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The search for sustainable resources remains a subject of global interest. Calcium acetate used in many ﬁelds was prepared
using waste scallop shell as a raw material, and its physicochemical properties were investigated. The waste scallop shells
were transformed to calcium acetate compounds by reactions with four acetic acid concentrations at ambient temperature
until the completely dried powder is obtained. The maximum yield of 87% with short reaction time at a low temperature
was observed in the reaction of 60%w/w acetic acid with scallop shells. Thermal transformation reactions of all prepared
calcium acetate samples revealed temperature conditions for heating to produce other advanced materials. FTIR and XRD
results conﬁrmed the purity and solid phase of all prepared calcium acetate samples, and they were compared with those
of literatures and found to be well consistent. The obtained timber-like particles have diﬀerent sizes depending on the
acetic acid concentration. This work reports an easy and low-cost method with no environmental eﬀect to produce cheap
calcium products to be used in the industry.

1. Introduction
In Thailand, scallops are consumed about over 30,000 tons
per year according to statistics from the Department of Agriculture and Water Resources of Thailand [1]. The edible part

of the scallop composes only 20% of the total weight, leaving
over 24,000 tons of shell wastes [2]. On the coast of Thailand, waste scallop shells are from byproducts of the shellﬁsh
aquaculture, processing industries, and seafood restaurants,
and they are dumped into coastal areas [1, 2]. Large
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numbers of waste scallop shells were unduly discarded, causing serious environmental problems such as soil, water, and
air pollutions as well as health and sanitation problems. The
statistical data shows that many tons of scallop shells were
annually disposed of. Over time, microbial decomposition
appeared and progressively created very toxic gases such as
NH3 and H2S [3, 4]. Alarmed with these problems, the Ministry of Higher Education, Science, Research, and Innovation
of Thailand has introduced the Bio-Circular-Green Economic Model or BCG to resolve these problems and
ﬁnanced projects for recycling these wastes, including establishing factories for calcium and fertilizers production to
increase the recycling quantity of waste scallop shells
(WSS) [5, 6]. However, only 20% of WSS were reused [7].
Scallop shells consist of 98-99% calcium carbonate
(CaCO3) as the main chemical component and 1-2% minor
metal oxide contaminants (Na2O, K2O, SO3, etc.) [2, 4]. In
general, CaCO3 is very cheap, abundantly available in nature
(like limestone), and the sources of this compound are
renewable daily [8]. Scallop shell powder can be used in various industries, for example, in the construction industry as
limestone substitutes for concrete aggregates and backﬁlls
[9]. It can also be used as sand mixtures, cement mortars,
clinkers [10], ﬁlter beds, and heat retardant coating plastering and paving materials [11]. In the medical and pharmaceutical industry, it is used as a calcium-enriched
supplement and antimicrobial substance [2, 4, 12], while in
agricultural industry, it is used as soil conditioners (soil
regeneration and soil quality improvement), fertilizers [13],
water treatment compounds (eutrophication control and
phosphorus removal) [8, 14], and mineral calcium animal
feed [15]. It has also been used as food additives, ﬁller in
plastics, and ceramic mixtures [2, 4, 16, 17]. Additionally,
scallop shells can be utilized as starting material for preparing advanced function compounds. By heat treatment at
above 700°C, CaCO3 obtained from scallop shells is transformed to CaO which has been used in many applications
[18–20]. Some researchers have synthesized hydroxyapatite
(HAp) from scallop shell with diﬀerent preparation methods
[21, 22]. However, using scallop shells as starting material to
prepare other advanced compounds (organic calcium; acetate, lactate, citrate, etc.) still lacks information.
Calcium acetate (Ca(CH3OO)2·2H2O, CA), also known
as lime acetate and vinegar salts, is a calcium salt of acetic
acid, which does occur naturally but is more often manufactured [23, 24]. The anhydrous form of CA is extremely
hygroscopic; therefore, the dihydrate or monohydrate forms
are more common. Its hemihydrate has also been found, and
the crystal structure has been studied [25, 26]. CA can be
prepared by soaking calcium carbonate (found in eggshells
or in common carbonate rocks, such as limestone or marble
or hydrated lime) in vinegar [27]:
CaCO3 ðsÞ + 2CH3 COOHðaqÞ ⟶ CaðCH3 COOÞ2 · nH2 OðsÞ + CO2 ðgÞ,

ð1Þ
CaðOHÞ2 ðsÞ + 2CH3 COOHðaqÞ ⟶ CaðCH3 OOÞ2 · 2H2 OðsÞ:

ð2Þ

CA has been extensively reported as a promising chemical for environmental and industrial applications [28]. CA
can be used in the environmental ﬁeld, as the best alternative
material for replacing the corrosive and environmentally
unacceptable deicers (sodium chloride and calcium chloride)
[23], as a powerful SO2, NOX, and toxic particulate emission
control agent in coal combustion processes to reduce acid
rain [29], as an eﬀective catalyst for the facilitation of coal
combustion [30], and as an adsorbent of carbon dioxide
[31]. In the food industries, it has been used as a stabilizer
and preservative in many food substances under the number
E263, as a stabilizer in most hard candies, as an antiroping
agent in most commercially sold breads, as a stabilizer in
baby food and syrups, and as coagulate soy milk in the commercial manufacture of tofu [32]. Recently, it has been used
to precipitate milk fat globule membrane components from
a dairy byproduct [33]. In the medical ﬁeld, it has been used
for treating or preventing calcium deﬁciency and hyperphosphatemia in patients with end-stage renal disease [34]. In
the agricultural ﬁeld, it has been used as a soil amendment,
a plant micronutrient, foliar fertilizer, and a soil pH adjuster
[35]. More recently, CA has been used to alleviate yield loss
in rice [36] and determine the potential acidity of tropical
soils [37]. For other applications, CA has been used as starting reagent to return to common compounds such as nano
CaO [38] and CaCO3 [39] and prepare other compounds
such as calcium phosphates [40], acetone [41], composite
ceramic compounds [42], anhydrite calcium sulfate nanowhiskers [43], and cement mortar [44].
This report focuses on using scallop shells to synthesize
CA according to the BCG model in Thailand. This work presents an alternative way to produce CA instead of using nonrenewable resources and also helps to avoid various
signiﬁcant adverse environmental eﬀects. CA has been produced from eggshells [45, 46], but only shells of black snail
[47], littleneck clam [48], and oyster [3] have been used for
synthesizing CA compound. The diﬀerent physicochemical
properties of the CA compounds depend on the preparation
method including various preparation conditions such as
acetic acid concentration and reaction time. The aim of this
work was to study the eﬀect of the preparation parameters in
the process such as acetic acid concentration and reaction
time and the properties of the resulting CA products
obtained including percentage yield, particle size, and physicochemical properties as well as the production cost. All
parameters were carried out in order to ﬁnd the best
condition.

2. Materials and Methods
2.1. Materials. Specimens of the scallop shells were collected
at Chonburi beach, Thailand. The scallop shells were rinsed
with water to remove dust and impurities and then were
dried in an oven at 110°C for 1 h. Finally, they were pulverized and sieved to obtain scallop shells powder (SSP) which
was smaller than 50 meshes.
Industrial-grade concentrated acetic acid (99%w/w
CH3COOH, Merck) was used without further puriﬁcation.
This concentrated acid was diluted by deionized water to
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prepare four concentrations of acetic acid (40, 50, 60, and
70%w/w). The dilutions were strong exothermic process;
so, the solutions were left to cool before further use.
2.2. Preparation of Calcium Acetate [Ca(CH3COO)2.2H2O].
In an example preparation, 40% w/w acetic acid (AA) was
added into a beaker containing 10 g of SSP (CaCO3) in the
mole ratio of AA : SSP = 1 : 2. The mixed suspension reaction was an exothermic process and was stirred at 400 rpm
until carbon dioxide completely evolved (no more than
60 min) according to Equation (1), and then it was left at
room temperature until completely dry. The pale creamwhite powder was obtained and designated as CA40. For
other products, the processes were repeated for diﬀerent
concentration of acetic acid (50, 60, and 70%w/w), and the
products were labeled as CA50, CA60, and CA70,
respectively.
2.3.
Characterization
of
Calcium
Acetate
[Ca(CH3COO)2.2H2O]. X-ray ﬂuorescence (XRF) was used
for analyzing the element types and amount of trace element
in samples. The structure and crystallinity of samples were
recorded by powder X-ray diﬀraction patterns (XRD; Bruker
AXS, Karlsruhe, Germany), and the crystal size was calculated using Scherrer equation based on comparison of the
XRD model of samples with the standard substance. The
chemical molecular structures were measured by a Fourier
transform infrared spectrophotometer (FTIR, Spectrum
GX, Perkin Elmer, UK) from 4000 to 400 cm−1 with THE
KBr disk method. Thermogravimetric/diﬀerential thermal
analyzer (TG-DTA, Pyris Diamond, Perkin Elmer Apparatus) was implemented to calculate the TGA curve of the
sample in nitrogen gas from 30 to 900°C at a heating rate
of 5°C/min. Finally, surface morphologies of samples were
inspected by a scanning electron microscope (SEM, LEO
SEM VPI450) by making a gold-plated sample before
analysis.

3. Results and Discussion
3.1. Preparation of CA. CA compounds were successfully
synthesized by the reaction of SSP with four diﬀerent concentrations of acetic acid (40, 50, 60, and 70%w/w). Important parameters to evaluate for the synthesis of CA from
SSP with diﬀerent acetic concentrations were the yield, reaction time, and reaction temperature of the process. The production of CA from waste material is only advantageous if a
high yield is attained with short reaction time and at low
reaction temperature. If these parameters indicate low production cost, they will aﬀect an economic decision of scientists and industrialists. From Table 1, the maximum yield of
87.05% was obtained from the reaction of SSP with 60%w/w
acetic acid. However, yields of CA from each acetic acid concentration were found to be over 83% and showed no significant diﬀerence. The purity of the obtained CA products
based on XRF analysis was also not signiﬁcantly diﬀerent,
ranging from 95.34% to 98.00%. It shall be noted that the
yield and purity of CA products could vary depending on
the species of scallops used and also where they are obtained
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from. The reaction temperature of the processes increased as
the acetic concentration increased and was observed in the
range of 35-70°C. For the reaction time of the preparation
process, it was recorded at the beginning of the reaction until
the powder was completely dry by itself in the open air. The
reaction time decreased as the concentration of acetic acid
increased and was found to be in the range of 10-24 hrs.
From the above results, the optimal condition of CA production was the reaction of SSP with 60%w/w acetic acid. This
information could help to select the best production condition at an industrial scale. Furthermore, to the best of our
knowledge, there have not been a published result on this
method (SSP + acetic acid) before. In terms of economic
beneﬁt, based on these results, this method is very attractive.
In the preparation of calcium acetate, scallop shells were
obtained almost free because they were waste. The cost of
bulk industrial grade acetic acid is about 0.6 USD per kg.
In this method, 1 kg of scallop required about 1.2 kg of acetic
acid (approximately 0.72 USD). The yield of about 87%
would be about 1.5 kg of calcium acetate obtained. Adding
small amount of labor cost, the cost per kg of CA from scallop shells would be about 0.5 USD. The bulk price of calcium
acetate in the market is about 1 USD per kg so producing
CA from scallop shells would be economically feasible.
Moreover, the beneﬁts extend beyond the cost. By producing
CA from shell wastes, the environmentally hazardous wastes
will be reduced.
3.2. Characteristics of SSP and CA Compounds
3.2.1. Thermal Properties. Figure 1 shows the TG/DTG
results of SSP and CA prepared from four diﬀerent acetic
acid concentrations, as recorded in the temperature range
from room temperature to 900°C. As shown in Figure 1(a),
the TG curve of SSP exhibited thermal stability up to
600°C and a single step of the decarbonization process in
the temperature range from 600°C to 800°C due to CO2
release, giving CaO as its ﬁnal stable compound. The respective DTG peak was observed at 752°C. The thermal transformation reaction of SSP with percentage mass loss in
theoretical (Theo.) and experimental (Exp.) was shown in
Equation (3):
CaCO3 ðsÞ ðSSPÞ ⟶ CaOðsÞ + CO2 ðgÞ,
100%

56%

44%,

ðTheo:Þ

100%

56:22%

43:78%:

ðExp:Þ
ð3Þ

The total mass loss and remained mass of SSP reported
in this work were well consistent with those of the reference
and theoretical data of CaCO3 [3, 5–7]. The thermal property obtained indicates that SSP can be transformed to
CaO by heating at above 752°C, which is lower temperature
than other shells (800°C for oyster shell, 753°C for golden
apple snail shells, 900°C for mussel shell and cockle shell)
to obtain a ﬁnal decomposition product [3, 5–7].
The TG results of CA prepared from four diﬀerent acetic
acid concentrations (Figures 1(b)–1(e)) were similar with
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Table 1: Experimental conditions and the yield.
Concentration of acetic acid/%w/w

Reaction temperature/°C

Reaction time/h

Yield/%

Purity/%

40
50
60
70

35
42
58
64

24
20
12
10

85.04
83.98
87.05
86.85

95.46
95.34
98.00
97.44

100

100
0

90

DTG
70

–4
752

60

56.22%
TG

SSP

TG (25% mass loss)

–2

DTG (𝜇g min–1)

TG (25% mass loss)

90
80

70

300

400

500

600

700

800

–2
–3

117

60%

–5
TG
CA40
100

200

300

400

500

(a)
90%

–4

702

–5
TG

TG (25% mass loss)

–3
60%

DTG (𝜇g min–1)

–6
34%

425

–8
200

300

400

500

600

700

800

1

–1

DTG

–2

70
60

–3
61%

119

–4

704

–5

50

TG
CA60

–6
34%

427

–7

30

–8
100

900

200

300

400

500

600

700

800

900

Temperature (°C)

Temperature (°C)

(c)

(d)
100

1
91%

90

TG (25% mass loss)

0

166

80

40

–7

30
100

–8

153

80
70

0

198

–3
61%

–4

702

–5
–6

50

30

–2

108

60

40

–1

DTG

TG

DTG (𝜇g min–1)

TG (25% mass loss)

–2

CA50

900

90%

90

–1

DTG

158

50
40

800

100

0

70
60

700

(b)
1

114

600

–7

Temperature (°C)

100

80

–6
34%

428

Temperature (°C)

90

–4

708

50

900

–1

DTG

60

30
200

0

162

80

40

–6

50
100

1
90%

DTG (𝜇g min–1)

CA40
CA50
CA60
CA70

DTG (𝜇g min–1)

Sample code

–7
–8

CA70
100

35%

414
200

300

400

500

600

700

800

–9
900

–10

Temperature (°C)

(e)

Figure 1: TG/DTG curves of SSP (a) and CA prepared from four diﬀerent acetic acid concentrations: (b) 40, (c) 50, (d) 60, and (e) 70%w/w.
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CaðCH3 COOÞ2 · H2 OðsÞ ⟶ CaðCH3 COOÞ2 · mH2 OðsÞ + nH2 OðgÞ,

CA70

3500

3000

2500

2000

602
460

672

929

1062

863

705

1794

1440

4000

868

1457
1413

SSP

2521

2850

CA40

1037

1577
1542

3183

3573

CA50

3397

Transmittance (a.u.)

CA60

1500

1000

500

Wavenumber (cm–1)

Figure 2: FTIR spectra of SSP and CA prepared from four diﬀerent
acetic acid concentrations (CA40, CA50, CA60, and CA70).

CA70
CA60
Intensity (a.u.)

three regions of thermal transformation reaction occurred in
100-200, 350-550, and 600-750°C. The corresponding mass
losses of each CA sample were found close to 10, 30, and
25%, respectively. The total mass loss was about 66%, and
the mass retained was about 34% (>720°C), producing
CaO as a ﬁnal stable compound. The total mass loss and
the residual mass of all prepared CA products were well consistent with theoretical data. However, this result may not be
in agreement with CA obtained from oyster shell [4], which
reported a higher temperature (>800°C) to get the CaO.
DTG curves of CA40, CA50, and CA60 were quite similar,
which showed four peaks at similar temperatures at 110,
155, 420, and 700°C. However, only the DTG curve of the
CA70 sample showed ﬁve peaks at 110, 157, 197, 413, and
699°C. The ﬁrst mass loss region observed in TG data corresponds to the ﬁrst two peaks for CA40, CA50, and CA60
samples, and the ﬁrst three peaks for the CA70 sample
revealed by DTG data were assigned to the dehydration
reaction of one molecule of H2O. The number of two or
three peaks observed in DTG curves indicated distinct water
molecule in the surrounding environment within the structure, which is a characteristic from diﬀerent acetic acid concentrations in the synthetic process. The second and third
mass loss regions observed in TG data were related to an
individual single peak that occurred in DTG curves for all
prepared samples, which were assigned to the eliminations
of acetate ion, forming acetone and carbon dioxide, respectively. From the TG/DTG results, the thermal transformation reactions of all prepared samples could be
summarized in the following equations:

CA50

CA40

ð4Þ
CaðCH3 COOÞ2 · mH2 OðsÞ ⟶ CaðCH3 COOÞ2 · pH2 OðsÞ + kH2 OðgÞ,

SSP

ð5Þ
CaðCH3 COOÞ2 · pH2 OðsÞ ⟶ CaðCH3 COOÞ2 ðsÞ + pH2 OðgÞ,

ð6Þ
CaðCH3 COOÞ2 ðsÞ ⟶ CaCO3 ðsÞ + CH3 COCH3 ðgÞ,
CaCO3 ðsÞ ⟶ CaOðsÞ + CO2 ðgÞ,
ðn + k + p = 1:0 and 0 < m < 1:0Þ:

ð7Þ
ð8Þ

For CA40, CA50, and CA60 samples, the dehydration
reactions in Equations (4)-(6) were overlapped and occurred
only in two reactions. Only the CA70 sample showed the
dehydration steps according to Equations (4)-(8). The numbers of thermal transformation steps of all prepared CA
samples were diﬀerent from CA obtained from oyster shells
reported in previous work [3]. Additionally, the thermal
results obtained reveal the speciﬁc calcination temperatures
for the synthesis of other advanced compounds (calcium
acetate anhydrous, calcium carbonate, acetone, and calcium
oxide) from CA starting agent like in this work, which may
be interesting for material scientists and industrialists.

10

20

30
2Theta (°)

40

50

Figure 3: XRD patterns of SSP and CA prepared from four
diﬀerent acetic concentrations (CA40, CA50, CA60, and CA70).

3.2.2. Vibrational Results. FTIR spectra of SSP and CA prepared by various acetic acid concentrations are shown in
Figure 2. FTIR spectrum of SSP (Figure 2(a)) exhibited fundamental vibration of CO32- anion as block unit in CaCO3
structure [3, 5–7]. The prominent absorption peak of
CO32- at 1440 cm-1 was related to the asymmetric stretching
mode of C-O bond. A band at 1749 cm-1 was due to the carbonyl v(C=O) stretching vibration. The vibrational peaks at
863 and 705 cm−1 were assigned to the symmetric stretching
mode of C-O bond, out of plane and in plane bending of
CO32- anion, respectively. A weak band at 2552 cm-1 and a
broad band around 2850 cm-1 could be assigned to combination and overtone of the asymmetric and symmetric stretching modes of C-O bond. These vibrational modes are
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Figure 4: SEM micrographs of SSP (a) and CA prepared from four diﬀerent acetic acid concentrations: (b) 40, (c) 50, (d) 60, and (e)
70%w/w.

conﬁrmed as the CO32- of aragonite phase of calcium carbonate [5–7]. The broad bands in the region from 27003600 cm-1 were due to vibrational bands of methyl stretching
(the antisymmetric vas(CH3) and symmetric vs(CH3)) and
water molecule (the antisymmetric vas(OH) and symmetric
vs(OH)). Two strong bands observed at 1577 and 1542 cm-

1

were due to antisymmetric C-O (vas(C-O)) stretching
vibrations, while two intense bands at 1457 and 1413 cm-1
may be attributed to the symmetric stretching vibration of
the C-O bond (vs(C-O)). The out of plane stretching vibration of the methyl group (ρop(CH3)) was split into two peaks
at 1062 and 1037 cm-1. The v(C-C) stretching vibration of
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the acetate anion was split into two peaks at 929 and 868 cm-1
for CA40 sample, while CA50, CA60, and CA70 samples
showed a single peak at 929 cm-1. Two poorly deﬁned peaks
at 620 and 613 cm-1 were due to out of place stretching vibration of the O-C-O fragment (ρop(OCO)) of the acetate anion.
Finally, the single weak band evident in all spectra of CA samples at around 460 cm-1 was due to the inplane bending vibration of the OCO fragment ρip(OCO) of the acetate anion.
3.2.3. Crystallographic Results. Figure 3 shows X-ray diﬀraction patterns of SSP and CA samples prepared from four different acetic acid concentrations. The XRD results were
compared with those of calcium carbonate and calcium acetate reported in other literatures [3, 21, 23, 27, 47, 48]. The
XRD pattern of SSP clearly showed that the phase present
was calcite, which was found to match with the JCPDS data
ﬁle of CaCO3 (File no. 01-085-1108) [3, 21]. The XRD patterns of CA40, CA50, and CA60 samples were quite similar
and were slightly diﬀerent from that of CA70 especially at
below 7°. This indicates that phase of calcium acetate monohydrate of CA70 was diﬀerent from other three samples. All
patterns of CA samples were in good agreement with the reference data given by Sebastian et al. [27, 49, 50] and agreed
with observations from IR and TGA. Some peak intensities
diﬀer, which is ascribed to the fact that the reference data
relating to ﬂat plate (Bragg–Brentano Geometry) measurements and therefore, this may be aﬀected by preferred orientation eﬀects. There is no doubt that these products are
calcium acetate monohydrate. This could have been
corrected (i.e., indexed or ﬁtted); however, it was not
deemed necessary based on the supporting chemical
characterization.
3.2.4. Morphology Results. Scanning electron microscopy
(SEM) images of the SSP and CA samples prepared from
four diﬀerent acetic acid concentrations are illustrated in
Figure 4 and were signiﬁcantly diﬀerent. The morphology
of the SSP sample exhibited a pronounced wood-like pattern
with lengths up to 100 μm and agglomeration (Figure 4(a)).
The crystallites of four CA samples shown in Figures 4(b)–
4(e) exhibited similar morphologies, which showed agglomeration like small and large timbers with dimensions in the
range of 2-60 μm. The particle size distributions increased
as the acetic acid concentration increased. The timber-like
morphology for CA70 sample occurred more than those of
other samples. The morphologies of all prepared CA particles obtained from this work were diﬀerent in sizes and
shapes from CA obtained from oyster shell, ash of black
snail, and littleneck clam shell powder in previous reports
[3, 47, 48]. These results indicate that the starting reagents
for preparation have the strong eﬀect on the morphology
of CA, which is well consistent with what stated in the literature [27].

4. Conclusions
Calcium acetate (CA) was prepared successfully from the
calcite phase of calcium carbonate obtained from waste scallop shells with various acetic acid concentrations (40, 50, 60,
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and 70%w/w). Through an experimental design, the eﬃciency of the preparation of CA was studied, considering
the eﬀect of four experimental conditions (acetic acid concentration, ambient temperature, time consumption, and
yield of the process). It was found that the maximum yield
of CA obtained was prepared from 60%w/w acetic acid with
short reaction time and low reaction temperature. The thermal properties of CA samples prepared from four diﬀerent
acetic acid concentrations revealed temperature conditions
for the synthesis of other advanced compounds. FTIR and
XRD results of all prepared CA samples were compared with
those of previous reports, which were well consistent. The
thermal analysis, FTIR, and XRD conﬁrmed the purity and
solid phase of all prepared CA as calcium acetate monohydrate. The obtained particles had timber-like appearance
having diﬀerent sizes depending on the acetic acid concentrations. This work adds valuable information for the alternative CA production for many applications based on
starting waste materials (scallop shells) with the potential
to replace lime or dolomite ores obtained from non-living
things with limited resources.
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