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Abstract
Single use plastic is one of the biggest problems in the world right now. It is the main source of nondegradable material in the world. The usage of plastic and plastic derivatives in Indonesia most times
cannot be avoided as long as no alternatives products are available. Only a small portion of the plastic
is recycled, the rest end up in the land and in the ocean. Plastic need hundreds of year to decompose
and some even can’t decompose like expanded polystyrene. A new machine is in need for in producing
an alternative product for plastic. This machine is designed, developed and fabricated in Indonesia. PID
control system is used to control both upper and lower die. Set points for both die can be set
individually. The temperature of upper and lower die varies by different leaves and how many layer of
leaves. The leaf plates made by the machine then tested along with plastic plates, expanded polystyrene
plates and plastic laminated paper plates. The result of this test will conclude how good the leaf plates
as an alternative for other disposable plates. Teak leaf plate molding machine is built and performing
quite well. The temperature from upper and lower die can be controlled precisely. The plates that
produce by the machine in tensile strength test also perform quite well. Teak leaf plates tensile break
average at 29.3 N, slightly lower than plastic one and higher than expanded polystyrene one.
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1. Introduction
Plastics are one of the ecological problems in the world because it is the main source
of non-degradable material in the environment. The usage of plastic and plastic derivatives in
Indonesia most times cannot be avoided as long as no alternatives products are available.
Disposable dishes and plastic containers are thrown into the sea. Every year 4.8-12.7 tons of
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new plastic waste end up in the ocean (Jambeck et al., 2015) and becoming micro plastic
debris with bad impact to the marine life (Isensee and Valdes, 2015).
Only a small portion of the plastic is recycled (less than 10%) (Geyer et al., 2017), the
rest end up in the land and in the ocean (Vegter et al., 2014). Plastic need hundreds of year to
decompose (Webb et al., 2013) and some even can’t decompose like expanded polystyrene
(Kannan et al., 2007; Kroeker et al., 2016).
A new materials and machines are need for producing an alternative product for
plastic. Natural leaves with a large surface area can be used instead of plastic. This approach
was developed before. One of the machines can be a teak leaf plate molding machine for
producing plates made of teak leaves. Similar type of machine has developed in India
(Mohanraj et al., 2017). But, in India they use different type of leaves mostly on sal and siali
leaves (Gaikwad and Kalokhe, 2016). Our machine is designed, developed and fabricated in
Indonesia to suite teak leaves as the main plate material. The teak leaf plates made by the
machine then tested along with plastic plates, expanded polystyrene plates and plastic
laminated paper plates. The result of this test will conclude how good the teak leaf plates as
an alternative for other disposable plates.
2. Materials and methods
In this research we design a new machine, build it and produce a product using it. The
process in building a new machine is following this steps.
On the preliminary research we choose what kind of the leaves to be used in the
machines. The teak leaves then chosen as it is widely available in teak tree plantation and as
production goes there will not be material shortage.
The design of the teak leaf plate molding machine should provide a good structure to
withstand more than 2 Tons pressure. Control system also must be precise as leaves are very
thin and prone to charred and burnt. A charred and burnt product is not desirable. Control
system then develop to precisely control upper and under die temperature.
Teak leaf plate is made using hot press molding (Shamsuri, 2015), a process that use
both pressure and heat to mold the leaves into plates. Materials for the machine are frame
made of IWF beam, steel upper and lower die, hydraulic pressure delivery system,
thermocouples, PID controller, SSR, heating elements, and power supply unit.
The plate itself then tested using a tensile strength test apparatus. This test will
compare the teak leaf plates against plastic plate and expanded polystyrene plate. From this
test we will know how the teak leaf plate performs against other product (other product it
tries to replace). Below shown how the test is done.

Fig 1. Steps in Building the New Machine
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Fig. 2. Tensile strength test
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3. Results and discussion
Machine is design to withstand greater pressure as preliminary research some of the
frames bent under pressure. The new machine start with the new frame using IWF steel with
400 kg/mm2 tensile strength, then the temperature control of the opposing dies, pressure
delivery system and then assemble them in one final unit.
3.1. Design of the machine
The new frame design must withstand 375 kg/cm2 of pressure. This is the maximum
force that the pressure delivery system can deliver. The new frame is developed using IWF
steel for the main part in pressure delivery system. The layout and photo are presented in Fig.
3 and Fig. 4.
3.2. Automatic Die Temperature Control
Temperature on upper die is a very crucial factor in forming a perfect leaf plate. Heat
that transferred from the heating element to the die and finally to the leaves. Heat will dry
and evaporate the leaves, dry the starch glue between the leaves. While it is heated the form
of the plate will be done by pressure. Overheating on upper die resulting on charred product.
Charred and burnt products are not desirable at all. Control system then needed to regulate
(Martinus et al., 2018), (Telaumbanua et al., 2019) the temperature for both dies.

Fig. 3. Frame Design
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Fig. 4. Photo of the Teak Leaf Plate Molding Machine

PID control system is used to control both upper and lower die. Set points for both die
can be set individually. The temperature of upper and lower die varies by different leaves
and how many layer of leaves. In Picture 4 shown how the dies temperature are controlled.
The temperature control for the machine done by PID (Proportional, Integral and Derivative)
analog control system (Li et al., 2006). This type of control system will assure the
temperature of upper and lower dies are accurately controlled according to the set points.
Temperature curves of upper and lower dies shown in Fig.5 below.
The upper die can be maintained at 120 + 1 Celsius at all time after 15 minutes of
preheat. The lower die can be maintained at 150 + 1 Celsius at all time after 15 minutes of
preheat. These two set points are chosen best for three layer of teak leaves.
3.3. Teak Leaf Plates
The finished teak leaf plate molding machine has been tested on making teak leaf
plates. The plates made then were tested for leakage, lifecycle – how long it can be stored,
tensile strength of the plates, and the food capacity it can hold. In this paper shown how the
tensile strength of the leaf plate produce compared to other disposable products.

Fig. 5. Temperatures at Lower Die and Upper Die
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Fig. 6. Teak Leaf Plate

3.4. Tensile Strength of the Plates
Tensile strength test is a common test (Kora, 2019) to compare similar products. The
test is done on teak leaf plates also on expanded polystyrene and plastic plates. This test will
prove how the teak leaf plate performs in comparison to other product. The test was
conducted using sample from each product. The size of sample test is 5cm x10cm material
that cut from the leaf plate, the plastic plate and the expanded polystyrene plate. The test then
repeated 5 times for each of plates.
Shown graphics below how each of plates performs under tensile strength test.
From the test we know that the teak leaf plate's strength is not consistent from one plate
to another. This was caused by different age, thickness and leaf bone structure that vary from
one sample to another. Test results shown below are an average force to break for each plate:
•
Teak leaf plates average: 29.3 N
•
Plastic plates average:
33.2 N
•
Expanded polystyrene plate average:
24.5 N
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Fig. 7.Different Plates Tensile Strength Test

Even for its inconsistency the teak leaf plate performs quite well against plastic plate
and expanded polystyrene plate. Teak leaf plate breaks at 29.3N slightly lower than plastic
plates and higher than expanded polystyrene one. This also proves that the machine is able to
produce competitive leaf plates as alternatives.
4. Conclusion
Teak leaf plate molding machine is built and performing quite well. The temperature
from upper and lower die can be controlled precisely. The plates that produce by the machine
in tensile strength test also perform quite well. Teak leaf plates tensile break average at 29.3
N, slightly lower than plastic one and higher than expanded polystyrene one.
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