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Abstract. In this study a new type of adsorbent bead precursor was reached using
chitosan and pretreated clay. The pretreated clay was produced from the clay of
the "Tsogt-Ovoo" deposit in the Umnugovi province of Mongolia. It was
produced by acid and heat treatment to remove its mechanical impurities. The
mixtures of chitosan and pretreated clay were taken with various ratios (8:1, 8:2,
and 8:3) for chemical processing to obtain a chitosan-based adsorbent bead for
recovery of (Pt(IV)) from aqueous solution. It was examined that the adsorption
capacity of the adsorbent bead when the chitosan and pretreated clay mass ratio
8:2 was the highest for platinum ion (Pt (IV)). The adsorption properties of
Pt (IV) were studied depending on the solution pH, contacting time, temperature,
initial concentration of platinum ion solution, and amount of adsorbent material.
The adsorption efficiency was the highest (93.29%) when the initial
concentration of the platinum ion was 50 mg/I at the following condition; pH=3,
temperature 250C, time 3 hours, and the amount of the adsorbent material 0.1 g.
It represents that the chitosan clay bead can be applied for the recovery of
platinum (Pt (IV)) from aqueous solution.
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1 Introduction

The increasing demand for the platinum group metals (PGMs) for production of
catalysts and electrical equipment industry in related industries, combined with the
limited resources available, has led to increasing interest in the recovery of these
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important elements [1,2]. The problem that separation of these metal ions is still have
in the past years, because of their complex chemistry and the overlapping properties,
represents a real challenge. The conventional methods for the separation of metal ions
from aqueous solution include solvent extraction, oxidation, reduction, membrane
filtration, precipitation, ion-exchange and adsorption [3-5]. Among the all above
methods adsorption is highly effective and economical. Chitosan is an N-deacetylated
derivative of chitin, a cationic polysaccharide composed of B-D-glucosamine and
acetyl-B-D- glucosamine residues with a 1, 4 linkage [6].

Chitosan has been widely studied for the sorption of metal ions. The presence of amine
groups gives to the biopolymer in acidic media a cationic behavior that makes it unique
among polysaccharides. These amine groups are responsible for its excellent sorption
properties. Metal binding may occur on the free electronic doublet of chitosan by
complexation, chelation mechanisms. Other reactive groups (for example -OH groups)
may be involved in the stabilization of metal-amine bonds; however, it is commonly
accepted that amine groups are responsible of the binding of metal cations in near
neutral solutions [7]. Kaolin is one of the most familiar natural inorganic clays, existing
in rocks copiously in crystalline structure [8]. Kaolin has outstanding properties (e.g.,
porosity, low-cost, thermal stability, excessive availability, and non-toxicity) in
environmental applications when employed as adsorbent alone and/or within a chitosan
composite, such as good adsorption capacity, high surface area, easy to
functionalization its surface, high thermal stability, and environmentally friendly.
Recent studies represent that chitosan and kaolinite complement each other for
producing multifunctional bio composite adsorbents, which can be effectively
employed for removal of various water contaminants including organic anionic dyes,
biological contaminants, organic cationic dyes, and nutrients. From the environmental
standpoint, utilizing kaolinite powder as a filler or surface modifier to chitosan will
improve the surface area and adsorptive property of chitosan, and will reduce the cost
and environmental impact of solid waste disposal [8].

The functional groups have the ability to adsorb many substances such as proteins,
dyes, precious and heavy metals.

However, chitosan has unfair chemical stability because it may dissolve in acidic
solution such as acetic acid (CH3COOH), nitric acid (HNO3) and hydrochloric acid
(HC1). Hence, its application is limited and chitosan needs to be modified to improve
its chemical stability and adsorption capacities. Chitosan can be physical and chemical
modified in order to reduce the particle size, increase surface area and adsorption. In
this work the mixtures of chitosan and pretreated clay were taken with various ratios
(8:1, 8:2, and 8:3) for chemical processing to obtain a chitosan kaolin composite
material for recovery of (Pt (IV)) from aqueous solution [9].

2 Experimental

2.1  Materials and Reagents

Chitosan with high molecular weight and degree of 90% was purchased from NJDULY.
All the other reagents used in this work were of analytical grade. The stock solutions
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were prepared by dissolving these metal salt in deionized water and were further diluted
as required.

2.2 Preparation of Chitosan kaolin composite material

To prepare chitosan solution, dissolving 8 g of chitosan in 200 ml of 2 % (v/v)
CH3COOH. The solution was stirred at 500 rpm for 12 h and after that chitosan and
kaolinite solution was prepared by adding 1-3 g of kaolin to the prepared solution and
stirring it for 6 hours. Chitosan and kaolin solution was dropped into 1 M NaOH to
produce chitosan kaolin composite beads. The chitosan kaolin composite beads were
chilled for 12 h and filtered from NaOH solution. Finally, chitosan kaolin composite
beads were washed with DI water and dried at 333 K.

2.3  Adsorption experiment

The adsorption experiments were performed at various solution pH, adsorbent amount,
contacting time, initial concentration and temperatures. The effect of solution pH onto
the adsorption of Pt (IV) mixing 0.1 g of the adsorbent in 50 ml sample having an initial
concentration of 50 mg/1. The pH of the samples was corrected with 0.1 M hydrochloric
acid (HCI) and 0.1 M sodium hydroxide (NaOH) to different pH values in the range of
pH=3-10. The temperature and contact speed were fixed at 25°C and 100 rpm
respectively, while the flasks were shaken for 120 min. The effect of adsorbent amount
on the adsorption of Pt ion was performed first mixing range of 0.025-1g in 50 ml
sample having an initial concentration of 50 ppm. The contacting time effect of
adsorption was studied over a time range of 30-360 min while the effect of initial
concentration was investigated at a concentration range of 10-100 ppm. Adsorption
thermodynamic were conducted at temperatures of 25-55°C. Kinetics of adsorption was
performed at a concentration range of 10-100 mg/1 and time range of 30-360 min. The
equilibrium adsorption capacity was determined from the mass balance equation as
shown in Equation (1):

qe = O XV (1)
where q.(mg/g) is the equilibrium adsorption capacity, Co, and C. is the initial and
equilibrium concentration (mg/l) of metal ion in solution respectively, V (ml) is the
volume and m (g) is the weight of the various adsorbent. The percentage removal of

metal ions by adsorbent was determined as shown in Equation (2):
R(%) = =% x 100 )
0

3 Theory of evaluation of data analysis

3.1 Adsorption isotherms model

The adsorption data of metal ions onto various adsorbents were analyzed with the
Langmuir and Freundlich model. The Langmuir and Freundlich equation is described
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in their linear form in Equation (3) and (4). The Langmuir model is based on the fact
that every adsorption site is identical and energetical equivalent. It predicts that the
adsorption occurs at specific homogeneous sites on the adsorbent and this is described

in monolayer adsorption processes [10].
Ce _ Ce 1

=4 3)

de Qm  Qmb
where: qc is the equilibrium adsorption amounts on the beads (mg/g), C. is the

equilibrium concentration of solute ion in the bulk solution. qm(mg/g) and b (1/mg)
shows capacity and a constant related to the adsorption equilibrium constant to
monolayer adsorption. The Langmuir model parameters can be estimated from the
slope and intercept of the linear plot of Ce/qe versus Ce. The empirical Freundlich
isotherm is based on the equilibrium relationship between heterogeneous surfaces:

logq. = logKy + %logCe “4)
In above equations, Ky (mg/g) and n are infinitesimal constant representing the
adsorption capacity and adsorption intensity respectively. Under usual adsorption
conditions, the values of n should be in the range of 1-10 [11]. The parameters of
Freundlich model can be estimated from the slope and intercept of the linear plot of
logqe versus logCe.

3.2 Thermodynamic studies

Thermodynamic investigations are another most of effective parameter of adsorption
studies. Adsorption temperature is shown to affect adsorption capacity. Usually
adsorption capacity increased when temperature is getting higher, the process is termed
endothermic, and when adsorption decreases with temperature the process is called
exothermic. The thermodynamic parameters present the essential parameters for
subsequent engineering evaluation on the ultimate uptake of the adsorbents, and,
hopefully, also provide insights to the adsorption mechanisms thus applied for further
use in process modification and optimization [12]. The entropy and enthalpy change,
associated with the process can be estimated from Eq. (5):

Lnk = — 22 1 85 (5)

RT ' R

The changes of Gibbs free energy AG® is the fundamental criterion of spontaneity. If
AG° is a negative, reactions occur spontaneously but AG® is a positive, reactions occur
non spontaneous reaction at a given temperature [13]. The free energy of the adsorption
reaction, calculating the adsorption equilibrium constant, K, is given by Eq. (6):

AG® = —RTInK (6)

The equilibrium constant K as stabled mathematically by Liu et al. [11] is given in Eq.

(7):

_ %
K=t ™)
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where qc (mg/g) is amount of platinum ions adsorbed on the adsorbent and C. (mg/1)
is the equilibrium concentration. The gas constant R is defined by 8.3145 J/mol K; T
(°C) is the temperature of the solution; AH? is the enthalpy change, AS? is the entropy
change. AH® and AS° can be estimated from the slope and intercept of a plot of function
of 1/T as a LnK.

3.3 Kinetic models

The adsorption kinetics provides insight into the reaction rate and the sorption
mechanism involving mass transfer, diffusion, and reaction on the adsorbent surface
during adsorption. The process of adsorption of adsorbates from aqueous solution. It is
also important to determine whether the behavior of metal ion uptake can be explained
by a predictive model. The adsorption data of metal ions onto was described with
respect to the Lagergren pseudo—first-order kinetic model [14], and pseudo-second-
order model that was presented by Ho and McKay [15]. The models are shown in Eq.
(8) and (9):

K1
2.303

®)

Where q. and q; (mg/g) shows the amount of platinum ions absorbed on the adsorbent
at equilibrium and time t respectively. K; (min-1) is the rate constant of the pseudo-first
order kinetics. The value of adsorption rate constant, K;, can be estimated from the
straight-line plot of t versus log(q, — q;):

log(q. — q¢) = log(q.) —

t 1 1

w i Tat )
where K» (g/mg min-1) is the rate constant for a pseudo-second order model and the
definitions of g and q; remains the same. The slope and intercept of the linear plot of

t/q. versus t, gives the values of qc and K, respectively.

4 Results and discussion

4.1 Effect of pH

The Pt (IV) adsorption onto chitosan beads is strongly influenced by acidity (pH), as
presented in Fig. 1 This is due to the existence of -NH,, and -OH active groups in
chitosan beads which could be covalently bonded with the other substance on certain
conditions. Chitosan beads can electrostatically interact with other negatively charged
substances.

4.2  Effect of contacting time, initial concentration and kinetic studies

Fig. 2 presented the effect of contacting time on the Pt (IV) adsorption by chitosan
kaolin beads. The results shows which the adsorption increases with increase in
contacting time and attained the equilibrium at around 3 hours. It is very clear from
these results that the contacting time is required for maximum adsorption of metal ions
by chitosan kaolin beads was dependent on the initial metal ion concentration. Based
on these results, the contact time was fixed about 3 hours for rest of the batch
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experiments. Experimental studies were carried out with varying initial metal ion
concentrations of Pt (IV) ranging from 10 to 100 mg/1 using 0.1 g of adsorbent dose at
pH=3.0 for Pt (IV). The results shows that the adsorbed Pt (IV) amount increases with
increasing metal ion initial concentration and also the adsorption percentage decreases
with increasing initial metal ion concentration. This is due to the total available sites
are limited at fixed adsorbent dose, thereby adsorbing almost the same amount of
solute, resulting in a decreasing of percentage adsorption corresponding to an increase
in initial metal ion concentration.
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Figure 1. pH effect on Pt (IV) adsorption. (Conditions: initial metal ion concentration
50 mg/l, contacting time 2h, adsorption amount 0.1 g)
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Figure 2. Contacting time effect on the Pt (IV) adsorption of various initial concentration.
(Conditions: concentrations 10, 25, 50 and 100 mg/1, solution pH=3.0, adsorbent amount 0.1 g)
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Table 1. Kinetic parameters for the adsorption of platinum ion onto CH-K 8:2 beads at pH=3

C First- order kinetic model Second-order kinetic model
T(K) (mgoll) Qe (eXp) Ki qe(cal) R K> Qe (cal) R
(1/min) (mg/g) (g/mg/min) (mg/g)
10 3.512 0.211 8.426 0.784 | 0.683 3.761 0.997
25 11.233 0.114 14.333 0.904 | 0.164 12.469 0.986
298 | 50 23.333 0.095 19.106 0.899 | 0.286 23.753 0.999
100 48.022 0.095 30.177 0.962 | 0.032 52.356 0.992

The result obtained from the experiment carried were used to investigate the kinetics of
platinum ion adsorption onto chitosan kaolin beads. The pseudo-first-order and pseudo-
second-order model was applied to fit the kinetic data. Recent studies have displayed
that the pseudo-second-order kinetic model gives a better fit for adsorption data [10].
Table 1 gives the values of the parameters for pseudo-first-order and second-order
kinetic model, and it was conformed that the correlation coefficients for the straight
plot of t/q; against t from the pseudo-second-order rate law gave the best fit for Pt (IV)
ion in contrast to the correlation coefficient of the pseudo-first-order kinetic model
obtained from the linear plot of log(q..q) against t. To further investigate kinetic data
the However, there was a large difference for q. values obtained by calculating from
pseudo-first-order kinetic model and experimental values. In the case of the pseudo-
second-order model, the qc(cal) values agree very well with the experimental data. This
provides that the adsorption of platinum ion onto chitosan kaolin beads is a pseudo-
second-order reaction model. Pseudo-second-order reaction model is based on the
prediction that the rate limiting step may be chemical adsorption or chemisorption
involving valence forces through exchange of electrons between adsorbate (metal ions)
and adsorbent (chitosan kaolin beads), provides best correlation of data [16].

4.3 Temperature of thermodynamic parameters

The temperature effect on Pt (IV) ion adsorption by chitosan kaolin adsorbent bead

was studied at 25, 35, 45 and 55°C, and initial metal concentration was 50 mg/l. The
results found that the adsorption capacity increased with temperature is getting higher.
This resulted that the adsorption process is endothermic process in this condition.
The thermodynamic parameters are shown in Table 2. The AG? values are negative, it
means that adsorption was spontaneous. As the temperature increases, the AG® values
decrease, indicating less driving force and hence resulting lesser adsorption capacity at
higher temperatures. The values of AH® and AS° are positive, it suggested that
adsorption process was endothermic nature and the determined the disorderliness of the
sorption at the solid-liquid interface. It was then suggested that the adsorption of Pt (IV)
on chitosan kaolin bead could be mainly dominated by chemisorption.
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Figure 3. Temperature effect on the Pt (IV) adsorption by CH-K 8:2 beads. (Conditions: initial
metal ion concentrations 10, 25, 50 and 100 mg/1, solution pH=3.0, adsorbent amount 0.1 g,
contacting time 3 hours)

Table 2. Thermodynamic parameters for the adsorption of platinum ion onto CH-K 8:2 beads
at an initial concentration of 50 mg/1.

CO: 0 . AHO, 0 . . P
T(K) m/l AG?, kj/mol Ki/mol AS?, kj/mol K R
298 -4.805
308 -5.786
318 50 6.647 18.705 79.234 0.95
328 -7.138

4.4  Adsorption isotherm parameters

The Langmuir and Freundlich model were used to determine the appropriate isotherm
for platinum onto chitosan kaolin composite adsorbent bead. Adsorption isotherms
explain the interactive process between the adsorbents and adsorbates in aqueous
medium at the attained saturation point. Adsorption isotherms of Pt (IV) on chitosan
kaolin bead were identified with different initial concentrations from 10 to 100 mg/L
under optimized conditions in terms of the pH=3, contacting time (3 hours), and amount
of the adsorbent 0.1g. Typical adsorption isotherms, the Langmuir and Freundlich
models were applied to evaluate the adsorption of Pt by chitosan kaolin bead (Fig. 4,
5). The closer R? is to one the best the model fit. Langmuir isotherm can be used to
interpret the type of sorption using the Hall separation factor (Kr), which is favorable
(0<Ki<1), unfavorable (K <0), linear (K;=1) or irreversible (K;=0). As shown in Table
3 and Fig. 4 and 5. The R? value in the Langmuir isotherm was larger than that in the
Freundlich isotherm. The maximum adsorption capacity (qmax) estimated from the
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Langmuir model was 314 mg/g, which suggested that the adsorption of Pt (IV) on
chitosan kaolin bead mainly occurred by a monolayer reaction.

2.0
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Figure 4. a) Langmuir isoterm model, b) Freundlich isoterm model

Table 3. Langmuir and Freundlich isotherm parameters for Pt (IV)

Metal ion Isotherm model Parameters Pt (IV)

Qmax, Mg/g 314

Langmuir b, /mg 0.02

Ko 0.01

Pt(IV) R? 0.99
Freundlich n 0.86
Kr 37.13

R? 0.97

5 Discussion

Different pH values (pH 3, 4, 5, 6, 7, 8, 9 and 10) have been examined to determine

the optimum pH in the adsorption of Pt (IV) within 3 h of contacting time. As shown
in Fig 1, the optimum adsorption of Pt (IV) is achieved at pH=3. At pH=4-10, the
adsorption capacity value decreases. The speciation of Pt (IV) depends on both pH and
chloride concentrations. At low pH, platinum and is usually present in solution in stable
form Pt (IV).
It can form stable complexes especially with amino group chelation sites of chitosan
kaolin composite bead. Pt (IV) being provided as K,PtCls in this study, the amount of
chloride in the solution is high enough to favor the formation of chloro-anionic species
(PtCl,™¥") that will be adsorbed on protonated amine groups of chitosan kaolin
composite bead. The protonation of amine groups on the chitosan kaolin composite
bead reacted an electrostatic attraction of anionic metal complexes and increased the
number of available binding sites for platinium ion uptake. In the presence of chloride
ions the interaction between metal anions and active cites of the chitosan kaolin beads
are shown below.
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R — NH, + H*CI~ —» RNHZCI
2RNHZCl™ + PtCI2~ & (RNHZ),PtCI2~ + 2CI-

6 Conclusion

The adsorption of Pt (IV) was investigated in this study by chitosan kaolin
composite beads. The results approved that the adsorption process is dependent on
contact time, initial metal ion concentration, adsorbent amount, solution of pH and
temperature and contacting time. The adsorption capacity of 8:2 chitosan kaolin
composite bead is higher than that other composite and pure bead. The maximum
adsorption capacity was obtained at pH=3 for Pt (IV). Adsorption kinetic data were
fitted well by the pseudo-second-order model, and the adsorption isotherm data were
described well by the Freundlich model. The maximum adsorption capacity for Pt (IV)
was found to be 314.0 mg/g. The thermodynamic calculation demonstrates
spontaneous and endothermic nature of Pt (IV) onto chitosan kaolin composite beads.

References

1. T. Kang, Y. Park, J.C. Park, Y.S. Cho, and J. Yi, Functionalized mesoporous
adsorbents for Pt (II) and Pd(I) adsorption from dilute aqueous solution, Stud.
Surf. Sci. Catal. 146 (2003), pp. 527-530. https://doi.org/10.1016/S0167-
2991(03)80437-8

2. E. Renbutsu, S. Okabe, Y. Omura, F. Nakatsubo, S. Minami, H. Saimoto, and Y.
Shigemasa, Synthesis of UV-curable chitosan derivatives and palladium (II)
adsorption behavior on their UV-exposed films, Carbohydr. Polym. 69 (2007), pp.
697-706. https://doi.org/10.1016/j.carbpol.2007.02.018

3. H.T.Nguyen, W. Masayuki, and K. Takaumi, Solvent extraction of palladium (II)
with various ketones from nitric acid medium, Solvent Extr. Ion. Exch, 25 (2007),
pp. 407-416. https://doi.org/10.1080/07366290701285538

4.  B. Godlewska-Zylkiewicz, B. Le$niewska, U. Ggsiewska and A. Hulanicki, Ion
exchange preconcentration and separation of trace amounts of platinum and
palladium, Anal. Lett. 33 (2000), pp- 2805-2820.
https://doi.org/10.1080/00032710008543224

5. M. Ruiz, AM. Sastre, E. Guibal, Palladium sorption on glutaraldehyde
crosslinked chitosan, React. Funct. Polym. 45 (2000), pp. 155-173.
https://doi.org/10.1016/S1381-5148(00)00019-5

6. E. Guibal, Interactions of metal ions with chitosan-based sorbents: a review, Sep.
Purif. Technol. 38 (2004), pp- 43-74.
https://doi.org/10.1016/j.seppur.2003.10.004

7. D. Sicupira, K. Campos, T. Vincent, V. Leao and E. Guibal, Palladium and
platinum sorption using chitosan-based hydrogels, Adsorption (2010), pp. 127—
139. https://doi.org/10.1007/s10450-010-9210-9.

8. M. lJiang, X. Jin, X. Lu and Z. Chen, Adsorption of Pb(Il), Cd(II), Ni(I) and
Cu(Il) onto natural kaolinite clay, School of Chemistry and Materials Science,




10.

11.

12.

13.

14.

15.

16.

Synthesis of chitosan based new material for recovery of Pt (IV)

Fujian Normal University, Fuzhou, 350007, China, pp. 33-39.
https://doi.org/10.1016/j.desal.2009.11.005

Subari and Tatang wahyudi, Improving tapin kaolin quality for white ware
ceramic, Indonesian mining journal Vol. 17, No. 2, June 2014, pp. 87-97.

E. Igberase and P. Osifo, Equilibrium, kinetic, thermodynamic and desorption
studies of cadmium and lead by polyaniline grafted cross-linked chitosan beads
from aqueous solution, Journal of Industrial and Engineering Volume 26, 25 June
2015, pp. 340-347. https://doi.org/10.1016/j.jiec.2014.12.007

D. Lin, S. Dezhi, and L. Yangqing, Removal of Cu(Il) and Cd(Il) From Aqueous
Solutions by Polyaniline on Sawdust, Sep. Sci. Technol. 46 (2011). pp. 321-329.
https://doi.org/10.1080/01496395.2010.504201

M. Chiban, G. Carja, G. Lehutu, F. Sinan and Arab. J, Equilibrium and
thermodynamic studies for the removal of As (V) ions from aqueous solution
using dried plants as adsorbents, Chem. 33 (2012), pp. 12-20.
https://doi.org/10.1016/j.arabjc.2011.10.002

Ts, Girma Asere, S, Mincke, K, Folens, F, Vanden Bussche, L, Lapeire, K,
Verbeken, P, Van DeVoort, A, Tessema, G, Du Laing, and V. Stevens,
Dialdehyde carboxymethyl cellulose cross-linked chitosan for the recovery of
palladium and platinum from aqueous solution, Volume 141, August 2019, pp.
145-154. https://doi.org/10.1016/j.reactfunctpolym.2019.05.008

L. Jinhui, J. Liu, and Zh. Liu, Adsorption of platinum (IV) and palladium (IT) from
aqueous solution by thiourea-modified chitosan microspheres, 15 December
2009, pp. 439-446. https://doi.org/10.1016/j.jhazmat.2009.07.030

S. Aktas and M.H. Morcali, Platinum recovery from dilute platinum solutions
using  activated  carbon, = November 2011, pp. 2554-2558.
https://doi.org/10.1016/S1003-6326(11)61091-1

Sh, Sharma, A. Santhana Krishna Kumar and N. Rajesh, A perspective on diverse
adsorbent materials to recover precious palladium and the way forward , 2017, 7,
pp- 52133-52142. https://doi.org/10.1039/C7RA10153H

@ ® This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY) license.

https://creativecommons.org/licenses/by/ 4.0/).

© The Author(s). 2023 Open access.



