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The liquid additive grinding method was used to improve the specific surface area (SSA)
of calcium oxide (CaO) derived from scallop shells as a sustainable resource. Grinding
was carried out using a planetary ball mill on a laboratory scale by stepwise addition of
some polar and non-polar solvents to determine CaO grinding limit. The crystalline phase
of CaO was determined by using X-ray Diffraction (XRD) and SSA was observed based
on Brunauer, Emmet, and Teller (BET) method. The mechanism of grinding was
obtained from the Scanning Electron Microscope (SEM). The SSA of CaO was increased
in proportion to the amount of the liquid additive and grinding time up to 102 m? g* while
the CaO phase was retained even after the addition of liquid according to the spectra of
Fourier Transform-Infrared (FT-IR). The high conversion of triglyceride from used
cooking oil to fatty acid methyl esters (FAMES) up to 99% was obtained within an hour

at 65°C.

1. INTRODUCTION

The world’s demand for energy that is sustainable and
environmentally friendly was increased with the increase of
the human population and the global warming effect. As a
renewable energy source to replace conventional fossil fuels,
the development of biodiesel from vegetable oil has been
necessary for the global fuel market. The fatty acid methyl
ester (FAME) was obtained from the transesterification
process of triglyceride in the presence of a catalyst. The
catalysts existence becomes a significant role since it affects
energy needed and cost production [1-6].

Many research studies have been carried out using CaO as
a heterogeneous catalyst because of its high basicity and
naturally available i.e. dolomite, limestone, calcite, and shell
from marine life [7, 8]. However, CaO from natural resources
has a low catalytic activity due to its characteristics such as
low solubility, low SSA, and unstable. Therefore, it is
recommended to enhance its catalytic activity [9, 10].

The grinding method is one of the promising methods to
enhance the catalytic activity of the natural CaO. Dry grinding
using liquid additive was satisfactorily effective to increase the
grinding efficiency since it helps the ability of the particle to
flow accordingly during the grinding process [11-14]. The
effect of the grinding aid in this case liquid additive is to
shorten the grinding process so that the energy might be
decreased [15-20].

In this present study, we tried to treat CaO-based scallop
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shell waste which is one of the highest food wastes in Japan as
a source of the heterogeneous catalyst. The grinding method
was used along with the liquid additive as a grinding aid which
was added stepwise into the system. The liquid additive
grinding method with liquid additive as a grinding aid to
improve the characteristic of CaO-based scallop shell to be
high SSA, high, basicity, and high solubility to enhance its
catalytic performance on triglyceride conversion to FAME.

2. MATERIAL AND METHODS
2.1 Liquid additive CaO grinding

2.1.1 Materials

The scallop shell powder used in this work was purchased
from Tokoro-Cho Industry Promotion Public Corporation
(Kitami, Japan). The powder contains >96% calcite. Table 1
lists the chemical composition according to the manufacturer
[21]. The specific surface area of the powder before grinding
is 1.5 m?g! with pp, 2,440 kgm. The grinding experiments
were carried out by a planetary ball mill (Fritsch P-7 premium
line, Germany) which was utilized with two zirconia pots (80
cm® volume and diameter of 39.95 mm) containing 100 g of
yttria-stabilized zirconia beads with diameter 3.0 mm was used
as the grinding media. The milling beads contain 95% zirconia
and 5% yttria with density, pball, 5,950 kgm™ based on the
manufacturing company (Nikkato Corporation, Japan).


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.170611&domain=pdf

Table 1. Chemical composition of scallop shell

CaO (%) Na (%) MgO (%) P205(%)

K20 (%) Fe (mgkg —1)

Mn(mgkg~") Cu(mgkg™) Zn(mgkg™"

55.34 0.32 0.14 0.09 0.006

46.8

7.7 2.7 2.2

2.1.2 Methods

A desired amount of CaO was first calcined at 1273 K for 3
h and a liquid additive was added to each pot filled with
grinding media. The stepwise addition was conducted in a
closed system during the grinding process. The stepwise
addition involves adding small amount of tertiary butanol (0.5
g) as a grinding aid to the pot at a predetermined interval
(every 1 h) under the grinding conditions shown in Table 2. To
evaluate and compare the grinding performance, some other
liquid additives i.e., acetone, methanol, ethanol, diethyl ether,
benzene, n-hexane, and cyclo-hexane were tested in a similar
trend with tertiary butanol. These additives were high-grade
reagents (concentration <= 100%) and were used without
further purification.

Table 2. Grinding conditions

Pot volume, V 10 m? 80
Mass of balls, Wa 107 kg 100
Ball-filling ratio, J* - 0.35
Ball diameter 10° m 3.0
Sample weight, Ws 102 kg 10.0
Sample loading ratio, U? - 0.36
Grinding aid 107 kg 5wt%
Revolution speed pm 900
Rotational speed rpm 900

Grinding time h
=W/ {prar<(1-0.4)}/V, > U=(We/p,)/(0.4xIxV)

1-over grinding limit

The ground mixture was removed after several times of
grinding. The BET method (Microtrac, Adsotrac DN-04) with
the five-point of measurement was used to determine the SSA
of the powder. Five data points in the P/Py range 0.025 to 0.30
used to determine the surface area using the BET equation
with a positive slope of graph. Degassing powder before the
measurement is required under a vacuum for 2 h at 473 K.

Fourier-transform infrared (FTIR) spectra were recorded to
determine the powder active site using a JASCO FTIR-460
PlusK spectrometer with KBR pellets. The range of
measurements was 4000-400 cm™! with a resolution of 4 cm™'.

To determine the crystal phase, X-ray diffraction (XRD)
was employed using Multi Flex-120 NP Rigaku, Japan with
Cu Ko (wavelength A=1.5418A). The measurements operated
at radiation 40 kV and 20 mA. The powder patterns were
recorded with 0.02° step size over the 20 in a range of 3-70° at
room temperature. Crystalline phases of the powder were
identified by comparison with ICDD data files.

The mechanisms of grinding were studied using a scanning
electron microscope (SEM) analysis by JEOL JSM 6380 A
with 20 keV voltage. The sample powder was covered in a
carbon film with a certain magnification for capturing.

The total basic sites (fm) of the catalysts from the acidity
conjugate acid were determined by the titration method. In the
typical experiments, 25 mg CaO was dissolved in an HCI
solution (25 mL; 0.1 M) and stirred for 1 h. The HCI solution
will be neutralized by the catalyst which is equivalent to its
basicity. The resulting solution was titrated against standard
NaOH solution to determine the concentration of excess HCI
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when the color of the solution was changed from colorless to
soft pink in the presence of a phenolphthalein indicator. The
amount of HCl neutralized by the catalyst is the representation
of the catalyst basicity as mmol of HCl/g of catalyst [22].

2.2 CaO grinding catalytic activity on transesterification of
used cooking oil

2.2.1 Materials

The free fatty acid (FFA) of used cooking oil was analyzed
by a standard titration. Before titration, a certain amount of
sample (~5g) was dissolved in 10 g ethanol and warmed at
67°C. The pH change was determined by phenolphthalein
indicator during titration with KOH 0.1 M, according to the
equation given below:

A =[KOH] x v KOHx Mr OA/ m sample (1)
where,
[KOH] = concentration of KOH solution (M);
v KOH = volume of KOH solution (L);
Mr OA = molecular weight (g mol™).
%FFA =A/2 2)

In Eq. (1) the subscript OA refers to the oleic acid which is
a type of FFA while the water content of UCO was measured
by using the centrifuge method (900 rpm in ten minutes)
repeatedly until the water content was completely removed.
The FAME yield (%) was calculated by using Eq. (3)
according to reference [23].

miAp

Yield (%)= 222 x 100 3)

Aimyp
where,
m; = mass of internal standard,
A; = peak area of internal standard,
myp = mass of the sample,

Ap = peak area of the sample. The water content of UCO
was measured based on a method in the literature [24].

2.2.2 Method

Transesterification of used cooking oil (FFA=31% and
water content = 2%) with methanol was carried out in a three-
necked glass flask with a magnetic stirrer connected to a
condenser. Transesterification reactions were performed at
65+1°C with a molar ratio of oil to methanol 1:9 and catalyst
concentration of 2wt% and stirring at 900 rpm. FAMEs
conversion was analyzed using a flame ionization detector
(FID) gas chromatograph (Shimadzu GC-14B), on a DB-5HT
capillary column (14 mx0.25 mm, 0.1 um film thickness). The
analytical work was performed with the following heating
regime: holding at 50°C for 1 min, followed by three separate
steps of temperature increase, firstly to 180°C at a rate of
10°C/min, then to 230°C at 7°C/min, and lastly, to 380°C at
10°C/min, at which point the temperature was held for 10 min.



3. RESULT AND DISCUSSION
3.1 Liquid additive CaO grinding

The XRD patterns of CaO in the scallop shell (Figure 1)
showed that the CaO phase remained even after liquid additive
grinding treatment (ICDD file 04-1497), indicating that the
liquid additive did not change the CaO active site.
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Figure 1. XRD pattern of CaO grinding

SEM pictures of CaO support the XRD measurement. After
grinding for several hours with and without additives (Figure
2). SEM pictures showed that the grinding process with liquid
additives breaks the bulk material into small CaO particles
which indicates that liquid additives were absorbed on the
surface to decrease the surface energy [25].

Figure 2. Scanning Electron Microscope (SEM) pictures of
(a) CaO scallop shell (b) CaO liquid additive grinding

The grinding process could promote by the chemisorption
of liquid additives to increase the flow ability during grinding
on the surface of particles. Overall, the average size becomes
progressively smaller with time as shown in Figure 3a and 3b.
However, the excessive liquid additives tend to make the CaO
powder agglomerate over the grinding limit as shown in Figure
3c and 3d. This finding supports the grinding mechanism
(Figure 4) have been mentioned in literature so-called attrition
and breakage [26-28].

Liquid additive CaO grinding enhance not only the SSA of
CaO from 1.5 m?g? up to 100 m?g? but also the grinding
efficiency (Figure 5). The specific surface area tends to
increase and then decrease by the amount of grinding aid and
time which leads to the determining of the true grinding limit
[29-32]. This process includes the adsorption of the liquid on
the surface of CaO. As a result, the surface energy of the solid
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CaO decreases, and the grinding process is easy to perform.

Figure 3. Scanning Electron Microscope (SEM) pictures of
(a) 1 h grinding; 0.5 g additives (b) 10 h grinding; 5 g
additives (c) 13 h grinding; 6.5 g additives (d) 14 h grinding;
7 g additives
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Figure 4. Schemes of the attrition and breakage CaO liquid
additive grinding
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Figure 5. Relationship between the SSA and liquid additive
grinding time

The FT-IR spectra of both CaO with and without liquid
additive (Figure 6) showed a strong and broadband at 400 cm-*
corresponding to CaO which indicates that the surface of CaO
was retained even after grinding. The strong peak at 3642 cm-*
is the OH group. A strong -OH peak is characteristic of CaO
standard [29]. This result suggests that liquid additive grinding
on CaQ retains its surface.
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Figure 6. FT-IR spectra of CaO after grinding

3.2 CaO grinding catalytic activity on transesterification of
used cooking oil

The catalytic activity on the transesterification reaction of
CaO-based scallop shell with liquid additive grinding

treatment on used cooking oil with 31% of free fatty acid and
2% water at 65°C within 1 h was shown in Figure 7.
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Figure 7. Catalytic performance CaO scallop shell and CaO
liquid additive grinding in transesterification of used cooking
oil (catalyst loading: 2wt%, T=65°C, t=1h)

Table 3. CaO grinding: SSA, basicity, and FAME yield

SSA Basicity FAME yield
Catalyst (Mg (mmol g-1 (%)
CaO 1.5 0.096 7
CaO-acetone 45 0.284 92
CaO-ter-butanol 102.0 0.284 99

Relatively high FAME conversion from triglyceride of used
cooking oil reached 92% and 99% for CaO-acetone and CaO-
tertiary butanol, respectively while CaO grinding scallop shell
reached only 7% conversion. This indicates that the high SSA
catalysts obtained from liquid additive grinding are more
efficient than the untreated ones (Table 3). Moreover, the
stepwise addition of liquid additives during grinding increases
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the basicity of the CaO without changing its surface active site.
Liquid additive grinding was successfully effective to enhance
the catalytic transesterification of CaO derived from a scallop
shell.

4. CONCLUSION

Liquid additive grinding was successfully effective to
enhance the SSA of the CaO-based scallop shell. The SSA of
CaO tends to increase and then to decreased proportionally to
grinding time which suggests that the grinding limit was
obtained at the maximum SSA=102 m?g?. Liquid additive
retains the surface active site of CaO, hence, the catalytic
performance in the transesterification reaction is increased.
The controllable active site and high SSA of CaO showed
highly active performance in the conversion of a triglyceride
of used cooking oil into FAME up to 99% at 65°C within 1 h
reaction. However, the stability of the CaO-based scallop shell
needs to study further. The obtained insight in this study is a
promising approach for developing the scallop shell based
catalyst as an environmentally friendly technology for
developing the marine waste based catalyst for biodiesel
production.
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