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CHAPTER 2

THEORY AND LITERATURE REVIEWS

2.1 Natural Rubber

2.1.1 Composition of Natural Rubber

el/& latex of Hevea brasiliensis,

a%been cultivated for many

d in Africa.

Natural rubber is com

a large tree that is mdngenou'swﬂ \

The non- aqueous COi SO Xuda evea brasiliensis are a
complex mixture of which apol ' :]:—"_ : ) drogenation. The other
components include prote er lipids. The bulk rubber
obtained from the latex co 2 ' ation products derived
from them by hydrolysis and erial ; .. ‘” ber substances, although

only present in low concentrati 2ty - fluenc e reactions of the rubber

Neutral lipids 24
Glycolipids, Phospholipids | 1.0
Proteins 22
Carbohydrates 04
Inorganic constituents 0.2
Others 0.1
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2.1.2 Structure of Natural Rubber [3]

The structural formulas of natural rubber molecules are (C,H,),, where the
isoprene  monomer is represented by formula, C,H, where n is about 20,000.
The empirical formula for the natural rubber molecule appears to have been first
determined by Faraday who reported his finding in 1826. He concluded that carbon and

hydrogen were the only elements present and his results corresponded to the formula

CH,. While this result was obtained, | uct, which contained associated

non-rubbery materials, subseque ified materials have confirmed

Faraday’s conclusion. ——
The isoprene was fo s fo

structure.
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and balata (at the time important in belting, submarine cable, golf ball and container
applications) was a polyisoprene which when reacted with bromine and ozone gave
similar results to those obtained with natural rubber. It was tempting to suggest that one
isomer was that of gutta percha and balata and the other that of natural rubber.
The earlier work of Staudinger suggested that the trans-isomer was natural rubber and

gutta percha, the cis-. However later studies of X-ray fiber diagrams of stretched rubber



led Meyer and Mark to the view that natural rubber was the cis-polymer, a view
reinforced by Bunn (1942) which elucidated the structure and unit cell of crystalline

stretched rubber molecules.

Figure 2.1 Structure, of the ratural rubber molecule.

(Fbm Budn, 1942
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The possibility that the/na aﬁﬂégbfg 0 night contain a mixture of cis-
. AL

Bebause such a mixed polymer would

have an irregular structure and be una allize in the manner of natural rubber.

measurable amounts of 1,2§ruct nd & - d at @) cm’' was at one time

thought to be due possible to the.products of a 3,4sstructure.
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Time-averaging techniques using high 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



trans-materials. 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 absence
of detectable pendant groups as would be produced by 1,2- and 3,4- addition is hardly

surprising.

2.1.3 Molecular Weight and Molecular Weight Distribution of Natural Rubber

In 1971, gel permeation chr ﬁ was used to determine the
molecular weight and molecular ibui bbers.

Rubber from Hevea M’ igh .might polymer with broad

molecular weight distribution.
to have a bimodal distributi
rubbers are classified into t

Type 1. Distinctly bi
height;
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(ﬂerved on commercial

Differences in moI lar welght distribution can be
Hevea rubbers as n EI Q#ﬂ ular weight is
M,=16-2.3 x 10° Ejdﬁ ﬁgﬁ éj ﬁaj ﬁ f polydispersity
expressed by is extremely wide rdn ing from 28sto 10.0. On thé.other hand,
e fony ‘f&l’]ﬁ Sirinbic) dbdouieoprench adel vith 4 Gbols inititor
system show a unlmodal distribution; typical GPC curves are shown in Figure 2.2 (B).

The broad molecular weight distribution of Hevea rubber is estimated to be

associated with branching and crosslinking reactions through some special functional

groups.



Figure 2.2 Typical molecular wei
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2.2 Hydrogenation of Rubber

Hydrogenation is a ree of unsaturation in

the olefinic compound or pol the unsaturated unit as

shown in equation [5].

It is an important ertheless, it leads to

significant changes in t es of the polymers.
Quantitative  hydr ti § ﬁf by controlled
polymerization, pro@j’;’ﬂan ‘ﬁﬂﬂm ﬂ iJ Tﬂji with controlied
molecularw crostructu nfiz 5 vailable
through rﬁvplg ﬂfjli ﬁﬁnﬁ %eﬁf p] \ﬁfzrtlon

vinylcyclohexane produces primarily isotactic, head-to-tail poly(vinylcyclohexane), but
atactic, head-to-head poly(vinylcyclohexane) can be produced by the hydrogenation of
poly(2,3-diphynylbutadiene).

Polymers with controlled degrees of functional groups at desired polymer chain
length are useful building blocks for custom designing specially polymer systems.

Catalytic reactions on template polymers which produce polymer products with the
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desired density of one or more functional groups are one method of synthesizing these
unique polymer building blocks. For example, key connector groups catalytically placed
on a template polymer can aid in attaching other polymer chains or monomer groups in
order to achieve the desired assembly.

In principle the hydrogenation of a diene rubber is one of the simplest reactions.
Complete hydrugenation of polybutadiene would give a polyethylene structure whilst

hydrogenation of polyisoprene that of an alternatlng ethylene-propylene copolymer [3].

—[ CH-CH=—=CH—CH H—CH—CH ]}—
2 g 1O 2 2 2

1,4-polybutadiene

CH
3

| CHEC—CH—CH

1,4-polyisoprene

P2
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Hydrogenation o '..--;:-'m——---—_—;_,-.z—-- --------- \g hods: non—catalytic
hydrogenation and catalytiéfj/ ge lffe_ﬂm yield, selectivity, sice

reactions and catalyst po:sonlnp and removal.
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method makes use of diimide (N,H,) as a hydrogen donating agent. Diimide (HN=NH)
can be produced by various ways: 1)‘ the carboxylation of the potassium
azodicarboxylate, 2) the oxidation of hydrazine, 3) the thermal decomposition of
arenesulphonyl hydrazides, 4) the decomposition of hydroxylamine-o-sulfonic acid or
chloramine, 5) the thermal decomposition of anthracene-9,10-bisimine, and 6) the

photochemical irradiation of 1-thia-3,4-diazolidine-2,5-dione.
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Compounds such as p-toluenesulphonyl hydrazide (TSH) decompose at
moderate temperature (150°C) to give diimide (N,H,) with proposed mechanism shown

in equation.

Heat 100°C
CH SOZNHNHz—b CH3 SOZH + [HN=NH]

[ HN=NH] +

In a typical reacti in a solvent such as

diglyme is heated with an

generated in situ to react wi v \\\

using non-catalytic

e (THS). The diimide is
ave been hydrogenated
ns, polybutadiene and
polyisoprene were almost co Y he disadvantage of these
reagents is that the reaction is kn .1-'*.’.- / ;{: _' ain scission and incorporation of
hydrazide fragments in the

g n, of the elastomeric
properties [7]. V. A

2.2.1.2 Catalytic hycﬁgenatnor‘ £=1

TEANININYINT

Hydrogenatio?i] is carried out by activated molecﬁr hydrogen in the presence of

srton iy VY P4 i W) o

moderate to l'nigh hydrogen pressure. Catalytic hydrogenation can be divided by

catalyst used in two groups: -
A) Heterogeneous catalytic hydrogenation

B) Homogeneous catalytic hydrogenation
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A. Heterogeneous catalytic hydrogenation

This type of catalysts is divided into two groups, supported and
unsupported catalyst, with the former group being further divided into those for use in
slurry processes and those for use in fixed-bed operations. Catalysts for slurry
processes are usually fine powders, whereas fixed-bed catalysts are usually in the form
of cylinders, spheres, or granules [8]. Hydrogenation relies on an insoluble transition

metal catalyst to promote hydrogen additi

1unsaturated double bond.
The most common hydrog i;:kel and the platinum metals:
platinum, palladium, rhodium, copper chromium oxide
(“copper chromite”) are als ruthenium has catalytic
properties which make it u nctional groups. Other
metals such as thallium, o d-Copper have hee reported to behave as
catalysts for hydrogenation. : : \
Feature of heter
follows [9]:
® Higher yield conversi
® Minimal chain scission; ,..
® No metal contafhinatic

i? vl
® FEase of catalysiex J

® Reaction rates “@re slower than homogeneous mdrogenation SO more

- ﬂaﬁmﬁﬂﬂ TNYINT

- Black nlckel oxide

am@mm URIAINYNAY

- Palladlum on barium sulphate (Pd-BaSO,)
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B. Homogeneous catalytic hydrogenation [10]

The homogeneous hydrogenation of olefins is one of the best understood and
one of the simplest of transition metal-catalyzed reactions. Two basic steps are involved:
(1) metal hydride addition to the olefin and (2) hydrogenolysis of the metal alkyl bond
reformation of the metal hydride catalyst.

H,

|| ||
M—H + >C=C< —» —ﬁ—\j’f///;» M—H + ——E—clH;—

M
In detail, however, the réaction-involyes séveral"additional steps. The hydride
catalyst will probably exist, aHQH,—” /.as codﬁ@rated complex. If this is

A .."- B W v ops
the case, then dissociation r uked initially. in"order to have a position

available for coordination

before reacting with hydrogen by qﬂﬁe ade
‘—;‘1:—‘{";—". o

hydrocarbon by a second hydrogen shift form metal to gm(?r ductive elimination)
o -
now leaves the coordinaﬁEunsaturated hydride ava jj;dination with either
| —_
another olefin molecule to _;_g}ontinue the cycle or st;he other coordinating

species in the solution. The trliessituation may bé.éven more complicated than these

equations indicateﬂsugo@ m %;Lmn‘;lw&]jgﬂcﬁwplex and the

dihydridoalky: metal complex intermediateés generally may exist in mere than one

someric for G sy rich e b Jeblia henpot 4nd e o arouss

cis to each otl$er can directly undergo the necessary reactions. It must be emphasized,

The elimination of the product

however, that complete identification of all the possible intermediates in any of these
reactions (and most other transition metal reactions) has not been made. This is an
extremely difficult task because at least some of the intermediates are very reactive and
unstable, and exist only in low concentrations. Although this detailed mechanism is

believed to be basically correct for at least of the known homogeneous hydrogenation



14

catalysts (and presumably for heterogeneous ones as well), there are variations possible
and some of these may be observed as more cases are investigated. It is not certain, for
example, that T complexing of the olefin to the hydride is always necessary before
addition can occur, nor is it clear whether oxidative addition of hydrogen is always
necessary before hydrogen cleavage of the metal alkyl bond can occur. Four-centered
transition states could be imagined as alternatives.

Both homogeneous and heterogeneous catalytic hydrogenations require special

equipment. It is sophisticated that the riTWoncem pressure range, pressure

control, temperature control and agtaﬁon various factors influencing the

catalytic hydrogenation process are listed m belqy [1
® Types of catalyst M

® Activity of the cataly

d‘ e ectnvn@ desired product;

m ahd produetivity;
® Types of suppo w i : _‘ 7_ } cat lyst performance and

ility of reac%ants and products but

2.2.2 Hydrogenation of natural ru er;,-::;

The conversion of ﬁjtural rubber to hydrogenated _IMI @ber can be brought

about by homogeneous: heterogeneous cat as by non-catalytic

hydrogenation. Recently ndb'e metal catalysts, such as Rh, " \bhl and Pd have been
explored for hydrog ﬁ‘atlon of fhataral rubber. The ‘advantage of these metal catalysts is

it Sl bbby 3 lobherld lnd carbon-carton

unsaturation in the dlene elastomer. Thére are manysreports of hydrogenation of

potsorencpafbubdah 7D dhbascd/ obed GH fabbiacen

(NBR) copolymer and styrene-butadiene (SBR) copolymer using transition metal

that they can qua

compound [7,12-29]. Natural rubber has been hydrogenated by using transition metal
compound [7,18,19]. Generally, hydrogenation of natural rubber involves catalytic
reduction for long duration such as rhodium complexes [7], or noble metal supported
catalysts. For example, RhCI(PPh,), complex was found to be suitable catalyst system

for the hydrogenation of natural rubber. Studies have shown that Rh complexes are
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amongst the best catalyst for the process. The high cost of Rh led to interest into the
examination of catalysts based on less expensive metals. There are no reports of
hydrogenation of natural rubber using Ru based catalysts, which are preferable
because of its significantly lower cost than Rh based catalysts. RuCl,(PPh,), have been
most successful for synthetic rubber hydrogenation, such as poly(styrene-co-butadiene)
[12], poly(nitrile-co-butadiene) [13] and polybutadiene [14]. In the present study, the

hydrogenation of natural rubber is carried out using a soluble RuCl(PPh,), catalyst.

2.3 Literature survey &&‘ 'I//‘//}‘
P

Mango and Len [15]

e by using non catalytic
reagents, such as using p- e reaction is known to

lead to chain scission and | in the polymer, leading

with diimide generated in-situ by ther i Iuen ulfonyl hydrazide saturated
diene based polymers. The by proé'tlf;:;&o n articularly p-toluenesulfinic acid,
can attack at olefinic sﬁersiaddmg ﬁtgf%uiﬁge 7 onall fggnd to eliminate these
side reactions in butadigne conts polymers, enabling the

preparation of polymers deﬁid '-6* pbackbone . Hoﬂver, it had no effect on
isoprene containing polymers. ¢ a

seniz ando bbb T 5 FGop b Frerosontn o

polyisoprene. It wasﬂound that it is posixble to hydrognate polylsop(ir}e prepared
anlomcally,’a wﬂﬁ:ﬁﬂ ﬁfﬂ@l%ﬁ%ﬁ ﬂﬂtrﬂs%}are using
5%Pd/CaCOs%atalyst. It is necessary to carry out the hydrogenation directly on the
polymerization mixture. Partial hydrogenated polymer shows that long sequences of
polyisoprene are hydrogenated. Pd/CaCO, sensitivity to oxidation leads to a build up of
centers that rapidly poison the comparatively low concentration of sites accessible to
the polymer. Because of the low rate of polymer desorption, the catalyst is rapidly

deactivated.
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Burfield and Lim [18] concluded the catalytic hydrogenation of natural rubber.
This work reports the synthesis of hydrogenated polyisoprene by a two component
homogencous catalyst system based on Ni(ll) salts in combination with trialkylaluminum
compounds. Hydrogenation proceeds smoothly at ambient temperatures and at
relatively low hydrogen pressures, for rubbers in cyclohexane solution. The
hydrogenation rate is enhanced by increased catalyst concentrations and hydrogen
pressure, and is also dependent on the catalyst/co-catalyst ratio. The temperature of
maximum decomposition rate is mcreased o t 360°C for natural rubber to 440 °C
for fully hydrogenation analogue n (42 mole percent) also has

a substantial effect max—4@=@d Q’ggests—!ﬂﬁf considerable changes in

&d even a%; modification levels.
.\ﬁon\ox rubber using nickel-

decomposition behavior ma

Gan, et al. [19]
2-ethylhexanoate catalyst i thylaluminium. Kinetic studies for
the presence of nickel
out by monitoring the

e. '"H-NMR spectroscopy

‘- vj
provides the measurements of t A The reaction kinetics, in the
presence of a fixed amount of catalysF_,show 1=overall second-order kinetic with
"--’ ..-""..-:"'. >
respect to [H,] and [C= CI}The reaction has a relatnveMﬁr nt activation energy

condition to minimize side [actions‘._T e impurities in commeri;hl rubbers have a slight
effect on the catalyst activity. ¢ =

Singha, of aﬂ%&l ABYDIHYADS s

using RhCI(PPh,),. Natural rubber coulddbe quantitatively hydrogenatedsto a strictly
alternating ayw,a aléaeﬂgygu \Ngﬁ ’}n‘% n%l %b&l catalyst.
The effect of concentration of rubber, catalyst and triphenylphosphine, temperature,
pressure, and solvent on the course of hydrogenation was evaluated. The thermal
properties of the hydrogenated natural rubber are compared with natural rubber.
Hydrogenation of natural rubber in toluene was carried out using RhCI(PPh,), as a
catalyst in temperature range 40 t0100°C and 10 to 40 kg/cm2 of hydrogen pressure.

Quantitative hydrogenation could be achieved after 22 hr using 1.3 mol% catalyst
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at 100 °C and 40 kg/cm2 hydrogen pressure. This was confirmed by quantitative

hydrogen absorption, IR, NMR and iodine value.
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