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This work is intended to design a centrifugal atomization machine to create a device capable of producing Sn powder at low
cost and high productivity. The material used for the centrifugal atomization machine is ST37 steel, based on the calculated
material strength of the construction design. The compressive force that occured in the motor mount and secondary heater
bracket is 0.86168 N/mm’. The bending stress that occured in the secondary heater bracket is 1.5625 N/mm? The bending
stress that occured in the tundish bracket amounts to 3.33 N/mm’ and is deemed safe for the construction of the centrifugal
atomization machine. The powder in mesh 300 dominated the results in the various rotating disk speed of 20000 rpm and
24000 rpm. The XRD diffractogram showed the peak suitability of the powders at 15000 rpm, 20000 rpm, and 24000 rpm to
match the peak of tin.
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Introduction soldering. In addition to soldering tin, ingots are also
widely processed in the plating industry in the form of
Tin is a form of metal with a chemical element that tin plates (16%) and chemical base materials (13%).
has the symbol Sn (stanum) and an atomic number of Other uses of tin include the manufacture of brass and
50. Tin is a malleable silvery metal, not easily oxidized bronze (5.5%), the glass industry (2%) and other
by air which allows tin some rust resistant properties. applications (11%) [2].
The melting properties of these synthesized nanoparticles For this reason, it is necessary to manufacture
were studied by differential scanning calorimetry. The machines that can be used to produce Sn powder that
melting temperatures of Sn depend on its diameter of can meet the needs of the tin processing industry in
81, 40, 36 and 34 nm are 226.1, 221.8, 221.1 and 219.5 Indonesia. Testing of the resulting powder from the
°C, respectively [1]. atomization process also needs to be done in order to
Indonesia is one of the four largest tin producers in determine the success rate of the centrifugal atomization
the world. Indonesia's own tin ore production is centered machine [3, 4]
on the island of Bangka. With that said however, to
meet the demands of tin powder as basic material for Experimental
various industries in the country, tin is still 100%
imported from other countries. This is mainly due to the Tin powder manufacture
lack of an industrial-scale Sn powder manufacturing Tin cannot be directly used in the form of solder
equipments in Indonesia, hence why it’s still mainly paste. The tin must first be converted into powder
imported. form, so that it can then be used in the manufacture of
Tin applications include use in food packaging, PVC solder paste. Table 1. shows the standard size of tin
pipe industrial stabilizer, and electronic component powder used in the manufacture of solder paste.
assembly. There are many applications for tin, with the Theoretically, to produce Sn powder, several methods
utilization of tin products in the electronics sector being of tin powder can be used, namely mechanical (Mechanical
the most prominent. 52% of the total ingots produced or Pulverization), chemical (Chemical), electrolytic
in Indonesia would be processed into tin paste for (Electrolytic Deposition) and atomization (Atomization).
In the design of this machine, it was chosen to use the
*Corresponding author: centrifugal atomization method for the manufacture of
EZL 12%‘_875566917019613727 Sn powder. The reason for this method is because it
E-mail: dwita_suastiyanti@iti.ac.id only requires low cost for the atomization process and
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Table 1. Tin powder size standard

Powder Type Mesh Size Powder Size (1)

1 -100+200 75-150
2 -200+325 45-75
3 -325+500 24-45
4 -400+625 20-38

4.5 -450+635 20-32
5 -500+635 20-25
6 -635 <20

besides that, it does not require further processing of
the fluid to be atomized [5]. For the process of making
this atomization tool, it is necessary to calculate the
strength of the centrifugal atomization machine con-
struction and test the manufacturing of Sn powder.

Metal atomization is a method of creating metal
powders, by heating the metal to its melting point after
which the melted molten metal is flowed through a
nozzle. After the molten metal comes out of the nozzle,
the atomization process is carried out in various ways,
namely through high pressure water spray, pressurized
gas spray, or by using a centrifugal dish.

Water atomization is a commonly used method for
producing metal powders having a melting point below
1600 °C. High pressure water is sprayed directly on the
molten metal, forcing disintegration of the molten
metal and rapid solidification occurs.

The process of water atomization occurs when the
molten metal from the nozzle collides with the water
sprayed from the sprayer. The atomization process
using water is greatly affected by the pressure and
angle of spraying the water used to break up the molten
metal. The powder formation processes that may occur
in the water atomization process are cratering, splashing,
stripping and bursting.

Gas atomization process can be classified into two
types, that is using compressed air or using inert gas.
The compressed air process is used for metals that have
a low liquid temperature and the metal is not reactive
to its oxidants, such as lead and tin. The inert gas
process is conducted by namely adding a certain gas
into the atomization chamber. This technique is used
for metals that have high liquid temperatures and are
very reactive. Some of the inert gases commonly used
in the gas atomization process are nitrogen, argon and
helium. The molten metal flowing through the nozzle
hole will be sprayed by pressurized gas through the gas
nozzle, so that the liquid metal will decompose and
then freeze in the form of metal powder. In this gas
atomization method, the liquid metal stream must be
superheated, which causes the solidification time of the
powder after the atomization process to become longer.
The factors that affect the production of metal powders
in the gas atomization process are: the type of gas used,
the viscosity of the molten metal, the temperature of
the molten metal, the type of alloy, the flow rate of the

molten metal, the gas pressure, the gas velocity, the
flow rate of the gas, the viscosity of the gas, the
geometry of the nozzle. and the gas temperature. The
amount of gas pressure will affect the size of the
powder, with smaller powders able to be produced by
increasing the pressure of the gas exiting the nozzle.
Besides the high gas pressure, the low viscosity of the
liquid metal will also cause the resulting powder to be
smaller. The factor that also influences the success of
the powder manufacturing process using the gas
atomization method is the gas nozzle design. The gas
nozzle must be able to radiate gas evenly throughout
the atomization area.

Centrifugal atomization can be defined as the process
of breaking up molten metal that falls into a rotating
disk by rotating it at high speed, so that metal powder
is formed. This centrifugal atomization utilizes the cen-
trifugal force generated from the rotating disk which is
rotated by the motor spindle. The simple concept of
centrifugal force can be seen in the following equation:

)
F centrifugal — mr

Where; m: mass (kg)
r: radius (m)
: angular velocity (rad/s)

The centrifugal atomization process is widely used to
produce sprays, droplets and powders. During this
process, the liquid falls on the rotating disc and
disintegrates into ligaments or droplets at the edges of
the rotating disc. Various droplet sizes can be obtained
using this process. Therefore, this method is applied in
the production of fine metal powders and their alloys.
This centrifugal atomization can also produce very
spherical powders of almost the same size at a higher
production rate than other atomization techniques [6].

This centrifugal atomization method has several
advantages compared to other atomization methods,
namely almost all molten metal can undergo centrifugal
atomization. Another advantage of this atomization
method is that the metal powder produced often have
high purity. The shape and size of powder particles can
also be controlled by adjusting certain parameters such
as the temperature of the metal and the pressure of the
atomizing medium. The results of this centrifugal
atomization will vary depending on the value of the
main parameter settings when the atomization process
is carried out.

The technique of making metal powders using
centrifugal atomization has been widely used to create
small and round metal powders. This is because the
manufacturing process requires lower production costs
than other atomization processes [7]. Theoretically in
the centrifugal atomization process, the tin is flowed to
a high speed rotating disk after the melting process,
then it will be radially dispersed centrifugally. The
moving molten slurry then develops into a thin film
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that covers the surface of the disc. As long as the
molten tin flows in the rotating disk, the melt flow can
be divided into 3 regions: the potential region, the jet
boundary layer region, and the outer boundary layer
region [8]. Through this centrifugal atomization process,
it is possible to create various metal powders, depending
on the parameters made in the atomization process.

As is known in previous studies regarding the perfect
melting point at a temperature of 245.75 °C, the tin in
the tundish (liquid metal container) must be heated
with an induction furnace at a temperature of 245.75
°C. After the tin is completely melted, it will flow
through nozzle hole towards the center point of the
centrifugal dish (rotating disk). With an electric motor
rotation of 10000 rpm, the tin liquid flowing in the
rotating disk will experience centrifugal force so that
melting droplets are formed. Then after the cooling
process, the melting droplets will become solid tin
powder.

To model the centrifugal atomization, the process is
assumed to be in ideal conditions, namely:

(1) There is no contamination between the molten
metal grains with one another.

(2) The formation of the ball sphere occurs perfectly.

(3) The direction of the metal fluid is perpendicular
to the rotating disk.

For other types of centrifugal atomization methods,
experiments have been carried out with the method of
pressing the melted tin using the particle orifice ejection
method (POEM), in which the melted metal is forced
through an orifice, with the aim of further stabilizing
the value feeding from the furnace (tundish) to the
centrifugal disk in hope of obtaining a smaller and
homogeneous powder size.

The technique for producing small and homogeneous
powders can also be done by using additional heating,
this aims to maintain the melting point of tin so that
during the atomization process, the tin can produce
single droplets. To support the additional heating, it is
necessary to use a heating element on the tundish
which can include heat from the secondary heater [9].
An additional factor that can affect the results of the
centrifugal atomization process is the placement of
each component [10].

For centrifugal atomization, the most influential
factor on the atomization results is the shape of the
rotating disk, a rotating disk with an angle of 67.5° can
reduce the size of the resulting tin powder [11].

The particle size distribution depends on the
atomization parameters such as the physical properties
of the slurry, the slurry flow rate, the geometry and
surface conditions of the rotating disk, and the rotating
speed of the rotating disk. So when manufacturing tin
powder using the centrifugal atomization method, it is
necessary to pay attention to the factors that affect the
distribution of particles from the tin powder in order to
obtain a spherical and homogeneous tin powder, such

as the rotating speed of the rotating disk, the shape of
the rotating disk, and the temperature of the tundish.

These influencing factors need to be given attention
so that the results of the atomization powder is spherical
[12]. To purify the atomized powder, it can be done by
minimizing the oxygen content in the atomization
chamber, using a vacuum pump and nitrogen gas, to
minimize the oxygen content in the atomization chamber.
This is necessary so that the obtained Sn powder is not
oxidized [13].

Creating powder by the centrifugal atomization
method requires a furnace to melt the tin, with the ideal
furnace material being stainless steel 304. This is
because the characteristics of stainless steel 304 include
the required ductility to withstand high temperatures
[14].

Machine designing and trial of manufacturing Sn
powder

In designing the machine, attention must be paid to
the strength of the design. The strength of the structure
depends on the normal forces acting on the components
of the structure created. The normal forces acting on a
construction include tensile forces, compressive forces,
bending forces, shear forces and torsional forces. Each
of the working forces will produce different kinds of
stresses that will affect the components of the
construction.

For the strength calculation of the material for the
design, classical mechanics calculations are used,
which includes any forces acting on the components.
The stress received by the design must be less than the
allowable stress of the material used [15-17].

Judging from how the external forces act on the
construction, as well as stresses and the resulting
deformation, the loads can be divided into:

1) Tensile load (which causes tensile stress, s;)

2) Compressive load (which causes compressive stress,

Sc)

3) Bending load (which causes bending stress, sy)

4) Shear load (which causes shear stress, t; or t,)

5) Torsion load (which causes torsion stress, t;)

The centrifugal atomization method is relies heavily
on the rotation of the motor spindle, therefore a precise
alignment can accelerate the atomization process. So
that in addition to the design of a strong atomization
device, the accuracy and precision in the installation of
components from centrifugal atomization must be able
to minimize the occurrence of vibrations that can
interfere with the atomization process.

The design of the centrifugal atomization machine is
carried out using CAD, then an analysis of the strength
of the material is carried out using classical mechanics
calculations. After all the stages have been passed, the
design results in the form of machinery which include
the components to be used along with their dimensions,
the materials to be used in the manufacture of the
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Table 2. Sn powder manufacturing test parameters

Parameter Value
Weight of Sn Billet 200 gram
Temp of tundish 700°C
Melting temp of Sn 433°C
Flow rate of Sn melt 32.727 kg'hour
Hole distance of tundish to disk 10 mm
Hole diameter of nozzle 3 mm
Diameter of rotating disk 50 mm
Basin angle of rotating disk 67°

Speed variation of rotating disk 15,000:20,000:24,000 rpm

machine and testing methods for the powders. Sn. In
the design stage, the size and type of material to be
used need the right specifications. This is related to the
strength calculation of the centrifugal atomization
machine. The next stage is a trial of manufacturing Sn
powder using rotation variations.

In the trial stage of making Sn powder, it is necessary
to determine the testing parameters so that the test
results obtained have the same parameter settings to
make it easier in analyzing the resulting Sn powder.
The test parameters are shown in Table 2.

The trial process for making Sn powder was carried
out by heating 200 grams of tin in a tundish until the
tundish temperature reached 700 °C, then the secondary
heater was turned on 10 minutes before the motor
spindle was set at a rotation speed variation of 15000
rpm, 20000 rpm, and 24000 rpm. The atomized powder
from each rotation variation is then collected in a
separate sample tube and labeled.

Maintaining the temperature in the atomization
chamber so that it is at the melting temperature of the
tin will determine the yield of the powder at each speed
variation. Minimizing oxygen levels in the atomization
chamber can be done by using a vacuum pump or by
adding inner gas to the atomization chamber, which is
done to obtain a spherical Sn powder form.

The sieving of powder results for each rotation
variation, observations using an optical microscope of
the powder produced in each rotation variation and
XRD test of the powder in each rotation variation are the
test steps carried out to determine the success rate of the
centrifugal atomization machine. The powder from the
atomization test results must be in accordance with the
standard determined in ‘J-STD-005 Requirements for
Soldering Pastes’ [18-20]. This is because the purpose
of making this tin powder is for the purpose of making
solder paste.

Results and Discussion

Design of centrifugal atomization machine using
CAD

For the CAD design, the mechanical system design
of the centrifugal atomization machine can be shown in
Fig. 1. The atomizer component must be assembled

. Tundish

. Rotating disk

. Secondary heater

High speed spindle motor

. Inlet water cooling system

. Spindle motor power source

HJCI\U\_.b.L.QM'—-

. Main frame

Fig. 1. Atomizer system design.

Atomization chamber | | Atomizer mechanic

Powder pick up

Fig. 2. Atomization component placement.

with an atomization chamber based on the design using
CAD. The placement of atomization component is
shown in Fig. 2.

Calculation of motor pole mount and secondary
heater bracket

It is known that the U profile material (A x B x t; x

t, =75 x 40 x 5 x 7 mm) is made of ST37, with o, =
235 N/mm? and the expansion coeffiecient of steel ¢ =
0.000011 /°C. This U profile will be used to support the
motor and the secondary heater with the total load of 6
kg and U profile length of 290 mm. Fig. 3. shows an
illustration of the force acting on the motor mount and
secondary heater bracket.

The calculations are shown below:

» From the steel construction profile table, the value
of the U profile cross-sectional area is (A) = 8.818
cm? = 88180 mm?, and the section modulus being
W, = 20.2 cm® = 20200 mm°.

» Compressive Stress:

c, F__OON 5 = 0.00068 N/mm?

A 88180 mm
* Bending Moment:
M,=F - 1=60N - 290 mm = 17400 N-mm
W, = 20.2 cm® = 20200 mm’
* Bending Stress:

o=y _ 17800 N-mm _ g6 Nymm?

W, 20200 mm’
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f[
—

Fig. 3. Pole mount for the motor and secondary heater bracket.

Omax = Oc + G = 0.00068 N/mm?* + 0.861 N/mm?
= 0.86168 N/mm’
* By accounting the safety factor (SF) of 4 for ST37,
the acceptable stress value is acquired:

0, 235 N-mm

Ouue = 51 — = 58.75N/mm’

4 mm
* The values acquired Shows Gy < Osfe, therefore
the construction is deemed safe.

Secondary heater bracket calculations

It is known that the material for the corner plate
(20*20) is made of ST37, with 6, = 235 N/mm’ and
steel expansion coefficent of ¢ = 0.000011/°C, with 2
of these corner plates used to support the secondary
heater with a load of 1 kg, and the length of these
corner plates being 150 mm. Fig. 4. shows the
application of forces on the corner plates.

The calculations are shown below:

+ Based on the table, W, = 0.24 cm® = 240 mm®

* Bending Moment:

F-1_10N-150 mm

Mb:T:‘*"mT“m— =375 N'mm
* Bending Stress:
o= 3TSN-MM _ 4 5675 N/mm?
W, 240 mm

» With the safety factor SF = 4, the acceptable stress
value oy can be obtained

G = 2 = 23N _ 56 75 Nmm?
SF 4 mm’

Based on the calculations that o}, < Gy, the con-
struction is deemed safe.
* Considering that the steel is exposed to the heat of

[} d:den | i 1=150 mm

Fig. 4. Application of forces on the corner plates.

400 °C (assuming the initial heat is 30 °C), it can be

seen that the increase in length (expansion) is:

Al=c -1 At=0.000011/°C - 150 mm - 370 °C
=0.61 mm

Tundish bracket calculations:

It is known that tundish bracket is made of ST37
with certain dimensions (3 x 20 x 400 mm), with yield
stress value of 6, = 235 N/mm® and steel expansion
coefficient of ¢ = 0.000011 /°C. There are 2 plates used
to suppot the tundish with a load of 3 kg.

The calculations are shown below:

« Based on the table, the value

2 2
%:200 mmé(3 mm) _ 300 mm®

* Bending Moment:

Mb—l%—3—o N 4800 = = 1500 N-mm

* Bending Stress:
M, 1500 N-mm

W,=

5, = —=————= 5 N/mm?
" W, 300 mm’
» With the safety factor SF = 4, the G, value can be
acquired:
Oy = 2 = 2NN _ 5 75 N/
SF 4 mm’

Withoy, < 641, the construction is deemed safe.

* Considering that the steel is exposed to the heat of
400 °C (assuming the initial heat is 30 °C), it can be
seen that the increase in length (expansion) is:

0.000011

Al=c-1-At= ©400 mm - 370 °C

=0.66 mm

Calculation of the fastener bolts and nuts for the
secondary heater bracket

In the design of this bolt, the material used is steel
with a grade of C = 22% and it is known that 6, = 42
kg/mm?, SF = 7, 6, = 6 kg/mm?, 1,= 0.5 . 6 kg/mm? =
3 kg/mm?, fc = 1.2 and the total weight sustained by
the bolt M, = 60 kg, with W = 1.2 - 60 kg = 72 kg,
therefore it can be calculated:

F=30N

==

3 mm
b=

z_ir'ﬁ— | |

b={=200 mm
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15.29 mm2

d, > J J 4.72kg
-6 kg/mm2

=3.9 mm
So that a coarse metric thread is selected with d; =
491 mm> 39 mm,d=6 mm, p=1

* The selected nut material is steel with a grade of C
= 22%, with known parameters of 6, =42 kg/mm
SF=7,06,=6 kg/mm 1,=0.5 - 6 =3 kg/mm?, fc
= 1.2, ¢= 3 kg/mm?

ed=6 mm, d, = 5,35 mm, h; = 0,541 mm
. ZZL
n-d,-h-t,
6 kg
3 14-5.35 mm-0.541 mm-3 kg/mm’
>_Okg
27.26 kg
z>0.22=0.5
*H=2z" p, standard H= (0.8 - 1.0) - d
=051
=0.5
Therefore H = 0.5
RRNERE
p 1
S W 6 kg
b T dkpz 3.1439mm.0.84mm-1.0.5
- _6ke _ 1.16 kg/mm?
5.14 mm?
op = W 6 kg
" ZDjpz 3146mm-0.75mm 1-05

- _Obke _ 0.85 kg/mm?
7.06 mm?

Atomized Sn powder sifting

The stage after collecting the powder into a large
sample bottle is the sieving process, which aims to
identify and classify powders based on their size from
the atomization results.

Table 3 shows the percentage of success rate of
powders produced from each experiment of making Sn
powder using the centrifugal atomization method with
variations in rotation, from this table it can be seen the
efficiency of the powder manufacturing process from

each rotation variation.

From Table 3 it can be seen that the higher the
rotation of the rotating disk, the higher the percentage
of powder obtained from atomization will be. This is
because the higher the rotation of the rotating disk, the
faster the friction of the molten tin material on the
rotating disk becomes, resulting in less accumulation of
molten tin material on the rotating disk. This will
reduce the amount of tin in the form of granules that
bounce off and stick to the walls of the atomization
chamber. This is proportional to the basic principle of
centrifugal force, which is that the higher the angular
velocity value, the greater the centrifugal force produced.
The greater the value of the resulting centrifugal force,
the shorter the friction time of the molten tin on the
surface of the rotating disk.

Sn powder from centrifugal atomization test results
were grouped based on the rotation variation. Tests
using sieving are carried out to determine the size
distribution of the powder that can be produced based
on variations in the rotation of the rotating disk. This
sieving process is carried out in stages using sieve sizes
of 100 meshes, 200 meshes, 300 meshes, 400 meshes,
and 500 meshes. The results of each sieve size variation
are shown in Fig. 5. From Fig. 5, it can be seen that the
rotation of the rotating disk is very decisive on the size
distribution of the resulting Sn powder, where the
higher the rotation of the rotating disk, the higher the
yield of small powder that will be obtained. This is due
to the higher rotation of the rotating disk, the friction
time between the molten tin material against the
rotating disk will be shorter, with less friction time, the

84 - 15000 rpm)|

- & ® 20000 rpm)

| A 24000 rpm

=

@
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552— A = -m
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-
0 .

T T T T T T
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Fig. 5. The sifted powder in each rotation variation.

Table 3. Atomized powder in the sample chamber at each variation of rotation

Rotation Weight of Sn Billet ~ Weight of Powder

Mount Powder Weight of Powder/Billet

(rpm) (gram) at sample chamber at atomization (gram)
(gram) chamber (gram)

15,000 200 149 189.23 94,62

20,000 200 154 195,58 97,79

24,000 200 15,6 198,12 99,06
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temperature of the tin towards the edge of the rotating
disk is still at the melting temperature and still allows
the formation of small tin powder grains to bounce.

With the lower rotation of the rotating disk, the
friction time between the molten tin material and the
rotating disk will be longer, which causes the melting
temperature of tin to decrease slightly which results in
the accumulation of molten tin material (skull) on the
rotating disk. Another thing that is affected by the
smaller rotation of the rotating disk is the distribution
of the resulting powder, the largest powder size will be
found in the coarse mesh size, while the smaller
powder size will be less [21].

Based on the basic calculation of the centrifugal
force, the rotation of the rotating disk will be inversely
proportional to the size of the resulting powder, where
the higher the rotation of the rotating disk will produce
more small powders.

In the centrifugal atomization method used in this
experiment, the dominant amount of powder was
achieved at a sieve size of 300 meshes and the
saturation point of powder size at a size of 300 meshes,
which means that even if the rotation of the rotating
disk is increased again, the highest amount of powder
will be obtained at 300 meshes.

Testing using scanning electron microscope

Tests using an optical microscope were used to
determine the shape and size of the Sn powder
obtained from the results of the centrifugal atomization
test. This test uses a VHX-5000 digital microscope,
from the observations of the powder from the centrifugal
atomization test results can be shown in Fig. 6. Fig. 6
is a display of observations using an optical microscope
for Sn powder. At 500 meshes, the resulting powder is
dominated by ligamental and spherical shapes. In the
spherical form, the size is between 15-25 microns. From
the results of microscope observations at a magnification
of 500 times with 500 meshes, the shape that is not
homogeneous is caused by the less ideal rotation of the
rotating disk. For the results obtained at 500 meshes,
the uniformity of the shape of the resulting Sn powder
is visible. At 1500 rpm there is a sample of impurities,
this could be due to impurities from outside the
environment during the atomization process.

For Sn powder produced at 20000 rounds with a
mesh of 500 and a microscope lens magnification of
500 times, the powder form is dominated by fibrous,
tear drop shapes. The spherical shape is obtained with a
higher amount than centrifugal atomization with 15000
cycles. The size of the resulting spherical powder is 14-
21 microns.

For Sn powder produced at 24000 rounds with 500
meshes and 500 times microscope lens magnification,
the powder form is dominated by tear drops and sphericals.
Spherical shapes are found in greater numbers than the
lower rotating disk rotations. Spherical shapes are

Fig. 6. Observation of micro structure 500x Sn powder 500
meshes (a. 15000 rpm, b. 20000 rpm, and c. 24000 rpm).

found in sizes 11-16 microns.

From observations using optical microscope at each
rotation variation, it can be seen that the powder that
occurs from the manufacture of Sn powder with the
centrifugal atomization method is dominated by fibrous
form, while for the comparison of spherical powders
there are not as many compared.

From these data, Sn powder can be used as a basic
material for making a low grade solder paste. To increase
the grade, it is necessary to make homogeneous powders
with a spherical shape. To make it into a spherical shape
is to minimize the oxygen content in the atomization
chamber [22].

Testing using XRD

This XRD test uses the Rigaku SmartLab, with the x-
ray source being Cooper-Cu (40 kV, 30 mA), wavelength
1.541862 A, using the default 20 setting (10° - 90°),
scan speed 5°minute and step width 0.01°. This test
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Fig. 7. Sn powder diffractogram on each variation.

was conducted to determine the crystal structure that
occurs in the process of making Sn powder with the
atomization method at each rotation variation. The
parameters set in this XRD test are done by default
from Rigaku, the variation is the difference in rotation
of the rotating disk used to produce the powder. In
theory, this centrifugal atomization method has low
level of contamination, so it is very likely that the
resulting powder is Sn powder without being con-
taminated with other substances.

XRD testing was carried out using 3 variations of
atomized powder, where the powder tested was the
result of sifting at a sieve size of 300 meshes at 15000
rpm, 20000 rpm, and 24000 rpm rotation. The test of 3
variations of this rotation aims to determine whether
there are any contamination of other substances and
determine the effect of rotation on the powder phase of
the powder produced in the centrifugal atomization
process. For powder XRD results at 15000 rpm, 20000
rpm, and 24000 rpm, the data processing is carried out
using Matchi software and the smoothing stage is
carried out on the graph using Origin software, the
results can be shown in Fig. 7.

It can be stated that the three diffraction patterns of
each powder have the same pattern as the Sn diffraction
pattern which means that the powder formed is tin
powder, and based on the Macth software has a high
compatibility level of A (acceptable), with the difference
is in the intensity value.

Fig. 7 states that the tin powder produced from this
centrifugal atomization method is very minimally
contaminated with other substances, this is because in
the trial process for making tin powder there is no
addition of other substances that can contaminate the
resulting tin powder.

The shape of the atomized tin peak has different
intensities, this is due to the difference in the speed of
the rotating disk, which greatly affects the shape and
size of the tin powder produced during atomization.

Where the higher the intensity value indicated by the
diffractogram, the difference in the shape of the tin
powder constituent crystals. The difference in the shape
of the constituent crystals can be caused by differences
in the shape of the tin produced during the atomization
process.

Based on the histogram, in general the phase formed
from the atomization results is tin, because the measured
peak is identical to the peak database of tin. Based on
the size of the resulting powder and analysis using
XRD, it can be stated that the Sn powder formed is in
accordance with the JCDC standard for type 2 powder.

Conclusions

From the design activities of the centrifugal atomiza-
tion machine and trials of making Sn powder with
variations in rotation, some things can be concluded:
1. From the calculation of the strength of the material,

each component is declared safe because the stress
that occurs is lower than the allowable stress of the
existing material. It is concluded that the force
acting on the motor mount and secondary heater
bracket is a compressive force where G
0.86168 N/mm? The force acting on the secondary
heater bracket is a bending moment where the
bending stress is 1,5625 N/mm? and the force
acting on the tundish bracket is a bending moment
where the bending stress is 5 N/mm?.

2. From the calculation of the strength of the
secondary heater bracket bolts, the bolts with the
material used being steel with a C grade of 22% and
it is known that o, = 42 kg/mm?, SF =7, 6, = 6 kg/
mm?, 1, = 3 kg/mm?, with diameters of 6 mm.

3. From the calculation of the strength of the bolts and
nuts fastening the secondary heater bracket, the
selected nut material being steel with a grade of C =
22%, it is known that 6, = 42 kg/mm? SF = 7, 6, =
6 kg/mm?, 1, = 3 kg/mm?, f, = 1.2, g,= 3 kg/mm?,
with diameters of 6 mm.

4. The higher the rotating disk rotation, the lower the
amount of tin agglomeration on the rotating disk.

5. This centrifugal atomization method achieves a
dominant amount of powder and a saturation point
of powder size at the mesh size of 300, which
means that even if the rotation of the rotating disk is
increased again, the highest amount of powder that
can be obtained will be at mesh 300.

6. According to the standards set in ‘J-STD-005 Re-
quirements for Soldering Pastes’ [13], the resulting
Sn powder can be classified as a Type 2 powder.

7. The manufacture of Sn powder using the centrifugal
atomization method minimizes the possibility of
contamination from other substances, because the
process only uses heating and splitting of metallic
liquids using a rotating disk and does not use
additional materials that can cause contamination of
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