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 Background: Natural rubber sensitive to heat, oxidation and poor oil and solvent 
resistance due to its unsaturated structure and hydrocarbon. Objective: To improve 

thermal and oil resistant properties of natural rubber by chemical modification. 

Results: Graft copolymerization of natural rubber with poly (methyl methacrylate), 
polystyrene and poly (styrene-co-methyl methacrylate) were successfully prepared by 

using emulsion polymerization. The chemical structures of grafted NRs were 

confirmed using Fourier-transform infrared (FTIR) spectroscopy and transmission 
electron microscopy (TEM) technique. The grafted NRs exhibited better heat and oil 

resistant properties than that of unmodified NR. Among the four different types of 

natural rubbers, NR-g-PMMA exhibited the highest oil resistance properties  and  NR-
g-P(S-co-MMA)  exhibited  the  highest thermal stability. Conclusion: A synergetic 

improvement in the properties of NR by grafting leads the resulting material can be 
used widely in industrial applications. 
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INTRODUCTION 

 

 Natural rubber (NR) is one of the most important and renewable materials with excellent physical 

properties (i.e., elasticity, high resilience, tacking and tensile strength). Thus, NR has been used in wide range 

of applications such as the manufacturing of tires, rubber glove, shoes and adhesive etc. However, NR 

contains double bond in the main chain. This leads NR sensitive to heat and oxidation due to its unsaturated 

structure. It has poor oil and solvent resistance because of the presence of hydrocarbons. These drawbacks 

limit its use in several applications including the production of elastomeric parts for engineering applications 

(i.e., engine mount, seal and O-ring etc.). It is known that modification of NR is a choice to overcome its 

drawbacks. Many attempts have been done to modify natural rubber with various forms such as hydrogenated 

NR (HNR) [1], epoxidized NR (ENR) [2,3], graft copolymerization of NR with various vinyl monomers i.e., 

acrylonitrile [4], dimethylaminoethyl methacrylate (DMAEMA) [5], styrene [6-9], methyl methacrylate 

[2,10-12] and styrene-methyl methacrylate copolymer [13-16]. Grafting by emulsion polymerization using 

redox initiators is one of the most famous methods to modify NR [5,6,12]. A low temperature (40-50 ºC) 

is sufficient for the processing and the efficiency of grafting is high. Modification of NRs using a redox 

emulsion polymerization has been used to develop NR with better physical properties. The outcome of this 

work is expected to extend the uses of NR widely in industries. 

 In this work, NR grafted with difference types of monomer were prepared by emulsion polymerization with 

the ratio of 80/20, 80/20 and 80/10/10 for NR/MMA, NR/S and NR/S/MMA respectively. The chemical 

structures of the grafted NRs were  first  confirmed  by  FTIR.    Morphological,  thermal  and  oil  resistance  

properties  of  the  grafted  NRs  were   then investigated. Thermal stability of NR was determined using 

thermogravimetric analysis (TGA). The properties of unmodified natural rubber were also studied for 
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comparison purpose. 

MATERIALS AND METHODS 

 

Materials: 

 The commercial high ammonia latex (HA Latex) with 60 % dry rubber content (DRC) was purchased 

from Chana Latex Industry, Thailand. Methyl methacrylate (MMA) and styrene (S) monomer with purity 

~99.0% (both from Sigma- Aldrich Chemie, Germany) were used for the graft copolymerization. tert-butyl 

hydroperoxide (tert-BuHP) and tetraethylene pentamine (TEPA) were used as redox initiators (both from 

Sigma-Aldrich Chemie, Germany). Sodium dodecyl sulfate (SDS) used to stabilize the latex was received 

from Sigma-Aldrich Chemie, Germany. The solvents, petroleum ether, methyl ethyl ketone (MEK) and 

acetone were purchased by Fisher Scientific, UK, Ajax Finechem, Australia and Zen Point, Thailand, 

respectively. Engine oil (from PTT, Thailand) was used for the swelling measurement. 

 

Preparation of NR grafted with difference types of monomer: 

 Graft copolymerization of the NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMA) was carried out by 

the emulsion polymerization using weight ratio of NR/MMA, NR/S and NR/S/MMA for 80/20, 80/20 and 

80/10/10, respectively. The chemicals used in reaction are listed in Table 1. The HA latex, TEPA (85 wt %), 

SDS (20 wt %), and distilled water were initially added into the main reactor according the formulation shown 

in Table 1. The mixture was then thoroughly stirred under a nitrogen atmosphere at 50 °C for 30 min. The 

monomer (MMA) and tert-BuHP (80 wt %) were then incorporated into a feeding funnel and subsequently 

added drop-wise into the main reactor. The mixture was then kept for 3 h. After completing the reaction, a 

small amount of graft copolymer was poured into Petri dish and dried the samples in oven at 40°C for 48 h. 

Soxhlet extraction procedures were carried out to assess the amounts of free NR and free homopolymers in the 

graft copolymer. Free NR was first extracted by light petroleum ether at 60-80°C for 24 h. To remove the free 

PMMA and PS the residue were further extracted in 60°C for 24 h by acetone and MEK, respectively. The 

grafting efficiency was determined by the residual weight of NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMA) 

after extraction by using the following equation [2]: 

                       (1) 

 
Table 1: Formulation used in grafting reaction. 

Chemical Dry weight 

Chemical used in main reactor  

HA Latex 80 g 

TEPA 1.0 phr* 

SDS 1.5 phr 

Distilled water To adjust TSC equaling to 40% 

Chemical used in dropping funnel 

MMA or S monomer 20 g 

Mixed MMA/S monomer 10/10 g** 

tert-BuHP 1.00 phr 

* phr is part per hundred parts by weight of rubber 

** For NR-g-P(S-co-MMA) 

 

FTIR and TEM: 

 The samples with various NR graft copolymers were characterized by using a Bruker (Model Tensor 

207, Germany) Fourier transform infrared spectroscopy (FTIR) analysis. The samples were scanned in a 

spectral range of 4000 to 500  cm- 

1The morphology was analyzed by using a JOEL transmission electron microscope (TEM) (JEM-2010, Japan) 

at 160   kV 

with a magnification of 6000. The NRs were diluted 400 times with distilled water (approx. 0.025 wt. 

%) and then dropped the solutions on the copper grid and dried with silica beads. 

 

Thermal properties: 

 The thermal behavior of all NR graft copolymers were characterized using a thermogravimetric analysis 

(TGA) (Perkin Elmer, USA). A sample of 4-9 mg was placed in a ceramic cup under oxygen atmosphere with 

a gas flow rate of 100 ml. /min, at a heating rate of 10 °C/min, from 60°C to 700°C. 

 

Swelling measurement: 

 Swelling measurement was carried on at room temperature for 6 h. In this case, engine oil was used as a 

test liquid. The swollen samples were taken out from the oil and surface cleaned by dipping in acetone 

followed by wiping with tissue paper. The degree of swelling was calculated by using the equation [2]: 
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           (2) 

 where W0 and WS are the weight of the specimen before and after immersion in the test liquid, 

respectively. 
RESULTS AND DISCUSSION 

 

Determination of grafting efficiency: 

 Figure 1 shows the grafting efficiency of the grafted NR with various monomers. It is seen that all grafted 

NR samples exhibited higher grafting efficiency (>90%). The grafting efficiency of NR-g-PMMA, NR-g-PS 

and NR-g-P(S-co-PMMA) are 91.87, 91.71 and 90.32 %, respectively. Graft copolymerization using redox 

initiators can be confirmed from the higher level of grafting. Moreover, all grafted NR samples exhibit almost 

similar grafting efficiency. Therefore it can be concluded that the grafting level of NR with all monomers are 

equal. 

 

 

Fig. 1:  Grafting efficiency of grafted NRs (i.e., NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMA). 

 

FTIR analysis: 

 Figure 2 shows the FTIR spectra of NR-g-PMMA, NR-g-PS, NR-g-P(S-co-MMA) and unmodified NR. It 

is seen that all the NR samples show absorption peaks at wavenumbers 835, 1448 and1670 cm-1. It 

indicates -C-H out of plane bending, -C-H bending and -C=C stretching of NR molecules, respectively. 

However, new absorption peaks are  appeared at wavenumbers of 695 and 1732 cm-1 in the infrared spectra of 

NR-g-PS and NR-g-PMMA, respectively and both absorption peaks for NR-g-P(S-co-MMA). These peaks are 

assigned to -C-H out of plane bending in aromatics of styrene and carbonyl groups in PMMA molecules 

respectively. All important peaks which are observed in NRs in Figure 2 are summarized in Table 2. The 

formation and presence of functional groups in NR molecules have been confirmed from FTIR analysis. 

 

 

 

Fig. 2: FTIR spectra of unmodified NR, NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMA) samples. 

 

Morphological property: 

 The morphology of unmodified and grafted NR samples (i.e., NR-g-PMMA, NR-g-PS and NR-g-P(S-

co-MMA) has been studied by TEM and compared the grafted samples with the unmodified NR as shown in 

Figure 3. The darker spots represent the NR core regions while the lighter nodules are the copolymer as shell 

[7]. The lighter nodules in the micrograph were not appeared in unmodified NR (Figure 3 (a)). In contract, 

the lighter areas or small nodules are appeared on the surface of darker phase in all the grafted NR samples 
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(i.e., NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMA), as shown in Figure. It indicates that the functional 

group of the grafted NRs generated at the surface of the NR particles by forming core– shell particles. The 

existence of functional groups on the grafted NR can be clearly confirmed from this well-known analysis. 

 
Table 2: Various absorption peaks for unmodified NR, NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMA). 

 
 

 

 

Fig. 3: TEM micrographs of (a) Unmodified NR, (b) NR-g-PMMA, (c) NR-g-PS, (d) NR-g-P(S-co-MMA). 

 

Thermal properties: 

 TGA curves of NR-g-PMMA, NR-g-PS, NR-g-P(S-co-MMA) and unmodified NR are shown in Figure 4. 

The temperatures at 50 % weight loss (Td) of unmodified NR, NR-g-PMMA, NR-g-PS and NR-g-P(S-co-

MMA) are 348, 368, 362 and 376°C, respectively. An increase in decomposition temperature is observed for 

all the grafted NRs. The thermal stability in descending order as follows: NR-g-P(S-co-MMA), NR-g-PMMA 

> NR-g-PS > unmodified NR. NR-g-P(S-co- MMA) exhibits higher decomposition temperature among all the 

grafted NR samples. This is due to the unique properties of its functional groups present in the grafted NR. 

The grafted molecule contains two functional groups (i.e., PMMA and PS) and there is a polar-polar 

interaction between its functional groups. Furthermore, the delocalized electron nature in aromatic group of 

styrene acts as an antioxidant. It is capable   of scavenging   and   destroying   chain   propagation especially in   

the  form of peroxy, alkoxy and hydroxyl radicals by donating active hydrogen atoms. Therefore, it is seen that 

NR-g-P(S-co- MMA) provides the highest thermal stability among the series of various grafted forms of natural 

rubber studied. 

 

Oil resistance: 

 Figure 5 shows the degree of swelling of the grafted NRs (i.e., NR-g-PMMA, NR-g-PS and NR-g-

P(S-co-MMA) and compared with the unmodified NR in engine oil. It is seen that the degree of swelling for 

all grafted NRs showed lower values compared to unmodified NR. Lower value indicates the material with 

better oil resistance. This can be attributed in terms of chemical interaction between polar functional groups in 

its molecules. Among three different grafted NR samples, NR-g-PMMA exhibited higher oil resistance which 

is followed by NR-g-P(S-co-MMA) and NR-g-PS, respectively. This can be attributed by the higher dipole 

moment of PMMA ((µ) = 1.6-1.97 D) [15] compared to the dipole moment of styrene  ((µ) = 0.13 D) 

molecule in the grafted forms. Higher dipole moment corresponds to higher polar-polar interactions in its 

molecule, as schematically shown in Figure 6. The higher interaction between polar functional groups behaves 

as a barrier which does not allow the chains to rearrange easily under oil stress. Therefore, the NR-g-

PMMA provides superior oil resistance properties. 

 



18                                                                 Wanida Yung-Aoon et al., 2015 

Advances in Environmental Biology, 9(13) Special 2015, Pages: 14-19 

 

 

 

 

Fig. 4: (a) TGA and (b) DTG thermograms under oxygen atmosphere of unmodified NR and NR grafted with 

       PMMA, PS and P(S-co-MMA). 

 

 

 

Fig. 5: Degree of swelling of unmodified NR, NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMAs) in engine oil. 

 

 

 

 

Fig. 6: Polar-polar intermolecular interaction of (a) NR-g-PMMA, (b) NR-g-PS and (c) NR-g-P(S-co-MMA). 
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Conclusion: 

 Grafted natural rubber in the form of NR-g-PMMA, NR-g-PS and NR-g-P(S-co-MMA) were 

successfully prepared using redox emulsion polymerization method. The grafting mechanisms for all grafted 

NR samples have been confirmed by FT-IR technique. An improvement in thermal stability and oil resistance 

was observed for grafted natural rubbers. Among the four different natural rubbers, NR-g-PMMA exhibited the 

highest oil resistance and NR-g-P(S-co-MMA) exhibited higher thermal stability. 
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