
CHAPTER IV

T H E  E F F E C T  O F  T E M P E R A T U R E  A N D  C A T A L Y S T  C O N C E N T R A T I O N  

O N  E P O X I D I Z E D  N A T U R A L  R U B B E R - g - P O L Y L A C T I D E

4 .1  A B S T R A C T

This research has an aim to prepare copolymer between lactide monomer and 
epoxidized natural rubber (ENR) via ring-opening polymerization by using stannous 
(II) octoate as an catalyst. First, epoxidized natural rubber-g-polylactide copolymer 
(ENR-g-PLA) was prepared by varying the amounts of catalyst at 0.1, 0.2, and 0.3 
wt% and varying the temperatures of mixing at 160, 170, and 180 °C in the 
Brabender mixer. The chemical structure of ENR-g-PLA copolymer was 
characterized by FT-IR. The FT-IR spectrum show the strong peak at 1740 cm"1 in 
copolymer and pure PLA that attributed to carbonyl group (C=0). Furthermore, the 
amount of copolymer was determined by a Soxhlet extractor. The amount of 
copolymer shows a maximum %yield at an optimum temperature around 160 ๐C and 
a catalyst concentration around 0.2 wt%. Moreover, the number average molecular 
weight ( M n ) ,  the weight average molecular weight (Mw), and the molecular weight 
distribution (MWD) were investigated by a gel permeation chromatography (GPC). 
The highest molecular weight was around 2.78x1 o4 g/mol. The suitable temperature 
and catalyst concentration were 160 °c and 0.2 wt% respectively.

Keywords: Epoxidized natural rubber, Lactide monomer, Polylactide, Ring-opening 
polymerization, Stannous (II) octoate.
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4 .2  I N T R O D U C T I O N

Polylactide (PLA) is hydrophobic aliphatic polyester that the mechanical and 
thermal properties are comparable with the traditional thermoplastics. PLA is 
prepared by two ways, the polycondensation polymerization of lactic acid and the 
ring-opening polymerization of lactide. The ring-opening polymerization of lactide is 
the way to get high molecular weight of PLA. Not only the polymerization method, 
but the temperature of mixing and the catalyst content also affect to molecular 
weight. Hyon et al. synthesized polylactide with different molecular weight. They 
found that the increase of temperature and catalyst content resulted in the decrease in 
molecular weight [1J. Moreover, PLA is being commercially produced for 
commodity application [2]. For example, fibers produced from PLA exhibit low odor 
retention and excellent moisture absorption properties [3], the internal fixation of 
bone fractures were produced from PLA for medical application [4], and PLA can be 
formed by injection molding as several objects. Eventhrough, PLA has many 
advantage properties but it has some disadvantages such as, rigidity, slow 
crystallization and heat deflection temperature.

There are several methods to overcome the limitation of PLA such as 
processing, plasticization, blending, and copolymerization. The great method to 
improve limitation of PLA is copolymerization of lactide or lactic acid monomer 
with the other monomers because it is not occurred phase separation. Nooeaid et al. 
successfully synthesized the EVOFl-g-PLA copolymer in Barbender mixer. The 
composition of EVOH/LA at 50/50 wt% gave the highest molecular weight (Mw = 
36.6 X  104 g/mol) and the amount of graft copolymer. Furthermore, the optimum of 
mechanical properties was found in this composition [5].

Epoxidized Natural Rubber (ENR) is the natural rubber that some part of 
double bonds is replaced by epoxide groups. ENR has many good mechanical and 
thermal properties offering high strength, due to their ability to undergo strain 
crystallization, along with increase glass transition temperature and high degree of 
damping [6 ], There are many researchers studied ENR blending with other polymers 
to improve mechanical and thermal properties of each polymer. For example, 
Charoen Nakason et al. blended ENR with polyfmethyl methacrylate) to improve the
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mechanical, thermal and morphological properties [7], Moreover, G.H. Yew et al. 
blended ENR with poly(lactic acid)/rice starch to improve brittleness of poly(lactic 
acid), the result showed that poly (lactic acid) had more rubbery behavior [8 ],

The purpose of this research is to synthesis copolymer between epoxidized 
natural rubber (ENR) and lactide monomer using stannous (II) octoate (รท(Ocfh) as 
an catalyst. The epoxy group in ENR can initiate the ring-opening polymerization of 
lactide monomer. This leads to high molecular weight of PLA. The focus of this 
work is to study the effect of the catalyst content and temperature of mixing on 
molecular weight of the graft copolymer.

4.3 EXPERIMENTAL

4.3.1 Materials

L-lactide monomer ((3 ร}-cis-3,6 -Dimethyl-l,4-dioxane-2,5-dione), 
(CAS No. 4511-42-6) (99.5% purity) was purchased from Shenzhen Brightchina 
Industrial Co.,Ltd. Epoxidized Natural Rubber (ENR) (25% epoxy group) (CAS No. 
138009-59-3) was purchased from PARATHAI. Stannous (II) Octoate (รท(Ocfh)) as 
a catalyst (CAS No. 301-10-0) was purchased from Sigma aldrich.

Chloroform (CHC13) (CAS No. 67-66-3) and toluene (C6H5CH3) 
(CAS No. 108-88-3) were purchased from Lab Scan Co.,Ltd.

4.3.2 Preparation of ENR-g-PLA copolymer

In Brabender mixer, the optimum conditions in term of mixing 
temperature and the catalyst concentration were observed. In the method, the mixing 
temperature was varied around 160, 170, 180, and 200 °c and varied the amount of 
catalyst between 0.05 and 0.3 wt%. The mixtures are indicated in Table 4.3.1.
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Table 4.1 The mixtures of ENR-g-PLA copolymerization in Brabender mixer

Materials Quantity (wt%)

L-lactide
monomer 50 50 50 50

ENR 50 50 50 50
Catalyst 0.05 0 . 1 0 . 2 0.3

The crudes of copolymer were extracted by Soxhlet extractor to find 
the amount of copolymer. The solvents that used to extract copolymer were 
chloroform and toluene at 180 °c for 3 hours. After that, the resulting yield was 
dried in vacuum oven at 80 ๐c.

The functional group of ENR-g-PLA copolymer was characterized by 
using Nicolet Nexus 670 FT-IR spectrometer and the molecular weight of copolymer 
was determined by using gel permeation chromatography (GPC).

4.3.3 Characterizations

The functional groups of ENR-g-PLA copolymers were analyzed by 
Thermo Nicolet Nexus 670 FTIR spectrometer. The specimens were prepared by 
compression molding into film. The spectra were recorded over the wave number 
range of 4000 - 400 cm' 1 with 32 scans at a resolution of 4 cm"1.

The amounts of copolymers were determined by Soxhlet extractor 
(VELP SCIENTIFICA, SER 148) with paper thimble. Chloroform and toluene were 
used to extract the copolymer at 180 °c for 3 hours. After that, the resulting yields 
were dried in vacuum oven at 80 ๐c. The amount of copolymer was calculated as 
shown in Eq.4.1
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T h e  a m o u n t  o f  c o p o l y m e r  ( % )  =  — ■^^— - ~3 ' X  1 0 0 %  ( £ 'ชุ,. 4 . 1 )

The molecular weight (MW) and molecular weight distribution index 
(MWD) were determined by gel permeation chromatography (GPC). GPC was 
carried out in Tetrahydrofuran (THF) solvent as the mobile phase using a Water 
Styragel HR 6 E Of 7.8mmID X 300 mm column packed. The conditions of this 
machine were temperature of 40 °c, flow rate of lml/min, and runtime of 15 minute. 
The molecular weight was calibrated according to polystyrene standards.

4.4 RESULTS AND DISCUSSION

4.4.1 Chemical analysis

The functional group of the copolymer that occurred is confirmed by 
Fourier Transform Infrared Spectroscope (FT-IR). FTIR spectra of LA, ENR and 
ENR-g-PLA synthesized are shown in Figures 4.1. There is a strong peak at 1740 
cm' 1 in the spectra of both LA and ENR-g-PLA, assign to carbonyl (C=0) in branch 
of copolymer. At the wave number 894 cm' 1 and 1655 cm' 1 are attributed to c= c 
bending and c= c  stretching in R2C=CHR which is one of the functional groups of 
ENR. The two transmission peaks at 1190 cm"1 and 1090 cm' 1 are the symmetric C- 
O-C stretching of ester group [1 ].

There are two other peaks at 1130 cm' 1 and 1370 cm'1, attributed to C- 
CH3 stretching and C-H bending in CH3 group. Moreover, the peak around 3400 cm' 1 

indicated the presence of the reactive functional group (-OFI) [5] used as the reactive 
sites for graft copolymerization of PLA to ENR. Figure 4.2 shows the mechanism of 
the preparation of ENR-g-PLA copolymer.
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Figure 4.1. FTIR spectra of LA, ENR and ENR-g-PLA synthesized with different 
catalyst concentration at 160 °c.

Figure 4.4.2. Mechanism of the preparation of ENR-g-PLA.
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4.4.2 The amount of copolymer

The copolymer between ENR and PLA (ENR-g-PLA) is extracted by 
toluene and chloroform in Soxhlet extractor. The amounts of ENR-g-PLA copolymer 
at different temperature and various catalyst concentrations are presented in Figure 
4.3. The values of percent yield of copolymer are shown in Table 4.2. The amounts 
of ENR-g-PLA copolymers decrease as the temperature of mixing increase because 
an catalyst is more active. An active catalyst can react with monomer very fast 
resulting in the chain scission, so the amounts of copolymers are decreased. The 
optimum temperature that polymerized copolymer is 160 °c. Moreover, the 
increasing of catalyst causes the high generated copolymer. The maximum of the 
amount of copolymer are obtained at 0.2 wt% of a catalyst concentration. After the 
amount of catalyst over 0 . 2  wt%, the chain scission is occurred leading to the 
decreasing of the copolymer amount [1],

Figure 4.3. The amounts of LA/ENR copolymer at different temperature and various 
catalyst concentrations.
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T a b le  4 .2  The values of percent yield of copolymer

T em peratu re  
o f  m ixing ( ° C )

C a ta ly st T h e a m ou n t  
co n cen tra tio n  o f  c o p o ly m e r  

(w t% ) (% )

160

0 .0 5  8 0 .4 6ะ a
0 .3  8 0 .7

170

0 .0 5  7 9 .8 6  
0 .1  8 3 .6 4  
0 .2  8 8 .2 9  
0 .3  8 4 .4 1

1 80

0 .0 5  7 7 .9 0  
0 .1  8 2  9 8  
0 .2  8 7 .6 8  
0 .3  8 1 .6 5

4.4.3 M o le c u la r w eigh t m e a su re m e n t

The molecular weight (MW) and molecular weight distribution 
(MWD) of copolymers were measured by using the gel permeation chromatography 
(GPC). Figure 4.5 to 4.7 present the molecular weight and molecular weight 
distribution of copolymers that were calculated in reference of polystyrene 
calibration curve: logM = -0.853t + 13.001.

F ig u re  4.4. Polystyrene calibration cuve.
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F ig u re  4.5. The calculation of Mw with polystyrene reference.

(2) Mn Mw

F ig u re  4.6. The calculation of Mn and Mw.

F ig u re  4.7. GPC curve of ENR-g-PLA extracted with 50/50 wt% LA/ENR content, 
at 180 ๐c  and 0.3 wt% รท(Oct)2.
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The molecular weight (MW) and molecular weight distribution 
(MWD) of ENR-g-PLA copolymer were analyzed by GPC. MW and MWD are 
shown in Table 4.3 Molecular weight parameters of ENR-g-PLA copolymers 
synthesized with different catalyst concentration at 160 ๐c  is shown in Figure 4. 8  to 
Figure 4. 10. Increasing catalyst concentration results in the increase of weight 
average molecular weight (Mw). The optimized catalyst concentration is 0.2 พt%. 
The amount of catalyst over 0.2 wt% results in the decrease of Mw because chain 
scission is occurred in system [5], In addition, the temperature of mixing affects 
Mw. The increase of temperature results in the decrease of MW due to the chain 
scission. Thus, the temperature of mixing at 160 °c gives the highest Mw [1],

T a b le  4.3 MW and MWD of ENR-g-PLA with different temperature and various 
catalyst concentrations

T e m p e r a tu r e  
o f  m ix in g  (°C )

C a ta ly s t
c o n te n t
(w t% )

M vv
(g /m o l)

M n
(g /m o l) M W D

0 .0 5 1 8 7 7 6 1 1 2 2 6 1.7
0.1 2 6 7 5 4 13781 1.9160
0 .2 2 7 8 1 6 1 3 4 5 9 2 .1
0 .3 2 1 9 8 4 1 0 9 1 7 2 .0

0 .0 5 1 8 2 9 0 1 3 5 2 6 1.4
0.1 2 5 4 7 8 1 2 1 7 0 2.1170
0 .2 2 6 7 8 1 1 1 2 0 6 2 .4
0 .3 2 4 2 5 5 1 0 5 9 6 2 .3

0 .0 5 1 9 8 2 7 1 3 8 6 0 1.4
0.1 2 1 0 5 9 1 4 1 0 4 1.5180
0 .2 2 2 3 7 4 1 4 0 0 8 1.6
0 .3 2 0 3 7 0 1 3 2 7 3 1.5
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F ig u re  4.8. Molecular weight parameter of copolymer at 160 ๐c.
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F ig u re  4.9. Molecular weight parameter of copolymer at 170 °c.
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F ig u re  4.10. Molecular weight parameter of copolymer at 180 ๐c.

4.5 C on clusio n

ENR-g-PLA copolymers are successfully prepared by ring-opening graftf 
copolymerlization of lactide monomer on ENR using stannous octoate as a catalyst. 
This can be confirmed by the FTIR absorption spectrum at 1740 cm' 1 (C=0 group), 
1655 cm' 1 (C=C stretching), and 3400 cm"1 (-OH group) corresponding to ENR-g- 
PLA structure. The highest yield of copolymer and Mw are 89.88% and 27,816 
g/mol. The temperature of mixing and catalyst content are the important parameters 
that affect the yield of copolymer, Mw, and MWD. The optimum temperature of 
mixing and the catalyst concentration are 160 °c and 0.2 wt% รท((วct) 2 respectively.
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