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Abstract

Melamine—formaldehyde resin is one of thermosetting plastics that are widely used in
kitchen ware production industries. In the manufacturing processes, scrap and waste of formed
melamine cannot be reformed or reused. Therefore, this study aims to investigate the proper
proportion of virgin melamine powder and waste melamine in order to increase values of those
plastic products. For experiment methodology, the melamine powder and waste melamine are
compounded and formed as newly reformed products by hot compression molding and cold
compression molding for mechanical property testing. Compressive test, bending test and impact
test are used for evaluating mechanical properties of above mentioned products. For experimental
results, the mechanical properties of cold molding products are relatively lower than hot molding
products due different melamine molecular packing. It was found that the pre-heating at 100°C

for 15 hours and heating at 160°C for 1 hour is the appropriate condition for cold forming.
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ABSTRACT

Melamine formaldehyde resin is one of the
thermosetting plastics that are widely used in
kitchen ware production industries. In the
manufacturing processes, scrap and waste of
formed Melamine cannot be reformed or reused.
Therefore, this study aims to investigate the
proper proportion of virgin Melamine powder and
waste Melamine in order to increase values of
those plastic  products. For  experiment
methodology, the Melamine powder and waste
Melamine are compounded and formed as
newly-reformed products for mechanical property
testing. Heat-compressive test, bending test and
roughness test are used for evaluating mechanical
properties of abovementioned products. For
experimental results, the mechanical properties of
reused Melamine products are relatively lower
than virgin Melamine products. The part which
its waste Melamine is not over 30 % has effective
flexural and compressive strengths in the proper
range of virgin Melamine property. Surface
roughness of the formed parts decrease when
amount of waste Melamine increases.

1. INTRODUCTION

Plastic is the bio-chemical substance that is
popularly used to produce low cost plastic
products instead of natural materials. Nowadays,
plastic products are widely used in several
countries. So, the increase of the use of plastic
products will increase the amount of waste, which
will have an influence on environment and
climate change. Plastic and Foam waste is about
14 percent of all product waste, 1.9 million tons in
1999. In 2001, the amount of plastic product waste
increased about 16 percent, to 2.3 million tons.
Lastly, it increased by about 2.7 million tons in

2008 (Pollution Control Department). Because of
increasing populations, the use of plastic products
and waste consequently increases. Plastic
materials can be divided into two types.

1. Thermoplastics, i.e. Polyethylene terephthalate
(PET), Polyethylene (PE), Polypropylene (PP),
Polystyrene (PS) and Polyvinyl chloride (PVC),
can be reused in the plastic reproduction process.
2. Thermosetting, i.e. PUR, Epoxy, Phenolic and
Melamine, these types cannot be reused due to
cross linking among the polymer chains.
Thermosetting has more durability on high
temperature resistance and it will be immediately
diluted when the melting temperature reaches the
critical point. Normally, high temperatures
combined with high compressive forces can form
this material well to the required shape.

The used plastic products can be disposed of by
various methods, such as burial, landfill,
incineration and recycling processes. The recycle
processes are the best method. The advantages of
recycle processing are reducing pollution and cost
of reproduction. So, this method is interesting for
studying the increase in values of the used plastic
materials.

Melamine formaldehyde resin is mostly used to
produce dishes and table wear, spoons ete. for food
preparation. It has a specific weight about
1.45-1.52 (Pichit Liampipat, 1996) with high
strength and hardness. This Melamine
formaldehyde powder is not suitable for outside
surface coating because it is fades easily. For
electric conductivity, it is an electrical resistor and
is unmatched with high electrical frequency.
However, it is popularly made for some electric
devices instead of Phenolic. The mechanical
properties of Melamine are shown in Tablel
(Sidney H. Goodman, 1998).

Several fields of material forming research
studied on plastic recycle and plastic deformation.
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Especially, S.J. Pickering (2005) who carried out
studies on technologies for recycling thermoset
composite materials. Mechanical and Thermal
recycling techniques involve the use of grinding
techniques to comminute the scrap material for
reuse as fillers or partial reinforcement in new
composite material. There are technologies that
can used to produce powder and fibrous recyclates
that have potential for reuse back into thermoset
compounds. However they have lower density and
lower mechanical properties. The fibrous
recyclates have some potential as reinforcement
materials, but they are not as good as the virgin
reinforcement. Phaiboon Panyakapo and Mallika
Panyakapo (2007) have carried out studies on
lightweight  concrete - Melamine waste
combination. For their research result, that
product has a low density and weight because of
the reduced specific gravity.

This research uses thermosetting material to
form the example parts (specimen) by using
compression process, including heat input.
Finally, the mechanical properties of those
specimens are evaluated by compressive test,
bending test and roughness test.

Table 1 Properties of Melamine.

Melamine properties

Tensile strength 35-90 MPa
Compression strength 228-310 MPa
Flexural strength 62-110 MPa
Flexural modulus 7.68 GPa
Hardness M115-M125
2. EXPERIMENT
2.1 Material
2.1.1 Melamine powder. Industrial grade Melamine
powder (ready mixed with cellulose and
formaldehyde).

2.1.2 Melamine waste. Defected parts of Melamine
products (scrap and scratch parts) are used. This
Melamine waste is ground and filtered by sieve
shaker machine, with 90-150 micron.

2.2 Combination

The virgin Melamine was mixed with waste
Melamine powder at ratio virgin: waste 50:50,
60:40, 70:30, 80:20, 90:10 and 100:0 which
compounded by ball mill, 10 minutes of running
machine. Grinding mill (diameter = 1 em.) is used to
mix, 250 g a times.

2.3 Specimen preparation

Specimens for test are formed by LONG CHANG
200TON from Srithai Superware public company
limited, Nakhonratchasima, Thailand. Temperature
input of 160 Celsius and compression force of 200
bar with running time of 150 second is performed.

2.4 Experiments

The specimens are finished with sand papers
(numbers 600, 1000, 1500 and 2000) and are
machined by a belt saw and milling machine. Then
was finished again by sand papers (numbers 1000,
1500 and 2000)
241 Bending test. Dimensions of standard
specimens (ASTM D790) are 6 mm.X6 mm. X 100
mm, support distances (span length) = 90 mm.
Universal Testing Machine, INSTRON Load cell
with 5 KN tension force, speed ratios =2.0 mm /
minute at room temperature is used. Five
specimens per testing condition are performed.
The specimens are bent under three - point
bending.
2.4.2 Compressive test. Dimensions of standard
specimens (ASTM D695) are 6 mm X 6 mm X 12
mm. Universal Testing Machine, INSTRON Load
cell with 50 kN tension force, speed ratios = 1.33
mm / minute at room temperature is used. Five
specimens per testing condition are performed.
2.4.3 Surface roughness test. The specimens are
tested on surface of a square bar dimensions of bar =
6 mm. X 6 mm. X 100 mm. Mitutoyo SUFTEST
SA-400, 600 micron, distance testing point = 3.5 am.
edge distance = 1.5 an. at room temperature is used
for testing. One specimen per testing condition is
performed. Measurements are taken of four sides
and the average taken.

3. EXPERIMENTAL RESULTS

3.1 Result of part forming

Four of all ratios (.e. 100:0, 90:10, 80:20, 70:30)
can be prepared for testing. The remaining parts (i.e.
60:40, 50:50) are thick and shown in Fig. 1. Due to
flow instability during compressing, heating, and
increased hardness caused by many Melamine
wastes, flow ability of material consequently
decreases at the same compression and heat input.
Moreover, tools may be damaged if compression
force increases.

2
@
©

Fig. 1 (@), (b) Unusable specimens or defect part
(Mixing ratio, 60:40, 50:50).
(), (d) Usable specimens
(Mixing ratio, 100:0, 90:10, 70:30).
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3.2 Bending test

The flexural strength (Fig. 2) has highest at 0%
waste Melamine. When waste Melamine increases
the flexural strength is reduced by 13.05%, 15.06%
and 26.74%, respectively. Flexural modulus (Fig. 3)
at 0% waste Melamine (8.17GPa) is the highest
value and slightly reduced by 1.53%, 7.69% and
11.59%, respectively when waste Melamine
increases. However, the flexural strengths at
almost all the test are close to Melamine properties
(7.58 GPa) . Flexural modulus, the minimum value
found is 7.23 GPa. Therefore recycling can be used
for bending load.
160
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40
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Fig. 2 Flexural strength of recycled Melamine,
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Fig. 3 Flexural modulus of recycled Melamine.
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Fig. 4 Compressive strength of recycled Melamine.

3.3 Compression test
The compressive strength showed in Fig. 4. The

highest value at 0% waste Melamine (262.57 MPa)
and slightly reduced to 0.43%, 1.05% and 7.37%,
respectively, when waste Melamine increases.

The minimum compressive strength found was
251.25 MPa which is in the range of Melamine
properties. In addition, the compression strength of
recycled Melamine can be replaced with other
materials such as Phenolic, Urea, etc.

As the waste Melamine increases it causes a
decrease of matrix which has a continuous phase
effect to the flexural and the compressive strengths
which are reduced.

3.4 Roughness

The result of surface roughness showed in Fig. 5.
The surface roughness was lowest at 0% waste
Melamine (0.4054 1m) . The waste melamine causes
an increase of the roughness and reaches about
93%, 123%, and 139% respectively.

3
25

2

Rouhness,Ra (um)
£

i

.5
10

0.5
[
0 20 30
%Waste Melamine

Fig. 5 Roughness of recycled Melamine.

CONCLUSION

From the combination of waste Melamine and
virgin Melamine, it is found that over 30 % of waste
Melamine (40%, 50%) causes decrease of flow ability
of reused material during forming. So, the formed
parts are thick and are not suitable for use as
specimens. In contrast, the part with waste
Melamine not over 30 % was found to have the
flexural strength and furthermore the compressive
strength of material obtained from experimental
results and they are in the proper range of virgin
Melamine property. For flexural modulus, the
formed part with waste Melamine at 10 %, 20%,
and 30% has flexural modulus close to virgin
Melamine. On the other hand, surface roughness of
the formed parts increase when the amount of
waste Melamine increases which may cause more
friction resulting in the formation of corrosion
or damage.
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ABSTRACT

Melamine formaldehyde resin is one of the
thermosetting plastics that are widely used in
kitchen ware production industries. Melamine is
normally formed by hot compression molding,
which requires high energy input. The ultimate
goal of this study was to form recycled materials
from waste melamine. It is desired to use cold
compression molding, which consumes lower
energy consumption in the forming processes. One
important step in the cold processes is pre-heating
process. Therefore, this study aims to investigate
the influence of pre-heating in cold forming of
melamine. The specimens are formed by cold
compression molding, pre-heated for several time
and sintered in the shape of 3-point bending test
sample. The flexural strength and moisture
content of the specimen were measured. It was
found that the pre-heating at 100 degree Celsius
for 15 hours is the appropriate condition for
elimination of the moisture. The specimens of
such conditions are well formed in shape with
good surface appearance. It is recommended to
form and test the specimens which are mixed
between waste and virgin Melamine for further
work.

1. INTRODUCTION

Plastic is the substance that is popularly
used to produce low cost products instead of
natural materials. Nowadays, plastic products are
widely used in several countries and lead to the
increase of plastic waste amount. Consequently,
there are an influence on environmental impact
and climate change. In a period of 10 years,
plastic and foam waste is about 18 percent of all
product waste, 1.65-2.84 million tons a year in
2000-2009 (Pollution Control Department).

Because of increasing populations, the use of
plastic products and waste consequently
increases. Normally, plastic materials can be
divided into two types.

1. Thermoplastics, i.e. Polyethylene terephthalate
(PET), Polyethylene (PE), Polypropylene (PP),
Polystyrene (PS) and Polyvinyl chloride (PVC),
can be reused in the plastic reproduction process.

2. Thermosetting, i.e. PUR, Epoxy, Phenolic and
Melamine, these types cannot be reused due to
cross linking among the polymer chains.
Thermosetting has more durability, high
temperature resistance and it will be immediately
melted when reaches the melting point. It is
usually formed with high temperatures and high
compressive forces, simultaneously, in the mold of
desired shape.

The used thermosetting plastic products can
be disposed by land filling. Due to the plastic is
durable and takes a hundred of years to
decompose. So, the recycle processes are the most
interesting method to face this problem. The
advantages of recycle processing are reducing
pollution and environmental impact.

Melamine formaldehyde resin is mostly used
to produce dishes, table ware and spoons ete. It
has a specific weight about 1.45-1.52 (Pichit
Liampipat, 1996) with high strength and
hardness. For electric conductivity, it is an
electrical insulator and is unmatched with high
electrical frequency. However, it is popularly
made for some electric devices instead of
Phenolic. The mechanical properties of melamine
are shown in Table 1 (Sidney H. Goodman, 1998).
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Tablel Properties of Melamine.

Melamine properties
Tensile strength 35-90 MPa
Compression strength  [228-310 MPa
Flexural strength 62-110 MPa
Flexural modulus 7.58 GPa
Hardness M115-M125

Typically, melamine product was formed by hot
compression molding. The processes of forming
consist of pre-heating and hot pressing processes.
In the hot pressing process, the compound will be
melted and flowed to form into shape in the mold.
Then, the mold is opened and Melamine product is
removed from the mold.

Several fields of material forming research
studied on plastic recycle and plastic deformation.
S.J. Pickering (2005) carried out studies on
technologies for recycling thermoset composite
materials. Mechanical and Thermal recycling
techniques involve the use of grinding techniques
to comminute the scrap material for reuse as
fillers or partial reinforcement in new composite
material. There are technologies that can be used
to produce powder and fibrous recyclate that have
potential for reuse. However the recycled
materials wusually have lower density and
mechanical properties than the original fresh
material. The fibrous recyclates have some
potential as reinforcement materials, but they are
not as good as the virgin reinforcement. Phaiboon
Panyakapo and Mallika Panyakapo (2007) have
carried out studies on lightweight concrete- waste
melamine combination. They have been reported
that the waste melamine could be reused in some
type of lightweight concrete.

The ultimate goal of this study was to use cold
compression molding, which consumes lower
energy consumption in the forming processes, to
form the recycled melamine. In this stage, the cold
forming condition of pure melamine was
investigated. One important step in the cold
processes is pre-heating process. Therefore, this
study aims to investigate the influence of
pre-heating in cold forming process of pure
melamine.

The melamine powders are formed by cold
compression molding, pre-heated for several time
and sintered in the shape of 3-point bending test
sample. The flexural strength and moisture
content of the specimen were measured. It is
recommended to form and test the specimens
which are mixed between waste and virgin
Melamine for further work.

Weight material
Pressed forming

e 3-point bending test

e Moisture measurement

Fig. 1 Experiment procedure.
2. EXPERIMENT

2.1 Melamine powder
Industrial grade melamine powder (ready mixed
with cellulose and formaldehyde).

2.2 Specimen forming

Melamine powder was weighted in calculated
amount from volume of specimen using density of
1.425 kg/m? (reference from specimen that formed by
hot compression molding). The specimen was
formed by hydraulic press without heat. Then,
pre-heat at various time periods was carried out.
The forming condition is shown in table 2. After that,
the formed specimen was sintered and tested the
flexural strength.

Table2 Forming conditions

Specimen Pre-heat Sintering
No. condition. condition
Temp. Time Temp Time
1 0
2 100 °C 6 160°C | 6 hr.
3 18
4 36
5 54
6 100 °C 9 160°C | 6 hr.
7 12
8 15
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2.3 Measurements
2.3.1 Bending test

Dimensions of standard specimens (ASTM
D790) are 125 mm.X 127 mm. X 3.2 mm,
supported distances (span length) 51.2 mm.
Universal Testing Machine, INSTRON Load cell 5
kN, speed 2.0 mm / minute at room temperature
is used. Six specimens for each testing condition
are performed. The specimens are bent under
three - point bending.
2.3.2 Moisture measurement

After the sintering process, specimens were
weighed to the reference value. Then, the specimen
was ground to reduce size for easier elimination of
moisture. The reduced size specimen was baked at
100 °C for 24 hours. Then, cooling down in the
desiccators and weighed again to achieve the
moisture amount .

3. EXPERIMENTAL RESULTS

3.1 Result of specimen forming

Specimen no.1 was pressed and sintered at 160
°C (follow to the normal forming temperature of
Melamine) without pre-heating. The specimens of
such conditions cannot be formed in shape
compared to specimen with pre-heating as show in
Fig. 2. It could be considered that might cause by
moisture remaining in the specimen. On the
sintering process, the moisture changes into vapor
phase with high pressure while the surface of the
specimen was already cured. It results the bending
and crack of specimen surface as shown in Fig. 2.
The specimens no. 2-8 are well formed in shape
with good surface appearance.

(a) b)
© @

Fig. 2 (a), (b) Specimen without pre — heating.
(), (d) Specimen with pre — heating.

3.2 Influence of pre-heated time

The flexural strength results of specimen no. 2, 3,
4, 5 was shown in Fig.3. It was found that specimen
no. 4 is the highest flexural strength. However, the
statistical hypothesis test at the 95% confidence
level, shown in Table 3, was indicated that there are
not significantly different between specimen no 3
and 4. It was implied that the appropriate
pre-heating time should be located between 6-18
hours.

-
S N
s o

@
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Flexural Strength (MPa)
8 3

o

6 18 36 54

Pre-heat time (hour)
Fig. 8 Flexural strength of specimen no. 2- 5.
120 -
100 -
80 -
60 -
40 -

20

Flexural Strength (MPa)

6 9 12 15 18
Pre-heat time (hour)

Fig. 4 Flexural strength of specimen no.2, 3, 6, 7, 8.

Figure 4 showed the flexural strength of
specimen no. 2, 3, 6, 7 and 8 which was pre-heating
for 6, 9, 12, 15 and 18 hours respectively.  From
these results, it was statistically discussed and
selected to pre-heat the specimen for 15 hours
(specimen no. 3) due to it was significantly no
different between pre-heating time 18 hours. The
results of hypothesis testing was shown in Table 3.
It was obvious that the lower pre-heating time than
15 hours yielded the significantly different flexural
strength from the sepcimen no. 3.
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Table3 The result of one sample t-test of (Ho: p =90.12) vs (Hi: p# 90.12) with confidence level 95%.

Specimen No. Pre-heat time & Dev. SE 95% Cl T P-value
Mean

2 6 9.74 4.87 (57.72,88.71) | -3.47 0.040
6 9 7.63 3.1 (72.58, 88.59) | -3.06 0.028
7 12 10.37 4.64 (63.54,89.29) | -2.96 0.042
8 15 5.75 2.87 (85.04,103.34) | 1.42 0.252
3 18 3.09 1.54 (85.21,95.03) | Ref. -
4 36 4.95 2.48 (84.76,100.53) | 1.02 0.383
5 54 3.09 1.38 (81.06,88.74) | -3.77 0.020

3.3 Moisture measurement

The remaining moisture content in the
specimens no. 2, 3, 4, 5 were decreased as increasing
of pre-heating time. The exponential function was
proposed to predict the remaining moisture content
in the specimen after sintering as follow;

y =2.9958e 0008

with R-sq. = 0.9889). Therefore, pre-heat time was
concluded to strongly related to the remaining
moisture content in the specimen. The
approximated of remaining moisture content in the
specimen that preheated for 15 hours was
calculated to be 2.657% moisture.

1.0 4

.\.\\1

0.0 T T 1
0 20 40 60
Pre-heat time (hour)

Fig. 5 Remaining moisture content of specimen no.
2-5.

35 o
3.0
25
20
1.5

% Moisture

4. CONCLUSION

This study aims to study influence of pre-heating
on the cold forming process of melamine. The
specimens were formed by various pre-heating time
periods. The specimens were tested the flexural
strength and remaining moisture content. It was
found that the pre-heating at 100 degree Celsius
for 15 hours might be the appropriate condition
elimination of the moisture which, remaining
moisture content in the specimen was
approximately 2.657%. The specimens of such
conditions are well formed in shape with good
surface appearance. It could be concluded that the
cold forming process with pre-heating has the

potential to form the melamine product. It is
recommended to form and test the specimen
which is mixed between waste and virgin
melamine for the further study.
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