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Present work investigates platinum uptake from synthetically prepared, dilute platinum-bearing 
solutions using biomass residues, i.e. pistachio nut shell and rice husk, which are abundant in Turkey, 
and provides a comparison between these two biosorbents. Effects of the different uptake parameters, 
sorbent dosage, contact time, temperature and pH of solution on platinum uptake (%) were studied 
in detail on a batch sorption. Before the pistachio nut shell was activated, platinum uptake (%) was 
poor compared to the rice husk. However, after the pistachio nut shell was activated at 1000 °C under 
an argon atmosphere, the platinum uptake (%) increased two-fold. The pistachio nut shell (original 
and activated) and rice husk were shown to be better than commercially available activated carbon 
in terms of adsorption capacity. These two sorbents have also been characterized by FTIR and SEM. 
Adsorption equilibrium data best complied with the Langmuir isotherm model. Maximum adsorption 
capacities, Q

max
, at 25 °C were found to be 38.31 and 42.02 mg.g–1 for the activated pistachio nut shell 

and rice husk, respectively. Thermodynamic calculations using the measured ∆H°, ∆S° and ∆G° values 
indicate that the uptake process was spontaneous and endothermic. The experimental data were shown 
to be fit the pseudo-second-order kinetic model.
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1.	 Introduction
Recently, platinum uptake from aqueous solutions via 

resins or waste materials has received considerable attention 
because platinum is appreciably present in electronic parts, 
catalytic converters and plating materials due to its high 
resistance to oxidation1.

Uptake, i.e. adsorption, is widely applied in 
environmental treatment applications around the world. 
Liquid-solid adsorption systems are based on the ability 
of certain solids to preferentially concentrate specific 
substances from solutions onto their surfaces. This ability 
can be used for the removal of pollutants, such as metal ions 
and organic compounds, from wastewater2-5.

Over the past decade, significant research efforts have 
been directed to finding low cost, high capacity adsorbents 
for the removal of metal ions. A wide range of adsorbents 
have been developed and tested, including several activated 
carbons6-9. In addition, a number of low cost agricultural 
wastes, such as rice husk, pistachio nut shell, tree fern, 
peat coal and chitosan, have been used for the removal of a 
range of metal ions. In particular, several natural resources 
have been studied for platinum recovery, including activated 
carbon1, chitosan10 and ion-exchange resins11.

Adsorption methods are widely used and are very 
effective in low metal concentrations. Among the different 
sorbent types, synthetic ion-exchange resins offer substantial 
advantages, such as high selectivity, good kinetic properties, 
and the following convenient forms for use: granules, 
powders, fibers, and filters. Majority of these resins are 
based on organic matrices with chemically bound functional 
groups that coordinate to or chelate metal ions.

In Turkey, agricultural by-products and waste materials 
that are available in large quantities may have the potential 
to be used as low-cost adsorbents. Conversion of agricultural 
waste materials into activated carbon adds considerable 
economic value, helps to reduce the cost of waste disposal, 
and most importantly provides a potentially inexpensive 
alternative to the existing commercial activated carbons.

There are many studies in the literature on preparation 
of activated carbons from agricultural wastes, such as 
sunflower seed hull, peanut hull, wheat bran, coir pith, 
banana pith, date pits, cotton stalks, palm tree, barley husk, 
palm kernel shell, rice husk, pinewood and soy hull12-18.

In this work, pistachio nut shell and rice husk, an 
agricultural by-product, were used to uptake platinum 
from dilute platinum chloride solutions. The objective 
of this study was to describe an effective uptake process 
using either pistachio nut shell or rice husk and to 
compare the two biosorbents by describing the optimal 
conditions and parameters for uptake platinum, including 
the adsorption isotherms of platinum ions and the kinetics 
and thermodynamics of the adsorption process. For these 
reasons, the following parameters were studied to investigate 
their effect on the uptake percentage of platinum: sorbent 
dosage, contact time temperature and pH of solution.

2.	 Material and Methods

2.1.	 Experimental procedures

The rice husk (~250 μm thick) was obtained from the 
Gokbayrak Company, Turkey. The pistachio nut shell was 
obtained from the Gazi Fistikcilik Company, Turkey. The 
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activated pistachio nut shell (~250 μm thick) was used for 
all experiments.

Platinum-containing solutions for the experiments were 
prepared with hexachloroplatinic acid (H

2
PtCl

6
) standard 

solution (Merck, Germany). Distilled water (Smart 2 Pure) 
was used for wet chemical analyses.

This study was conducted using a batch system by 
changing one parameter at a time. For each experiment, 
5 cc of a platinum solution was brought into contact with 
the sorbent (rice husk, pistachio nut shell, or the activated 
pistachio nut shell) in a falcon tube to avoid exposure to 
air. Falcon tubes were shaken in a temperature-controlled 
water bath at a manually adjusted shaking rate of 100 rpm. 
The initial platinum ion concentrations were 100 mg.L–1, 
150 mg.L–1, 200 mg.L–1 and 250 mg.L–1.

First experimental series examined the effect of 
changing the sorbent dosage. Second experimental series 
were investigated the effect of altering the contact time from 
15 to 120 minutes. The third experimental series explored 
the influence of temperature, which ranged from 25 °C to 
45 °C. In the fourth experimental series, the effect of solution 
pH was evaluated. For this purpose, hydrochloric acid and 
sodium hydroxide were employed to adjust the pH level 
of the solution. Final experimental series, investigated the 
adsorption kinetics, isotherm and thermodynamics.

Solid/liquid separation was performed using a Whatman 
No. 1 filter paper, following each run. After filtration, the 
filtrate was washed with distilled water to ensure that all of 
the platinum containing solution passed through the filter 
paper. For the ICP analysis, each filtered solution was 
introduced into the instrument following an appropriate 
dilution.

Percentage of platinum uptake was calculated using the 
following equation19:

Platinum Uptake, % =  [(C
o
-C

t
)/C

o
]*100	 (1)

Adsorption capacity of the platinum ion was calculated 
using the following general equation19:

q
e
 = [(C

o
-C

t
)*V]/m	 (2)

in which q
e
 is the amount of metal ions adsorbed at 

equilibrium per unit weight of sorbent (mg.g–1), C
o
 and C

t 

(mg.L–1) are the platinum ion concentrations present in the 
solution before and after adsorption, respectively, V is the 
volume of the solution (in L), and m is the amount of sorbent 
(in g) used in the adsorption experiment.

2.2.	 Preparation and characterization of sorbents

The dry rice husk and pistachio nut shell were crushed 
using a crushing mill. The resulting recovered product was 
washed several times with distilled water to eliminate water 
soluble impurities and then dried in an oven at 105 °C. 500 g 
of the small pieces from pistachio nut shell was placed in 
a horizontal furnace in an inert atmosphere at 1000  °C 
for 3 hours. It was then removed from the furnace and 
cooled in a desiccator. After cooling, the rice husk and the 
activated pistachio nut shell were subsequently subjected 
to a homogenization treatment using a three-dimensional 
shaker for 1 hour.

The surface area of activated pistachio nut shell was 
measured by nitrogen adsorption at 77 K with a porosimeter. 
The sample was degassed at 623 K at 10–5 mbar overnight 
prior to the adsorption experiment. Surface area of the 
material was then measured. Surface area of activated 
pistachio nut shell was found 141.18 m2.g–1. FTIR was used 
to identify some characteristic functional groups. Figures 1 
and 2a, b displays the IR spectra analysis carried out on 
rice husk and pistachio nut shell and activated pistachio 
nut shell, respectively.

Figure 1 displays the FTIR analysis carried out on rice 
husk. As can be seen in the figure, IR spectra of rice husk in 
the region 1200-1000 cm−1 were considered to result from 
superposition of vibrations of the C-OH bond and Si-O bond 
in the siloxane (Si-O-Si) groups. Intense band at 1053 cm−1 
corresponds to the stretching vibrations of silicon-oxygen 
tetrahedrons as (SiO

4
). High intensity of this peak was 

probably due to superposition of the stretching vibrations 
of the C-OH bond in the interval 1200-1000 cm−1 and the 
stretching vibrations of the Si-O bond. The absorbance peak 
at 442 cm−1 was due to the bending vibration of siloxane 
bonds20.

As can be seen in Figure 2a, hydroxyl groups (O-H) 
are usually in the range of 3200-3650 cm−1 for alcohols and 
phenols, aliphatic groups (C-H) located at around 2876-
1370 cm−1. The band appearing at 1730 cm−1 was attributed 
to the carbonyl (C=O) groups. Carboxylate groups (band at 
1332 cm−1), esters- ethers -phenol groups (bands at 1237, 
1155  cm−1), alcohol groups (band at 1027  cm−1) and the 
band at 897cm−1 assigned to benzene derivative vibrations 
are located21. It is evident from Figure 2b that IR spectra of 
activated pistachio nut shell in the region 2100-1900 cm–1 
was considered to result from superposition of vibrations of 
the alkyne groups (C≡C) bond. Finally all oxygen groups, 
such as ether and alcohol, as well as other groups were 
destroyed during the activation, resulting in activation of 
the carbon incorporated in the structure1.

3.	 Results and Discussion
The following results outline the factors that play a 

role in platinum uptake and the conditions for attaining 
maximum platinum uptake (%).

3.1.	 Effect of sorbent dosage on platinum 
adsorption (%)

Dosages of the rice husk, pistachio nut shell and 
activated pistachio nut shell were varied in the range of 
2 to 20 mg.cm–3 of 100 ppm platinum solution in the first 
experimental series. Figure 3 presents the platinum uptake 
(%) with increasing sorbent dosages.

The platinum uptake (%) is found to increase with 
increasing sorbent dosage because the uptake reactions are 
thermodynamically more favorable when the sorbent-to-
metal ion ratio is high20. This is an expected result because 
as the amount of sorbent increased; an increasing amount of 
surface area became available, which exposed more active 
sites for binding metal ions. A similar trend for the effect 
of sorbent concentration was observed in a study by Aktas 
and Morcali1.
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The pistachio nut shell was not able to adsorb the 
platinum ions with high percentages, even if it was used 
in excessive quantities (e.g., 20  mg.cm–3). However, 

after the pistachio nut shell was activated under an argon 
atmosphere at 1000 °C, it was equally successful as the 
rice husk at adsorbing the platinum ions. For a 60 minutes 

Figure 1. FTIR spectra of Rice husk.

Figure 2. FTIR spectra of a) Pistachio nut shell and b) Activated pistachio nut shell.
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contact time with the platinum-containing solution, the rice 
husk (4 mg.cm–3) exhibited a platinum uptake (%) of 80%; 
with 8 mg.cm–3 of the rice husk, 95% of the platinum was 
adsorbed. Similarly, for a 60 minutes contact time, 95% of 
the platinum was adsorbed using 8 mg.cm–3 of the activated 
pistachio nut shell.

3.2.	 Effect of time on the platinum adsorption (%)

In this experimental series, the effect of contact time 
on platinum uptake (%) was studied in the range of 15 to 
120 minutes. Figure 4 presents the platinum uptake (%) as 
a function of the contact time.

Figure 4 demonstrates that increasing the contact time 
has a positive effect on the platinum uptake (%) (i.e., the 
platinum uptake (%) increases with increasing time).

Figure  4a,  b show that the adsorption of platinum 
reached equilibrium after 15 minutes, i.e., there is no 
significant increase in uptake percentage after 15 minutes. 
Initially, this rate was higher because of all the adsorption 
sites on the rice husk and activated pistachio nut shell were 
vacant and the concentration was high, but after 15 minutes, 
all adsorption sites were filled with platinum ions, resulting 
in unchanged uptake percentages.

To analyze the adsorption rates of platinum ions onto 
the activated pistachio nut shell and rice husk, two different 
kinetic models were applied.

3.3.	 Adsorption kinetics

To investigate the controlling mechanism of the 
adsorption process, e.g., mass transfer or chemical reaction, 
the pseudo-first-order and pseudo-second-order rate 
equations were studied for the uptake of platinum ions by 
the activated pistachio nut shell and rice husk.

3.3.1.	 Pseudo-first-order rate equation

The pseudo-first-order rate expression, popularly known 
as the Lagergren equation, is generally described by the 
following equation22:

dq/dt = k
ad

 (q
e
 − q

t
)	 (3)

where q
e
 is the amount of metal ions adsorbed at equilibrium 

per unit weight of sorbent (mg.g–1), q
t
 is the amount of metal 

ions adsorbed at any time (mg.g–1), and k
ad

 is the rate constant 
(min−1). Integrating and applying the boundary conditions 
from t = 0 and q = 0 to t = t and q = q

t
 , Equation 3 takes 

the form: 

ln(q
e
 − q

t
 ) = ln q

e
 − k

ad
*t	 (4)

To determine the rate constants, straight-line plots of 
ln (q

e
 − q

t
) versus  t (time) are shown in Figure 5. These 

plots exhibit straight lines for the activated pistachio nut 
shell material and the rice husk. The intercept of this plot 
results in ln q

e
.

3.3.2.	 Pseudo-second-order rate equation

The adsorption data were also analyzed in terms of a 
pseudo-second-order mechanism given by23:

dq/dt = k
2
 (qe − q

t
)2	 (5)

where k
2
 is the rate constant (g/min.mg). Integrating the 

above equation and applying the boundary conditions, i.e., 
t = 0 for q = 0 and t = t for q = qt, gives:

t/q
t
 = 1/(k

2
*q

e
2) + 1/q

e
* t	 (6)

Figure   3. The effect of increasing sorbent dosage on platinum 
uptake (%) (60 minutes, 25 °C, 100 rpm, pH = 1.5, and 5 cc sol.).

Figure  4. Platinum uptake (%) as a function of contact time by the a) activated pistachio nut shells and by b) Rice Husk (25 °C, 100 rpm, 
pH = 1.5, and 5 cc sol.).
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The plot of t/qt versus t yields a straight line that allows 
calculation of k

2
, as shown in Figure 5 The linear model 

exhibited a good fit for the two biosorbents.
Application of the different kinetic models revealed 

interesting features regarding the mechanism and the rate-
controlling step in the overall sorption process.

The kinetic parameters of both the activated pistachio 
nut shell and the rice husk under different conditions 
were calculated and are given in Table 1. To quantify the 
applicability of each model, the correlation coefficient 
(R2) was calculated from these plots. The fits showed that 
the pseudo-second-order rate equation, an indication of a 
chemisorptions mechanism, is a better fit (R2 ≥ 0.99) than 
the pseudo-first-order rate equation (R2 << 0.99) (Table 1).

3.4.	 Effect of temperature on platinum adsorption 
(%)

In this experimental series, the effect of temperature on 
platinum uptake (%) was studied in the range of 25 °C to 
45 °C. Figure 6 presents the platinum uptake percentage as 
a function of temperature.

Figure 6a, b show that temperature has little influence 
on the adsorption percentage for the activated pistachio 
nut shell. After 120 minutes, only an approximately 10% 
increment was obtained when the temperature increased 

from 25 °C to 45 °C. The platinum uptakes versus time 
curves at different temperatures are smooth and continuous, 
gradually leading to saturation, which indicates monolayer 
coverage of metal ions on the surface of the adsorbent24.

3.5.	 Effect of solution pH on platinum adsorption 
(%)

In this experimental series, the effect of solution pH on 
platinum uptake (%) was studied using 20 and 30 mg sorbent 
dosage at room temperature for 1 hour. Figure 7 presents the 
platinum uptake (%) with to the solution pH.

As is seen in Figure  7, increasing the solution pH 
resulted in higher platinum adsorption (%) by the rice husk. 
However, decreasing the solution of pH resulted in lower 
adsorption percentage by the activated pistachio nut shell. 
It can be concluded that platinum uptake should be carried 
out under acidic media25.

3.6.	 Investigation of adsorption isotherms

Adsorption isotherms of platinum ions on these sorbents 
were studied at three different temperatures, specifically, 
25 °C, 35 °C, and 45 °C, by ranging the initial concentrations 
of the solutions from 100 ppm to 250 ppm while keeping 
all other parameters constant.

Figure 5. a-1) The pseudo-first-order and a-2) the pseudo-second-order rate equation plots of Pt adsorbed onto the activated pistachio nut 
shell, and b-1) the pseudo-first-order and b-2) the pseudo-second-order rate equation plots of Pt adsorbed onto rice husk (25 °C, 100 rpm, 
pH = 1.5, and 5 cc of 100 ppm).

532 Materials Research



Platinum Uptake from Chloride Solutions Using Biosorbents

The equilibrium data obtained were analyzed with 
respect to the Langmuir and Freundlich isotherms.

3.6.1.	 Freundlich isotherms

The data obtained for the adsorption of platinum ions 
onto sorbents at an equilibrium concentration, C

o
, ranging 

from 100 to 250 ppm complied with the Freundlich 
equation. The following linearized form of the Freundlich 
equation was used26:

log q
e
 = log K

f
 + 1/n log C

e
	 (7)

in which, q
e
 is the amount of metal ions adsorbed at 

equilibrium per unit weight of sorbent (mg.g–1), C
e
 is the 

equilibrium ion concentration present in the solution after 
adsorption, K

f
 is the empirical Freundlich constant or 

the capacity factor (in mg.g–1 or mol.L–1), and 1/n is the 
Freundlich isotherm constant. The constants K

f
 and n are 

empirical constants that are characteristic of the system and 
depend on the nature of the sorbent, the nature of the sorbate, 
temperature, and pressure.

The plots of log q
e
 versus log C

e
 for platinum ions 

adsorption onto the activated pistachio nut shells and the 
rice husk yield straight lines with positive slopes, given by 
1/n, and intercepts at logK

f
, as shown in Figure 8.

3.6.2.	 Langmuir isotherms

The following linearized form of the Langmuir 
equation was used to analyze the adsorption data for the 
adsorption of platinum on the activated pistachio nut shells 
and the rice husk, respectively. The Langmuir equation is 
provided below27:

C
e
/q

e
 = 1/(Q

max
*K

L
) + (1/Q

max
)*C

e
	 (8)

where q
e
 is the amount of metal ions adsorbed at equilibrium 

per unit weight of sorbent (mg.g–1), C
e
 is the equilibrium 

concentration of the sorbate in solution following adsorption, 

Table 1. Pseudo-first-order and pseudo-second-order rate equation constants for platinum adsorption on the activated pistachio nut shell 
and rice husk.

Activated pistachio nut shells Rice husk

Pseudo-first-order rate equation constants (Lagergren rate constants)

Amount of sorbent kad (min–1) qe (mg.g–1) R2 kad (min–1) qe (mg.g–1) R2

10 mg 0.0171 1.84 0.2543 0.0438 29.02 0.8562

20 mg 0.0280 3.24 0.9160 0.0291 5.09 0.9549

30 mg 0.0315 2.25 0.7802 0.0268 2.23 0.9632

Pseudo-second-order rate equation constants

Amount of sorbent k2 (g.min–1.mg–1) qe (mg.g–1) R2 k2 (g.min–1.mg–1) qe (mg.g–1) R2

10 mg 0.0288 36.63 0.9993 0.0032 41.15 0.9986

20 mg 0.0208 23.09 0.9998 0.0127 21.60 0.9995

30 mg 0.0288 16.39 0.9997 0.0289 15.36 0.9999

Figure 6. Platinum uptake (%) as a function of temperature by a) the activated pistachio nut shell; b) Rice husk (10 mg, 100 ppm, 100 rpm, 
pH = 1.5, and 5 cc sol.).

Figure 7. Platinum uptake (%) as a function of solution pH by the 
Activated pistachio nut shell and Rice husk (25 °C, 60 minutes, 
100 rpm, 5 cc sol. of 100 ppm).
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Q
max

 is the maximum adsorption capacity (mg.g–1) (which 
is generally called the monolayer capacity), and K

L
 is the 

Langmuir equilibrium constant (L.mg–1). Figure 8 shows 
the Langmuir adsorption isotherm plot of C

e
/q

e
 versus C

e
.

The adsorption isotherms of both activated pistachio 
nut shell and rice husk under different conditions were 
calculated and given in Table 2. The values of each model 
and the correlation coefficient, R2, were calculated from 
these plots. The linearity of these plots indicates the 
applicability of the two models. The correlation coefficients, 
R2, showed that the Langmuir isotherm (R2 ≥ 0.99) fits 
better than the Freundlich isotherm (R2 < 0.99). This result 
indicates that the adsorption process of platinum ion onto 
the surfaces of rice husk and activated pistachio nut shell 
is a monolayer adsorption process.

The comparison of the adsorption capacity of the 
activated pistachio nut shell and rice husk with some 
previously used adsorbent is provided in Table 3. The results 
show that the activated pistachio nut shell and rice husk 
are very effective for the removal of platinum ions from 
aqueous solutions, and the maximum monolayer adsorption 
capacities, Q

max
, of platinum uptake obtained by the activated 

pistachio nut shell and rice husk were comparable with the 
data presented by scientific literature11,20,32,33. The adsorption 

capacities of activated pistachio nut shell and rice husk were 
much higher than that of commercial adsorbents such as 
activated carbon but similar adsorption capacities to other 
adsorbents was obtained as shown in Table 3. According to 
the results obtained, activated pistachio nut shell and rice 
husk could be employed as low-cost adsorbents and could 
be considered as an alternative to commercial sorbents for 
the adsorption of platinum from industrial effluents.

3.7.	 Investigation of adsorption thermodynamics

The temperature range chosen in this study was 298 K 
to 318 K. The uptake percentage increases with increasing 
temperature. Thermodynamic parameters for this uptake 
process, such as enthalpy change (∆H°), entropy change 
(∆S°), and the free energy of specific adsorption (∆G°), was 
calculated using the following equations24,28,29:

K
c
 = C

AC
/C

e
	 (9)

where K
c
 is the equilibrium constant, C

AC
 and C

e
 are the 

equilibrium concentrations (in mg.L–1) of the platinum ion 
adsorbed and left in the solution, respectively. ∆G° was 
calculated using the following relationship:

∆G = ∆G° + RTlnK
c
	 (10)

Figure  8. a-1) The Freundlich and a-2) the Langmuir isotherm of Pt adsorbed onto the activated pistachio nut shell, and b-1) the 
Freundlich and b-2) the Langmuir isotherm of Pt adsorbed onto rice husk (20 mg sorbent, 60 minutes, 100 rpm, pH = 1.5, and 5 cc sol. 
at a concentration of 100-250 ppm).
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At equilibrium, ∆G = 0, thus

∆G° = −RT lnK
c
	 (11)

where T is absolute temperature in Kelvin, and R is the 
gas constant.

∆H° was calculated from the following equations:

∆G° = ∆H° − T∆S°	 (12)

lnK
c
 = ∆S°/R − ∆H°/RT	 (13)

The enthalpy change (∆H°), and the entropy change 
(∆S°) were calculated from the slope and from the intercept 
in linear plots of lnK

c
 versus 1000/T, as shown in Figure 9.

The free energy of adsorption (∆G°) was calculated 
using the following equation:

∆G° = −RT lnK
c 

The values of the thermodynamic parameters, ∆H°, ∆S°, 
and ∆G° for the platinum uptake onto the activated pistachio 
nut shells and rice husk were calculated using equations 9-13 
and are given in Table 4.

As shown in Figure 6, an increase in the value of the 
uptake percentage with increasing temperature indicates the 
endothermic character of platinum uptake onto the sorbents. 
The value of ∆H°

298 K
 for the platinum uptake onto the 

activated pistachio nut shells and rice husk are calculated 
to be 3.54 and 4.65 kJ.mol–1, respectively. The negative 
values of the free energy of specific adsorption (∆G°) for 
the adsorption of platinum onto the sorbents, as shown in 
Table 4, indicate that the process is spontaneous24. The value 
of ∆G° becomes more negative as the temperature increases, 
indicating an increasing driving force toward equilibrium, 
thereby resulting in a greater adsorption percentage at higher 

temperatures. The increase in the adsorption capacity of 
platinum onto the sorbents at higher temperature may be 
attributed to an enlargement of the pore size or to increased 
activation of the adsorbent surface. The greater extent 
of platinum adsorption at higher temperatures becomes 
apparent in an increase in the monolayer capacity. The 
process can only occur spontaneously if the entropy of the 
system increases and the value of T·∆S° becomes greater 
than the value of ∆H°, yielding a negative value for the 
free energy of specific adsorption, ∆G°. The adsorption of 
platinum onto the sorbents is accompanied by an increase 
in the entropy of the overall system. The positive value of 
∆S° indicates an increase in the randomness at the solid/
solution interface during the adsorption of the metal ion onto 
the activated pistachio nut shells and rice husk. The results 
are in good agreement with those of other base metal ions 
adsorbed onto rice husk30 and activated pistachio nut shells31.

3.8.	 Characterization of sorbents

Figure  10a-d display SEM images of the adsorbed 
platinum ions before and after activated pistachio nut shell 
and rice husk, respectively.

Figure 10a shows that the pistachio nut shell activated 
carbon had a porous structure, an observation supported 
by the BET surface area (141.18 m2.g–1) of this activated 
pistachio nut shell. As can be seen in Figure 10b, most of 
the adsorbed platinum ions were located inside the pores.

Table 2. Freundlich and Langmuir constants for the adsorption of platinum at various temperatures.

Activated pistachio nut shells Rice husk

Freundlich isotherm constants

Temp. Kf (mg.g–1)*(L.mg–1)1/n n R2 Kf (mg.g–1) *(L.mg–1)1/n n R2

25 °C 13.23 4.78 0.9820 7.80 3.08 0.9916

35 °C 11.67 3.98 0.8170 8.62 3.14 0.9700

45 °C 7.02 2.64 0.9817 5.33 2.37 0.9519

Langmuir isotherm constants

Temp. KL(L.mg–1) Qmax(mg.g–1) R2 KL(L.mg–1) Qmax(mg.g–1) R2

25 °C 0.09 38.31 0.9959 0.04 42.02 0.9989

35 °C 0.09 39.68 0.9923 0.05 43.29 0.9938

45 °C 0.07 49.31 0.9966 0.03 48.54 0.9974

Table  3. Maximum adsorption capacities for the adsorption of 
platinum ions, onto various adsorbents reported in the literature.

Adsorbents Qmax (mg.g–1) pH Reference

Lewatit MP 600 WS 40.43 - 11

PA lignin 42.93 - 32

Fe3O4 nanoparticles 13.27 - 33

Activated Carbon 2.7 3.5 20

Activated Pistachio nut shell 38.31 1.5 This study

Rice Husk 42.02 1.5 This study

Figure 9. lnKc versus 1000/T for platinum on rice husk and activated 
pistachio nut shells (30 mg sorbent, 60 minutes, 100 rpm, pH = 1.5, 
Co = 200 ppm, and 5 cc sol.)
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As can be seen in Figure 10c; rice husk also had a porous 
structure. However, the platinum ion adsorption capacity of 
this material was different from that of activated pistachio 
nut shell. Indeed, Figure  10d indicates that most of the 
platinum ions adsorbed onto these biosorbents were located 
on the surface rather than inside the pores.

As mentioned above, the surface morphology and 
other properties of biosorbents influence their adsorption 
capacities. Rice husk had a more porous structure and a 
higher surface area than activated pistachio nut shell; hence, 
it would be expected to have a greater adsorption capacity 
relative to rice husk.

4.	 Conclusion
This study explored the possibility of platinum 

adsorption from dilute platinum chloride solutions using 
biosorbents (activated pistachio nut shell and rice husk). 
Platinum uptake (%) of ≥95% was easily attainable using 
excessive amounts of activated pistachio nut shell (≥40 mg) 
and rice husk (≥40 mg) at 100 rpm with 60 minutes. of 
contact time, even at room temperature. Additionally, 
increasing the temperature from 25 °C to 45 °C enabled 
the platinum uptake (%) of ≥90% using smaller amount 
of activated pistachio nut shell (20  mg) and rice husk 

Table 4. Thermodynamic constants for the adsorption of platinum at various temperatures.

Activated pistachio nut shells Rice husk

Thermodynamic constants

Temp.  
(K)

∆G°  
(kJ.mol–1)

∆H°298 K  
(kJ.mol–1)

∆S°298 K  

(J.mol–1.K–1)
∆G°  

(kJ.mol–1)
∆H°298 K  

(kJ.mol–1)
∆S°298 K  

(J/mol K)

298 –1.59 3.54 17.2 –0.60 4.65 17.6

308 –1.77 –0.79

318 –1.94 –0.95

Figure 10. SEM images of a) Original Pistachio nut shell; b) after adsorbed platinum on Activated pistachio nut shell; c) Original Rice 
husk; d) after treatment Rice husk.
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(30 mg) under the same conditions. Thus, temperature was 
demonstrated to be effective in platinum uptake (%), which 
is in accordance with the scientific literature.

Equilibrium adsorption data were well fit the Langmuir 
model (R2 ≥ 0.99). The adsorption maximum capacities, 
Q

max
, at 25 °C of platinum ions onto activated pistachio nut 

shell and rice husk were found to be 38.31 and 42.02 mg.g–1, 
respectively. Adsorption of platinum ions followed the 
pseudo-second-order rate equation, with a correlation 
coefficient of 0.99, rather than the pseudo-first-order rate 
equation. The enthalpy change (∆H°

298 K
) and the entropy 

change (∆S°
298 K

) for this adsorption process for the activated 
pistachio nut shell were calculated to be 3.54 kJ.mol–1 and 
17.2 J.mol–1.K–1, respectively, and the same quantities 
were calculated for rice husk to be 4.65 kJ.mol–1 and 
17.6 J.mol–1.K–1, respectively. Thus, the adsorption process 
was found to be spontaneous and endothermic.

This study demonstrates that platinum recovery can 
successfully be achieved using biosorbents, which are 

abundant and readily available in Turkey, as an alternative 
to more costly materials for the treatment of waste solutions 
containing heavy metal ions. These promising results 
suggest that platinum containing waste solutions such as 
catalytic converter leach solutions, anode slime solutions 
etc. can be successfully treated. Best of all, this method 
does not involve using any chemicals, so it does not 
generate any hazardous byproducts. For the future studies, 
activated pistachio nut shell and rice husk should be tested 
for adsorption of other precious metals such as rhodium and 
palladium, and compared with commercial products such 
as activated carbon, which has been frequently employed 
in industry.
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