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original high quality research in all disciplines of engineering and applied technology.
All research articles submitted to Logic should be original in nature, never previously
published in any journal or presented in a conference or undergoing such process
across the world. All the submissions will be peer-reviewed by the panel of experts
associated with particular field. Submitted papers should meet the internationally
accepted criteria and manuscripts should follow the style of the journal for the purpose
of both reviewing and editing.

Logic is a journal covering articles in the field of civil and mechanical engineering,
design, and technology published 3 times a year in March, July, and November.
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DESIGN OF MULTIFUNCTIONAL MANUAL SCREEN
PRINTING TOOL

1,2,3,4) Mechanical 1 Nengah Ludra Antara'”, I Nyoman Sutarna?, | Putu Darmawa®,
Engineering, Politeknik Negeri IN G n
Bali, Denpasar, Indonesia yoman unung

Correponding email Abstract. Screen printing is the simplest and most likely done manually. This

nengahludraantara@pnb.ac.id screen printing technique is also an effective and efficient way to develop small
industries. The advantage of this screen printing business is that the capital is
not too large, and you also don't have to have special skills. This research
method is to redesign the manual screen printing tool by combining two screen
printing tools to get more effective and efficient results for the screen printing
operator. The research results show that the advantage of redesigning this
screen printing tool is that it can produce precise print results and can print
several screen-printed objects that previously could only produce plastic screen
prints. After adding a design, the function of the tool will increase to be able to
filter glass, cardboard, plastic bags, etc.

Keywords: screen printing, stickers, cup molding, multifunction.

1. INTRODUCTION

Along with the growth of the screen printing business, stickers, plastic and glass screen printing have
become a necessity for entrepreneurs so that the brand or identity of a beverage and convection product can be
recognized by people. Therefore, screen printing stickers, plastic and glass are in great demand for entrepreneurs
who want to market their products in a wider range. According to my survey, the author did in Gianyar Regency,
Singapadu Village, there are many convection businesses and sales of boba drinks. So it requires a fast printing
process. The existing screen printing process in Singapadu Village uses a separate screen printing tool in the sense
that the sticker and plastic bottle screen printing tools are separate, so it takes a relatively long time. In addition,
screen printers also feel uncomfortable. As the times progress, there are various types of tools that can simplify
the screen printing process. Because the existing screen printing tools at Delivory Konveksi are less efficient due
to the limitations of the print media. Therefore, in order to compete with screen printing tools that are still very
expensive on the market, we have an initiative and an idea to design a multifunctional manual screen printing tool
so that the middle class can open a business with limited capital. So that the thought arose to design a tool, namely
the design of a multifunctional manual screen printing tool, and the author hopes that with this tool, it can help the
screen printing business in the process of printing. And more economical so that it can be reached by convection
and young people who start a screen printing business in Singapadu Village.

Design is the engineering of a construction or structure that realizes the concept of being an item or tool
[1], [2]. The activity of planning or designing a construction must consider the following criteria, easy and simple,
easy to make or common components on the market, economical is a service that has the best quality at thelsmallest
possible price level and aesthetic is a sense that arises from how beautiful or dazzling an object is seen and the tool
must be aesthetic in shape and appearance, and appropriate in a technology that is discovered or created with the
aim of further improving or making human work smoother. This can then increase economic value as well, the
technology is not just made but made precisely according to human needs [3]-[5].

Manual Screen Printing Tools The word screen printing comes from the Dutch language, namely
"scablon”, in the language of absorption into screen printing. Screen printing is part of the science of ‘applied
graphics that is practical. Screen printing is the simplest print and is likely to be done manually. This printing
technique is also an effective and efficient way of developing small industries. The advantage of this screen
printing business is that the capital is not too large, and also does not have to have special skills. Withhwillingness
and practice, anyone will be able to do this job. Furthermore, with perseverance and good processing, it will
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produce good results, so many people make screen printing tools with limited use of screen printing media on their
own. The idea of redesigning my manual screen printing tool came from problems at Delivory Konveksi. The
purpose of designing this screen printing tool is to add 1 cup bottle screen printing tool to get more effective and
efficient results.

Screen printing screen is an item that is needed as one of the equipment for screen printing [6]. There are
two parts to the screen printing screen, namely the main part, namely the frame and the screen cloth or gauze.
Where the frame used on the screen printing screen can be made of aluminum or wood. The frame functions to
give shape and hold the screen printing ink to stay on the screen printing field [7]. Screen printing frames are
usually made in various sizes, adjusted of course to the needs of the screen printing to be carried out (the size of
the image to be screened). Screen printing frame materials can be made of wood, aluminum, or sometimes also
hollow iron [8].

Based on the design and purpose of using the screen. screens that are generally used to make screen
printing on fabric as a whole can be divided into several categories [9], [10]. Namely starting from a coarse screen
(48 T-90 T), medium screen (120 T-150 T), to a fine screen (165 T-200 T). The letter T listed in front of the
number is usually termed Thick which is then abbreviated as T. The size of T in the screen printing world is
commonly used to indicate the level of density in the woven screen threads [11]. The bigger the number, the tighter
the yarn.

In the design of a multifunctional manual screen printing tool, the author only discusses how to
design/make a multifunctional manual screen printing tool. In this design, the author uses problem boundaries so
that the discussion does not get out of the existing objectives. The problem limitation used is how to design or
make a multifunctional manual screen printing tool and the community easily uses the designed tool so that it can
increase productivity for convection and screen printing workers. Increasing worker productivity is very necessary
for small and medium industries [12], [13].

The objectives of the research of the design of a multifunctional manual screen printing tool are: 1) To
find out how to design or make a multifunctional manual screen printing tool, 2) With the design of this
multifunctional manual screen printing tool, it can increase productivity for convection and screen printing
workers.

2. METHODS

The type of research taken uses the type of design research. Design is planning, designing, engineering calculations
of materials and components, simulation tests, and modeling of a tool [14], [15]. In the design the author took the
title "Design of Multifunctional Manual Screen Printing Tools". The completion of this design uses an exploratory
method that aims to find a new solution to solve the problems faced by convection and screen printers. The first
step in this exploratory research is to add a cup bottle screen printing tool that once screen printing gets a lot of
screened cup bottles faced by screen printers, by conducting a survey in the field. After obtaining the required data
then design, calculate, select the materials to be used. And solve existing problems by realizing a design [16].

Figure 1. Plastic screen printing tools

Employees who work in screen printing or convection, located in Singapadu Banjar Negari Village, Sukawati
District, Gianyar Regency, Bali Province, as in Figure 1, still use simple tools in doing a job of printing plastic,
stickers, shopping bags by using separate tools, causing the production process to be longer and the area used is
more.

In every design, of course, there are pictures of components and their arrangement so that later it will make it easier
when working or realizing the design made, as well as in the design of this multifunctional manual screen printing
tool. In designing images using the Professional Autodesk Program Inventor Drawing Design 2018. As in Figure
2.
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1.Gas spiral 9. Glass

2.Bolt 10. Drawer rail low profile opening %
3.Rackel 11. Screen printing frame of glass and screen
4.Molding cup 12. Screen molding cup

5. Frame 13. Screen printing rod

6. Bearing 14. Screen sheet clamp

7.Nut 15.Turnbuckle

8.Molding cup handle

Figure 2. Design Of Multifunctional Manual Screen Printing Tool

Some of the tools and materials used in this study, namely:

2.1 Tools

To support the work of "Design of Multifunctional Manual Screen Printing Tools", using some of the following
equipment: Welding machine, hand grinder, compressor, drilling machine, lathe, vernier, steel bar, and elbow.

2.2 Materials

To realize the process of multifunctional manual screen printing tools, the following materials are needed:

Table 1. Materials

No  Component name Quantity (pieces/cm)
1 Rackel 1

2 Screen and frame 30cm x 40cm
3 Glass 30cm x 50cm
4 Moulding cup 2

5 Screen sheet clamp 2

6 Drawer rail low profile opening ¥ 2

7 Spiral spring 2

8 Turnbuckle 2

9 Spiral spring 3cm x 3cm
10 Iron pipe @ 8mm
11 Bolts and nuts 10

12 Hollow iron 3cm x 3cm
13 Bearings 4

The procedure research with the following stages :

1) Conducting observations or research in the field to find problems in the field so that later the tool can be

appropriate.

2) Determining the needs of the tool to determine the concept of the tool so that it is effective and efficient.

3) Making drawings or designs to determine the shape and mechanism of the sketch design of the tool to be made.
4) Determining the cost details needed to make the tool to be made.

5) The process of making or working on tools according to the working drawings.
6) The process of assembling, finishing and testing the results of the design.
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3. RESULTS AND DISCUSSION
3.1 Design Results

The resulting design is as follows.

Figure 3. Multifunctional manual screen printing tool

Deck 1, flat surface screen printing (paper bag and sticker screen printing)
a) Prepare tools and materials before performing the screen printing process.
b) Install the glass mat for the placement of the product to be screened.
¢) Place the screen above the product to be screened.
d) Setting the distance of the rackel from the screen.
e) Pour screen printing paint into the screen and mix a little with m4.
f) Rub the screen that has been painted using the racket.
g) Lift the screen and replace the product, do it repeatedly.
Deck 2, screen printing the surface of round objects or tubes (cup screen printing)
a) Prepare tools and materials before the screen printing process.
b) Remove the glass mat.
¢) Install the screen on the sliding track.
d) Setting the racket and the position of the holder for the product.
e) Pour the screen printing paint into the screen.
f) Slide the screen back and forth with the handle.
g) Lift the screen and replace the product, do it repeatedly

3.2 Materials used
The materials used in this design are shown in Table 2.

Table 2. Materials Description

Name Specification Quantity Description
Hollow Iron 3mm x 3mm 1pc made
Iron plate 3mm 1pc made
Iron pipe 0O 1-inch 1pc made
Angle iron 3mm x 3mm 1pc made
Rackel wood and rubber 2 pcs bought
Screen 30 cm x40 cm 2 pcs bought
Glass 40cm x 5&.cm 1pc bought
Turnbuckle stainless 2 pcs bought
Spiral spring steel wire 2 pcs bought
Low profile drawer rails opening % 2 pcs bought
Moulding cup wood 2 pcs bought
Screen clamp steel 2 pcs bought
Bolts and nuts steel 8 pcs bought
Couplers steel 8 pcs bought
Bearings steel 4 pcs bought
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3.3 Manufacturing Process of Multifunctional Manual Screen Printing Tool Frame

The process for making a multifunctional manual screen printing tool frame is as follows.

Figure 5. Smoothing process

3.3.1 Cup molding process
1) Tools used: lathe (wood chisel), wedge, sandpaper.
2) Materials used: panis wood
3) Working process
a) Pay attention to the work drawings carefully.
b) Prepare the tools and materials used.
c) Take measurements and markings according to the working drawings, after that just do the turning on
the material that has been marked.
d) After molding the cup according to the size or working drawing, then make a hole in the center of the
molding cup for the bearing and shaft so that it can rotate.
e) After finishing turning and making holes then smooth the molding cup with sandpaper to make it
smooth.
f)  Finish the new smoothness to do the painting process.

Figure 6. Turning process
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3.3.2 Painting Process
The painting process uses the following tools and materials
1) Tools used: 280 grit sandpaper and 800 grit putty, kapi
2) Materials used:
3) The steps of caulking process on the frame
a) Leveling the uneven surface of the iron and smoothing the welding marks.
b) The process of caulking on the frame is carried out to flatten the welding connection and flatten the surface
of the iron that is accidentally exposed to burrs.
¢) Then smooth the parts that have been putty with 280 grit sandpaper and 800 grit.

y _, .c,w—
= = - |
- .
* ey

e = s " 2

Figure 7 Putty process

4) Painting process with primer (epoxy)
a) Sand the iron surface using 200 grit sandpaper.
b) Wash with soap until clean.
¢) Wipe and dry until the frame, glass holder and molding cup holder are completely dry.
d) dry completely.
e) Epoxy all parts of the frame, glass holder and molding cup holder. Repeat 2x basic bonding (epoxy).

Figure 8 Primer

5) Painting process with blue paint
a) Sand the surface that has been epoxied with 800 sandpaper.
b)Wash with soap until clean.
¢) Wipe and dry until the frame, glass holder and molding cup holder dry completely.
d)Paint using blue sapire colored paint to all parts of the frame.

Journal of Engineering Design and Technology
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Figure 9 Blue color painting

3.4 Testing Process

Based on the results of tests carried out 5 times on (deck 1, flat screen printing for sticker, paper bag, and
plastic screen printing) and tests carried out 10 times on (deck 2, surface screen printing of round objects or tubes
for cup screen printing). Observation data was obtained in the form of a comparison of the use of ordinary screen
printing tools with multifunctional manual screen printing tools. Based on the data analysis carried out, the
advantages and disadvantages of multifunctional manual screen printing tools are obtained as in Table 3.

Table 3. Test Results

Parameter Sticker screen printing tools andCup screen printing tool Manual screen printing tool multifunction
paper bag

Screen Less neat, because it is not Expression is difficult to achieve, Precision, because the frame is made strong to

printing result equipped with a sturdy frame needs to be set up and tested before keep the object being screened from moving
and it takes time to position and  use. (Deck 1, flat surface screen printing for sticker,
lock the object to be screened. paper bag, plastic screen printing) and the screen

printing point according to the design is not tilted
or defective. (Deck 2, surface screen printing of
round objects or tubes for cup screen printing)

Usage Long process, need time to set Long process, cannot screen print Practical, and easy to operate according to the
the tool for precision screen quickly and neatly, slippery cup object to be screened.
printing results with the object.  holder cannot lock well.

lock well.
Operator 1 operator, to screen 1 type of 1 operator, for printing 1 type of 1 operator with dual-function tools.
object. object.
Place A table is required for the work A table is required for the work Minimalist in shape, it takes up little space and

process because the object being process due to the small size of does not require a table.
screened must be on a flat the tool.
surface.

4. CONCLUSION
Based on the results of the trial use of a multifunctional manual screen printing tool, a significant
difference was obtained compared to the usual tool. In terms of cost, time and workplace requirements. In terms
of cost, the multifunctional manual screen printing tool can cut operator costs and tool procurement costs, whi
in time the multifunctional manual screen printing tool is easier to operate and more efficient because
multifunctional features, while from the needs of the production site the multifunctional manual screen
tool is more compact and takes up less space.
The screen printing results obtained by the multi-function manual screen printing tool are
more precise because the frame and body of the tool are strong to maintain the stability of the object w
especially when the cup screen printing process. The operator required to operate the tool is only
experience and skills in printing plastic and cup screen printing. Some of the advantages of multifu
screen printing tools:
1) This tool can screen different objects with 1 tool.
2) Thistool is easy to operate because it is only set once.
3) The shape of the tool is easy to move.
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4) The cost of the tool is cheaper than before.

5) Toincrease the life of the tool, periodic maintenance should be carried out and after use is always cleaned.

6) In the design of this multifunctional manual screen printing tool there are still many shortcomings,
therefore it is hoped that in the future this tool can be analyzed and redesigned (redesign) so that it can be
developed for its improvement.
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THE EFFECT OF THE ANGLE AND DIMENSIONS OF A
CROSS-SECTION SPECIMEN ON THE TORSIONAL
STRENGTH OF AISI 1020 SQUARE STEEL SHAFT

1,2,3,4) Mechanical Bima Cahya Maula Dana ?, Syamsul Hadi 2, Hangga Wicaksono
Engineering Department, State 3 Kris Wit 4)
Polytechnic of Malang, JI. » KIS VVITONo

Soekarno-Hatta 9, Malang,

Indonesia

Abstract. The unknown torsional strength due to the inconsistency of the angles
Correponding email 2 : and dimensions of the square cross-section of AISI 1020 steel specimens in the
syampol2003@yahoo.com  {qrsjon test is the problem encountered. The research method included:
or ] ) preparation of square AISI 1020 steel specimens measuring 6 mm x 6 mm x
syamsul.hadi@polinema.ac. 160 mm, measurement of 2 diagonal angles of the cross section of the specimen
id and dimensions of the cross section at 5 observation points along the specimen

receiving torsion loads, torsion testing of specimens, analysis of torsion test
results data, and drawing conclusions. The results of the study affect the angle
and dimensions of the specimen cross-section on the torsional strength of the
AISI 1020 steel square shaft which has a greater value at the angles of 89° and
91° than 90° which with an angle of 89° at dimensions of 5.96 mm x 5.96 mm
has a torsional strength of 412 MPa, while at an angle of 90° with dimensions
of 5.96 mm x 5.96 mm it has a torsional strength of 359 MPa, and for an angle
of 91° in dimensions of 5.95 mm x 5.95 mm has a torsional strength of 402
MPa. The average torsional strength is achieved in the range of 351 to 397 MPa,
at an angle of 89° the torsional strength increases by 46 MPa or around 13.1 %,
and at an angle of 91° the torsional strength increases by 43 MPa or around
12.3%.

Keywords: Specimen cross-sectional angle, Specimen cross-sectional dimensions, AlSI 1020 steel, square shaft,
Torsional strength.

1. INTRODUCTION

Improvement of material toughness due to hardening and tempering has been carried out on low carbon
steel with pressurized water, air and oil [1]. By heat treatment the toughness of low carbon materials can be
increased. Fabrication of metal materials for the industrial world is carried out by forging, rolling and extruding in
which rolling is carried out by clamping the plate between two rollers from the pressure roller and the main roller
which rotates in opposite directions, so that it can move the plate [2]. In rolling it cannot be guaranteed to prod
a cross section that is truly 90° angled with uniform rectangular dimensions. The rotary bending test obtain
maximum safe limit value for the torsional stress of 283.95 MPa which meets the requirements for shi
materials [3]. It is important to know the torsional strength of the shaft prior to use so as not to exceed th
allowable value. Research on hardened S45C steel showed that the torsional strength was 425.67
dominant ferrite phase microstructure and the tempering results were 392.7 MPa lower with the do
phase microstructure [4]. Shaft heat treatment provides increased torsional strength. The results s
60 steel for the propeller shaft with hardening heat treatment followed by tempering had a torsi
737.72 MPa [5]. ST 60 steel has higher torsional strength than S45C steel. Coating material that
rigid than the shaft material can reduce the maximum value of the stress on the shaft cross sectio
nature of the coating material contributes to lowering the stress on the shaft being coated. The tor:
of ST 37 is lower than that of ST 90, then the torsional moment of ST90 is lower than that of VCN
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The torsional moment reflects the torsional strength of the material being tested for torsion. Low carbon
steels produced in the largest quantities are included in the low carbon classification which generally contain less
than 0.25% by weight C and are unresponsive to heat treatment intended to form martensite, reinforcement is done
by cold working. The microstructure consists of the constituents ferrite and pearlite which as a result, the alloy is
relatively soft and weak, but has outstanding ductility and toughness [8]. Low carbon steels are very ductile and
cannot be heat treated, except hardened by carburizing. The increase in stiffness in torsion of a flat bar is highly
dependent on the width and thickness of the flat bar, separation/expansion distance, and angle of twist. The torque
angle resulting from the bonded bending of 2 plates whose ends are welded for a length of 528 mm, a width of 30
mm to 60 mm for a thickness of 3 mm and 6 mm achieves a total torque of around 5.3% to 10.1% [9]. Twisting of
flat reinforcement is affected by its dimensions, separation distance and angle of twist. The GGM 90 W motor
type in the torsion testing machine modification has a torque of 408.9 Nmm and a rotation output of 124 rpm [10].
The speed of the manual motor drive modification is relatively unstable compared to the drive using an electric
motor in a torsion testing machine with a constant rotation.

The results showed that ST 41 steel with quenching heat treatment had a torsional strength of 448.65 MPa
[11]. Medium carbon steel can be heat treated, so that the strength can be increased after heat treatment. The results
of the ABS, PET and PLA torsion tests showed that the highest torque of acrylonitrile butadiide styrene (ABS)
was achieved at 230 °C compared to 240 °C, 250 °C and 260 °C; for PET material, the highest torque is achieved
at a temperature of 235 °C compared to temperatures of 220 °C, 230 °C and 240 °C; and for polylactic acid (PLA)
materials the highest torque is achieved at a temperature of 215 °C compared to temperatures of 200 °C, 205 °C
and 210 °C [12]. The molding temperature of ABS, PET and PLA materials affects the torque or torsional strength
of the plastic material. One of the main problems in the design of machine components that receive torsional
stresses is determining the optimal shape and dimensions so that they can withstand the torsional loads they receive
[13]. Optimal design of a component can save costs, volume of materials and duration of the processing process.

The results of the geometry and modeling of the torsion test specimen according to ASTM E-143 show
that the stress distribution that occurs on the surface area of the specimen is not significant between 2.879e+09 Pa
and 2.973e+09 Pa [14]. The stress distribution that occurs on the surface of the specimen area is influenced by the
geometry and modeling designed in the simulation. The standard test equipment has maximum strength when the
specimen breaks at an angle of 130° third round with a torsional moment of 3.37 Nm, and the design test equipment
has maximum strength when it breaks at 230° fourth round with a torque reading of 3.65 Nm. The maximum
torsional strength is a difference of 7.67% from 3.65 Nm [15]. If there is a difference in the torsional strength
results between the manual torsion testing machine and the electric motor drive, it is necessary to adjust the length
of the arm and calibrate it. The results of the three-point bending test and torsion test show that the stress
distribution on the rectangular hollow cross-section (RHS) shows that the use of direct-forming with welding of
edge (DFW-RHS) as a reinforcing beam has higher stiffness compared to direct-forming (DF-RHS), which means
that under identical loading, direct forming (DF-RHS) with t = 1.93 mm has the same stiffness as direct forming
with edge welding (DFW-RHS) with t = 0.7 mm, that is, the potential for reducing metal materials is 62% [16].
With a special shape profile that increases stiffness can save the use of materials to obtain the same stiffness value.

2. METHODS

Torsion test on a specimen is carried out to determine the plasticity of a material. The specimens used in
the torsion test are rods with circular/square cross-sections for the simplest cross-sectional shapes, so they are easy
to measure. The specimen is only subjected to a twisting load at one of the two ends. With torsional loading the
specimen is forced to twist until it breaks, the recorded torsional force value is calculated to be the torsional
moment and the twist angle value is used to plot the twisting performance curve. From the torsional moment, the
torsional stress acting on the specimen can be calculated. The existence of specimens in the torsion test was chose
as a square shape which is not guaranteed to have an exact 90° angle and the dimensions along the torsion are
also not guaranteed to be uniform, therefore in this study it was observed to analyze its effect on the torsion
that occurs. The measurement of the right angle was carried out in a diagonal position with 5 (fi
replication along the torsion area and similarly for non-uniformity of the dimensions of the height a
the cross-section was measured with 5 (five) times of replication as well.

In the plastic region, the relationship between the torsional moment and the torsion ang
the shear stress can be calculated using Formula (1) [11].
1= Tc
J
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Where T: torsion moment measured during torsion test, T = force x torsion arm = F. I; c: distance to the outermost
fiber for a square cross section or the radius of a circle for a cylindrical cross section.
Polar moment of inertia for cylindrical, square and triangular cross sections [12].

J = D*32 for the cylindrical cross section )

J = (bh3+b®h)/12 for square cross section ©))

J = (bh®*+hb3)/12 for triangular cross section (4)
Shear Elastic Modulus, G:

G=1t/y=T.L/J.6 (5)

Where: 1: shear stress; y: shear strain; T: torsional moment (torque); L: length of shaft subjected to twist; J: polar
moment of inertia; and 0: the angle of internal twist (the circumference of a circle is 360° or 2z, with units
conversion 360/2w = 360 x 3.14 = 57.3 in degrees = 1 radians) is shown in Equation (5).

The specimens used for testing are low carbon steel types following the ASTM (American Society of
Testing and Materials) standard type E-143-02 Standard Test Method for Shear Modulus at Room Temperatures
is shown in Figure 1 and Table 1 [17].
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Figure 1. The shape of the torsion test specimen [17]

Table 1. Twist Test Specimens
Test Specimen Dimensions (mm)

Specimens Do Lo R Dg Lg Lt

ASTM 5.93, 5.94,
E143-13 5.95 dan 5.96

80 15 6.64 39 160

The AISI 1020 steel selected for the study contains 0.20% carbon which can be designated as low carbon steel and
its chemical composition is shown in Table 2.

Table 2. Chemical Composition of AISI 1020 Steel

No. Element Content (wt%)
1  Carbon (C) 0.142
2 Silicon (Si) 0.210
3 Manganese (Mn) 0.551
4 Phosphorous (P) <0.0100
5  Sulphur (S) 0.027
6  Chromium (Cr) 0.028
7 Nickel (Ni) 0.061
8  Molybdenum (Mo) 0.010
9  Copper (Cu) 0.093
10  Aluminium (Al) < 0.0050
11 Titanium (Ti) 0.0030
12 Ferro (Fe) 98.85
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Specifications for torsional test specimens made of AISI 1020 steel with dimensions of 6 mm x 6 mm x 160 mm
with mechanical properties is shown in Table 3. The test is carried out with 4 sizes in the range from minimum to
maximum of 5.93, 5.94, 5.95, and 5.96 mm with angles of 89°, 90° and 91° with 3 replications, so that the number
of torsion test specimens is thirty-six.

Table 3. Mechanical Properties

Propert Tensile Yield Modulus of Poisson  Elongation Hardness
perty Strength Strength elasticity ratio at Break
Metric 420 MPa 350 MPa 186 GPa 0.29 15% 110-121 BHN

Arrangement of research equipment was carried out with the following procedures: (1) cutting of low carbon steel
AISI 1020 in a square shape measuring 6 mm x 6 mm x 160 mm in a total of thirty six specimens; (2) cleaning the
specimen from dust, rust and checking its alignment; (3) marking a distance of 20 mm for 5 points in the torsion
area, (4) measuring the dimensions (height and width) of the section using a vernier caliper, (5) measuring at 2
angles with the bevel protractor at the diagonal position of the section at 5 marked points; (6) recording the results
of measurement of dimensions and angles into the specimen data sheet; (7) setting the torsion testing machine by
adjusting the length of the specimen to 160 mm by installing 2 auxiliary tools in the form of 3 legs with a square
hole measuring 6 mm x 6 mm which can be entered at both ends of the specimen to ensure that slippage cannot
occur when the specimen is twisted, and (8) clamping the two ends of the specimen to a depth of 20 mm from both
ends by tightening the two chucks contained in the torsion testing machine scheme is shown in Figure 2.
Front View Right View

s

AC Electric
Motor

'

Reduction Reduction Square Grip Load Indicator
Gear 1:100 Gearl:60 Specimen

Figure 2. Schematic of torsion testing of square specimens

Protractor Twist Arm

3. RESULTS AND DISCUSSION
The specimen before the torsion test is shown in Figure 3 and the specimen after the torsion test is shown in Figure
4,

Figure 3. Torsion test specimens before testing

Figure 4. Torsion test specimens after testing
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Table 4. The torsional strength results from square shaft torsion tests

Specimen

Torsional strength (MPa)

Specimen .
cross-sectional  O0SS-sectional Replication
angle (°) dimensions 1 5 3
(mm)
593x593 394 395 382
Angle 8 594x594 403 380 405
595x595 380 401 414
596x596 387 412 412
503x593 354 354 344
i 594x594 331 343 364
Angle 90 595x595 330 351 330
596x596 329 359 350
593x593 405 395 405
] 504x594 381 405 393
Angle 91 595x595 402 391 402
596x596 400 389 389

The torsional strength of AISI 1020 steel in the cross-sectional dimensions for the cross-sectional angles of 89°,

90° and 91° are shown in Figure 5.

420
400
380
360

340

Torsional Strength (MPa)
w
w
S

320

300
5.925 5.93

5935 5.94

351

359

—®- Cross-section angle 890
—&— Cross-section angle 900

= & = Cross-section angle 910

5.945 5.95

5.955 5.96

Cross-sectional dimensions (mm)

5.965

Figure 5. The torsional strength of AISI 1020 steel for the angles of 89°, 90° and 91°

The torsional strength of AISI 1020 steel at an angle of 89° and dimensions of 5.94 mm x 5.94 mm has the
lowest torsional strength value at a torsional angle of 720° worth 380 MPa and at dimensions of 5.96 mm x
5.96 mm it has the highest torsional strength at a torsional angle of 720° worth 412 MPa is shown in Table 5

and Figure 6.

Table 5. The torsional strength of AISI 1020 steel at cross-section angles at 89°

Specimen Twisting Moment Torsional ~ Maximum
cross-sectional .
No. Dimensions Strength Twist
(mm) (kg.m) (N.m) (N.mm)  (MPa) Angle (°)
1 5.93x5.93 2.47 24.7 24650 395 680
2 5.94 x 5.94 2.54 25.4 25375 380 720
3 5.95 x 5.95 2.61 26.61 26100 401 720
4 5.96 x 5.96 2.61 26.61 26100 412 720
Average= 397
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Figure 6. The torsional strength of AISI 1020 steel at a cross-sectional angle of 89°

The torsional strength of AISI 1020 steel at cross-section angles at 90° and dimensions of 5.94 mm x 5.94 mm has
the lowest torsional strength value at a torsional angle of 760° worth 343 MPa and at dimensions of 5.96 mm x

5.96 mm it has the highest torsional strength at a torsional angle of 800° worth 359 MPa is shown in Table 6 and
Figure 7.

Table 6. Torsional strength of AISI 1020 steel at an angle of cross section at 90°

Specimen Twisting Moment Torsional Maximum
cross-sectional

No. Dimensions Strength Twist
(mm) (kg.m) (N.m) (N.mm)  (MPa)  Angle (°)
1 5.93 2.47 24.7 24650 354 720
2 5.94 239 2393 23925 343 760
3 5.95 2.47 24.7 24650 351 640
4 5.96 254 2538 25375 359 800

Average= 351

~&— 90" (5.93 mm)
200 == 90" (5.94 mm)
—m - 90° (5.95 mm)
@+ 90° (5.96 mm)

Torsional Strength (MPa)

0 100 200 300 400 500 600 700 200 900
Torsion Angle (°)

Figure 7. The torsional strength of AISI 1020 steel at a cross-sectional angle at 90°

The torsional strength of AISI 1020 steel at cross-section angles at 910 and dimensions of 5.94 mm x 5.9
the lowest torsional strength value at a torsional angle of 760° worth 393 MPa and at dimensions of

5.95 mm it has the highest torsional strength at a torsional angle of 720° worth 402 MPa is shown i
Figure 8.
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Table 7. Torsional strength of AISI 1020 steel at an angle of cross section at 91°

Specimen Twisting Moment Torsional Maximum
cross-sectional .

No. Dimensions . N (N.mm Strength TW|st0

(mm) (kg.m)  (N.m) ) (MPa)  Angle (9
1 5.93 2.47 24.65 24650 395 720
2 5.94 2.47 24.65 24650 393 760
3 5.95 2.54 25.38 25375 402 720
4 5.96 2.47 24.65 24650 389 800

Average= 394
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—8—91° (5.93 mm)
200 ~+-91° (5.94 mm)
150 —H-91° (5.95 mm)

100 <-4+ 91° (5.96 mm)

50
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Torsional Strength (MPa)

Torsion Angle [°)

Figure 8. The torsional strength of AISI 1020 steel at cross-sectional angle at 91°

Overall the torsional strength of AISI 1020 steel at cross-section angles at 89° to 91° has a range of values from
343 to 412 MPa or an average of 381 MPa.

The torsional strength of AISI 1020 steel at cross-section angles is not 90° which at cross-section angles 89°
increases by 397-351 = 46 MPa or about 13.1% and at cross-section angles 91° it increases by 394-351 = 43 MPa
or about 12.3%. So the change in cross-section angles is not 90°, both with a 1° change increase the torsional
strength by about 12%.

4. CONCLUSION AND SUGGESTION

The conclusions that can be drawn from the discussion of the torsional strength of AISI 1020 steel at cross-section
angles 89°, 9% and 91° are:

1) Torsional strength is achieved in the range of 351 to 397 MPag;

2) At an angle of 89° the torsional strength increases by 46 MPa or around 13.1 %; and

3) At an angle of 91° the torsional strength increases by 43 MPa or around 12.3 %.

Follow-up suggestions for conclusions include:
1) It is necessary to conduct research on shaft materials other than low carbon steel; and
2) It is necessary to conduct research on the shaft material in the shape of a pipe, either rectangular or cylindrical.
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Abstract. Ultrasonic atomizers can potentially augment the production of sea
salt through a process known as ultrasonic nebulization. While the traditional
method of sea salt production primarily relies on natural evaporation, ultrasonic
atomization can accelerate the evaporation process. The process typically
involves the following steps: collection of seawater, evaporation, brine
crystallization and then harvesting process of the sea salt. After processing, the
sea salt is typically dried and packaged for distribution and sale. In this project,

the influence of the ultrasonic atomizer in the process of converting saline water
into brine, before crystallization, can be assessed. The ultrasonic atomization
process significantly increases the surface area of the seawater by converting it
into fine droplets. Droplets evaporate more efficient due to large surface area
of the droplets. According to testing of the research apparatus which had been
conducted, an ultrasonic atomization can increase the salinity by brine
evaporation or of droplet productivity of sea salt. This result had been shown in
this process can be used to increasing the salinity of sea water. For further steps,
this technigque can potentially augment the production of sea salt.

Keywords : Ultrasonic, Atomizer, sea salt,evaporation.

1. INTRODUCTION

Sea salt is produced by the evaporation of seawater. The process typically involves the following steps:
collection of seawater, filtration, evaporation ponds, evaporation, crystallization and then harvesting process of
the sea salt. After processing, the sea salt is typically dried and packaged for distribution and sale [1]. Seawater is
collected from the ocean or sea. It is essential to ensure that the water is relatively clean and free from contaminants.
The collected seawater is usually passed through a series of filtration systems to remove larger debris, such as
sticks, seaweed, and other organic matter. The filtered seawater is then pumped into large, shallow evaporation
ponds or basins. These ponds are designed to maximize the surface area of the water exposed to the sun and wind,
which accelerates the natural evaporation process. As the seawater sits in the evaporation ponds, it is exposed to
sunlight and wind. The sun's heat causes the water to evaporate, leaving behind the dissolved salt and ot
minerals. The wind helps to concentrate the brine by continually mixing and evaporating the water. As the
evaporates, salt crystals start to form. These crystals are usually a combination of sodium chloride (table
other minerals present in seawater, such as magnesium, calcium, and potassium salts. Once a sufficient
water has evaporated, and the salt crystals have formed, they are harvested. This can be done by
machinery, or even by hand, depending on the scale of production. The harvested salt crystals
impurities, such as clay or other minerals. To remove these impurities, the salt is washed and proce
method of processing can vary, but it often involves dissolving the salt in water, filtering it to re
and then evaporating the water to leave behind pure salt crystals. It's important to note that sea
various forms, including coarse sea salt, fine sea salt, and specialty sea salts with unique col
depending on the specific location and impurities in the seawater. Sea salt is often marketed asa m
less processed alternative to table salt, as it retains some of the minerals and elements found in se
can impart distinct flavors and colors to the salt.
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Ultrasound has been shown to have a positive effect on the evaporation process of liquids in a vacuum
chamber.[2] The use of ultrasound in such processes is often referred to as "sonoevaporation™ or “sonochemical
evaporation.” This technique has several applications in various fields, including chemistry, materials science, and
industrial processes. A study conducted by Trushlyakov et al. investigated the process of heat and mass transfer in
the evaporation of model liquids (distilled water, alcohol mixture, kerosene TC-1) in a vacuum chamber under
parametric ultrasonic influence and vacuum influence on a liquid with the purpose of using the obtained results
for the development of methods for designing the evaporation system of unused liquid residues of rocket fuel
remaining in the launch vehicle tanks at the end of the mission [3]. The study found that the evaporation rate
increases with increasing amplitude of the bath bottom vibrations, with the highest evaporation rate under the same
conditions for kerosene TC-1 [3],[4]. Ultrasonic waves create cavitation bubbles in the liquid, which implode and
generate shockwaves upon collapse. These shockwaves can increase mass transfer rates, leading to more efficient
evaporation. The agitation caused by cavitation bubbles can also prevent the formation of a stagnant layer at the
liquid-vapor interface, which can hinder evaporation in a vacuum. Ultrasonic evaporation can be used to promote
the crystallization of solutes from a liquid, making it a valuable technique for processes like freeze-drying and also
other similar technology. [5],[6].

Ultrasonic Atomizers (UA) can potentially augment the production of sea salt through a process known as
ultrasonic nebulization [7], [8]. While the traditional method of sea salt production primarily relies on natural
evaporation, ultrasonic atomization can accelerate the evaporation process and improve the yield in controlled
environments, such as greenhouses or specialized facilities. In the first step, we can collect and filter seawater to
remove larger debris and contaminants, as in traditional sea salt production and then an UA uses high-frequency
sound waves to break up liquid into tiny, fine droplets or mist. In sea salt production, seawater will be passed
through an ultrasonic nebulizer or atomizer, which creates seawater droplets.[9]

2. METHODS
2.1 Study and Literature Review for Sea Salt Productions Methods

A preliminary study has been conducted to one of the sea salt farming in Kusamba village. This village is
a coastal area in the Klungkung regency, Bali province-Indonesia. This village has several farming that produces
table salt from sea water in the coastal area of Kusamba bay. Kusamba, a village in the Klungkung region of South
Bali, is known for its traditional salt farming practices [10]. The salt farmers in Kusamba use a centuries-old
technique to produce 100% natural salt by sun and wind evaporation. The process begins with the farmers
repetitively fetching seawater in palm leaf buckets on carrying poles, then splashing them out onto the smoothened
black sand under the scorching sun. The salt begins to crystallize after several hours of drying. The mid-day
tropical sun bakes the sand into flakes and the salt is ready to be harvested by late afternoon. The farmers take the
flakes to the salt-making hut where more seawater is added to leech the salt over several days. The resulting brine
is placed in long troughs for further evaporation. The sea salt produced in Kusamba is often characterized by its
coarser texture and natural purity. It is typically unrefined and retains some of the minerals and trace elements
from the seawater, giving it a unique flavor and appearance. Many people appreciate the taste and quality of this
traditional sea salt, which is often sought after for culinary purposes and as a souvenir from the region.

Visitors to Kusamba may have the opportunity to observe the salt farming process and purchase locally
produced sea salt as a memento of their visit. It's a traditional and sustainable practice that has been a part of the
local culture for generations. Kusamba farmers yield a few kilograms of salts per day on average and the process
is dependent to the sunny day, which means it can only be produced during the dry months. Despite the intensive
process of sea salt making, Kusamba’s salt farmers live in the natural beauty of the beach environmental with
shiny-black and mineral-rich sand. This preliminary study also reported that these farmers might be the last
generation of salt farmers in Bali since fewer young generations are interested in doing this job. In this study, we
are also looking for potentials technology that can increase the capacity of productions of the sea salt farmer. A
controllable technology and simply to operate will transform to sustainable salt farming and improving t
economic growth of the sea salt farmer.

To increase the salinity of seawater for sea salt production, one of the possible viable strategies isto i
the rate of brine evaporation [11], [12]. The traditional method of harvesting salt relies on the rate
evaporation utilizing free solar energy. However, to meet the rising demand for salt, increasing the r
evaporation is one of the possible viable strategies to improve the yield of solar salt production. Sever
have looked at various methods to enhance the evaporation rate of brine. The various practical appro
in the literature for the enhanced brine evaporations are the use of different kinds of materials, mec
different types of dyes, carbon foam-based porous media, hollow carbon beads, etc. Few literatur,
maximum use of renewable energy approaches such as solar energy and wind energy to en
evaporation [13],[14].

Crystallization is a separation process that relies on the limited solubility of salt in a solvi
temperature and pressure [15]. Nucleation spontaneously commences as the ion concentration exce
saturated solution. A cluster of crystalline atoms forms firstly in the solution. The crystalline cluster
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mass sufficient free energy to surpass the energy needed to establish an interface between the crystalline phase
and the liquid. The nucleation thermodynamics can be understood by considering the interplay between interfacial
free energy and the difference in free energy between the liquid and crystal.

2.2 Parameters and Variables for The Phenomenon of Liquid Atomization Ultrasonically

The piezoelectric effect is a phenomenon where certain materials, like quartz or ceramics, generate an
electrical charge when subjected to mechanical stress, and conversely, they experience mechanical deformation
when an electrical voltage is applied. In ultrasonic atomization, the piezoelectric transducer undergoes various
phenomena to create the fine mist. The piezoelectric transducer is driven by an alternating electrical signal, usually
at ultrasonic frequencies (higher than 20 kHz). When the electrical voltage is applied to the piezoelectric material,
it undergoes rapid mechanical deformation or vibration due to the piezoelectric effect. The transducer's diaphragm
or surface oscillates at the same ultrasonic frequency.

Ultrasonic atomization, which involves the generation of fine droplets or mist using high-frequency sound
waves, relies on a piezoelectric transducer as an actuator. The piezoelectric effect is a phenomenon where certain
materials, like quartz or ceramics, generate an electrical charge when subjected to mechanical stress, and
conversely, they experience mechanical deformation when an electrical voltage is applied. In ultrasonic
atomization, the piezoelectric transducer undergoes various phenomena to create the fine mist. In the case of
ultrasonic atomization of a liquid, the piezoelectric transducer is typically in direct contact with or submerged in
the liquid to be atomized. The rapid mechanical vibration of the transducer generates high-frequency pressure
waves in the liquid. These pressure waves create tiny, high-velocity liquid jets that break up into fine droplets or
mist. This is often referred to as the Rayleigh-Taylor instability, where the liquid jet disintegrates into droplets due
to the pressure fluctuations caused by the ultrasonic waves. The size and characteristics of the droplets can be
controlled by adjusting the frequency and power of the piezoelectric transducer.

The phenomena of liquids atomization were first reported around 1927. Ultrasonic atomization is a process
driven by the intricate interplay of shock waves, vibration amplitude waves, and surface tension, all stemming
from the phenomenon of cavitation beneath the liquid's surface. Once the amplitude reaches a critical threshold,
tiny droplets are propelled from the wave crest, coalescing into a fine mist. These remarkable ultrasonic atomizers
harness the power of ultrasonic waves to transform liquids into minute droplets or a delicate mist, with the ability
to fine-tune droplet size simply by selecting the appropriate ultrasonic frequency.[16]

Despite a significant amount of study, the process of droplet formation when exposed to the range
ultrasound is still not entirely understood. Two main phenomena have been proposed, such as: cavitation wave
and capillary wave. Prior studies proposed the relationship between ultrasonic driven frequency and diameters of
droplets. When ultrasonic vibration is reached to a liquid surface, a capillary wave is generated and the wavelength
of ultrasounds which is shown by equation [17][18]:

8mo 1/3
1 =034 (p?)

Where A is the wavelength (m), o the surface tension (N/m), p is the density (kg/m?®) and f is the frequency
of surface waves, considered as the half of the device ultrasound frequency. Lang calculated a constant number-
of 0.34 for the averaged droplet diameter produced by ultrasound at frequencies between 10 and 800 kHz. The
capillary wavelength is consistently divided by the mean diameter.[19]. Then, the constant was modified to 0.96
for averaged droplet diameter of aqueous alcohols solution [20] The average droplet size anticipated by Lang's
calculation would fall into multiple micrometer ranges when aqueous solutions were atomized using 1-2 MHz
ultrasound.

Another study introduced dimensionless numbers that combined the physico-chemical characteristics of
the atomizing liquid with the operating parameters of the ultrasound to propose a connection [21], which is giv
below:

1
3= (22) 7 114 A2 o) ) 00227

Nwe was defined by weber number and also another dimensionless number (Non) was
Ohnesorge number. A Novel dimensional number was defined by Intensity number (Ni). it was i
ultrasonic intensity. The Weber number (We) is a dimensionless number in fluid mechanics that i
fluid flows where there is an interface between two different fluids, especially for multiphase flo
curved surfaces. The Ohnesorge number (Oh) is a dimensionless humber that relates the viscous f
and surface tension forces. it is used to relate to free surface fluid dynamics such as dispersion of li
and in spray technology.
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2.3 Research Apparatus and Devices Measurement

Particularly before the crystallization stage, brine processing is one of important role in sea salt production.
It involves concentrating and purifying the brine, which is the highly concentrated saltwater solution, to prepare it
for salt crystal formation. Ultrasonic atomization can be employed in various stages of brine processing to enhance
efficiency and yield. As the first step, the collected seawater is typically passed through filtration systems to
remove larger debris and contaminants. The salinity of this water is typically close to the natural seawater salinity,
which is about 35,000 ppm. The seawater is concentrated to increase the salt content (salinity). This concentration
is usually done by evaporating some of the water. Ultrasonic atomization can be used to create a fine mist or spray
of the concentrated brine. This mist has a higher surface area and facilitates faster evaporation.

The role of ultrasonic atomization in brine processing lies in its ability to create fine sprays or mists that
increase the surface area of the liquid exposed to the environment, thus accelerating the evaporation and
crystallization processes. This can result in more efficient salt production with potentially higher yields. Ultrasonic
atomization also offers the advantage of being controllable and adaptable to different processing conditions. It can
help maintain consistent and favorable conditions for salt crystallization and minimize the risk of impurities or
uneven crystal formation. Overall, ultrasonic atomization can be a valuable tool in enhancing the brine processing
stage of sea salt production, ultimately leading to higher-quality and more efficient sea salt production.

Vortex Blower

Dehumidification room
Humidification room

Sand filter

R
Circulate Channel for the carrier
gas

low Saline water

Water Droplets

Piezoelectric transducer

Cotton stick wick

Sea Water —} 1+:

Figure 1. Experimental apparatus for brine production

We have conducted an experimental for understanding the behavior of ultrasonic vibrating mesh in brine
processing. This testing apparatus involves two chambers, such as: humidification chamber and dehumidification
chamber. The humidification chamber is a chamber that has been installed a piezoelectric. This is an actuator to
process atomization ultrasonically. Then in other side, dehumidification chamber will distill the mist into liquid
solutions. Measurement devices used in this research to obtain data from brine, include: Total Dissolve Solid
(TDS) in water and weighing measurement to indicate the bottom product. TDS of brine solutions were measured
by using a portable Digital Salinometer which have wide range measurement 0.00-9.99 ppm and also 1.00 ppt-
50.0 ppt. This measurement device depends on the specific research and the type of data being collected. Weighing
measurement is a process of determining the output weight of lower saline water, in every 30 minutes data
collecting. It also measured the TDS of fresh water production. In the figure 2, schematic of the water purification
system has been shown by the functional equipment and the component. An ultrasonic module is needed to drj
a piezoelectric transducer ultrasonically.

Distilled water had been used to make initial brine concentrations and number of grams.
concentrations of sea water are 35 ppt. We need to prepare brine solutions with a salt concentration of
this work, we have to add 30 grams sea salt into 1000 ml of distilled water. These solutions will be
apparatus that we have made to carry out the experiment.

3. RESULTS AND DISCUSSION
3.1 Increasing of Salt Concentrations by Ultrasonic Atomization

The process of ultrasonic atomization breaks down the liquid into droplets or mist.
contain a portion of the salt from the original solution, but because they are smaller and s
concentration of dissolved solids in each droplet is lower than in the original liquid [22]. In t
range of Total Dissolved Solids (TDS) of brine water that was prepared has been measured. Brine s
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ppt. Then, brine water in the container measured for duration time in every 30 minutes. In figure 3, we can show
that the number of TDS will be indicated increasing of TDS irregurally in every testing. The average TDS of pure
water calculated to 354.6 ppm and the lowest TDS is 35.6 ppm.
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Figure 2. TDS of Brine in container

The specific influence of decreasing TDS will depend on factors such as the initial TDS concentration,
liquid properties, atomizer design, and operating conditions. Therefore, it is recommended to conduct thorough
experimental investigations or consult scientific literature for a more detailed understanding of the influence of
decreasing TDS in a specific application. The presence of dissolved solids in a liquid can affect the size distribution
and uniformity of the atomized droplets. Higher TDS levels may result in larger droplets or uneven spray patterns.
By reducing TDS, it is possible to achieve finer droplet sizes and more consistent spray characteristics.

3.2. Productions Rate of Brine
This experiment was carried out by utilizations of apparatus that due to brine solutions as the bottom’s

product. Measurement of brine concentrations will be indicated by the reductions of TDS in saline water
output. Flow rate of saline water will be reaching the minimization of brine. Even though, it can be analyzed

to the brine productions as other part of productions output.
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Figure 3. Flow Rate of saline water output

Figure 3 show that the irregular conditions conclude in the collecting of the low salinit
The design of this apparatus led to difficulty of collecting the output of low salinity water. Resid
water has been inhibited when collect the output. The average output flow rate is 4.3 g/min. Afte
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testing, 1 liter of saline water can be separated to 0.8 | of brine solutions (36.5 ppm). This technique can produce
brine as bottom product with 80% efficiency rate.

Ultrasonic vibrating mesh can improve liquid separation techniques through a phenomenon known as
ultrasonic atomization. When a liquid layer or dense liquid is subjected to power ultrasound, fine mist is
produced from the liquid surface. This process is characterized by the following points:

e Very fine droplets, ranging from several to several tens of micrometers in size, are obtained with a
narrower size distribution.

e There is no need to pressurize the fluid, making the equipment simpler.

e The droplet density and transfer can be easily controlled.

e Ultrasonic atomization is used in various fields that require fine droplets or aerosols due to their small
size and narrow size distribution. Compared to conventional nozzles that use high shear to break up
liquid, ultrasonic at-omization produces smaller droplets with a narrower size distribution [19],[20].
The phenomenon of atomization by vibrating meshing occurs in frequency 120 kHz as the frequency
that generates by ultrasonic module. It enables solute partitioning between mist and bulk liquid, which
has led to new aspects of separation in ultrasonic atomization.

3.3. Disadvantages to Transfers this Technology into the Industrial Practice

Brine preparation ultrasonically is a relatively recent technique. More research and analysis will be
required by researchers to make ultrasonic systems easier to design. They must continue to build theoretical
data models in order to standardize the design of ultrasonic devices. Once these models are created, we will
be able to use ultrasonic devices more regularly. Most significantly, we will be able to scale them up to filter
larger amounts of water.

Ultrasonic technology can be expensive to maintain. This is related to the repair and maintenance of
the ultrasound probe, which becomes damaged during ultrasonic activity. If ultrasonic devices fail, they may
require the services of an expert to be repaired. This requirement may cause a region to be without water
treatment for an extended period of time. As a result, technologies that are less expensive and easier to fix are
becoming increasingly popular. Hopefully, ultrasonic technology will become more widely available,
dependable, and economical. This technique is yet another useful instrument for making sea salt for household
appliances.

4. CONCLUSION

The potentials of ultrasonic atomization in brine processing lies in its ability to create fine sprays or mists
that increase the surface area of the liquid exposed to the environment, thus accelerating the evaporation and
crystallization processes. This can result in more efficient salt production with potentially higher yields. Ultrasonic
atomization also offers the advantage of being controllable and adaptable to different processing conditions. It can
help maintain consistent and favorable conditions for salt crystallization and minimize the risk of impurities or
uneven crystal formation. Overall, ultrasonic atomization can be a valuable tool in enhancing the brine processing
stage of sea salt production, ultimately leading to higher-quality and more efficient sea salt production.
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Ergonomic assessments are essential in the workplace to prevent
musculoskeletal disorders (MSDs). Currently, Indonesia has a standardized
ergonomic assessment, SNI 9011:2021. This assessment standard is widely
used to evaluate human posture. This study aims to evaluate the position of
a traditional brick-maker in which the posture identification system is based on
the SN19011:2021. This study employed a cross-sectional design with a sample
of workers in conventional brick manufacturing. The primary findings of this
study were visual ergonomic assessment for posture identification,
identification of ergonomic assessment categories with high risk in brick
manufacturing, and the prevalence of nagging pain among workers in the brick
moulding and drying process. To reduce occupational ergonomic risk,
particularly for brick-making workers, ergonomic intervention is required in the
form of additional work aids such as chairs. This has been shown to reduce the
evaluation score based on SNI 9011: 2021, thereby reducing the occurrence of
musculoskeletal disorders.
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1. INTRODUCTION

Ergonomics is important in many fields, including product design, architecture, health and safety, and
workplace design [1,2]. Ergonomic assessment is a significant component in preventing musculoskeletal disorders
(MSDs). Musculoskeletal disorders (MSDs) have been a major health concern that is frequently caused or
exacerbated by workplace factors such as repetitive motion, stress, and awkward postures [3-5]. These disorders
are associated with decreased productivity, sick leave, and chronic work disability [6,7]. MSDs can lead to pai
and impaired function in the musculoskeletal system, particularly in the upper extremities and neck
Recognizing the underlying causes and risk factors of MSDs is imperative for effective treatment and pr
An ergonomic assessment is widely used to examine the human joint skeleton and identify posture
prevent MSDs. Many ergonomic assessments are currently taking place in a variety of sectors. One of t
that receives a lot of complaints about MSDs is industrial manufacturing.

Personal factors and ergonomics have long been important considerations in the industri
manufacturing industry, it will affect the working productivity in which the manufacturing sector
on output, product quality, and innovation [10]. This manufacturing sector requires efficient
resources to achieve high productivity [11].

Musculoskeletal disorders (MSDs) represent a significant health problem, often caused or €
work-related factors such as repetitive movements, stresses, and clumsy postures [12,13]. These imp
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lead to decreased productivity, sickness absence, and chronic work disability [12]. Dental professionals are
particularly vulnerable to MSDs due to the suboptimal ergonomics of the work environment [14]. The impact of
MSDs on the musculoskeletal system can be resulting in pain and impaired function, especially in the upper
extremities and neck [13]. Thus, understanding the causes and risk factors of MSDs is essential for effective
intervention and prevention.

Human resources are a critical component of a manufacturing industry's production activities. To increase
productivity and quality, consider the environment, workspace, and operator conditions. This will have a
significant impact on the operator's physical conditions they also require adequate rest time to work, which
increases labour productivity [10,15].

Various work environment factors are likely to contribute to the development of MSDs in the brick making
process. Certain body sites such as the neck, upper extremities, and back have a high increased risk of MSDs [16]
These impairments are associated with risk factors in the work environment including lifting, material handling,
repetitive work postures, and awkward work postures. Excessive repetitive and prolonged exposure to static loads
can lead to complaints of damage to joints, ligaments and tendons. Workers who perform repetitive activities in
one cycle are very vulnerable to MSDs [17].

Brick-making is one example of a physically demanding activity. Workers in the brick-making of small
and medium enterprise (UMKM) continue to engage in manual activity. This industry continues to be supported
by a large number of workers as well as the use of traditional equipment in the burning and drying processes. The
brick production process continues to use traditional tools, such as a manual printing process that is done in a
sitting position for 7 hours. This can lead to the occurrence of MSDs.

The working system that has been in place for generations to maintain this commitment presents a challenge
in improving work postures that can lead to MSDs. Some of them perform in the brick industry. Work posture in
a sitting position during the brick-making process is one of the risks of MSDs. Consequently, the company owner's
intervention is required in order to consider humans as the primary driver of improvement while maintaining the
value of the work culture that workers have long maintained.

Several studies on MSDs have been carried out. A large percentage of workers who have worked for 4.5
years or have reached the age of 30 experience health and physical deterioration as as a consequence of their
workload. However, once workers become accustomed to their working conditions, they no longer perceive these
complaints [18]. Workers' main complaints after work concern the waist, neck, and certain parts of the spine
[19,20].

Risk assessment is an advantageous instrument for investigating unfavorable workplace exposures and
prioritizing workplace changes. Health and safety legislation in Sweden and Europe requires periodic risk
assessments to prevent exposure to potentially hazardous work environments [21,22]. SNI 9011: 2021 is one of
the risk assessments that has become a standard in Indonesia. It is a standard for identifying ergonomic hazards.
SNI 9011: 2021 measures the stages of preparation, implementation, and evaluation of ergonomic measurements
in the workplace. The findings of this study can be used to identify potential health issues caused by ergonomic
hazards in the workplace [23]. Thus, the purpose of this study is to identify MSD disorders in brick-making
workers using SNI 9011: 2021, which was issued by the Indonesian government.

2. METHODS

This research design was cross-sectional involving 47 participants from the Yogyakarta geographic region.
Respondent participation was based on consent and a protocol approved by Ahmad Dahlan University's ethics
committee on October 25, 2023 (number 012310241). The selection of respondents was carried out randomly from
the existing population. Assessment of MSDs and ergonomic symptoms refers to SNI 9011-2021, which addresses
the assessment and evaluation of ergonomic risks in the workplace. Appendix D: SNI 9011-2021 contains &
ergonomic hazard questionnaire for analysing and evaluating the level of ergonomic risk. The study looke
exposure duration, manual handling, and upper and lower body posture. Table 1 displays the total score ba;
the ergonomic risk level evaluation results.

Table 1. Risk Level Interpretation.

Score Interpretation

<2 Safe workplace

3-6 Need further Assessment
>7 Dangerous
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3. RESULTS AND DISCUSSION
3.1 Characteristic Respondent

The characteristics of research respondents are required to determine the distribution of respondents. Age
measurements on the KTP are based on the date of birth, while gender is a phenotypic trait indicated by secondary
gender characteristics. Body weight and height measurements were taken during the study. The research included
47 participants with an average age of 55+5.18 years. In this study's age variable, there were 40 people over 50
(85.1%) and 7 people under 50 (14.9). Male workers totalled 29 (61.7%), while female workers totalled 18
(38.3%). Further details, the characteristics of the respondents are shown in Table 2.

Table 2. The Characteristic of Respondent

Parameters Mean + SD
Age (Years) 55 +5.18
Height (cm) 153.47 +7.61
Weight (Kg) 57.27 +8.95
BMI (Kg/m2) 24.37 + 3.48
Work Experience (Years) 12.40 +4.67

3.2. Gender

In the study, 47 people took part in brick making. In this study, 61.7% were men and 38.3% were women.
According to the study's findings, female respondents reported experiencing more MSD symptoms in the previous
year while working on brick making. Some studies have also found that women are more likely to develop MSD
symptoms when engaging in repetitive activities [24,25].

3.2. Working Periods

The working period in the brick industry is a considerable length of time, it can be seen in Table 2 that the
average working period of the workers is 12.4 years. According to research [17], there is a relationship between
length of service and MSDs, especially work involving muscle strength.

3.3. Ergonomic Risk Assessment

The assessment of potential ergonomic risks in brick-making based on SNI 9011-2021 identifies two
assessment categories that are high risk and warrant further investigation. According to the results of the
musculoskeletal disorders analysis, the hazard level score ranged from 7 to 26, with a total of 47 respondents. In
the assessment of MSD symptoms in the process of printing and drying bricks, it was discovered that 6.4% of the
sample never felt annoying pain caused by the work of printing and drying bricks, while the remaining 93.6%
experienced undesirable pain as a side effect of the work of printing and drying bricks. Of the total respondents,
44 workers experienced pain (93.6%) and the remaining 3 workers did not suffer from pain (6.4%). The number
of hours spent at work by the respondents was 32 people doing their work for more than 5 hours (68.1%), while
the remaining 15 people worked for less than 5 hours (31.9). Most of the respondents, namely 42 people, use their
right hand as the dominant hand (89.4%) while the remaining 3 respondents use their left hand as the dominant
hand (6.4%) and there are also right and left hand dominant workers, as many as 2 respondents (4.2%). A total of
44 respondents have worked for more than 5 years (93.6%) and 3 respondents have worked for less than 5 years
(6.4%).

Figure 1. Work posture of brick worker
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Workers in the brick sector experience MSDs complaints as a result of repetitive activities during the brick
moulding process, which put pressure on the muscles due to the continuous workload. Furthermore, it is the result
of working postures while sitting during the moulding process. Symptoms of MSDs based on SNI 9011-2021
revealed that as many as 6.4% of the sample never experienced annoying pain caused by the work of printing and
drying bricks, while the remaining 93.6% experienced annoying pain as a result of the work. Of the 6% of the
workers who did not experience pain, two had not worked for more than ten years, and one had worked for more
than ten years but could use both hands well without dominant left or right hands making the worker's job easier.
Figure 2 illustrates the results of pain complaints.

HYes

Figure 2. The chart of pain complaint

Static postures put more strain on muscles and tendons, resulting in fatigue or exhaustion [26,27]. The
hazard score in the gotrak assessment work posture ranges from a maximum of 26 to a minimum of 7, with a
tolerance value of less than 7 indicating safety.

Figure 3. Photo of workers after using suggested improvements
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Figure 4. Picture of worker mannequin after suggested improvements

The suggested improvement to the type of folding chair has a significant impact on the hazard factor score
assessment. Whenever this improvement suggestion is implemented, all overall ratings for the hazard factors will
change. For instance, the respondent's hazard factor score began with a value of 8, which is classified as hazardous,
but after implementing the improvement suggestion in the form of a folding chair, the score changed from 8 to 6.
Based on the results of the SNI 9011-2021 assessment, it is demonstrated that the improvement suggestion in the
form of a folding chair can reduce the hazard factor score.

4. CONCLUSION

The results of the MSD assessment using SNI 9011-2021 show that most traditional brick-makers have
MSDs symptoms with varying degrees of risk. As many as 93.6% of workers complain of lower back pain, which
is caused by their position, specifically crouching. The average age of brick workers is more than 50 years. The
advice assigned to reduce MSDs complaints is to provide a small chair to sit in while making bricks. The score
obtained before using a small chair was 8, and the score obtained after using a chair as a seat was 6. This illustrates
how suggestions for improvement, such as using a chair or sitting aid, can reduce the score value of MSDs
complaints based on SNI 9011 2021.

Therefore, it is recommended that brick-making workers require ergonomic intervention in the form of
additional work aids such as chairs to reduce work ergonomic risks. This has been proven to reduce evaluation
scores based on SNI 9011:2021 thereby reducing the occurrence of musculoskeletal disorders.
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Abstract. Distillation will be optimal if the raw material has a large surface area,
Coressponding Author: for this it requires a chopping process. The aim of this research is to investigate
maderajendra@pnb.ac.id the increase in oil yield achieved through steam distillation with the integration

of a chopping module which is a novel distillation process. To achieve this, we
employed a distillation reactor equipped with an internal chopping module to
enhance both the quantity and quality of Champaca essential oil production.
Our experiments involved three variations of pre-distillation treatment: no
chopping, chopping inside the reactor, and chopping outside the reactor. The
distilled oil was subsequently analyzed using GC-MS. These three chopping
methods resulted in varying amounts of Linalool compounds. Unchopped
essential materials yielded 6.54% Linalool compounds, while internal chopping
produced 32.33%, and external chopping resulted in 7.40% Linalool
compounds. The internal chopping method proved to be the most effective in
increasing Linalool compound content. Consequently, we can conclude that
chopping materials within the distillation reactor during the steam distillation
process can increase the main compound's content.

Keywords : Essential Oil, Steam Distillation, Champaca Oil, Chopper

1. INTRODUCTION
As an agricultural country, Indonesia possesses abundant natural plant resources. Among these resources

are plants that produce essential oils. There are nearly 150 plants known for their essential oil production, with 40
of them being actively cultivated and exported [1]. Essential oils, also referred to as volatile oils, are extracted
from various parts of plants, including leaves, flowers, wood, seeds, or flower buds, through a distillation process.
Essential oil extraction methods include steam distillation, distillation, or extraction, which separate the aromatic
compounds from the raw materials. The resulting product is an oil containing highly concentrated active
compounds, such as aromatic terpenoids and phenolic compounds. This extraction process is considered
environmentally friendly as it utilizes water vapor as the solvent [2].

Steam distillation stages include; Preparation of raw materials that have been dried and chopped
being placed into the distillator. A steam vessel is connected separately, delivering hot steam that envi
surface of the raw material. This steam causes the pores of the raw materials to open, stimulating the re
oil fraction trapped within. The oil fraction, now released, diffuses with the water vapor and is carried
condenser, where it condenses into the liquid phase. The oil yield in steam distillation has been
relatively low by previous researchers [3] [4] . To address this issue, some researchers have
methods, transitioning from super-hot steam distillation [5] to microwave-assisted distillatio
claimed to be more effective in increasing oil yield.

In the essential oil refining industry, steam distillation is a well-established and commonl
[7]. Increasing production without completely overhauling the method, which would involve a
equipment, consuming additional energy, and preparing the workforce for technology transfer, is a k
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challenge of achieving higher oil yields can often be traced back to the initial treatment of the raw materials. Prior
to entering the distillation reactor, raw materials are typically dried to reduce moisture content and then chopped
[8]. The chopping process essentially disrupts the tissue structure containing the oil sac, facilitating the oil
fraction's diffusion with steam. However, because chopping occurs outside the reactor, some of the oil fraction
may be lost prematurely. To prevent the loss of essential oils, the idea is to implement the chopping of raw materials
directly within the distillation vessel. This approach ensures that the chopping process occurs simultaneously with
the steam flow, resulting in more optimal capture of the oil fraction.

Our study delves into the intricate distillation procedures involved in extracting cempaka oil, a resource
plentifully found in Sibang Village, within the Badung Regency of Bali [9]. Despite its abundance, this valuable
commodity has remained largely untapped, with minimal processing into essential oil. Through our research, we
aim to serve as a pivotal force propelling the development of the local refining industry. By distillation the potential
of indigenous resources and unlocking their essence through advanced processing techniques, we pave the way
for the conversion of these raw materials into lucrative, high-value products.

2. METHODS
2.1 Material

The test samples used in this study consisted of Champaca (Magnolia champaca (L.) Figlar) flowers
harvested from Sibang Village, Badung Regency, Bali. Each experiment required 200 grams of orange Champaca
flowers. To ensure consistency, all the flowers used were sourced from the same tree. To reduce humidity, all
flowers were allowed to wilt in the sun. Subsequently, an electric oven was employed to evenly decrease moisture
content throughout the Champaca flowers. The drying process was carried out at 60°C for 2 hours, a temperature
chosen based on TGA results indicating that moisture reduction occurred effectively at temperatures below
61.68°C.

2.2 Experimental setup

The experiments using small-scale distillation equipment, comprising three main components: a distillator
with a chopper module, a steam reactor, and a condenser. The distillation chamber measures 20x20x40 cm, the
schematic is shown in Fig. 1.

Figure 1. Experimental Setup; 1. Steam Reactor, 2. Distillation, 3. Material Input, 4. Steam Li
Condenser, 6. Control, 7. Oil Output, 8. LPG, 9. Distillation Chamber, 10. Drive Motor, 11. Cultti
12. Residual output
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2.3 Experimental Stage

This study examined the essential oil produced through steam distillation of Champaca flowers, considering
three different treatment variations, as illustrated in the diagram, as shown in Fig. 2. The first experiment involved
distillation of whole, unchopped Champaca flowers (X1), while the second experiment used Champaca flowers
chopped within the distillation chamber (X2). The third experiment used Champaca flowers that were both
chopped and dried before distillation (X3). All experiments maintained consistent control variables, including
sample type, sample weight, distillation time, and sample size. The quantity of distilled Champaca oil was
evaluated based on the percentage of the main component content determined by GC-MS analysis.

5

Wiltering by Wiltering by Wiltering by
the sun the sun the sun
I drying in chopping
drying in electric oven pping
elecric oven O O,
P drying in
Q weighing ying
h electric oven
SR L L
weighing G G
r
g chopping weighing
L L
distillation ( [
distillation distillation
. . sample oil sample oil
| sample oil X1 ; X3

X2

Figure 2. Experiment Stage

2.4 Thermogravimetric Analysis (TGA)

To investigate the biomass behavior under the influence of heat, we conducted a thermogravimetric analysis
(TG/DTG) using the TGA-701 Leco instrument, with a measurement precision of £2°C and a microbalance
sensitivity of 0.0001 g. The test sample, comprising 1.0 g of Champaca flower. The sample was subjected to
dynamic heating, ranging from room temperature to 950°C, with a heating rate of 20°C/min, all while maintaining
a continuous flow of nitrogen gas at 10 mL/min.

2.5 Liquid Analysis

We analyzed the samples using a GC-MS system, which consisted of an Agilent 7890B chromatogra
coupled with an Agilent 5977B-MSD spectrometer. The chromatography column employed was an HP-5 M
and Helium served as the carrier gas with a sweep speed of 1.3 mL/min. The heating program was confi
initiate at 70°C for 3 minutes, followed by a ramping rate of 10°C/min until reaching 290°C, which wa
2 minutes. Compound identification was automated through a comparison of mass spectra with the N
library. The MS scan range spanned from m/z 40 to 350, operating at a frequency of 4.5 scans per
gain factor was set at 1.0, and the Electron Multiplier (EM) was maintained at 1780 Volts. The
quadrupole temperatures were set to 230°C and 150°C, respectively.

3. RESULTS AND DISCUSSION
3.1 Champaca Flower Characteristic
The characterization of Champaca flowers involved the microscopic observation of ti

Scanning Electron Microscope (SEM). The samples were split on the transverse side for testing, al
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are presented in Fig. 3. The SEM images reveal that Champaca flower tissues contain pockets or cavities believed
to house oil fractions. During the distillation process, steam's heat is employed to deform these tissues, widening
them to facilitate the faster release and binding of oil fractions to steam. This process can be more effective if the
path traveled by the oil is shorter, thus conserving energy. Shortening this path can be achieved by chopping raw
materials before distillation. Therefore, we formulated a provisional hypothesis that chopping the material would
lead to an increase in the oil yield.

Y\t

SElI  20kV WD14mm  SS40 SEl  20kV WD11mm  SS40
Laboratorium Mekanika Material UNUD Laboratorium Mekanika Material UNUD

Figure 3. The Transverse Surface Of The Champaca Flower Viewed Using SEM At 25 And 250X
Magnification

We conducted proximate analysis through TGA tests to analyze the decomposition process of Champaca
flower biomass when subjected to heat. This analysis examines the decomposition of moisture, volatiles, fixed

carbon, and ash at specific temperatures corresponding to the applied heat. The test results are presented in Table
1 and visualized in Fig. 4.

Table 1. Proximate Analysis of Champaca Flower

Parameters Y%owt*
Moisture 85.41
Volatile (VM) 14.40
Fixed Carbon (FC) 0.13
Ash 0.05

*as received basis (sample was chopped)

61,6841; -0,148793

Volatile Reduction ‘ Fix-Carbon and
'

Weight (%)
8

Ash Formation - -4

Weight Loss (%)

Moisture Reduction

—TGA
—DTG

H H L 6
o | : \ !

! - 109,015; 14,5588 d
0 100 200 300 400 500 600 700 200 900
Temperature (°C)

Figure 4. TGA-DTG diagram of Champaca flower

The TGA-DTG graph (Fig. 4) illustrates the reduction in sample mass with increasing heat,
to rising temperatures. Initially, there is a rapid reduction in mass, reaching 85.41% at 109°C. This ¢
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the moisture reduction phase, which typically occurs in the range of 100-110°C, leading to the evaporation of
water present in the biomass [10]. Since essential oils have volatile properties, particularly those located outside
the flower tissue structure, they are considered part of the water evaporation phase, leading TGA to categorize
them as moisture reduction. The DTG graph exhibits a valley that ends at 61.68°C, indicating the initial stage of
moisture reduction. To preserve essential oil content, it is advisable to conduct the initial drying stage at
temperatures below 61°C, as supported by previous research [11]. The next sharp valley occurs until 109°C,
representing a significant reduction in mass attributable to the loss of essential oils. Subsequently, there is a third
valley within the temperature range of 109 to 650°C, indicating the evaporation of oil within the tissue structure,
accounting for 14.4% of the overall oil content. Finally, there is a minimal mass reduction of 0.13% due to the loss
of fixed carbon, leaving behind 0.05% as ash.

3.2 Analysis of Compounds in Distilled Champaca QOil

The distillation experiment yielded three oil samples, denoted as X1, X2, and X3, which were subsequently
subjected to GC-MS (Gas Chromatography-Mass Spectrometry) analysis to determine their compound
composition. The GC-MS test results are presented in two forms: spectral graphs and a list of compound types
(Table 2). In Fig. 5, graph (a) illustrates 8 spectral peaks in sample X1, indicating the presence of 8 dominant types
of compounds within this sample. Sample X2, shown in graph (b), exhibits 4 dominant spectra, signifying the
presence of 4 dominant compound types. Meanwhile, sample X3, depicted in graph (c), displays 8 dominant
spectra. The comparison of peak spectral height and retention time serves as the basis for identifying and
categorizing compound types, referencing the NIST Chemistry Web-Book catalog [12].

Abundancs

TIC: 2023_07_11_Cempaka X1_{.Didatams

TIC: 2023_07_t1_Cempaka X2 Didata.ms

5ho 5bo 7ho abo .50 10000 1100 1200 13.00 1400 15,00 15.00 17.00 12,00 18.00 20,00 2100 2200 23.00 2400

Agundance TIC: 2023_07_11_Campaka X3.Ddatams

2500000 22812
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T T T T T T T T T T T T T T
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Time--=

(c)

Figure 5. GC-MS Spectrum Graph: (a) X1, (b) X2 dan (c) X3
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Linalool, a key component of essential oils, particularly Champaca oil, is represented by the molecular
formula C1oH180 [13]-[15] with the molecular formula CioH18O. In this study, the quantity of Linalool was
employed as an indicator to assess the distillation process's performance. Table 2 presents the column area section,
showing the percentage of Linalool content in each sample. Sample X1 contains 6.54% Linalool, while sample X2
boasts the highest concentration at 32.33%, and sample X3 contains 7.4% Linalool. Notably, sample X2 exhibits
the highest Linalool content, suggesting that the distillation process with internal chopping yields Champaca oil
of superior quality compared to the other two methods.

Table 2. List Of Compounds in Champaca Oil Based On GC-MS Test Results

PK# RT Area% Library/ID Ref# CAS#  Qual
Sample : X1
1 5.079 6.54 Linalool 27451  000078-70-6 91
2 5250 22.85 Phenylethyl Alcohol 10108  000060-12-8 94
3 5.725 9.11 (3R,6S)-2,2,6-Trimethyl-6- 39780  039028-58-5 72
vinyltetrahydro-2H-pyran-3ol
4 6.739 6.96 Indole 8731  000120-72-9 95
5 7.088 490 Methyl anthranilate 25546  000134-20-3 95
6 14933  33.24 n-Hexadecanoic acid 117418  000057-10-3 99
7 19.265 4.49 Tetrasiloxane, decamethyl- 168283  000141-62-8 50
8 22.816  11.90 Acetic acid, [4-(1,1- 85348  088530-52-3 47
dimethylethyl)phenoxy]-,methy! ester
Sample : X2
1 5.084  32.33 Linalool 27447  000078-70-6 96
2 5259  20.66 Phenylethyl Alcohol 10107  000060-12-8 94
. . . 1000366-57-
3 19.246  25.90 Tris(tert-butyldimethylsilyloxy)arsane 260810 5 52
4 19.674  21.12 Arsenous Acid, tris(trimethylsilyl) ester 199618  055429-29-3 52
Sample : X3
1 5.082 7.40 Linalool 27447  000078-70-6 96
2 5.248  14.31 Phenylethyl Alcohol 10108  000060-12-8 94
3 5.471 4.78 Benzyl nitrile 8741  000140-29-4 96
4 5.726 5.56 (3R,6S)-2,2,6-Trimethyl-6- 39780  039028-58-5 83
vinyltetrahydro-2H-pyran-3ol
5 14.940 5.38 n-Hexadecanoic acid 117419  000057-10-3 97
6 20.177  54.72 2" -Hydroxy-5' -methylacetophenone, 85149 97389-69-0 50
TMS derivative
7 20.265 1.02 2,4,6-cycloheptatrien-1-one,3,5-bis- 111265 1000161-21- 50
trimethylsilyl- 8
8 22.813 6.83 1,2-Bis(trimethylsilyl)benzena 85160  017151-09-6 50

The distillation of whole Champaca flowers yields the lowest Linalool content and also includes seven
other types of compounds, such as acids (45.14% - including n-Hexadecanoic acid and Acetic acid), alcohols
(22.85%), and aromatic hydrocarbon compounds (25.46% - including Trimethyl, Indole, Methyl anthranilate, and
Tetrasiloxane). The presence of these additional compounds is attributed to the excess heat absorbed by the flo
tissues during distillation. This occurs when the trapped oil has to traverse a lengthy trajectory, causin
decompose due to the heat into various other compounds. High temperatures promote chemical reactions
compounds, leading to the formation of new compounds. A similar pattern is observed in sample X3,
distillation process initiates with the drying of chopped samples, causing the rapid evaporation of Lin
only a minimal amount. Elevated temperatures further promote the decomposition of tissue co
hydrocarbon compounds, constituting 72.91% of the total composition. These hydrocarbon com
Benzyl nitrile, Trimethyl, methylacetophenone, cycloheptatrien, and benzena. Additionally, alc
make up 14.31% of the composition, followed by acids at 5.38%. The distillation process us
chopping method effectively retains Linalool components within the tissue pockets. When exposed
components readily escape and diffuse with the steam, as illustrated in Fig. 6. Because Linalool ¢
positioned internally, they can flow shorter distances. It can be inferred that smaller cutting sizes re
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Linalool compound content in the oil. This observation aligns with findings from previous researchers [16], [17],
although they employed external chopping methods before the distillation process.

tissue
heat

A& x 3., n-Hexadecanoic acid
}'t“ ;h& Linalool

Linalool X1 Reaction gap

Oil pocket

Linalool Linalool

Figure 6. Reaction scheme and release of compounds in tissues

In addition to Linalool, the internal enumeration method yields alcohol compounds (Phenylethyl Alcohol)
at a concentration of 20.66% and acids at 47.02% (including arsane and Arsenous Acid). Both of these compound
groups are formed due to the presence of excess oxygen, particularly in the steam containing oxygen. Notably,
compared to the other two methods, the internal chopping method produces only three additional types of
compounds aside from Linalool. This suggests that the subsequent purification process will be more
straightforward and efficient.

4. CONCLUSION

Linalool emerges as the predominant compound in champaca oil obtained through steam distillation. Varied
chopping methods employed during the distillation process result in differing concentrations of Linalool
compounds. Specifically, unchopped essential materials yield Linalool compounds at a rate of 6.54%, internal
chopping produces 32.33%, and external chopping yields 7.40% Linalool compounds. The volatile nature of
essential oils underscores the necessity for precise distillation techniques. The internal chopping method notably
yields the highest concentration of Linalool compounds. Hence, it can be inferred that incorporating internal
chopping of materials within the distillation reactor effectively enhances the main compound content during steam
distillation processes.
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