CHAPTER 4

RESULTS AND DISCUSSION

4.1 Preliminary Study on Hydrogenation of Natural Rubber

Theoretically, homogeneous hydrogenation uses a soluble catalytic complex to

activate the reaction between hydrogen nd carbon-carbon double bond.

Singha, et al. [7] had shown that ine) rhodium(l), RhCI(PPh,),

is highly effective towards the agenationst mer However, dichloro-tris

L

(triphenylphosphine) ruthenium 0 be good homogeneous

hydrogenation catalyst [14] for a0 -addition, this complex is

quite soluble in toluene, which & ing to hydrogenate natural

rubber. In this study, the sa , et al. [7] was chosen

for the first trial. Therefore, ubber in 50 ml toluene

was carried out using RuCl,(P ous catalyst. Quantitative

hydrogenation could be achieveda 1 40 bar hydrogen pressure.

is quite reactive and addition of PPh, is need,
ARl ;

the RuCL,(PPh,), catalyst system can s the hydrogenation feaction without adding

i)

Unlike RhCI(PPh,), catalyst system,

PPh, [14].

n i
When a catalyst wa;dded into natural rubber solutio ,F sudden change from

clear solution to br | ‘ﬁ : f tion, brown solution
turned dark. The hy@ﬂaﬁ p Z?CT ﬂmci tﬂrg:joﬁs olid after adding
excess metha It _w h gﬁﬁ ed by 4sing FT-IR, 'HINMR and
130-NMRspeqnﬁ::].a3ﬁ% iﬁﬂﬁQﬁﬂqaﬂ
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4.1.1 Product Analysis by FT-IR Spectroscopy

The FT-IR spectra of natural rubber and hydrogenated product were shown in

Figure 4.1.
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Figure 4.1b FT-IR spectrum of hydrogenated natural rubber (Film on NaCl).
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The FT-IR spectrum of natural rubber (Figure 4.1a) exhibited the absorption
bands of olefinic (C=C) stretching vibration at 1659 cm’, the aliphatic (CH,, CH,)
bending vibration at 1449 cm™, the methyl group (CH,) bending vibration at 1378 cm’,
and the olefinic (C=C-H) out of plane bending at 840 cm .

The hydrogenated natural rubber showed a similar spectrum (Figure 4.1b). As
expected the intensity of some absorption bands was relatively changed, The intensity
of the absorption band at 840 cm’' due to trisubstituted olefinic C-H bonding, decreased

'35 cm", which was attributed to the

while a very intense absorption peak appeare

The formation of hydr Aturat-rub so be identified by "H-
NMR and "“C-NMR spectrosc >ghniques! H \ an ®C-NMR spectra of
natural rubber and hydr W )

| - Figures 4.2 and 4.3

respectively.
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Figure 4.2a 'H-NMR spectrum of natural rubber (CDCl,).
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Figure 4.2b "H-NMR

In Figure 4.2a, the signals in.'} AR Jspectrum of natural rubber can be

assigned as follows: the signals at ¢

) pre

additional signals in at "o':g‘;‘_'?'.':::!:_., s

d 1.66 ppm belonged to olefinic

prctons, methylene (-C protons, respectively. Two
l.’;:i" spectrum of the

hydrogenated product. T I e are d -CH,- and -CH, groups,

respectively. These indicate Jhat the reaction between hydrogen and carbon-carbon

double bond occﬁﬁﬁ’?ﬁﬁ%‘ﬁoﬂeﬂﬂ ﬁtﬂ’y C=C molecule

could be added by fiydrogen atom, wh|ch observed from the peaks for olefinic proton

™ fema'“aemaw 137240/ {132

reaction.
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Figure 4.3b ®C -NMR spectrum of hydrogenated natural rubber (CDCI,).
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Strictly alternating character was established by ®C-NMR. From Figure 4.3a, the
peaks at 8135 and 125 ppm belong to the olefinic carbons. Upon hydrogenation, four
new peaks emerged at 3 38, 33, 26 and 20 ppm, which are assigned for C,, -CH-,, Cy,
and -CH, ,, carbons, respectively (Figure 4.3b). The peaks at 4 135 and 125 ppm for
olefinic carbons still remained but their intensity decreased. Similar findings were also
reported by Gan, et al. [19] and Singha, et al. [7].

The °C-NMR and FT-IR provided only qualitative results. Therefore, 'H-NMR was

used to calculate the percentage of hydregenation of natural rubber in this study.

ydrogenated product was

appeared in 'H-NMR spectru
program [20] described in App

AULINENTNYINS
RIANTUNRINIAY
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4.2 Preparation of Hydrogenated Natural Rubber

The hydrogenated natural rubber was prepared by using ruthenium catalyst as
homogeneous system in toluene. Several parameters, such as reaction temperature,
hydrogen pressure, reaction time, and the amount of catalyst were varied. The products
were monitored by FT-IR spectroscopy and for the percentage of hydrogenation of each

product was determined by calculation based on its 'H-NMR spectrum. The appropriate

condition yielding high percentage oWas investigated.

4.2.1 Effect of Reaction Temp erce’tag‘menation

The hydrogenation { \re ranged from 70 to
150°C. Other parameters of aydr

llows:

- Natural rubber loadi (1%w/v)
- Catalyst amount
- Hydrogen pressure

- Reaction time

Table 4.1 The effect of reaction temperature on percentage of hy genation.
Entry Catalyst 4 nRubber Tewerature %Hydrogenation
f
e | IRV IHENND
1 0l6907 0.5090 70 28
1 WV
BT et
3 9 59
4 63
5 59
6 42
7 35
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Figure 4.4 Effect of reaciti e-on the ‘percentage of hydrogenation of
natural rubbe ="\ \

In Figure 4.4 higher \ e se of hydrogenation of

natural rubber. However at 00°C, the percentage of

hydrogenation decreased. It s /3 is the best temperature for

hydrogenation system. At lowe the activity of RuCl,(PPh,),

1V ol=

catalyst is rather low, while,_at_higher temperature, naturat ribioer can be degraded.
] P

A maximum of 63% hydrogenatic

This result agrees Il with the observation by Singma. et al. [12] for poly

(styrene-co—butadieﬂ ‘v‘,j Jalpl 4 diel ogenation using
RuCl,(PPh,),. Even @H g USII ﬁu’C ol mmﬂ?e very active at
130-150°C for t nat L# c@ tﬁﬁ% nation of
natural rubtaxﬁ jﬁigﬁm mn ( mgj Ef

Therefore, the appropriate reaction temperature which higher percentage

hydrogenated natural rubber was chosen at 100°C.
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4.2.2 Effect of Hydrogen Pressure on Percentage of Hydrogenation

The hydrogenation reaction was carried out at hydrogen pressure ranged from

20 to 40 bars. Other parameters of hydrogenation were kept constant as follows:

- Natural rubber loading 0.5 g/50ml toluene (1%w/v)
- Catalyst amount 0.09g
- Reaction temperature 100°C

- Reaction time

The results from these reac

Table 4.2 The effect of hydrogen pressus sntage rogenation.

Entry ydrogenation
No.

o RN,

9 0.0924 1’ E:';& é \ 55

4 00001 | 05010 » 63

10 0.0913 : 65

11 66

ﬂ‘UEJ’J‘r’IEJV]?WEJ’]ﬂ'i
QW']Mﬂ‘iﬁu UA1INYA
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Figure 4.5 Effect of hydro ) | ydrogenation of natural

rubber.

Figure 4.5 showed rcen aydrogenation increased with the

seemed that the amountmf hydroge - T @ution almost reached
a maximum. That would be theseason why afteg hydrogen pressure was 30 bar, the

perconage ot vordBbnipbche ot 113 Y EI 1713

The results oﬂhese experiments are much Ioweahan the hydrow pressure of
the homogaowg}maﬁ@mh&r] %ﬂ@ ’cg{ Mhﬂ%ﬁuﬁlﬁ natural
rubber in tolugne was reborted by Singha, et al. [7], and 50 bar for the hydrogenation of
polybutaciene reported by Rao, et al. [14].

It could be concluded that an optimum hydrogen pressure for hydrogenation

natural rubber using RuCL(PPh,), was 30 bar.
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4.2.3 Effect of Reaction Time on Percentage of Hydrogenation

The hydrogenation reaction was carried out at reaction time ranged from

0-30 hours. Other parameters of hydrogenation were kept constant as follows:

- Natural rubber loading 0.5 g/50ml toluene (1%w/v)
- Catalyst amount 0.09¢g
- Reaction temperature 100°C

- Hydrogen pressure

The results from these rea

Table 4.3 The effect of reactK , ) ation.

Entry ' time : \ nation
No. ;rs - - :

12 2 2

13 e~ 34

14 F 43

15 B 49

16 :

17

18 o 6 ﬁ
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%Hydrogenation
8

polymer reported earlier using the s g Suo, et al. [13] have shown that
greater than 95% hydroq«aawn (NBR) could be ours. Rao, et al. [14]

0 C=Cm\ polyisoprene in this
condition was far slower thansfor, NBR and polybutadiene. This indicated the strong

effect caused by sﬁ u %}Q 9{'::&] %@ew ﬂtﬂ ﬂ‘aon the polymer

chain, which presumgoly impedes C=C gomplexation Eth the catalyst ter [23,27].

wmree 3 SRV B R o

catalyst.

reaction time. This sugges



4.2.4 Effect of Catalyst Amount on Percentage of Hydrogenation

The hydrogenation reaction was carried out at various amounts of catalyst

ranged from 0.05-0.15 g. Other parameters of hydrogenation were kept constant as

follows:

- Natural rubber loading

- Reaction temperature

- Hydrogen pressure

- Reaction time

The results from these r

0.50 g/50ml toluene

100 °C

re EEO

Table 4.4 The effect of cataM r

%s..
“*:‘

nation.

Entry I : \ %Hydrogenation
No. (mmol) a) .*_-:I, \
22 1.043 0502~ | 27
23 1.460 0.0704  |" 49,50 50
24 1.669 e 49 60

i v FF P

T LA
4 1. : . 63

- = 'l

25 2.086F 70
26 2.295 75
27 2.503 ¢ | 0.1201 2.0.5011 83
28 FF'EET%W 0 Y
29 q'5.129 0.1502 0.5035, 91y,
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Figure 4.7 Effect of catalyst & rogenatlon of natural

rubber. \ \

Figure 4.7 exhibited t it thie lyst amou s played an important role in the
extent of hydrogenation of natura T-The Teg n of double bonds increased with
the catalyst amount. At 0.15 g (3.12__ To1). ¢ PPh,),, hydrogenation as high as
90% was achieved. ,.."‘, , , 9 g (1.8 mol) are preferable

because of its significant "\" ate 63% of the C=C

I

in natural rubber. A hlgher talyst amount is needed to obtaia a reasonable reaction

" | R 15wt L3}
The hydrogenati “inde pathway as

reported for synthetlc rubber using RuCIIz(I#-’ as showﬂmﬁure 4.8.

ARIANTT {9 a
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RuCl_(PPh )
2, 83

H
5 HCl

RuHCI(PPh )
33

+PPh
3
-Sol

-PPh
3

+Sol

C=C

-CH -CH -
2 2

using RuCl,(PPh,),.

A the hydride pathway
mechanism for hydrogenatio . Hydiogen first ith RUCL(PPh,), to form

hydrido-tris(triphenylphosephine) ium(1l) . chioride, "RuHCI(PPh,),. This is the

reactive species in the hydrogenati_q‘_ng;j@m Al bber..RuHCI(PPh,), undergoes ligand
form RuHCI ' species reacts with the

double bond to form a complex undergoes

dissociation, resulting in theﬂrmation of saturated polymer.

In comparis ﬁﬁe io m , needs less
amount of catalyst th ﬁ ﬁ q rii Efﬁ ﬁﬁﬁo ydrogenation of
natural rubber is slower than that of tadlene esumab béeause of the
tnsubshtutno&ﬂﬂeﬂa@ﬁﬂoﬁdﬁ“ﬁe ir ﬁ/I(EJ)ver the
presence of protems that adsorbed on the rubber particle can obstruct the
hydrogenation of natural rubber to some extent.

From all experiments, It can be concluded that the optimum conditions for the
hydrogenating of 0.5 g natural rubber in toluene 50 ml was at temperature of 100°C,

hydrogen pressure of 30 bar for 24 hours by using 0.09 g (1.88 mmol) RuCl,(PPh,),.

This condition resulted in 63% hydrogenated natural rubber.
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4.3 Molecular Weight and Molecular Weight Distribution of Hydrogenated Natural
Rubber.

During hydrogenation, it is possible that degradation of natural rubber can
occur. In order to investigate the presence of side reactions, such as degradation
molecular weight and molecular weight distribution of natural rubber and hydrogenated

products were determined by GPC. The effect of temperature, hydrogen pressure, and

’Aid products were investigated.
4.3.1 Effect of Reaction Temper. &

The effect of tempeM ‘ . y and molecular weight

catalyst amount on the degradation of hyd 0

distribution (MWD) are shown.i nd Figure
1A 4
Table 4.5 The effect of reaction ratt ﬁ;
d‘l-_-:_‘
£l 'E -
Entry No. | Temperature {%Hydrogenation{ /M x1 M,x10" MWD
4 100°C daatrc -2 5®| 652 1.76
5 120°C Lo 4.75 1.86
6 130°Gr> 7 1.89
7 150°C m mmm 2.02
0 )

AULINENINEINg
RN INANINGAY
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.Temp 100C
.Temp 120C
.Temp 130C
DTemp 150C

Molecular Weight

Figure 4.9 Effect

Figure 4.9, revealed

decreased while the MWD i

believed that some side reaction Dprobably

o, - . i Vl‘.
_,,;_:_-;,-,':,r.-' L 2/ A

| S

cyclisation [30]. Generally, Eain cleavagETg'béiiév wchange of MW rather

than cyclisation as the regetion was investigate:

degradation leads to form raglgal git € e doqﬂe bond [30].

AUEINENINGINS
AN TAUUMIINGIAY
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CH CH
3 3

anrnCH—C=—CH—CH~i-CH—~C=—CH—CHv
2 2 2 2

|

GH CH
3 3
AArGOH~C—LUH—CH . LCH=GC———CH—CHre
2 I 2 ’// 2 I 2
o, {/ﬂﬁ
~MVCH—C:
It was believed that the i . u 2 treduces the amount of

double bond and causes

\ occur. It is possible that

Jar, weight (MW) and

hydrogenation took place before chai scn q,,

=
o .'E;':l’ﬁ‘l
4.3.2 Effect of Hydrogen Pressure on.MW- ar d-MV

The effect of hydrg

molecular weight distribut M AW 4.10.

Table4.6 The effect of hydrogefi pressure on MW afd MWD.

AUBINENINEINT

Entry No. Pressure %Hydrogenatio M“)(10 IQ M x10 MWD
4 qwa:‘ 3 1 g FFEI II&B
10 1 35 bar 65 20.6 9.76 2.07
11 40 bar 68 22.8 10.9 247
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Molecular weight

catalyst reactive species was mcreasedft:he ="

s )i r
_.-a‘ ".-“'rF;r"" F

increase in hydrogen presgﬂe The amount of double

4.3.3 Effect of Catalyst Amountgon MW and MWD

AUYINNINGINT

The effect of catalyst amount on average molecular weight (MW) and molecular

TR T AT IN N A Y



Table4.7 The effect of catalyst amount on MW and MWD.

47

Entry No. Catalyst | %Hydrogenation M“)<104 Mnx104 MWD
4 0.09g 63 115 6.52 1.76
28 0.13g 84 17.1 8.61 1.98
29 0.15g a1 19.8 9.83 2.01

E 009g
25 Mo13g
= 2 Ooisg
D
o
S 15
|
o]
3 10
Qo
o
= 5
0

Figure 4.11 Effect of ¢z ":?g._a
™

LA

\molecular weight.

i o

Figure 4.11, the amount on MW and

MWD of the hydrogenated mounts, we found that

lower MW and MW ﬂﬁ%tﬂd ﬁdféﬁrgtﬁeﬁ wer than natural
rubber. It may be aine at' when'the'catalyst amount‘were'incréased, the reactive
species of cataléit also were increasedfwhich could“interact with more’ unsaturated

oo A ANA SV RAT IR

of hydrogenated products might happen after its formation.
4.3.4 Effect of Catalyst on MW and MWD

The effect of catalyst amount on average molecular weight (MW) and molecular

weight distribution (MWD) is shown in Table 4.8 and Figure 4.12.
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Table 4.8 The effect of catalyst on MW and MWD.

Entry No. Sample | %Hydrogenation M x1 o* Mnx104 MWD
0 NR 0 43.1 16.1 2.68
30 Non-cat. 0 33.9 13.1 2.59
4 Cat.0.09g 63 1.5 6.52 1.76

EnR

M Non-cat.

Ocat.oo9g

Molecular weight

In Figure 4.12, it wa und that a catalyst could reduceaw and MWD. The MW
and MWD of hydro e ﬁ hou m ch was _performed of the
same condition wa iﬂj 3rﬁyﬁ ﬁﬁﬁ ierved that this
catalyst caused the molecule of natural rubber to degrade. It believed that‘the catalyst
mecharism ¥ 1 cdpesb i Wk d U d Bl booue
meaning to these results.

From this investigation, it could be clearly seen that the degradation occurred
during the hydrogenation process. However, recent work examining the hydrogenation
of styrene-butadiene rubber catalyzed by RuCl,(PPh,), has not mentioned any problem

with the degradation. Rao, et al. [14] estimated that no degradation occurred during the

catalytic hydrogenation reaction, but he also reported that the hydrogenated product
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was found to include the short chain branching and long chain branching. Martin, et al.
[27] supported that the polymer molecular weight was not altered greatly during
hydrogenation by using Ru complex. Charmondusit, et al. [20] illustrated that no
degradation and no crosslinking occurred during the catalyst as OsHCI(CO)(O,)(Pcys,),
on cis-polyisoprene hydrogenation. There are no reported any problem with
crosslinking, which occurred during hydrogenation by using RuCl,(PPh,),. For the

hydrogenation of natural rubber, by using RhCI(PPh,), (7], no degradation was observed

reaction, but also effect the

AULINENINeINg
RINNIUUNIININY
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4.4 Thermal Characterization

It has been known that dienic polymers cannot resist high temperature treatment
because their unsaturation in the molecular structure could initiate degradation reaction
through formation of radical at allylic position of the double bonds. In the case of natural
rubber, the modification by hydrogenation reaction should increase the thermal stability

of the modified product as the degree of unsaturation decreased. Thermal behavior of

hydrogenated natural rubber was analyze ﬂg DSC and TGA techniques. The

#A. The heat required to give

molecular deformation of polymers;i‘e: as feco C.

measurement of resistance to heat

-

4.4.1 Thermal Stability Stud%

TGA of natural rub rag

:.r-rj.ul",-' - ;

products are exhibited t‘ﬁ Figure'ﬁg “inc ud ivative curves. Initial

Table 4.9 Initial decomposition temperature (I0T) aag Temperature at maximum weight

s FAHANHNT IR T
Entry N Qm 7\

—

0 Natural rubber 290.56
4 HNR 63 % 329.55
28 HNR 84 % 339.55

29 HNR 91 % 344.50




(a) Natural rubber
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Figure 4.13 TGA curves of Natural rubber (a) and Hydrogenated Natural Rubber
63% (b).



(c) Hydrogenated Natural Rubber 84%
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Figure 4.13 (continued) TGA curves of Hydrogenated Natural Rubber 84% (c) and

Hydrogenated Natural Rubber 91%(d).
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IDT increases with the degree of hydrogenation. The T, increased with
increasing hydrogenation of carbon-carbon double bond (C=C) in the elastomer. The
T, can be raised from about 381.63 °C for natural rubber to 453.92 °C for
hydrogenated natural rubber at 91 %hydrogenation. By comparing the temperatures at
the maximum weight change (Table 4.9), as expected, hydrogenated products possess
better thermal stability than natural rubber although they have lower molecular weight as

indicated by GPC. Thermal stability of hydrogenated products increased as

"7}! stability of natural rubber was

-

%hydrogenation increased. Therefore, ‘

modified by hydrogenation reaction.

l\

4.5.2 Glass Transition Temp

The glass transitio
The DSC curves of natural : ne-hy : er oducts are exhibited in

Figures 4.14. The results of Tg

Table 4.10 Glass transition temperature 6f 1 I fubber and hydrogenated products.

Entry No. ' ‘
0 Vv
4 m HNR G
29 “HAR 91%

IO e

PIAATUAMINYAE



(a) Natural rubber
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Figure 4.14 DSC curves of Natural rubber (a) and Hydrogenated Natural rubber
63% (b). '
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(c) Hydrogenated Natural Rubber 91%

oes
5 040 -
03 o

i Fornten
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gl -0 4°C
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018

Figure 4.14 (continued) TGA gtirvg Rubber 91%(c).

The hydrogenated natural Jjboer. we d to have glass transition
temperatures (T;) below ambient, a --fr@f.: "9 igh hat of the natural rubber. The
increase in Tg was A_:.--.--_.-.-_-..,.-.-.__.: ............... turate J4ehains, which allowed

~was required to move
"

U

close arrangement of polyfme

|
these closely packed chain *l O]

e B A
QW']ﬂ\ﬂﬂiﬁlJ YNIINYIAY
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