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Abstract In the present study, industrial toilet seat wastes

which contain 70 wt% urea formaldehyde and 30 wt%

cellulose were used as a particulate reinforcement in epoxy

matrix and their mechanical and physical properties were

investigated. The usage of urea formaldehyde and cellulose

mixture as filler of polymer composite materials is a novel

study. Initially toilet seat wastes were ground and particles

in the required size range were obtained. The characteri-

zation of waste particulate filler was carried out by scan-

ning electron microscopy, X-ray diffraction techniques and

He gas pycnometer. Optimum concentration of the filler

was determined as a maximum of 40 wt% because of the

increase in viscosity at higher waste concentration. The

effect of particle size on mechanical properties such as

hardness, bending strength and bending modulus was

evaluated. These are the key properties most likely to be

affected by incorporation of reinforcement phase. Experi-

mental results showed that bending modulus and hardness

increased and bending strength decreased with filler addi-

tion into epoxy resin. With the increase in filler content

both porosity and bending strength decreased and bending

modulus increased. On the other hand increase in particle

size led to the enhancement of bending strength and

bending modulus while accompanied with a decrease in

porosity. As a result, incorporation of urea formaldehyde

wastes basically resulted in the reinforcement of the epoxy

matrix. This allows for the recycling of hardly recoverable

thermosetting residues as well as improving some

mechanical properties of the composites.

Keywords Epoxy � Urea formaldehyde waste � Cellulose �
Bending strength � Hardness

Introduction

Basically, a composite material is a material system com-

posed of two or more macro constituents that differ in

shape and chemical composition and which are insoluble in

each other. It is possible to achieve combinations of

properties with composites which are in general not

attainable with metals, ceramics, or polymers alone.

Composites contain two or more different phases which are

matrix and reinforcement. The continuous phase that is

present in the greater quantity in the composite is termed

the matrix, which may be ceramic, metal or polymer.

Matrix may be ceramic, metal or polymer. The second

constituent is called as reinforcement, since it enhances

mechanical properties of the matrix. The geometry of the

reinforcement is one of the major parameters in deter-

mining the effectiveness of the reinforcement. In other

words, the shape or dimensions of reinforcement determine

the mechanical properties. Reinforcements may have par-

ticle, short or long fiber form. Another important parameter

that determines mechanical properties is interface bonding.

The load acting on the matrix has to be transferred to the

reinforcement via the interface. It is possible to produce

controllable properties by changing an appropriate amount

of constituents [1–5].

Many common examples of composite materials can be

found in the world such as wood and bone as natural

composites. On the other side modern composite materials
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are used in aerospace, transport, construction industry,

shipbuilding industry, anti-corrosion equipment, electrical

and electronic industry, all kinds of sports equipment,

agriculture and fisheries and mechanical manufacturing

[5–7].

Polymer matrix composites are the most widely used

among the composites [8, 9]. For decades different kinds of

waste materials have been successfully used as filler in

polymer matrix composites. This not only reduces the

production costs but also reduces environmental pollution

by utilizing waste materials. A huge amount of waste is

released by industries, which leads to serious environ-

mental problems. Eco-consciousness and government reg-

ulations compelled the researchers to study the use of

industrial wastes as a reinforcement phase in polymer

matrix composites. Industrial wastes as a reinforcement

phase provide low cost, ease of manufacturing and high

mechanical and other properties [10]. Industrial waste such

as metallurgical slag, foundry slag, waste glass, waste

rubber, gypsum-fiber waste, red mud, blast furnace slag, fly

ash, flue dust, and carbon black waste e.g. has been used as

filler to reinforce polymer [11–25].

A number of studies about the use of waste as filler in

epoxy matrix composites are available in the literature. In

our previous study, ceramicwasteswhichwere porcelain and

boron were used in epoxymatrix in order to reduce resin cost

and improve mechanical properties. The results showed that

addition of 60 wt% of ceramic waste was optimum content

for casting. Epoxy matrix composites with porcelain waste

showed better properties than boron waste added composites

due to more porosity evolution [26]. Biswas and coworkers

studied industrial wastes that used red mud and copper slag

particles as filler material with bamboo fiber and glass fiber

reinforced epoxymatrix composites. The results showed that

the density increasedwith the redmud and copper slag filling

for both bamboo and glass fiber reinforced composites. With

the addition of 10 % red mud, the elastic modulus increased.

The addition of filler did not affect the strength since the

adhesion between the fibers, filler and matrix was poor, and

the stress could not be transferred from the matrix to the

fibers. Flexural strength increased with the addition of red

mud with the maximum value of 164 MPa with a filler

content of 20 wt%. A gradual decrease in the strength was

found for bamboo and glass fiber reinforced composites with

the increase in the copper slag content. Tensile properties

were getting inferior with the incorporation of copper slag

particles in the epoxy-glass composites, but tensile modulus

improved for bamboo reinforced epoxy resin. The flexural

strength decreased with increase in the copper slag content

for bamboo epoxy composites. Impact strength increased

linearly with copper slag content increasing from 0 to

20 wt% [27]. Barbuta and coworkers studied polymer con-

crete by adding different types of wastes, such as

argillaceous powder, calcareous powder, marble powder and

fly ash in epoxy matrix. It was found that the calcareous and

fly ash addition in polymer concrete mix improved the

mechanical properties [28]. Fombuena et al. [29] studied the

addition of calcium carbonate from seashells in epoxy resin.

The results showed that incorporation of 30 wt% of seashell

increased mechanical properties as flexural modulus (over

50 %) and hardness Shore-D (over 6 %) and thermal prop-

erties as an increase around 13 % in glass transition tem-

perature. It was concluded that this is an effective method to

increase mechanical properties of bio-composite and to

reduce the residue of seashells from industrial production.

Goh et al. [30] used fly ash waste as filler in epoxy resin to

enhance the mechanical strength of the composite. Surface

modification was performed on fly ash to improve the

interfacial bond of the filler and epoxy resin. The results

revealed that unmodified fly ash weakened both flexural and

tensile strengths. On the other hand, addition of mesoporous

silica treated fly ash into epoxy matrix resulted in improved

mechanical properties with respect to unmodified and sila-

nized fly ash, with remarkable enhancements of flexural and

tensile strengths andmodulus . Purohit andSatapathy studied

wear of epoxy matrix composites containing LD sludge with

different content (0, 5, 10, 15 and 20 wt%). The results

showed that sludge content and sliding velocity affected the

specific wear rate more significantly than normal load and

sliding distance. Also, with increase in sludge content the

wear rate of the composite decreases for a constant sliding

velocity [31]. Prithivirajan and coworkers studied agricul-

tural residues such as rice husk and coir pith particulates with

varying amount (10–50 wt%) as reinforcement in epoxy

matrix as an alternative to wood and plastic based compos-

ites. They stated that the addition of rice husk and coir pith

particulates increased the mechanical properties of the

composite [32]. Martins et al. [33] developed epoxy com-

posites incorporated with 30 % in volume of continuous

sugarcane bagasse fibers and evaluated their mechanical

properties. The results revealed that bagasse fibers improved

the elastic modulus but a decrease strength and ductility.

Despite the fact that considerable research is being

carried out on waste containing epoxy matrix, no study on

reuse of thermosetting polymers like urea–formaldehyde

(UF) as a waste and filler in epoxy is available. Recycling

of thermoset polymer is more difficult since they have a

cross-linked structure and cannot be remolded in contrast

to thermoplastics which can be easily remelted [34]. Toilet

seats are produced basically by using a molding composi-

tion which is a mixture of UF and cellulose in the form of

granules. The mixture was cured under heat and pressure

with the compression molding method [35]. Generally, the

amount of defective products is in between 3 and 10 %

during production. The 3–10 % defective production of a

typical company corresponds to a waste that amounts to
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10–30 tons per year. Perceived lack of recyclability is now

increasingly important and seen as the key barrier to the

development or even continued use of thermoset compos-

ites in some markets. Therefore recycling of thermoset

polymers is an important issue in the world [36].

Toilet seats are an industrial waste which contains

70 wt%urea formaldehyde and 30 wt%cellulose. Themajor

advantages of the waste as a reinforcement phase are low

density, fiber like microstructure of cellulose. Recently,

Barari and co-workers has used the plant derived cellulose

nano fibers as reinforcement in epoxy matrix [37]. The

results showed that addition of cellulose fiber provided

enhanced mechanical and tribological properties compared

to pure epoxy samples. Addition of cellulose may increase

the tribological performance of toilet seat waste added to

epoxy composite and hence this kind of composites has a

potential to be used as engineering partswhich are exposed to

wear and friction. However, cellulose has a hydrophilic

character and hence adherence between the matrix and cel-

lulose is poor. In order to improve adherence to polymeric

resin functionalization of cellulose by direct polymerization

of monomers groups is one of themost useful processes [38].

Formaldehyde-based materials are key to the manufac-

ture of automobiles, and used to make components for the

transmission, electrical system, engine block, door panels,

axles and brake shoes. The value of sales of formaldehyde

and derivative products was over $145 billion in 2003,

about 1.2 % of the gross domestic product (GDP) of the

United States and Canada. Approximately 1 million metric

tons of urea–formaldehyde are produced every year. Over

70 % of this production is then put into use by the forest

industry products for bonding particle board (61 %),

medium density fiberboard (27 %), hardwood plywood

(5 %), and laminating adhesive (7 %) [39].

To the best of our knowledge there is no study available

for use of toilet seats as the reinforcement phase. Therefore

in this study, the use of hardly recoverable thermosetting

toilet seat waste which contains UF and cellulose as a

reinforcement phase was evaluated in epoxy resin. The

effect of filler content and particle size on mechanical and

physical properties was determined. Such understanding is

necessary, due to growing interest and new potential

applications. The study was also aimed at eliminating the

waste from the environment.

Experimental Studies

Materials and Methodology

The matrix material consists of epoxy resin and hardener

was supplied by Smoth-on Limited, Canada. The mixing

ratio of the epoxy and hardener was taken as 73:27 by

weight. Toilet seats are an industrial waste, taken from

ceramic company, Bilecik, Turkey. Waste material was

ground with a Fritsch Vibrating Cup Mill Pulverisette 9 for

2 min at 900 rpm. After that ground waste was dry sieved

for 5 min with Fritsch Vibratory Sieve Shaker Analysette 3

Spartan to obtain a particle size in the range of 45, 90 and

150 lm. The schematic presentation of preparation of

waste and characterization is given in Fig. 1. The theoret-

ical density of waste was measured by Micromeritics

Accupyc II 1340 model He-gas pycnometer and found as a

1.47 g/cm3. The types of phases were determined by means

of X-ray diffraction analyses (XRD-Panalytical, Empyrean

with Cu-Ka radiation). Figure 2 represents the XRD pat-

tern of waste material. The graph showed that guanidine (1,

3, 4 and 5 coded arrows indicated the phases) and dini-

trogen tetroxide (2 and 4 coded arrows indicated the pha-

ses) phases were available in waste material. Secondary

electron scanning electron microscopy (Zeiss Supra 40 VP

FEG-SEM) images of waste material are given in Fig. 3.

Particles are of irregular shape and of different size after

grinding. The particle shape affects the process ability of

composite and some mechanical properties.

Monolithic epoxy resin and composite materials with

different epoxy: waste ratio (wt%. 70:30, 60:40, 50:50) and

different waste particle size was prepared (Table 1). The

coding is as follows: the first two figures following W

represent the particle size and the last two figures represent

the waste ratio. The process flow chart was given in Fig. 4.

Polymer matrix composites were produced with the casting

method. Before casting, the mold is coated with lubricant

that is polyvinyl alcohol (PVA) to easily remove the

composites from the mold. Epoxy resin, hardener and

waste particulates were blended together at 500, 1000 and

1500 rpm for 5 min, respectively. The purpose of the slow

mixing rate in the beginning is to avoid the loss of filler

powder by dusting. Once the filler is incorporated into the

liquid polymer the mixing rate could be increased stepwise

to obtain homogeneous mixing and avoiding the vortex

reaching the propeller. After that the blended mixture was

subjected to vacuum application in a desiccator to remove

the bubbles and prevent subsequent pores in the composite.

The blended mixtures were poured into silicon molds. The

epoxy resin-waste particulate blend was left for 24 h in the

mold at room temperature for curing after which the epoxy

resin-waste particulate composite was carefully removed

from the mold.

In order to determine the theoretical density of the

composite, the theoretical densities of the waste and epoxy

resin were used. Theoretical density of composite was

calculated by using law of mixture as following equation

[1–6]. In order to calculate the theoretical density of the

composite, weight fractions were converted to volume

fractions.
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qc ¼ qm � Vmþ qr � Vr ð1Þ

where qc, theoretical density of composite, qm, theoretical

density of matrix, qr, theoretical density of reinforcement,

Vm, volume fraction of matrix, Vr, volume fraction of

reinforcement.

The microstructural investigation of the fractured sur-

faces of samples was performed by means of a scanning

electron microscope (SEM-Zeiss Supra 40VP). The hard-

ness of plastics is commonly measured by a shoremeter.

The method measures the resistance of plastics toward

indentation. The Shore-D hardness was measured of sam-

ples with 5 9 5 cm in size. At least five measurements

were made for each sample and average was taken. 3 point-

bending strength tests of samples was done according to TS

985 EN ISO 178 standard. At least three samples were used

for a test. After that bending strength, elongation, bending

modulus were determined. The bending modulus of com-

posites was calculated using the following equation.

E ¼ L3

4WD3
� m ð2Þ

Procurement of Toilet Seat Waste

Grinding with Fritsch Vibrating Cup Mill
Pulverisette 9 for 2 min.at 900 rpm

Sieving with Fritsch Vibratory Sieve
Shaker Analysette 3 Spartan

Characterization

Theoretical Density Measurement with
He gas pycnometer

Microstructural Investigation with
Scanning Electron Microscopy with

Secondary Electron Detector

Phase Analysis with X-Ray 
Diffractometer

Fig. 1 Schematic presentation of waste preparation and characterization

Fig. 2 XRD pattern of waste material (1, 3, 4 and 5 peaks: Guanidine

HNC(NH2)2, 2 and 4 peaks: Dinitrogen tetraoxide N2O4)

Fig. 3 SE-SEM image of waste material
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where E is the bending modulus, m is slope, L is the dis-

tance between the span, W is the width and D is thickness

of the tested sample.

The Archimedes principle was used to measure the

density and porosity of the samples. Bulk density, %open

porosity, %theoretical density and %total porosity were

calculated using the following equations.

Bulk Density ¼ W1

W3 �W2

� qwater ð3Þ

%Open Porosity ¼ W3 �W1

W3 �W2

� 100

%T :D: ¼ B:D

T:D
� 100

%Total Porosity ¼ 100�%T:D:

where, W1 is dry weight, W2 is wet weight suspended in

water, W3 is wet weight, B.D. is Bulk Density, T.D. is

Theoretical Density of samples.

Results

Determination of Optimum Epoxy:Waste Ratio

One of the objectives of the study is producing low cost

composites. Therefore the waste amount should be as high as

possible. For the determination of optimum epoxy:waste ratio

for casting, the particle size of waste was kept constant as

45 lm. Varying amounts of waste (epoxy:waste ratio 70:30,

60:40, 50:50) were added into epoxy resin in order to observe

the processing ability of the mixture (epoxy and waste). Some

observations about the casting behavior of composite mixture

were given in Table 2. With the addition of 30 % waste, easy

mixing, little porosity evolution, no lamination problem, low

viscosity and easy casting were obtained. With an increase in

waste amount from 30 to 40 wt%, the blend was still mixable,

the viscosity was low, there was little evolution of porosity,

no lamination, low viscosity and the mixture was castable.

However, an increase in waste content led to remarkable

increase in viscosity. With a further increase in the waste

amount to 50 wt%, the mixing was getting worse, there was

high porosity evolution due to the difficulty of processing the

mixture, no lamination problems, but very high viscosity and

casting was difficult. Due to significant loss of fluidity,

additions over 40 wt% have not been efficient. Therefore it

was found that a 60 epoxy: 40 waste ratio was optimum to get

low cost composites with processing ability. A longer time of

mixing or a sonication process may be tried to provide proper

distribution of the waste in the polymer matrix [40].

Physical Properties of Composites

Table 3 shows the bulk density, theoretical density, %

theoretical density and vol %total porosity of composite

materials. The bulk densities of composite are changing

between the 1.17 for the W4530 to 1.25 g/cm3 for the

W15040. Bulk density consists of open and closed pores.

So if the material has high bulk density, total pore amount

will be low. Since the W15040 coded composite has bigger

waste particle size (150 lm) its process ability is better and

hence has the lowest porosity evolution and highest bulk

density value. With an increase in waste content and

Starting Materials 
(Epoxy Resin and Waste Particles)

Mixing with Mixer at 500 rpm for 5 min.

Mixing with Mixer at 1000 rpm for 5 min.

Mixing with Mixer at 1500 rpm for 5 min.

Vacuum Application with 5 min.

Casting into silicon molds

Curing at room temp. for 24 hours

Removing from molds

Characterization/Test/Analysis

Fig. 4 Composite production process flow chart

Table 1 Specifications of prepared composite materials

Code Epoxy: waste ratio (wt%) Particle size of waste (lm)

W4530 70:30 \45

W4540 60:40 \45

W4550 50:50 \45

W9030 70:30 \90

W9040 60:40 \90

W15040 60:40 \150
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particle size of added waste material, the bulk density,

theoretical density, % theoretical density values increased

and total porosity level decreased. If the particle size is

less, the particles have higher surface area and process

ability is worse. Therefore a composite consisting of fine

particle size of waste causes more porosity evolution and

less %theoretical density. Representative SEM images of

W4540 and W15040 coded composites were given in

Fig. 5. As seen from the SEM images, the fine particle

containing composite (W4540) has a higher porosity than

coarse particle containing composite (W15040). The

results corresponded with the total porosity values which

were obtained from the Archimedes principle.

Shore-D Hardness

The Shore-D hardness results of samples are given in

Table 4. The Shore hardness of the waste material was

measured as 94 ± 0.3. Addition of waste particles into

epoxy resin caused an increase in hardness, so monolithic

epoxy material showed lower hardness than composite

material. The hardness value remained almost constant

when there was an increase in the amount of waste particles

in the composite (Fig. 6). On the other hand the hardness

value showed only a slight increase when larger particles

(\150 micron) are used instead of fine particles (\45 lm)

(Fig. 7).

Porosity affects the hardness of the composite. In order

to relate the shore hardness with porosity, microstructural

investigation of composites was carried out and compared

with the total porosity values which were obtained from the

Archimedes principle applied to the composite. As seen

from the SEM images (Fig. 7), fine particle containing

composite (W4540) had a higher porosity (21.01 %) than

coarse particle containing composite (16.58 % for

W15040) since they have higher surface area and were

Fig. 5 Representative SEM-SE images of composites a W4540, b W15040

Table 2 Observations about casting behaviour of epoxy:waste mixtures

Sample W4530 W4540 W4550

Observations Pore formation is little Pore formation is available High pore formation

No lamination No lamination No lamination

Low viscosity Medium viscosity High viscosity

Easy casting Homogeneous distribution of particles Difficult casting

Homogeneous distribution of particles Homogeneous distribution of particles

Table 3 Bulk density,

theoretical density, %

theoretical density and % total

porosity of composite materials

W4530 W4540 W4550 W9030 W9040 W15040

Bulk density (g/cm3) 1.17 1.18 1.19 1.19 1.22 1.25

Theoretical density 1.48 1.49 1.49 1.48 1.49 1.49

% T.D. 77.34 78.99 79.40 80.65 81.61 83.42

% Total porosity 22.66 21.01 20.60 19.35 18.39 16.58
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difficult to process. As a result, increase in porosity led to

decrease in hardness. Similar results were obtained in the

literature about the effect of porosity on hardness [41].

Bending Strength and Bending Modulus

Table 5 shows the bending strength and bending modulus

of composite samples. Bending strength values are

changing between 62.94 MPa for W4550 and 106 MPa for

the epoxy matrix. Addition of waste particles into epoxy

resin caused a decrease in bending strength. On the other

hand with the increase in waste amount, the bending

strength was increased slightly. As seen from the graphs

(Fig. 8), addition of hard particles into epoxy resin led to a

decrease in bending strength due to waste particles pro-

viding more brittleness. When the waste particle size was

fine the bending strength remained relatively constant with

the increasing amount of the waste content (Fig. 8).

Bending strength values changed between 62.94 to

66.01 MPa for W45 coded samples. This might result from

the homogeneous distribution of waste particles in the

epoxy resin. Also the interface bond strength between the

matrix and reinforcement might be similar with different

waste amounts.
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Fig. 6 Hardness-waste content relationship for a W45 coded composites, b W90 coded composites

Fig. 7 Hardness-waste particle

size relationship (%T.P: is total

porosity percentages)

Table 4 Shore-D hardness

values of composites
Sample code Shore hardness

Epoxy 80.50 ± 4.9

W4530 85.70 ± 0.3

W4540 85.40 ± 0.1

W4550 85.80 ± 0.4

W9030 86.60 ± 1.2

W9040 86.90 ± 1.5

W15040 87.00 ± 1.6

Table 5 Bending strength and bending modulus values of

composites

Bending strength (MPa) Bending modulus (GPa)

Epoxy 106.00 2.13

W4530 62.94 3.46

W4540 65.25 3.74

W4550 66.01 4.57

W9030 69.90 3.31

W9040 73.11 4.33

W15040 91.52 4.57
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The use of coarser waste particle size led to the

improvement of bending strength (Fig. 9). While W4540

sample had 65.25 MPa bending strength value, W9040 and

W15040 coded composites had 73.11 and 91.52 MPa

bending strength values, respectively. With use of coarse

particles instead of fine particles the bending strength

showed an increase about 12 and 25 %, respectively. This

may be affected by the porosity content and the nature of

the reinforcement phase. An increase in filler particle size

leads to a decrease in filler volume in the composite.

Therefore the material shows similar characteristics with

epoxy matrix which have higher bending strength than

reinforced composite.

An increase in porosity in the microstructure results in

lowering of bending strength. SEM images of W4540,

W9040 and W15040 sample’s fracture surfaces are given
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Fig. 8 Bending strength-waste ratio relationship for a W40 coded composites, b W90 coded composites

Fig. 9 Bending strength-waste

particle size relationship
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Fig. 10 Bending modulus-waste content relationship a W40 coded composites, b W90 coded composites
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in Fig. 9. From the images it was obvious that porosity

level was getting low with the increase in particle size of

the waste. On the other hand, cellulose with fiber like

structure in the waste material may result in enhancement

of bending strength. The highest bending strength was

obtained from W15040 composite.

Bending modulus enhanced with the addition of hard

waste particles into epoxy resin. Besides an increase in

waste ratio the bending modulus showed an increased trend

(Fig. 10). The particle addition led to an increase in rigidity

revealed by an enhancing bending modulus observation.

Similarly, porosity also affected the bending modulus. A

decrease in porosity in the microstructure caused an

increase in bending modulus. A similar trend was also

observed for W90 compositions. Use of coarse particle size

of waste gives higher bending modulus than finer ones. It

can be related to again porosity amount and hence process

ability of epoxy-waste mixture (Fig. 11).

Conclusions

The optimum pourable epoxy:waste ratio was determined

as 60:40 wt%. The results revealed that bending modulus

and hardness increased and bending strength decreased

with filler addition into epoxy resin. When the filler

content increased, both the porosity and the bending

strength decreased, while the bending modulus increased.

On the other hand increase in particle size led to the

enhancement of bending strength and bending modulus

accompanied with a decrease in porosity. The incorpora-

tion of urea formaldehyde wastes basically resulted in the

reinforcement of the epoxy matrix. This allows for the

recycling of hardly recoverable thermosetting residues as

well as improving some mechanical properties of the

composites.
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