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Abstract—Cockles are one of phylum mollusca, when 
consuming cockles, the shells have to be removed before 
consuming, causing lots of wastes. This study aims to produce 
high purity of calcium carbonate (CaCO3) from cockle shells and 
investigate the effect of CaCO3 from the cockle shell in 
polyvinylchloride (PVC) flexible sheet focusing on its physical 
properties. The experiment was performed by bringing barks of 
shells; cleaning them in boiling water, then going through the 
desiccation process at 900ºC in order to remove all organic 
substances and crushing them thoroughly. The resultants became 
a calcium oxide powder. Calcium oxide was dissolved with 
distilled water then reacted with sodium carbonate, which 
resulted in CaCO3 powder. After that, filler in PVC flexible sheet 
at 5, 10, 15 and 20 part per hundred resin (phr) was compared 
with commercial CaCO3. The results showed that cockle shells 
were successfully in producing CaCO3 which can be used as 
calcium source with elemental analysis X-Ray fluorescence 
spectrometer (XRF) and the result showed CaCO3  content 
97.68% and median particle size (D50) 10.3 μm. That CaCO3 from 
the cockle shell indicated mechanical properties as tensile 
strength and elongation thermal heating shrinkage after aging 
and slightly increased hardness similar to commercial grade.  

Keywords—cockle shells, CaCO3, polyvinylchloride flexible 
sheet, mechanical properties 

I. INTRODUCTION 
 Cockles are one of the most popular bivalve molluscs in 
Thailand.  When consuming cockles, the shells have to be 
removed before consuming; causing lots of wastes.  Cockle 
shells contained a high amount of CaCO3 [1, 2, 3, 4, 8], which 
is good alternative sources of calcium and carbon as a 
renewable resources. The commercial CaCO3 is produced 
from natural mineral source such as lime stones, chalk, 
dolomite and marble. Common process for producing high 
purity CaCO3 is by a chemical reaction of calcium 
(precipitated CaCO3). First, heat treating (Calcination) the 
calcium source was to produce calcium oxide (CaO) and 
release carbon dioxide gas (CO2). A possible reaction in heat 
treatment process was shown in (1) [13]. 

 CaCO3  �   CaO + CO2 (1) 

 CaO + H2O  �  Ca(OH)2 (2) 

 Ca(OH)2+Na2CO3  �  CaCO3+2NaOH (3) 

Second, dissolution of calcium oxide in water entailed 
calcium hydroxide (Ca(OH)2) like the a slurry of slaked lime 
or the solution. A possible reaction in dissolution process is as 
the following equation (2) [13,16]. Third, precipitation of 
CaCO3, slurry or solution was reacted with carbon dioxide gas 
(CO2) [6, 7, 13] or sodium carbonate (Na2CO3) [6, 11, 15, 16]. 
A possible reaction in precipitation process is as the following 
equation (3) [6,16]. CaCO3 is an essential resource in many 
industries such as plastics, paper, rubbers, paints, coatings, 
adhesives, sealants, and food and pharmaceutical [16, 17]. In 
plastics industry, CaCO3 was added in compound as a filler to 
reduce cost of materials and improve physical properties of 
plastics. This study aims to produce high purity CaCO3 from 
cockle shells and investigate the effect of CaCO3 from the 
cockle shell on physical properties of Polyvinylchloride (PVC) 
flexible sheet compared with commercial CaCO3.  

II. MATERIALS AND METHODS 

A. Materials 
Cockle shells used in this study were collected from 

Bangkok street food (shown in Fig. 1) and sodium carbonate 
powder from Suksapanpanit (Business organization of the 
office of the welfare promotion commission for teachers and 
educational personnel) and distilled water were from our 
laboratory. Commercial CaCO3 and Polyvinylchloride (PVC) 
compound was supplied by TNPC (Thai Nam Plastic (Public) 
Company Limited). 

 
Fig. 1. Cockle shells, (a) discarded cockle shells at seafood street food bar 
and (b) cockle shells after cleaning. 

B. Methods 
Fig. 2 showed a diagram of the experiment. To prepare 

CaCO3 from cockle shell, first cockle shells were washed with 
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tap water to remove dirt, boiled for 10 min and dried in an 
oven at 100 °C for 1 h. The cleaned cockle shells were heat-
treated at 800, and 900 °C for 3, and 5 h by an electric burner 
in Fig.3 and cooled at room temperature. Then they were 
crushed with hammer and sieved with lab sieve 355 μm to get 
calcium oxide powder (shown in Fig. 4) and recorded the 
results of three batches.  

Second, dissolve calcium oxide with distilled water as 
shown in Fig. 5(a) for three batches. The calcium oxide 
powder of 500 g was dissolved in distilled water of 500 g and 
stirred with a speed of 100 rpm for 10 min at room 
temperature, and added distilled water of 500 g to finish the 
reaction. The solution was filtered with 100 �m lab sieve and 
discarded the non-dissolving fraction.  

Third, the high purity CaCO3 was produced by adding 
sodium carbonate powder to the solution and stirring with a 
speed of 100 rpm for 60 min at 65 °C and filtering under 
suction, then drying in an oven at 105 °C for 24 h. The 
produced CaCO3 powder was crushed with a mortar and a 
pestle, dried again in an oven at 105 °C for 1 h. The produced 
CaCO3 after crushing was shown in Fig. 5(b). 

 
Fig. 2. Diagram of the experiment mentiones this Fig. in the text.  

After that, add CaCO3 as filler in PVC compound at 5 10 15 
and 20 phr. Then compare the effect of CaCO3 from cockle 
shell (CCS) with commercial (CCM). The formulation of 
polyvinylchloride (PVC) compound was indicated in Table I. 
Mix materials by hand for 5 min. Then flexible sheets were 
produced by two roll mill machine at 165 °C. The thickness of 
polyvinylchloride (PVC) flexible sheet was approximately 
0.35 mm, and samples of polyvinylchloride (PVC) flexible 
sheets were shown in Fig. 6. 

 
Fig. 3. Electric burner 

 
Fig. 4. Cockle shells after heating (a) before crushing, (b) after crushing and (c) 
after sieving  

 
Fig. 5. CaCO3 from cockle shells (a) Dissolution and precipitation process and 
(b) Produced CaCO3 after crushing and drying.  

The CaCO3 from cockle shells Elemental analysis was 
characterized by X-Ray Fluorescence Spectrometer (WDXRF) 
(XRF (WDXRF)). Particle size measurement was 
characterized by Laser particle size distribution analyzer 
(PSD), MALVERN, Mastersizer 3000. The Morphology of 
CCS, CCM and PVC flexible sheet was characterized by 
Scanning Electron Microscope and Energy Dispersive X-ray 
Spectrometer, SEM-EDS (JEOL, JSM-6610LV and Oxford, 
X-MaxN 50) at 15 kV.  

The tensile strength and elongation of polyvinylchloride 
(PVC) flexible sheet were performed according to JIS K 6301 
at a speed of 200 mm/min and gauge distance of 40 mm.  

The thermal heat shrinkage was tested by cutting into size 
10x10 cm2 for 3 pieces. The length of each edge was measured 
before and after heating in both machine direction and 
transverse direction. The hardness of polyvinylchloride (PVC) 
flexible sheet was characterized by durometer hardness shore 
A (ASTM D2240). 

(a) (b) 
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Fig. 6. Photos of Polyvinylchloride (PVC) flexible sheet samples at different 
phr of filler (CCS and CCM) place on the black PVC.  

TABLE I. FORMULATION OF POLYVINYLCHLORIDE (PVC) FLEXIBLE SHEET 

Material Parts per hundred resin (phr) 
PVC resin                100 
Plasticizer 
(Diisononyl phthalate) 

               40 

Stabilizer                 2 
Filler                5,10,15,20 

III. RESULTS AND DISCUSSION 

A. Cockle Shells Weight Loss 
The cockle shells were heat-treated at 800 and 900 °C for 3 

and 5 h, and then released CO2 gas. The reduced cockle shell 
weight resulted from releasing CO2 gas. The weight loss 
results at 900 °C were higher than that at 800 °C with the same 
heat treating time. The weight loss results at heat treating time 
5 h were slightly higher than that at 3 h with the same heat 
treatment temperature. Hence, cockle shells heat-treated at 
900 °C for 3 h was optimal condition to produce CaO. 

 
Fig. 7. Weight loss (%) of cockle shell, the blue line with diamond-shape 
marks is weight loss (%) at 800 °C, the red line with square marks is weight 
loss (%) at 900 °C. 

B. Elemental Analysis of CaCO3 form Cockle Shells 
The elemental content of CaCO3 produced from cockle 

shells were shown in Table I characterized by X-ray 

Fluorescence (XRF). That CCS contained high content of 
CaCO3 (54.7% CaO) and small amounts of Na2O (1.13%), 
SrO (0.131%), MgO (0.125%). Content of CaCO3 (97.68%) 
was calculated based on the calcium oxide content by using 
equation (4), and the results in the experiments were similar to 
results from Necmettin Erdogan[6] and Anuar Othman[7]. 

 (%CaO/56)×100   =   % CaCO3 (4) 

C. Particle size measurement 
The particle size measurement of CCS and CCM were 

shown in Table II. The particle sizes of CCS were 1.3 μm or 
smaller amounts 10% by volume (D10), 10.3 μm or smaller 
amounts 50% by volume (D50), and 28.6 μm or smaller 
amounts 90% by volume (D90). The particle sizes of CCM 
were 1.5 μm or smaller amounts 10% by volume (D10), 14.1 
μm or smaller amounts 50% by volume (D50), and 47.4 μm or 
smaller amounts 90% by volume (D90). That CCS was slightly 
smaller than CCM with median particle size (D50) 28.6 μm. 

TABLE II. X-RAY FLUORESCENCE (XRF) RESULTS OF CACO3 FROM 
COCKLE SHELLS 

Element Content (%) 
CaO 54.7 
Na2O 1.13 
SrO 0.131 

MgO 0.125 
Cl 125 PPM 

Fe2O3 112 PPM 
MnO 84.5 PPM 
Al2O3 <0.1 PPM 
CaCO3 97.68 

TABLE III. PARTICLE SIZE OF CACO3 FROM COCKLE SHELLS AND 
COMMERCIAL CACO3 

Material Particle Size (μm) 
D10 D50 D90 D [4,3] D [3,2] 

CCS 1.3 10.3 28.6 13.8 3.9 
CCM 1.5 14.1 47.4 20.1 4.7 

D. Morphology of CCS, CCM and PVC Flexible Sheet 
The morphology of CaCO3 from cockle shells (CCS) and 

commercial CaCO3 (CCM) was characterized by Scanning 
Electron Microscopy (SEM), shown in Fig.8. The cockle 
shells observed aragonite structures were shown in Fig. 8(a). 
CCS sample observed structures like calcite structures was 
shown in Fig.8(b). The CCM sample observed structures like 
calcite structures was shown in Fig.8(c). The CCS and CCM 
powder were dispersed phase in PVC matrix. The morphology 
of PVC flexible sheet without filler shown in Fig. 8(d), was 
homogeneous phase.  Adding filler 5 phr (5%) was shown in 
Fig. 8 (e) and (f). The heterogeneous phase was dispersion and 
compatibility of both fillers. Hence CCS was dispersed and 
compatible in PVC matrix similar to CCM. 
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Fig. 8. SEM micrographs of (a) cockle shell (b) CCS at 10000 magnification (c) CCM at 10000 magnification (d) PVC flexible sheet without filler (e) PVC flexible 
sheet with CCS 5 phr, at 300 magnification (f) PVC flexible sheet with CCM 5 phr, at 300 magnification. 

E. Thermal Heat Shrinkage of PVC Sheet 
For Thermal Heat Shrinkage tested by cutting 10x10 cm 

specimens, the length of each edge was measured in both 
machine direction and transverse direction. Then they were 
placed in a lab oven at 100 °C for 2 h. After 2 h heating, the 
placed specimens on the flat plate were cooled at room 
temperature. Then the length of each edge in both machine 
direction and transverse direction were measured, and the 

thermal heat shrinkage was calculated by the following 
equation (5). 

 Heat Shrinkage (%) = [(L0�L1)/L0] × 100 (5) 

Where  L0 : length before heating 
L1 : length after heating 

The results showed that heat shrinkage values were 
decreased and slightly decreased with increased level of phr in 
both of CCS and CCM. 

(a) (b) 

(d) 

(e) (f) 

(c) 
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Fig. 9. Tensile strength and elongation of polyvinylchloride (PVC) flexible 
sheet at different filler phr. The blue line with diamond-shape marks is CCM 
result, the red line with square marks is CCS result. (a) Tensile strength results 
in machine direction. (b) Tensile strength results in transverse direction. (c) 
Elongation results in machine direction. (d) Elongation results in transverse 
direction.  

F. Tensile Strength and Elongation 
The tensile strength and elongation of polyvinylchloride 

(PVC) flexible sheet were performed according to JIS K 6301 
at a speed of 200 mm/min and gauge distance of 40 mm. The 
CCS effect on polyvinylchloride (PVC) flexible sheet in 
tensile strength and elongation was slightly like CCM. At filler 
of 5 phr, both CCS and CCM showed the maximum value for 
the tensile strength and elongation in both of machine 
direction and transverse direction. Tensile strength and 
elongation results were shown in Fig. 9. 

G. Hardness 
The hardness was characterized by Durometer hardness 

shore A (ASTM D2240). The hardness slightly increased with 
increasing filler phr for both CCS and CCM. It was found 
similar effect on hardness for the CCS and CCM. 

 
Fig. 10 Durometer hardness shore A for Polyvinylchloride (PVC) flexible 
sheet with different filler phr.  

IV. CONCLUSION 
The cockle shells were successfully in producing high 

purity of CaCO3 at 97.68% with small particle size as median 
size (D50) of 10.3 μm. The 5 phr  of CaCO3 filler from cockle 
shell effect to PVC flexible sheet showed as tensile strength 
19.8 MPa (MD), 19.3 MPa (TD) compared to commercial 
grade of 19.5 MPa (MD) and 19.4 MPa (TD), respectively. 
The elongation effect were 304% (MD) and 289% (TD) 
compared to commercial grade of 286 (MD) and 285 (TD), 
respectively. The thermal heat shrinkage and weight loss were 
at the same level. The amount of CaCO3 at 20 phr used in 
general ratio for fabricate PVC flexible sheet showed thar CCS 
increased tensile strength 4% (MD) 14% (TD) and increased 
elongation 3% (MD) compared to the commercial grade. 
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