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CHAPTER FOUR 

Polymerization of Ethylene-SMRCV Using CI[1] 

 

4.1 INTRODUCTION  

4.1.1 Natural rubber 

 Five hundred years ago, on 11th of June 1496, Christopher Columbus brought 

back the first rubber balls from the West Indies. This marked the beginning of natural 

rubber (Baker, 2003). Natural rubber contains cis-1,4-polyisoprene that makes it a good 

elastic properties, resilience and damping behavior but poor chemical resistance and 

processing ability. Natural rubber also possesses a high molecular weight turning it into 

a highly stereoregular microstructure which produces unique mechanical properties. A 

high number of double bonds in the chemical structure makes it poor in resistance to 

heat, oxygen and ozone (Yahya, et al., 2011). 

 Natural rubber generally was found tough in crude form but becomes soft and 

sticky when exposed to the high temperature. Natural rubber has 0.915 specific gravity. 

The most important property of natural rubber is the elasticity, stretchable when 

expanded and regained to original shape when released as the structure molecules was 

coiled like. Raw natural rubber is low in tensile strength and abrasion resistance and 

absorbs huge quantities of water, insoluble in water, acetone, alcohol, alkalis and dilute 

acids. However, pure natural rubber is amorphous solid, transparent and becomes 

crystalline with long period of cooling (Du et al., 2010) 
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 Modifications of natural rubber are made not only to enhance of certain 

properties characteristic but to introduce new properties associated with natural rubber. 

The modifications were carried out as natural rubber is a very important elastomeric 

material due to the excellent physical properties of natural rubber and the fact that it is a 

renewable resource (Lehrle & Willis, 1997). 

 

4.1.2 Standard Malaysia Rubber Constant Viscosity (SMRCV) 

 SMR is a type of natural rubber which is being named in 1965 because it is a 

Malaysian-made rubber. The advantages of SMR products are higher uniformity, 

greatly improved cleanliness, and better appearance, as well as ease of handling from 

the producing workplace (Kwo, 2007). SMR was graded based on its cleanliness or 

maximum dirt content and the extent of some other foreign contaminants, such as 

copper, manganese, nitrogen, and volatile constituents. There are few types of SMR that 

are divided into different grades such as SMR 5, SMR 5L, SMR 10, SMR 20, SMR 50, 

SMR EQ, SMR GP, SMRCV and SMRLV. 

 SMRCV is one of Malaysian-made natural rubber produced from high quality 

latex, coagulated with control methods to produced low lovibond and stabilized Mooney 

Viscosity. SMRCV is widely used in daily activities as mechanical mountings for 

engines and machinery, general automotive components and injection moulded goods, 

including rubber-to-metal bonded components (Fan et al., 2010). This is because the 

properties of SMRCV are a coherent bond, thus increasing milling throughput. The 

processability of SMRCV will not be affected during storage, as evidenced by the 

insignificant increase in the Mooney viscosity value with time. Moreover, SMRCV 

permits higher curing temperature due to constant viscosity features. 
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4.1.3 Grafting with natural rubber 

 The polymer properties can be improved by modification using several 

techniques such as blending, curing and grafting. Blending is a physical process where 

two or more polymers form the requisite properties. Curing is the polymerization of an 

oligomer mixture to produce a coating that adheres to the substrate through physical 

forces. Grafting is a process to introduce  monomers to the polymer chain via covalent 

bond, where generally, the side-chains and the main chain is different in constitutional 

or configurational features (Bhattacharya & Misra, 2004). 

 Graft co-polymerization was carried out via several techniques such as chemical, 

radiation, photochemical, plasma-induced techniques and enzymatic grafting 

(Bhattacharya & Misra, 2004; Matyjaszewski, n. d.). Usually the backbone of the graft 

copolymer is made from thermoplastic materials such as polypropylene, polyethylene, 

polystyrene and polyester (Nakason, et al., 2004). Dafader, et al. (2006) reported that by 

grafting with natural rubber, some properties such as tensile properties, wettability, and 

biocompatibility were improved. As an example, George, et al. (2003) reported grafting 

modification which involves a natural rubber with olefinic monomers like styrene 

acrylonitrile and methyl methacrylate (MMA) to form hard plastic materials. 
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4.2 EXPERIMENTAL 

4.2.1. Preparation of SMRCV-toluene solution 

SMRCV was obtained from Lembaga Getah Malaysia. A block of SMRCV was 

cut to small pieces before weighing and dissolved in toluene. The amounts of SMRCV 

used depend on the percentage of weight over volume (w/v %) of SMRCV-toluene 

solution. The SMRCV was stirred to dissolve in toluene solvent. Preparation of 

SMRCV-toluene solution was performed under nitrogen atmosphere. The solutions are 

stored in dry box before use. 

 

4.2.2. Polymerization of Ethylene-SMRCV 

 Polymerization of ethylene-SMRCV was performed by applying procedures 

described in Sections 3.2.3 and 3.2.4. The catalyst system used in the polymerization 

was a combination of CI[1] with AlEt2Cl as cocatalyst. The Al/Cr molar ratio was 

standardized to 26.2 for all series of polymerizations. 0.02 g of CI[1] was placed in a 

reactor flask. The SMRCV-toluene solution prepared in Section 4.2.1 was measured 

using syringes and transferred into the reactor flask followed by cocatalysts. After that, 

the reactor flask was attached to the gasline to start the polymerization process. The 

polymerization was performed at 30oC and 1 atm atmosphere for 60 minutes. 

Eventually, the solution containing the polymer was poured into a solution of HCl-

methanol and filtered before washing thoroughly with methanol. The polymer was dried 

under vacuum oven for 24 hours and the weight was recorded. 
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 Table 4.1 presents the polymerization of ethylene-SMRCV system where the 

amounts of SMRCV in toluene solvent were varied from 0.0% to 1.0%. The 

polymerization was standardized by using CI[1] as catalyst, AlEt2Cl as cocatalyst and 

the molar ratio was constant at 26.2. Furthermore, the polymerizations were performed 

at 30oC under 1 atm pressure. 

 

Table 4.1: Variation of SMRCV added in the polymerization 

Polymer Amount of SMRCV in solvent (w/v %) 

PE-SMRCV(0.0%) 0.0 

PE-SMRCV(0.3%) 0.3 

PE-SMRCV(0.5%) 0.5 

PE-SMRCV(0.7%) 0.7 

PE-SMRCV(1.0%) 1.0 

* PE-SMRCV(0.0%) = PE-CI[1] 

 

4.2.3. Characterization of polymer 

 The polymer products were characterized using IR spectroscopy, TGA and X-

ray diffraction analysis.  

 

a) IR spectroscopy 

 IR spectrum was recorded using ATR-IR spectrometer model Perkin Elmer 

spectrum 400 FT-IR/FT-FIR from Perkin Elmer, US. The IR spectrum was analysed in 

range of 4000 – 600 cm-1. 
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b) Thermal gravimetric analysis (TGA) 

 TGA analysis was carried out using TGA analyser model Pyris Diamond 

TG/DTA from Perkin Elmer, US. The polymer sample analysed in temperature range of 

50 – 900oC with scan rate of 20oC/min. The analysis was performed under nitrogen 

atmosphere and nitrogen flow rate was set to 20 ml/min. 

 

c) Powder X-ray Diffraction (XRD) analysis 

 XRD analysis was performed using an X-Ray Diffractometer (PANalytical 

X’Pert Pro Multipurpose diffractometer, PANalytical Co. Netherlands). The X-ray 

diffraction patterns were recorded in reflection mode at 40 kV, 40 mA from 5o 2θ to 80o 

2θ with step size of 0.02o 2θ. Source used were Cu (Kα1 wavelength 1.54060 Å) and 

the divergence slit size was 0.1089o. 

 

4.3 RESULTS AND DISCUSSION 

4.3.1. Polymerization of ethylene-SMRCV 

 The polymerization of ethylene-SMRCV process was performed for 60 minutes 

at 30oC under 1 atm pressure. As soon as the cocatalyst was introduced into reactor 

flask, the solution changed from a clear solution to yellowish-green solution. This 

indicates that reaction between catalyst and cocatalyst had occurred where Cr3+ was 

reduced to Cr2+ (Gan, et. al, 1987; Soga, et al., 1985a, 1985b). When the ethylene 

monomer started to polymerize, the yellowish-green solution turned to yellow and at the 

end of the process, the solution turned to cloudy-orange. 
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 Higher rate of polymerization is found in the first 20 minutes as shown in 

Figure 4.1. Pressure dropped drastically in this period, indicating more of the monomer 

gas was used within this time. This period is the critical period for polymerization as the 

activity of polymerization is the highest within this period. After that, pressure dropped 

and the rate of polymerization declined steadily until the end of polymerization. The 

polymer started to form as soon as the ethylene monomer was introduced to the reactor 

flask. At the end of the process, a white mucous-like polymer solution was produced. 

The solution was poured into a mixture of methanol-HCl. After filteration, the polymer 

was washed thoroughly with methanol then dried at 60oC for 24 hours. 

 

 

Figure 4.1: Plot of pressure versus time for the polymerization of ethylene-

SMRCV(1.0%) 

 



 

Chapter Four | 107  

 

Figure 4.2: Kinetic curve for the polymerization of ethylene-SMRCV 

 

Most of the catalyst-olefin systems are the decaying type in which the rate curve 

reaches a maximum and then continues to decline. The  rate of decline varies according 

to the catalyst-monomer system. Increasing in the time of polymerization, the decline in 

rate becomes smaller (Boor, 1979; Keii, 1972). 

 Kinetic curves for the series of polymerization of ethylene-SMRCV are plotted 

in Figure 4.2. The curves show that the catalytic activity for the polymerization is a 

decaying type, as agreed by Boor (1979) and Keii (1972). As soon as the polymerization 

started, the catalytic acitivity rose to the highest level. Then it decreased steadily to the 

end of polymerization.  
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  Highest catalytic activity was found in the critical period where PE was 

produced the most. The highest activity occurred at early period of polymerization 

process. This is due to the breaking of the catalyst particle and the exposure of new 

surfaces and the formation new active centres for polymerization process. However, the 

activity decreased gradually with time attributed to the active centres becoming unstable 

due to some structural changes (Gan, et al., 1987). 

 The rate of PE formation decreased after 20 minutes as the active sites were 

reduced in the polymerization process and the accretion of solution viscosity. 

Furthermore, the formation of PE decreased because the monomer gas could not reach 

the active sites due to encapsulation of active site by newly formed PE. The PE which 

was formed aggressively in the early period of polymerization results in accumulation 

of PE. In addition, the precipitation of PE has led to non-uniform stirring hence 

decreasing the rate of polymerization (Gan, et al., 2000). Keii et al. (1972) found that 

the rate of polymerization was proportional to the stirring speed due to the mass transfer 

effect. 

 Polymerization mechanism has been proposed in three steps which is  initiation, 

propagation and chain termination steps (Boor, 1979). The propagation steps plays an 

important role in kinetic of the polymerization process (Huang & Rempel, 1995). 

Figure 4.3 shows plot of ℓn P versus time for the polymerization of ethylene-

SMRCV(1.0%) using CI[1] and Al/Cr ratio of 26.2 at 30oC. The plot demonstrates a 

straight line in the first 10 minutes indicating the reaction was a first order reaction. The 

linearity then started to deviate due to the deactivation of active centres. 
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Figure 4.3: Plot ℓn P versus time for the polymerization of ethylene-SMRCV(1.0%) 

 

4.3.2. Effect of addition of SMRCV 

 The polymerization of ethylene-SMRCV was carried out by dissolving an 

amount of SMRCV in toluene solution. The effect of rubber in polymerization of 

ethylene is still unknown and yet to be discovered. The SMRCV was suspected to graft 

with PE or act as a support for the polymerization of ethylene. Some researchers have 

used natural rubber to be grafted with polystyrene (Suksawad, et al., 2011), methyl 

methacrylate (Lehrle & Willis, 1997) and other polymer (Derouet, et al., 2009; Oliveira 

et al., 2005) 
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Figure 4.4: Plot of maximum initial activity versus percentage of SMRCV in toluene 

for the polymerization of ethylene-SMRVC 

 

 

Figure 4.5: Plot pressure drop versus time for the polymerization of ethylene-SMRCV 
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 Series of polymerizations were carried out to study the effect of the addition of 

SMRCV towards polymerization of ethylene by varying the amounts of SMRCV in 

solution. Figure 4.4 shows the addition of SMRCV influences the maximum initial 

activity of polymerization. The maximum initial activity is found to decrease as the 

amount of SMRCV in solution is increased. This proves that the presence of SMRCV 

causes the rate of polymerization to decrease. 

 Figure 4.5 shows the pressure drop versus time that represents the amount of 

monomer used. The usage of monomer gas in the polymerization process was found to 

decline with higher amount of SMRCV added into the toluene. This shows that the rate 

of PE formation also decreased. The addition of SMRCV leads to the accretion of 

solution viscosity. Therefore, it is harder for the monomer to react with the catalysts 

systems, as the active sites were encapsulated by the SMRCV.  

 

Table 4.2: Catalytic activity and total pressure drop for the polymerization of ethylene-

SMRCV 

Amount of SMRCV 

(%) 

Max. initial Activity 

(gPE/gCr/hr/atm) 

Total pressure drop 

(cmHg) 

0.0 2932 39.7 

0.3 2481 37.6 

0.5 2255 34.8 

0.7 2030 33.6 

1.0 1917 31.4 
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 Table 4.2 presents the maximum initial activity and the total pressure drop of 

monomer gas for the polymerization of ethylene-SMRCV. The maximum initial activity 

decreased from 2932 gPE/gCr/hr/atm to 1917 gPE/gCr/hr/atm as 1.0% of SMRCV was 

added to the polymerization system. Meanwhile, the rate of monomer gas usage also 

decreased by 8.3 cmHg (39.7 – 31.4 cmHg). It is believed that the addition of SMRCV 

has interfered with the polymerization. The involvement of SMRCV into the 

polymerization of ethylene is described in Section 4.3.3. 

 

4.3.3. Characterization of polymer 

a) IR spectroscopy 

 IR spectra analysis was carried out to determine the occurrence of SMRCV in 

PE. IR spectrum for raw SMRCV is compared with the PE-SMRCV shown as in Figure 

4.6. The IR spectrum of SMRCV exhibits the natural rubber absorption bands with 

bands appearing at 841 cm-1 (C=CH deformation), 1444 cm-1 (CH3 and CH2 

deformations), and 1376 cm-1 (CH3 deformation) (Cook, et al., 1997; Nakason, et al., 

2004). 
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Figure 4.6: IR spectra for SMRCV (natural rubber), PE-CI[1], PE-SMRCV(0.3%), PE-

SMRCV(0.5%), PE-SMRCV(0.7%) and PE-SMRCV(1.0%) 

SMRCV 

PE-CI[1] 

PE-SMRCV(0.3%) 

PE-SMRCV(0.5%) 

PE-SMRCV(0.7%) 

PE-SMRCV(1.0%) 

4000 3000 2000 1500 1000 450 

%T 

cm-1 
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 Table 4.3 presents the assignment of IR spectra for PE-CI[1], PE-

SMRCV(0.3%), PE-SMRCV(0.5%), PE-SMRCV(0.7%) and PE-SMRCV(1.0%). The 

characteristic bands of PE are present in all spectra where the bands appear  at 

νasym(CH2) 2915 cm-1, νsym(CH2) 2848 cm-1, δ(CH2) 1472 cm-1, 1463 cm-1, νrocking(CH2) 

730 cm-1 and 717 cm-1 (Hagemann, et al., 1989; Jones & Lauer, 1979; Rojas, et al., 

1997; Krimm, 1956). However, δsym(CH3) which is absent in PE-CI[1] spectrum is 

found to appear in all PE-SMRCV spectra.  A medium band assigned to CH3 

deformation is observed at 1376 cm-1 indicating that the SMRCV is attached to the PE. 

Some of SMRCV’s bands are found to be absent in PE-SMRCV’s bands possibly due to 

overlapping with PE’s bands. One of the SMRCV’s bands that is found to disappear 

was C=CH deformation bands at 841 cm-1. 

 

Table 4.3: Band assignment for IR spectrum of PE-SMRCV 

Band 

assignment 

Group frequency, wavenumber (cm-1) 

PE-

SMRCV 

(0.0%) 

PE-

SMRCV 

(0.3%) 

PE-

SMRCV 

(0.5%) 

PE-

SMRCV 

(0.7%) 

PE-

SMRCV 

(1.0%) 

νasym(CH2) 2915 2915 2915 2915 2915 

νsym(CH2) 2848 2848 2848 2848 2848 

δ(CH2) 1472, 1463 1472,1463 1472,1463 1472,1463 1472,1463 

δsym(CH3) - 1376 1376 1376 1376 

νrocking(CH2) 730, 717 730, 717 730, 717 730, 717 730, 717 
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b) Thermal gravimetric analysis (TGA) 

 TGA curves were recorded from 50 to 900oC at 20oC/min to study the thermal 

stability of polymer. Figure 4.7 displays the plots of percentage of weight loss versus 

temperature for SMRCV, PE-CI[1], PE-SMRCV(0.3%), PE-SMRCV(0.5%), PE-

SMRCV(0.7%) and PE-SMRCV(1.0%). Table 4.4 also presents the information of the 

thermograms. 

 

 

Figure 4.7: Thermogram of SMRCV, PE-CI[1], PE-SMRCV(0.3%), PE-

SMRCV(0.5%), PE-SMRCV(0.7%) and PE-SMRCV(1.0%) 
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Table 4.4: The percentage of weight loss, range of degradation, onset temperature 

(Tonset) and derivative peak temperature (DTp) of polymer 

Polymer Weight loss (%) Range of 

degradation (oC) 

Tonset (
oC) DTp (oC) 

1st step 2nd step 

SMRCV 99.7 - 262 – 487  372 399 

PE-SMRCV(0.0%) 99.5 - 180 – 593  455 487 

PE-SMRCV(0.3%) 95.2 2.6 178 – 621  447 484 

PE-SMRCV(0.5%) 94.8 5.0 178 – 622  441 484 

PE-SMRCV(0.7%) 93.8 5.3 178 – 643  438 482 

PE-SMRCV(1.0%) 89.7 9.4 178 – 668  425 482 

* PE-SMRCV(0.0%) = PE-CI[1] 

 

 The SMRCV thermal curve recorded as a reference showed an obvious 

difference with the PE thermal curve where the degradation temperature started at 

262oC and ended at 487oC. The SMRCV degraded in a single step with Tonset at 372oC 

and  DTp at 399oC (Derouet, et al., 2009). SMRCV was completely degraded with 

residue of just about 0.3%. 

 The degradation of PE-CI[1] was decomposed in a single step (Section 3.3.7b) 

while the degradation of SMRCV grafted PE was found to decompose in two steps. The 

range of decomposition for PE-SMRCV (Table 4.4) is dependent on the percentage of 

SMRCV present. The temperature where the PE-SMRCV completely degrade increased 

with increasing SMRCV content. However, the initial degradation temperature and DTP 

for PE-CI[1], PE-SMRCV(0.3%), PE-SMRCV(0.5%), PE-SMRCV(0.7%) and PE-

SMRCV(1.0%) showed insignificant change. The initial degradation temperature was in 

178 – 180oC region and the DTp was in 482 – 487oC region. Moreover, the second step 

degradation for all PE grafted SMRCV started at 510oC. 
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The degradation of PE grafted with SMRCV happens in two steps where the 

percentage of weight loss for the first and second degradation is summarized in Table 

4.4. The weight loss for the first step degradation is found to decreases while the second 

step increases with amount of SMRCV added. It is believed that the addition of 

SMRCV leads to the formation of new stable branches that degrade in the second step. 

Nevertheless, the structure is yet to be discovered. 

The TGA curves (Figure 4.7) demonstrate that the addition of SMRCV in PE 

deteriorates the thermal stability of PE-SMRCV. The Tonset for PE-SMRCV decreases 

from 455oC to 425oC as the SMRCV is added as shown in Table 4.4. However, the 

Tonset of PE-SMRCV is much higher than the Tonset of SMRCV which is only 372oC. 

Based on Tonset, the initial thermal stability of PE-SMRCV is found to decrease as the 

SMRCV is added to the polymerization system but higher than the pure SMRCV 

(Rahman, et al., 2012). 

 

c) Powder X-ray Diffraction (XRD) analysis 

 XRD for the polymers were recorded from 2θ = 5o to 2θ = 80o (Figure 4.8). 

XRD patterns for orthorhombic PE appear as two crystalline peaks, the more intense 

with Miller index of (110) and the less intense with Miller index of (200), overlapped to 

the amorphous halo. The (110) and the (200) peaks are observed at 21.3° and at 24.0° 

(Sami, et al., 2010; Baker & Windle, 2001; Moysés & Machado, 2002). Broad peaks 

referred to the rubber’s characteristic peaks are observed at 14o (Johns & Rao, 2009; 

Tantatherdtam & Sriroth, n. d.). The XRD patterns of PE-SMRCV(0.3%), PE-

SMRCV(0.5%), PE-SMRCV(0.7%) and PE-SMRCV(1.0%) showed the bands, but the 

band was found to be absent for PE-CI[1] XRD pattern. 
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Figure 4.8: XRD of PE-CI[1], PE-SMRCV(0.3%), PE-SMRCV(0.5%), PE-

SMRCV(0.7%) and PE-SMRCV(1.0%) 

 

Table 4.5: Intensity of peak at 2θ = 14o and percentage of crystallinity  

Polymer  Intensity of peak 2θ = 14o 

(Counts) 

Percentage of Crystallinity 

(%) 

PE-CI[1] 1593 47.8 

PE-SMRCV(0.3%) 2346 45.4 

PE-SMRCV(0.5%) 3347 40.7 

PE-SMRCV(0.7%) 3858 40.4 

PE-SMRCV(1.0%) 4863 33.6 

 

 

 

 

(a) 
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 The XRD patterns were analysed using HighScore Plus software, where the 

percentage of crystallinity and the intensity (Counts unit) of bands were determined. 

Table 4.5 shows the intensity of peak 2θ = 14o (amorphous halo) and the percentage of 

crystallinity for polymers. The intensity of rubber peak is found to increase from 1593 – 

1863 counts as the amount of SMRCV added is increased from 0.0 – 1.0% (box (a) in 

Figure 4.8). Meanwhile, the percentage of crystallinity decreased as higher amount of 

SMRCV was added in polymerization system. The addition of SMRCV towards PE 

leads to increase the amorphous properties of polymer. 
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