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Abstract

Background and Objectives: Cocoa husks are agricultural waste with potential for use as phosphate adsorbents
in wastewater treatment. It can be applied as adsorbent material for pollutants and nutrients in wastewater,
making it an alternative to the development of natural adsorbent materials that are low-cost and non-toxic to the
environment. Currently, water pollution problems, especially phosphate nutrient contamination, have intensified
progressively. Prior research has demonstrated that cocoa husks can adsorb phosphate from water, and
surface modification with chitosan significantly improves adsorption efficacy. Additionally, sludge from water
treatment plants contain mineral compositions suitable for phosphate binding. Therefore, this study aimed to
investigate the enhancement of phosphate adsorption efficiency in synthetic wastewater using chitosan-coated
adsorbent materials made from sludge from water treatment plants (S) combined with cocoa husks (C).

Methodology: The methodological procedures involved testing the molding of adsorbent materials between soil
sediment from water treatment plant sludge (S) and cocoa husks (C), both without chitosan surface modification
and with chitosan surface modification at ratios of 100:0, 70:30, 50:50, 30:70, and 0:100 by weight. The materials
were then molded by firing at temperature of 500°C for 2 hours. The study examined equilibrium time of

adsorption at various time intervals, including1,2,4,8,12,16,20,24,28,32,36,40,44,and 48 hours
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respectively. To determine the optimal contact time and adsorption isotherms of phosphate in synthetic
wastewater using Langmuir and Freundlich models. Residual phosphate concentration was analyzed using a
spectrophotometer at a wavelength of 880 nanometers, followed by calculation of the phosphate removal
percentage in wastewater.

Main Results: The molding study of adsorbent materials showed that adsorbent materials at ratios S-C (100:0)
and S-C (70:30) could be molded into pellets with stability and water insolubility, making them suitable for
selection in subsequent procedures. Meanwhile, ratios S-C (50:50) and S-C (30:70) could not maintain form
and dissolved in distilled water. This dissolution behavior was attributed to the higher organic content in these
ratios, which compromised the structural integrity and thermal stability of the pellets during the firing process.
All adsorption experiments were conducted at an initial pH of 5, which was selected based on preliminary
optimization studies as the optimal condition for maximum phosphate solution removal efficiency. Under these
conditions, the protonation of chitosan's amino groups was maximized, facilitating strong electrostatic
interactions with phosphate anions. For the equilibrium time study of uncoated and chitosan-coated adsorbent
materials revealed that coated adsorbent materials at ratio S-C(70:30)+C and S-C(100:0) reached equilibrium
faster than uncoated adsorbent materials, achieving equilibrium within 16 hours and 24 hours respectively. This
occurred because surface modification with chitosan resulted in faster equilibrium time, indicating adsorption
kinetics. The adsorption performance study found that adsorbent materials with chitosan solution surface
modification could adsorb phosphate concentration in synthetic wastewater higher than adsorbent materials
without chitosan coating, with phosphate removal efficiencies of 60.45% and 47.68%, respectively. This
demonstrated that surface modification with chitosan coating increased adsorption performance by 27.00%
compared to the original. Additionally, analysis of the adsorption isotherm equations demonstrated the
adsorption mechanisms of both chitosan-coated and uncoated adsorbent materials. Based on R? values closest
to unity, the S-C (70:30)+C ratio showed the best fit, with the adsorption process conforming more closely to
the Langmuir isotherm model (R? = 0.9950) than to the Freundlich isotherm (R? = 0.9628). The maximum

adsorption capacity (g_._ ) value is 72.4638 mg/g, indicating that the adsorption on the surface of the adsorbent

)
material is characterized by a single layer of adsorption.

Conclusions: Surface modification with chitosan coating enhanced phosphate adsorption performance due to
the protonation of amino groups (NH,) under slightly acidic conditions, enabling strong electrostatic attraction
with negatively charged phosphate ions. This material demonstrates high potential for application as a low-cost
adsorbent in wastewater treatment, while simultaneously adding value to agricultural waste and reducing local

environmental problems.
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Table 1 Molding of adsorbent materials

Adsorbent S:C ratio % Weight loss Pellet Forming Water Solubility Test
s-C 100:0 8-12 % v insoluble
S-C 70:30 25-30 % 4 insoluble
S-C 50:50 35-42 % X Soluble and cracked
S-C 30:70 45-50 % X Soluble and cracked
S-C 0:100 55-60 % X Soluble and cracked

Note: The symbol v means that pellets can be formed and X means that pellets cannot be formed (n = 3)

HAMIANEIAN pH 21893889ATL

anNMIAnEENENaTeIAl pH sentagaduneaaluldadamszd wudn A1 pH Anaseliunmnig

'
A 1

aaduraanluidedanssd TnatFuiunisgadunansuualifiinauile pH agflutdos 1-5 uazEuanas

¥
o v-vd|1| A

A o
dipdauuazinaaulusmndau

\HaA pH 143310 pH 8nn91 5 dannisAnenuansliiviuindangaduriad

pinee] HAnasnatnisnlunisgaduneamngeganeawiniy 5 dududrimunzandiniunisindangadu

panana luldanuasa (Figure 2)
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80 -
_§ A S-C (100:0)
= [ ]
5 60 - ¢
2 m ° @® S-C (70:30)
o ®
S 40
& m & s o & SC(100:0)+C
TR s 3
X 20 4 a : : ! B S-C (70:30)+C
A
O T T T T T T T T T T T T T 1

o1 2 3 4 5 6 7 8 9 10 11 12 13 14

pH

Figure 2 Effect of pH on phosphate adsorption (n = 3)
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Aadu BnvdnsnizaennNiuaninsgaduetesaniy lutasunuazaes ) ddanns taaansusnasnndes
U Pseudo second order kinetic ¥14%n179 fitting kinetic model aging1luszuy (Pseudo first order kag pseudo

second order) WFANAINIIHALT (K, R?) Lamgli Table 7
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Figure 3 Equilibrium period of phosphate adsorption (n = 3)
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1/72@NENINTREASNI1TAIEA

ﬂ"lm’);u@m?@ﬁ)éﬂvu (Adsorption Capacity; q,)

o '

annuan1snaaadludnesy ldauanAIANqnisgedl (q,) 1esiangadunsazaianauidudu

'
a

Fususnge Tneldannis g, = (C,-C,) x V/m TaRaaNNANIgaATzinudn Jangady S-C(70:30)+C e g,

a

gangaluyneziuanududu tnafid g, gegawiniy 1.600 mg/g NAa1uidudu 40 mg/L wanaliisiudn

al

miﬂi”uﬂga‘ﬁuaqc‘ﬁ”qﬂmimmm@'fmLﬁummama@mﬁﬂﬁ”@ﬂmﬁﬁ%q ity (Table 2) Lﬁ@ﬁmimqmm’mwm
inunsgaduneamnuusagadu S-C (100:0), S-C (70:30), S-C (100:0)+C, waz S-C (70:30)+C HAvinfiu
36.6300 mg/g, 37.0370 mg/g, 50.0000 mg/g WAz 72.4638 mg/g ANNANAL A wsuAnAeTilunisnszanefa
299n199 A9 (K ) 1893890A%U S-C (100:0), S-C (70:30), S-C (100:0)+C, uaz S-C (70:30)+C dA1viniu
0.0570 L/mg, 0.0468 L/mg, 0.0296 L/mg ag 0.0160 L/mg ANANAL Faflusnfitanenieraugunsalunis
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padureamlin el Wasarnifianalnnisfadjisanteaidunisuaniasulessulszanaamaiusagadu

n
satiaamnzan lunsi i ldeulunisindaundaniewsesqaeundenluauimg

Table 2 Adsorption Capacity for phosphate adsorption onto adsorbent materials (n = 3)

C, (mg/L) S-C(100:0) S-C(70:30) S-C(100:0)+C S-C(70:30)+C
5 0.1200 0.2100 0.2050 0.2300
10 0.2970 0.3290 0.3164 0.3470
20 0.8980 0.9500 0.9500 1.0000
30 0.8500 1.0000 1.0420 1.2530
40 0.9500 1.1000 1.2000 1.6000
50 0.6750 1.0500 0.7130 1.4000

o

m@miﬁnmmmLéi’l’wﬁumm:@m’l,uﬂw@meﬁuﬁmz"i@ﬁqmmﬂ@uﬁu‘iiwamﬁwﬂ@zmLL@:L'ﬂﬁﬂﬂTnT i
waeuwazldindelalngnu ludnsdausing laun S-C (100:0), S-C (70:30), uaz S-C (100:0)+C, S-C (70:30)+C
wuddensgaduas i ududusesleaamded uansneiuatnefiiudAynneadia 0.05 dailn
mﬁ@@aﬁ'hmm:mmﬁﬁu 2.70+0.02, 6.53+0.03, 10.00+0.00, 17.47+0.01, 24.00+0.01, WAz 36.00+0.00 mg/L

AINAIAU (Table 3) Aqwansiiiiudmaansgadunesmanaaiududu 5, 10, 20, 30, 40, 50 (mg/L) Wud9aR

Py

AATU S-C (70:30)+C mmim@m%ﬂmmmm

PEAZNITAER
= | o o o o , ! a - 3 o a Yo o a
HAN1IANEINLINTaRAATUY 2 dRadauseudenznaunuanisnanindszihiudaeninidviason
P o oA A P~ a a o o P - ' o o
Tiwmaaulalpauiusaneaaulalnaiu Jilssdnsninnisnidnnag mnlutinde dansziuanstaiuasnem

HadnAtynieads 0.05 luynszauanndudu Tnandsangadunaaiududu 5, 10, 20, 30, 40, uaz 50 mg/L
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wudndsz@ninanlunisiidanesnnlunndadaunseiiigegn Ae S-C (70:30)+C winfiu 46.00+0.01,

69.40+0.10, 50.00+0.11, 41.77+0.01, 40.00+0.10, Az 28.00+0.01 A1ua16L (Table 4 and Figure 4)

Table 3 Concentration of residual phosphate solution (C,)

Initial concentration Residual phosphate solution (Ce; mg/L)

S-C (100:0) S-C (70:30) S-C (100:0)+C S-C (70:30)+C
5 3.80+0.01° 2.90+0.05° 2.95+0.05° 2.70+0.02°
10 7.03+0.01° 6.71+0.01° 6.84+0.03" 6.53+0.03°
20 11.02+0.01° 10.50+0.05" 10.50+0.05" 10.00+0.00°
30 21.50+0.50° 20.00+0.10" 19.58+0.02° 17.47+0.01°
40 30.50+0.10° 29.00+1.00° 28.00+0.10° 24.00+0.01°
50 43.25+0.05° 39.50+0.05° 42.87+0.10° 36.00+0.00°

Note: Comparison of the adsorption capacity of different adsorbents for phosphate removal in synthetic

wastewater based on residual phosphate concentrations at each concentration level (n = 3).

The mean values followed by the same English letter within a row are not significantly different at the

95% confidence level

Table 4 Removal Percentage

Initial concentration % Removal
S-C (100:0) S-C (70:30) S-C (100:0)+C S-C (70:30)+C
5 24.00+0.00° 42.00+1.00° 41.00+0.00° 46.00+0.01°
10 29.70+0.10° 32.90+0.05" 31.64+0.01° 69.40+0.10°
20 44.90+0.00° 47.50+0.01° 47.50+0.05° 50.00+0.11°
30 28.33+0.01° 33.33+0.01° 34.72+0.01° 41.77+0.01°
40 23.75+0.05° 27.50+0.05° 30.00+0.00° 40.00+0.10°
50 13.50+0.05° 21.00+0.01° 14.26+0.01° 28.00+0.01°

Note: a b c d different letters in the horizontal direction. The means that there is a statistically significant

difference of p < 0.05 (n = 3)
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Figure 4 Phosphate removal efficiency in synthetic wastewater at concentrations of 5, 10, 20, 30, 40,

and 50 mg/L (n = 3)
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WLILANA8Y Langmuir Isotherm L& Freundlich Isotherm (Figure 5 and Figure 6) mmmz@gﬂﬁqmﬁmm Langmuir
Isotherm tlae Freundlich Isotherm (Table 5 and Table 6) gﬁl\iﬂ’m Table 5 1Laz Table 6 Lﬁlﬂﬁm?rm R W93
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ninaugeardesiugluuunisgaduaedlelamanuaaiies Inaiansansl R 1esiagaduludnidan s-C

(100:0), S-C (70:30), S-C (100:0)+C, S-C (70:30)+C HAWTL 0.9812, 0.9857, 0.9904 LA 0.9950 ATNANAL
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Figure 5 Langmuir Adsorption Isotherm (n = 3)
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Figure 6 Freundlich Adsorption Isotherm (n = 3)

511



B MIATINEANERATYING T 31 (AT 2) WENIAN — BIMNAN W.A. 2569

BURAPHA SCIENGE JOURNAL BURAPHA SCIENCE JOURNAL Volume 31 (No.2) May — August 2026

ISSN 2985-0983 (online)

Table 5 Langmuir Isotherm constant of phosphate adsorption

Langmuir Isotherm

Adsorbent
Qo (Mg/g) K, (L/mg) R?
S-C (100:0) 36.6300 0.0570 0.9812
S-C (70:30) 37.0370 0.0468 0.9857
S-C (100:0)+C 50.0000 0.0296 0.9904
S-C (70:30)+C 72.4638 0.0160 0.9950
Table 6 Freundlich Isotherm constant of phosphate adsorption (n = 3)
Freundlich Isotherm
Adsorbent
K. (mg/g) 1/n (L/mg) R?
S-C (100:0) 0.7191 0.7589 0.8211
S-C (70:30) 0.8641 0.7441 0.8302
S-C (100:0)+C 0.8029 0.8553 0.9593
S-C (70:30)+C 1.1060 0.8208 0.9628

£AN19A YUY IABIAAUNAAIANTN1 70 ATUND AN

Research Article

andayanisgadunaaiinninszazinatdudaresiangadunndnsndon lauiudinseinos

WULANABIAAUNAANGR TG pseudo first order Ay pseudo second order (Table 7) T9ANNKANITIATIEHNLAN

WULA1483 pseudo second-order 1A R? 4n41 pseudo first order luynénaaau (R? = 0.9990-0.9998) 191

nalnnisgadurasmnduuaiiuduununisgadunieail (Chemical Adsorption) Miieadasiunisuanitasu

wrautarTuBidnasausEindanaaduiuveamns Inadangadu S-C(70:30)+C Hrn g, geqawiniu 1.3985 mg/g

wazAn K, Wi 0.3031 g/mg.h degendndanildiedeulalagnu uandliiiiuinlalagudesinisaanquas

am3niqlunisgady

Table 7 Kinetic parameters for phosphate adsorption onto adsorbent material

Adsorbent Pseudo first order Pseudo second order
9. (mg/g) K, (1/h) R? g, (mg/g)  K*(g/mg.h) R?
S-C(100:0) 0.5552 0.1101 0.9897 0.6697 0.1839 0.9990
S-C(70:30) 0.9127 0.1708 0.9822 1.0447 0.2066 0.9996
S-C(100:0)+C 0.6342 0.1873 0.9760 0.7195 0.3357 0.9994
S-C(70:30)+C 1.2793 0.3065 0.9644 1.3985 0.3031 0.9998

Note: Pseudo first order and pseudo second order kinetic parameters for phosphate adsorption

at Co =50 mg/L, pH 5, and 30°C
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Table 8 Comparison of maximum phosphate adsorption capacity (q,,,,) of various adsorbents

Adsorbent Jmax (MQ/Q) Isotherm Model Reference
S-C(70:30)+C 72.4638 Langmuir This study
S-C(100:0)+C 50.0000 Langmuir This study

Macadamia nutshell AC (Pb*) 37.0300 Langmuir Meethai & Moonsri (2024)
Water hyacinth + NaOH 2.3900 Langmuir Jaikaew et al. (2022)
Tea residue charcoal X 95% removal N/A E-Tae et al. (2022)
WTP sludge granule (HA) 4.6800 Langmuir Noinumsai & Vinitnantharat (2017)
Discussion
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