million tons.
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consumer countriesy the normal pr haa ge the latex form before

Sl

shipment. Thereform after the natural rubber latex has been collected from

;ljﬁeld, it mﬁjjﬁﬂ‘lﬁm Wﬂ ﬁ%ﬁ} nlﬁx are showed in Table
T BT GOS8

Types of Rubber % wt
Smoked sheet 66
Block rubber 18.3
Crepe rubber 0.73

Concentrated latex 9.48
Other rubber 5.46




Source : Southern Industrial Economics Center in Thailand

For Natural rubber latex was 60% dry rubber content by
concentration method. In 1994, it exported 131,888 tons and the remaining
32,736 tons was used the country. By it exported to USA, Taiwan, German

‘and Singapore.

Composmonj Dry Rubber (%)

Rubber hy @earbif w ﬂ w %qw EJ ,] ﬂ ‘j ZZ

AN N ING 18 2
Neutral lipid 1.00 2.40
Glycolipids & 0.60 1.00
Phospholipids
Inorganic constituents 0.50 0.20
Other 0.40 0.10
Water 58.5 -




2.1.3 The Production of Natural Rubber Latex Concentrate
[3,9-10].
The fresh latex is normally called “field latex”, and its
average rubber content is 30 percent by weight. This materiel is not utilized

in its original form due to 1%\%&/) tent and susceptibility to bacterial
attack. It is necessary&

prsse concentrate it, so that the end

.. \Hbre of rubber. Furthermore,

many important latex pt | asa material a high-solids latex

product is stable an

Of the iiwhich have been proposed from
time to time for concentmimg" atural v bber latex, four processes have
(A

emerged as of spgciai-importance:-evaporati I0m; Gréaming, centtifuging and
v 3

electrodecantation. @Je 11 hods inﬁ)lves the removal of water

only. Hence the ratio ©fmnon rubber c&i Q ﬂl;l(ﬁ than water) to rubber

remains una%u &L’ln&yl f'c nt t1 Also substantially
3
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three later me Eds all involve the particle removal of non-rubber

constituents relative to the rubber content. The particle size distribution of '

the concentrate also differs from that of the initial latex, because a proportion

of the smaller particles is eliminated at the same time.
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The method of concentration by electrodecantation is based
upon an observation by Pauli that, when purifying the sols of substances,
such as silicic acid, by electrodialysis between vertical semi-permeable

membranes, a separation of the sol into strata of different concentration was

sometimes observed. The eafrated layers formed uppermost if the
dispersed material w - se th&'_spersion medium, and at the
bottom of the vessel ore dense. This effect is
probably the result o electn'oal and gravitational
forces acting upon thefdisp \ ay be demonstrated in the

apparatus illustrated in

7]

q“mﬁj dt : )

I/’/

7% - b s
= hydrﬂ:': kb. Wi l Toonia A
‘ LNy +Qw g
Qan Tl & I O 16
/N
q >

(a)



11

: "\
" -permeable“memtranes

TH TN

N

inlets” . membrenes

©)

Figure 2.1 Illustrating latex concentration by electrodecantation [3].
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The principle of concentration by electrodecantation is
illustrated in Figure 2.1(b). The application of a potential difference between
the two electrodes causes the negatively-charged rubber particles to move
towards the anode. They are intercepted by the semi-permeable membrane,

and, provided the potentla.lﬁ\ t excessive, they deposit at the

membrane in an esse@ers le 4?6 Condition. The particles tend to form

cmbrane surfaces, and these

loose agglomerates

agglomerates cream r rate thus form at the surface

membranes betwjn “the t ctrodecompartments The

electrodecanta toiJ ﬁﬁ ?] m ﬂ ;Iefi ultaneously at each
membrane su@ t al asing the current consumption.
s ST TR MBI AR 8 sy
enlargedi In the apparatus decried by Madge up to 150 membranes are used.
It has been found that if the layers of skim and cream are continuously led
away, and the volume of latex in the bath maintained constant by the

continuous introduction of fresh latex, then the separation may be continued

for several days without interruption. Continuous removal of cream also has
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the advantage of giving a more uniform product. The input rate must be

carefully controlled so as to avoid turbulenc\e.

The current consumption is relatively small. According to

Stevens (1948), it is of M yﬂ 20 and 60 Watt hours per pound
N v
" . . . i
of 60% concentrate whieh. : du:sed,:n‘mrg the bath to be fed with 35%
‘ “volt per cm. According to

latex. Voltage grady the ¢ \hw

Murphy (1942), a sm fective membrane area of about 100

L \\

W, .
' é%te per hour. Stevens states

r hour have been constructed.

tex bath is important, because
the temperature tends to increase gradua
™ :
]

the dissipation o cleciricai ener; ‘--,----—. ----------- tiperature has the effect of

the process proceeds, due to

increasing the el@rféa of t&: bath, thereby causing

unnecessary consumption of electricity and promoting the formation of

irreversible oMﬁLo’a tm ﬂrmrgeuﬂ ! fI] gtherefore desirable to
pre-c insgeingl ke jort re1s high.
G LEI O e jiami3
An important feature of the electrodecantation process is the
very small amount of rubber which is contained in the skim Thus this method

is especially suitable for the preparation of lattices of low non-rubber content

by repeated re-dilution and re-concentration.
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2.1.4 The Chemical Formula of Natural Rubber [11, 12].

The empirical formula for the natural rubber molecule

appears to have been first determine by Faraday who reported his finding in

1826. He concluded tha drogen were the only elements

present and his results ce a C;H,. While this result was

obtained, using a product which contained associated non-rubbery materials,
subsequent studies ghly purified matcnals have confirmed Faraday’s
A AN

?r"-. A \
e

Wreder ¥ '
The figst, is i‘@:q" .. was found to have the formula C_H,, for
d?.m,::f. \ S

which Tilden proposed the structure. -

7377,

conclusion.

NE

e

m S . 2
F’J]Hﬂnim:m iug kMigles provided for the
R T T I T T e

CH, H B R o I
N° N3 g2 2
= G
4 X / %

—CH,-CH, CH,~CHy —CH;CH, H

Cis- Tran-
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It was known that this is the major hydrocarbon component
of both gutta percha and balata ( at the time important in belting, submarine

cable, golf ball and container applications ) was a polyisoprene which when

reacted with bromine and i ar results to those obtained with

» tegptlﬁ&gest that one isomer was that

natural rubber. It was

of gutta percha and bal:

work of Staudinger s ner was natural rubber and
gutta percha the cis- of X-ray fiber diagrams of
stretched rubber led Méyef - hd Markio he view: that natural rubber was the

cis-polymer, a view ff:%g 1 (1942) which elucidated the
structure and unit cell' ¢f " cry iné stretched rubber molecule

(Figure.2.2).

QRIS

Figure 2.2 Unit cell structure of the natural rubber molecule. (From

Bunn,1942.) [12].
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The possibility that the natural rubber molecule might
contain a mixture of cis-and trans- groups was considered to be unlikely
because such a mixed polymer would have an irregular structure and be

unable to crystallize in the manner of natural rubber. Infrared studies have

— CH,~ C=CH-— CH,~ "= ~CH~ G~ CH,-C—
| i i ;

Hutdneninens ™
AW ﬂmﬁqﬁwmﬁ'ﬁlgh resolution

NMR which are capable of detecting 3,4-groups at concentrations of less
than 0.3% have however failed to establish the existence of any such moiety
and have also failed to show up any trace of frans-material. The conclusion
must therefore be that the molecule is more than 99% cis-1,4-polyisoprene.
Since all the evidence points to the conclusion that the natural rubber

molecule is not obtained in nature by the polymerization of isoprene the
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absence of detectable pendant groups as would be produced by 1,2- and 3 4-

addition is hardly surprising.

2.2 Polypyrrole [2, 13]

7
pygok{&en known for over 50 years,

['in the past decade because

Although pol

interest in these mateé

The synthesized pcﬂpyrro was a blac powmr with room temperature

conductivity, ifgj ij ﬁssof electrically active
polymer Whlﬂ lgal an env1ronmental more stable The five
me‘“"'ﬁ Wﬂﬁ'ﬁﬂﬁfﬁyﬂmﬂﬂ%ﬂ@ ) &g

(2, 5-positon).

The electrophysical . properties of polypyrrole are determined by a
variety of factors such as the degree of polymerization, nature of dopants and
the heteroatom which incorporated into the 7T- conjugated system of carbon

atoms, the band gap was 3.2 eV of polypyrrole. However, the effect of



18

‘

heteroatom on electrical properties of this polypyrrole may not be of that

significance because electrical behavior of these highly conjugated polymers
was governed by the polymer chain length since defect occur along the TC-

conjugated system of carbon atom.

(a)

=~ (®)
N

es of the polypyrrole

mivalent st
Two inequival ﬁ:- .

L.

»y:{ - Y ‘
(aw: e ct g fmthe polypyrrole.

(b) Two inequivalentstructure of the polypyrrole.
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electronic excitations to chain distortions (inherent in such linear conjugated

Figure 2.3

polymers) will lead to polarons and bipolarons as the dominant charged

species.
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2.2.1 Theoretical Consideration of Conductive Polymer

In order to understand more about conductive polymer, a

suitable starting point for consideration is band theory which is the essential

basic of concepts for discu y’)ﬁon in molecular solid. Since this
thesis prepared polymﬁ&ctsgchﬁmlymeﬁzaﬁon. Thus, effect of
oxidation potential { ni i

measurement of con

ume that, one atom provides

2.4 (a).fWhen the second atom is

4 |bonding orbital and an

one atomic s-orbital at soméﬁﬂéi'g};; Tigur
ol

brought up, it o

antibonding orbital,ggﬁie 2.4 (b). hird is l_ijought up and overlaps its

nearest neighbor (andf anly sligh ﬁ 5 ﬁfr d from these three

molecular ob% ﬁJ ﬂ( gre él)' The fourth atom

leads t this stage we can
AT ﬁﬁ?ﬂ’ﬁﬁ"l"?‘?\“ﬁfﬂ‘fﬂ £} s

see that the "general effect of bringing up successive atoms is slightly to

spread the range of energies covered by the orbitals, and also to fill in the
range with orbital energies. when N atoms have been slotted on to the line
there are N molecular orbitals covering a band of finite width. When N is
indefinitely large, the orbital energies are indefinitely close, and form a

virtually continuous band. Nevertheless this virtually continuous band
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consists of N different molecular orbitals, the lowest-energy orbitals in the
band bring predominantly bonding, and the highest-energy predominantly

antibonding.

(a) N=1
(b) N=2
// R ';\\ |
© —— e L
(@) N=4
@) N

¢

o |
a o/
Figureaﬁ l;] onﬂtﬂn@fwagil 01f”1 Nf(]r’b;;ta S b%ltl;! é@cc%!sive addition

of atoms to a line.

The band formed from s-orbitals is called the s-
band. Ifthe atoms carry p-orbitals, the same procedure may be followed, and

the band of molecular orbitals is called the p-band, Figure 2.5. If the atomic



p-levels lies higher than the atomic s-level, the p-band lies higher than the

s-band, unless it is so broad (strong overlap) that the band overlap.

Highest level of p-band
(totally antibonding)

Lowest level of p-band
+  (totally bonding)

m@‘\ l.ﬁ\ l TANTANTANA
\ ANIAN TN IN NI

S-p separation

Highest level of p-band
(totally antibonding)

K7 ‘A'A'A'A'A'A'A.

in atoms

RS

ﬂ u E‘ fj V] C | Qﬂ j\ * ‘j Lowest level of p-band

(tomlly bonding)

TR TR NN YA Y

(2) Metal, Semiconductor and Insulator [14]

Energy band diagrams may be used to illustrate the
differences between metals, semiconductors and insulators. For sample

model in metals the electrons completely fill the valence band and partially
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filled the conducting band . The higher energy conduction band is empty at

absolute zero. This is shown in Figure 2.6 (a), above absolute zero, electrons

at the top of the highest occupied level can gain thermal energy and move

into the low lying empty levels of conductive bands. A substantial fraction of

the electrons can be exc@ occupied energy levels, even at

relatively low tempeiam:; Slifh @ electrons contribute to the
the substan

ice is called a conductor.

- electrical conductivi

2.6 (b) and (c), the va fi v : ed and an energy gap exists
between it and the nextfhighe g g band. If the energy gap 1s wide (large),
there is little chance fo i ted into an empty conduction
band and the material is m@t@}lﬁ. e 1s only a small energy gap, the

material is an intripsic-s miconductor, efect IS"beIng excited rather easily

vide but -ﬁxpurity atoms are added, it

into the conduction ﬂn d.
may be possible to establish level w1thh'ﬁ ng] ilitate the movement
of electrons ﬂw ﬂ ) stems are known as
impuri

ﬁ W‘T’ﬁ‘%"f‘f‘i I Y
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1

Increasing no narrow wide

energy band gap S band gap 24 band gap

(a) Metal (¢) Insulator

er pro&tion is determined by
—— : T ﬁ gﬁWﬁﬁiﬁsi{owever, with the

e ‘
addition of mﬂuﬂ Yy ( betwe ut 0.1%to less than 1 ppm ), the charge

TR T O T N Y o

controlléd.

the extrinsic type in theh he

When the crystal lattice is disturbed by the addition
of impurities or even by irregularity in the lattice arrangement, isolated
centers are generated. Some centers can contribute electrons to the

conduction band of the material. Such defects are called donors or donor
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centers. If the primary charge carriers are electrons, the material is called an
n-type semiconductor. If the centers remove electrons from the chemical

bonds, they are called acceptors and produce electron vacancies. These

vacancies behave as positive charge carriers in the valence band and are

called holes. If holes @’W;mmt charge carriers, a p-type

semiconductor results. "—-__; __._—'

ML AN D e e
“4'153] WIaN ﬂ‘im URIINYIAY

In crystal polymer, the interaction of a polymer unit
cell with all its neighbors leads to the formation of electronic bands. The
highest occupied electronic level constitutes the valence band (VB) and
lowest unoccupied level, the conduction band (CB). The width of the

forbidden band, or bandgap (Bg), between the VB and CB determines the
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intrinsic electronic properties of the material. For all the organic conjugated
polymers discussed so far, the band gap is much larger than 1.5 eV so that

these materials are intrinsically insulating.

Im%‘ Vy h conduct1v1ty observed upon

doping organic polym ou;ght from the formation of unfilled
electronic bands. R'(—‘ ly |as: an p-type or n-type doping,

electrons were respeci

quickly challenged by t aiﬁ'ﬁgy

*
al.l.'ﬁ'

cule, ﬁ is usually the case that
equilibriu ﬂﬁ( e is different from that in the ground
state, e.g., th@ imﬂﬁ m g‘ln’]ﬂljbut becomes quinoid-
like 1 Wﬂ]zﬂ m ﬁ'wm ZETOH process of a
molec?ﬂe are schS:IJcaﬂy dezgtm Figure 2.7. (alA vertical, Franck-
Condon like ionization process costs an energy E, . If a geometry relaxation
then takes place in the ionized state, a relaxation energy E , was gained back.
Conceptually, going from the ground state to the relaxed ionized state can

also be of in the following way. The geometry of the molecule is first

distorted in the ground state in such a way that the molecule adopts the
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equilibrium geometry of the ionized state. This costs a distortion (elastic)
energy E_ (Figure 2.7). For one-electron energy levels of the molecule, this
distortion leads to an upward shift A€ of the highest occupied molecular
orbital (HOMOQO) and a downward shift of the lowest unoccupied molecular

orbital (LUMO), rated in 2 8. If we then proceed to the

ionization of the distorted mole u!s 1 an energy E, ,

Potentail energy ohle'/ ,

A

lonized
-Stzte

s
i
ST PTETVTE ST S
e AR TIMINGRY .

Ilustration the energies involve

ionization process. Eip_v is the vertical ionization energy, E_,, the relaxation
energy gained in the ionized state, E, the distortion energy to be paid in
the ground state in order that molecule adopts the equilibrium geometry

of the ionized state, and E. , the ionization energy of the distorted molecule.

ip-d’



a)

From Figure 2.7, it is clear that it is energetically
favorable to have a geometry relaxation in the ionized state when the
quantity | E 4 (which actually corresponds to AE as can be inferred

from Figure 2.8) is larger than the distortion energy E. ; or in other words,

| gy upon distortion is larger than
| —

Figure 2.8 The one-glectro or organic molecule in its ground

state electroni ﬂ i kg |
(a) ﬁﬂ i ﬁﬂﬂnﬂyiﬁe@rﬂnﬂs&&
PTEETrITIN T IN
WARGNipi e 8 rs loat
In a polymer, or any solid, a vertical ionization
process E,  results in creating a hole on top of the valence band; see Figure
2.9 (a). In this case, three remarks can be made. First, by the very definition

of the process, no geometry relaxation (lattice distortion) takes place on the

chain. Second, the positive charge on the chain is delocalized over the whole
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polymer chain. Third, the presence of a hole (unfilled level) on the top of the
VB leads, as discussed above, to the appearance of a metallic character. This
situation corresponds to the initial assumption made about the conduction

mechanism in doped organic polymers. However, in an organic polymer

iy ==

-!"Z. 4L Dhive i
AUEIPENINENNT
Ry T

(a) a vertical ionization process

(b) the formation of polarons

If AE is larger than the energy E, necessary to
distort the lattice around the charge, this charge localization process is

favorable relative to the band process. It was then formed what condensed
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matter physicists call a polarons. In chemical terminology, the polarons is
just a radical ion (spin 1/2) associated with a lattice distortion and the
presence of localized electronic state in the gap referred to as polaron state.
The quantity AE - E;, (= E, ) corresponds to the polaron binding energy.
Calculation (based on Hi ckel

| with bond compressibility) has
i,

indicated that polaron O3 n 1 J y favorable in all the Ol'ganic

conjugated polyme o J inding is 0.12 eV in polypyrrole.

Unpaired
electron

AUEANENTNYIN

Figure,:].]ﬁ;;(aic ﬁlﬁ?ﬁﬂ u‘lﬁiﬁﬁwda‘vﬁome polymer

segmentas called a polaron o yacetylene.

If another electron is now removed from the already
oxidized polymer containing the polaron two things can happen [15]. This
electron could come from either a different segment of the polymer chain,

thus creating another independent polaron, or from the first polaron level
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(remove the unpaired electron) to create a special distortion, which solid-
state physicists call a bipolaron. A bipolaron is defined as a pair of like
charges associated with a strong local lattice distortion. The formation of a
bipolaron implies that energy gained by the interaction with the lattice is
larger than the Coulomb repuls w the two charges of same sign
confined in the same | ot Mé charges of the bipolaron are

not independent, but

Figure 2.11 Band sglcture

LI ineng

QW%NT]?EU URIANYA Y

The electron band structure corresponding to the
presence of two polarons and that of one bipolaron is depicted in Figure 2.11.
Since the lattice relaxation around two charges is stronger than around only
one charge, E; for the bipolaron is further away from the band edges than a

polaron.
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The creating of bipolaron relative to that of two
polarons, the calculation for polypyrrole indicate that the distortion energy
E,, to form one bipolaron is roughly equal to that of forming two polarons.
On the other hand, the decrease in ionization energy is much more important

in the bipolaron case (2 AE \)@Vw’ polarons (2 AE * ) ; see Figure
N
¥ Eé"

2.11. This is the re is thermodynamically more
stable than two polamr" ,

between two similar ¢ ‘ >, the latter is also largely screened

ite the Coulomb repulsion

by the presence of do fiterio h “ﬁb&site charge. The bipolaron
binding energy [= |
polarons by about 0.45

spinless. The pre ce of bipolar on poltﬁner chains result in the
possibility of two.o ?T ‘Ejjtw;j ransition : for p-type
doping, sucha H}% the t th r blpolaron level and

o 0 YR BT S T T o« e

absorption is possible below the gap, corresponding to an optical transition

between the two polaron levels (Figure 2.11(a)).

Polypyrrole possess a non-degenerate ground state
since their ground state corresponds to a single geometric structure which, in

this case, is aromatic-like. A quinoid-like resonance structure can be
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envisioned but has a higher total energy (Figure 2.12). The quinoid structure
has a larger electron affinity than the aromatic structure. This explains why,

on doping, the chain geometry in these compounds relaxes locally around the

charges toward the quinoid structur [17].

Aromatic RN\ Quinoid

Figure 2.12 Aromati 0 . id-like geometric structure

ion by polarons and bipolaron

is now thought f A of charge transport in

polymers. These ccmzep was dependent on thmioping of these polymers,

e T ShEN3

(i) polarons rmed on the chains at low oxidation level (slightly doped
¢ o o/
1 s ‘ ' ‘ :
PRRIANNIUANRTIINYIAY
(i) at higher oxidation level, polarons combine to form spinless bipolaron
(heavily doped polymer),
(iif) wide bipolaron bands are present in the gap in the highly conducting

regime (heavily doped polymer).
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However, it should be emphasized that these models
were device assuming ideal structure. The actual structure of most
conductive polymers, both in the doped and undoped state, are unknown, and
all data show that certain polymers have a large number of defects. It shown

in Figure 2.13.

A

Increasing Bipolaron
energy L— bands
: 2y levels
Undoped el dop eavily doped polymer

Figure 2.13 The @n era chain in case of polaron

energy levels and bipolaren energy levels [1

AUBINBYINEINT
A sty

The field of synthetic metals remains an active area for
fundamental research in experimental and theoretical solid-state physics as
well as organic. and polymer synthetic chemistry. The variety of new
conducting polymeric solid have been continuously discovered. The area of

synthesis is extremely fast moving and competitive.
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Here, they summarize the major types of synthetic

techniques used to prepare polypyrrole.

i) Electrochemical polymerization

gained and compounds r u.g@;._z_l catliode. This process is referred to as
electrochemical polymenzaimﬂfjw et is formed. Polypyrrole is
obtained by the eléstrochemicat-potym erization o \; rrole in a solvent such
as acetonitrile, tetr i .‘dro furan, propylene car@nate, or methanol. An

electrolyte suc mﬁ\ H iﬁf %rate is present, and
polymerizatlﬂ ﬁ ﬂ jm r constant current.
q Wf] a q Q‘E gyegaﬁs:]anoyl ;g)]l)’]anzEa‘tllon involves
oxidation of polypyrrole at the Ol-position to form a radical-cation (I) which
undergoes radical coupling to yield the dimer dication (II). The latter loses
two protons to yield the dimer (III). The dimer repeats the same reaction

sequence-loss of an electron to form a dimer radical-cation, coupling with

itself and (I) to form the tetramer-dication and trimer-dication, respectively,
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followed by two protons loss to yield tetramer and trimer. Propagation to
polymer proceeds via repetition of the same sequence, one electron loss,
coupling of different-sized radical-cations, deprotonation.  This

polymerization mechanism bears considerable resemblance to that for the

{1}

{2}

ﬂusqﬁ%@ﬁﬁﬁ@ﬂi .
IR RSO AR

ﬂ\@ ) m\:(_p{.é: (4}

T 470,096
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Electrochemical polymerization, as usually carried
out, does not yield the neutral, nonconducting polypyrrole shown in Equation
{4} but the oxidized (doped), conducting form. (one can cycle back and forth

between the conducting and nonconducting forms, colored black and light

r\_ bl . The doped polymer would have
Sy

a structure such as (IV),& e —

yellow, respectively, by reve

N

polymerization re-Bfi ' ' @rties (conductivity and

mechanical strength) sare dependent ©n such parameters as identity and

concentraﬁon%u&aenﬁim ﬁnﬂﬂrﬁ] 1 ' I
RUFONHEI R NIM IR =gl

In 1987, Takeaki Ojio and Seizo Miyata synthesized
the conducting composite films of polypyrrole, which can be prepared by
exposing polymeric matrix films containing ferric chloride to pyrrole vapor.

The composite films are, moreover, highly transparent under the appropriate
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preparation condition. In that communication, the conductivity and the
transparency of polypyrrole composite films by the gas state polymerization

was discussed.

(\\“W 1) was used as a polymeric matrix.

FeCl, was an ox1dlzm r the zatlon After dissolving PVA

and FeCl, in the solut asted on a poly (ethylene
terephthalate) film 1 : polypyrrole-PVA composite

film shows about 10 Scm” goﬁ@ﬁct'

-

3) Cﬂ N _— Sﬂuﬁon [18].
A WS ANEUINID Ko i i

method ﬁ"j g § f] ELF ﬁ 8\1‘1 ’ﬁ{ le preparation
of largeqq titi re covenant and economica € majority of the

chemical synthesis method involves the polymerization and oxidation with
oxidative transition metal ions, for example FeCl,, AgNO,, Cu(NO,),, AlCl,
and more. The use of other oxidants such as acid, halogens and organic
electron acceptors have also been reported. Considerable chemical

compositions and reaction stoichiometries for polypyrrole complexes were
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synthesized from FeCl,, based on the observed chemical compositions of the
complex, particularly the [Cl] / [N] ratio. At present time two reaction

stoichiometries have been proposed.

4 C,HN +9 FeCl,

/ﬂHN) CI1+ 8 HCI + 9 FeCl,

n CHN +2.33 nFe@lf £4L" ==  \[(GIHN+033CT ] +2.33n
| FeCl,+ 2n HCI

rrole obtained from chemical
polymerization in solution caf ex} bit igh electrical conductivity when

a suitable solven s selected and th > ié‘ ential in the solution is

controlled. E m

223 @nerg'I Consn gajallnsjom ctrocnlgcal Synthes:s [19-21]
AN TN INGINY

(1) Electrolytic Conditions

Recognizing that the polymerization reaction
proceeds via radical cation intermediates, it becomes apparent that the
reaction will be sensitive to the nucleophilicity of the environment in the

region near the electrode surface. This then places some limitations of the
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choice of the solvent and the electrolyte. For this reason, many of reported
studies have  been performed in aprotic solvents, which are poor
nucleophiles. Among these, acetonitrile has been the most commonly used

solvent, although a wide variety of other aprotic solvents can be used as l(;ng

solvent is poor. However, certain
@ hylformamide, and hydroxylic
solvents can also be 9(epﬂe 1f the nucleophilicity of the

.\
\gig% is discussed in more detail

as the nucleophilic charact

nucleophilic aprotic solv

solution is reduced usi

in the section involvi

considerations are

nucleophilicity.

_/"fr'l .r

tetraalkylammonnﬁn salts, since they are s

highly dissociated.

solvents, in general; these salts are highly aggugated. Most sodium and

potassium sﬁsﬂeﬁyﬁcﬂhﬂ %"W .sTlnns A wide vasiety of

anions can bel used as tetraal};ylammomum salts, as 1s discussed below.
o B ey DA A o, o
hahdes are fairly nucleophilic and easily oxidized. The highly nucleophilic
anions, such as hydroxide, alkoxide, ;:yanide, acetate, and benzoate, do not
produce good-quality films either and instead produce soluble products

which color the reaction solution. This is not surprising, since the cyanide
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anion is known to react efficiently with the electrochemically generated

cation of pyrrole.

(2) Electrodes

using three electrodes trode is separated from the
working and the refe : ‘ o\ . of the working electrode is

a critical consideratio films. Since the films are
produced by an oxid \,‘ that the electrode dose not
oxidize concurrently 7 For this reason, most of
the available films ha platinum, gold or palladium
electrode. repared using a variety of
semiconducting matenais-—’iffféf din n-type polycrystalline

??T mw 1lms are produced so
readily that (ﬂuﬂ serious limitations are the nucleophlhc nature of the

o TR TOII VI O (¥ e e o

polypyrfole, films can be produced using a simple two-electrode, undivided

cell which is powered by a DC battery.
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(3) Effect of Solvent

The solvent has a very strong influence on the
outcome of the electro-oxidation reaction. A wide variety of aprotic solvents

can be used for the electrochemliil reactions of pyrrole, as long as the

nucleophilic character of t@! #f r. Film are not produced in the

nucleophilic aprotic solmh @ @mamlde, dimethylsulfoxide,

and hexamethylphosﬂ(' ) cleophilicity of the solution is

They are brittle and p 7, i . al strength, and have lower

conductivity values. ; _‘u.i nts with nucleophilic characteristics

intermediate conducti 1ty values and good ysica strengths. The quality of

these films ca i{ﬁ ﬁf nﬁdﬁy ﬁ ﬁ ﬁihe reaction solution
in order to re aracter

ammnmmnwmaﬂ

(4) Counteranion

When in the conducting form, the
electropolymerized films contain 10-35% anion (by weight) which is

affiliated with the cationically charge polymer chains. The amount of anion
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found in each film is governed by the level of oxidation of the polymer and is
a characteristic of each film. The anion contents for the various films are
listed in Table 2.4. This polymer-anion compositional balance of the films
actually proves to be quite useful, since the properties of the films can be

conveniently altered by changing the anion. Since the anion in the film is

Film _ ..li’!-. xidation I Anion Content
3 (%by wt)
Polypyrrole L2 h 25-30
Polythiophgne 77~ 725
Polybithiophmle W] m 12
¢ o
AFT A ah 010/ %!ﬁ ﬂ 1528
e inendens -
a
Y RAAINIUNRFINYNQ L 2
7 Indole 0.2-0.3 15-20
Furan = 26

In the case of the polypyrrole films, a wide variety

of anions have been used to prepare thick free-standing films, and can be
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seen in Table 2.5. The anions listed in Table 2.5 are poorly nucleophilic and
permit the formation of good-quality films. Tetraalkylammonium salts were
used in the preparation of these films. These films are hydroscopic and will
lose 5-7% moisture when dried at 110°C. The level of oxidation of

polypyrrole is 0.25-0.32 per pyrrole unit corresponding to one anion for

every 3-4 units. The leve : / an intrinsic characteristic of the
a

polymer and is not sensitive t uﬁe anion. The anion, however

does influence both th 'ﬁ‘ the electroactivities of the

films. The difference \\\* urfaces is not reflected in the

packing structure of . \\\
two of the anions listed if ; ﬁﬁ‘\ \\

densities which are i | : 54 8 g/cm. Polypyrrole films

!
L |

vith the exception of one or

N 1lms have similar flotation

containing toluenesulfor - orate;fand fluoroborate anions are hard
and strong films and stretch very ittle (4=5% elongation at break).

E 2
ﬂ‘iJEJ’J‘VlEJﬂﬁWEJ’]ﬂ‘i
QWWMT]‘EEN UAINAY



Table 2.5 Polypyrrole films with different anion [19].
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Anion Oxidation Level Density o(Q'em™)
(g/om’)

Tetrafluoroborate 1.48 30-100

Hexa-fluoroarsenate 1.48 30-100

p-Toluenesulfonate 1.37 20-100

Hexa-fluorophosphate 4 1.48 30-100

Perchlorate 1.51 60-200
Hydrogen sulfated” 1.58 0.30
Fluorosulfonate 1.47 0.01
Trifluoromethyl- 1.48 03-1

sulfonate
p-Bromo- 50
benzenesulfo g ate

23 Electrlﬁ ﬁﬁwmwﬂ b1 m Der Pauw Method

[22].

QW%Nﬂ‘iﬂJ UANINYA Y

Van der Pauw method is one technique for measuring conductivity

(O) of samples which have constant thickness but arbitrary shape. First, four

ohms contacts are made at edge of the sample (Figure 2.20). Then applied

suitable current (I ) though contacts 1 and 2 and measured potential different

(V,,) between contact 3 and 4 and find a ratio
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R, =[V, /1,
Second, L, is applied though contacts 2 and 3 and potential different,
V,,, is measured thus obtain .
R=[Vyl/ Ly

From these the conductivity of the sample can be calculated from

equation {2.3.1}
{2.3.1}

ﬂUH?ﬂﬂﬁ 15
awwmmﬁmmwmaﬂ

Figure 2.14 Conductivity measurement by Van der Pauw method.
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In principle, we can change the current electrodes around, get I,

P T |

4 and corresponding potential difference Voo Yz Vi Vi

230 a4

respectively. Then calculate O » O, O, and G, from equation {2.3.1} as

show in Table 2.6. Finally obtain more accurate conductivity, equation

{2.3.2}.

Table 2.6 Various poin

phoduﬂ.

o, ////5&\\\ k,
///E* L | v
G, L Vi
G2 I34 Vlz
G, L Y
o, | £) L Vi
, ,‘
m G (C0,+OC +G +O )/9 {2.3.2}

AU 3k ﬂ@%@%ﬁﬂyﬂ 9
Qﬂ&&ﬁ\&ﬂﬁ&ﬂ%&ﬂﬂﬂ AFT reistazos

between the measurement electrodes and the sample. Contact resistance may
be reduced by painting electrodes directly on to the surface of the sample
instead of relying on pressure contact with metal plates or foils. Suitable
paints are silver dispersions or Aquadag (an aqueous dispersion of colloidal

graphite).
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The accuracy of conductivity measurement by Van der Pauw method
depends on the following condition :

i) Size of electrical contact points at edge of the sample should be
very small compared with the circumference of the sample.

ii) Sample must have constant density, regular mass and thickness.

resistivities of a series of
natural rubber mixin ith“various 10 of acethylene black and
g 10 g y _

at 80 and 100 part loading

Wiel resistivity, while at the

highest loading the mverse was . The pine‘&r loading of the last two

M
Y PRS2 8

Acetylene Black (phr) 80 80 80 80 100 100 120 120

Pine Tar (phr) B 10 15 20 20 30 40 50
Resistivity (ohm cm) 24 20 13 5 10 8 4 7
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.

There are a few references to the use of metals in conductive rubbers.
Levina et al. (1960,1961) described the properties of mixings of finely
divided iron with small quantities of polyisoprene or polyacrylonitrile. The
resistivity attained may be as low as 10" ohm cm with 20% of metal [1]. Itis

claimed that flakes of silver, nickel, zinc or stainless steel can be used to

impart conductivity to nitﬁle‘\m&‘ll/// tral or silicone rubber.
N\ ,
= Z

T —

Natanson et. t‘ d yber in solution with colloidal

iron within a fraction

than 60% by weight. , 085% of iton, thi resistivity of the material is

about 10" ohm cm.

on-polypyrrole are descfibéd having incorporated therein

a polymer compongt having nore segﬂients wherein at least one

segment is elas me}j’ ? o) iSf ﬁaaﬁoum of at least about
10 weight piy ‘ th ﬁl 1 | t. ¢ compositions exhibit
: ; € = L Na—
e R T S B e o
a proces§ for producing the compositions in which a pyrrole compound is
electrochemically polymerized in the presence of an at least partially

dissolved polymer component having one or more segments wherein at least

one segment is elastomeric.
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Pyrrole has been grafted onto polystyrene at IBM [13]. Styrene was
copolymerized with 4-chloromethylstyrene and then pyrrole monomer used
to displace the halide ion. After coating the anode with this polymer, pyrrole
was electrochemically grafted onto the polymer by homopolymerization with
additional pyrrole in the presence of an electrolyte salt to give a copolymer
with a conductivity of 0{% / used of surfactant molecules as

o ,
counterions for pyrr@ne@zat@her studies led to films of

-

monomers and 1- n in FeCl aqu

i
this solution, whlchjas strong influence on the ﬂlymerization, was adjusted

to appropri ii ? glni] ﬁ(ﬂﬂ 10n condition, the
polypyrrole anlj ined Vl ess cond egr‘lrty aﬂ as 110 S/cm. In the
= QST TR e e s

polypyftole was not only polymerized on the surface of PMMA, but also

penetrated into PMMA to form a strong composite films. It was found that
the polypyrrole films obtained in this work were very difficult to undope.
This suggests that the prepared films can be used as a conducting surface for

electrodeposition of metal on surface of plastic such as PMMA.
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A surface active pyrrole, which has a long hydrocarbon chain attached
to the 3 position of the pyrrole ring, is used to modify the surface properties
of the pores of a pofous, crosslinked polystyrene. The latter is preparéd
starting from a concentrated emulsion of water dispersed in a continuous
medium composed of dispersed in a continuous medium composed of
styrene, divinyl benzene, M/ﬁ nt, an initiator, and the surface
active pyrrole. This modhar ; i éms medium is employed as the
host for a polypyrro(- t \fﬁ

arcd first by imbibing the host

-
——

for pyrrole. The impr ¥ ':‘ 4';-"‘*-: eved for the pyrrole solution

ensures a higher connecﬁ\d@?%_ﬁéﬁé: h 7erole films present on the internal
™

composites, dependgg ‘-ilpo rents eploﬂd for pyrrole and oxidant

AUEINENINYINg
ﬁlwwrﬂf\ﬂﬂﬁﬁ ﬁ"ﬁﬂﬁ ﬂ)ﬂlel a?} Ejilient contact

members has been proposed in a number of patents. Further examples of this

[25].

and other uses of conductive rubbers and plastics described in this section are

given in Table 2.8.
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Table 2.8 References to various uses[1].

Use Material Reference

To sense holes in punched Rubber West, 1954

cards

Vehicle sensing mat Nutter and Miller,

1955
Railway track Paste, 1957
contacts
Rf screens Davis, 1940
Corrosion resistaht g Thorpe, 1953

for electrostatic precipitat

E W
AU INENTNEINS
ARIANTAUNIINGIAE

i
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