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Abstract: Platinum adsorption on activated carbon, a common adsorbent, from dilute platinum-containing solution of 57.6 mg/L was 
investigated. The effects of different adsorption parameters on the platinum adsorption were reported in detail. The percentage of 
platinum adsorption increased with increasing the amount of adsorbent, as well as with increasing contact time and temperature. A 
platinum adsorption of 75% was obtained using 400 mg of activated carbon at a shaking rate of 200 r/min for 3 h at 25 °C. A 
platinum adsorption of 88%, however, was obtained at 80 °C using 200 mg of activated carbon within only 1 h, which indicates that 
temperature plays a vital role in the adsorption process. A platinum adsorption of 99% or above was attained using 400 mg of 
activated carbon after contact for 3 h at 80 °C. 
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1 Introduction 
 

Platinum is one of the most important precious 
metals because of its widespread use in many industrial 
applications, including catalytic converters, thermo- 
couples, jewelry, platinum electroplating solutions, and 
laboratory equipment [1−2]. The diminishing availability 
of mineral sources and increasing demand for platinum 
metal make its recovery from waste solutions and scrap 
materials important [3]. Platinum recovery from 
secondary sources, such as catalytic converters, 
thermocouples, waste electroplating solutions, and 
leaching solutions stemming from primary resources, 
therefore represents an important technology. 

The literature contains numerous studies focused on 
the recovery and selective separation of precious metals. 
The methods capable of removing metal ions from 
effluent solutions include precipitation, cementation 
[4−6], ion-exchange [7−11], and adsorption [12−16]. 
Both precipitation and cementation techniques result in 
high efficiencies but generally do not ensure a complete 
purification, that is, a further treatment is inevitably 
necessary. Ion-exchange method allows the efficient 
recovery of metallic ions, but the method is not cost 
effective. The removal of metal ions by adsorption on 
activated carbon has been intensively investigated for 

two decades because of its ease of use and ease of 
regeneration. The literature contains many reports 
regarding the production and characterization of 
activated carbon from agricultural wastes [17−19]. 
Activated carbon or activated charcoal is a useful sorbent 
with a microporous structure mainly composed of 
carbonaceous material. As a preferred adsorbent, 
activated carbon has been widely used to remove organic 
pollutants from industrial and municipal wastewaters, 
flue gases, and volatile solvents [20−21]. As a result of 
the technical and economic advantages of activated 
carbon, much attention has been paid to the regeneration 
of adsorbents with respect to the recovery of platinum 
metal ions. 

The objective of the present study is to outline an 
effective adsorption process using activated carbon as an 
adsorbent for the high-efficiency recovery of platinum 
from dilute platinum solutions and to describe the 
optimum conditions and parameters for this adsorption 
process. For this purpose, the quantity of activated 
carbon, shaking rate, reaction time, and temperature are 
investigated in this work. 
 
2 Experimental 
 
2.1 Materials and chemicals 

A waste solution containing 57.6 mg/L platinum 
                       

Corresponding author: S. AKTAS; Tel: +90-5337230576; E-mail: serdaraktash@yahoo.com 
DOI: 10.1016/S1003-6326(11)61091-1 



S. AKTAS, et al/Trans. Nonferrous Met. Soc. China 21(2011) 2554−2558 2555
 

with a pH value of 3.5 was procured from a PGM 
treatment plant in Istanbul, Turkey. The chemical 
composition of this waste solution is detailed in Table 1. 
Distilled water was used for the wet chemical analyses. 
Analytical-grade activated carbon (150−440 kg/m3) was 
employed for the adsorption experiments. About 90% of 
the particles exhibited diameters of less than 100 μm, and 
the surface area of the activated carbon was 760 m2/g. 
 
Table 1 Composition of waste solution (mg·L−1) 

Cu Zn Pb Ni Fe Au 

1.97 13.29 10.98 1.02 148.39 0.31 

Ag Rh Ru Pd Cl− 

0.81 9.68 − <0.13 * 
* Chlorine content > 25 g/L 
 
2.2 Equipment 

The concentration of platinum ions was measured 
after each adsorption process by inductively coupled 
plasma optical emission spectrometry (ICP-OES) using a 
Perkin Elmer Optical Emission Spectrometer Optima 
2100 DV, as well as by atomic absorption 
spectrophotometry (AAS) carried out on a Perkin Elmer 
1100B. 
 
2.3 Methods 

The study was carried out by varying one 
adsorption parameter at a time. For each experiment, 10 
mL solution containing 57.6 mg/L platinum was 
contacted with activated carbon in a falcon tube to avoid 
exposure to air. In this manner, air was not able to 
diffuse into the system. Experiments were conducted in a 
temperature-controlled shaking water bath, to ensure 
uniform heat convection on the surface of the falcon 
tube. 

The first experimental series was performed by 
varying the amount of activated carbon while keeping 
the other parameters constant. In the second 
experimental series, the influence of the shaking rate was 
studied in the range of 40−200 r/min, where 200 r/min 
represents the maximum agitation rate of the equipment 
used in this research. Shaking was performed in a 
temperature-controlled shaking water bath. The third 
experimental series were conducted to investigate the 
effect of the reaction time varying from 1 to 5 h. Later, 
the influence of temperature was investigated in the 
range of 25−80 °C. 

Solid/liquid separation was performed following 
each run. For the analyses, the filtered solution was 
analyzed by ICP-OES following an appropriate dilution 
when necessary. The efficiency (η) of the adsorption 

process was calculated using the following equation: 

%100
o

to ×
−

=
C

CC
η                            (1) 

where Co is the initial platinum concentration (57.6 mg/L) 
and Ct represents the concentration at the end of the 
experiment. 
 
3 Results and discussion 
 

The first experimental series were performed by 
varying the amount of activated carbon from 40 to 400 
mg while keeping the other parameters constant. Figure 1 
presents the variation of the platinum adsorption 
percentage with the amounts of activated carbon. It is 
apparent from Fig. 1 that the percentage of the recovered 
platinum increases with increasing the amounts of 
activated carbon. This increase can be easily explained 
by the fact that the adsorption reaction are 
thermodynamically favored by a high ratio of the 
adsorbent and the metal being adsorbed [21]. 
 

 
Fig. 1 Effect of amount of activated carbon on platinum 
adsorption (1 h, room temperature, 200 r/min, 10 mL solution) 
 

When the platinum solution contacts with activated 
carbon, platinum in the quadrivalent (Pt4+) form is 
reduced to the metallic form (Pt0). The net reaction takes 
place as follows [22−27]. 

The direct reduction of metal ions on carbon 
surfaces is thermodynamically possible if the electrode 
potential, ∆φ, of the C/[MeLm]h− system is greater than 
zero, where Me is the metal and Lm is the ligand. This 
condition is satisfied when the equilibrium potential, φme, 
of the [MeLm]h–/Me

0 pair is more positive than the 
working potential of the carbon, φc,  
∆φ=φme−φc>0                                (2) 
 
[PtCl6]2−+2e−⇔ [PtCl4]2−+2Cl−, φ0=0.684 V        (3) 
 
[PtCl4]2−+2e−⇔ Pt0+4Cl−, φ0=0.755 V            (4) 
 
Cs+2H2O→CO+4H++4e−, φ0=0.207 V             (5) 
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The net reaction is 
 
 [PtCl6]2−+Cs+2H2O→Pt0+CO+4H++6Cl− 
     ∆φ=1.232 V                            (6) 
 

When the reaction was run for 1 h with large 
quantities (such as 400 mg) of activated carbon, the 
adsorption percentage was still below 70%. This result 
leads to the conclusion that either the reaction time was 
insufficient or the reaction should be performed at 
elevated temperatures. 
 
3.1 Effect of shaking rate on platinum adsorption 

In this experimental series, the platinum adsorption 
was investigated as a function of the shaking rate in the 
range of 40−200 r/min. The duration of the experiments 
was limited to 1 h. Figure 2 presents the variation of 
platinum adsorption as a function of the shaking rate. 
The trend in Fig. 3 establishes that the adsorption 
percentage increases with increasing the shaking rate. 
Consequently, the maximum agitation rate of 200 r/min 
was selected for the rest of the experiments. 
 

 
Fig. 2 Platinum adsorption as function of shaking rate (1 h, 
room temperature, 120 mg, 10 mL solution) 
 
3.2 Effect of time on platinum adsorption 

To see the effects of reaction time on the platinum 
adsorption, experiments were performed in the range of 
1−5 h. Figure 3 presents the platinum adsorption with 
varying reaction time and demonstrates that an increase 
of the reaction time has a positive effect on the platinum 
adsorption, that is, the platinum adsorption percentage 
increases with increasing time. This finding is in 
accordance with the results of TASDELEN et al [7]. 

 
3.3 Effect of temperature on platinum adsorption 

The effect of temperature on platinum adsorption 
was studied in the temperature range of 25−80 °C. Figure 
4 presents the platinum adsorption as a function of 
temperatures and shows that increasing temperature 
results in an increase in the platinum adsorption  

 

 
Fig. 3 Platinum adsorption as function of reaction time (room 
temperature, 200 r/min, 300 mg activated carbon, 10 mL 
solution) 
 

 
Fig. 4 Platinum adsorption as function of temperature (1 h, 200 
r/min, 300 mg activated carbon, 10 mL solution) 
 
percentage. This result is also in accordance with the 
result of Ref. [7]. 

Figures 5 and 6 display the variation in the platinum 
adsorption percentage as a function of time at various 
temperatures. As evidenced from Fig. 5, an increase in 
temperature from 25 °C to 80 °C resulted in an increase 
of 40% in the platinum adsorption. The effect of time is 
more noticeable between 25 °C and 55 °C. Careful 
comparison of Fig. 5 and Fig. 6 indicates that increasing 
the amount of activated carbon results in the increment 
of the adsorption percentage. The figures also underscore 
the role that temperature plays an important role in the 
adsorption process. Thus, platinum adsorption should not 
be carried out at room temperature if a higher degree of 
recovery is sought, even though increasing reaction 
temperature is not always easy and may require 
additional investment. 

After the adsorption process, the activated carbon 
was treated at 600 °C for 1 h. Figure 7 shows the XRD 
pattern of the activated carbon before and after the 
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adsorption. The XRD pattern indicates that the adsorbed 
platinum was in the metallic form. 
 

 
Fig. 5 Platinum adsorption as function of both temperature and 
time (200 r/min, 200 mg activated carbon, 10 mL solution) 
 

 
Fig. 6 Platinum adsorption as function of both temperature and 
time (200 r/min, 400 mg activated carbon, 10 mL solution) 
 

 

Fig. 7 XRD patterns of activated carbon before and after 
platinum adsorption 
 
4 Conclusions 
 

The platinum adsorption using activated carbon is 
effective for recovering platinum metal from dilute 
platinum solutions. With excessive amount of activated 

carbon, such as 400 mg, a platinum adsorption 
percentage greater than 99% was easily attained at 
shaking rate of 200 r/min after contacting for 3 h at 70 
°C. Decreasing the temperature from 70 °C to room 
temperature, however, decreased the adsorption 
percentage to 77%, which indicates that temperature 
plays a vital role in this process. Consequently, platinum 
adsorption should not be performed at room temperature 
because lower temperatures will result in platinum loss. 

The loading capacity was found to be 2.7 mg Pt per 
gram of activated carbon. Increasing the shaking rate and 
contact time led to an increase in the platinum adsorption 
percentage. Increasing the shaking rate from 40 to 200 
r/min increased the platinum adsorption percentage by 
5%, which indicates that shaking is necessary for 
platinum adsorption from dilute platinum solutions. 
Increasing contact time from 1 to 5 h increased the 
platinum adsorption percentage by 10% when the 
reaction was run at room temperature. Among the 
parameters investigated in this study, temperature was 
the most effective in terms of adsorption percentage. 
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摘  要：采用活性炭从含 57.6 g/L Pt 的稀溶液中吸附回收 Pt。研究不同吸附工艺参数对 Pt 吸附回收率的影响。

结果表明，随着活性炭用量的增加、吸附时间的延长和温度的升高，Pt 的吸附回收率也提高。在振荡速率 200 

r/min，吸附时间 3 h 和 25 °C 的条件下，使用 400 mg 活性炭，Pt 的回收率可以达到 70%。然而，在 80 °C 下吸

附 1 h，使用 200 mg 活性炭，Pt 的吸附率就可达到 88%，表明温度对吸附的影响是显著的。在 80 °C 下吸附 3 h，

使用 400 mg 活性炭，Pt 的吸附率可达到 99%以上。 

关键词：Pt；吸附；活性炭；回收 
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