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Abstract

In this paper, we reported that the influence of advanced functional mineral filler calcium carbonate 
(CaCO3) extracted from oyster shell waste, which are rich mineral sources of CaCO3. Oyster Shells, 
available in abundance, have no eminent use and are commonly regarded as waste. Their improper disposal 
causes a significant level of environmental concern and also results in a waste of natural resources. 
Recycling shell waste could potentially eliminate the disposal problem, and also turn an otherwise useless 
waste into high value added products. Oyster shell waste calcination process to produce pure lime (CaO) 
which have good anti-microbial property for waste water treatment and then focuses on its current 
applications to treat the coffee waste and its effluents for biological treatment and utilization as a fertilizers.
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1. Introduction 

Shellfish cultivation is an expanding economic acti-

vity worldwide. It represented more than 40% of all 

marine aquaculture production in 2008 [1]. Global 

shellfish production has exceeded 20 million tons 

since 2006 [2], and China accounts for about 54%, 

remaining by far the largest shellfish producer. In 

China, shellfish production during the decade of 

2001-2010 has stabilized at over 10 million tons and 

marine shellfish production accounts for about 95% 

of this amount [3].

In the southern coast of Korea, a lot of oyster 

shells are dumped as a by-product of marine aqua-

culture industry. A large amount of oyster shells is 

a general waste fishermen should take care of but it 

seems difficult to handle it effectively due to the 

problems of securing of landfill sites and collec-

tion/transportation of oyster shells [4, 5]. This waste 

piles up at coastal areas and causes many environ-

mental problems including pollution of coastal 

fisheries, management problem of public water sur-

face, damage of natural landscape, and health/sanita-

tion problem. Table-I, shows as oyster culture pro-

duction (with shell, tons) by country [6].

Environmental problems caused by waste oyster 

shells were as follows, i) increase of waste, ii) pollu-

tion of marine eco-system due to illegal landfill, iii) 

increase of bad smell due to negligence, iv) a huge 

amount of treatment expense, and v) weak demand 

on recycled materials (Filler and fertilizer etc.) from 

oyster shells. Oyster shell waste has become a serio-

us problem, in most cases, the shell is disposed of 

in fields, dumped into public waters or onto reclaim-

ed lands. The dumping sites, if the waste is left un-

treated for a long time, can cause noxious odors as 

a consequence of the decay of remaining attached 
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Species Country
Production of Shell (Tons)

Year-2000 Year-2005

Pacific cupped oyster
（Crassostrea gigas） China 3,291,929 3,826,363

Japan 221,252 218,896

Korea Rep 177,079 251,706

France 133,500 118,120

USA 38,418 21,323

Taiwan 19,972 28,430

Australia 4,693 7,295

Canada 5,500 7,638

Chile 5,641 2,226

Ireland 5,031 5,811

New Zealand 3,500 2,800

Other 3,722 6,477

Thai oyster
(Crassostrea spp.) Thailand 13,556 27,680

American oyster
(Crassostrea virginica) USA 38,255 55,188

Canada 4,124 4,946

Slipper oyster
(Crassostrea iredalei) Philippines 14,222 16,495

European flat oyster
(Ostrea edulis) Spain 3,383 2,980

France 2,000 1,280

Other 656 909

Sydney oyster
(Saccostrea commercialis) Australia 4,961 4,456

Other 6,836 4,144

Grand Total 3,998,513 4,615,400

Table (I). Oyster culture production (with shell, tons) by country [6], FAO yearbook, Fishery statistics, Aquaculture 
production, Vol.100/2 (2005)

flesh or of the microbial decomposition of salts into 

gases, such as H2S, NH3, and amines.

The research on application of oyster shells to a 

sorbent for incineration and desulfurization is judged 

to be very helpful in preserving marine eco-system, 

preventing the damage of natural landscape and sol-

ving health/sanitation problem. Therefore, new appli-

cations utilizing these wasted oyster shells are expec-

ted to contribute towards recycling consciousness within 

the society [7]. The application of many kinds of 

waste shells, which have been dried, crushed and 

calcined, to sorption of acidic gases and nitrogen 

oxides is not only economically valuable but also 

very significant in the aspect of waste recycling. In 
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addition, considering that chlorine which has been 

found to be a precursor of such toxic organic sub-

stances as dioxin and furan lately creating social con-

cerns is an acidic gas, the use of waste shells as 

mixed sorbents is judged to be feasible.

Calcium carbonate (CaCO3) is one of the most 

widely used inorganic fillers for polymers [8]. Since 

shell waste consists predominantly of CaCO3 (∼95%) 

with a small amount of bio-macromolecules, such as 

polysaccharides, glycoproteins and proteins [9-11], 

making it a possible substitute for commercial fillers 

yielding a polymer with unique mechanical proper-

ties [12]. Oyster shells have been utilized effectively 

as fertilizers, soil conditioners, natural medicines rich 

in calcium, waterworks filter mediums, etc. dried oy-

ster shells had an effective bacteriostasis. In addition, 

the fact that burned and finely powdered oyster 

shells, as compared with oysters shells dried at room 

temperature, showed a stronger bacteriostasis. In 

various kinds of tests by using limestone powder or 

pure calcium carbonate (CaCO3) to determine if the 

bacteriostasis of oyster shells was caused by CaCO3

[13]. Oyster shells are not fishery waste material but 

valuable source material for a new industry. It shows 

such a strong bactericidal activity that it kills one of the 

most virulent pathogens, Escherichia coli O-157:H7 

effectively [14], and the oyster shell can neutralize 

acidic waste water from mines very fast and remove 

99% of heavy metals, and so it is judged to be a 

useful material to replace natural limestone.

The main objective of this work is the oyster shell 

are major composition CaCO3 and it utilizing for the 

synthesis of aragonite needles for industrial applica-

tions and also utilizing as a anti-microbial agent in 

waste water treatment and used as a fertilizer. There-

fore, oyster shell waste new applications are expec-

ted to contribute towards recycling consciousness 

within the society. 

2. EXPERIMENTAL PROCEDURE:

The starting materials were MgCl2 of 95% purity 

(Junsei Company, Japan), oyster shell waste (Nam-

hae, South Korea), and pure CO2 gas (Jeil Gas 

Company, South Korea).

Oyster shell waste collected from waterfront areas 

in Namhae, South Korea, and cleaned with alcohol 

and water to remove impurities attached to the 

surfaces. This cleaned oyster shells was calcined in 

an electric furnace at 1000 oC for 2 h, which was 

increased to this point at a rate of 10 oC/min. The 

calcined raw materials were mechanically grinded for 

1 h until the particle size was less than 100μm. This 

fine powder characterized by XRD analysis and to 

used for the synthesis of aragonite needles by 

carbonation process.

In carbonation process for the synthesis of arago-

nite calcium carbonate, we used oyster Shell waste 

as the raw material; powder was calcined at 1000 0C 

for 2 h in electrical furnace to produce CaO as 

follows:

CaCO3 → CaO + CO2 (1)

The calcined raw materials were mechanically 

grinded for 1 hour until the particle size was less 

than 100µm. This calcinated fine powder is 

processed to hydration with distilled water at 800C 

for 1 hour and filtered with 200mesh then the 

solution was washed three times with distilled water 

again filtered with 325mesh and collects filtrate and 

dried at 800C for 12 hours.

CaO + H2O → Ca(OH)2 (2)

After hydration and filtering process, calcium 

carbonate is synthesized by a carbonation method in 

which gaseous CO2 is injected (50ml/min) into a 

Ca2+ ion solution to precipitate calcium carbonate. 

Ca(OH)2+MgCl2→Mg(OH)2+ CaCl2 (3)

CaCl2+ H2CO3+Mg(OH)2 → CaCO3 + MgCl2+ 

2H2O (4)
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Fig. 2. XRD analysis of Raw oyster shells waste and 
calcinated oyster at 1000oC/2h.

Fig. 1. Calcium carbonate synthesized by carbonation 
process.

Oxides CaO SiO2 Al2O3 Fe2O3 MgO K2O Na2O P2O5 Ig Loss

Oyster (%) 53.66 0.45 0.12 0.06 0.26 0.06 0.55 0.16 44.56

Table. 3. Chemical composition of oyster shells.

3. RESULTS AND DISCUSSION:

3.1. Oyster shells chemical composition.
Oyster shells major composition is CaCO3 are 

present, remaining other impurities, X-ray Fluore-

scence spectroscopic (XRF) results shows in Table 2, 

presents the chemical composition analysis, it was 

found that oyster shells consists of mostly CaO 

(53.66 %) and the Ignition loss (44.56 %) from the 

decomposition of CaCO3 to release CO2 gas, which 

is comparable to that of commercial Jungsun lime-

stone and was in good agreement with the results of 

Yoon & Jung et al. [15, 16], reporting the CaO 

content of oyster-shells was about 53.7 wt.% and 

also some of other impurities such as SiO2 (0.45%), 

Al2O3 (0.12%), Fe2O3 (0.06%) MgO (0.26%), K2O 

(0.06%), Na2O (0.55%), P2O5 (0.16%) are present.

X-ray diffraction (XRD) patterns of waste oyster 

shells raw material and calcined waste oyster shells 

are shown in Fig. 2. The results of XRD analyses of 

the waste oyster shells with and without calcination. 

The patterns for waste oyster shells raw material 

diffraction peaks of CaCO3 as major phases (95.37 

%) are identified and the patterns for calcinated at 

1000 oC/2h, the oyster shells waste were exhibited 

peaks characteristics of lime (CaO) (98.13%) of 

CaO. These results indicated that after calcination 

process oyster shell are producing pure lime (CaO).

3.2. Aragonite needles synthesis by carbona-

tion process.
In these carbonation process, temperature, reaction 

time and carbon dioxide flow rates play a key role 
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Fig. 3. XRD and scanning electron microscopy (SEM) analysis for aragonite synthesis from oyster shell waste by 
carbonation process.

for the synthesis of aragonite precipitated calcium 

carbonate. In this process, 30gr/lit calcium-rich oyster 

shell hydrated dried powder was added to 0.6M 

magnesium chloride solution and gaseous CO2 is 

injected (50ml/min) into a suspension of MgCl2 - 

Ca2+ rich oyster powder at pH-11, for 3 hours 

carbonation reaction to form a calcium carbonate 

precipitation.

In the carbonation process, the needle-like arago-

nite yield increased gradually with an increase in the 

temperature from 60 to 80 oC, at 50ml/min carbon 

dioxide flow rate for a 3 h reaction. Similarly, the 

reaction time also affects the pure aragonite yield; 

hence, the carbonation reaction time duration was 

increased gradually (2, 2.5 and 3 h) at 80 oC, and 

carbon dioxide (CO2) also plays a key role in the 

formation of aragonite; thus, the CO2 flow rate was 

increased up to 50mL/min. Needle like aragonite 

precipitated calcium carbonate was synthesized at the 

optimized condition at 80oC with 50cc carbon dioxide 

flow rates for 3 hours reaction time is clearly 

observed in the morphology of aragonite needles 

from XRD and scanning electron microscopy (SEM) 

analysis as shown in Fig. 3. 

The synthetic pure aragonite precipitated calcium 

carbonate from oyster shell waste by carbonation 

process was used as a filler for improving mechanical 

properties in plastics and paper industries. Li et 

al.[17, 18] reported higher yield strain, yield stren-

gth, tensile strength and elongation at break point, of 

polypropylene (PP) composites filled with bio-arago-

nite, as compared with commercial CaCO3. de Melo 

et al. [19] found that the incorporation of mollusc 

shell waste could increase the degree of crystallinity 

and stiffness of high-density polyethylene.

3.3. Utilization of Oyster Shell wastes and its 

applications:
Recycling shell waste offers many advantages and 

has potential application in various fields. However, 

oyster shell waste to utilize in water treatment 

specifically in coffee wastes. The coffee industry 

uses large quantities of water during the various 

stages of the production process. Consequently, the 

amount of waste water comes out from the industry 

is high. Nowadays Coffee produced a large number 

of countries throughout the world. However, the ten 

largest coffee producing countries are responsible for 

approximately 80% of the world production. Of this 

percentage, South America participates with around 

43%, Asia with 24%, Central America 18%, and 

Africa with 16%. Brazil, Vietnam, Colombia, and 

Indonesia are respectively the first, second, and third 

largest world producers, responsible for more than 

half of the world supply of coffee, according to the 

International Coffee Organization [20].
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Fig. 4. Oyster shell waste and coffee waste treatment 
and utilized as a fertilizer.

3.3.1. Coffee waste treated with Oyster shell 

powder and utilizes as a safety fertilizer.

Coffee waste is produced at high temperatures 

(700C), the pH is near 4 and, due to the roasting 

process, a number of phenol heterocyclic compounds 

may appear. The anaerobic digestion of coffee waste 

has been reported at mesophilic temperatures [21, 

22]. Fresh coffee pulp contains a vast microbial 

population of bacteria, fungi and yeast. During 

composting of pulp, an increase of mesophile and 

actinomycete populations has been observed [23]. 

Fungi play an important role in the initial steps of 

composting because of their saprophytic activity and 

the attack of lignin and cellulose transforming them 

into simple carbohydrates [24], by the adding oyster 

shell waste to neutralize the pH and reduced the 

toxic effluents and micro organisms and utilized as 

a fertilizer has gained attention due to the great 

potential in both the availability of used coffee 

grounds and its beneficial properties in compost. In 

Fig.4, shows diagram can show the extracted calcium 

carbonate from oyster shell waste and utilization as 

a fertilizer with coffee waste water effluents.

While there have been few studies conducted on 

used coffee grounds, multiple studies have discover-

ed the benefits of coffee waste, or pulp. The pulp, 

the fruit part of the coffee berry, is attributed to 

greater soil and compost quality. When the pulp is 

placed in the soil, its rich nutrient levels, along with 

the relatively high alkalinity of soil humus, con-

tributes to reductions in soil acidity with oyster shell 

waste and increased retention of water, and increased 

levels and retention of nutrients. The organic matter 

of coffee waste also provides more nitrogen and 

potassium than common fertilizers, making it a val-

uable organic fertilizer [25]. Nutrient value enhan-

cement with the presence of coffee pulp provides 

soil fertility richness along with nutrients for both 

plants and the soil microorganisms [26]. Based off of 

these known positive effects of coffee pulp on soil 

nutrients and organisms, we look to extrapolate from 

these known benefits to investigate the effect of 

coffee wastes adding with oyster shell powder. 

In North America, almost two million metric tons 

of spent coffee grounds are generated annually and 

are either put into landfills or processed at waste 

facilities with other organic wastes [27]. If coffee 

drinkers began to compost their used grounds instead 

of throwing them away, they could create a signifi-

cant reduction in their environmental impact. Becau-

se of the widespread availability of coffee grounds, 

along with its known ability to improve soil com-

position, coffee grounds were chosen as the experi-

mental compost with oyster shell waste to be further 

investigated.

4. Conclusions: 

Recycling shell waste offers many advantages and 

has potential application in various fields. However, 

Oyster shell wastes are reused as substitute materials, 

the effect must be evaluated since they containing a 

high content of CaCO3 and less organic matrices; 

hence it is better to use them directly as substitutes 

lime stone for the synthesis of needle shape pure 

aragonite by carbonation process, has the great 

potential to be used as a filler in plastic and paper 

industries. 
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This research study demonstrated that calcinated 

oyster shell waste can be used for coffee wastewater, 

significantly improve the pH and nutrient balance. 

Oyster shell waste treatment with coffee waste water 

was beneficial as a fertilizer for improving soil or-

ganic matter, soil nutrients, chemical and biological 

properties as well as crop productivity. This treat-

ment process is simple, economic ecofriendly a novel 

method for recycling waste oyster material to pro-

vide a beneficial product and promises to greatly 

reduce landfill problems.

Further research is needed to optimize the condi-

tions to extract the calcium carbonate from oyster 

shell matrix. This extracted calcium carbonate used 

as an advanced functional filler to waste water treat-

ment, fertilizer, pathogens removal and coffee waste 

treatment.
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