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ABSTRACT: This study investigates the phosphate adsorption efficiency of sorbent materials derived from common
geloina shells (Geloina expansa) by comparing calcium carbonate (CaCO5) and calcium oxide (Ca0). The adsorption
performance was evaluated under various conditions, including contact time, adsorbent dosage, pH, and
adsorption behavior based on isotherm models. The chemical composition analysis of G. expansa shells revealed
that the CaCOs;, CaO and total inorganic content was 96.23+1.94, 55.54+0.17 and 96.95+0.44% by weight,
respectively. Results revealed that CaO exhibited significantly higher phosphate adsorption efficiency (P<0.05) than
CaCO5 under all tested conditions, achieving up to 98.19% removal within 150 minutes. CaO maintained high
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performance especially under neutral to alkaline conditions. In contrast, CaCO; achieved a maximum adsorption of
only 31.02% at pH 4, with efficiency decreasing at higher pH levels. Regarding dosage, CaO demonstrated high
phosphate removal efficiency (93.81%) even at low amounts (0.02 ¢/50 mL), while CaCO; showed less stable and
performance. Isotherm analysis showed that the Langmuir and Freundlich models fit the CaO adsorption data well,
indicating effective monolayer adsorption (qma = 131.58 mg/g, R2 = 0.9637) on heterogeneous surfaces. While
CaCO4 showed limitations in surface area and active adsorption sites. These findings suggest that transforming
common geloina shells into Ca0 via calcination significantly enhances phosphate adsorption capacity. This
highlights the eco-friendly potential of utilizing marine biowaste for pollution management in wastewater
treatment.

Keywords: Geloina expansa shell; calcium oxide; calcium carbonate; wastewater treatment; adsorption isotherm
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Figure 1 Schematic diagram summarizing the workflow of the phosphate adsorption study using adsorbents derived

from Geloina expansa shells, including calcium carbonate (CaCOs;) and calcium oxide (CaO).



KHON KAEN AGRICULTURE JOURNAL 54 (4): 832-847 (2026)./doi:10.14456/kaj.2026.62. 837

NN3AATIENNSEDA

nsiseiteyalasthrinsgaduiildndnamsesasnisgadu (Removal Efficiency) vasiansins  Tage
wadwsaunazuanaduaiods rdnidsauunnsgiu (meansSD) esanisnisAnuniidauls 3 duusdunifedos
Usgnauluse Franailunisgadu Uinuansiliidumigedu uaz pH vesansazaneiiligedu iieflasldfudunaveash
wUsednetaiay §Idedslafnwiiaziiuls uasillouilsunansinginivatifveusdaziuys dmsumsUssuiisuniy
WANFINSVRIAIANAINNTA UM IAATUTENIINGUTAARN o LazTeninawliavesans (CaCo, uay Cao) Tinsnaaauadn
AN LRaelAEN1TIATIZRANLLUSUTINLUUNAAE (One-way ANOVA) LAENARBUAIAIULANATENINEDINGY
$h t-test Aszdutiddymsadin P<0.05 Waunsuildlumsiasgvidoya 1¥un PSPP (Perfect Statistics Professionally

Presented) dM3UN5IATILINERR Way Microsoft Excel dmiunisdnnisteyaUewiuuaznisasnansiveing 4

NANTANE
asAUsEnRUMaAiivaaldenasiu (G. expansa)

FnuarvenUdenvesfuuisiiiiunisianuazen (Figure 2a) gnihluunawlunsazidenazld CaCo, findou
dnsunstilunszuaunsgadusteauin (Figure 2b) antuthumslusafigamafi 900°C ifuna 6 Falus aenaneidu

CaO lagauysal (Figure 2c) kan1silaTigviesAlsznoumaadvasldanvesiy wuiiduiuiu CaCo, windu

a

96.23+1.94 ¢/100 g Wminuis Usinaansetiuvsdsumanidu 96.95+0.44% (neriwiin) wé’qmit,mﬁqmmu 900°C WU

U

JUsunaumafsnoanlunwiniy 55.54+0.17% voaivunisusdy

(c)

~
.

53
~

R

Figure 2 Adsorbent materials used for phosphate adsorption: (a) raw Geloina expansa shells showing outer and
inner surfaces, (b) calcium carbonate (CaCOs) derived from Geloina expansa shells, and (c) calcium oxide

(Ca0) obtained by calcination of Geloina expansa shells.
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Figure 3 Visual color changes of the phosphate solution (40 pmol/L) before and after adsorption by calcium

carbonate (CaCOs;) and calcium oxide (CaO) derived from Geloina expansa shells.
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Figure 4 Effect of contact time on phosphate adsorption efficiency using calcium carbonate (CaCO,) and calcium
oxide (Ca0) derived from Geloina expansa shells. Error bars represent standard deviation (n = 3).
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Figure 5 Effect of adsorbent dosage on the phosphate adsorption efficiency of Geloina expansa shell-derived
adsorbents: (a) calcium carbonate (CaCO5) and (b) calcium oxide (Ca0). Error bars represent standard

deviation (n = 3).
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Figure 6 Effect of solution pH on phosphate adsorption efficiency using calcium carbonate (CaCO5) and calcium

oxide (Ca0O) derived from Geloina expansa shells. Error bars represent standard deviation (n = 3).
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Figure 7 Phosphate adsorption isotherms of Geloina expansa shell-derived adsorbents analyzed using the Langmuir
and Freundlich models: (a) Langmuir isotherm for calcium carbonate (CaCO,), (b) Langmuir isotherm for

calcium oxide (Ca0), (c) Freundlich isotherm for calcium carbonate (CaCO,), and (d) Freundlich isotherm
for calcium oxide (CaO).

Table 1 Langmuir and Freundlich isotherm parameters for phosphate adsorption onto calcium carbonate (CaCOs)

and calcium oxide (CaO) derived from Geloina expansa shells

Type of Langmuir isotherm Freundlich isotherm
adsorbent g, (Mg/g) K, R? Ke 1/n n R?
CaCo, 0.0242 79.19 0.8283  7.91x10° 4.479 0223 09516
CaO 131.58 0.165 0.9637 16.36 0.308 3.25 0.9071

91N Table 1 agUArmsilinesdrdguaslelowmenvauandies laua CaO IAUSUNMIATUgEn (g, A

131.58 me/g wavAn K Wi 0.165 L/me ludmaes CaCo, i g, Sannsiies 0.0242 me/g wilen K, wgedie 79.19 L/mg
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