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Cr(VI) can be found in nature as a chromite ore. They 
are widely employed in leather tanning, electroplating, the 
textile industry, and chromite ore processing [3, 4]. These 
metals are known as dangerous threats to the environment 
and humans. Furthermore, Cr(VI) has very high toxicity 
and carcinogenic potential. The World Health Organization 
(WHO) recommended a minimum Cr(VI) concentration in 
drinking water of 0.05 mg/L [5, 6].

Coagulation, chemical precipitation, ion exchange, and 
reverse osmosis treat heavy metal pollution [7]. However, 
these methods are not effective in high-discharge effluents. 
Among various treatment methods, adsorption is efficient 
due to its simple operation, high efficiency, and ability to 
remove chemical compounds [8]. Adsorption methods are 
exploited due to their remediation process, which is tech-
nically reliable and inexpensive. Adsorption methods using 
complex materials have been investigated [9]. Various 
adsorbents have been investigated for Cr(VI) adsorption 
from aqueous media [10]. Some common low-cost adsor-
bents involved chitosan, sodium alginate, and polyvinylpyr-
rolidone. Chitosan is a cationic polysaccharide biopolymer 
that has many amine and hydroxyl groups. Chitosan has 
a protonated amino function. Chitosan is the second most 

1  Introduction

Hexavalent chromium [Cr(VI)] is a heavy metal that 
adversely affects humans and the environment. These heavy 
metals enable to contaminate water sources. The impact 
can harm the water ecosystem and can enter the food chain. 
Health problems such as organ damage, poor child develop-
ment, neurological problems, and cancer can be raised from 
exposure to these heavy metals [1, 2]. Developing appropri-
ate waste management techniques and efficient management 
procedures are essential to reduce heavy metals in the water.
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abundant biopolymer in nature and is widely used as a poly-
mer solution to modify membrane surfaces and improve 
anti-foil and hydrophilic properties [11]. It is a hydrophilic, 
inexpensive, non-toxic, and biodegradable agent. Chitosan 
chains are utilized to bind metal anions. The presence of 
amines enables them to enhance their binding ability. It 
makes chitosan graftable involving organic functions or 
molecules. It is possible to modify the material affinity by 
grafting chitosans according to specific species or condi-
tions [12]. Sodium alginate consists of D-mannuronate and 
L-guluronate with random distribution. Sodium alginate 
is also a material used for wastewater management. The 
specific surface area, porosity, and number of active sites 
of alginate can be increased by modification [13]. Poly-
vinylpyrrolidone (PVP) is a polymer with low cost, good 
capacity, prominent biological compatibility, and good 
environmental stability. PVP contains amino groups that 
bind to anions such as CrO4

2− and HCrO4
− [14].

The novelty of this study was to fabricate two biopoly-
mers based on chitosan and alginate with modified polymer 
PVP. PVP was chosen because it contains amino groups that 
can bind to other anions. The new material will produce 
adsorbents with great potential in removing Cr(IV) from 
wastewater. This study also used a real sample in the mine 
wastewater and waste acid laboratory.

2  Materials and methods

2.1  Materials

Mine wastewater and waste acid laboratory samples were 
obtained from Indonesia. Acetic acid (CH3COOH 99 wt%), 
chromium trioxide (CrO3 99 wt%), sodium hydroxide 
(NaOH 98 wt%), hydrochloric acid (HCl 37 wt%), chito-
san, sodium alginate, and polyvinylpyrrolidone (PVP) were 
purchased from Sigma-Aldrich. Distilled water was pur-
chased from local chemical distributors in Indonesia. All 
the chemical reagents were utilized without any additional 
purification.

2.2  Fabrication of chitosan-alginate-
polyvinylpyrrolidone

Prepare chitosan of 2 g, sodium alginate of 10 g, and PVP 
of 0.2 g. The three materials were mixed and dissolved into 
90 mL CH3COOH while stirring at room temperature at 
200 rpm for 3 h. filtering was done, and the solid fraction 
was obtained after 3 h. The solid fraction was washed with 
distilled water until pH 7. The solid fraction was heated at 
80 °C for 6 h. This sample was named CsAgPVP.

2.3  Characterization

Fourier-transform infrared spectroscopy (FTIR, INVENIO 
FT-IR Spectrometer) spectra were recorded using a Perki-
nElmer spectrometer in the 4000 cm− 1 − 400 cm− 1 range 
at the ambient temperature. Thermal gravimetric analysis 
(TGA) was performed under an inert atmosphere of N2 at 
a heating rate of 10  °C min− 1, from room temperature to 
800 °C, on a PerkinElmer TGA 400. Nuclear magnetic reso-
nance (1H NMR, Nanalysis Ready 60 Pro. Nitrogen adsorp-
tion and desorption isotherms were determined by nitrogen 
physisorption at 77 K with a degassing temperature of 565 K 
for 1 h on Quantachrome (Quantachrome TouchWin v1.11) 
instruments. Field emission-scanning electron microscope 
(FE-SEM, Thermo Fisher Quattro S) operates at 20 kV to 
investigate the morphology.

2.4  Adsorption test

Adsorption tests were conducted at 25  °C with a stir-
ring speed of 200  rpm. The weight of the adsorbent used 
is 50 mg in 50 mL of Cr(VI) solution. First, a 1000 ppm 
Cr(VI) as parent solution was prepared by dissolving 3 g 
CrO3 in 1000 mL distilled water. The effect of concentra-
tion by the adsorption process was carried out with vari-
ous concentrations: 50 ppm, 100 ppm, 150 ppm, 200 ppm, 
250 ppm, and 300 ppm. The effect of time on the adsorption 
process was carried out at various times: 60 min, 120 min, 
180 min, 240 min, 300 min, and 360 min with temperatures 
298 –328 K. The effect of pH on the adsorption process was 
employed at 1, 2, 3, 4, 5, 6, 7, and 8. The pH solution was 
added with 0.1  M HCl and 1  M NaOH. The solids were 
separated using filter paper after stirring. To determine the 
concentration of Cr(VI) using an atomic absorption spec-
trometer (AAS, Shimadzu AA-7000). Adsorption tests were 
also conducted with real samples using mine wastewater 
and waste acid laboratory in Indonesia. Samples were taken 
at rapid intervals and filtered by filter paper.

3  Result and discussion

3.1  Characterization

In the formation reaction, CsAgPVP will form a group of 
-COO- groups from alginate when chitosan is mixed with 
PVP. It happens in the CH3COOH solution. The mixture will 
produce molecules that react in each polymer chain through 
ionic interactions between chitosan as a positive ion and 
alginate as a negative ion. Hydrogen bonding also occurs on 
the -OH group of chitosan and the CO group of PVP. There 
is also a formation between the -COO- of alginate and the 
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NH2 of chitosan. Chitosan will crosslink to form the Schiff 
base with amino and carbonyl groups [15].

FTIR spectra can be seen in Fig.  1a. The CsAgPVP 
shows bonding between CH2 and N-C = O bending at the 
adsorption peak of 448  cm− 1 [16, 17]. The adsorption at 
1415  cm− 1 shows the simulated stretching vibration of 
COO. The adsorption at 1323  cm− 1 shows the stretch-
ing vibration in the C-N group. The adsorption peak at 
1029 cm− 1 also shows C-O stretching. The stretching of the 
OH group with N–H stretch can be seen in the adsorption 
peak at 3300 cm− 1. The TGA graph can be seen in Fig. 1b. 
The first mass loss of CsAgPVP occurred at 100 °C but did 
not reduce much. The mass is still at the 93% stage. The sec-
ond mass reduction was at 400 °C and continued to reduce 
up to 450%. The remaining mass is around 25%. The tem-
perature of 800 °C caused a reduction to the final mass of 
20%. The mass of CsAgPVP loss is similar to that of PVP 
but with an increase. The combination of chitosan, alginate, 
and PVP causes an increase in temperature resistance. The 

mixed materials will improve the physical properties of one 
of them at high temperatures [18, 19]. N2 adsorption charac-
terization using t-plot can be seen in Fig. S1. N2 adsorption 
characterization for using BET surface area (Fig.  1c) and 
BJH pore volume (Fig. 1d). Physical properties of chitosan, 
alginate, PVP, and CsAgPVP result of N2 adsorption can 
be seen in Table 1. The surface area of chitosan, alginate, 
PVP, and CsAgPVP are 20.33 m2/g, 5.13 m2/g, 20.73 m2/g, 
and 20.42 m2/g. Chitosan, alginate, PVP, and CsAgPVP 
pore sizes are 5.38 nm, 7.61 nm, 5.37 nm, and 5.36 nm. The 
formed CsAgPVP has a high surface area and pore size.

The 1H NMR spectra can be seen in Fig. 2. Chitosan and 
alginate have good solubility [20]. It makes grafted chitosan 
very possible. PVP and alginate grafted on the synthesized 
chitosan can be through a condensation reaction followed 
by the formation of the grafted polymer [21, 22]. CsAgPVP 
was formed by crosslinking alginate and PVP. The spectra 
of CsAgPVP showed a new peak at 2.19 ppm derived from 
PVP.

FE-SEM images can be seen in Fig. 3. The morphology 
of chitosan is like elongated fine threads. The morphology 
of alginate is like that of fine dust clumps with a small sur-
face area. PVP morphology shows fine spherical chunks. 
The combined morphological forms of chitosan, alginate, 
and PVP are seen in CsAgPVP. The morphology of CsAg-
PVP has small spheres incorporated on the surface area that 
look like fine threads and contain small clumps inside. It 
indicates that CsAgPVP has been formed.

Table 1  Physical properties of chitosan, alginate, PVP, and CsAgPVP
Samples BET surface area 

(m2/g)
Pore volume 
(cm3/g)

Pore 
size 
(nm)

Chitosan 20.33 0.019 5.38
Alginate 5.13 0.005 7.61
PVP 20.73 0.019 5.37
CsAgPVP 20.42 0.019 5.36

Fig. 1  Characterization chitosan, 
alginate, PVP, and CsAgPVP of 
(a) FTIR spectra, (b) TGA graph, 
(c) N2 adsorption-desorption 
isotherm, and (d) pore size distri-
bution curves
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adsorption effect of CsAgPVP on Cr(VI) using different 
contact times can be seen in Fig. S3. The variation in contact 
time in the adsorption study shows that the highest removal 
percentage is at 360 min. It shows that the longer the con-
tact time between CsAgPVP adsorbent and Cr(VI), the more 
effective it will be. In the adsorption process, it will take 
time for the adsorbent to work. The longer the time in the 
adsorption process, the more effective it will be. Adding a 
long time will maximize the adsorbent’s performance [24].

The effect of pH on the performance of CsAgPVP in 
Cr(VI) adsorption can be seen in Fig. 4. The pH variation 

3.2  Adsorption study

The adsorption effect of CsAgPVP on Cr(VI) using differ-
ent concentrations can be seen in Fig. S2. Cr(VI) adsorption 
using adsorbent CsAgPVP showed the highest removal per-
centage at 50 ppm. The higher the concentration of Cr(VI), 
the lower the adsorption ability. The higher the Cr(VI) con-
centration, the more concentrated the solution. The density 
will strengthen the bond between Cr(VI) and water, making 
it difficult for the adsorbent to absorb [23].

An adsorption study was carried out using variation 
contact time using a Cr(VI) concentration of 50 ppm. The 

Fig. 4  Effect of pH on the adsorption of CsAgPVP at an adsorption 
Cr(VI) with experiment condition: contact time = 60  min; adsorbent 
dose = 1 g/L; concentration = 50 ppm

 

Fig. 3  FE-SEM images of (a) chitosan, (b) alginate, (c) PVP, and (d) CsAgPVP

 

Fig. 2  1H NMR spectra of the chitosan, alginate, PVP, and CsAgPVP
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assumes that the adsorption process is homogeneous. In 
contrast, the Freundlich isotherm assumes that the adsorp-
tion process is heterogeneous. By determining the R2 value, 
it is obtained that the adsorption of Cr(VI) is Langmuir or 
Freundlich. The R2 value of langmuir (R2 = 0.98) is higher 
than freundlich (R2 = 0.95). It indicates that the adsorption 
isotherm that occurs is the Langmuir. It can be assumed 
that the adsorption process is homogeneous. The adsorption 
capacity value obtained is 208.67 mg/g.

The linear equation graph of Cr(VI) adsorption kinetics 
can be seen in Fig. 6c-d, and the kinetic parameters can be 
seen in Table S2. The pseudo-first-order and pseudo-sec-
ond-order kinetic models determined the adsorption uptake 
against time [28]. It was also used to determine the constant 
concentration. It is also used to determine the adsorbate dif-
fusion in the adsorbent pore. Pseudo-first-order assumed that 
physisorption increases the adsorption rate of particles onto 
the adsorbent. In contrast, pseudo-second-order assumed 
chemisorption on the rate-limiting mechanism of the pro-
cess. Determining the R2 value of the kinetics can determine 
a pseudo-first-order or pseudo-second-order adsorption pro-
cess. The R2 value of pseudo-second-order (R2 = 0.99) is 
higher than pseudo-first-order (R2 = 0.98). It indicates that 
the kinetic adsorption that occurs is pseudo-second-order. 
The adsorption of Cr(VI) is caused by the electrostatic 
attraction between the positively charged amino (-NH3

+) on 
the adsorbent surface and the negatively charged chromate 
(HCrO4

−) [29, 30].

study showed that the best removal efficiency was obtained 
in an acidic environment. At low pH (pH = 3 and 4), the 
removal percentage reached more than 90%. The dominant 
form of Cr(VI) is HCrO4

−, which has acidic properties. 
Increasing the adsorption of Cr(VI) in acidic media is due 
to the electrostatic attraction force between the positively 
charged surface of CsAgPVP and HCrO4

−. The surface 
becomes negative at higher pH (pH = > 5), making it diffi-
cult to adsorb HCrO4

− [5]. CsAgPVP was difficult to adsorb 
HCrO4

− at pH = > 5 because neutral and alkaline pH causes 
CsAgPVP to become aggressive [25]. At pH = > 5, the 
chains on the surface of CsAgPVP are accreted by deproton-
ation of the amine groups [26]. The adsorption test showed 
an optimum pH of 4.

3.3  Adsorption isotherm and kinetic

The next adsorption study is to determine the adsorption iso-
therm and kinetic values. In adsorption isotherms and kinet-
ics, a process, type, and mechanism of adsorption are always 
used [27]. Understanding the interactions on the adsorbent 
and studying the improvement of adsorption performance 
is an important value. Adsorption isotherms generally use 
Langmuir and Freundlich model. Kinetic adsorption gener-
ally uses pseudo-first-order and pseudo-second-order.

The graph of the lineal equation used for the Cr(VI) 
adsorption study can be seen in Fig. 5a-b, and the isotherm 
parameters can be seen in Table S1. The Langmuir isotherm 

Fig. 5  The adsorption of Cr(VI) 
onto CsAgPVP of (a) Langmuir 
and (b) Freundlich isotherm 
model. Kinetics plots for removal 
of Cr(VI) by CsAgPVP of 
(c) pseudo-first-order and (d) 
pseudo-second-order
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indicates a good affinity of the adsorbent towards Cr(VI) 
ions. In addition, it reflects an increase in the disorder factor 
at the solid/solution interface with some possible structural 
changes in the adsorbent during the adsorption process. 
The ΔG◦ values at 298  K, 308  K, 318  K, and 328  K are 
− 9.00 kJ/mol, -9.32 kJ/mol, -9.65 kJ/mol, and − 9.97 kJ/
mol. The ΔG◦ value is negative, which indicates that the 
adsorption process is spontaneous [5, 37].

3.5  Exploration of the adsorption mechanism

FTIR spectra of CsAgPVP after adsorption of Cr(VI) can be 
seen in Fig. 6a. The after-adsorption FTIR spectrum shows 
the functional groups involved in the adsorption process. 
CsAgPVP before adsorption shows a peak at 3300  cm− 1, 
but there is a shift after adsorption to 3380 cm− 1. It indi-
cates that the -OH group is involved in adsorption. A new 
peak was observed after Cr(VI) adsorption at 1056 cm− 1. 
There is a peak shift before and after adsorption, namely 
1590 cm− 1 to 1595 cm− 1. It indicates that the -C = O group 
is involved in the adsorption process. The -COOH group 
is also involved in adsorption due to the shift after Cr(VI) 
adsorption to 1417  cm− 1. FE-SEM images of CSAgPVP 
after Cr(VI) adsorption can be seen in Fig.  6b. The SEM 
images show a spherical surface on the surface of CsAgPVP. 
The spherical shape is typical of Cr [38, 39]. It indicates that 
Cr(VI) has been adsorbed to the surface of CsAgPVP. The 
FE-SEM images also show the presence of Cr.

3.6  Regeneration study

A graph of the regeneration potential of CsAgPVP at six 
cycles can be seen in Fig. 8. CsAgPVP that had adsorbed 
Cr(VI) was refined using NaOH. In the first to fourth cycles, 
the adsorption removal can still survive at 90%. However, 
in the fifth cycle, the removal percentage will decrease to 
75%. Likewise, the sixth cycle removal percentage reached 
49%. CsAgPVP can be used up to 4 times regeneration with 
a removal percentage reaching 90%.

3.7  Application on mine wastewater and waste acid 
laboratory

The CsAgPVP adsorbent study applied to real samples of 
mine wastewater and laboratory acid waste can be seen 
in Fig.  9. The removal percentages of Cr(VI) obtained in 
mine wastewater and laboratory acid waste were 80% and 
72%. The removal percentage decreased when compared 
to the aqueous solution. It happens because of the compe-
tition between pollutants in the real sample [40, 41]. The 
almost limited decrease in Cr(VI) adsorption ability can 

A comparison of Cr(VI) adsorption using chitosan-based 
adsorbents can be seen in Table 2. The adsorption capac-
ity obtained using CsAgPVP has a high value and is not 
much different from other chitosan-based adsorbents. It 
shows feasibility and applicability as a practical solution for 
Cr(VI) adsorption.

3.4  Adsorption thermodynamic

The thermodynamic parameters used in adsorption are 
Gibbs free energy (ΔG◦) due to the transfer of one solute 
molecule from solution to solid/liquid surface area, enthalpy 
of adsorption (ΔH◦), and entropy of adsorption (ΔS◦). Equi-
librium isotherm parameters can be seen in Table S3. The 
ΔH◦ shows a positive value of 0.68 kJ/mol. It indicates that 
the Cr(VI) adsorption process is endothermic. The endother-
mic nature confirms an increase in retention as the tempera-
ture of the solution increases, as seen in Fig. 7. The value 
of ΔS◦ is 0.03 kJ/mol.K, which shows a positive value. It 

Table 2  Cr(VI) adsorption performance with other chitosan-based 
adsorbents
No Adsorbent pH Adsorption 

capacity 
(mg/g)

Refer-
ence

1 Diethylenetriaminepentaacetic 
acid-thiourea- modified magnetic 
chitosan

4 122.03  [31]

2 Chitosan/cellulose nanocrystals 
grafted with carbon dots

2 217.8  [32]

3 Chitosan-pyrazoloquinoxaline 6 117.6  [33]
4 Chitosan/fly ash 5 33.27  [34]
5 FeS/chitosan/biochar 2 103.93  [35]
6 Fe(III)–chitosan microbeads 3 34.15  [36]
7 CsAgPVP 4 208.67 This 

study

Fig. 6  Effect of temperature to adsorption
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The surface area of CsAgPVP was 20.42 m2/g. The pore 
size of CsAgPVP was 5.36 nm. Field emission shows the 
C, O, N, and Na. The optimum conditions CsAgPVP dor 
adsorption Cr(VI) were 50 ppm, 360  min, and pH 4. It 
uses adsorption isotherm and kinetic to show the Langmuir 
model and pseudo-second-order. The CsAgPVP adsorption 
process is assumed homogeneous and considered as chemi-
sorption. Adsorption capacity shows 208.67 mg/g. It uses a 

be explained by the resistance of other ions in the aqueous 
medium.

4  Conclusions

Synthesis of CsAgPVP has been carried out. FTIR spec-
tra show peaks at 1415 cm− 1, 1323 cm− 1, 1029 cm− 1, and 
448 cm− 1, which are COO, C-N, C-O, and N-C = O groups. 

Fig. 9  Effect of heavy metal adsorption using adsorbent CsAgPVP 
on mine wastewater and acid laboratory. Experimental study: contact 
time = 360 min; adsorbent amount = 1 g/L

 

Fig. 8  Regeneration study of CsAgPVP up to 6 cycles. Experimental 
study: contact time = 60  min; adsorbent amount = 1  g/L; concentra-
tion = 50 ppm; pH = 4

 

Fig. 7   Characterization CsAgPVP after adsorption Cr(VI) of (a) FTIR spectra and (b) FE-SEM images
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