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Abstract— The low grade Wood Polymethyl Methacrylate 

Composites (WPCs) were synthesized through vacuum 

impregnation polymerization of methyl methacrylate (MMA) 

into poplar (populous) and Bakain (Melia azedarach) wood in 

methanol (25, 30 and 35% v/v) in presence of benzoyle 

peroxide (1.0 % w/v) in benzene medium at 700C. The 

loading of poly methyl methacrylate into the wood was 

ascertained through scanning electron microscopy (SEM), 

TGA/TG, DTA and FTIR spectra characterization. The 

Methyl methacrylate (MMA) loading; compressive strength, 

static bending strength and hardness have been modified and 

the resistance against thermo oxidation of WPCs are noticed 

in general increased. 
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I. INTRODUCTION 

First submarine and airplane; were first made of wood. Wood 

can be reaped sustainably at a constant rate without depleting 

the existing resource pool. Because of the influence of 

increasing human activities on the environment, awareness of 

the society on the environment is rapidly increasing, thus 

environmental considerations have given due attention to 

effect a change in the way of utilization of materials for 

various purposes [1]. Wood is one of the earth’s most 

valuable and abundant renewable natural resources. It is a gift 

of nature and is the only working material that is self- 

generating. It is a material used by men for thousands of years 

without precise knowledge of its properties. Wood has been 

the most useful of all the readily available materials to 

mankind [2]. 

According to the United Nation world meter, the 

world population is about 7.6 billion lives on solid shelter and 

increase in the crop fields due to this the more increase to 

deforestation and mass production of wood for their routine 

life, with these increases of large numbers of wood materials, 

the high grade wood is lapsed in our surrounding and this 

leads to increase the price of high grade woods, whether the 

low grade wood have poor mechanical strength, poor 

dimensional stability, susceptibility to fungal attack, 

weathering etc. Therefore to maintain the economy, we need 

to develop the other substitute in place of highly cost hard 

wood and modified their properties according to the purpose 

of human being. 

II. MATERIALS & METHODOLOGY 

A. Starting Materials 

The testing specimens of low grade wood of Poplar and 

Bakain are collected from in our fields. The densities of these 

low grade woods are 350-500 kg/m3 and 650-770 Kg/m3 

respectively. The Chemicals used Methyl methacrylate 

(MMA) monomer and Methyl Alcohol (CH3OH) was 

purchased from M/s- Jain Chemical Pvt. Ltd, Moradabad. 

The densities of MMA and Methanol are 940Kg/m3 and 

792Kg/m3respectively. They were purified by repeated 

extractions with aqueous sodium hydroxide (NaOH) solution 

(10%) to remove inhibitor contents, followed by repeated 

washings with distilled water. The fraction boiling at 1000C, 

density (d 0.942 g/cc) was collected and used. Solvents and 

other chemicals like Methanol, Benzoyl Peroxide, were used 

without further purification.  

The cross linked agent (CLA) is prepared in B. 

Pharma lab IFTMU Moradabad, by mixing the Polyethylene 

glycol (PEG) and MMA with the ratio of 4:1 and it form the 

Methamethyl acrylate polyethylene glycol ester which makes 

3-D form in the void cell of wood with the MMA. 

B. Design of Vacuum Pressure Chamber 

The vacuum chamber constructs using a transparent pipe 

which purchased from D.P Jagan and Bros Ajmari Gate 

Delhi. The diameter of the pipe is 125 mm and the length and 

thickness are 609.6 mm (2 Feet) and 5mm respectively. For 

suction process from the vacuum chamber for impregnation 

of wood samples, we need a vacuum pressure pump of 60 kPa 

minimum pressures, which is purchased online from amazon 

website. The pump is “Koge DC Vacuum pump (DC 12V)” 

sold by SRS Tech Trader on Amazon. The pump is operating 

between 10-12 volt and 0.5-1.2 amp DC current. It creates 

less than 75 dB noise at free flow 5000ml/min. The weight of 

the pump is 150 gm and there inlet and outlet diameters are 

5.5 mm. The minimum suction pressure of this pump is 

450mm of Hg (59.85Kpa).  

III. EXPERIMENTAL METHOD 

A. Preparation of Solution 

Aqueous solutions of Methanol (CH3OH) and Methamethyl 

acrylate (MMA) have been prepared. The methanolic 

solution of Methyl methacrylate in the ratio of 25% (v/v), 

30% (v/v) and 35% (v/v) are prepared for synthesis, the 

research papers are charactering the MMA gives the best 

result of this methanolic solution. The CLA used is 1% of the 

total aqueous solution. 

B. Preparation of Wood Samples 

All lower grade wood specimens were prepared for their 

treatment and mechanical testing as per ASTM D 143 and BS 

373 [3].The dimensions of the different test specimens are as 

follows:  

1) Compression Test 

50mm X 50mm X 75mm (width x thickness x length)   

2) Bending Test 

25mm X 25mm X 410mm (width x thickness x length) 
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C. Wood Treatment Procedure 

The low grade wood of poplar and Bakain are dry at 105 ± 

1oC for 2-4 hours at atmospheric pressure in the oven with the 

humidity at 56% and wrapped into aluminium foil [4], and 

these dried woods should have no defect and crack, before 

taking in to vacuum chamber. The aqueous solution of MMA 

and Methyl Alcohol with CLA are poured into the vacuum 

chamber. There is no leakage in vacuum chamber otherwise 

we cannot apply proper vacuum pressure in the chamber. A 

suitable vacuum pressure (60-70 kPa) [5] is applied 2 and 3 

hours in the chamber and sucks the all air present in samples. 

After removing all air from the wood and aqueous solution 

takes place in lumen cell of wood specimens. The treated 

wood samples are taken out from the vacuum chamber and 

wrap by the aluminium foil. The treated wood dried in the 

oven at the 65± 1oC [5] for 2-4 hours and then to consider for 

testing. 

D. Compression Test 

Wood is generally being used for their good compression 

strength and also in structure especially in seismic region 

because of its light weight. Therefore the compression 

strength test has been used to determine the mechanical 

properties to find the suitability of wood composites under a 

given loading condition. The specimen dimensions used for 

compression testing were taken according as per ASTM D 

143 and BS 373 wood standard. 

The specimens were tested for its strength in 

compression under specified conditions.  

A specimen of standard size was placed parallel to 

the grain under the vises of IFTM, University Moradabad. 

The experiment done at room temperature is 35ºC and the 60 

degree humidity.   The Poplar and Bakain specimens were 

tested for compression strength and results for different 

variants were obtained in table no. 1 & 2. 

E. Static Bending Strength 

The static bending strength test of the wood and MMA 

reinforced wood composites were also carried out to ascertain 

the suitability of the material for the above specimens were 

placed under the vises of Universal Testing Machine (UTM) 

at the room temperature 35ºC and 60 degree humidity. The 

load was applied at the center of the length of the specimen 

until the fracture point reached. The load was increased until 

the specimens failed and the results were taken in table no. 3 

& 4.  

 
Fig. 1: Compression and Bending Testing of WPCs Samples 

F. Hardness 

The hardness of the wood and WPCs for different woods 

were also carried out to ascertain the suitability of the 

material for hardness. The entire test was carried out on 

Brinell hardness tester in the IFTMU Moradabad. The Brinell 

hardness indenter (10 mm) is used in the hardness testing. 

G. Thermal Analysis 

The instrument Perkin Elmer (Pyris Dimond) at G.B Pant 

University Pantnagar, has been used to study differential 

thermogravimetry- thermogravimetry-differential thermal 

analysis (DTG-TG-DTA) of all the wood and MMA 

reinforced wood composites at (0%, 25%, 30% and 35 %) 

methyl methacrylate in the atmosphere of static air at a 

heating rate of 100C / minute up to 6000C using alumina as 

reference. TG – scans were exploited to evaluate the ranges 

for various decomposition stages as well as to establish the 

kinetics and mechanism of the decomposition process.  

H. Micro Structural Study 

The morphologies of wood and MMA reinforced wood 

composites were studied by using LEO Electron Microscope 

Serial-435 at the Institute of Instrumentation Centre (IIC) IIT, 

Roorkee, for the viewer to get a clear understanding about the 

affinity of MMA with wood via SEM and FTIR spectra.  

IV. RESULT & DISCUSSION 

A. Characterization of Wood & MMA Reinforced WPCs 

In this chapter the mechanical properties, thermal properties 

with the micro structural study has been discussed for the 

chosen untreated wood and treated wood of Poplar and 

Bakain. 

The characterization of the mechanical properties is as 

follows: 

1) Compressive Strength 

2) Static Bending Test 

3) Hardness Test         

1) Compressive Strength 

The compressive test has been carried out to obtain the data 

on the compressive strength of untreated and treated WPCs 

are given in the table-1 & table-2. In case of the poplar wood, 

the compressive strength of untreated wood is 25.88 MPa 

while the maximum strength of WPC is 29.48 MPa at 30 % 

of MMA. So it is found that there is the percentage increased 

with the compressive strength after impregnation of MMA 

into the lumen of poplar wood is 13.91 %. In case of the 

untreated Bakain wood the compressive strength is 27.76 

MPa and for WPC, it is 32.60 MPa at 30 % of MMA 

impregnation. The percentage increased in compressive 

strength from untreated and treated is 17.43%. The 

enhancement in the compressive strength is because of the 

impregnation of the polymer into the lumen of the wood. The 

result is supported by the SEM and the FTIR spectra of the 

wood and its WPCs at 30 % of MMA. 

S. No 
MMA 

(%) 
Samples 

Ultimate Compressive 

Strength (σc) MPa 

1. 0 WP0 25.88 

2. 25 WP1 26.80 

3. 30 WP2 29.48 

4. 35 WP3 24.52 
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Table 1: Compressive Testing for Untreated Poplar & its 

WPCs 

S. No 
MMA 

(%) 
Samples 

Ultimate Compressive 

Strength (σc) MPa 

1. 0 WB0 26.80 

2. 25 WB1 28.26 

3. 30 WB2 32.60 

4. 35 WB3 28.28 

Table 2: Compressive Testing for untreated Bakain & its 

WPCs 

B. Static Bending Strength 

The static bending strength of untreated and treated WPCs for 

both of the wood is given in the tables-3 and table-4. The 

static bending strength of untreated Poplar wood is 64.61 kPa. 

The maximum strength of WPC is 75.2 kPa found at the 30% 

MMA impregnated. So it is found that there is the percentage 

increased in the bending strength after impregnation of MMA 

into the lumen of poplar wood is 16.39 %.  

The static bending strength of untreated Bakain 

wood is 86.6 kPa and maximum static bending strength of 

treated Bakain WPC is 97.20 kPa at 25 % of MMA 

impregnation. Similarly the percentage increase of bending 

strength after the impregnated in the Bakain wood is 12.24 %. 

The lower strength is obtained at 25% may be due to due to 

poor bonding between the wood and the polymer (MMA). 

Also, it may because of the improper curing. 

S. 

No 

MMA 

(%) 
Samples 

Ultimate 

Load (Fb) 

kN 

Ultimate 

Bending 

Strength (σb) 

kPa 

1 0 WP0 1.64 64.6 

2 25 WP1 1.87 73.6 

3 30 WP2 1.91 75.2 

4 35 WP3 1.90 74.8 

Table 3: Bending Strength for Untreated & Treated Poplar 

Wood WPCs 

S. 

No 

MMA 

(%) 
Samples 

Ultimate 

Load (Fb) 

kN 

Ultimate 

Bending 

Strength (σb) 

kPa 

1 0 WB0 2.23 86.6 

2 25 WB1 2.47 97.2 

3 30 WB2 2.53 99.6 

4 35 WB3 2.44 96.0 

Table-4: Bending Strength for Untreated & Treated Bakain 

Wood WPCs 

C. Hardness 

Hardness is the surface property in which we determine how 

much toughness of WPCs is increased. The hardness test of 

treated and untreated wood has been carried out in the 

materials science and testing lab of the department at IFTMU 

Moradabad. The test carried on at 100 kgf with the steel ball 

indenter (10mm). The Brinell hardness number (HBS) is 

presented in the table 5. In the hardness testing the hardness 

of WPC is increased as compared to untreated wood of poplar 

and Bakain wood. 

S. 

No 

MMA 

(%) 

Hardness in case 

of poplar wood 

Hardness in case 

of baikain wood 

1 0 1.5 2.1 

2 25 1.6 2.2 

3 30 1.7 2.4 

4 35 1.6 2.3 

Table 5: Brinell hardness Numbers of Untreated Wood & 

WPCs 

The maximum Brinell hardness number found of 

Poplar wood is 1.7 (HBS) at the 30% of MMA impregnated. 

Similarly, we found the maximum Brinell number of Bakain, 

wood is 2.4 at the 30% MMA impregnated. The result shows 

that there is the percentage increase of hardness 13.33% of 

poplar wood and 14.28 % in case of baikain wood. 

D. Thermal Analysis 

Further thermal analysis was done to find out the thermal 

behavior of the wood and WPCs under high temperature 8000 

ºC. The TG, DTG and DTA test were carried out. Thermal 

analysis refers to any measurable change in physical or 

chemical properties (mass, heat flow, size, malleability, 

sound transmission, magnetic characteristics, optical 

characteristics, electrical conductivity and tensile strength) 

when the temperature changes. The change in the mass of a 

sample as a function of temperature provides stoichiometry, 

heat stability and compositional information for a reaction or 

the reaction of the series and can provide its information for 

intermediates as well as the initial compound. 

Figure-2: The TGA/DTA analysis of (a) Untreated 

poplar wood (b) Poplar wood of 25% MMA and 1% CLA (c) 

Poplar wood of 30% MMA and 1% CLA (d) Untreated 

Bakain wood (e) Bakain wood of 25% of MMA and 1% CLA 

(f) Bakain wood of 30% of MMA and 1% CLA 

On that point are six graphs of TGA and DTA 

analysis of treated wood and untreated wood at the aqueous 

solution of MMA and the Methanol at composition of 0%, 

25%, and 30% respectively. The figures of TGA and DTA 

from figure 2 (a) to figure 2 (c) are considered for poplar 

wood at the 0%, 25%, and 30% respectively. In the figure 2 

(a) the 0%, i.e. untreated wood, the peak TGA temperature 

and mass of untreated poplar wood are 315.7oC and 

946.0µg/min respectively. The figure-2 (b) show the 

impregnated is occurs at the 25% MMA, the peak TGA and 

changed of wood mass are 322.0oC and 877.1µg/min, 

respectively, and the figure-2 (c) the impregnation amount is 

at 30% and remaining Methanol is used and 1% CLA is also 

used for linking the polymer. The mass changed from wood 

and the peak temperatures in the graph are 325.7oC and 

827.7µg/min respectively. In the graph 2 (b) and 2 (c) mass 

changed of poplar wood is decreased from 877.1 to 

827.7µg/min.  
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Fig. 2: 

The figure-2 (d) show that the TGA and DTA 

analysis of the 0%, i.e. natural wood of Bakain, The graph 

show the peak temperature is 364.2oC with the mass change 

is 602.2 µg/min, respectively and the figure 2 (e) shows the 

TGA and DTA analysis of Bakain wood at the 25% of MMA 

and the 1% CLA is also applied. In this graph the peak TGA 

temperature and mass changed are 369.4oC and 620.2 

µg/min, respectively it means the mass changed in vacuum 

impregnation is increased from 602.2 µg/min to 620.2 µg/min 

i.e. 3%, and the area covered under the graph of DTA which 

show by the blue line is also increased, So now we can say 

that the amount of polymers is induced in the wood. 

Similarly, in a figure-2 (f), the impregnation is done at 30% 

amount of MMA and the peak TGA temperature and changed 

in mass of wood are 360.6oC and 906.6 µg/min, respectively, 

which show the percentage of mass is increased, i.e. 

impregnation of polymer is increased when when increased 

the percentage of MMA in the solution of MMA and 

Methanol.  

E. Scanning Electron Microscopy (SEM) 

The view to get a clear understanding about the affinity of 

MMA with wood. The comparison between treated and 

untreated wood of Bakain and Poplar woods as show in 

following figures of SEM analysis. The fine structures of 

wood polymer composites were investigated by scanning 

electron microscopy (SEM) as shown in Figure-3. The void 

spaces of wood (Figure-3 (a)) were filled up on impregnation 

with polymers. The SEM structures show the how much 

polymer (MMA) is filled in the void spaces of poplar and 

Bakain woods at the 0% (v/v), 25% (v/v) and 30% (v/v) 

solution with Methanol, and 1% CLA is also used. The 

addition of cross linkers enhanced the deposition of polymers 

into the empty pits and capillaries. The presence of MMA in 

the composites could be detected in the form of some white 

patches as shown in the micrograph Figure-13. 

 
Fig. 3: Scanning Electron Micrograph of (a) Untreated 

Poplar wood (b) Poplar wood of 25% of MMA and 1% CLA 

(c) Poplar wood of 30% of MMA & 1% CLA (d) Untreated 

Bakain wood (e) Bakain wood by 25% MMA and 1% CLA 

(f) Bakain wood of 30% MMA and the 1 % CLA 

F. FTIR Analysis of Wood Polymer Composites 

The FTIR analysis of untreated wood of poplar and Bakain 

with the different percentages of impregnation of Polymers 

(MMA) as shown in the following figure: In the FTIR 

analysis of treated and untreated WPC, if the graph shows the 

wavelength of wood decreased it means some amount of 

polymer is impregnated in the void cell of WPC, which is 

discussed in the following FTIR analysis graphs 

 
Fig. 4: FTIR Analysis of (a) Untreated Bakain wood (b) 

Bakain wood of 25% of MMA and 1% CLA (c) Bakain 

wood of 30% of MMA and 1% CLA (d) Untreated Poplar 

wood (e) Poplar wood of 25% MMA and 1% CLA (f) 

Poplar wood of 30% MMA and 1% CLA 

The FTIR analysis of treated wood an untreated 

wood of poplar and Bakain are shown in the figure-14. With 

the help of these figures we concluded that the intensity of the 

hydroxyl group is decreased and shifting the peak to lower 

wave numbers from 3440 cm-1 to 3400 cm-1 in the FTIR 

graphs from figure-4 (b) to figure-4 (e) respectively. This 

indicates the formation of composites i.e. impregnation of 

polymer is done. 

V. CONCLUSION & FUTURE SCOPE 

In this research it is concluded that due to lapse of hardwood 

there is a need to modify the softwood in the hardwood by the 

mechanical and chemical method using the impregnation 
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method. MMA and Methanol are used and the Methamethyl 

acrylate polyethylene glycol Easter, also used as a cross 

linked agent for impregnation process.   

 After the impregnation of poplar and Bakain (Soft 

woods) woods the mechanical properties like Bending, 

compressive and Hardness are increased. It gives the 

maximum result at 30% of MMA used in the aqueous 

solution. 

 The compressive strength increased from 25.88 MPa to 

29.48 MPa in case of poplar wood and its WPCs at 30% 

of MMA. While in case of bending strength it is from 

64.61 KPa to 75.2 KPa at the same concentration of 

MMA. 

 The compressive strength increased from 27.76 MPa to 

32.60 MPa in case of baikain wood and its WPCs at 30% 

of MMA. While in case of bending strength it is from 

86.62 KPa to 97.20 KPa at the concentration of 25% of 

MMA. 

 There is a minor modification in the hardness from 1.5 

HBS to 1.7 HBS in case of poplar wood at while in case 

of bakain wood it is from 2.1 HBS to 2.4 HBS at the 

impregnation of 30% of MMA. 

 In case of the thermal analysis the data reveal from the 

TG, DTA and DTG graphs that there is  the modification 

in the thermal stability of WPCs at higher temperature 

for both of the woods. 

 While in the case of the microstructural study it is 

confirmed by SEM and FTIR spectra that there is the 

proper bonding between the wood and the impregnated 

polymer (MMA). Also it is confirmed by weighing the 

sample for loading of polymer. 

VI. FUTURE SCOPE 

The formation of WPC using polymers and different 

nanofillers results in overall improvement in the properties of 

the nanocomposites. Maximum improvement in properties 

can be achieved by fine tuning in the ratio of clay with 

different nanofiller. The combined use of both vacuum and 

pressure will help in better penetration of polymer/nanofillers 

into the porous structure of wood in order to attain further 

improvement in properties.  

The inclusion of pigments into impregnation 

solutions like supercritical fluid, e.g. SC-CO2 as the medium 

of impregnation should be studied extensively to investigate 

diversified value added uses for modified wood, particularly 

for flooring and other value-added applications. As 

government is more concerned for assuring resource 

sustainability and promoting green technology, therefore, a 

thorough investigation of composites in terms of the 

biodegradability, fire resistance, pest resistance and low 

emission of volatile organic compound is also required. 

Research on preparation of wood polymer composites by 

using techniques like gamma radiation, electron beam (EB) 

or radio-frequency (RF) to polymerize the monomer(s) within 

the composite, is nearly instantaneous. This can lead to high 

volume output and enable other manufacturing operations to 

be performed immediately after EB or RF exposure. 
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