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ABSTRACT	

The	 composites	 of	 biopolymer	 chitosan	 obtained	 from	 the	 swamp	 fish	 scale	with	 bentonite	 as	 clay	
minerals	 has	 been	 characterized	 by	 the	 structural,	 mechanical,	 surface	 functional	 group	 and	
composition	properties	using	scanning	electron	microscopy	(SEM),	thermal	gravimetric	analysis	(TGA),	
X-ray	fluorescence	(XRF)	and	X-ray	Diffraction	(XRD)	analysis.	The	morphology	structure	obtained	by	
SEM	for	the	original	chitosan,	bentonite,	and	its	composites	showed	that	the	particles	are	relatively	well	
dispersed	in	the	chitosan	matrix.	The	physicochemical	properties	of	the	chitosan-bentonite	composites	
depend	 significantly	 on	 the	 chemistry	 of	 the	 polymer	 matrices,	 the	 nature	 of	 bentonite,	 their	
modification,	 and	 the	 preparation	methods	 that	 showed	 by	 SEM,	 TGA,	 XRF	 and	 XRD	 analysis.	 The	
obtained	composite	of	chitosan	bentonite	was	then	applied	for	treating	raw	water	sources	of	drinking	
water	in	Bilu	river,	South	Kalimantan,	during	the	dry	season.	The	raw	water	sources	contained	a	high	
value	 of	 turbidity	 (ca.	 of	 370±30	 NTU)	 and	 color	 (1300±150	 Pt-Co).	 Batch	 experiment	 using	 the	
composite	of	chitosan	bentonite	for	treating	raw	water	sources	was	significant	to	reduce	the	value	of	
turbidity,	and	the	color	becomes	24.8±2	NTU	and	86.7±5	Pt-Co,	respectively.	The	results	then	compare	
to	the	treatment	using	the	commercial	chitosan	and	bentonite	self.	Moreover,	it	found	that	the	raw	water	
treatment	using	 the	 composite	of	 chitosan-bentonite	 is	more	 favorable	 than	 chitosan	and	bentonite	
materials.	

Keywords:	Adsorption,	Bentonite,	Chitosan	Composite,	Contaminated	Drinking	Water	Sources.	

1. Introduction	
The	 occurrence	 of	 contaminated	 raw	water	 from	 an	 anthropogenic	 source	 in	 the	 surface	 water	

increases	 in	 a	 continuous	 and	 parallel	 way	 with	 increased	 population	 and	 industrial	 development.	
Contaminated	raw	water	will	have	a	potential	adverse	health	effect	on	humans	and	other	living	things	
when	supplied	to	Municipal	Waterworks	for	drinking	water.	Therefore,	the	raw	water	supplied	should	
first	 be	 treated	 to	 ensure	 that	 it	 is	 safe	 to	 consume	 as	 drinking	 water	 and	 free	 from	 endangering	
materials	and	microorganisms.	It	has	received	a	growing	attention	approach	to	mitigating	water-related	
health	risks	and	reducing	chemical	and	treatment	costs	[1].		In	this	case,	Bilu	river	in	South	Kalimantan	
as	raw	sources	water	of	Municipal	Waterworks,	called	PDAM	Bandarmasih,	in	the	dry	season	contains	
a	high	value	of	turbidity	(ca.	of	370±30	NTU)	and	colour	(1300±150	Pt-Co).		
Treatment	 of	 contaminated	 raw	water	 could	 be	 achieved	 by	 several	 methods,	 such	 as	 chemical	

precipitation,	 ion	 exchange,	 adsorption,	 membrane	 filtration,	 reverse	 osmosis,	 disinfection,	
sedimentation	and	coagulation–flocculation	processes	[2–4].	Although	many	treatment	processes	have	
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been	utilized	for	contaminated	raw	water,	however,	it	still	requires	the	possibility	of	cost-effective	and	
efficient	treatment	approaches	that	renders	the	contaminated	raw	water,	while	avoiding	the	adverse	
effects	on	the	treated	system	using	natural	adsorbent	such	as	biomass	waste	[5,	6].		
Currently,	some	researcher	develops	biocomposites	based	on	biopolymers	and	clay	minerals,	which	

are	low	costly,	biocompatibility,	biodegradability,	absence	of	toxicity,	and	highly	efficient,	which	have	
attracted	 considerable	 attention	 accounting	 to	 their	 thermal	 stability,	 functional	 properties,	 and	
structure	[7–10].	Chitosan	has	been	studied	extensively	for	application	water	treatment	[11–14],	but	
mechanical	and	water	barrier	properties	of	chitosan	itself	should	be	improved	[15].	Chitosan	is	derived	
by	alkaline	N-deacetylation	of	chitin	from	crab,	shrimps,	shellfish,	and	another	crustacean	[16–19].	An	
interaction	 between	 chitosan	 and	 clay	 (montmorillonite)	 was	 investigated	 and	 resulted	 the	
enhancement	of	tensile	strength,	thermal	stability,	and	water	barrier	properties	of	chitosan	in	addition	
MMT,	significantly	[15,	20,	21].	 	Bentonite	is	the	most	preferred	clay,	which	is	fine-grained	inorganic	
clay	of	the	mineral	montmorillonite	[22,	23]..	Bentonite	was	also	has	a	negative	charge	that	important	
for	adsorbing	the	cation	contaminant	in	water	[24]..	Since	similar	research	seems	had	been	done	before,	
however,	nevertheless	the	researcher	investigated	chitosan	from	fish	scales	composite	with	bentonite	
as	clay	minerals,	then	applied	for	raw	water	sources,	especially	for	turbidity	and	color	adsorption.		In	
this	research,	clay	composites	were	prepared	from	bentonite	clay	with	chitosan	from	fish	scales	using	a	
chemical	precipitation	process.	Chitosan	that	used	in	this	research	was	made	by	using	a	local	fish	scale,	
called	papuyu	(Anabas	testudines	Bloch)	as	the	based	material	for	chitin.	This	present	work	aims	to	
experimentally	 investigate	 the	 treatment	 of	 contaminated	 raw	 water	 by	 using	 chitosan-bentonite	
composites	as	adsorbent.	This	research	was	also	 to	evaluate	 the	effectiveness	of	chitosan–bentonite	
composites	 for	 the	 efficiency	 and	 capacity	of	 turbidity	and	 color	 removal,	 to	determine	 the	optimal	
conditions	for	the	adsorption	process,	and	then	compared	the	result	of	chitosan	and	bentonite	and	its	
self	as	a	natural	adsorbent	for	the	contaminated	raw	water	treatment.	

2. Materials	and	Methods	
Materials	
Raw	sources	water	samples	taken	from	Bilu	river,	South	Kalimantan,	in	the	dry	season	(March–June).	

Turbidity	parameter	(in	NTU)	is	checked	by	using	U-50	Horiba	series	Multi-parameter	water	quality	
checker,	while	 the	color	(in	Pt-Co)	 identified	by	UV-Vis	photometer.	Authors	well	prepared	chitosan	
from	fish	scales,	1	wt	%	in	1%	acetic	acid	at	room	temperature	with	a	deacetylation	degree	of	90–96%.	
The	bentonite,	glacial	acetic	acid,	and	others	chemicals	were	pure	grade	analytical	obtained	from	Aldrich	
and	used	without	further	purification.	
Methods	
Synthesis	of	chitosan–bentonite	composites		
Preparation	of	chitosan	bentonite	was	adopted	with	modified	a	method	described	by	[15].	Aqueous	

solutions	of	1.0	wt.%	were	prepared	by	dissolving	chitosan	powder	in	acetic	acid	solution	(1	wt.%).	The	
powders	of	bentonite	as	clay	minerals	(3%	based	on	chitosan)	were	dispersed	in	100	ml	of	1%	acetic	
acid	solution	and	stirred	for	24	h	at	room	temperature.	Then,	chitosan	solution	was	added	slowly	to	the	
bentonite	dispersion.	The	obtained	mixtures	were	vigorously	stirred	for	24	h	at	room	temperature	(150	
rpm).	 The	 solution	 composites	were	 poured	 on	 the	 glass	 plate	 covered	with	 polyethylene	 film	 and	
evaporated	at	room	temperature.	The	obtained	composite,	called	chitosan	bentonite	(Ch-B),	was	then	
dried	at	60oC,	8	h	into	the	oven.	The	structure	morphology	properties,	thermal	behavior,	and	chemical	
composition	 properties	 of	 chitosan-bentonite	 composites	 Ch-B,	 chitosan,	 and	 bentonite	 have	 been	
characterized	 using	 scanning	 electron	 microscopy	 (SEM),	 thermogravimetric	 analysis	 (TGA),	 X-ray	
fluorescence	(XRF)	and	X-ray	diffraction	(XRD).	The	surface	morphology	of	the	composite,	chitosan	and	
bentonite	 were	 observed	 by	 Scanning	 electron	 microscopy	 (SEM,	 JOEL	 JSM-6500F)	 with	 energy-
dispersive	X-ray	spectroscopy	(EDAX),	TG-HDSC	LINSEIS	STA	Platinum	Series	(simultaneous	thermal	
analysis)	used	to	determine	simultaneous	changes	of	mass	(TG)	and	energetic	effects	(DTA/DSC),	and	
Elemental	Analysis	by	Energy	Dispersive	X-ray	Fluorescence	(PANalytical's	MiniPal	4	energy-dispersive	
EDXRF	bench-top	spectrometer)	to	conclude	the	identity	and	quantities	of	the	elements	in	samples.	The	
X-ray	diffraction	(XRD)	measurement	was	performed	on	Rigaku	D/MAX-B	X-ray	diffractometer	by	using	
Copper	K-alpha	(CuK�)	radiation.	The	operation	voltage	and	current	were	kept	at	40	kV	and	100	mA,	
respectively.	
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Batch	Adsorption	Experimental	of	Contaminated	Raw	Water	
Batch	adsorption	experiments	were	carried	out	by	putting	100	mL	of	raw	water	in	250-mL	plastic	

bottles	and	adjusting	its	pH	values	with	sodium	hydroxide	(NaOH,	1M)	and	nitric	acid	(HNO3,	1M).	A	
weighted	amount	of	the	adsorbent	(Ch-B)	was	then	added	into	a	plastic	bottle.	The	mixture	was	placed	
in	a	 shaker	with	 a	water	bath	at	 a	predetermined	temperature	 for	a	 certain	 time.	At	 the	 end	of	 the	
experiment,	the	solution	was	centrifuged	and	filtered	by	using	a	0.2	μm	PVDF	membrane.	Finally,	the	
filtrates	were	analyzed	for	residual	turbidity	and	color	concentration.	Turbidity	was	measured	by	Hach	
2100Q	Portable	Turbidimeters	and	the	color	was	analysis	using	PFX-995/P	Colorimeter	testing	Pt-Co	
color,	DC	Scientific.	Adsorbed	turbidity	and	color	were	calculated	from	the	difference	between	the	initial	
and	equilibrium	concentrations.	The	adsorption	experiments	were	done	in	triplicate	samples	and	the	
average	 value	 was	 taken.	 The	 effect	 of	 contact	 time,	 adsorbent	 dose,	 and	 equilibrium	 pH	 on	 the	
adsorption	processes	were	 also	studied.	Adsorption	 experiments	 for	 the	 studied	 effect	 of	 adsorbent	
dose	and	equilibrium	pH	were	always	performed	after	the	adsorption	equilibrium	reached	around	180	
min.	All	adsorption	experiments	were	conducted	at	room	temperature	around	25±2°C.	The	adsorption	
isotherm	plots	were	constructed	from	the	qe	versus	Ce	data	points.	The	parameter	qe	is	the	equilibrium	
amount	of	adsorbate	adsorbed,	and	Ce	is	the	residual	amount	of	adsorbate	at	equilibrium.	The	value	of	
qe	is	calculated	based	on	Equation	(1)	as	follows:		
	

𝑞" =
$%&$'
(

	𝑥	𝑉	 	 	 	 	 	 (1)		
	
where	C0	is	the	initial	concentration	of	adsorbate,	m	(g)	is	the	mass	of	the	adsorbent,	and	V	(L)	is	the	
total	volume	of	the	adsorption	system.		
The	result	of	composite	adsorbent	was	used	then	compared	to	the	chitosan	and	bentonite	itself	as	

adsorbents.	The	data	from	the	experiment	were	fitted	and	figured	out	by	Sigma	Plot®	version	10	of	
software.	

3. Results	and	Discussion	
Physicochemical	properties	of	Chitosan,	Bentonite,	and	Chitosan-Bentonite	Composite	
Fig.	 1	 is	 shown	 SEM	 microphotographs	 of	 the	 surface	 morphology	 of	 chitosan,	 bentonite,	 and	

chitosan–bentonite	composite	(Ch-B).	It	was	observed	chitosan	(Fig.	1a.)	appears	to	have	fibrillar	and	
granular	structure	on	the	surface	while	the	surface	is	relative	smoother	and	the	structures	of	the	fiber	
are	seen	on	a	fractured	appearance.	It	was	also	shown	that	the	chitosan	from	the	fish	scale	has	become	
porous	and	fibril	structures	[20,	25].	Bentonite	structures	are	relatively	flat	and	quite	smooth,	seeming	
composed	of	a	single	plate	as	shown	in	Fig.	1b.	In	the	case	of	the	chitosan	composite	with	bentonite,	it	
seems	the	fibril	of	chitosan	agglomerates	on	a	plate	of	bentonite,	while	the	surface	is	smooth	(Fig.	1c).	
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Fig.	1.	SEM	surface	morphology	images	of	(a)	Chitosan,	(b)	Bentonite,	and	(c)	Ch-B	Composite	

	
Thermal	stability	of	chitosan,	bentonite,	and	Ch-B	composites	was	analyzed	by	thermogravimetric	

analysis	under	nitrogen	flow	as	shown	in	Fig.	2.	Thermal	properties	of	polymer	composite	provide	a	
valuable	 evidence	 conditions	 regarding	 the	 stability	 and	 improvement	 of	 properties	 oh	 polymer	
composite	with	other	compounds	[26].	The	TGA	curve	of	the	chitosan	sample	shows	a	weight	loss	in	
two	stages.	The	 first	stage	(30–200oC)	is	associated	with	 the	 loss	of	absorbed	and	bound	water	and	
residues	of	acetic	acid	compounds	[26]	and	shows	around	6.6	%	loss	in	weight.	The	second	stage	(200–
600oC)	is	due	to	the	degradation	of	chitosan,	and	during	this	process,	there	was	about	42.1%	loss	in	
weight.	Bentonite	and	Ch-B	composite	was	more	 thermally	stable	 than	chitosan,	as	 indicated	by	 the	
appearance	of	a	peak	at	a	higher	temperature.	
The	bentonite	could	be	found	in	three	peaks	of	TG	curve.	The	TGA	of	bentonite	shown	in	the	first	stage,	
a	smaller	loss	in	weight	(9%),	was	observed	than	in	the	second	stage	(11%)	and	three	stages	(17%).	The	
TGA	of	Ch-B	composite	can	find	two	peaks	in	TG	curve,	shown	in	the	first	stage	a	smaller	loss	in	weight	
(15.9%)	 was	 observed	 than	 in	 the	 second	 stage	 (29.1%).	 This	 difference	 is	 associated	 with	 the	
modification	of	the	surface	by	organic	compounds.	Besides	of	bentonite	into	chitosan	provides	a	thermal	
barrier	and	decreases	the	weight	loss	[26].	
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Fig.	2.	Thermal	gravimetric	analysis	of	Chitosan,	Bentonite,	and	Ch-B	Composite	

	
Table	1.	Elemental	analysis	of	Chitosan,	Bentonite,	and	Ch-B	Composite	measured	by	XRF	

Sample	
Chemical	composition	
(percentage	of	mass,	%)	

SiO2	 Al2O3	 Fe2O3	 CaO	 P2O5	 ZnO	 Other	
Chitosan	 14.0	 5.0	 25.0	 44.9	 6.8	 1.9	 2.4	
Bentonite	 38.6	 11.0	 42.1	 2.8	 0.8	 0.1	 4.6	
Ch-B	Composite	 27.0	 8.6	 21.7	 37.2	 2.5	 0.7	 2.3	

	
The	 XRF	 data	 provide	 evidence	 of	 the	 chemical	 composition	 of	 each	 the	 adsorbent	 in	 Table	 1,	

respectively.	It	 illustrates	that	the	major	components	are	Si,	Al,	Fe,	and	Ca.	It	can	only	determine	the	
total	amount	of	chemical	composition	in	each	sample.	These	data	show	that	chitosan	dominated	by	Ca,	
Fe,	Si,	then	Al,	bentonite	dominated	by	Fe,	Si,	Al,	then	Ca,	while	the	Ch-B	dominated	by	Ca,	Fe,	Si	then	Al	
that	seem	similar	to	chitosan	but	the	amount	of	elements	increased	when	combining	with	each	other.	
Therefore,	 these	 materials	 of	 the	 samples	 are	 identical.	 It	 illustrates	 that	 XRF	 cannot	 differentiate	
between	the	chemical	compositions	of	the	samples,	but	it	can	only	determine	the	total	amount	of	Si,	Al,	
Fe,	and	Ca	as	a	major	component	in	the	samples.		
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Fig.	3.	XRD	analysis	of	(a)	Chitosan	and	(b)	Ch-B	Composite	

	
XRD	patterns	of	chitosan	synthesized	from	fish	scales	were	observed	with	their	peaks	at	around	20,	

27,	30,	45,	48,	50,	and	60o	as	shown	in	Fig.	3.	It	confirmed	by	the	characteristic	diffraction	including	a	
sharp	symmetric	strong	line	at	a	low	value	of	2Ɵ,	and	weaker,	less	symmetric	line	at	high	2Ɵ	values.	The	
major	peaks	XRD	reflections	showed	in	this	figure	contribute	to	the	formation	of	chitosan,	and	these	
results	are	matched	with	the	previous	reported	[15,	17].	The	peak	at	18o	is	indicated	by	the	regular	
crystal	lattice	of	chitosan	with	a	hydrated	crystallite	structure.	XRD	pattern	of	Ch-B	composite	due	to	
the	 presence	 of	 some	 minerals	 from	 bentonite	 into	 the	 chitosan;	 some	 other	 peaks	 are	 also	 seen	
broadening	at	20	to	50°	in	the	spectra	as	shown	in	Fig.	3.	Even	the	bentonite	addition	causes	a	decreased	
in	the	crystallinity	of	chitosan	[15],	the	presence	of	charged	groups	such	as	amine,	the	–NH2,	silicate	
layers	on	the	Ch-B	composite	leading	to	electrostatic	interaction	beside	adsorption	of	turbidity	and	color	
removal.	
Evaluation	of	Batch	Adsorption	Experiments	of	Contaminated	Raw	Water		
Effect	of	contact	time	on	the	adsorption	process	
Figure	 4	 shows	 that	 during	 the	 first	 30	 minutes	 of	 the	 adsorption	 process	 using	 Ch-B	 as	 the	

adsorbent,	 the	 turbidity	 concentration	 decreased	 significantly	 from	 385	 NTU	 to	 200	 NTU.	 It	 was	
probably	 due	 to	 the	 diffusion	 taking	 place	 into	 the	 pores	 and	 or	 adsorbed	 onto	 the	 surface	 of	 the	
adsorbent.	 Initially,	 all	 sites	 on	 the	 surface	 of	 the	 adsorbents	 were	 vacant	 and	 the	 turbidity	
concentration	 gradient	 was	 relatively	 high	 diffusing	 into	 and	 through	 the	 pores	 of	 the	 adsorbent.	
Afterward,	the	turbidity	concentration	slightly	decreased	to	a	residual	turbidity	concentration	of	174	
NTU	(54,81%	removal),	then	finally	to	be	attached	to	the	adsorbent	surface,	caused	by	the	decrease	in	
the	number	of	vacant	sites	on	the	surface	of	the	adsorbent	within	4	hours.	The	time	beyond	which	no	
significant	change	in	the	adsorption	occurs	has	been	fixed	as	the	equilibrium	time,	then	can	be	accepted	
as	the	optimum	contact	time.	The	adsorption	experiments	were	conducted	in	6	hours	reaction	time	for	
turbidity	removal	to	make	sure	that	the	adsorption	process	is	in	equilibrium.	
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Fig.	4.	Effect	of	contact	time	on	turbidity	removal	by	Ch-B	Composite	at	room	temperature,	

adsorbent	dose	of	2	g/L,	pHe	of	7±0.2,	and	shaking	rate	of	150	rpm	
	

Effect	of	adsorbent	dosage	for	turbidity	and	color	removal	on	the	adsorption	process	
The	most	important	parameter	considered	in	determining	the	optimum	performance	indicator	of	

the	adsorbent	during	the	adsorption	process	is	the	dosage	of	the	adsorbent	in	order	to	minimize	costs	
and	obtain	the	optimum	uptake	capacity	of	the	contaminant	during	the	treatment	process.	
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Fig.	5.	Effect	of	adsorbent	dosage	on	turbidity	removal	when	using	Chitosan,	Bentonite,	and	Ch-B	
Composite	at	room	temperature,	pHe	of	7±0.2,	150	rpm,	6	h.	

	
The	 results	 in	 Fig.	 5	 have	 shown	 that	 increased	 adsorbent	 dosages	 lead	 to	 better	 adsorption	

performance.	 The	 adsorbent	 dosage	 increases	 the	 percentage	 removal,	 while	 keeping	 all	 other	
parameters	at	a	constant	value.	As	the	adsorbent	dosage	increases,	the	turbidity	residual	concentration	
decreases	as	shown	in	Fig.	5.	At	lower	adsorbent	concentration,	the	number	of	active	sites	is	higher.	
With	the	increase	in	adsorbent	dosage,	aggregation	of	adsorbent	particles	would	occur	in	the	adsorption	
process,	as	a	result	the	removal	efficiency	increases	but	the	turbidity	adsorption	capacity	decreases	as	
shown	in	Fig.	6.	It	occurs	because	the	adsorptive	capacity	of	adsorbent	available	was	not	fully	utilized	
at	a	higher	adsorbent	dosage	in	comparison	to	lower	adsorbent	dosage.	Therefore,	it	might	be	possible	
that	the	adsorption	capacity	decreases	as	the	adsorbent	dosage	increases.		
The	 increase	 in	 the	 adsorbent	dose	might	 cause	aggregation	of	adsorbent,	and	 consequently,	 the	

available	adsorption	sites	might	decrease	as	well	due	to	the	adsorption	capacity.	With	the	increase	in	
initial	turbidity,	the	number	of	colloidal	particles	in	wastewater	has	increased	and	thus	the	number	of	
active	 sites	 on	 the	 colloidal	 particles	 increases	 for	 a	 certain	 amount	of	 adsorbent	 [27].	At	 all	 initial	
turbidity	values,	the	turbidity	removal	efficiency	has	increased	by	increasing	the	dose	of	the	adsorbent.	
It	 is	 because	of	 this	 issue	 that	by	adding	 the	 adsorbent	 into	 the	 contaminated	water	 solution,	more	
adsorbent	molecules	attract	solid	particles	to	the	active	sites	and	will	adsorb	them.	Shown	in	Fig.	6,	by	
adding	more	amount	of	adsorbent	until	10	g/L	has	no	significant	effect	on	turbidity	removal	compared	
to	5	g/L	of	the	adsorbent.	

	
Fig.	6.	Effect	of	adsorbent	dosage	on	turbidity,	adsorption	capacity	and	turbidity	removal	when	using	

Ch-B	Composite	as	adsorbent	at	room	temperature,	pHe	of	7±0.2,	150	rpm,	6	h.	
	
Moreover,	it	is	similar	observed	in	Fig.	7	and	Fig.	8	that	increasing	in	adsorbent	doses	to	a	specific	

limit	 (10	g/L),	decreased	 the	 color	 concentration	residual	and	 increased	 the	 removal	 efficiency,	 but	
probably	after	adding	more	adsorbent,	the	residual	color	will	not	be	changed	significantly.	The	reason	
was	 that	most	 of	 the	 color	 removal	 is	 happened	because	of	 the	 adsorption	process	 into	 the	pore	of	
adsorbent	[28].	With	the	increase	in	time	adsorption	process,	the	color	will	cover	over	the	surface	of	the	
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adsorbent	and	after	a	while,	the	adsorption	locations	in	the	polymer	chain	of	Ch-B	composite	will	be	
saturated.		

	
Fig.	7.	Effect	of	adsorbent	dosage	on	color	removal	when	using	Chitosan,	Bentonite,	and	Ch-B	

Composite	at	room	temperature,	pHe	of	7±0.2,	150	rpm,	6	h.	
	
The	increase	of	turbidity	and	color	removal	can	be	attributed	to	the	increase	of	the	adsorbent	surface	

area,	pores,	and	active	site	available	for	mass	transfer,	thus	more	turbidity	and	color	were	adsorbed	
with	 the	 increase	 of	 adsorbent	 dosage	 [29].	 It	 was	 also	 the	 available	 surface	 area	 dependent	 on	
adsorbent	dosage,	however	at	high	adsorbent	dosage	the	available	sites	of	adsorption	became	higher	
and	hence	the	removal	of	color	and	turbidity	is	dependent	upon	adsorbent	dosage.		
The	percentage	of	adsorption	removal	increases	with	increasing	amount	of	adsorbent	until	a	maximum	
value	 is	reached,	and	 further	 increase	of	adsorbent	dose	does	not	 increase	 the	removal	of	color	and	
turbidity.	The	removal	percentage	of	color	and	turbidity	increased	with	increasing	adsorbent	dose	from	
1	g	to	10	g	in	1	L	solution,	while	the	color	and	turbidity	uptake	capacity	decreased	with	increasing	dose.	
Low	removal	percentage	at	low	dose	of	adsorbent	was	due	to	low	availability	of	the	adsorption	sites.	
When	the	adsorbent	dose	was	increased,	the	available	adsorption	sites	were	also	increased,	resulting	in	
higher	color	removal.	However,	increasing	the	adsorbent	dose	also	resulted	in	a	lower	driving	force	for	
the	adsorbate	to	diffuse,	causing	lower	adsorption	capacity.	As	shown	in	Fig.	8,	color	removal	could	not	
reach	95%	even	at	the	highest	dose	studied.	Therefore,	it	was	crucial	to	determine	the	optimum	dosage,	
in	order	to	minimize	dosing	costs	and	obtain	the	optimum	performance	during	the	treatment.	
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Fig.	8.	Effect	of	adsorbent	dosage	on	color	adsorption	capacity	and	color	removal	when	using	Ch-B	

Composite	as	adsorbent	at	room	temperature,	pHe	of	7±0.2,	150	rpm,	6	h.	
	
The	 composition	 of	 the	 adsorbent	 such	 as	 the	 amount	 of	 alumina	 present,	 the	 amount	 of	 silica	

content,	and	calcium	as	shown	 in	Table	1	by	XRF	analysis	contribute	 to	 the	adsorption	of	color	and	
turbidity.	
	
Effect	of	pH	equilibrium	for	turbidity	and	color	removal	on	the	adsorption	process	
As	the	pH	increased,	the	percentage	of	color	and	turbidity	removal	decreased.	The	highest	turbidity	

removal	to	meet	the	standard	using	those	adsorbents	was	observed	to	occur	at	pH	7	with	a	percentage	
of	color	removal	of	93%,	85%,	and	82%	and	turbidity	removal	of	90%,	84%,	and	80%,	respectively,	
while	it	is	clear	that	pH	changes	do	alter	the	final	color	and	turbidity	in	terms	of	the	overall	removal.	In	
comparison,	Ch-B	exhibits	better	color	and	turbidity	removal	than	other	adsorbents	(Fig.	9).	Solution	
pH	is	always	one	of	the	main	factors	that	influence	adsorption.	Effects	of	pH	on	the	adsorption	of	color	
and	 turbidity	 on	 adsorbents	 are	 shown	 in	Fig.	 9	 (a)	 and	 (b).	 Since	 the	 color	 and	 turbidity	 remain	
permanently	ionized	over	any	pH	range,	its	adsorption	depends	strongly	on	the	pH	of	the	solution	that	
determines	 the	 surface	 charge	 of	 the	 adsorbents.	 Whenever	 pH	 was	 higher	 than	 the	 pHPZC	 of	 the	
adsorbents	(pHPZC	of	ChB	around	6.7±0.2),	the	adsorption	capacity	dropped	significantly.	The	surface	
charge	of	the	adsorbent	would	be	determined	from	the	pHPZC	value	of	the	adsorbent;	where	is	its	positive	
surface	charge	occurs	when	pH	solution	is	lower	than	pHPZC	and	vice	versa	[30–32]..	Overall,	lower	pH	
was	favorable	for	adsorption	of	color	and	turbidity.	There	was	practically	small	adsorption	occurring	
when	 the	pH	was	 shifted	 to	pH	higher	 than	pHPZC	 of	 each	 adsorbent.	The	 effect	 of	 pH	on	 color	 and	
turbidity	 adsorption	 suggested	 that	 the	 electrostatic	 interaction	was	 the	main	driving	 force	 for	 the	
adsorption.	
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Fig.	9.	Effect	of	equilibrium	pH	(pHe)	on	turbidity	removal	(a)	and	color	removal	(b)	using	Chitosan,	
Bentonite,	and	Ch-B	Composite	as	adsorbent	at	room	temperature,	dosage	of	5	g/L,	150	rpm,	6	h.	

	
Fig.	10.	Residual	concentration	for	turbidity	(NTU)	and	color	(Pt-Co)	adsorption	using	Ch-B	composite	
as	adsorbent	during	4	repeated	at	room	temperature,	Ch-B	composite	dose	of	5	g/L,	pHe	of	7±0.2,	150	

rpm,	6	h.	
	

The	 Ch-B	 composite	 was	 regenerated	 successfully	 without	 significantly	 reducing	 its	 adsorption	
capacity.	The	recovered	Ch-B	composite	was	kept	in	0.01	N	HCl	with	vigorous	stirring	 for	24	h.	The	
activity	of	the	recovered	Ch-B	composite	was	slightly	lower	than	that	observed	in	the	1st	reaction.	It	is	
around	11%	uptake	capacity	decrease	was	observed	after	the	repetition	(Fig.	10).	These	results	indicate	
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that	the	turbidity	and	color	can	be	adsorbed	on	Ch-B	composite	and	the	adsorption	performance	has	
not	significantly	deteriorated	in	the	course	of	adsorption	runs.	

4. Conclusions	
Chitosan–bentonite	 composite	 (Ch-B	 composite)	 has	 been	 successfully	 synthesized.	 It	 was	

characterized	by	Fourier	transform	infrared	spectroscopy	(FTIR),	scanning	electron	microscopy	(SEM),	
and	X-ray	Fluorescence	(XRF)	and	X-ray	Diffraction	(XRD)	analysis.	XRF	and	EDX	analysis	confirmed	the	
existence	of	Si,	Al,	Fe	and	Ca.	These	composites	were	used	for	the	treatment	of	contaminated	raw	water	
sources	as	adsorbents.	Batch	experiment	adsorption	process	using	the	composite	of	chitosan-bentonite	
(Ch-B)	for	treating	raw	source	water	was	significant	to	reduce	the	value	of	turbidity	and	color	becomes	
24.8±2	 NTU	 and	 86.7±5	 Pt-Co,	 respectively.	 The	 results	 then	 compare	 to	 the	 treatment	 using	 the	
commercial	chitosan	and	bentonite	self.	The	highest	removal	uptake	capacities	for	this	process	using	
Ch-B	 as	 adsorbent	 were	 90.20%	 for	 turbidity	 removal	 and	 93.14%	 for	 color	 removal	 which	 were	
obtained	in	optimum	dosage	conditions	of	5	g/L.	Moreover,	it	its	found	that	the	raw	water	treatment	
using	the	composite	of	chitosan-bentonite	is	favorable	than	chitosan	and	bentonite	materials.	The	Ch-B	
can	 be	 considered	as	 an	 appropriate	 adsorbent	 for	 turbidity	 and	 color	 removal	 from	 contaminated	
source	water.	These	Ch-B	composites	were	being	safe	for	human	health,	biodegradable,	and	absence	of	
toxicity	as	a	natural	adsorbent.	
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