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Abstract

Bagasse is a waste material obtained from the sugar production process. Some parts of bagasse are used for animal
feed production, while most of them are used to produce biofuel. In addition, bagasse is a source of natural cellulose,
which can be modified to be cellulose phosphate for metal adsorption. Accordingly, this research aims to synthesize
cellulose phosphate from bagasse waste for using as a highly efficient Fe metal absorbent material. In the first step,
cellulose was extracted from bagasse. The cellulose phosphate was synthesized via phosphorylation reaction at
different temperatures (100, 120, 150 and 180 °C). The results showed that cellulose could be prepared at 38.28%
by weight. Using a temperature at 180 °C provided the maximum amount of phosphate as 7.67% by weight of cellulose
phosphate. Functional groups of the cellulose phosphate were analyzed by the Fourier Transform Infrared (FTIR)
spectroscopy technique. The results showed that the infrared absorption at wavenumbers of 900-1000 cm™ and 810
cm™ correspond to the vibration of P-OH bond and P-O-C bond, respectively. The morphology of the samples was

examined using the Scanning Electron Microscopy (SEM) technique. It was found that increasing the reaction
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temperature caused the surface of the samples to be broken into small pieces. For this reason, the cellulose phosphate

adsorbent synthesized at 180 °C was able to adsorb 88.60% of ferrous ions in a shaking experiment. For adsorption

testing in a column system found that this adsorbent was able to adsorb 100% of ferrous ions after testing with a

second consecutive column. The adsorption isotherm follows the Flundlich model. Therefore, the cellulose phosphate

adsorbent is effectively applied to remove ferrous ion in wastewater.

Keywords: Cellulose phosphate, phosphorylation, bagasse, iron ion, adsorption
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Figure 2 Column adsorption of iron ion.
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Figure 5 Characteristics of cellulose phosphate
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Figure 7 EDS spectrum and SEM image of the sample
(a) cellulose phosphate at 100°C (b) 120°C
(c) 150°C and (d) 180°C
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Figure 8 Infrared spectrum of the samples
(a) cellulose (b) cellulose phosphate at temperatures
of 100°C (c) 120°C (d) 150°C and (e) 180°C.
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Figure 9 SEM images showing the surface morphology
of samples at a magnification of 5k (a) cellulose
(b) cellulose phosphate at 100°C (c) 120°C
(d) 150°C and (e) 180°C.
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Figure 10 Shows the light absorbance values of the

standard iron ion solution.
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Figure 11 Efficiency of iron metal by shaking at
different time intervals of samples (a) cellulose
(b) cellulose phosphate at 100°C (c) 120°C
(d) 150°C and (e) 180°C.
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Figure 12 Metal adsorption reaction of the cellulose

phosphate adsorbent.
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Figure 13 EDS spectrum of the cellulose phosphate
adsorbent after the adsorption of iron ions at

a concentration of 0.5 mg/L.
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Figure 14 shows the isotherms of iron absorption by
phosphate cellulose at a temperature of 180 °C:

(a) Langmuir model and (b) Flundlich model.
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Table 2 Adsorption efficiency of iron ion in a column system of cellulose and cellulose phosphate at temperatures of

100°C 120°C 150°C and 180°C.

Sample of cellulose

Iron ion adsorption efficiency (%) after passing through the column

phosphate 1 2 3 4 5 6 7 8 9 10
Cellulose 22 27 35 42 47 51 57 62 69 78
100°C 24 30 38 45 53 60 67 79 83 88
120°C 41 68 86 96 98 100 - - - -
150°C 81 98 100 - - - - - - -
180°C 93 100 - - - - - - - -

mﬂwamiﬁnmﬁmﬁ'uﬂ‘sx'ﬁﬂ%mwmi@@%u
lanzindnvaoaglasWemunaigunnd 180°C wui
USunaunaaWalus 1 uda sl NNl INNAILATIZHEE
iwnata EDS Lﬁmmﬂqmﬂgﬁgﬂum:mumswaaIW%Laﬁu
ﬁﬂﬁl,ﬁ@ﬂ'm,ﬂ'ﬁﬂuLLﬂadluIﬂidai”wwaaLﬁﬁagiaa vEule
A X . o A L@
flanunwuunniu sswalingnasiasaunsnfandany
lassahaaaglaslaatau Suduinisgaduleaaumnan

= =3 tg
UANULIIVY

v

a§ﬂNamswﬂaaduawmaummz

mﬂmiﬂ@aaawudﬂmif}?aLﬂ‘i’]:ﬁuﬁaghammm]

o A A a A 1a
NTIRBesNgMANd 180 admaalTas HUTum
wamw@g\‘lﬁqm’aﬂa: 7.67 3NNWa EDS WulIunmwazaay
WaawaimriniuTasas 6.23% wanIganauisaauniiie
wui Unnglnafafiafiusiaos 900-1000 darmudiuas
I GI/ > =) o 1 =y
\DunIdue9ius: P-OH ULazNIQananaunILTIm
810 ARLTWALNAT LDUNTFUVBINUTE P-O-C TFadu
ﬂﬁiﬁuﬁuﬂgﬁoﬁ%’uwaaLWWIuIﬂiaa'ﬁ*ﬂdLsnagIaa waztilae
AnmFug uIneuTnuiuRITagaadunudn Auial
a d' i A v Al %3 [ A' &’
aﬂmeL‘L]aEJthEILualﬁqm%ﬂ“wluﬂﬁ‘iﬁdLﬂ‘i’]zﬂLWll“llu oalal
ﬁﬂmmi@@%mmumahmulué”a@@%’uLSﬁﬂgIﬂﬁW@ﬁLW@
Ngunnd 180 aamLsnaLf'Ealamuﬁn@WE'uvlﬁ%’aﬂa: 88.60
Tuanines 5 wif ﬁa@@%’umﬁ@ﬁmmmg@%’u‘[wzmﬁﬂ
1¢¥auaz 100 o uaaduiluasen 2 91nwa EDS
wuiinevaslanzmanlusnasy EDS vnlwdudule
A a a =S
ammig}@sﬁuuummaoma@aaﬂamﬂm LLa:ﬂﬂH’]E‘L]LL‘.U‘.U
nIgadu wuimseadulansindnaeandasiunneg
LLuuwQuamﬂumigwﬁu%m U é’uﬁuﬁa@@%’uma;ﬂaa
wamW@mmmﬁ%’nﬁﬁmmmm‘snlum‘sgwﬁ'ﬂamm§n"|,é1”
lasfdodaataliiianisaatuvasdrgaty laun
. ¥ A R S S e A
ANuUABA8IMQaTY WallSouneuiunwIdnan

WU mi"n@aaumﬂs:aw%mwiumsgwﬁ'ﬂa%mﬁfﬂm 24

magiaaﬂamﬂwﬁL@%U;Jmn"mua”aﬂ lasia3suanuUfisen
Woaw aﬁa%’uqmmﬁﬁLﬁu%uﬁﬂﬁmi@wﬁﬂa‘ﬁu LR
mnsnasevlusuuaesuiidSouaionnnaseuly
nssUmMILhTan L%ﬂ%%aﬂ’]‘iﬁ’]‘];ﬂﬂiad&’]ﬁl@ﬂ‘ffﬂ%ﬁﬂ

X o = A
isnanIngadulanzinanlad

ananIIndszne
PavaL MR INENmaa fuasinmneaniilzand
W IneSEIANIUATUN N NvanaNziaaale

LRSRDILUITY LLa:ﬁwmlﬁmmﬁumgumﬁﬁuha%’aﬁ

LONANID9DI
6

mMudud neaes, Anud asnanuing

o

. Athan %ﬂﬂm’nﬁﬂﬁ
uazITInag n3=Sud. (2561). MIeIuudanualiiaa
AMNLTILNALLAR LA LIINRLAZARN BN LG
iarndalavensinlusings. 113915998 umInense
VUL (RULUIHAAFANST), 18(4), 51-60.

Aaden Uawle, nvaafing Gaimz, 1an3g AN uazivo
WNTTAN. (2564). MIIATIZRRNTANIANNTOULEY
ﬂgﬂoﬁ%umaaLSﬁagIaamﬂ“muéTam. MIFITNAIIY
Foms nswInenmansuinig, 9(9), 31-37.

39070 @ani, @Mud HIEY WAZENENT GOMTALIRE.
(2551). mﬁﬁﬂmﬂi:'ﬁw%mwLfnagiaaWQaLW@m’m
‘V\hﬁnLLa:mua‘”aﬂLﬁﬂlﬁg@%’umzﬁaLLa:Lm@Lﬁmﬂu
Wiy, MsEITmdiaAng unInerdussigalay
aavnyal luwszusumgudus, 2(1), 1-7.

a1 ngaqﬁ@ha uarusws o wuadane. (2559).
wadwasFinwlalamwiearduilaudusingn
snsudusduuansenlosauuasnisalanemwin
Tusafie [m9udivaduanysal]. mairuad

AMINENFRAT MMW%Y\U’]ﬁEIH‘EW’].



Vol 44. No 5, September-October 2025

TN 813, (2563). MILGILUR1ILUIZNY Ni-based
oxides lagdnsanaznansaumaaiiannly
Uszgndltiludgadulanswin. 11sansinemans
wazinalulad 3., 5(1), 17-27.

gBen masan, A3 M, aIyT WieNENT uazeA@wn
nyal Mfiuqm. (2560). Magadulansutinvasaglag
WamWaanidandnlne. MITITINMFATYIN,
22(1), 262-270.

gaues NIWGIIYNa. (2554). n1auaSeaiwag laaWamne
ffﬁm'mmmmZummﬁnzﬂﬁyuﬂizggdavnwvua”ay
URANBIIRUNSAININIQATLUVEIIFG. ANNTANUT
P anum i, ¥rAngausITueans).

Adamu, A., Harun, M., Evans, C., Irene, G., & Francis,
M. (2025). Synthesis and characterization of cellulose
phosphate-based superabsorbent hydrogels from rice
husk under microwave heating. Next Materials, 6,
Article 100400. https://doi.org/10.1016/j.nxmate.2024.
100400

Bashir, A., Malik, L. A., Ahad, S., Manzoor, T., Bhat, M.
A., Dar, G. N., & Pandith, A. H. (2019). Removal of
heavy metal ions from aqueous system by ion-
exchange and biosorption methods. Environmental
Chemistry Letters, 17, 729-754. https://doi.
org/10.1007/s10311-018-00828-y

Benalia, M. C., Youcef, L., Bouaziz, M. G., Achour, S., &
Menasra, H. (2022). Removal of heavy metals from
industrial wastewater by chemical precipitation:
Mechanisms and sludge characterization. Arabian
Journal for Science and Engineering, 47, 5587-5599.
https://doi.org/10.1007/s13369-021-05525-7

Ciolacu, D., Cazacu, G., & Popovici, V. I. (2006).
Phosphorylation of polysaccharides: New results on
synthesis and characterisation of phosphorylated
cellulose. Reactive & Functional Polymers, 66(11),
1240-1249. https://doi.org/10.1016/j.reactfunctpolym.
2006.03.006

Matsuoka, S., Ferraz, J. B. S., & Zappa, P. A. (2009).
The Brazilian experience of sugarcane ethanol
industry. In Vitro Cellular & Developmental Biology
— Plant, 45, 372-381. https://doi.org/10.1007/s11627-
009-9220-z

Application of cellulose phosphate from bagasse for iron adsorption of iron metals 445

Neacsu, G., Blond, D., Becer, M. P., Belgacem, F., &
Zerrouki, R. (2016). Hydrophobization of phosphorylated
cellulosic fibers. Cellulose, 23(6), 3511-3520. https://
doi.org/10.1007/s10570-016-1071-2

Nur, I. F., Ibadurrohman, C., Haerudin, M. |., Luthfiana,
A., Cholifah, G., Sary, M. H., & Nuryono, A. (2024).
Enhanced copper ion adsorption by rice husk and
sugarcane bagasse-based magnetic nanoparticles
biocomposites. ASEAN Journal of Chemical
Engineering, 24(1), 79-89. https://doi.org/10.22146/
ajche.12236

Popescu, O., Budrugeac, T., Popovici, ., & Cazacu, G.
(2003). Reactions of some phosphorus compounds
with cellulose dissolved in aqueous alkaline solution.
Journal of Applied Polymer Science, 90(2), 327-333.
https://doi.org/10.1002/app.12658

Rath, N., & Sahoo, M. R. (2021). Usage of nanocrystalline
cellulose phosphate as novel sustained release
system for anti-inflammatory drugs. Journal of
Molecular Structure, 1233, 130108. https://doi.
org/10.1016/j.molstruc.2021.130108

Rejwers, A., & Nocon, J. (2014). Speciation of iron in the
aquatic environment. Water Environment Research,
86(8), 741-758. https://doi.org/10.2175/10614301
4X13975035525906

Solomon, S. (2016). Sugarcane production and development
of sugar industry in India. Sugar Tech, 18(6), 588—
602. https://doi.org/10.1007/s12355-016-0494-2

Thagi, B. S., & Gashi, S. T. (2019). Reverse osmosis
removal of heavy metals from wastewater effluents
using biowaste materials pretreatment. Polish Journal
of Environmental Studies, 28(1), 337-341. https://doi.
org/10.15244/pjoes/81268

Widjaja, T. K., Sugiarto, H., Oey, B. R., & Setyopratomo,
A. (2023). Cellulose nanocrystals (CNCs) and cel-
lulose nanofibers (CNFs) as adsorbents of heavy
metal ions. Journal of Chemistry, 2023, Article

5037027. https://doi.org/10.1155/2023/5037027



