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Abstract. A standard recovery of platinum (Pt) in a spent removing catalyst of Pt/Al2O3 was 

performed by acid leaching of aqua regia. The time-dependent extraction of Pt from Pt/Al2O3 

showed that the percentage of the Pt in Pt/Al2O3 decreased by increasing the extraction time, 

which indicated an increase of the Pt in the leachate. Furthermore, a time-dependent ultrasonic-

assisted extraction of Pt from Pt/Al2O3 was also performed. A small number of Pt content in the 

Pt/Al2O3 obtaining ultrasonic method revealed that the ultrasonic effectively enhanced the Pt 

extraction compared with standard extraction due to the agitation of high-frequency pressure 

(sound) waves. The further morphological analysis was also performed to study the 

morphological modification of Pt/Al2O3. Our results provide a good understanding of the 

recovery of Pt from spent removing catalyst of Pt/Al2O3 and give an alternative method to 

increase the Pt extraction. 
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1.  Introduction 

Platinum (Pt) is one of the precious metals that have a high economic value, besides gold, silver, and 

palladium [1]. Platinum possesses unique characteristics, such as high electrical conductivity, resistance 

to corrosion and oxidation, catalytic activity and high melting point [2]. Unlike gold, platinum is widely 

used in industrial sectors, such as automobiles [3], medical devices [4], jewelry [5], and catalysts [6]. 

Lee et al. reported that the presence of platinum in the earth's crust as only 0.003 ppb, 30 times smaller 

than gold [7]. The latest statistical data shows that the problem comes from the global economic sector. 

Here, the demand for Pt in the market is increasing, while the supply is constrained due to its limited 

availability in nature [8].  

Platinum replacement with other metals is difficult to do due to its special characteristics [9]. Because 

of the limited natural resources of platinum, the recovery of Pt from industrial waste is very crucial to 

overcoming the demand for Pt in the global economic sector, such as recovery of Pt from industrial 

waste [10-12]. A new technique for Pt extraction using cyanide solutions was reported, but this 
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technique was high cost and cause an environmental problem [13]. Other methods were also reported, 

where iodine solution [14], KHSO4 solvent [15], and oxalic acid [16] were used as leachate. However, 

these methods require a difficult work condition, such as high-speed stirring, and yield a small number 

of Pt. 

In this study, a method of recovery of Pt has been proposed. The recovery of Pt from Pt/Al2O3 catalyst 

is carried out using aqua regia supported by ultrasonic treatment. Generally, ultrasonic treatment has 

been used for sonication-based material cleaning [17-19]. The role of ultrasonic treatment on surface 

change of Pt/Al2O3 and Pt content on Al2O3 balls are investigated by comprehensive studies. Our result 

could be used as an alternative to optimize the series of Pt extraction procedure to overcome the demand 

for Pt in the global economic sector. 

2.  Methods 

Platinum (Pt) metal was separated from Pt/Al2O3 catalyst using the acid leaching method. Pre-treatment 

procedure was performed by annealing of the Pt/Al2O3 at temperature 500oC for 5 hr. Here, aqua regia 

was used as the leachate. Aqua regia was prepared by mixing HNO3 and HCl with a ratio of 3:1. In this 

study, two types recovery treatment was performed; Pt/Al2O3 catalyst was leached in aqua regia with 

the duration of 10 and 20 min (type 1) and the Pt/Al2O3 catalyst was leached in aqua regia supported by 

ultrasonic treatment with the duration of 10 and 20 min (type 2). Furthermore, Pt/Al2O3 balls were 

separated from the solution, so that the solution contains aqua regia and leaching product. The detail of 

the leaching procedure is presented in Figure 1. In this study, leached Al2O3 balls were investigated to 

determine the reduction of Pt content on Al2O3 balls. The morphology of the samples was analyzed 

using surface mapping from scanning electron microscopy (SEM) measurement; FEI-INSPECT S50. 

Furthermore, the material composition of the samples was confirmed using the X-ray fluorescence 

(XRF); PANalytical, MiniPal 4. 

3.  Results and Discussion 

Figure 2 presents a photograph of Pt/Al2O3 catalyst before and after the leaching process. Here, two type 

treatments were performed; type 1 (leaching) and type 2 (leaching supported by ultrasonic treatment). 

Here, the annealed Pt/Al2O3 sample has a grayish black color. We found that the color of the sample 

changed from grayish black to become white after leaching treatment. Here, white color is ascribed to 

the disintegration of materials from the surface of the Al2O3 balls. Moreover, the increase of leaching 

duration promoted a significant color change. To confirm the disintegration of materials the surface of 

the Al2O3 balls, the morphological investigation was performed. Here, surface changes of Pt/Al2O3 were 

investigated using surface mapping from SEM. 

 

 

Figure 1. Schematic illustration of recovery of Pt from Pt/Al2O3 catalyst by using aqua regia leaching. 

The leaching was performed without and with ultrasonic treatment. 
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Figure 2. The color change of Pt/Al2O3 samples; annealed Pt/Al2O3 at 500 oC (a), leached Pt/Al2O3 

for 10 min (b) and 20 min (c), leached Pt/Al2O3 with ultrasonic for 10 min (d) and 20 min (e). 

 

 

 

Figure 3. Surface mapping of Pt/Al2O3 samples; (a) annealed Pt/ Al2O3 at 500 oC, (b) leached 

Pt/Al2O3 for 10 min, (c) 20 min, (d) leached Pt/Al2O3 with ultrasonic for 10 min, and (e) 20 min. 

 

 

Table 1. The Population of Pt on the surface of the Al2O3. 

Samples Duration (min.) Population of Pt (in %) 

Annealing  71 

Leaching Type-1 (leaching) 10 59.5 

20 25 

Type-2 (leaching + ultrasonic) 10 50.2 

20 11.7 
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Figure 4. The Composition of Pt/Al2O3 samples. 

 

Figure 3 shows the evolution of the sample surface after the leaching process. Surface mapping shows 

that Pt particles were observed on the surface of the Al2O3 balls, where Pt is agglomerated and forming 

clusters. Here, Pt population is indicated by the blue color, where the color scale represents the material 

thickness. Surface mapping confirms that Pt population decreases when a long leaching duration is 

performed. It can be shown that leaching treatment (type 1) for 10 min promotes the disintegration of Pt 

the surface of the Al2O3 balls. The increase of leaching duration for 20 min showed a higher 

disintegration than that of leaching for 10 min. The disintegration of Pt was also observed in leached Pt/ 

Al2O3 supported by ultrasonic treatment (type 2), where samples with leaching duration for 20 min had 

higher disintegration than the sample with leaching duration for 10 min. We found that type 2 treatment 

had a higher disintegration than type 1 treatment. Furthermore, Pt population is estimated by comparing 

the distribution of Pt with the total sample distribution. List of Pt population is presented in Table 1. 

Furthermore, changes in Pt content in the sample have been investigated using XRF. Figure 4 

presents the material content/composition of the Pt/ Al2O3 samples. This result indicates that the 

percentage of Pt decreases with the increase of leaching duration, which has good agreement with the 

results above. In addition, XRF result provides the explanation of the origin of grayish black appearance 

in the annealed Pt/ Al2O3 sample. The annealed Pt/ Al2O3 sample contained a high P and Fe materials 

compared to other samples. Previous research has confirmed that the Al2O3 -based materials with P and 

Fe in the form of oxide have dark (black) appearance [20]. 

The results above show that our procedure can increase the recovery of Pt from Pt/ Al2O3. The 

ultrasonic treatment can support effectively the disintegration of Pt from Al2O3 balls. The high-

frequency wave can create agitation in liquids, which is produced from high-pressure sound waves and 

subsequently provide a sufficient force to disintegrate Pt from Al2O3 balls. This combination of force 

(from ultrasonic) and chemical reactions of the leaching process can optimize the disintegration of Pt 

from Al2O3 balls. 
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4.  Conclusion 

Recovery Pt from Pt/Al2O3 has been conducted by leaching treatment with varying the leaching duration. 

The role of the ultrasonic treatment on the leaching process has been studied. We found that the 

ultrasonic treatment successfully increased the disintegration of Pt from Pt/Al2O3, which was confirmed 

from the surface mapping. We confirmed that the increase of leaching duration promoted the increase 

of disintegration of Pt from Pt/Al2O3 in both (leaching with and without ultrasonic) treatments. 

Moreover, the disintegration of the materials from the surface of the Al2O3 balls can be observed from 

the color change of the sample from grayish black to white. This condition is suggested from the 

disintegration of P and Fe materials. The disintegration of Pt and other materials from the surface of the 

Al2O3 balls has been confirmed from the results of XRF. However, the extraction process of Pt from 

other materials still needs to be done, considering that our treatment also disintegrates other elements, 

besides Pt. Our results can be used to optimize the next stage in the series of recovery processes of 

Pt/Al2O3. 
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