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 Background: Para rubber wood particleboard (PB) was prepared from NR-g-PMMA 
based adhesive using hot compression processes. The NR-g-PMMA was prepared in 

house by using emulsion polymerization.  Different weight ratios of NR/MMA (90/10, 
80/20 and 70/30) were used to prepare the adhesive. PBs from Para wood sawdust 

along with NR-g-PMMA based adhesive were successfully prepared. It was found that 

the properties (i.e., tensile strength, hardness, swelling and water absorption) of PB 
enhanced with increasing the MMA concentration of the graft copolymer. The graft 

copolymer with higher MMA concentration exhibited the greater ability to interact 

between the graft copolymer and wood particle surfaces. As a consequence, higher 
interaction between the carbonyl group on PMMA of the graft copolymer and the 

hydroxyl group on wood particles was observed. 
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INTRODUCTION 
 

With the awareness of environmental issues and forest protection, an alternative source of wood materials is 

needed. Currently, particleboard (PB) is one of the most popular materials to make building materials with 

excellent properties. It is well known that PB can be made from wood fragments and bonded with formaldehyde 

based resins (i.e., phenol, urea, resorcinol and melamine, etc.). The manufacturing of PB produces carcinogen 

gas. Inhalation of small amounts of this gas causes an increasing risk cancer [1].  

Natural rubber (NR) has been widely used in various applications to prepare tire, glove and insulation 

material. Its unique physical properties such as higher tensile strength, elongation at break, tacking and good 

damping properties made them an attractive choice to prepare materials with good elastomeric properties. 

However, the virgin natural rubber cannot be used as wood adhesive. This is due to the dissimilarity in polarities 

of natural rubber and wood substrate.  Wood consists of various polar components such as lignin and cellulose.  

It leads wood as a polar material and natural rubber is non-polar polymer.  Many attempts have been made to 

modify natural rubber to extend the uses. Among them, ENR [1-2], NR-g-PMMA [3], NR-g-styrene [4], NR-g-

acrylonitrile [5] and NR-g-dimethylaminoethyl methacrylate [6] are important. These forms of NRs can be used 

as adhesives with various polar materials such as wood leather and PVC due to their similar polarity. For wood, 

epoxidized natural rubber (ENR) was used as an adhesive in various works [1, 7]. NR-based adhesives (water-

based adhesives) are interested due to its non-toxic and incendiary risk [8]. Furthermore, the modified NR as 

wood adhesive is possible to be used instead the formaldehyde based resins. It is a promising way to obtain 

environmentally friendly PB from renewable resources. However, the suitable weight ratio of NR/MMA for 

wood adhesive to obtain the properties of wood standard is still not yet found.  In this work, an attempt has been 

made to prepare PB with better combination of NR/MMA. 

In this work, the PB was prepared using Para wood sawdust and natural rubber grafted with poly methyl 

(methacrylate) latex via a hot compression molding process. Influence of different weight ratios of NR/MMA 

(90/10, 80/20 and 70/30) on the properties of rubber wood based PB was investigated. 
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MATERIALS AND METHODS 
 

Materials: 

The high ammonia concentrated latex (HA) (60% DRC) for the graft copolymerization was manufactured 

by Chana latex Co., Ltd. (Songkhla, Thailand). Methyl methacrylate (MMA) was produced by Sigma Aldrich 

Co., Ltd. (Thailand). tert-Buthyl hydroperoxide (tert-BuHP) and teraethylene pentamine (TEPA) were used as 

redox initiators manufactured by Fluka (Steinheim, Swizerland). The 20% sodium dodecyl sulfate (SDS) used 

as an emulsifier. Para wood sawdust was obtained from local Para wood manufactures in Pattani province, 

Thailand. 

 

Preparation of NR-g-PMMA: 

The NR-g-PMMAs were prepared using emulsion polymerization. The redox initiators (tert-BuHP and 

TEPA) were applied.  The HA latex (60%), TEPA (85 wt %), SDS (20 wt %) and water were initially added 

into a main reactor according to the formulation given in Table 1.  The mixture was stirred at the temperature of 

50 
o
C under nitrogen atmosphere for 1 h. Then, the mixture of MMA and tert-BuHP was slowly dropped into 

the main reactor under continuous stirring.  To complete the polymerization, the solution was kept for 3 h.  A 

series of NR-g-PMMAs were prepared with 90/10, 80/20, and 70/30 weight ratios of NR/MMA. The quantities 

of the chemicals used are also listed in Table 1.  Soxhlet extraction method was then used to remove un-grafted 

free NR and free PMMA in the final product. The free NR and free PMMA were extracted in Soxhlet extractor 

by petroleum ether and acetone, respectively.  The chemical structure of NR-g-PMMA was then confirmed by 

FTIR technique. 

 
Table 1: Formulation used in grafting reaction 

 Chemicals Dry weight 

Mixture in the main reactor 

HA latex       90 , 80 and 70 (g), respectively 

TEPA  1.0 phr 

SDS   1.5 phr 

Water To be added for 40% of TSC 

Mixture in the feeding tank 

MMA 10, 20 and 30 (g), respectively 

tert-BuHP 1.0 phr 

 
 

 

Preparation of Particleboard: 

The Sawdust was first sieved through a screen device with a capacity of 13-mesh. Before using, it was dried 

in a hot-air oven at 70 ºC for 24 h. Dried Para wood sawdust was latex mixed with the NR-g-PMMA (90/10, 

80/20 and 70/30 of NR/MMA) at a weight combination of 60% sawdust and 40% NR-g-PMMA. The resulting 

composite was then dried in a hot air oven for 24 h at 70 ºC. The PB was later prepared by compression molding 

at 120 ºC for 15 min. The properties of PB were then determined according TIS-180 (Thailand Industrial 

Standard)      

 

Mechanical properties: 

Tensile strength was performed using the Hounsfield Tensometer model H 10 KS (Hounsfield Test 

Equipment Co. UK) at a crosshead speed of 1 mm/min.  Indentation hardness was tested by using a Shore A 

durometer (Frank GmbH, Hamburg, Germany) according to ISO 868. For the tests, five specimens of PB were 

exploited.  

 

Moisture resistance: 

Moisture resistance was investigated by measuring water absorption according to ISO 2380 using a PB 

specimen of 300 x 300 mm2. The tests specimens were first dried in the hot air oven at 70 ºC and then left the 

samples conditioned at approximately 27 ºC and 65% relative humidity for 48 h.  
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            (1) 

 

where W0 and WS are the weight of the specimen before and after dried in the test condition, respectively. 

Water absorption and swelling 

For water absorption and swelling, the specimens were submerged horizontally in distillated water at a 

temperature of approximately 27 ºC. The swollen samples were taken out from water followed by wiping with 

tissue paper. The water absorption capacity and percentage of swelling were then determined.                                                                               

 

           (2) 

 

where WA0 and WAS are the weight of the specimen before and after immersion in distillated water, 

respectively. 

 

           (3) 

 

where T0 and TS are the thickness of the specimen before and after immersion in distillated water, 

respectively.       

                      

RESULT AND DISCUSSION 

 

Characterization of NR-g-PMMAs: 

The NR-g-PMMAs were first characterized by FTIR and the FTIR spectra are shown in Figure 1. The 

wavenumbers of 1732 cm
-1

 and 835cm
-1

 indicate the characteristic absorption peaks of PMMA (C=O stretching 

of grafted PMMA) and NR (=C-H out of plane bending of cis-1, 4 poly isoprene), respectively. This confirms 

the occurrence of grafted PMMA on the NR structure. The higher MMA concentration showed higher 

characteristic absorption peaks of PMMA. To compare the levels of grafted PMMA on the NR molecules, the 

absorbance ratios of peaks at 1732 cm
-1

 to 835 cm
-1

were calculated, and the results are shown in Table 2. From 

the results of FTIR, it is cleared that the NR-g-PMMAs with various MMA concentrations can be prepared 

successfully. The ratios (PMMA/NR) of absorption peaks show an increase in the level of grafted PMMA with 

increasing quantities of MMA in the grafting. 

 

 
Fig. 1: FTIR of NR-g-PMMA with different MMA concentration 
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Table 2: Absorbance ratio of NR-g-PMMA with different MMA concentration 

NR types Absorbance ratio (1732:835 cm-1) 

Unmodified NR 0 

NR-g-PMMA (NR/MMA = 90/10) 0.68 

NR-g-PMMA (NR/MMA = 80/20) 1.14 

NR-g-PMMA (NR/MMA = 70/30) 3.22 

 

 

Effect of MMA Concentration on Properties of Particleboard: 

Figure 2 (a) shows the photograph of PB prepared from unmodified NR based adhesive. In addition to that, 

the PB with NR-g-PMMA based adhesive were successfully prepared with various weight ratios of NR/MMA 

(90/10, 80/20 and 70/30) as shown in Figure 2 (b-d). It confirms that the adhesive should have polarity to 

prepare PB. Influences of MMA concentration of the graft copolymer on properties of PB are shown in Table 3.  

The result indicates that by increasing the concentration of MMA in the graft copolymer, tensile strength and 

hardness are increased. This may be attributed to the increase in polarity of PMMA into the copolymer. Higher 

MMA concentration caused higher amount of bonding between hydroxyl groups on surfaces of wood and 

carbonyl group in the copolymer. Therefore, the surface of the sawdust is bonded with the graft copolymer as 

shown in the schematic representation of H-bonding of the graft copolymer and wood molecules (Figure 3). The 

density values of all the PB samples prepared from various NR/MMA ratios are similar. One of the important 

characteristics of PB is their ability to transport molecules through the solid. Higher MMA concentration 

exhibits lower moisture content, water absorption and degree of swelling. It leads to better ability of water 

resistance of PB.  This can be also ascribed in terms of interaction between the graft copolymer and hydroxyl 

group (-OH) on the surface of wood. This reason is responsible for the higher resistance to water in case of 

higher degree of grafting. The interaction between wood and the graft copolymer acts as a barrier to the 

transport of water molecule through the PB. This result agrees well with the mechanical properties. Therefore, 

the PB with higher MMA concentration shows better properties. 

The mechanical properties of these PB samples have been done in terms of hardness and tensile strength. In 

comparison to Thailand Industry Standard of PB (TIS-180), the hardness of the PB prepared in this study 

exhibited better (> 80 shore A) surface hardness.  Most important property is the improved water resistance of 

PB. Even the Thailand Industry Standard (TIS-180) allows the PB containing 15% moisture, 30% water 

absorption and 20% swelling. Lower value of percentage of moisture (~ 2 %), percentage of water absorption (~ 

15 %) and percentage of swelling (~ 10 %) is obtained for PB based NR-g-PMMA (with 70/30 NR/MMA ratio) 

adhesive developed in this work. These are much lower than the Thailand Industry Standard of PB (TIS-180). It 

indicates excellent water resistance of the resulting material. 

 

 
 

Fig. 2: Physical appearance of PB based different type of natural rubber based adhesive (a) unmodified NR (b) 

NR-g-PMMA (90/10) (c) NR-g-PMMA (80/20)  (d) NR-g-PMMA (70/30) 
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Table 3: Properties of NR-g-PMMA with different MMA concentration 

Properties 
NR-g-PMMA (NR/MMA) 

90/10 80/20 70/30 

Thickness (mm) >3 >3 >3 

Hardness (Shore A) 90.3±0.2 92.4±1.0 94.4±0.8 

Tensile strength (MPa) 2.03±0.13 3.57±0.04 4.76±0.12 

Density (kg/m3) 1,075.67±1.23 1,104.53±10.56 1,119.25±3.84 

Moisture (%) 1.49±0.02 1.69±0.05 1.70 ±0.04 

Water absorption (%) 25.57± 1.07 14.19± 0.83 14.60± 0.67 

Swelling (%) 18.36± 1.16 10.25± 0.46 10.19± 0.55 
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Fig. 3: Schematic representation of bonding of the graft copolymer and wood molecules 

 

Conclusion: 

Graft copolymerization of NR/MMA with three combinations ( 90/10, 80/20 and 70/30) were successfully 

prepared by using emulsion polymerization method. The degree of grafting increased with increasing MMA 

concentration. Two different forms of NRs (i.e., NR-g-PMMA and unmodified NR) were tried to produce 

adhesive for particle board. Shapeless particle board is obtained for unmodified NR based adhesive, while 

particle boards from Para wood sawdust with NR-g-PMMAs based adhesive were successfully prepared. An 

increase in tensile strength and hardness of the particle board is observed and the moisture content, water 

absorption and degree of swelling  decreased with increasing MMA concentration in the graft copolymer.  

 

ACKNOWLEDGEMENT 

 

The authors gratefully acknowledge the financial support from the Prince of Songkla University Research 

Fund: Grant no. SAT570518S. Also, we would like to thank Department of Materials Science and Technology 

for providing the facilities. 

REFERENCES 

 

[1] Thongnuanchan, B., K. Nokkaew, A. Kaesaman, C. Nakason, 2007. Epoxidized Natural Rubber-Bonded 

Para Rubber Wood Particleboard. Polym. Eng. Sci., pp: 421-428. 

[2] Nakason, C., A. Kaesaman, P. Klinpituksa, 2001. Preparation, Thermal and Flow Properties of Epoxidized 

Natural Rubber. Songkla. J. Sci. Techn., 23: 415-424. 

[3] Kalkornsurapranee, E., K. Sahakaro, A. Kaesaman, C. Nakason, 2009. From a Laboratory to a Pilot Scale 

Production of Natural Rubber Grafted with PMMA. J. Appl. Polym. Sci., 114(1): 587-597. 

[4] Arayapranee, W., L. Rempel, 2008. Morphology and Mechanical Properties of Natural Rubber and Styrene-

grafted Natural Rubber Latex Compounds. J. Polym. Sci., 109: 1395-1402. 

[5] Okieimen, F.E., I.N. Urhoghide, 1996. Studies on Miscibility of Poly(Vinyl Chloride) with Natural Rubber-

graft-Polyacrylonitrile and Natural Rubber-graft-Poly(Methyl Methacrylate). J. Appl. Polym. Sci., 59: 

1803-1808. 

[6] Oliverira, P.O., A. Gumimaraes, J.Y. Cavaille, L. Chazeau, R.G. Gilbert, A.M. Santos, 2005. 

Poly(Dimethylaminoethyl Methacrylate) Grafted Natural Rubber from Seeded Emulsion Polymerization. 

Polymer., 46: 1105-1111. 

[7] Yoksan, R., 2008. Epoxidized Natural Rubber for Adhesive Applications Kasetsart J. (Nat. Sci.): 42: 325-

332. 

[8] Pocius, A.V., 1997. In Adhesion and Adhesives Technology: An Introduction, Carl Hanser Verlag, Munich, 

Vienna, New York. 


