CHAPTER 1

INTRODUCTION

1.1 The Chemical Modification of Diene-Based Polymers
Diene-based polymers e.g., cis-1,4-polyisoprene (CPIP), polybutadiene (PBD),
nitrile butadiene rubber (NBR), styrene-butadiene rubber (SBR), etc. are elastomers

produced by polymerizing a diene monomer or a diene monomer with a functional

olefin. Diene-based rubber molegules carbon — carbon double bonds in the

polymer backbone. The d C=C bonds might undergo

degradation or oxidatio d ozone, especially in harsh

ital for postpolymerization

process for synthesizing

polymerization techniques

olymers, which are€ , \ \
- \\\.
p

(Bhowmick, 1988; Mc 19 ha et al., 1997a: 309-367). In
other words, the chemical ficat; \ ostpolymerization processing
reaction which is used tgFi ’_'""" ::f: imize the chemical and mechanical

properties of existing polyme S-or syntl novel polymers having a desirable

functional group. I

has . at | ati 15 of 1,4-polybutadiene can
i g— —— 0L, .

lead to a thermoplast fical to a linear polyethylene.
Perfect alternating chly : f eth propylene can be achieved by

hydrogenating 1.4- pOly].iO rene.

In the ﬁ %ﬂ %1% Eﬁﬁi % w E’gaﬁ]rﬂ %gradauon oxidation,

isomerization, fydrogenation, hydrocarboxylatlon hydroesterification, etc. are all

classi cI ﬁ ﬁ mw i) i alytic polymer
chem;aj ﬂ di E tIl) € becn"d GT mc:rjl . The catalytic

hydrogenation of acrylonitrile-butadiene copolymer or NBR is a significant
commercial example, resulting in superior ozone, peroxide, oil, and solvent resistance
at elevated temperatures compared with normal NBR (Oppelt et al., 1976; Rempel!
and Azizian, 1984).

The importani aspects to be considered with respect to the possibility of

catalytic chemical reaction on polymers are: (i) the reactivity of the parent polymer



(ii) the type and nature of catalyst i.e., its activity and selectivity (iii) the reaction
conditions applied (iv) the functionalities such as nitrile, carbonyl, halogen, etc.
contained in the parent polymer.

Hydrogenation, the addition of hydrogen (H;) to an unsaturated moiety, e.g.
olefin, is a simple process reducing the unsaturation level in the diene-based
polymers. This modification process may lead to optimization of the physical
properties of the polymers such as thermal stability, light stability, and solvent

resistance. Diene elastomers can be hydrogenated by both non-catalytic and catalytic

methods. For catalytic hydrogenation, [tiege are examples of the use of both
homogeneous and heteroge ' \'\ SY g

The main method ¢ 7 @ is carried out involves using
diimide, generated in - emperature (110"— 160°C), p-toluenesulfonyl
hydrazide (TSH) dec : Jim feact .‘\\\.W ¢ (N,H,), which subsequently
reduces carbon-carb : cadidn de ' ation is stoichiometric, and
so far it is regarded as t j e p L2 e-sca \ esses. Since the reaction is
carried out at high te ca .~ o.' j\ dat bw,,- and cyclization of polymer

leading to inferior physic nech: petties,(Harwood et al., 1973; Nang et
al., 1976). | \
Catalytic hydrogenations W0 wo-types: heterogeneous and homogeneous

catalytic hydrogenation de he catalyst and the substrate. In
heterogeneous hyd ';——-—- athy=aettvesspCeics and the substrate are in
two different phases. Fhe dmof catalyst is that the catalyst

can be easily separated ‘grom the hydrogerﬁed polymer by filtration of the catalyst,
followed by i t g eterogeneous catalyst
depends on ﬁgﬂeﬁrmﬁmﬁﬂﬂnnj Being bulk solids,
heterogen atalysts gen m ve hi 1_stability™than homogeneous
systerrg;‘lI tﬁs’riﬁ'ﬁﬁ sa uﬂﬁgjﬁﬁﬂlﬁﬁo high reaction

rates.

In homogeneous catalysis, the catalytically active species is molecularly
dispersed within the polymer. Homogeneous complexes normally contain only one
type of active site and as a result are more specific. Since all these active sites are
available, homogeneous catalysts are potentially more efficient than heterogeneous

catalysts. The selectivity of homogeneous catalyst is much more easiiy modified by

selective ligand exchange. Therefore, many of the new developments used catalyst for
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the reduction have involved the use of homogeneous catalysis (Olah and Molnar,
1995).

1.2 Natural Rubber and Synthetic Polyisoprene

a) Natural Rubber

Hevea brasiliensis, a tropical tree, is a major source of the world's natural

rubber. Natural rubber (NR) has become an important industrial material, especially

in the tire industry. It is also usedsi ufacture of various products including

household, engineering, medi ods. Natural rubber is one of the

industry has over other omplete in the world market
Due to its lower produ€tio ate for rubber planting, and

production efficiencys j d ‘Ehailand ) become the largest natural rubber

producer and exporter 4 Id throug last'decade (Figure 1.1). Thailand

Vietnam Other
J 18.7%
6%

Source: IRSG - Rubber Statistical Bulletin and FAQ

Figure 1.1: World natural rubber production (Amnuaikarn, 2001).



Natural rubber (NR) is a unique elastomeric polymer produced from natural
rubber latex. Natural latex is defined as a milky fluid that consists of extremely small
particles of rubber obtained from plants, principally from Brazilian rubber tree, Hevea
brasiliensis dispersed in an aqueous medium. The rubber in natural latex is
polyisoprene consisting of isoprene unit (CsHsg) almost 100% in the cis-configuration
(Brydson, 1978). Tanaka (2001) disclosed that the chemical structure of natural
rubber is composed of an unidentified initiating terminal and two-frans isoprene unit

and long sequence of cis-isopr

ted with an unidentified chain end

group as shown in Figure 1.2

Fresh latex has density ;-'? 0:98 with the pH of 6.5-7.0. Fresh natural

latex contains about.36¢ fithe particles is covered with

lipid and protein ayers as shown | i" ter layer proteins act to
stabilize Hevea latex {Jacob et al., he averagarticle size is between 0.10
um and 1.0 um. The paftiete size distribution is very broad. The molecular weight of
NR is in the i&&%ﬂﬂﬂ@hﬂl&,@rﬂﬁdex. The dispersion in

weight, MW/M,?'Iis in the range of 25 to 10. The‘groad moleculauveight distribution

(MW@oWe%b@ﬂaﬁmiﬂﬁ%lﬂ%ﬂrﬂinﬁng reaction
by certdin spécial functional groups in rubber molecule. The distributions were either
distinctly bimodal with two peaks, the one at lower molecular weight generally being
less than that at higher weights, or skewed unimodal with a shoulder or plateau on the

low molecular weight side of the peak (Roberts, 1988).
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Figure 1.3: Presumed str1 \ ’W)bber particle (Verhaar, 1959).

—

Natural latex contains smadramount of men-rubber constituents such as proteins,

/n d \\ \*-r , 1997; Tanaka, 2001). The

1. It is well known that the

carbohydrates, sterols, ag
overall compositions o

rubber hydrocarbon in dgfsolidfis’e oo iprised %\b actions called “sol” and “gel”
¥ O1 D.

'y \ N\
(Tangpakdee and Tan@ka #9973 p £718) .41 2

undissolved but highly Is

rubber contains 5-50% gel

: .\ \ R Se is dissolved easily in good
solvents such as cycloli€xafic plqd‘hﬂef-'; @- ofuramy etc., while the gel phase is
il idhd AN
solvent. \ 3
el Y

component. The gel conte B o ' the clonal origin of the rubber,

processing condition and the PETING. ant verature of storage. Insoluble phase

consists of microge!and 3 pfesumed to consist of small

crosslinked latex ‘uf_ 18 dre combined into a matrix
with the sol fraction ﬂl form an apparent gel phase as@ustrated in Figure 1.4. Since
the gel phase contains agittogeneous and g@ineral component, it is postulated that the

ael phase is ﬂuﬂ@ Fﬁ Wﬁfw Ei’] ﬂfﬁﬁ)gen bonding. The gel

phase in NR 1&omposed of two t}pes of crosslmkmg pomts one is formed by the
mternﬂe \ET phospholipids
as shovm n Flgure 1. IEE(\) 1). The former crosslmkmg points are broken
after deproteinization of latex or adding small amount of ethanol into toluene solution,
while the latter points can be decomposed by transesterification. Moreover, proteins
and phopholipids in NR can be decomposed by saponification. Therefore, the
deproteinization of gel phase forms branched chains and transesterification of the

branched chains brings about the linear rubber chain.



Table 1.1 Overall Composition in Percentage by Weight of Latices and Total
Solids Films (TSC) (Roberts, 1988).

Latex TSC
Rubber® 59.67 97.61
Protein, etc? 1.06 1.73
Soap* 0.23 0.38
Salts 0.28¢
Ammonia -
Water
a As measurgd
b Includes carbg
¢ Calc aS
d Assuming

Gel phase Soluble phase

Figure 1.4: Schematic representation of gel phase on the latex and natural
rubber (Allen, 1963).
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Figure 1.5: Pre fbranchingand crosslinking in NR
naka, 12-119).

Natural rubber 1 ] : ad or containing natural latex.
Products that contain NRFar g.;‘,,; L,:_ " only employed manufacturing
processes, the natural rubbef lafelcfNR L)/ s,'and the dry natural rubber (DNR)

process. The NRL manufact _a.gl"':,a 0Ce olves the use of natural latex in a
Bt ot R o dd

concentrated colloidalisis L natural rubber latex by

dipping, extruding, eilec i) J as containing or made of

- '
natural rubber latex. Examples of prodt at mayl/¢ontain natural rubber latex

include medwaﬁ}qgloves , @ndhcondoms. ThegDNR manufacturing process involves the

WEADENGIE A G o st o it

sheets. It contaﬂl's the dry rubber coptent (DRC) about 25-45 % ““X' depending on the

QAT 1 HA T H T oo o

rubber by compression molding, extrusion, or by converting the sheets into a solution

use of coagul

for dipping. These products are typically referred to as containing or made of dry
natural rubber or crepe rubber. Examples of products that may contain dry natural

rubber include syringe plungers, and vial stoppers.



b) Synthetic Polyisoprene
Polyisoprene can be made synthetically by polymerization of small molecules
calied isoprene by variety techniques including free radical and Zicglcr-Natta catalyst.
Four majors structure isomers of polyisoprene are shown schematically in Figure 1.6.
The so-called 1,4 polymers are formed by isoprene monomers link together at carbon
atom 4 of one unit to carbon atom 1 of the next, and so on in head-to-tail fashion. The

arrangement of the substituent carbon atoms relative to double bond in 1,4 polymers

can be in either cis or trans co ,2 or 3,4 polymers are formed when
incorporation into polymer afoutheither the first or second double
bond, respectively (Paint m l@etic polyisoprene polymerized

with Ziegler-Natta catalys & \\ n the cis-configuration more
than 98%. Cis-1,4-pol : 1P) \'l g of NR which is chemically

and structurally very bber components in NR,

such as proteins have b Ading properties of NR.

H
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Figure 1.6: The structure isomers of polyisoprene.



Typical raw polymer and vulcanized properties of polyisoprene are similar to
value obtained for natural rubber. Natural rubber and synthetic polyisoprene both
exhibit good inherent tack, high compounded gum tensile, good hysteresis and good
hot tensile properties. The specific difference of synthetic polyisoprene and natural
rubber is the minimal variance in physical properties lot to lot. Polymerization
conditions are narrowly controlled to assure that the polymer is highly specific

chemically. In addition, there is a low level of non-polymer constituents as compared

to natural rubber.

e (l\ﬁs-l 4-Polyisoprene (CPIP)

g bonds prevent the polymer
‘\\ \ p poly
strands from forming" exig 1 o ne rubbers such as NBR

maintain their elastomi€ricgprapgric sir entire unsaturated C=C

1.3 Hydrogenation of

Many rubbers are

bonds have been hydrog t 3»\ \ o [ elastomers to withstand high

temperatures, ozone a tion has been subjected in

numerous investigations. 3i \\‘\ isoprene structure and cannot
have its polymerization pro@ess ,'_":.(:

()
chemical modification is a useful-:

ha pi the synthetic rubber industry,

alteration of the polymer composition

and improvements - ical _properties of unsaturated

elastomers (Bhowm

’1’ _____

ga

Hydrogenation icult case for polydiene

hydrogenation. The 1sopropenyl groups, wh1ch constitute the rubber macromolecules,
are analogous i It of steric constraints
the addition ﬂuﬂ“; nﬂ ?T W«mf]?- or mono-substituted
ethyle rﬁo the hydrogenation
whichﬁ ﬁﬁﬂ&ﬁ i\ .im ’Iﬁem ﬂﬁﬁ‘ﬁ)prene (CPIP},

cis-1,4- poly(2 3-dimethylbutadiene) (cis-PDMB), and trans-1,4-poly(2,4-hexadiene)

(trans-2,4-PHXD) with diimide generated in-situ. It was found that the relative
reactivity in the hydrogenation showed the following crder: cis-PBD > CPIP > trans-
2.4-PHXD > cis-PDMB > trans-PDMB (Lal and Mark, 1987). Clearly, the steric
effect of the polymer substituents is very important in the hydrogenation rate.
Moreover, due to impurities in the NR, the rate of NR hydrogenation is expected to be

significantly lower than that of synthetic CPIP hydrogenation under identical
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conditions. Quantitative hydrogenation of CPIP may be regarded as an alternating

ethylene-propylene copolymer. The reaction scheme is shown in Figure 1.7.

HaC H HaC H
D=t ot = , CPIP or NR
chl, CHj >—< CH;  CHj
HaC H
catalyst| + H,

HCPIP or HNR

The hydrogenation atiated polymerS can be accomplished with varying
degrees of conversion vby evesal-meth e ;\ diimide reagents, heterogeneous
catalysts, and homogeneous Catatyst Diimide has been generated in-situ from
thermolysis of p-toluene nyl hydrazi educing agent in non-catalytic
hydrogenation of .{,—_—:’“} s of diimide reduction of
diene-based polymers werc al., 1973; Mango and Lenz, 1973;
Nang et al., 1976; Lal ar&;l Mark, 1987; Hahn 1992). This approach, however, leads to

depolymerlz Y‘I@ Mdf]—n ide fragments in the
hydrogenated mlylsoprene ich 1s very undesirable iimide hydrogenation is

T B AT, e e

isoprene rubber was investigated . Hydrogenation of NR and synthetic CPIP were
carried out in the presence of a large amount of nickel-kieselguhr catalyst under 80-
100 atm (Yakubchik et al., 1962). Shahab and Basheer (1978) hydrogenated NR and
PBD in the presence of Pd on CaCOs at room temperature and atmospheric pressure
for several days. The hydrogenation proceeds rapidly in the initial stage of the

reaction but slows down considerably in the latter stage. The major advantages of



11

heterogeneous catalyst are that the solid can be easily separated from the polymer
products and catalyst regeneration can be simply accomplished by burning-off
deposited by-products on the catalyst surface. Nevertheless, the difficulty of orienting
the long macromolecular chain on the catalytic active site may cause heterogeneous
hydrogenation to require fairly severe reaction conditions. Such operating conditions
may lead to certain undesirable side reactions such as chain scission and crosslinking.
In homogeneous catalysis, the catalytic active species is dispersed in the
polymer substrates. There are certain advantages in homogeneous catalytic systems

over their heterogeneous countérparts: y: (i) activity at relative milder

conditions, (i) high selectivity, (1it) eas tion, and (iv) ease of mechanistic

ansition metal complexes in

N
AR

irogen

oen t0-the unsaturated substrate. High
selectivity is an important ghag@cterss e Homogeneous system. Heterogeneous
catalyst is made up o of " ¥ : Ly posited on a carrier, there are
different type of sites. q trans netal\catalysts consist generally of

‘\"-,‘ selectivity and control of the

reaction. The homogeneougl catald&t ‘alsg¥providés opportunity for enhancing the
. . Fnae : ‘ .
reactivity, selectivity and stabilityofthe m entered catalyst through the suitable

> . e TN
complexation of the, ligand "SyStem. hor

17

RuHCI(CO)(PCys;), is a better
catalyst than RuH 5;: :_:"_‘_—_"':_‘""‘"m"‘:‘t artin et al., 1992, 1997).

The study of catalytiﬂe ¢ 1@150 facilitated by the use of
important analytical tools such as infrared and Tuclear magnetic resonance

spectroscopy. f ~a =

Ramp etqu‘)ﬂ’auyildﬁjﬂy]ezcﬂmﬂf’l& and CPIP by using
triisobutyl e catalyst. Si ﬁ}i ctign ie u high temperature
(190 -@i(ﬁﬁﬁlgﬁ,ni ﬂﬁdﬁlﬁﬂﬁﬁﬂegradation was

found to occur. Shahab and Baseer (1978) used RhCI(PPh;); to hydrogenate NR in
benzene. It was observed that only 25% hydrogenation was achieved at 65°C in 12 h.
Recently, the quantitative hydrogenation of NR using RhCI(PPh;); as catalyst at high
catalyst loading and long reaction time (> 20 h) has been reported (Singha et al.,
1997b: 1647-1652). The reaction was carried out over the temperature range of 40 to

100°C with 10 — 40 bar of hydrogen pressure. The reaction kinetics of NR

hydrogenation followed first order kinetics in residual double bonds. Thermal stability
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of hydrogenated rubber was found to increase with an increase in the degree of
hydrogenation. The glass transition temperature (Ty) is increased slightly on NR
hydrogenation.

Gan et al. (1996) studied the use of a homogeneous catalyst prepared from nickel
2-ethylhexanoate catalyst and triisobutylaluminum for the hydrogenation of NR under
mild reaction conditions. The observed kinetic studies showed first order with respect
to the carbon - carbon double bond concentration as well as the hydrogen

concentration. The maximum catalytic activity was achieved at Al/Ni ratio of 3.0. The

reaction has a relatively low app tlactiya energy of 26.0 kJ/mol. The impurities

e.g. nitrogen content in comnereial rubbe ‘ mewhat the catalyst activity.
More recently, Cha tet aly d that OsHCI(CO)(O2)(PCys3),

has been found to be a CLié nodgened for hydrogenation of CPIP,

\\\\\ '130°C in 15 minutes. The

kinetic studies were edfried®out 4nl‘the tange of 20140°C with 35 — 69 bar of

which more than 97%

hvdrogen pressure. Thg#ffes _' W S iga .,\' showed that the reaction exhibited a
first order dependence @ | d'carbon - carbon double bond
concentration and a secou 7 'w,‘ drogen pressure. The apparent
activation energy was fo e : ' kdlmol. The relative viscosity of
hydrogenated polymer indicat !'— at % : relaction such as degradation or
crosslinking occurred ove studied. Natural rubber can be

quantitatively hydrage _{‘ {h combination with added

acid (Charmondusit, 280 l' d and the high coordinating

power of the reaction SC lvent enhanced the rate of hvdr Genation.

[Ir(CO lﬁ precursor for the
hydrogenatio?@}ii’lgj \»ﬂ ir nﬁhﬂﬁ VLﬁ‘j% hydrogenation was
achiev inutes. “The reaction@was carried oufin the temperature
rangeﬁ ﬁd’% élﬁmu m:qi’}m& qxaoauatlon was first

order thh respect to hydrogen pressure and carbon-carbon double bond
concentration. It also showed a first order dependence on catalyst concentration at low
iridium concentration. At higher catalyst concentration, the hydrogenation rate
becomes insensitive to further increases in the concentration of iridium. An apparent
activation energy for CPIP hydrogenation, using iridium catalyst, of 79.8 kJ/mol was

obtained. No degradation or crosslinking has been found under the range of

conditions employed for the study.
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1.4 Hydrogenation of Latex Elastomers

Hydrogenation of diene-based elastomers can be carried out using a variety of
methods, for example: solution hydrogenation (Martin et al., 1997), latex
hydrogenation (Guo and Rempel, 1997), and solid state hydrogenation (Gilliom,
1989) depending on the physical state of elastomers at the time of hydrogenation. In
solution hydrogenation, the substrate polymer is dissolved in an appropriate solvent

and followed by addition of catalyst at the desired reaction temperature and pressure.

impregnated into pol e€lgfind |the d ation is carried out under a

particular pressure and
Many natural and#s

such as NR, SBR,

the latex forms or emulsions
_ feasible approach is to
hydrogenate the elastorg€rs Ory By 2 ing such a process, the usual

procedures for polymer h ecipitation of polymer from its

emulsion, the drying procg 1 of polymer into an organic

solvent, can be avoided. be interesting to investigate

hydrogenation of elastomers i ydrogenation of polymer latex

can be accomplisheg & eherwater soipie ctivstsdor oil soluble catalysts.
. i X
Singha et al. j‘“ : of NBR latex in the presence of

I

water soluble analog 0 Wllkmson catalyst RhCl( DPM (DPM = diphenyl phosphino

benzene m-su ﬂ ‘Ejfjmaﬂ -tl;si ﬁjatmosphenc hydrogen
pressure ylel j gree of hydrogenation
increased w 1ncreasmﬁ era‘aﬁeijressure &nd catalyst con@ehtration. However,

the hﬁl AN BT IN YA Yoer <ot

Hydrogenatlon occurred with no significant change in the average particle size of

latex as well as particle size distribution. Mudalige et al. (1997) investigated
hydrogenation of diene-based polymer latex, i.e. PBD, SBR and NBR using water-
soluble complexes, [RhCI(HEXNa),], (HEXNa = PhyP(CH,)s-CO,Na) at 100°C and
5.5 MPa compared with RhCI{TPPMS); (TPPMS = monosulphonated-
triphenylphosphine). The selectivity of both catalysts enhanced the hydrogenation of
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the 1,2 (vinyl) addition units over the 1,4 (internal) units in all the polymers was
studied.

Guo and Rempel (1997) developed two processes for catalytic hydrogenation of
NBR emulsicns using an oil soluble catalyst, RuCly(PPhs)s. One of the processes
involved a homogeneous system. An organic solvent which is miscible with the
emulsion phase and which can also dissolve the polymer and catalyst is a key factor.
Certain type of additives during the hydrogenation process such as ammonium sulfate,
carboxylic acid were found to improve the catalyst activity. The additives had a

The other process was carried out in a
heterogeneous system. The & ent, which 3 le of dissolving the catalyst and
swelling the polymer but.ig notimiscibledwit us emulsion phase, is used. A

small amount of co-solvé mulsion phase, is applied to
R

\ C . ition of the carbon — carbon
double bond of the NBR laeX Waf fichieyed \\\. oeesses. More recently, Leube
f tou ' \ or selectively hydrogenation

of unsaturated double bots uE 5 8 disy . . the polymers using rhodium

accelerate the hydrogen@

and/or ruthenium compouds ) tsdad catalysts. This procedure was carried

1.5 Hydrogenation Ca Based Catalysts

Throughout -‘-"i?.m.._.m.-__..3,:.=......._'_---.;...’.;’:‘:“ have been reported as
excellent catalysts t 8 a r,' ed diene-based polymers.
Although the activity f ruthenium complexes on intéfhal double bonds are not as

high as that Haﬂ:ﬂ\“&ﬂ ﬂfﬂ ﬁﬂtnﬁrutbemum is ca. one-
thirtieth that ;'11 ‘E mi antage and makes Ru
complexe 3amsmble alternative. Rﬁthemum&q )dswa most usefuldshoice of oxidation

state fac rl anbﬂ ﬂﬁpﬁl&&m @ m ﬂnrlrawﬂtable oxidation

state, Ru(IV) The stability of two oxidation state (x) and (x+2) for the metal, along
with the presence of at least one vacant coordination site or labile ligand to allow
coordination of the substrate molecule, are accepted as necessary for the efficient
catalysis of hydrogenation by organometallic compiexes (James, 1979).

A process for selective hydrogenation of carbon — carbon double bonds in

polymer is affected homogeneous solution in the presence of certain divalent
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ruthenium carbonyl complex catalysts containing phosphine ligands having bulky

alkyl substituents. The ruthenium catalysts have the general formula:
RuXY(CO)ZL, or RuX(NO)(CO)L,
wherein X is a halogen atom, most preferable chlorine, or a carboxylate group, Y is a

halogen atom, more preferably chlorine, a hydrogen atom, a phenyl group, a

carboxylate group or phenylvinyl group, Z is carbonyl, pyridine, benzonitrile,

trimethylphosphite or no ligand and nhosphine ligand having at least one bulky

alkyl substituent, preferably tri propyl (Rempel et al., 1991)
Mohammadi (19872) USed- (CO)(P(C¢Hs)3)2 as a catalyst in

toluene solution to obtat Zogh d enaion., siybutadiene at 150°C under 4.1

MPa hydrogen press PBD hydrogenation was also

examined. The rate glubgenation increased with increasing initial C=C

concentration and hydr@@e sgure, A _firstiorde \ dence on the reaction rate

with respect to the tg 1n the presence of excess
triphenylphosphine was obfir \ owed an inverse dependence on
the added triphenylphosphing \

Guo and Rempel el and Guo (1992) explored the

hydrogenation of PBD and D r!'fg{.» ye, £ RuCl(CO)(OCOPh)(PPhs),. About

97% hydrogenationgot=t2=BRD was aChICVeCUSTRE T RUIEY 0)(OCOCH;3)(PPh3), as
i ,\-.

catalyst in toluene 1% I3 150°C. The increase in

_—— l
hydrogen pressure incfeased the hydrogenation rate a ¢ decreased the possibility of

isomerization ﬁi\m Sé ene at 85°C under less
than 101 kPa @n Hﬁ wﬂijﬁ lon. The isomerization
is one of the reasons for incompletethydrogenatiosns,

aew r}@ﬁ(ﬂt@&%ﬁ%t%g q a H)endence of the
hydroge?xatlon rate on carbon - carbon double bond concentration and hydrogen
concentration. The reaction rate was first order with respect to ruthenium
concentration at low concentration. At high concentration of Ru, the rate of
hydrogenation became insensitive to further increase in catalyst concentration. This
result may be explained by the formation of a dimeric Ru complex at high

concentration of catalyst. The presence of triphenylphosphine on the hydrogenation

rate retarded the formation of the active species and led to a decrease in the
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hydrogenation rate. Only 40% completion of NBR hydrogenation was achieved at
105°C under 87 kPa hydrogen pressure. A first order dependence of hydrogenation
rate on the olefin substrate and the total catalyst concentration was observed. The
hydrogenation rate shows  first order towards zero order dependence with respect to
hydrogen concentration. The rate of hydrogenation decreased with increasing nitrile
content in the polymer.

The ruthenium-hydride complex RuHCI(CO)(PCy3), as shown in Figure 1.8

was found to be an effective catalyst for hydrogenation of terminal and cyclic alkenes

(Yi and Lee 1999). Martin et al. (1992. idiscovered that complexes of the form
Ru(X)CI(CO)(L), (where x ! ﬂ = a bulky phosphine such as
tricyclohexyl and triisoprog 5 ]@est catalytic activity for NBR

hydrogenation. At 1 40.3 " bar. LV@fogen pressure quantitative

hydrogenation of NB action kinetics exhibited an

apparent pseudo firs ibstrate. The reaction rate

followed a first orde cencentration and hydrogen

\\
3

pressure. An increase in sases, the rate constant of reaction.

The activation energy of

F‘g“ﬁ‘ﬂi]“??‘l’ﬁ"‘?f‘%'w EI’*I?‘ P R
ammmmummmé’ ¢)

Ra% et al. (2001) disclosed that RuCl,(PPhs); was found to be effective catalyst

for hydrogenation of polybutadiene in toluene. Complete hydrogenation of PBD was
obtained in 6 h under 50 bar of hydrogén pressure at 100°C. No gel formation was

observed under any hydrogenation condition studied.
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1.6 Objective and Scope

Although Thailand is the world’s largest natural rubber producer, we are facing
some problems with the rubber production due to insnfficient workforce to do rubber
cutting job. Furthermore, the marketing operation (e.g. the effect of price intervention
by the government) causes Thai natural rubber to sell at low prices. The economic
crisis and the increasing use of synthetic rubber have added to the problems for the
rubber industry in Thailand. In order to improve the properties of Thai rubber and

material for specific applications, the

easing alternation.

The present study foclSES*ot-the {ga i ' ing catalytic hydrogenation to

upgrade NR. Firstly, t

investigated to elucide gfuéchanis \\‘\

ene hydrogenation has been

m based catalyst on this

system by using kinetief! a s {0SCOp s { | that an understanding of the
mechanism would helg eng \\ b influence the activity and
selectivity of the rutheni sphi at \\ St bsequently, hydrogenation of
natural rubber in both § N <iand- )& [ \'-, were investigated. Upon
hydrogenation, there are"sig cant”chart in chemical, physical and mechanical

properties of the hydrogene Srodiicls” ore, the low temperature properties

(glass transition tempera emperature  properties (the initial

decomposition tem :' ; BSSachm— sl eie - maximim-aecoa _:'_.Il:v" on temperature; Tmax) Of
hydrogenated poly o "ff?" er were also included.
Subsequently, a dynait

fic model for the hydrogenation ‘e synthetlc polyisoprene in a

CSTR and PF ﬁﬁﬁdﬂwm uous process. Finally,
important con ec atlons for future work
are reported.
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