
ABSTRACT
Wood in the form of timber and fuel wood it the most important product derived from the forest. Despite bestowed 
with over 4000 woody species a country like India is deficient in timber and there is a gap between supply and 
demand is burgeoning. Melia composita is a fast-growing timber species, the raw material for the study were 
collected and deliberately cut into pieces of 0.2 to 0.4 mm thickness, small length sundried to the moisture content 
of 8 to 12 percent. The sample was sieved through 60 microns for uniform size. Black liquor was collected from 
the Central Pulp and Paper Research Institute, Saharanpur, Uttar Pradesh. Phenol formaldehyde was prepared by 
mixing Phenol with formaldehyde solution. The formaldehyde solution with replacement of 10 percent Black liquor 
shows good results regarding the Indian standard IS: 2380-1977 i.e. average moisture content (5.35 %), volume 
(123.75 cm3), density average (0.92 g/cm3), water absorption % after 2 hrs (51.92), water absorption %  after 24 
hrs (64.10), swelling length (1.0), width (0.25), thickness (15.15), swelling % (22.82), MOR (16.15), MOE (1821.48), 
tensile strength (0.61), screw and nail withdrawal strength in the face (254.5), edge (247.5). . The findings show 
that the modification improves the particleboard quality especially the dimensional stability by using the modified 
resin for its manufacture.

KEY WORDS: BlaCk lIqUOR, Melia COMPOSiTa, PaRTIClEBOaRD, PhEnOl FORMalDEhyDE.

Suitability of Melia composita for Particleboard with the 
Replacement of Black Liquor and Phenol Formaldehyde 
Resin 

Sumanta Das1, J.P. Singh2 and S. Rout3*

1Department of Wood Processing and Biomaterials, Czech University of
 life Sciences, Prague, Czech Republic.
2Forest Research institute (Deemed) University, New Forest, Dehradun, Uttarakhand, india.
3Faculty of agriculture, Sri Sri University, Cuttack, Odisha, india.

Biotechnological
Communication

Biosc.Biotech.Res.Comm. Vol 13 no (4) Oct-nov-Dec 2020 Pp 2168-2175

INTRODUCTION

Wood in the form of timber and fuel wood is the most 
important product derived from the forests. at present 
total forest cover and tree cover of the country are 21.67 

% of its geographical area (Forest survey report, 2019). 
Despite being bestowed with over 4000 woody species the 
country is a timber deficient country and the gap between 
supply and demand is burgeoning. Shortage of wood 
raw material is being experienced in the country due to 
various reasons. This gap between demand and supply of 
various raw materials is likely to further widen due to the 
rise in population and standard of living. Because of this, 
some substitute raw materials for solid wood have been 
developed. There is a need to develop an alternate raw 
material base for all the wood-based industries including 
reconstituted panels. The trend is shifting to replace wood 
with alternative renewable lingo cellulosic materials that 
can efficiently meet the heavy demand. 
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The assessment of durability through accelerated aging 
tests shows that panels protected with waterproofing 
material can be used in environments that have contact 
with moisture (Juliano et al. 2012). The demand for 
composite wood products particularly particleboard 
has been significantly increasing owing to their use in 
construction, cabinets, tabletops, vanities, sliding doors, 
speakers, table tennis, stair treads, kitchen work-tops, 
laboratories, and other industrial products (alam et al. 
2015). Particleboard offers a means to utilize as much 
as the forest and industrial wood waste as possible 
because it is so tolerant of wood quality and a wide 
variety of species, both soft-wood and hard- wood can 
be used. There is no doubt that the particleboard is going 
to stay for a long time due to plenty of raw materials, 
manufacturing properties and product properties (Biswal 
and Rout, 2015).

The manufacture of particleboard was introduced in 
India in 1957. The raw material used for such products 
can be from non-conventional sources like plantation 
under farm forestry, social forestry, wood residues and 
lignocellulosic residues of agricultural origin. Due to the 
shortage and increasing price of wood in the country, 
large plantation of commercially important fast-growing 
species of wood is being raised. In the future many more 
commonly found materials could very find its use in the 
manufacture of particleboard, thereby cutting down the 
costs drastically. 

They also reduce the external pressure on the natural 
forest to save humankind. Particleboard has some 
advantages compared to solid wood; it is a homogenous 
material because the composite a well-mixed blend 
of reconstituted materials that give flexibility in size. 
however, it’s presented some disadvantages also i.e. 
swelling due to water absorption. Particleboard used 
has some disadvantages, i.e. swelling due to the water 
absorption. Recently particleboard has begun to be used 
as a load bearing wall component in Japan. In addition 
to furniture materials. Researchers in the Middle East, 
South america and south East asia have reported its 
usage as a constituent particleboard. The inefficiency 
of the solutions alternative less polluting, less toxic to 
replace conventional binder (Irmayanti et al. 2015).

microbial agents. In this study, Melia composita was 
utilized to fabricate particleboard, and its performance 
was determined again after exposure to subterranean 
termite and wood decay fungi. Previous studies show 
the only contribution of density towards its termite 
resistance, (Suhasman et al. 2012). So, keeping in view 
the importance of the study the present work concerns 
the particleboard from Melia composita with the 
replacement of black liquor with Phenol Formaldehyde 
resin, (Utsumi et al. 2019).

Phenol: BL pH Viscosity Solid Ash
content content

100:0 12 5.10 12.24 18.78
90:10 12 5.5 11.79 16.56
80:20 12 5.40 11.86 17.70
70:30 11 4.80 12.15 17.30
60:40 10 6.96 12.50 18.50

Table 1. Physical Properties of the prepared resin

Thus, the replacement of Black liquor and phenol 
formaldehyde gives the base to some great problem to 
achieve a good mechanical panel that is resistant to 

Sl. Properties Flat Pressed 
No. Single Layer

1 Density Variation, percent ±10
2 Water absorption, percent
a) 2h soaking 25
b) 24h soaking 50
3 linear Expansion (Swelling in 

water), 2h soaking, percent
a) length 0.5
b) Width 0.5
4 Thickness swelling, percent,2h 10

soaking
5 Swelling in thickness due to 

surface absorption, percent 9
6 Modulus of rupture, n/mm2
a) average 11
b) Minimum 10
7 Modulus of elasticity, n/mm2
a) average 2000
b) Minimum 1800
8 Tensile Strength perpendicular to 

Surface, n/mm2
a) Up to 20mm thickness 0.8
b) above 20mm thickness 0.8
9 Screw withdrawal Strength, n
a) Face
b) Edge (foe thickness > 12mm) 1250

850

Table 2. Minimum values of the parameters (IS: 
3087:2005)

MATERIAL AND METHODS

Melia composita is taken as raw material largely 
distributed in moist teak forests, secondary moist 
deciduous forest and dry mixed moist deciduous forests 
of India, like Sikkim himalayas, north Bengal, Upper 
assam, khasi hills, hills of Odisha. It is a large tree, 
attaining a height of 20 m. with a spreading crown and 
a cylindrical straight bole of 9 m. length and 1.2-1.5 m. 
girth (khare, 2007). The required material of wood was 
obtained from the Forest Research Institute campus, 
Dehradun, India and was deliberately made into small 
pieces with the help of sickle. Then the small pieces were 



Das et al.,

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS SUITaBIlITy OF MElIa COMPOSITa FOR PaRTIClEBOaRD  2170

passed through the Condux mill to get particles of 0.2 to 
0.4 mm thickness and smaller length.  Then the particles 
were sun dried to a moisture content of 8 to 12%. 

Then the particles were sieved through a 60-micron mesh 
to obtain uniform particle size (Table.1). Black liquor 
(Bl) is a complex solution containing lignin as well as 
its degradation products, polysaccharides, extractives 
and several inorganic compounds (Stenius, 2000). Black 
liquor already had been effectively used as an adhesive 
for wood composites in various researches (Singh and 
Joshi, 1990). The Black liquor that was used for the 
research purpose was collected from Central Pulp and 
Paper Research Institute, Saharanpur which was crafted 
from north-East bamboo (kouisni et al. 2011).

The Phenol-formaldehyde resin (Pl) was prepared by 
mixing Phenol with formalin solution. For that, 1000 ml 
of phenol was taken in a round bottom flask. Then 1200 
ml of formalin and 1200 ml of water were added to the 
flask. The ph of the whole solution was maintained at 
9-9.5 by adding 50 g. of naOh dissolved in 100 ml. of 
water. The round flask with a solution was mounted on a 
boiling water bath and observed untill the actual reaction 
started inside the flask. The actual reaction started when 
the first time the bubbling was seen in the solution. The 
solution was refluxed for 30 min. The resin was kept for 
cooling. The cooled resin was analyzed for suitability 
in making particleboard. Preparation of Modified Resin 
with Black liquor done using exactly 0, 10, 20, 30 and 
40% (w/w) black liquor was added to PF resin (PF-Bl). 
The mixture (PF resin and black liquor) was compounded 
using a mechanical stirrer at 3000 rpm, for 15 min. The 
Bl-PF was employed to analyze and characterize the 
properties of this adhesive like ph, solid content, ash 
content and viscosity (kouisni et al. 2011).

The PF-Bl particleboards were prepared by blending 
the Bl-PF resin with the dried particles in a rotating 
drum type mixture fitted with a pneumatic gun spray. a 
total of 10% of resin to the total dry weight of particle 
for each board was used for the spray. all boards were 
compressed in the hot air pressure at 21.0 kg/cm2 pressure 
at a temperature of 150 ºC for 15 minutes. The dimensions 
of each board were fixed at a dimension of 24 x 24 
inches for laboratory testing and then were conditioned 
for 2-3 days at room temperature before converting to 
testing samples. 

Board No Resin Pressure Resin
(Sample No) Content used content used

1 10% 21kg/cm2 90% Phenol+ 
10% Bl

2 10% 21 kg/cm2 80% Phenol+ 
20% Bl

3 10% 21 kg/cm2 70% Phenol + 
30% Bl

4 10% 21 kg/cm2 60% Phenol + 
40% Bl.

5 10% 21 kg/cm2 100% Phenol+ 
0% Bl

Table 3. Details of Particleboard

Sl. no Sample Initial Wt Oven Dry M.C. M.C. Volume Density Density
No. (Mi)(g) Wt % % (cm3) (g/cm3) Avg.

(Mo)(g) Avg. (g/cm3)

1 1a 88 83 5.95 5.35 123.75 0.93 0.92
1b 88 84 4.76 121.28 0.91 

2 2a 76 72 5.55 5.39 123.75 0.93 0.87
2b 74 69 7.24 121.28 0.91 

3 3a 77 71 8.45 5.40 101.25 0.71 0.83
3b 81 76 6.57 101.25 0.73 

4 4a 76 72 5.55 6.39 111.00 0.91 0.78
4b 74 69 7.24 100.57 0.83 

5 5a 90 71 8.45 7.51 99.23 0.87 0.72
5b 85 76 6.57 111.00 0.79 

Table 4. Moisture Content and Density of Particleboards

Two samples from each board were prepared for 
testing the physical and mechanical properties of 
the particleboards according to Indian standard IS: 
2380-1977.The obtained results from each testing 
were compared with the minimum requirement for 
various physical and mechanical properties as per IS 
3087:2005.

Indian Standards of Particleboards: The minimum 
requirement of particleboards for various physical 
and mechanical properties is given below in Table 2. 
Minimum requirement according to IS 3087:2005.

RESULTS AND DISCUSSION

Total 3. of boards were prepared using Melia composita 
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and Phenol resin with 10% replacement at each level 
under 21 kg/cm2 pressure for 15 minutes at 150 0C. The 
details of the boards prepared were given below.

Physical Properties: The values of various physical 
properties i.e. moisture content, density, water absorption, 
swelling percent and swelling due surface absorption of 
particleboards from Melia composita with Phenol resin 
with the replacement of 10% Black liquor with 10% 
resin content are depicted below in the table no.7, 8, 9 
and 10 respectively. The values were calculated as per 
IS Specification (Fig.1). The findings are in accordance 
with the exiting standard and show the sign that Melia 
composita is suitable. The findings are in concurrence 
with the results found by (Villeneure 2006).

Figure 1: Moisture content (%) of the boards

Figure 2: Average Density (%) of the boards

In the data obtained for moisture content of the 
particleboards, the average value of moisture content 
varies from 5.24% to 7.5%. Board no. 5 showed the 
highest moisture content % whereas Board no. 1 
showed lowest one (Fig.2). Particleboard used the 
modified adhesive for the construction results in good 
performance for the furniture purpose. The findings 
where in conformity with the findings of (Biswal and 
Rout 2015).

In the data obtained for density of the particleboards, 
the mean value of density varied from0.70 g/cm3 to 0.95 
g/cm3.highest density was showed by the board no. 1 
whereas board no. 5 showed the lowest one. Increase in 
the density represents high mechanical properties. 

Board No Sl.No Initial After After WA% WA% WA% WA% 
Wt(g) 2hr 24hr after after 2hr after after

Wt(g) Wt(g) 2hr Avg. 24hr 24hr Avg.

1 1a 133 219 246 64.66 51.92 84.96 64.10
1b 132 213 238 61.36 88.33 

2 2a 121 194 216 60.33 52.13 78.51 71.66
2b 121 202 222 56.94 83.47 

3 3a 142 213 237 50.00 58.49 66.90 75.58
3b 137 215 236 56.93 72.26 

4 4a 114 182 204 59.64 67.71 78.94 77.77
4b 140 210 230 50.00 64.28 

5 5a 150 238 258 58.66 94.43 72.00 113.26
5b 158 233 252 84.74 59.49 

Table 5. Water Absorption of particleboards from Melia composita and Phenol resin with 
10% replacement of Black liquor

Figure 3. Water Absorption of the Boards
The results were in accordance with the findings of 
Wang (2002) for convention pressing time 5-15 Min at 
a pressure of 10 to 30 Bar. In water absorption, all the 
board from shows higher value than the critical value 
for 2hr and 24 hr as per IS 3087:2005 (Fig.3).

In general swelling, the board no. 1 shows the lowest 
value for width which nearly to the controlled condition. 
Board no. 1 and 5 are also quite nearer to each other in 
case of swelling in its thickness. no board for thickness 
swelling is within the critical value for 2 hr soaking 
as set in IS 3087:2005. as for other boards made from 
different material ratio, the linear and thickness swelling 
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values were quite high. The results are slightly in 
conformity with the existing standard and show Melia 
compostita can be used in outdoor environment. There is 

a possibility of the mechanical properties being affected 
by the swelling of the particleboard (Fig.4) (Utsumi et 
al. 2019).

Board No Sl.No In Length In Width In Thickness
Length Avg. Width Avg. Thickness Avg.
(mm) (mm) (mm)

1 1a 1.00 1.00 0.30 0.25 10.0 15.15
1b 1.00 0.20 8.0 

2 2a 1.00 1.00 0.50 0.35 13.9 14.95
2b 1.00 0.20 16.0 

3 3a 1.00 1.00 0.80 0.90 14.0 14.6
3b 1.00 1.00 15.2 

4 4a 0.50 0.75 0.50 0.75 13.2 13.5
4b 1.00 1.00 13.8 

5 5a 1.00 1.00 1.00 0.80 12.2 12.9
5b 1.00 0.60 13.6 

Table 6. Swelling percent of particleboards from Melia composita and Phenol resin 
with 10% replacement of Black liquor

Figure 4: Linear expansion of the board samples. Figure 5: Surface swelling of the board

Board Sl.No Initial Thickness Swelling %  % 
No Thickness after 2hr after Swelling Swelling

Avg. Avg. 2hr after Avg.
(mm) (mm) (mm) 2hr

1 1a 10.68 13.02 2.34 21.91 22.82
1b 10.95 13.55 2.60 23.74 

2 2a 10.01 12.57 2.56 25.57 27.10
2b 10.30 13.25 2.95 28.64 

3 3a 10.55 13.80 3.25 30.80 33.94
3b 10.92 14.97 4.05 37.08 

4 4a 10.18 14.67 4.49 44.10 46.22
4b 10.36 15.37 5.01 48.35 

5 5a 9.65 13.65 4.00 41.45 47.98
5b 10.27 15.87 5.60 54.52

Table 7. Swelling due surface absorption of particle boards from water absorption 
of particleboards from Melia composita and Phenol resin with 10% replacement 
of Black liquor
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In surface swelling, all the boards are above the critical 
value as per IS 3087:2005. Board 1 shows nearly equal 

value with Board 5 while from Board 2 to 5 there is 
increasing order in swelling (Fig.5).

Board Sl.No Max.  MOR MOR MOE  MOE
No Load (N/mm2) Avg. (N/mm2) Avg.

N (N/mm2) after (N/mm2)
2hr

1 1a 389.5 16.99 16.51 1945.60 1821.48
1b 362.50 16.03 1697.37 

2 2a 315.00 13.93 13.47 1521.32 1461.97
2b 294.50 13.02 1402.63 

3 3a 291.50 12.89 11.89 1242.97 1142.42
3b 224.00 10.89 1041.88 

4 4a 198.00 10.59 9.94 1141.73 1073.93
4b 191.00 9.29 1006.13 

5 5a 183.50 8.92 7.42 910.13 829.78
5b 134.00 5.92 749.44 

Table 8. Static Bending Strength of particleboards from Melia composita and 
Phenol resin with 10% replacement of Black liquor

Figure 6: Modulus of Elasticity of the board samples Figure 7: Modulus of Rupture of the board samples

Board Sl.No Length Width Area Load Load Tensile Average
No (mm) (mm) (mm2) (kg) (N) Strength Tensile

(N/mm2)  Strength (N/mm2)

1 1a 50.5 50.8 2565.40 175 1715.0 0.66 0.61
1b 50.7 51.3 2600.91 150 1470.0 0.56 

2 2a 51.0 50.5 2575.50 378 3704.4 1.43 1.31
2b 49.6 49.7 2465.12 302 2959.6 1.20 

3 3a 51.7 50.6 2616.02 319 3126.2 1.19 1.32
3b 51.1 50 2555.00 380 3724.0 1.45 

4 4a 50.4 51.4 2590.56 384 3763.2 1.45 1.40
4b 51.4 51.2 2631.68 364 3567.2 1.35 

5 5a 50.4 51.4 2590.56 384 3763.2 1.45 1.40
5b 51.4 51.2 2631.68 364 3567.2 1.35

Table 9. Tensile Strength Perpendicular to Surface of particleboards from Melia composita and 
Phenol resin with 10% replacement of Black liquor
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Mechanical properties: Mechanical properties i.e. static 
bending strength, perpendicular to surface and screw and 
nail withdrawal strength of particleboards from Melia 
composita and Phenol resin with 10% replacement of 
Black liquor were depicted below in table no.6, 7, 8, 9 
and 10 respectively (Utsumi et al. 2019).

MOR and MOE values were the highest for board no. 1 
which were 16.51 n/mm2 and 1821.48 n/mm2. Board 
no 5 failed to satisfy MOR value as per requirements of 
IS-3087-2005.

Figure 8: Tensile Strength of the board samples

Internal bond strength depends upon the particle and 
interaction with the adhesive. In internal bonding, the 
board 4shows value 1.4 n/mm2 which is the maximum 
obtained among all the boards. Furthermore, the internal 
bond strength value decreases in the case of boards 
prepared with different material ratios. all Boards except 
board 2 from the after study all other boards didn’t meet 
the specification of IS.3087:2005. The possibility of the 
results may be due to the shape of the chips and the 
combination of Black liquor and Phenol formaldehyde. 
The values were in confirmation with the results found 
by kadja (2012) on kenf particleboard with bone glue 
beads.

Sample 2 of the boards made from Melia composita 
showed the maximum values i.e. 2059.39 n/cm2 for 
face and 1853.45 n/cm2 for edge for screw withdrawal 
resistance respectively. The samples from boards 3 and 
5 also show good results but a little less to meet the 
requirements of specification of IS 3087:2005. The 
lowest face screw withdrawal resistance was found for 
board no. 1 and for the same edge screw withdrawal 
resistance also. In the earlier study on particleboard of 
Melia azedarach modified adhesive was prepared using 
Urea formaldehyde resin adhesive. 

Board No. Sl.No. Load
(Kg/cm2)

Face Edge
Screw 1 Screw 2 Avg (kg) Screw 1 Screw2 Avg

1 1 224 285 254.5 232 263 247.5
4 1 247 258 252.5 201 177 189
5 1 271 224 247.5 194 180 187
2 1 230 259 244.5 160 184 172
3 1 229 227 228 176 153 164.5

Table 10. Screw and Nail Withdrawal Strength of particleboards from Melia 
composita and Phenol resin with 10% replacement of Black liquor

 Figure 9: Screw Withdrawal Strength of the board 
samples

These findings are in alignment with the findings of 
yang et al. (2007) in wood waste chips impregnated with 

phenol formaldehyde resin.

CONCLUSION

The particleboards prepared from Melia composita using 
Phenol resin with 10% replacement of Black liquor resin 
with a resin concentration of 10%. The used replacement 
of Black liquor resin with Phenol is 10%, 20%, 30%, 
40%, and control of 100% Phenol resin. The boards are 
prepared at a pressure of 21.5 kg/cm2 for 15 minutes 
of hot pressing. Based on a comparative analysis of the 
results, it is observed that there was an increase in the 
moisture content of the particleboards with increasing 
the percentage of Black liquor with Phenol resin. From 
the study, it can be concluded that 10% Black liquor 
can be used with the Phenol resin as a replacement 
in the making of particle board from Melia composita 
species.
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