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GRAPHICAL ABSTRACT

ABSTRACT

Calcination
Results
RT, 600, 700 and 800

For 4 hrs.

Raw Material

Sea Grapes (Caulerpa

lentillifera) Residue

Powders of sea grapes

SEM and EDS

" |mpFeS,

cubic crystal
structure
consistent
with JCPDS
No. 42-1340

This research investigates the
effects of calcination at room temperature
and at 600°C, 700 °C and 800 °C for 4 hours
on the elemental composition, crystal
structure and surface morphology of
Caulerpa lentillifera residue. The analytical
techniques employed include energy-
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 (FeS ) 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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(Ethyl acetate) Wudhazans mnamieildeg
Tuanmuiuazgmintidutagfudeiu (Figure 1)
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(Calcination)

Figure 1 Caulerpa lentillifera residue
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(a)
Figure 2 Powders of Caulerpa lentillifera residue was calcined at different temperatures.
(a) Room temperature (b) 600°C (c) 700°C (d) 800°C

(b)

NININEMIIEWBUTHIUN ST BN
ilviiengidhomeiasneilofnwnaautinig
wilkaznmenndiddey Wun nsieszisunn
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Beanuuwessidiond (X-Ray diffractometer; XRD)
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3LaNATEULUUEBUNTIA (Scanning electeon
microscope; SEM) g1 JEOL JSM-6610LV (JEOL
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(0 (d)

3. NAN15I8kazINT

3.1 HANT3ATIENDIAUTENDUSIN
Mnamewsequilonuealuil gamnd
%89, 600°C, 700°C, 800°C U 4 las NAdBU
dnuniresdUsznousmineirdanalinauninsaled
NHUNTZANY (Energy dispersive spectroscopy:
EDS) wudninamiienaeduiiuiunasaiiavn
15 ¥iin A9 A1SUBY (Carbon, ), pandLau (Oxygen,
0), Aae3u (Chlorine, CU), Tatdeu (Sodium, Na),
wund@en (Magnesium, Mg), gy (Sulfur, S),
ganou (Silicon, Si), Weaweda (Phosphorus, P),
avadiilon (Aluminium, Al, waal@ey (Calcium,
Ca), Wnunaley (Potassium, K), 1an (Iron, Fe),
wisn1ta (Manganese, Mn), lﬁizu‘uﬁﬂ (Not
identified, N) LLaziaJ'iz‘Lg‘Uﬁﬂ (Not identified, )
ﬂ13LUf?iEJuLLiJawmmﬁﬂisﬂa‘uamﬁmm
duiusiiveamgivesmsiniuaaletegaiived gy
(Table 1) Tnemuiresdusznoundniinsranulunin
amsrewseduiiliiiunisin Tiud Vnasn C
waz O gaila 47.15%wt uag 31.74%wt ALERY
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Table 1 Elemental composition of Caulerpa lentillifera residue calcined at various temperatures
as determined by EDS

Quantities of elements (Y%owt)

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
@) 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
I 1.54 0 0 0
Fe 0 0 0 0.2
Mn 0 0 0 0.19
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93 Bahri et al. [6] AW INAYSAMYTINTLAN
uealgiironmaRMaadiuarnnmesiinan
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3.2 HAN15ILATIZAlATIE19MEAN
mnamsemsejulennuaalefigumad
gaunilvios, 600°C, 700°C, 800°C w1 4 s
nadeudnvarlasEdnandeLAseuaLULTed
Sadend (X-Ray diffraction: XRD) Ineld5edidnd
v83 CuK, (h=1.5406 A) ié’fgmwumﬂgmwu
(Figure 3) wundnwarnsEsLULSElendesnn
avsowsesuuAaleifigamgil 600°C U 4
il aonadosiuAnnnsgIuvesallsd (Pyrite)
FeS : JCPDS 42-1340 Tnelanefiafisune 20 ~
28.5°, 33.1°, 37.1°, 40.8°, 47.4° Lag 56.3° @11150
sryspnuNanuantaidu (111), (200), (220) wag
(311) uamsdamsiinnanves Fes, fiflassadeszuy
#dn (Cubic phase) agsdinau waziileifingamas
nswsaalwidugamall 700°C, 800°C uu 4
Flas wuhmuduresiiadiugedu Snvuzina
FaunniunansiesedureInsAnNaEn (Crystallinity)
ﬁqasﬁuuaxlzjwuﬁmaumﬁlu Wy w1sAlea
(Marcasite) 38 wundilng (Magnetite) Fe,O, Ui
Hannrmswnuaaledlunuiseisndaaiunis
Aseguouma FeS samaiien Jananldinin
amseamensedunuaaluifigumgil 600°C,
700°C, 800°C ¥anduansusznauves Fes i
TassasanandunuuAtn (Cubic) denndesiuau
9uv03 Henriquez et al. [7] fifinwinsdunsiz
Wduuneves Fes deislelasimeiusaunazeiu
nszuIumslinueuiigungll 500°C-600°C
annsaiioa Fes  lodsdaaulagliifinnns
Wasualuiduundanled wedemuinnisudiy
gamgilivduaiulinisannanvea Fes il
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UsgdnEnmannay Geatiuayuranisnaaesiuny
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I3 A & Ao ¢ ¢ A
Fetdusenad usnandnanlinuwmaunsalad f
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A0AARBINUIIUYBY Qian et al. [8] NANWINSWADY

JUveauslndlslvd (Fe _S) luilulwlsdl FeS uaz
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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)

uienled neldannzgamgiivazannudfuged
grungiigedls 220°C wuugandenled Shagiiniy
LfJuLWawé“ﬂw%aLWaiaaLﬁaﬂﬁﬁ%%ﬁﬂﬁuﬁqmmﬁ
#1 (o 150°0) warluanmifinnudunsngs
(pH < 5) Tuvauediuslnlsd audunandandniiie
aaungfigstunieluanngiliibunsaunn
PNMTIATAATETIBIN NN
oquilinunalwiifigamaiisne Vilsmsiuszunuves
miL?:mwuﬁUS'mgﬁa (111), (200), (220), (311)
wagdanunsaihssuiuiivsnglufunnszeging
serseznonldsnndeyaninamineniseuln
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Lmalszjﬂﬁqmmﬁ 600°C, 700°C waz 800°C dnLdu
asUsznouvaslulsd FeS Hlaseadramanidu
wuuAdn (Cubic) drudsiiruenivesnuis 3
wihituuasvhausaandetfuuasiulae a =b=c
waz @ = f =y =90 asm dluruindneligns
FZUUNANLUUAITA (Cubic system) LARIFS
aun13(1) e dpy; A9 S888UNTENINTEUIUNEN
Ao TeuruIeTEUINNesnou (Lattice constant
parameter) Waz h, k, | A9 Avsssuiiiiaaoive

SEUNUNVUIUNY NANTTANUINLEARIFT Table 2
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L)L 1)
a

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

Temperature ("C) Lattice Average distance between atom (A)
600 (111), (200), (220), (311) 558
700 (111), (200), (220), (311) 559
800 (111), (200), (220), (311) 5.58

azLiudnafildannnisAul s s zUi
seivermeu (Table 2) luiAsuuuas Bvdnaves
gaungiildvilviszezvinasenitsoyninreanin
amiwwwaéum?auwm AMTAATILALATIASS
Y84n1namvilins1uteyalienmnIniad
franunsadmsieidoyadalsunalaielaenis
mMuamavuananedslaeldauniswesises

(Scherrer equation) waAIdANN13(2) Ine t A
swnranade Smhodu Swameu (A) A Ao A
AnuEIRAuTewras L ingdend £ fie A
ﬂ*ﬁwﬁmmqqLﬁuﬂ'%f!wfiwaqmmqﬂqﬂqmaaﬂﬁw
s¥9le 38 Full width half maximum (FWHM) &
ey Bifeu way 0 fo yuueIUIN (Brage’s
angle) fvheoduosd nan1sAUILERS Table 3

091
t=—— ()
Pcosd

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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NaMSAUIIIUIANENLAA (Table 3) Wang
Tidtudn gaumgfl 600°C Tvunendniade 39.49 nm
gaumail 700°C fluwandnieds 52.56 nm uaz
goumgil 800°C SlvwawAniads 43.41 nm s
ﬁﬂmmmmmﬁma?{aﬁmqﬁu BvoNavRIgUNYI
vilvurandniadevesninaniienisegu
Lﬂ?ﬂlsuLLﬂaagﬁu (Figure 4) aansananlaiinis
A312MATIETVBININAMIIENNBIUMEITNNT
wuealviiigumgiisingg vivliAandnvedlulsd
FeS, fifllassasrandnidunuu@atn (Cubic)

3.3 HANTIATIENIWALRAY
dnunzresnInaInsIenIseuliletn
unalwifigamgiivios (lsiwn), 600°C, 700°C uag
800°C uy 4 F3lus nadoUeLASeInde A
3idnnseunuuLdeunsia (Scanning electron
microscope; SEM) (Figure 5) NaN1TILATIZANUI
Snuwazanmiluiaveaninamsienieduidiewmn
wealwiifigamafivios (ifunsin) Hufivesnn

amignsejuildnvuzvesdulendiewaglaa
Usvenisesdusznovresdunisinglugluuy
odugu (Amorphous) AdslsiiAnnsdnEes
Fadnognsdinau dogampimatnunalidiuiy
Hu 600°C anwituRaddsunndnuundule
Tgnismwsveseynavnaintuzuvesioundn
finsanaswesANwgIse waziFuAnnISANKEN
Usdau figungdl 700°C Tassadrendniidnuae
sadailidutnuinty uanaisnsgurunisanadn
fifuszanamgatu TasiuiiuunuGeude
wagfinsdnGeshvesndnifisnnniu uasilgnmai
800°C Tassadwmdniidnunsdutousudnnniu
dnwazndnsuLansgUnssiiadaueLaraNLIng
fufavewmdniidnuazvetu vguse TiGeuden
Tnendnfiintueglulassadendnuuuiadn (Cubic
systern) Aufidenadosunanisiaszisag XRD
FeudumsAnndnvedinlsd Fes,

Crystallite Size of Seaweed Residue vs. Calcination Temperature

70F —#— Crystallite size + SD
60
50
?5‘
£
o 401
M
v
p=
T 301
Lo d
wn
-
u]
20+
10F
0 [ 1 1 1 1
Room temp 600 700 800

Temperature (°C)

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
(C) Calcined at 700 °C (D) Calcined at 800 °C
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