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GRAPHICAL ABSTRACT ABSTRACT

This research investigates the

RT, 600, 700 and 800 effects of calcination at room temperature
o :

For 4 hrs.

and at 600°C, 700 °C and 800 °C for 4 hours
on the elemental composition, crystal
. QFGSZ structure, and surface morphology of

bic crystal
;Jmftﬁr: : Caulerpa lentillifera residue. The analytical

consistent hni L d includ
withiceps  techniques employed include energy-

SEM and EDS XRD No. 42-1340

Raw Material

Sea Grapes (Caulerpa
lentillifera) Residue

Powders of sea grapes

dispersive X-ray spectroscopy (EDS), X-ray
diffraction (XRD), and scanning electron
microscopy (SEM). Elemental analysis revealed the presence of 15 elements. The carbon and oxygen contents of the Caulerpa lentillifera
residue decreased as the calcination temperature increased. Moreover, the concentrations of chlorine and sodium increased particularly
at 800°C, reaching 48.03 wt% and 29.25 wt%, respectively. XRD analysis at 600°C, 700°C and 800°C showed distinct diffraction peaks
corresponding to the pyrite phase (FeSZ) with a cubic crystal structure, specifically along the (111), (200), (220), and (311) planes, consistent
with JCPDS No. 42-1340. SEM image indicated that increasing the calcination temperature resulted in a transformation from an amorphous
fibrous morphology to well-ordered, fine crystalline structures. At 800°C, well-defined cubic geometric crystals were observed, consistent
with the XRD results. These findings demonstrate that calcination temperature significantly influences both the elemental composition
and crystalline structure of the biomass, indicating its potential for development as an adsorbent, catalyst, or ceramic material. The selection
of an appropriate calcination temperature can determine the desired material properties, for instance, utilizing the increased sodium and

chlorine content for adsorption applications, or employing the FeS, phase as a catalyst.
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Figure 1 Caulerpa lentillifera residue
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Figure 2 Powders of Caulerpa lentillifera residue was calcined at different temperatures.
(a) Room temperature (b) 600°C (c) 700°C (d) 800°C
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Table 1 Elemental composition of Caulerpa lentillifera residue calcined at various temperatures

as determined by EDS

Quantities of elements (%wt)

Elements Temperature of calcination (°C)
Room temperature 600 700 800
C 47.15 51.77 6.82 7.67
Cl 4.68 26.13 46.51 48.03
O 31.74 13.78 12.75 8.31
Na 1.34 6.56 29.18 29.25
Mg 0.66 0.64 1.58 1.1
S 0 0.34 0.52 0.36
Si 0 0 0.35 0.46
P 0 0 0.2 0.28
Al 0.59 0 0.21 0.21
Ca 0.58 0.77 1.05 1.34
K 0.41 0 0.83 2.6
N 11.31 0 0 0
| 1.54 0 0 0
Fe 0 0 0 0.2
Mn 0 0 0 0.19
19
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Figure 3
(A) No calcination
(C) Calcined at 700 °C

X-ray diffraction of Caulerpa lentillifera residue at different temperatures for 4 h.
(B) Calcined at 600 °C
(D) Calcined at 800 °C

(E) Standard diffraction pattern of FeS (JCPDS No. 42-1340)
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dhkl

1

= (7 + k> +17) = (1)

a

Table 2 Distention amount atom of Caulerpa lentillifera residue at different temperatures

Temperature ("C) Lattice Average distance between atom (&)
600 (111), (200), (220), (311) 5.58
700 (111), (200), (220), (311) 5.59
800 (111), (200), (220), (311) 5.58

IzLiiudNAI LA NN TAUINTE DTN
sewinaernou (Table 2) laiAsuuyas dvidnaves
gaumngiilidvilisguerinasenitseyn1AreInIn
amenseiuasuutas myiszilassaing
Ye4n1na Mgy linsudeyaldsamnIng?
feanusaiimsenideyadislunulanelagnis
Auumavandniadslasliaunisivesises

0.94

te—
pcosb

(Scherrer equation) LanIRiaun13(2) lag t Aw

= nn' ~ ' I3 o 2 ]
yuananeay Inuiedu danen (A) Ao A1
AINUEIAALTDILTAINILTASELND A An AW
nenaNgRduAsItavenuEgeEaveIng 1N
5e8le viso Full width half maximum (FWHM) &
wihedu sifeu uay 0 Ao yureIuusn (Brage’s
angle) fivheifuese nan1sAuInuEns Table 3

2

Table 3 The average crystallite size of Caulerpa lentillifera residue at different temperatures

Temperature (°C) Bragg angle cos 0 (radian) Crystallite size (nm)
Room temperature 0.00864756 16.68
600 0.00364798 39.49
700 0.00274069 52.56
800 0.00331898 43.41
22
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Figure 4 The average crystallite size of Caulerpa lentillifera residue at different temperatures
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Figure 5 Morphology of Caulerpa lentillifera residue at different temperatures for 4 h.
(A) Room temperature (B) Calcined at 600 °C
(Q) Calcined at 700 °C (D) Calcined at 800 °C
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