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Abstract: West Nusa Tenggara is a center of sea oyster farming for Pinctada maxima in
Indonesia. The calcium carbonate (CaCO3) compounds in the shell are one of the
decomposed natural minerals to produce calcium oxide (CaO) compound which can be
used as an alternative heterogeneous catalyst in nanometer scale. This research aims to
discover the control factors which influence the production process of nanometer-scaled
CaO heterogeneous catalyst and choose the best condition in its production process with
a better-quality product. Calcined pearl shell (P. maxima) powder was milled by using
Shaker mill. The experimental design was performed by using Taguchi method with an
orthogonal matrix consisting of 4 control factor variables, i.e., milling time, ball-topowder weight ratio, the diameter of milling beads and extent of milling the vial. The
selection of best control factor variable combination was computed by using a
multiresponse loss function. ANOVA analysis shows that the product quality parameter
of nano-calcium oxide was influenced by all experiment factors. Multi-response loss
function analysis resulted an optimum factor and level combination under process
condition happens during the duration of 3 h milling, the ball-to-powder weight ratio is
1:10, the diameter of milling beads is 5 mm and 55% extent of filling the vial.
Keywords: Pinctada maxima; heterogeneous catalyst; Taguchi method; multi-response
loss function

■

INTRODUCTION

The catalyst is one of the materials needed in the
industries of chemistry, pharmacy, energy or any other
industries to accelerate the reaction so that the production
cost and time can be lowered. A homogeneous catalyst is
the preferred by producers because it has high
performance and catalytic activity in accelerating reaction
to produce the product [1]. However, homogeneous
catalyst separation process of the product needs an
advanced treatment which has an impact on the rise of
cost and production time [2], toxic, flammable, and
corrosive [3-5].
The use of a heterogeneous catalyst to minimize
production cost because it is easier in the separation and
purification process from the produced products [3,6].
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However, the catalyst has corrosive properties,
expensive and not environmentally friendly so it is
necessary to find another alternative that is a green
catalyst. Green catalyst development by using natural
material such as biomass is easily renewable, sustainable,
affordable, simple process, cleaner production, nontoxic, non-corrosive, and environmentally friendly [3,78] as well as reusable [9]. Department of marine and
fisheries reported that West Nusa Tenggara province
(Indonesia) is the pearl oyster cultivation center of
Pinctada maxima and its production reaches 13.02
ton/year. The shell wastes of this Mollusca group are rich
in calcite which can produce calcium oxide compounds.
Similarly, on an oyster shell, the average of calcite is
around 95% [10-11], on Achatina fulica shell is 88–99%
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[12]. Calcium oxide from Mollusca shell as a heterogeneous
catalyst has several advantages, i.e., high alkalinity level,
inexpensive raw material and renewable [6,12]. Nurhayati
et al. also reported that calcium oxide catalyst from the
shell of blood clam (Anadara granosa) has an advantage
as it is non-toxic and the soap forming byproduct of
transesterification reaction is lessened than the
homogeneous catalyst [13]. However, this heterogeneous
catalyst has low catalytic performance and activity [14].
Nanotechnology approach by minimizing the
catalyst particle size can improve the performance of the
catalyst [15]. It is because the surface area of the particle
becomes larger, so the collision process or mobilization
between reactant particles transpire more active and faster
[16]. However, to assign the nano-catalyst making process
with the top-down method is not easy to generate a stable
product because it is influenced by various control factors
as well as noise factors. Thus, it needs a proper
experimental design to produce a good quality product
performance. Experiment design using Taguchi method
is possible to perform an experiment which involves a lot
of factors and levels in short period, cost-effective and
reduces the raw material or chemical material used without
overriding the influential factors [17-18]. It is because
analysis in Taguchi uses orthogonal array (OA) and signal
to noise ratio (SNR) equipment. Besides, Taguchi analysis
uses ANOVA which can detect differences in performance
average from the tested parts group.
This research aims to identify the control factors
which take effect on particle size and specific surface area
of nano-calcium oxide product from P. maxima shell as
well as to determine a robust nano-calcium oxide making
process combination against outside interference (noise).
Process condition which generates the best result is
expected to be able to be used as the reference source or
information in nanoparticle production using ball mill
technique.
■

EXPERIMENTAL SECTION

Materials

Pearl oyster shell of P. maxima from Autore PT.
(West Nusa Tenggara–Indonesia), ethanol 96% (technical
grade), distilled water.
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Instrumentation

The main equipment used in this research are
Shaker Mill PPF-UG, furnace, oven mermert, disk mill,
sieve size 200 mesh. The instruments used are X-Ray
Diffraction Rigaku Miniflex600, X-Ray Fluorescence
Rigaku, Scanning Electron Microscope-Energy Dispersive
X-Ray SU 3500 Hitachi, Transmission Electron
Microscopy JEOL/EO JEM-1400, Fourier Transform
Infra Red Spektrofotometer Nikolet iS10 and Brunauer
Emmett Teller Quantachrome NovaWin Instruments
version 11.03.
Procedure
Pearl oyster shell milling

Pearl oyster shells type P. maxima are cleaned and
washed using warm water, sanded and then heated in an
oven at 110 °C for an hour. After cooling down, the shells
are milled using disk mill until these turn into powder.
Then, the powder is strained by using the sieve 200
mesh. The pearl oyster shell powder is calcined with the
furnace at temperature 650 °C for 24 h to obtain calcium
oxide (CaO) compounds. The purpose of this calcination
is to transform calcium carbonate into more reactive
calcium oxide as a heterogeneous base catalyst.
The selection of nano-Calcium oxide production
method

Nano-Calcium oxide production aims to produce
a green catalyst which is inexpensive, high catalytic
activity and environmentally friendly. A top-down
method using high energy ball mill process has been
selected to produce nano-Calcium oxide product using
Shaker Mill UPP-FG.
Experimental design

Design of experiment for nano-calcium oxide
production from pearl oyster (P. maxima) shell uses the
Taguchi method. The first steps of Taguchi method are
identification and selection of the independent factors,
based on the prior researches, literature, information
from equipment technicians and machineability
condition, four factors are chosen, i.e. milling time, ballto-powder weight ratio, the extent of filling the vial, and
the diameter of milling beads.
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Table 1. Taguchi controllable factors and their levels
Num.
1.
2
3.
4.

A
B
C
D

Milling time (h)
Ball-to-powder weight ratio
Extent of filling the vial (%)
Diameter of milling beads (mm)

The second step, determine the factor of levels and
the selection of orthogonal array matrix. The level value
from each factor in nano-calcium oxide production
process is determined based on the range limit and
extreme value from the result of previous research,
references as well as the capacity of machineability
technology that is used. The material type of milling
medium is carbon steel, and milling beads are Alumina
with different diameter factor of levels variation. The
factor of levels for milling time is 1, 2, and 3 h [19-20].
Level for ball-to-powder weight ratio is 1:10; 2:10; and
3:10 [7,20]. Meanwhile, the chosen extent of filling the vial
is level 45, 50, and 55 % [19]. Based on the tabulation
result in Table 2, the suitable orthogonal array matrix
obtained is L9(34) with such design as in Table 2 and 3.
The third step, experiment for nano-calcium oxide
production. The product making the process from the
pearl oyster (P. maxima) shell is according to Mosaddegh
et al. method which has been combined its production
process parameter according to Table 3 [21].
Fourth step, performing the product quality
parameter testing. The obtained products are tested for its
quality which includes the particles size and specific
surface area supported by using SEM and TEM
instruments.
Fifth step, analysis of data. The data is processed
through the processing of mean data, S/N ratio, analysis
of variance (ANOVA), loss function multi-response. The
characteristics of nano-calcium oxide are determined and
identified based on the quality type from the suitable S/N
ratio. The characteristic of particle size with S/N ratio type
of smaller is the better and specific surface area with S/N
ratio type of large is the better in sequence according to
equation (1) and (2). ANOVA is used to find out the
factors contributing which influence the experiment
result (setting level). The calculation of loss function
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Setting Levels
1
2
3
1
2
3
1:10
2:10
3:10
45
50
55
5
10
20

Factor

multi-response to determine the optimal treatment
combination is based on all tested quality characteristics.
η = −10 log(

1 r 2
∑yi )
n r =1

(1)

η = −10 log(

1 r 1
∑ )
n r =1 yi2

(2)

where η is the S/N ratio value, n is the number of
repetition in each experiment, and yi is the value in each
i-th repeated experiment.
Sixth step, application of the multi-response signal
to noise. The calculation to perform the making of
optimal factor levels recommendation on nano-calcium
oxide production uses a multi-response calculation
based on the approach of the Taguchi loss function
method by using equation (3). Subsequently, the result
is transformed into a signal to noise ratio (SNR) by using
equation (4) and created a factor effect table so that the
best optimal factor levels condition are obtained.
r

TL j = ∑Wi x Nij
i =1

( )

ηj =−10 log TL j

(3)
(4)

where TLj is the total loss function, Wi is the number of
response variable, and ηj is SNR value [28-29].
Seventh
step,
confirmation
experiment.
Confirmation experiment is the last process of
experiment design process which aims to validate the
conclusion gained during the analysis stages [20] and to
test the combination of factor and level. The result of the
confirmation experiment must be within the optimum
confidence interval. The confidence interval for
confirmation experiment is calculated based on
equation (5).
1
1
Cl mean =
± Fα;V1:v2 x MSe x
+
neff r

(5)
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where, Fα;v1:v2 is F-ratio value from table, α is confidence
level, v1 is degree of freedom for the numerator
corresponding to a mean and always equal to 1 for a
confidence interval, v2 is the degree of freedom for
denominator corresponding to the degree of freedom
from pooled error variation, MSe is pooled error variation,
neff is the amount of effective observation and r is the
number of replication.
Characterization of Nanoparticle CaO

The chemical compounds of the sample powder
obtained from the milling by using Shaker Mill UPP-FG
are analyzed by using X-Ray Fluorescence Rigaku Nex
QC+ quantEZ. A total of 3 g of samples is pressed into a
molded container evenly and compact. Then, it is put into
the XRF tools and the measurement analysis can be
begun. FTIR spectrophotometer to analyze the functional
group of sample composer uses Nicolet iS10
ThermoScientific instrument. FT-IR measurement is
performed at a wavelength of 500 to 4000 cm–1 [24]. XRay Diffraction Rigaku Miniflex600 operated by with Cu
Kα monochromatic rays, the wavelength is λ = 1.54060 Å.
The 2θ angle range is started from 2° up to 80° with
scanning interval 0.02° every 10 min on room
temperature. The determination of nanoparticle crystal
size means uses the approach from Deybe-Scherrer
equation [9,25].
Nanoparticle specific surface area is analyzed by
using the Brunauer Emmett Teller/BET method. A total
0.1–1.0 g of a sample is made in a pellet form and it is
operated on tools with heating mantle temperature
condition and the velocity of N2 bubbles is 3–5 bubbles/sec.
Scanning Electron Microscope SU 3500 Hitachi is for
finding out the nanoparticle morphology, and Energy
Dispersive X-Ray is used to analyze the chemical
composition of sample composer. The instrument is
operated on electron shooting acceleration voltage of
5.00 kV and 5.1 mm WD. Meanwhile, Energy Dispersive
X-Ray is operated on electron shooting acceleration
voltage of 15.00 kV for 30 sec with the resolution level of
131.6 eV. Sample analysis using New JEOL TEM (JEM
1400) is performed to see the structure and the shape of
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nanoparticle pores by using a higher resolution. The
operation condition is carried out at a 120 kV
acceleration voltage.
■

RESULTS AND DISCUSSION

Indonesia is an archipelago country with many
gulfs among the islands. One of the islands in West Nusa
Tenggara province whose gulfs are protected from wind
and waves. The water condition of these gulfs has been
developed as the center of pearl oyster cultivation with
the rate of pearl production reaching 13.02 ton per year
based on Department of Marine and Fisheries-West
Nusa Tenggara report. This production has produced
wastes of the shell with the biggest amount of it coming
from P. maxima type. In order to boost the economic
value of these wastes, P. maxima shell can be used as the
raw material of catalyst industries. The analysis result
which employed XRF method demonstrates that P.
maxima shells have a high calcium oxide of 93.53%. It is
also supported by the data which appears on the analysis
employing SEM-EDS instruments (Fig. 1) and FTIR
analysis (Fig. 2). The data displayed in Fig. 1
demonstrates that the calcium oxide on P. maxima shell
is 95.45% with its content of chemical elements are Ca,
O, Cu and Al. The peak of Ca spectra appears on 3.690
keV energy band with the highest percentage is 68.22%,
while other elements in the sequence are O 28.28%, Cu
3.25%, and Al 0.25%. Fig. 2 displays the infrared
absorption of calcined P. maxima shell samples. This
figure demonstrates that P. maxima shells give a
medium band absorption on 710.69 and 869.24 cm–1
frequency which is the typical absorption for CaO
compounds bounding. Bond stretching vibration Ca-OCa appears on band absorption around 874 cm–1 and CaO bond on around 712 cm–1 [24]. Band absorption with
a very high intensity appears on 1795.39 cm–1 which is a
stretching bond from double bond of Ca=O. The peak of
the band widened to 1388.42 cm–1 with weak intensity
due to asymmetric stretching vibration of C=O from
carbonate groups [8]. The structure or morphology of
calcium oxide surface area from P. maxima shell can be
seen in Fig. 3(a). This high calcium oxide content shows
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Fig 1. Energy Dispersive Spectroscopy (EDS) spectrum of
calcium oxide by P. maxima shell

Fig 2. FT-IR spectra of calcium oxide as prepared by P.
maxima shell

Fig 3. SEM image of CaO (a) and nano-CaO (b) as prepared by P. maxima shell
that the P. maxima shells are potential as an alternative to
heterogeneous base catalyst source that is green,
environmentally friendly and inexpensive.
CaO Nanoparticles Characterization Using Taguchi
Method (Orthogonal Array, SNR, and ANOVA
Analysis)

The green catalyst coming from natural material in
the development of its application has a trait which is not
soluble in a mixture (heterogeneous), a low active site
amount, large microporosity and molecule size thus these
limit the mass transfer efficiency which cause the decrease
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Table 2. L9(34) Orthogonal array design
Experiment
1
2
3
4
5
6
7
8
9

Factor
A
1
1
1
2
2
2
3
3
3

B
1
2
3
1
2
3
1
2
3

C
1
2
3
2
3
1
3
1
2

D
1
2
3
3
1
2
2
3
1
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of reaction rates, and the low conversion of the resulting
product [2,4]. The efforts to improve the performances
from this catalyst can be done by reducing its material size
for up to nanometer. The catalyst in nanoparticle sizes has
a large pore diameter, more specific surface area, and a lot
of active sites. Nano-catalyst synthesis through green
technology can be done through the top-down method by
using ball mill technique [7,26].
Taguchi design has been chosen for nano-calcium
oxide synthesis process of P. maxima shell because it can
identify control factors which influence the particle size
and generate products with high performance (robust)
against outside interference (noise) optimally [25]. It is
because Taguchi analysis uses equipment called
orthogonal array (OA) and signal to noise ratio (SNR)

which is supported by ANOVA [23,25]. Besides, this
method is able to improve the product and process
qualities and at the same time is able to reduce the cost
and resources effectively [27]. The nano-calcium oxide
product quality measured in this research is the particle
size and specific surface area in which the quality
characteristics used in sequence are smaller the better
(STB) and larger the better (LTB).
The experiment is done based on the experiment
matrix with L9(34) orthogonal array on Table 2 which
results in nine tests with replicated three times for
each as the explanation in Table 3. The acquired data
is processed by calculating the mean and SNR of each
measurable quality parameter. The mean calculation
is used to see the mean value from the response, while

Table 3. The optimized parameters for the four conditions (A-D) and their three levels in the design of experiment
Factor
A
Experiment
(Milling time, h)
1
2
3
4
5
6
7
8
9

1
1
1
2
2
2
3
3
3

B
(Ball-to-powder
weight ratio)
1:10
2:10
3:10
1:10
2:10
3:10
1:10
2:10
3:10

C
(Extent of filling
the vial, %)
45
50
55
50
55
45
55
45
50

D
(Diameter of milling
beads, mm)
5
10
20
20
5
10
10
20
5

Table 4. The mean values and SNR for particle size and specific surface area of the nano-calcium oxide P. maxima
shell
Experiment
1
2
3
4
5
6
7
8
9

A
1
1
1
2
2
2
3
3
3

Kendri Wahyuningsih et al.

Factor
B C
1
1
2
2
3
3
1
2
2
3
3
1
1
3
2
1
3
2

D
1
2
3
3
1
2
2
3
1

Particle Size
Mean (nm)
SNR (dB)
187.094 ± 11.895
-45.453
199.557 ± 3.530
-46.002
169.072 ± 3.107
-44.562
142.051 ± 6.300
-43.055
142.257 ± 6.960
-43.068
173.374 ± 10.300
-44.790
99.545 ± 7.898
-39.979
132.369 ± 10.248
-42.453
107.698 ± 7.441
-40.658

Specific Surface Area
Mean (m2/g)
SNR (dB)
6.547 ± 0.771
16.210
3.057 ± 0.539
9.404
4.665 ± 0.485
13.291
5.870 ± 0.660
15.265
6.065 ± 1.047
15.373
3.413 ± 0.589
10.432
11.421 ± 0.868
21.105
6.772 ± 0.765
16.503
8.255 ± 0.468
18.306
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SNR is to choose the largest factor level value in
optimizing the experiment result in quality
characteristics. The significant factors which influence the
setting level and the contribution magnitude from each
factor is measured by using an analysis of variance
(ANOVA) of the 2013 Ms. Excel program.
Particle size is one of the important characteristics
in catalyst characterization on nanoscale whose size is
around 1 nm to 100 nm [28-29]. The smaller the particles
size are, the larger its surface area so these particles have
high catalytic activity in an efficient and quick product
formation reaction [29-31]. The mean and SNR from the
result of nano-calcium oxide synthesis research from P.
maxima shell wastes can be seen in Table 4. The data in
this table shows that the mean of the smallest calcium
oxide particle size obtained in experiment 7 is 99.545 ±
7.898 nm. Therefore, this sample belongs to a nanoscale
particle or can be said as nano-calcium oxide. Surface
structure analysis using SEM also points out that its
particle length average is on the nanoscale range in
accordance with Fig. 3(b). This data is also supported by
analysis Fig. 4. Fig. 4 exhibits that nano-CaO compounds
which appear on area 2θ around 32.192° (JCPDS 77-2376)
with high intensity have a size of 97.34 nm and tetragonal
particle shape with 220 miller indexes. This particle shape
is clearly shown by analysis result using TEM in
accordance with Fig. 5. As a whole, Table 4 indicates that
the milling time variable has a dominant effect, i.e. the
longer the milling time of P. maxima shell, the smaller its
particle size is. The increasing of time milling will reduce
the particle size [20,32].
The characteristic of nano-calcium oxide is not only
determined by a single factor of milling time, but how
much other control factors such as ball-to-powder weight
ratio, the extent of filling the vial, and diameter of milling
beads are contributed on synthesis process to get
optimum characteristics. The determination of process
condition with optimum nano-calcium oxide product
characteristics is done through the analysis of mean, SNR,
ANOVA and Taguchi multi-response loss function
design approach which is transformed into SNR [23].
Therefore, the conclusion for the optimum factor level
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condition can be seen in Table 4. Table 4 shows that
factor A level 3 has the smallest value which means that
this factor is the most influential factor to the mean for
particle size response variable, so that factor A level 3 can
be used to control the mean. Table 4 also shows that
factor A level 3 is the factor whose SNR values is the
biggest, it means that particle size response is also
determined by factor A which is milling time. The best
combinations for calculating mean and SNR is the same,
in sequence based on the rank are A3, C3, B1, and D1. It
indicates that these level and factor give a contribution
to the particle size response mean and affect the noise.
Table 5 shows the ANOVA calculation result with
a 95% confidence level for the particles size response. It

Fig 4. XRD image of nano-CaO as prepared by P.
maxima shell

Fig 5. TEM image of nano-CaO as prepared by P.
maxima shell
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Table 5. The ANOVA for the mean response of particle size
Operational variable
Milling time
Ball-to-powder weight ratio
Extent of filling the vial
Diameter of milling beads
Error
Total

SS
23418.78
1035.88
363.30
712.24
1161.18
29691.38

DoF
2
2
2
2
18
26

MS
11709.39
517.94
1681.65
356.12
64.51
1141.98

F-ratio
181.51
8.03
26.07
5.52
1.00

SS'
23289.76
906.86
3234.28
583.22
1677.26
29691.38

P (%)
78.44
3.05
10.90
1.96
5.65
100.00

Table 6. The ANOVA for the mean response of specific surface area
Operational variable
Milling time
Ball-to-powder weight ratio
Extent of filling the vial
Diameter of milling beads
Error
Total

SS
90.91
39.88
18.09
7.29
9.12
165.28

DoF
2
2
2
2
18
26

has been known that there are three control factors which
affect the experiment result, i.e. factor A, C, and B with F
ratio value is bigger than F table by factor contribution
value in sequences are 78.44, 10.90, and 3.05%. Factor D
(diameter of the milling beads) does not affect the
experiment result with an F ratio value is smaller than F
table value and its factor contribution value is 1.96%.
The specific surface area is one of the most crucial
parameters in determining heterogeneous catalyst quality
because the bigger the catalyst surface area is, the more its
particle pore sites are, so the collision process or
mobilization between reactant particles in a reaction can
happen more actively and quickly [29-30]. In this study,
the engineering of the surface area of calcium oxide
particles from the P. maxima shells was carried out
through the green nanotechnology approach [21] by
using PPF-UG Shaker mill equipment, Taguchi
experimental design and Brunauer-Emmett-Teller (BET)
method. Mean and SNR surface area from each
experiment are shown in Table 4. This table denotes that
mean and the biggest SNR surface area of nano-calcium
oxide are yielded on experiment 7, sequentially the value
is 11.421 ± 0.868 m2/g and 21.105 dB. This condition is
achieved on the milling process for 3 h, ball-to-powder
weight ratio 1:10, the extent of filling the vial 55% and
diameter of milling beads 10 mm. Meanwhile, the smallest
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MS
45.45
19.94
9.04
3.64
0.51
6.36

F-ratio
89.75
39.37
17.86
7.20
1.00

SS'
89.89
38.86
17.08
6.28
13.17
165.28

P (%)
54.39
23.51
10.33
3.80
7.97
100.00

particle mean and SNR surface area is achieved in
experiment 2, i.e. 3.057 ± 0.539 m2/g and 9.404 dB. Table
4 shows that factor A level 3 is the most influential factor
to mean for the specific surface area response variable in
the making process of nano-calcium oxide from P.
maxima shell, so factor A level 3 can be used to control
the mean. The biggest SNR value is also on factor A level
3. Table 4 indicates that the best combination of mean
and SNR calculation is alike, i.e. A3, B1, C3, and D1. It
shows that these level and factors give influence to the
specific surface area response mean and these influence
the noise. Based on the ANOVA calculation result in
Table 6 for specific surface area response it is discovered
that all factors affect the experiment result with an F
ratio value is larger than the F table. The contribution of
each factor to specific surface area response in the
sequence are factor A 54.39%, factor B 23.51%, factor C
10.33% and factor D 3.80%. The length of the sample
milling process time is the most influential factor for the
specific surface area [29].
Catalyst surface engineering from P. maxima shell
using ball mill process with shaker mill instruments has
been able to increase the magnitude of the specific
surface area. Panjaitan et al. report that wet-nano
grinding process with planetary ball mill instruments
has been able to increase the nanocatalyst surface area by
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the increasing of grinding time [29]. From the analysis
result using the Brunauer-Emmett-Teller (BET)
approach, it is obtained that P. maxima shell powder
which passes the 200 mesh sieve has the average specific
surface area of 1.888 ± 0.802 m2/g. This sample treatment
using shaker mill is in accordance with the data shown in
Table 4 was able to increase the specific surface area for
up to 229.93%. The success of specific surface area
engineering from P. maxima shell through ball mill
method is expected to boost the work capability,
performance and economic value from P. maxima shell as
a heterogeneous catalyst.
Multi-response Signal to Noise Analysis

Multi-response analysis with Taguchi loss function
approach is chosen for this research because there is two
quality parameter that is used, i.e. particle size and specific
surface area. Characteristic value from these two
parameters uses a different value, namely STB for particle
size and LTB for the specific surface area. Therefore,
before calculating the total loss function, data
normalization is done for each characteristic. The
calculation result of multi-response loss function which is
transformed into the calculation of SNR factor effect can
be seen in Table 7. This table displays the combination

level and factor on optimum condition which affects the
calcium oxide quality from P. maxima shell respectively
are factor A3, B1, D1, and C3. This optimum factor level
condition (A3B1C3D1) is in line with the data of multiresponse calculation result with the Taguchi Loss
Function approach which is proposed in Table 7. This
table shows that the highest SNR multi-response value is
acquired in experiment condition number 7 is equal to
5.147 dB. The most important factor to particles size and
the specific surface area is the milling time; the longer
the milling process is, the smaller the particles size is [20]
and the bigger its specific surface area is [29]. The second
factor is ball-to-powder weight ratio, the research
outcome demonstrates that a 1:10 ratio can produce
nano-calcium oxide with the particles size mean is
99.545 nm. The third factor is the diameter of milling
beads of 5 mm can produce a better product compared
to other sizes. Tao et al. have produced a nano-copper
that is 33 nm in ball-to-powder weight ratio 1:10 and the
diameter of milling beads of 6.4 nm [32]. The extent of
filling the vial condition is the fourth factor which affects
the nano-calcium oxide production production process.
This factor is intended to keep the available space on the
grinder container after the filling of milling balls and

Table 7. The result of calculating MRSN (multi-response signal to noise) procedure of nano-CaO P. maxima shell
Experiment
1
2
3
4
5
6
7
8
9

Particle size
Loss
Nij
0.754
1.508
0.856
1.712
0.614
1.229
0.434
0.868
0.436
0.871
0.647
1.295
0.214
0.428
0.378
0.756
0.166
0.333

Specific surface area
Loss
Nij
0.284
0.567
1.359
2.719
0.556
1.111
0.353
0.705
0.344
0.688
1.073
2.146
0.092
0.184
0.265
0.530
0.175
0.350

TLj
1.038
2.215
1.170
0.787
0.779
1.720
0.306
0.643
0.341

MRSN (𝜂𝜂𝑗𝑗 )
-0.161
-3.454
-0.682
1.042
1.082
-2.356
5.147
1.917
4.666

Table 8. The result of calculating a confidence interval
Num.
1
2

Parameter
Particle size (nm)
Specific surface area (m2/g)
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Confidence Interval
Optimal condition
Confirmation experiments
Optimal condition
Confirmation experiments

Result
99.822 ± 10.262
93.407 ± 14.800
10.533 ±1.117
9.260 ± 1.612
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sample powder is not spacious nor crowded. According to
Hadef, the filling that is too little will cause a low
productivity level, likewise overfill will cause the
movement of the milling beads has not enough space so
that the resulting product performance is less optimum
[19]. The filling up to 55% can produce a product
performance is optimum.
Confirmation Experiment

This experiment is done based on the factor and
level of an optimal condition which is acquired from the
calculation of loss function multi-response as much as 5
samples. The result of the confirmation experimental are
valid if the results are within the optimal confidence
interval. Table 8 shows the calculation result of
confirmation confidence interval which is compared to
optimal condition confidence interval is at 95% confidence
level. Based on the interpretation of confidence interval
calculation result on nano-CaO quality parameter shown
in Table 8, it can be known that the mean of confirmation
experiment is within optimum condition interval. It
shows that the optimum factor level combination
produced in this research can increase nano-CaO quality.
■

CONCLUSION

The quality parameter of nano-calcium oxide
product from P. maxima are affected by 4 major factors,
i.e. milling time, the extent of filling the vial, diameter of
milling beads and ball-to-powder weight ratio. The
Taguchi multi-response loss function analysis results an
optimum factor and level combination under A3B1D1C3
process condition with particle size means of 93.407 nm
and surface area of 9.260 m2/g. This corresponds to a
milling time of 3 h, a ball-to-powder weight ratio of 1:10,
a diameter of milling beads of 5 mm, and an extent of
filling the vial of 55%.
■
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