CHAPTER 3

MATERIALS AND EXPERIMENTAL METHODS

3.1 Materials

o o & 0 N

3.2 Instruments

1

Smoke sheet rubber : STR 5 L (Rayong Bangkok Rubber, Thailand)

Tris(triphenylphosphine)Rut leride (Fluka, USA.)

was used for dé

Fourier-transform.

500 MHz (JNME 500) and 400 MHz (ﬂ}x 400) were used to

determine the degréesaf hydrogenationtf natural rubber.

Averageﬂhuﬂr’}%tﬂm %l%ﬂ Qlﬂ sstribution were
determine%| by a Waters 150-G' {Millipore] Ggl, Permeation Chgomatography
BRIV 2 DK ) B botrs
usiﬂg refractometer détector. Polystyrene standards wére used for
calibration and universal calibration was obtained from a PC base software.
Chromatograms of the samples were achieved by using THF as a mobile
phase at flow rate of 1.0 mi/min. The data of peak molecular weight (M,),
number averaged molecular weight (M,), weight averaged molecular weight

(M,) and polydispersity index (M,/ M,) were reported.
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5. Differential scanning calorimeter (DSC) thermograms were obtained from
a Netzsch DSC 200). Samples were scanned from -100 to
150 °C at heating rate 10 °C/min.

6. Thermogravimetric analyser (TGA) thermograms were obtained from
a Mettler-Toledo/SDTA 851). Samples were scanned from 40 to 600 °C under

N, atmosphere at heating rate 10 °C/min.

3.3 Hydrogenation Procedure

Hydrogenation was carri i Sarr reactor equipped with

mechanical stirrer, temper v : nsducer. Typically, the

specified amount of rubbe ene in a Schlenk flask

under a nitrogen atmosph ted with Schlenk line,

overnight. The solution was r. The catalyst, 0.09 g
was added. The apparatus rged several times with
hydrogen before filling to the re t 30 bar) and cut off from the
gas tank. The autoclave was the eaction temperature. During
the course of hydrogenation, the mi % d by stirring at constant speed of
400 rpm overnight TheL ﬁdr. ? d by precipitation in

rubber was vacuum dried ay)o en

cpetaonans A HAINUNTNYNT

The preparatlon of solution was done in an inertsgas atmosphete’ (prepurified

wwoger rdhti sormond | 9 614 &l VVVIET 6

Schlenk line

Schlenk line consists of nitrogen and vacuum lines. The vacuum line was

equipped with a solvent trap and a vacuum pump, respectively. The nitrogen line was
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connected to the moisture trap and the oil bubbler that contained enough oil to provide

a seal from the atmosphere. The Schlenk line is shown in Figure 3.1.

Vacuum line
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Figure=3.1-Schierk line.

e EF el S

L
:

Oil bubble

Schlenk flask )

|

#

(VY

A Schlenk flask haé?a side-arm to connect to the Schierk line. Some typical

models are shown in Figure3.2. L

A
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Figure 3.2 Round-bottomed and tube designed for Schlenk flasks.
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Glove bag
Glove bag is a moderate-volume gas-tight container, which air or moisture is
excluded. The glove bag has a way to connect to Schlenk line, which can be evacuated

and filled with nitrogen gas.

Parr Reactor

A Parr 4042, 600 ml of Parr reactor, stainless-steel pressure reactor used for
r

hydrogenation reaction is shown in Figure 3.3. The }eéefog contained a pressure gauge,
safety rupture disc, valves for admitiing, valvefor releasing.gas and valve for removing
liquid, a thermocouple and a gas:light stirrer, i

-

',PI'&GSU?? gauge

i d

d

Valve for
releasing

Thermocouple

Figure 3.3 Parr reactor.
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3.4 Product Analysis by Fourier-Transform Infrared Spectroscopy

Infrared radiation is a form of electromagnetic radiation, which has wave
numbers in the range 12,800 to 10 cm’. IR spectroscopy measures the absorption of
infrared radiation by the vibration or rotation of the molecule. Radiation in the mid
infrared region (4,000-400 cm") corresponds to the vibration frequencies of functional
groups in the molecules. Therefore, IR spectroscopy can be utilized to study functional

group of, especially, organic molecules. ry of molecular vibration explains the

range of infrared radiation, and

allgple &hat infrared instruments be

us murface aluminize mirrors

appearance of infrared spectra. T
the few transparent optical mathav
-
designed with reflective opti
rather than lenses. Operati ical path is purged with
dry nitrogen because of st and carbon dioxide.
In this study, the funeti i ﬂ‘ th >nated natural rubber were

investigated using Fourier-tra infrated : éter (FT-IR: Perkin-Elmer

--'"/.-“t‘ b2 j . '»'_";.
SHEiaREImES 1&"‘9 of hydmgenaéd namr_ ample into a test tube

containing 1 ml of tolueng. After dissolution tion was dropped on

NaCl window. The NaCl wiELow was gun, @ssed subjected to the

AUYANYNINYINS

3.5 Product analysis% Fourier-TransformyNuclear Magmic Resonance &_gectroscopy

ARTANNITUNATINIETA Y

spectroscopy is essential for the determination of molecular structure.

FT-IR analysis.

The majority of atomic nuclei possess a nuclear spin angular momentum. If such a
nucleus, i.e., a magnetic dipole, is placed in a magnetic field, it adopts one of a small
number of allowed orientations of different energy. For example, the nucleus of the
hydrogen atom has just two permitted orientations. The magnetic moment can point in

the same directions as the field in the opposite direction. These two states are



23

separated by an energy AE. AE may be measured by applying electromagnetic

radiation of frequency V, which causes nuclei to “flip” from the lower energy level to the

upper one, provided that resonance conditon AE = hV (h is Plank’s constant) is
satisfied. This is nuclear magnetic resonance spectroscopy.

The resonance frequency of the nucleus depends on the chemical environment
of the nucleus in a molecule, an effect known as the chemical shift. For example, the

different kinds of H atom have different resonance frequencies and so give rise to

separate peaks. For this reason, NMR i |§\ ly powerful technique for the study

of molecules at the atomic Ievel i the s are described extensively
‘_ﬂ

elsewhere.

In this study, the fun
characterized by nuclear ma

C-NMR 400 MHz, DPX 400)

ur.l

3.6 Average Molecular Wei o

The Gel % rocess for the
separation of macrﬂ Eﬁi‘lﬂm ﬁmﬂm s packed with a
chromatogr ri W b? tﬁ re size.
Eluent is pﬁ }laﬁﬁol ijvw?‘] ?TE\C;‘I (Els to be
analyzed are introduced to the column by means of an injection value. The separation
mechanism is based on the ability of the different sized solutes to diffuse in and out of
the porous structure and the residence time of the solute molecules within the porous
structure. As the dissolved solute passes through the column, the smaller molecules

(those with dimensions smaller than pore size of packing materials) will enter the pores

thus they will be “delayed” in their elution through the column. On the other hand, the
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larger polymer molecules will be unable to penetrate the pores and will be swept along

with the solvent front to be eluted before the smaller molecule as shown in Figure 3.4.

If a set of monodisperSessamples of a single polymer can be obtained, the

emaring proven Floabibbin bbisehd 5 ekl 3G o oves

the volume of solutnon eluted and the malecular weight-of some chemigally different
polymer. To vag]walé& ﬂéﬁrguw %ﬁéﬂs@qﬂcﬂh& an&ilpendent
of the chemica? nature of the polymer, that is, a universal calibration parameter.

In this study, average molecular weight and molecular weight distribution of
natural rubber and its hydrogenated products were determined by a Waters 150-C
[Millipore] Gel Permeation Chromatography, using ultrastyragel linear and ultrastyragel
10° WUm columns equipped with refractometer detector. Solution of about 0.2-0.3% w/v

polymer in tetrahydrofuran (THF) was used with an injection volume of sample being
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0.1 ml. THF was used as mobile phase at flow rate 1.0 ml/min. Polystyrene standards

were used as calibrants

3.7 Thermal Analysis

Thermal Analysis (TA) is a modern group of analytical techniques, which
measure the physical properties of the sample as a function of temperature (dynamic

mode) or time at constant temperature (isot e al mode). In this work, Differantial

Scanning Calorimetry (DSC) and &“,-‘ : Analysis (TGA) were used to
characterize the samples obtaﬂ'hﬂ : é
| ——

round regarding DSC and

TGA are described here incl!

LTI
TGA was used to comﬁre thermal ~stability
A

products.

The experiment waﬂcérr : tmdﬂ)here, and the sample

weight was approximately 1(1-2& mg. The samp%was heated from 40 to 600 °C at

e 0 BB INENINEINT
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Whenever a material undergoes a change in physical state, such as melting or
transition fr‘om one crystalline form to another, or whenever it reacts chemically, heat is
either absorbed or liberated. Many such processes can initiate simply by raising the
temperature of the material.

The schematic representation of DSC systems is in Figure 3.5. The sample and

reference are each provided with individual heaters. This makes it possible to use a
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“null-talance” principle. It is convenient to think of the system as divided into two control

loops, shown in Figure 3.6.

Pt
sensors
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Figure 3.5 Schem spresentation of the DSC system.

(7 ¥

hematic representation of the D£control loops.

Figure 3.6
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and reference may be increased at a !redetermined'-"aate, which is fetorded. The
second Ioo&ﬁ&ﬂfﬂtmpimumglgom&%a Eal'nple and
reference (begause of exothermic or endothermic reaction in the sample), Thus, the
temperature of the sample holder is always kept the same as that of the reference holder
by continuous and automatic adjustment of the heater power. A signal, proportional to

the difference between the heat input to the sample and that to the reference, dH/dt, is

fed into a recorder.



27

A DSC (a Netzsch DSC 200) was employed in this project to study the Glass
transition temperature (Tg) of natural rubber and hydrogenated products.

For T, determination, about 10-20 mg of each sample was weighted accurately
and placed in 50 W aluminium pan. The sample was scanned from -100 to 150 °C at

heating rate 10 °C/min under liquid nitrogen was used as coolant.
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