CHAPTER 2

EXPERIMENTAL AND DATA ANALYSIS

2.1 Materials

Commercial cis-1,4-polyisoprene (97% of cis isomerization) having a molecular
weight of approximately 800,000 was purchased from Aldrich Chemical Co.. Natural
rubber (STR 5L) was provided from Chalong Latex Industry Co., Ltd., Thailand.
Natural rubber latex (60% dry rubbericonfeat) was supplied from Thai Rubber Latex
CO., Ltd., Thailand. The overall comp '

Appendix II, Table All-Asandsiable A -B,ﬁly. In all cases these starting
polymers were used a i

-\\: obenzene (MCB), toluene,
xylene, triethylamine, were purchased from Fisher
Scientific Ltd.. All sol€ntss fication. The hydrogen gas
used, with purity of 9H99% ,, ' suppl ' lnc. Ru(CH=CH)(Ph)CI(CO)
(PCy3)> (Martin, 1991). QI(QO ; \ 0 et al., 1993), Ru(CH=CH)
(Ph)CI(CO)(PPr'3), (Werngf cifali 4986). R Muettertis et al., 1967) were
prepared according to the --'---f-'f: od il the literature. RuCl33H,0 was
obtained from Engelhard. u g% 3), and tricyclohexylphosphine was
purchased from “Iémicalss ethanol, phenylacetylene, 3-

chlorepropionic acid, succinic acid, e vivenesull ¢ ic acid (p-TsOH) were
obtained from Aldrlch he @
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2. 2 1 RuHCI(CO)(PCys3),

RuCly3H,0 (2.54 g) was dissolved in deoxygenated 2-methoxyethanol (55 ml).
The red-brown solution was stirred for S minutes. Crystallized tricyclohexylphosphine
(8.32 g) was added. The deep red solutions was refluxed and stirred for 20 minutes
under nitrogen atmosphere and subsequently deoxygenated triethylamine (6 ml) was

added therein. The solution was refluxed for 6 hours under nitrogen. The stirring was
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stopped and the solution was allowed to cool slowly for about 2 hours. Orange
crystals precipitated out from the solution. The solution was filtered using Shlenck
apparatus under nitrogen and the crystals were washed with deoxygenated toluene {15
ml) and subsequently diied at room temperature for 48 hours. Since the material is air
sensitive, no yield calculation was attempted. However, previous yields of about 80%
based on Ru have been attained by others using this procedure. The 3'P-NMR
spectrum in CgDg/toluene showed a singlet at 46.9 ppm, with a small additional

singlet at 36.1 ppm attributable to the dichloro species RuCly(CO)(PCys), (Martin,
1991).

Samples of RuHCI(CQO (P ¥3)2 Wik i ecrystallized from toluene. In a
i dm, dry, deoxygenated refluxing

allowed to cool slowly to room

typical procedure, the e
toluene (75 ml) under ni
temperature, then sto oht. "Orange crystals were slowly

formed. The crystals enated toluene (10 ml), then

dried under vacuum at_§ J , ly -bound solvent. The *'P-
NMR spectrum in CgDyg , e at 46.9 ppm with no other

\\ ibutable to the metal-hydride,
centered at —24.2 ppm, and -haraciers absotbances of the various cyclohexyl
protons in the region from 2.5 ol -‘ oration of the hydride and cyciohexyl

protons gave a ratio Qf approxXima n, 1991).

o

222 Ru(CH=GE
A sample of hyd de catalyst, RuHCl(CO)(PCyJ)ZQpprox 7 g) was dissolved in

refluxing, dry a i{ (1.6 ml) was added to
the solution qgﬁﬁg mﬂaﬁ ﬂaTﬁj rapidly. The reaction
was room erature #wvernight. Theffine pinkish solid
prec1p ﬁﬁ@%ﬁ }ﬁnwpﬁﬁqg MQta g deoxygenated

hexane (20 ml) and dried under vacuum. The sample was dissolved in refluxing dry
distilled toluene and allowed to cool slowly. The solid was then refrigerated
overnight. The supernatant was separated from the crystals, which were then dried

under vacuum at 60°C for 48 hours. The solid gradually changed from deep red to

pink as it dried.
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Figure 2.2: '"H-NMR spectrum of Ru(CH=CHPh)CI(CO)(PCy;):
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The solid sample was then dissolved in refluxing methylene chloride under nitrogen
atmosphere. Hexane (15 ml) was added and the solution was slowly cooled to room
temperature, then stored in the refrigerator. The precipitate was filtered in the Shlenck
apparatus, washed with dry degassed hexane (20 ml), and dried in vacuum at room
temperature for 48 hours. The filtrate solution volume was reduced to 30 ml by
evaporation under vacuum and a further sample of solid was recovered, washed and
dried in the same manner. >'P-NMR showed only a singlet at 27.7 ppm, indicating

that the material was pure (Figure 2.1). 'H.NMR in CDCl; showed the aromatic,
yons as shown in Figure 2.2. No metal
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2.3 Gas Uptake Appa( H
The gas uptake appara i '- \‘\\’! on is a computer controlled

batch reactor system t ohe \ nd Rempel (1987b: 27-35).

cyclohexyl and styryl protons in co

hydride was detected.

Reliable kinetic studies o catalytic reactions were carried out in

the apparatus that was de pre ssure and temperature while
monitoring H> consumpti 1e. Figure 2.3 illustrates the
operationa! schematic of the ¢'autoclave pressure relative to
the reference bomb RB-1 is detette by erential pressure transducer (PT-1).

This error signal function ontrol algorithm residing within a
personal computer. Yig-anip Ci the PCac! s8.4h¢ pneumatic control value
to permit H, from t ST autoclave. This control system

maintains the autoclavépressure no less than 0.3 psi below its set point.

PT-2 mopi ‘ﬁ in t sf‘w 1 relati RB-2 and the amount
of H, lost duri@ﬁﬂio ;ﬁﬂ;tlt e Hi‘iﬁ :jdrogenation rate. PT-2
converses th si nal to millimoles & H, by calibgating its outpufgyoltage against the
conver&nﬁ :immlﬁ W’NM ﬂ;}%%’ %aeﬂ'lat a change in
pressureqls linearly proportional to the H, loss from the supply cell. Such ideal gas

behavior holds for H, at 1250 psi and 295 K, especially over small changes in

pressure.
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2.4 Typical Hydr
Hydrogenation arr pressure reactor. In a
typical experiment, a specific amo olymer weighed and dissolved in

130 ml of so veit The $Olation was transferred into the reactor. In a glovebox, the

u&’ f;:aqﬂ &HQ@ WH’]fﬂlvﬁu and transferred into

the catalyst addallon device. Then, the reactor and the catalyst addmon device were

e QAVPERTRUNVIIEI TR = =

was presgunzed to 32 bar before being heated up to the required reaction temperature.

ruthenium co

When thermal equilibrium was reached in the reactor (vapor/liquid), the catalyst
solution was added by pressurized hydrogen gas and the hydrogen pressure was
adjusted to the required reaction pressure. During hydrogenation, the mixture was
stirred at a constant speed of 600 rpm. This reaction was maintained at the desired

temperature and pressure for a given time. After hydrogenation, hydrogenated rubber
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was precipitated in ethanol and finally dried under vacuum at room temperature for

subsequent analysis.

2.5 Typical Kinetic Experiment Procedure

Kinetics of the hydrogenation of polyisoprene rubber catalyzed by the Ru
(CH=CH(Ph))CI(CO)(PCys), complex were studied by measuring the amount of
hydrogen consumed as a function of time using a gas uptake apparatus. The
hydrogenation apparatus was maintained at constant temperature +1°C and pressure *

0.02 bar throughout the reaction. Typica 30 ! of polymer solution was prepared

and charged into the reactorsCatalystw nto a small glass bucket, which

as then assembled.

All kinetic experiment eDerformed with. the Tigorous exclusion of air. To
NN,
purge the reactor headspacgffthuec/cy c \ o reactor with the H; to 10 bar

afion., The autoclave was then immersed in
‘ and the agitator started at
] B préssure of solvent. Once cooled
to below 10°C, the reactogprg s: a;( o C >:‘- n vented and recharged to 14 bar.
To degas the polymer sdl v > was piitged Gontinuously through the reactor

headspace while agitating at 12083 minutes. The reactor pressure was then

vented and the cera band heater 1

Achieving the degired Teaction Cond : D essurizing the system to

approximately 80% of the targ ot

temperature controller. The

increase in the temperatyre of the sealed %lgoclave provided the remaining 20% of
=%

pressure set pﬁ‘ﬂ t? %ﬂﬂ‘?wm

rﬂt ed, a minimum of 45
minutes was aljowed for

e system to equilibrate. The long equilibrium time was

112 o 1015} R

The H, uptake-monitoring program employed two user- specified data logging
intervals. The first was of short duration and was designed to monitor the reaction
during its initial stages where the reaction rates are greatest. The second interval could
be initiated by the operator to avoid the unnecessary collection of data periods of slow
reaction. Once activated, the program waited one logging interval before starting the

record time, reaction temperature and the amount of H, consumed. At this point, the
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reference isolation valves V1 and V2 were closed and the catalyst bucket released into
the solution.

Each experiment was allowed to proceed until gas consumption ceased. When the
gas uptake was near completion or gas uptake corresponding to more than S0 percent
conversion was observed, the program was terminated. The heater were shut down
and removed, and the vessel was then brought to 50°C using the cooling unit before
venting off the pressure. The autoclave was disassembled and a sample of the

hydrogenated product sclution was cast onto a NaCl plate for infrared analysis. The

..

agitated to removed resi - rinse, the reactor was blown

remained product was isolate n with ethanol and drying under

vacuum. The autoclave w. about 150°C of toluene and

Analysis
TS 3000X spectrometer. The

rubber samples were run as ._.l.‘.,_ on- -sodI chloride disk. The latex film was

2.6.1 Fourier Trai ect \n

o

1 »
2.6.2 'H-NMR

ga

The final degr , ole \Y as q

tified NMR spectroscopic
analysis. 'H and 1 C-Nl\/g{ ‘gectra were recorded on 3% w/v solutions of the rubber in

v S PNHNFHYN T
mmmmmm BIALL cec e

fitted with a Water Ultrastyragel 10" Angstrom column. It was operated at 30°C, with
THF as the carrier solvent. Samples 0.2% solutions in THF were prepared. The
system detectors were a multi-angle laser light scattering (MALLS) (Wyatt Dawn
DSP-F) operating at 630 nm and a Waters DR 401 differential refractive index
detector (DRI). Wyatt Astra software was used for data analysis. Due to unavailable

Mark Houwink constants for the hydrogenated polyisoprene in the literature, no
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precise molecular weight distribution information was obtained by GPC. Therefore,

GPC was used to evaluate gross changes in the chain length after hydrogenation.

2.6.4 Viscosity Measurement

The relative viscosity of parent polymers and the hydrogenated products
(0.12500 + 0.00015 g of polymer / 25 ml of toluene) were also measured by means of
Ubellohde capillary viscometer in toluene at 35°C. Samples were filtrated through a

coarse, sintered-glass filter to remove insoluble gel before being introduced into the

viscometer.

TGA of starting poLyam€rses d; hydrogenia f-:f ubbers was performed on a
NETZSCH STA 409C.

\\: under nitrogen atmosphere
from 50°C to 800°C a

in. The nitrogen gas flow

rate was 50 ml/min. Tk gight loss due to degradation

and the residue remaig ateds The initial decomposition

temperature (Tig) and temperature  (Tmax) were

determined.

2.6.6 Differea S g
Differential scanfiifig CaloHety "r out on a NETZSCH DSC
200. Typical analysismbo ) oled to —100°C with liquid
nitrogen and then heated ‘under nitrogen ﬂow at the heating rate of 10°C/min to 40°C.

ALO3 was Lsﬂauqﬂere}ﬁ EWI?W Eijqfﬂdﬁae was taken to be the

glass-transitionggmperature (Ty).

. AEOAINIAELINYIAY

'H-NMR spectra of hydrogenated polyisoprenes were used to determine the
extent of hydrogenation. The lump peak area of saturated protons (-CH»- and —~CH3)

in the range of 0.8 - 2.3 ppm and the unsaturated protons peak area at 5.2 ppm were

calculated as shown in Equation 2.1:

A - -y
Y%hydrogenation = 12

x100 2.1
A+3B
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where A is lump peak area of saturated protons and B is peak area of unsaturated
protons. The example of % hydrogenation calculation is described in Appendix I.

Gas uptake data files consisted of three columns: time in seconds, total gas
uptake in millimoles, and temperature. Data files were exported to Microsoft Excel
program for calculations. The total extent of hydrogenation measured by "H-NMR
was used to correct the total gas uptake. The gas uptake data were converted to
percent double bond conversion (X) usin the known maximum extent of reaction.

A plot of In(1-X) versus ti ted and examined. The slope of the

plot was determined by lin the regression was typically in

excess of 0.95, indicati tioﬁt order in the double bond

concentration to relatively s rsi he slope of the first order plot provided

values of k'.

2.8 Kinetic Study

Several studies wes d, gtermine the basic kinetic dependencies of
the system. In each study, ghc dependence ot cudo first order rate constant k" on

a different parameter was of hydrogenation is known to be
|

influenced by factors such as t - ¢
= =-' AT

concentrations, and temperature: Fhe eluck he mechanism required the study

of catalyst, hydrogen, double bond

of the kinetic effec fs7ot-ditterent-sotve Ny on of catalyst ligand. A
number of additional hulky p : tudied.

Experiments w1th1% each of the ba51c kinetic dependencies were performed in
random order plicate experiments at
a base set of @mmﬂmmire that no systematic
trend, m the nMsurement Factor
comblqm ﬁ&ﬁi :i[ﬁ ﬁ]ﬁ ﬁl . This consists

of a two level factorial design coupled with univariate experiments which inspect the
influence of factors acting alone or in combination. Of principle interest were the
influences of the concentrations of catalyst, polymer and Hy on the rate of reaction. of
secondary interest were the effect of varying solvents, the reaction temperature, or
adding PCys to the system. A two-level faciorial design was employed for principle
factors to identify joint interactions. The influences of various solvents, temperature

and added phosphine have been investigated by univariate experiments alone.
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Selection of concentrations and temperatures considered weighing precision,
polymer solution viscosities and limitations on the reaction rates that the apparatus
could control and monitor effectively. The univariate factor combinations have been
duplicated for hydrogenation of natural rubber and natural rubber latex tc gain a

fundamental understanding of the kinetic behavior of this system.
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