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This work investigated the effect of the modification of phenol-formaldehyde resins using different 

concentrations of nanoclay on specific physical and mechanical properties of Lantana camara composites. 

Different concentrations, i.e. 1, 2.5, 4 and 5 wt% nanoclay were added to phenol-formaldehyde adhesive. To 

ensure uniform distribution, the mixture was stirred mechanically followed by ultrasonication. Following 

the nanoclay concentrations, the mixtures were labelled accordingly as PF/NC-1, PF/NC-2.5, PF/NC-4 

and PF/NC-5. Composites were made from L. camara particles mixed with 12% (w/w) nanoclay-fortified 

phenol-formaldehyde resins. Lantana camara composites were fabricated in a hydraulic hot press at a 

pressure of 21 kg cm
-2
 and curing temperature 150 °C for 15 min. The physical and mechanical properties 

of L. camara composites were evaluated following Indian Standards specification IS 3087 (2005). The results 

revealed that the physical and mechanical properties of L. camara composites improved compared with 

the composites prepared using unmodified phenol-formaldehyde. Composite prepared using phenol-

formaldehyde modified with 4% nanoclay showed better performance than the rest of the concentrations. 

A slight decline in mechanical properties was observed in L. camara composites when 5% nanoclay was used 

due to accumulation of nanoparticles.

Keywords: Modified phenol-formaldehyde, physical properties, mechanical properties

INTRODUCTION

The increased environmental consciousness 

motivated researchers worldwide to investigate 

natural fibre polymer composites as a more 

affordable alternative to synthetic fibre polymer 

composites. Initially, natural fibre composites 

gained interest in the academic world, but 

later they acquired attention in several 

industrial applications, with the automobile 

and construction industries serving as primary 

drivers (Yadav & Yusoh 2015, Sarasini & Fiore 

2018). Natural fibres are readily available at a 

relatively low cost, and the ease of production 

has enticed researchers to investigate the 

feasibility of locally available, inexpensive fibres 

for reinforcement purposes and the extent to 

which they satisfy the required specifications 

of goods for different applications (Bledzki 

& Gassan 1999). Natural fibres are good 

renewable resources that are biodegradable 

and lightweight but have lower strength 

than synthetic fibres. The energy-intensive 

manufacturing processes of synthetic fibres and 

polymers have raised serious questions about 

the sustainability of conventional composites 

(Sanjay et al. 2018, Sarasini & Fiore 2018). 

Natural fibres, such as flax, sisal, bamboo, 

cotton, banana, ramie, jute, hemp, kenaf, 

Lantana, coir and baggase, have been utilised in 

the production of composites, sporting goods, 

parcel racks, musical instruments, vehicle parts 

and also in the construction field.

India has many potential natural resources 
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in abundance. Most of them come from forests 

or agriculture. The potential of the forest 

weed Lantana camara as fibre reinforcement in 

polymer composites has not been thoroughly 

investigated. Lantana camara is a massively 

branched shrub that can grow as compact 

clusters and dense thickets in various 

environments. The wood is strong and durable, 

and the stems are thin and square in cross-section 

with recurved prickles (Reddy 2013). Most of 

the leaves are about 6 cm long with fine hairs, 

and the height of the plant is about 2–4 m. It is 

distributed widely throughout India. Different 

parts of this plant are used in pharmaceuticals. 

The root has antimicrobial properties, and 

stems are utilised as biofuel, low-cost furniture, 

handicrafts, household items and composites 

manufacturing (Kannan et al. 2008, Ganjewala 

et al. 2009, Deo 2010).

Different types of resins, such as phenol-

formaldehyde, urea-formaldehyde, epoxy, 

polypropylene, ethylene vinyl acetate and 

polyester have been used in the fabrication of 

natural fibre composites. However, till now, only 

epoxy, polypropylene and ethylene vinyl acetate 

resins have been widely used in the fabrication 

of L. camara composites. In this study, phenol-

formaldehyde resins were used in the fabrication 

of L. camara composites. Phenol-formaldehyde 

resin is produced by the interaction of phenol 

with formaldehyde. Several unique properties 

of phenolic resins, such as fire retardant, 

excellent strength properties, thermal 

stability, dimensional stability, and high-water 

resistance, have improved their utilisation in 

the construction, automobile and aerospace 

industries (Nair 2004, Pilato 2013, Eslami et 

al. 2015, Tao et al. 2019). Phenolic resins have 

excellent cost characteristics that outshine 

current polymers and, thus, are used extensively 

as binders for wood, paper, glass and other 

substrates (Nair 2004, Pilato 2013). However, 

phenol-formaldehyde resins are brittle at room 

temperature; therefore, many studies have 

been carried out to enhance their properties 

through various reinforcements such as fibres, 

nanofillers and thermoplastic adhesives.

Layered silicate clay minerals are often 

used as nanofillers due to their availability and 

adaptability (Ray & Okamoto 2003). Nanofillers 

may be added in solid form to polymer matrix 

and lignocellulosic fibres (Yadav & Yusoh 2016, 

2019). Nanoparticles have higher surface area, 

even at low addition levels, which can effectively 

be used to enhance strength properties, curing 

behaviour, and fire retardancy of thermosetting 

polymers (Njuguna et al. 2008,  Lubis et 

al. 2021). Various researchers are currently 

studying several nano-based materials, such as 

carbon nanotubes, nanosilica, nanocellulose, 

and graphene, to better understand their 

suitability as filler materials in different polymers 

(Zaghloul et al. 2021). Nanoclay is a natural 

filler obtained from natural rocks composed of 

minute crystallites of aluminosilicates in varying 

quantities along with alkali and alkaline earth 

metals (Pavlidou & Papaspyrides 2008, Eslami 

et al. 2015). Montmorillonite and organoclays 

are extensively used in nanoclay-reinforced 

polymer composites due to their abundance, 

high aspect ratio and high reactivity (Yadav & 

Yusoh 2016, 2019).

There are different types of dispersion 

methods of nanoclay in a polymer matrix, such 

as sonication, mechanical stirring, ball milling, 

high shear mixing, slurry process, and high-

pressure mixing. Among these, mechanical 

stirring followed by the sonication method are 

simple, cost-effective, and less time-consuming 

than other methods (Ho et al. 2006).

This study investigated the effect of modified 

phenol-formaldehyde resins using different 

concentrations of nanoclay on important 

resins properties. The primary objective of this 

research was to develop L. camara composites 

bonded using different concentrations of 

nanoclay dispersed in phenol-formaldehyde 

resins. The objective was to understand the 

effects of using nanoclay fortified phenol-

formaldehyde resin for preparation of 

particleboards. The impact of the addition of 

nanoclay in phenol-formaldehyde on specific 

physical and mechanical characteristics of L. 

camara composites was investigated.

MATERIALS AND METHODS

Materials

Lantana camara stems were collected from the 

Givotia plantation at Forest Research Centre, 

Mulugu, Telangana, India. All chemicals 

(phenol (99%), formalin (37%), sodium 

hydroxide (99%) and nanoclay) used were 
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commercially purchased and used without 

further purification.  

Synthesis of phenol-formaldehyde resin 

Phenol-formaldehyde resins were prepared by 

taking the molar ratio of phenol to formalin 

at 1:1.5. Phenol (500 mL), formalin (750 mL) 

and distilled water (700 mL) were poured into 

a round bottom flask. Sodium hydroxide pellets 

(5% w/v of phenol) were added to 50 mL distilled 

water and mixed into the chemical solution 

to maintain pH at 9.0–9.5. The mixture was 

transferred to a resin kettle and was then boiled 

at 85 ℃ for 40 min. After that, the temperature 

was gradually raised, and the composite resins 

was refluxed for 30 min. The solution was then 

poured out from the resin kettle into a beaker 

and kept aside for 24 hours before preparing 

the composites.

Modification of phenol-formaldehyde 

resins

Phenol-formaldehyde resins were modified 

using nanoclay as filler material. The actual 

weight of the nanoclay for the modification 

process is summarised in Table 1. In this work, 

the amount of nanoclay added was calculated 

based on the solids content of the phenol-

formaldehyde resins. The following formula was 

used to calculate the actual weight of nanoclay 

needed for the modification of the phenol-

formaldehyde resins. 

Amount of

nanoclay added =

amount of

resin (mL) 

solids content

of the resin (%)

100

×

Each of the nanoclay concentration (1, 2.5, 

4 and 5 wt%) was dispersed into the phenol-

formaldehyde resins using mechanical stirring 

followed by ultrasonication. The mechanical 

stirring was carried out using an automated 

stirring machine and a magnetic stirrer bar was 

placed inside the beaker containing the resins 

mixture and covered with aluminium foil. The 

resins mixture beaker was kept on a hotplate 

at about 900 rpm for 1 hour (Figure 1). In the 

next stage, the same resins mixture was placed 

in an ultrasonicator at a frequency of 40 kHz for 

1 hour (Solyman et al. 2017). Lastly, the beaker 

was placed in a cold water bath to avoid effect of 

heat on the solution, and the temperature was 

kept constant at 25 ℃ (Nabil et al. 2015).

Characterisation of modified phenol-

formaldehyde resins

Non-volatile solids content

The solids content of phenol-formaldehyde 

resins was determined by calculating the weight 

of non-volatile content after drying, i.e. after 

evaporation of water from known quantity of 

adhesive. Liquid adhesive was poured into a dry 

and clean glass Petri dish and actual weight was 

measured using a digital balance. The Petri dish 

was kept in an oven at 100 ± 2 ℃ for 24 hours 

and the weight of the remaining adhesive was 

recorded and the percentage of non-volatile 

content of the adhesive was calculated with 

respect to initial weight. 

pH

An amount of 50 mL resin was poured into a 

100 mL beaker, and the pH value was recorded 

using a digital pH meter.

Flow time

A B-4 ford cup viscometer was used to measure 

the flow time of phenol-formaldehyde resins. 

The nanoclay-modified resins were poured into 

Phenol-formaldehyde

(mL)

Amount of nanoclay

(w/v %)

Actual weight of nanoclay

(g)

1000 1.0 3.8

1000 2.5 9.5

1000 4.0 15.2

1000 5.0 19.0

Table 1	 Designed formulations for the modification process
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the ford cup, and the time the resins took to 

pass through the ford cup was recorded. The 

flow time was expressed in seconds. 

Preparation of particles

The freshly collected L. camara stems were dried 

in the oven at 105 ℃ for 2 days. The dried stems 

were cut into pieces and then converted into 

particles using a mechanical crusher. These 

particles were passed through a 60-mesh sieve to 

obtain uniform particle size of 3–5 mm and then 

dried to achieve up to 6–8% moisture content 

before adding phenol-formaldehyde. 

Fabrication of Lantana camara composites

The required amount of phenol-formaldehyde, 

L. camara particles and nanoclay, were weighed 

using a digital balance with an accuracy of 0.01 g 

(Table 2). Dried L. camara particles (1000 g) 

and 12% phenol-formaldehyde resins and 

the different concentrations of nanoclay were 

mixed manually in a container. The blended 

resins particles were air dried at a temperature 

of 25 ± 2 °C for 6–8 hours to attain a moisture 

content of 8–10%. The dried particles were 

then used for mat formation process. In this 

process, two caul plates were placed on the floor 

and applied with wax which acted as a release 

agent. A wooden frame of size 25.4 cm × 25.4 cm 

was used for mat formation and pre-pressing 

(Figure 2). 

The resin-blended particles were uniformly 

laid to form a mat in the wooden frame, and 

another caul plate was placed over the mat 

after pre-pressing. The mat between two caul 

plates was hot pressed at constant pressure and 

temperature, i.e. 21 kg cm
-2
, 150 ℃, for 15 min. 

The composites were removed immediately 

from the hot press and were conditioned for 

2–3 weeks at room temperature and 75 ± 2% 

relative humidity. For every combination, five 

panels were prepared and tested for various 

physical properties, namely, density, moisture 

content, water absorption, thickness swelling 

and mechanical properties namely, MOR, MOE, 

internal bonding and screw withdrawal strength 

as specified in the Indian Standards for particle 

boards of wood and other lignocellulosic 

materials (IS 3087 2005).

Statistical analysis

SPSS software (IBM, version 20) was used to 

analyse any changes in the physicomechanical 

properties of L. camara composites at different 

nanoclay loading levels among the treatment 

combinations. One-way analysis of variance 

(ANOVA) was used at the critical difference of 

5% significance level. Post-hoc-Tukey test was 

conducted to analyse the effect of addition of 

Synthesis of PF resin in

resin kettle

Ultrasonication

Dispersion of nanoclay

Mechanical stirring

Figure 1 	 Synthesis and modification of phenol-formaldehyde 

(PF) resin with nanoclay
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different concentrations of nanoclay in phenol-

formaldehyde adhesive on various properties of 

the composite.

RESULTS AND DISCUSSION

Characterisation of modified phenol-

formaldehyde resins

The physical properties of control and modified 

phenol-formaldehyde resins, including non-

volatile solids content, pH and flow time, 

are given in Table 3. Four different weight 

percentages of nanoclay loading studied in this 

experiment were coded accordingly as PF/NC-

1, PF/NC-2.5, PF/NC-4 and PF/NC-5. Results 

revealed that the addition of 1, 2.5, 4 and 5 wt% 

of nanoclay showed a decline in the flow time 

compared with unmodified PF resins. This is 

attributed to proper dispersion of nanoclay 

in phenol-formaldehyde resins. However, 

compared with neat phenol-formaldehyde 

resins, modified phenol-formaldehyde resins 

had higher percentages of solids content. Similar 

results have been reported by Nabil et al. (2015) 

and Yadav et al. (2021). 

The pH of modified phenol-formaldehyde 

resins was not affected by the presence of nanoclay. 

The pH values were lower in nanoclay modified 

phenol-formaldehyde resins, i.e. decreasing from 

9.70 in neat phenol-formaldehyde resins to 9.55 

in PF/NC-5 (Table 3). However, the variations in 

pH values were not significant. The pH reported 

in the current study is well within the accepted 

limits of 8–10. Curing time of resins is reduced in 

alkaline condition (Nabil et al. 2015).

Figure 2 	 Fabrication of L. camara composites

Table 2	 Combination of L. camara particles, phenol-formaldehyde and nanoclay

LCC = Lantana camara composite; LCC, LCC-1, LCC-2.5, LCC- 4 and LCC-5 correspond to 0, 1, 

2.5, 4 and 5 wt% nanoclay in L. camara composite

Sample
Lantana camara particles 

(wt%)

Resin content

(%)

Nanoclay

(wt%)

LCC 1000 12 0

LCC-1 1000 12 1

LCC-2.5 1000 12 2.5

LCC-4 1000 12 4

LCC-5 1000 12 5
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Physical properties of Lantana camara 

composites

Density

The densities of control and nanoclay-loaded 

composites are tabulated in Table 4. The density 

of the control board was 807 kg m
-3
. The addition 

of nanoclay in phenol-formaldehyde adhesive 

showed a gradual increment in the density of 

the composite. Composites with 1, 2.5, 4, and 5 

wt% nanoclay had densities of 843, 860, 874, and 

888 kg m
-3
 respectively. The increase in density can 

be attributed to the role of nanoclay particles in 

pore filling and proper distribution of nanoclay 

into the polymer matrix (Yadav & Yusoh 2019). 

These results followed the trend that has been 

observed in nanoclay modified wood–plastic 

composites, in which their densities were 

reported to improve as the concentration of 

nanoclay increased in polypropylene matrix 

(Yadav & Yusoh 2019). On the other hand, 

there are studies that reported a reduction in 

the density of the composites, especially when 

higher nanoclay loading percentages were used 

due to the accumulation of nanoclay particles 

(Hakamy et al. 2014). However, in the current 

study, no such observations were recorded. It is 

interesting to note that all prepared composites 

fulfilled the minimum requirement of density 

following IS 3087 (2005). The results of the 

statistical analysis carried out for various 

physical properties are given in Table 5. The 

analysis confirmed that density increment of the 

L. camara composites after nanoclay addition 

was significantly different at 95% confidence 

interval. 

Moisture content

The addition of nanoclay into the phenol-

formaldehyde resins significantly influenced 

the moisture content of L. camara composites 

(p < 0.01) (Table 4). The moisture contents of 

LCC, LCC-1, LCC-2.5, LCC- 4 and LCC-5 were 

7.80, 6.94, 6.42, 6.12 and 5.90% respectively. 

Compared with the control, the highest 

reduction in moisture content (~24%) was 

observed in LCC-5. These results revealed that 

incorporating nanoclay into the composite 

decreased the moisture content values of L. 

camara composites. The decrease in moisture 

Table 3	 Properties of phenol-formaldehyde resins (PF) without and with nanoclay (NC) loading

NC-1, NC-2.5, NC-4 and NC-5 correspond to 0, 1, 2.5, 4 and 5 wt% nanoclay added to PF; *not significant, 

values followed by the same letter are not statistically different at p ≤ 0.01 according to the one-way ANOVA test

Resin sample Non-volatile solids content (%)* pH* Flow time (s)

PF 37.1 ± 0.3 9.70 ± 0.5 16.8 ± 0.1a

PF/NC-1 38.2 ± 0.5 9.61 ± 0.4 16.2 ± 0.3ab

PF/NC-2.5 38.4 ± 0.2 9.59 ± 0.7 15.5 ± 0.8b

PF/NC-4 38.8 ± 0.6 9.58 ± 0.2 15.3 ± 0.2b

PF/NC-5 38.0 ± 0.2 9.55 ± 0.5 15.1 ± 0.6b

Table 4	 Physical properties of L. camara composites with different contents of nanoclay loading

LCC = Lantana camara composite; LCC, LCC-1, LCC-2.5, LCC- 4 and LCC-5 correspond to 0, 1, 2.5, 4 and 5 

wt% nanoclay in L. camara composite; values followed by the same letter are not statistically different at p ≤ 0.05 

according to the one-way ANOVA test

Sample
Density 

(kg m
-3
)

Moisture content

(%)

Water absorption

(%)

Thickness swelling

(%)

LCC 807 ± 1.291a 7.80 ± 0.068a 22.74 ± 0.100a 9.80 ± 0.041

LCC-1 843 ± 1.190b 6.94 ± 0.017b 20.95 ± 0.193b 8.77 ± 0.206

LCC-2.5 860 ± 2.102c 6.42 ± 0.009c 20.00 ± 0.206bc 9.27 ± 0.193

LCC- 4 874 ± 3.326d 6.12 ± 0.009d 19.66 ± 0.144c 8.15 ± 0.144

LCC-5 888 ± 5.391e 5.90 ± 0.079e 19.02 ± 0.287e 7.77 ± 0.287
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content can be attributed to the proper filling 

of gaps and the voids of the particles with 

nanoclay that prevented water permeability into 

the composites (Madhoushi et al. 2014, Jawaid 

et al. 2011).

On the other hand, the number of voids also 

impacts moisture absorption; the higher number 

of void content, the higher moisture content 

(Kim et al. 2005).  The higher moisture in the 

composite prepared with unmodified phenol-

formaldehyde can be attributed to higher free 

hydroxyl molecules (Ashori & Sheshmani 2010). 

This result concurs with that of a study by Kim et 

al. (2005) where three types of clay (quaternary 

alkylamine-modified montmorillonite (KH-MT), 

quaternary ammonium-modified montmorillonite 

(Cloisite 20A) and octadecylamine-modified 

montmorillonite (I30P)) were incorporated into 

an epoxy matrix. The authors reported that lower 

moisture absorption was seen in 5 wt% Cloisite 

20A and I30P due to lower diffusion and better 

dispersion of clay particles than KH-MT. The 

majority of L. camara composites fulfilled the 

specification given for moisture content as per IS 

3087 (2005).

Water absorption

A water absorption test was conducted for 

2 hours for L. camara composites (Table 4). 

Water absorption behaviour will indicate the 

resistance of L. camara composites with and 

without nanoclay towards natural conditions. 

A decreasing pattern in water absorption was 

observed with increasing nanoclay content, 

similar to the moisture content of L. camara 

composites. The water uptake values for LCC, 

LCC-1, LCC-2.5, LCC-4 and LCC-5 were 22.74, 

20.95, 20.00, 19.66 and 19.02% respectively. 

The hydrophilic nature of natural fibres creates 

voids, holes, cracks and microgaps between the 

matrix and filler and this can result in higher 

moisture content (Yadav & Yusoh 2019) and 

incorporating nanoclay reduced the water 

uptake in composites.

The nanoclay used may have filled the voids 

and fibre lumens, which inhibited water from 

penetrating deeper into the composites by capillary 

action (Tabari et al. 2011, Madhoushi et al. 2014). 

The main reason for water absorption is the 

presence of hydroxyl groups in significant 

components of natural fibres. Additionally, 

the presence of porous structures in L. camara 

particles helps to speed up water absorption by 

capillary forces (Sadik et al. 2021). The L. camara 

composites met the specified water absorption 

value as per IS 3087 (2005). As a result, the 

presence of nanoclay dramatically decreased 

the water absorption in L. camara composites 

boards filled with nanoclay (Table 4). The 

post-doc results confirmed that the nanoclay 

addition resulted in significant reduction of 

water absorption. Chee et al. (2020) reported 

that organically modified montmorillonite in 

bamboo/kenaf/epoxy hybrid nanocomposites 

showed a decrease of 4.19% in moisture 

absorption compared with bamboo/kenaf/

epoxy hybrid halloysite nanotube and bamboo/

kenaf/epoxy hybrid montmorillonite at 1% 

nanofiller loading rate. 

Surface absorption  and thickness swelling

Thickness swelling values of the nanoclay-

reinforced and unreinforced L. camara 

composites after soaking in water for 2 hours are 

shown in Table 4. The thickness swelling values 

of LCC, LCC-1, LCC-2.5, LCC-4 and LCC-5 were 

observed to be 9.80, 9.27, 8.77, 8.15 and 7.77% 

respectively. Thickness swelling of the nanoclay-

reinforced L. camara composites decreased 

compared with total composites after soaking. 

The highest reduction in thickness swelling 

was observed in LCC-5, about 20%, compared 

with unmodified L. camara composite. This can 

be attributed to the better adhesion between 

Table 5	 ANOVA of physical properties of L. camara composite panel prepared using different 

nanoclay content

Independent variable Dependent variable Mean square F-value p-value

Nanoclay (%)

 

 

 

Density 3942.175 103.469 < 0.01

Moisture content 2.309 255.544 < 0.01

Water absorption 8.355 36.220 < 0.01

Surface absorption 2.694 18.267 < 0.01
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filler and polymeric matrix and pore filling by 

nanoclay particles, reducing the probability 

of water entering the composites (Tabari et 

al. 2011, Zahedsheijani et al. 2012). Nanoclay 

particles had a positive and significant impact on 

the thickness swelling of L. camara composites, 

especially at higher loading levels (p < 0.01) as 

shown in Table 5. Lower nanoclay loading did 

not significantly affect water absorption and 

thickness swelling of composites (Sadik et al. 

2021). Swelling due to surface absorption of 

the composites decreased with higher nanoclay 

loading. The trend is similar to that of moisture 

content and water absorption. This trend was 

also observed in wood–plastic composites made 

of linear low-density polyethylene and rice husk 

reinforced with nanomaterials such as nanoclay 

and nanosilica (Sadik et al. 2021). 

Mechanical properties 

Modulus of rupture 

The bending strength of the sample under a 

vertical load is described as the modulus of 

rupture (MOR). The results conclude that the 

addition of nanoclay in the phenol-formaldehyde 

resins in L. camara composites improved the 

flexural characteristics of composites compared 

with control samples. As shown in Table 6, MOR 

values for LCC was 11.82 MPa, 12.63 MPa for 

LCC-1, 14.027 MPa for LCC-2.5, 15.72 MPa 

for LCC-4 and 14.22 MPa for LCC-5 (Table 6). 

Incorporating nanoclay into polymer matrix 

improves strength properties of the polymer (Lei 

et al. 2010). The composite made using 4 wt% 

nanoclay exhibited the highest improvement 

compared with the composite prepared using 

unmodified phenol-formaldehyde. The higher 

increment in LCC-4 can be attributed to better 

nanoclay dispersion, the higher availability 

of physical cross-linking points and solid 

interfacial interactions, which can result in high 

bending resistance by transferring effective 

stress from matrix to fibres. Quantity, size, 

apparent coefficient, shape, crystal structure, 

and method of dispersion of nanoclay into the 

polymer matrix affect the strength properties of 

composites (Kord & Kiakojouri 2011). However, 

the incorporation of 5 wt% nanoclay showed 

a reduction of 9% in the bending strength of 

L. camara composite compared with LCC-4 

due to the accumulation of nanoclay particles. 

Optimum addition of nanoclay can be beneficial 

in enhancing the MOR of L. camara composites 

(Lei et al. 2010). Similarly, in the current study, 

the addition of nanoclay had a significant effect 

on mechanical properties of LCC, as supported 

by statistical results represented in Table 7 (p < 

0.01).

In another study, Candan and Akbulut 

(2015) evaluated the MOR property of 

urea formaldehyde/nanofiller-reinforced 

particleboard composites with different 

nanomaterials, namely, nano-SiO
2
, nano-Al

2
O

3
, 

and nano-ZnO. The amounts of nanomaterials 

used were 1 and 3 wt% and results showed 

that both nano-SiO
2
 and nano-Al

2
O

3
 improved 

MOR values but not nano-ZnO.

Modulus of elasticity

Modulus of elasticity (MOE), i.e. bending 

stiffness values of different L. camara composites, 

are tabulated in Table 6. MOE values of LCC, 

LCC-1, LCC-2.5, LCC-4 and LCC-5 were 

1985.2, 2065.5, 2095.0, 2115.7 and 2104.2 MPa 

respectively. MOE first increased up to 4 wt% 

and then decreased at 5 wt%. The reduction of 

MOE in LCC-5 was observed to be significant (p 

< 0.01) (Table 6). The incorporation of 4 wt% 

nanoclay in the LCC-4 sample showed improved 

MOE, which was 6% compared with LCC 

(without nanoclay) due to uniform dispersion 

of nanoclay resulting in enhanced interfacial 

interactions. The addition of a higher amount 

of nanoclay may create difficulty in obtaining a 

uniform mixture between a higher amount of 

nanoclay and phenol-formaldehyde resins (Lei 

et al. 2010, Candan & Akbulut 2015).

Internal bonding strength 

The internal bonding strength values of L. 

camara composites are given in Table 6. The 

bonding strength was 0.620 MPa for LCC, 

0.765 MPa for LCC-1, 0.820 MPa for LCC-2.5, 

and 0.838 MPa for LCC-4. The results showed 

that further incorporation of nanoclay into 

the composite decreased the bonding strength 

in LCC-5 (0.820 MPa). but the drop was non-

significant (p < 0.01). This observation is 

similar to MOR and MOE results of l. camara 
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composites. Similar results were reported by Xu 

et al. (2011) and Fang et al. (2014). Interaction 

between wood and adhesive and the removal of 

gaps from the wood surface by the nanoparticles 

improves bonding strength of plywood panels 

(Xu et al. 2011). Fang et al. (2014) also reported 

similar results in Pinus kesiya plywood bonded 

with phenol-formaldehyde modified using 

various contents of montmorillonite (1–5 wt%).

Screw withdrawal strength 

Screw withdrawal values for L. camara 

composites were 2015 N for LCC, 2115 N 

for LCC-1, 2165.25 N for LCC-2.5, 2174.25 

for LCC-4 and 2171.5 for LCC-5 (Table 6). 

There was a slight gradual increase in screw 

withdrawal strength as nanoclay loading 

increased, although the value for LCC-5 

decreased slightly but the readings were not 

significant (p < 0.01). This study showed that 

nanoclay addition did not result in significant 

improvement in screw withdrawal properties, 

which was similar to findings by Salari et al. 

(2013), Madhoushi et al. (2014) and Candan 

and Akbulut (2015). Due to the low interfacial 

adhesion between the polymer matrices and 

the lignocellulosic biomass, adding nanoclay to 

L. camara composites results in weak interfacial 

bonding and decreased screw pullout strength.

CONCLUSION

This research investigated the modification of 

phenol-formaldehyde resins using nanoclay 

and its effects on the physical and mechanical 

properties of L. camara composites. Results 

show that as the nanoclay levels (i.e. 1, 2.5, 

4, and 5 wt%) increased, the solids content 

of modified phenol-formaldehyde resins 

also increased compared with neat phenol-

formaldehyde resin. However, flow time and pH 

decreased slightly. The modification of phenol-

formaldehyde resins by nanoclay improved 

interaction and adhesion between L. camara 

particles and the resins. Incorporating nanoclay 

into phenol-formaldehyde has significantly 

affected the physical and mechanical properties 

of L. camara composites. The results revealed 

that integrating high content of nanoclay (5 

wt%) enhanced density by 10% and reduced 

moisture content by 24%, water absorption by 

17% and swelling due to surface absorption 

by 20% compared with control. However, the 

mechanical properties of composites decreased 

at 5 wt% of nanoclay in LCC-5. The improvement 

in physical and mechanical properties of LCC-

4 highlighted the effectiveness of nanoclay as 

reinforcement in composites, and the high 

impact of nanoclay was achieved at 4 wt%. 

Table 6	 Mechanical properties of L. camara composites with different contents of nanoclay

Sample
MOR

(MPa)

MOE

(MPa)

Internal bonding 

strength

Screw withdrawal 

strength

(N)

LCC 11.82 ± 0.008a 1985.2 ± 1.250a 0.620 ± 0.011a 2015.00 ± 1.291a

LCC-1 12.63 ± 0.009b 2065.5 ± 1.555b 0.765 ± 0.012b 2115.00 ± 1.291b

LCC-2.5 14.03 ± 0.009c 2095.0 ± 1.472c 0.820 ± 0.009bc 2165.25 ± 1.493c

LCC- 4 15.72 ± 0.011d 2115.7 ± 1.250d 0.838 ± 0.017c 2174.25 ± 0.854d

LCC-5 14.22 ± 0.011e 2104.2 ± 1.493e 0.820 ± 0.010c 2171.50 ± 0.645d

LCC = Lantana camara composite; LCC, LCC-1, LCC-2.5, LCC- 4 and LCC-5 correspond to 0, 1, 2.5, 4 and 5 wt% 

nanoclay; MOR = modulus of rupture, MOE= modulus of elasticity; values followed by the same letter are not 

statistically different at p-value ≤ 0.01 according to one-way ANOVA test

Table 7 	 ANOVA of mechanical properties of L. camara composite panel prepared using different 

nanoclay contents

Independent variable Dependent variable Mean square F-value p-value

Nanoclay (%)

 

 

 

MOR 9.121 24002.487 < 0.01

MOE 11044.325 1389.223 < 0.01

Internal bonding strength 0.032 60.181 < 0.01

MOR = modulus of rupture, MOE= modulus of elasticity
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It showed that nanoclay loading at 4 wt% 

exhibited an increment in MOR by 32%, MOE 

by 6%, internal bonding strength by 35% and 

screw withdrawal strength by 7.8%. From these 

results it was concluded that the addition of 

4% of nanoclay in phenol-formaldehyde resin 

resulted in optimum improvements in various 

physical and mechanical properties of L. camara 

composite. Addition of more than nanoclay 4% 

did not result in any significant improvements 

in physico-mechanical properties. Thus, it was 

concluded that proper dispersion of nanoclay 

and proportion of nanoclay content influenced 

adhesion and overall improvement in the 

properties of phenol-formaldehyde resins, 

thus affecting the physical and mechanical 

properties of L. camara composites and can be 

utilised for various value-added applications 

such as panelling, furniture and decorative 

crafts. 
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