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Abstract 
 
Electronic waste (e-waste), have a high potential as a source of precious metals,  since they can 
contain metals like silver, gold, platinum, copper, zinc, nickel, tin and others. In this paper some 
e-waste were characterized using several analytical techniques as Scanning Electron Microscopy 
(SEM), X-ray diffraction (XRD) and inductively coupled plasma (ICP) in addition to the 
thermodynamic study by Pourbaix diagrams of silver (Ag), gold (Au), platinum (Pt), copper 
(Cu), nickel (Ni), tin (Sn) and zinc (Zn); considering an average low concentration of HNO3 
(10% v/v). With results of the characterization was determined that the e-waste is an ideal source 
for the recovery of valuable metals. Similarly, the thermodynamic studies showed that it is 
possible to obtain all metallic species except Pt, in a potential window of 1.45V to 2.0V vs SCE. 
 
Keywords: e-waste, Pourbaix, thermodynamic, x-ray diffraction, electron microscopy. 
 
 

Introduction 
 
Metals in the electronic industry are intended to be used for connecting cables, soldering, printed 
circuit boards, switches and touch screens. Among the most commonly used metals are copper, 
barium, nickel, zinc, tantalum, iridium, vanadium, silver, gold, beryllium, manganese, antimony, 
bismuth, mercury and selenium. This is due to its conductive and corrosion resistance 
characteristics. The metals contained in electronic waste (e-waste) make them a potential source 
for the recovery of high economic value metals such as: Ag, Au, Pt, Cu, Ni, Zn and Sn. The lack 
of technologies for a selective recovery in many countries, have promoted the illegal removal of 
these residues. In this paper, trying to contribute to the development of some alternatives, a 
general view is established for the electrochemical leaching of Ag, Au, Pt, Cu, Ni, Zn and Sn, 
derived from e-waste. First, a characterization study by SEM-EDS, XRD and ICP techniques, is 
performed. Then, Pourbaix diagrams of Ag, Au, Pt, Cu, Ni, Zn and Sn were constructed 
considering a low concentration electrolyte of HNO3 (10% v/v). 
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Experimental 
Sample characterization 
 
The Characterization of the metal sample material of e-waste that was provided by the company 
“Corporación de Valores Reciclados SA de C.V.”, was performed by the SEM-EDS, XRD and 
ICP techniques to determine the content values of the  metals (Ag, Au, Pt, Cu, Ni, Zn and Sn). 
 
The SEM-EDS characterization of the metal powder from the e-waste was carried out using an 
electronic microscope JEOL JSM-6300, with high vacuum, energy dispersive MORAN detector 
and using a magnification of 20X, with a 20kV acceleration voltage. In addition, the EDS 
analysis was made using different regions of the e-waste sample, to obtain an average 
concentration.  
The XRD analysis of the e-waste sample was performed using a NEM Equinox 2000 
diffractometer, with a cobalt Co-K 1 source at 20 kV and 30 mA. 
A spectrophotometer Perkin Elmer Optima 8300 was used for the study of e-waste sample by 
ICP. 1g of the sample was digested using concentrated HCl and HNO3 2: 1 and heating for 15 
min. 
 
Thermodynamic study 
 
For the Pourbaix diagrams construction of the Ag, Au, Pt, Cu, Ni, Zn and Sn species the free 
software HSC Chemistry 5 was used. Simulation was performed considering a nitric acid 
concentration of 10% v/v (2.4 M), at room temperature and the Ag, Au, Pt, Cu, Ni, Zn and Sn 
concentrations of  9.1x10-5M, 4.2 x10-5M, 4.1 x10-6M, 2.88 x10-M, 2.86 x10-3M, 2.4 x10-3M, 
8.39 x10-4M , obtained by ICP, respectively.  
 

Results 
 
Sample characterization 
 
Figure 1 shows a micrograph from the e-waste powder sample with a 20X magnification. It can 
be observed a regular morphology of the metallic particles and a size nearby to 1 mm and white 
areas, which are due to the presence of plastic components from the electronic circuitry of the e-
waste. 

 

Figure 1 E-waste powder micrograph at 20X using 20 kV. 
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Table 1 shows the results of average weight percentages of the metals contained in the two 
regions under study of the sample obtained by EDS analysis. 

 

Table 1 Percentages of the metals found in e-waste powder by SEM-EDS 

Element average weight / % 
Cu 
Ni 
Zn 
Ag 
Au 
Sn 
Pt 

58.4 ± 2.1 
25.0 ± 2.8 

0 
0.04 ± 0.06 
10.01 ± 0.1 

6.6 ± 4.8 
0 

 
This table shows that the most economically valuable metals, Au and Ag, have 10.01% and 
0.04% weight percentage respectively. Also it is observed that the metals with the highest 
concentration are Cu with a concentration of 58.4 % and Ni with 25.0%. It is noteworthy to point 
out that the SEM-EDS technique is semi-quantitative, so it is not possible to properly ascertain 
the content of Ag and Pt. Therefore it was necessary to use more precise techniques, such as 
XRD and ICP, for studying the e-waste sample. 
 
Figure 2 shows the XRD pattern obtained for the contained metals in the e-waste sample. The 
most intense peaks correspond to the interest phases of Pt, Ag and Au, in addition to Cu, Zn, Ni 
and Sn. From this XRD pattern the concentrations of all metallic phases were obtained and they 
are shown in Table 2. The weight percentage concentrations of Ag, Au and Pt are 11.1%, 6.6% 
and 6.8%, respectively. Besides, concentrations of Cu, Ni, Zn and Sn with 18%, 19%, 19.7% and 
18.8% respectively, were found. 
 

Table 2 Metal e-waste estimated concentrations by DRX 

Pattern Phase Weight Percentage % 
96-901-3053 
96-210-4030 
96-901-3036 
96-900-8571 
96-901-3016 
96-901-1600 
96-901-8571 

Ag 
Pt 
Au 
Sn 
Cu 
Zn 
Ni 

11.1 
6.8 
6.6 
18.8 
18 

19.7 
19 

 
The differences between SEM and DRX in the mass percentage of Cu, can be attributed, the 
technique nature. SEM is a semicuantitative analysis, just a scanning of the sample. While DRX, 
takes a view of the phases angles contained in the sample. So that it is necessary, to use a more 
precise technique like ICP, that reveals, all phases content. 
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Figure 2 E-waste sample diffract pattern obtained by DRX. 

 
Table 3 shows concentrations obtained by the ICP technique, where the weight percentage 
content of Ag is 0.05%, Au is 0.04 % and Pt is 0.0043%. It is important to mention, that most 
metals contained in e-waste, are present as solders or recovered metal parts. Differences between 
these results and those presented in Table 1 and 2, can be attributed; to the sample pretreatment. 
While ICP can reveal all metals, because the acid digestion, X-Ray diffraction and SEM-EDS 
don´t. These results (table 3) demonstrate that the e-waste are a potential source of precious 
metals, because of the amount in the sample in comparison to the mining usual concentration, 
which usually have a smaller percentage of Au, Ag and Pt of 0.000567, 0.01 and 0.0004% 
respectively. 
 

Table 3 E-waste sample concentrations obtained by ICP. 

Element ppm Weight percentage % 
Cu 
Ni 
Zn 
Ag 
Au 
Sn 
Pt 

18324.00 
168.82 
155.52 

9.82 
8.40 
99.66 
0.80 

97.64 
0.90 
0.83 
0.05 
0.04 
0.53 

0.0043 
Total  100 

 
The results of XRD and ICP verify the presence of significant amounts of Ag, Au, Pt, Cu, Ni, Zn 
and Sn metals. 
To carry out the selective electrochemical leaching of a multielemental metallic sample it is 
necessary to know the potential ranges in which metals are leached. It is therefore compulsory to 
carry out a thermodynamic study by constructing Pourbaix diagrams that provide information on 
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the potential of the oxidation processes of each metal. However, it is essential to consider this 
study as an approximation to the real system, because it does not take into account the nature of 
electrodes and interactions between all metallic elements present. 
 
 
Thermodynamic study 
 
Figure 4 (a, b, c, d, e, f, g) shows the Pourbaix diagrams obtained for Ag, Au, Pt, Cu, Ni, Zn and 
Sn with 9.1x10-5M, 4.2x10-5M, 4.1x10-6M, 2.88x10-1M, 2.86x10-3M, 2.4x10-4M, and 8.39x10-3M 
concentrations respectively, whereas a concentration of 10% HNO3  and pH 1.03 electrolyte is 
used. 
 
Figure 4a, shows that the formation of Ag+ ionic species and AgO2 oxides is favored in the 
conditions tested. The Ag+ ion species is favored in a range of electrochemical potential imposed 
between 0.55V to 1.5V vs SCE at pH 1.03. Moreover, it is observed that the leaching of the ionic 
species of Ag+ can be affected by the oxygen evolution reaction from the electrochemical 
potential of 1.17V. 
 
Figure 4b shows that Gold produces only one ionic specie, Au+3, which predominates in a range 
of electrochemical potential imposed between 1.45V and 2.0V vs SCE at pH 1.03. Furthermore, 
it is noted that production of Au+3 is always coupled with oxygen evolution; because it is 
presented to less anodic potentials (1.17V) respect to the working pH. 
 
Figure 4c shows that the production of oxidized Pt species is favored; PtO, PtO2, throughout the 
pH range, without the production of platinum ionic species. 
 

 
In Figure 4d the presence of ionic species, Cu+2 and oxidized copper, Cu2O and CuO, are 
observed. The production of the ionic species Cu+2 is favored in the range of electrochemical 
imposed potential between 0.4V and 2.0V vs SCE at pH 1.03 and whose production is carried 
out, coupled to the oxygen evolution reaction from 1.17 V vs SCE. 
 
In Figure 4e, the ionic species of Nickel, Ni+2, oxidized, NiO, and hydroxylated, Ni(OH)3, are 
observed. The production of the ionic species, Ni+2, is favored in the range of electrochemical 
potential from -0.3V to 2.0V vs SCE. In addition there is the coupled reaction of oxygen 
evolution from 1.17V during leaching of nickel. 
 

 
In Figure 4f, the ionic species of Zinc, Zn+2, and oxidized ZnO, are observed. Production of the 
ionic species Zn+2 is carried out at electrochemical potentials between -0.7V to 2.0V vs SCE. In 
addition, the oxygen evolution reaction, observed from 1.17V, affects leaching process of zinc 
Zn+2 species. 

 
Figure 4g shows that the production of  ionic species Sn+2 and oxide SnO2 is possible; however, 
the ionic species Sn+2 are favored in a small range of electrochemical potential of -0.1V to -
0.25V vs SCE. 
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(a) (b) 

(c) (d) 

(e) (f) 



635

JWBT1826-Characterization_of_Minerals_Metals_and_Materials_2016.indd  635	 21 December 2015 11:51 AM

 
Figure 4 Pourbaix diagrams for a) Ag , b) Au, c) Pt, d) Cu , e) Ni,  f) Zn and g) Sn considering 

pH 1.03 nitric acid concentration. 
 

Taking into account the above, redox reactions under standard conditions for ionic metal species, 
which are expected to carry out under the conditions of this work are: 

Cu2+ +  2e−  Cuo         Eo = 0.34                          (1)                       

 Ni2+ +  2e− Nio         Eo = − 0.250                      (2)                       

Zn2+ +  2e− Zno         Eo = − 0.73                        (3)                                            

 Sn2+ +  2e−  Sno      Eo = − 0.36                         (4)                       

Au3+ +  3e− Auo        Eo = 1.49                           (5)                                            

     Ag+ +  e−     Ago     Eo = 0.799                       (6)                       

Pt2+ +  2e− Pto          Eo = 1.2                            (7) 

 

It is worth mentioning that these equilibriums are affected by the specific conditions of the real 
system, and there can be deviations in the values of potential to which the leaching process is 
held. 
  
Therefore, the thermodynamic results indicate that it is possible the Ag+ and Au+3ionic species 
existence, without platinum; under working conditions. However, these results do not take into 
account other important factors such as the electrodes nature or interferences in the equilibrium 
state due to the rest metals interactions. 
 

Conclusions 
 

The characteristics of the metal sample evaluated were determined by verifying the amount of 
each metal, showing that the e-waste are a viable source for the recovery of Ag, Au, Pt, Cu, Ni, 
Zn and Sn. 
 

(g) 
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The thermodynamic study indicated that it is possible to obtain the ionic species of Ag, Au, Cu, 
Ni and Zn metal at an interval of electrochemical potentials of 1.45V to 2V at a pH of 1.03. It is 
also noted that the tin ion species are produced in an interval of electrochemical potential of  
-0.1V to -0.25V vs. SCE. Conversely, the formation of platinum ionic species in this potential 
range and in this medium is not favored. So also it can be concluded that the HNO3 is a suitable 
medium for the leaching of most metals in e-waste. 
 

References 
 

1. Jadhov, U. (2012). Recovery of precious metals from industrial waste. Journal of 
achievements in materials and manufacturing engineering , 4 (2), 159-167. 

2. Escutia, L. (2003). Lixiviación de Ag a partir de concentrados sulfurados con thiourea 
electrodo-oxidada. Tesis para obtener el grado de Maestro en Ciencias . Ciudad de 
México: UAM Iztapalapa. 

3. Newton, J. (2002). An introduction to Metallurgy ( Segunda edición ed.). 

 
 


	Characterization of Minerals, Metals, and Materials 2016
	Title Page
	Copyright and ISBN Information
	Preface
	Editors
	Session Chairs
	Table of Contents
	Non-Ferrous
	Effect of Microstructural Anisotropy on the Dynamic Mechanical Behaviour of Rolled Ti-6Al-4V
	Microstructure Evolution during Thermal Aging of Inconel 718
	Microstructure Characterization of Nickel Alloy 718 with Automated Optical Image Processing
	An Empirical Equation to Predict the Porosity of Titanium Foams
	Microstructure of Metal Injection Molded MIM418 Using Master Alloy Technique

	Method Development
	Effect of Poisson’s Ratio on Stress/Strain Concentration at Circular Holes in Elastic Plates Subjected to Biaxial Loading - Three Dimensional Finite Element Analysis
	Methodology for Determining Spall Damage Mode Preference in Shocked FCC Polycrystalline Metals from 3D X-Ray Tomography Data

	Minerals
	Mineralogical Analysis of Nickel/Copper Polymetallic Sulfide Ore by X-Ray Diffraction Using Rietveld Method
	Study on Coal Minerals Phase Transformations Under Different Coking Conditions
	Electrical Effect and Influence Factors of Tourmaline
	Wettability of Pyrolytic Graphite by Molten Blast Furnace Slag Bearing TiO₂
	Removing Silica and Alumina from Limonite Using Wet High Gradient Magnetic Separator
	Evaluation of White Bentonite Modified by Acid Attack

	Processing and Corrosion
	Characterization of Iron Oxide Scale Formed in Naphthenic Acid Corrosion
	Effect of Cold Work on the Corrosion Resistance of an Austenitic Stainless Steel
	Pyrolysis of Active Fraction of Humic Substances-Based Binder for Iron Ore Pelletizing
	Ferronickel Preparation from Nickeliferous Laterite by Rotary Kiln-Electric Furnace Process
	Characterization of Copper-Manganese-Aluminum-Magnesium Mixed Oxyhydroxide and Oxide Catalysts for Redox Reactions

	Ferrous
	Discussion on Coking Wastewater Treatment and Control Measures in Iron and Steel Enterprises
	Effect of MgO and Basicity on Microstructure and Metallurgical Properties of Iron Ore Sinter
	Material Characterization of Power Plant Steel in the Virgin and Artificially-Aged Conditions
	Site-Specific Studies on the Interfacial Structures of Galvanized Dual Phase Steels
	Metallurgy and Creep Behavior of Type 310S Stainless Steel at High Temperature in Different Atmospheres and Loading Conditions
	Characterization of Humic Acid Modified Bentonite Binder for Iron Ore Pelletization
	Optimization of Material Properties of High Strength Multiphase Steels via Microstructure and Phase Transformation Adjustment

	Clays & Ceramics
	Formulation of Ceramic Body to Produce Roofing Tiles Using Winkler Diagram
	FTIR Spectroscopy of Some Brazilian Clays
	Preparation and Characterization of Microcapsules from PBSL/VMF2 Nanocomposite
	Thermal Properties of Polypropylene Nanocomposites with Organoclay and Discarded Bond Paper
	Incorporation of Waste Ceramic Blocks in Structural Ceramics
	Solidification of Dredged Sludge by Hydraulic Ash-Slag Cementitious Materials
	Synthesis and Characteristics of Anorthite Ceramics from Steelmaking Slag

	Composites
	Tensile Strength Tests in Epoxy Composites with High Incorporation of Malva Fibers
	Microstructural Characteristics of Reaction-Bonded B₄C/SiC Composite
	Analysis of Methanol Sensitivity on SnO₂-ZnO Nanocomposite

	Extraction
	Experimental Study on Quality Evaluation of Calcium-Based Agents for Desulfurization of Sinter Gas on SDA
	Kinetic Studies for the Absorption of Organic Matter from Purified Solution of Zinc by Coconut Shell Activated Carbon
	Recovery of Palladium from Spent Pd/Al₂O₃ Catalyst by Hydrochloric Acid Leaching
	Prevention of Airborne Dust from Petroleum Coke Stockpiles
	Ligand Selection Model for Leaching of Low Grade Zinc Oxide Ores
	Studies on Leaching of Oxidized Copper Ore from South America
	Effect of Ferric Ions on Bioleaching of Pentlandite Concentrate
	Characterization and Stoichiometry of the Cyanidation Reaction in  NaOH of Argentian Waste Tailings of Pachuca, Hidalgo, México

	Soft Materials
	Tensile Strength of Polyester Composites Reinforced with Thinner Ramie Fibers
	Charpy Impact Tests of Polyester Composites Reinforced with PALF Fibers������������������������������������������������������������������������������
	Dynamic-Mechanical Characterization of Polyester Matrix Composites Reinforced with Eucalyptus Fibers
	Flexural Mechanical Characterization of Polyester Composites Reinforced with Ramie Fibers
	Tensile Strength of Epoxy Composites Reinforced with Fique Fibers
	Thermal Analysis of Curaua Fiber Reinforced Epoxy Matrix Composites
	Characterization of Thermal Behavior of Epoxy Composites Reinforced with Curaua Fibers by Differential Scanning Calorimetry
	Comparative Study of the Effects of Cellulose Nanowhiskers and Microcrystalline Cellulose Addition as Reinforcement in Flexible Films Based on Biopolymer Blends
	Flexural Test in Epoxy Matrix Composites Reinforced with Hemp Fiber

	Electronic, Magnetic, Environmental, and Advanced Materials
	The Influence of Heat Treatment on the Optical Parameters of Spray-Deposited CdS:In Thin Films
	Determination of the Stability Constants of Mixed-Ligand Coordination Compounds in the Zn(II)-Nitrilotriacetic Acid-Ammonia System
	Resonanaces of Microwave Power Absorption in Alumina and Silicon Carbide
	Physical and Chemical Properties of MSWI Fly Ash

	Welding and Solidification
	Influence of Al and C on Mechanical Properties of Sub-Rapidly Solidified Fe–20Mn–xAl–yC Low-Density Steels
	Dynamic Deep Etching and Particle Extraction for High-Strength Aluminum Alloys
	Optimization of TiNp/Ti Content for Si₃N₄/42CrMo Joints Brazed with Ag-Cu-Ti+TiNp Composite Filler

	Poster Session
	Tribological Testing, Analysis and Characterization of D.C. Magnetron Sputtered Ti-Nb-N Thin Film Coatings on Stainless Steel
	Assimilation Reaction Characteristic Number for Evaluating the Assimilation of Iron Ore in Sintering
	Experimental Study of Advanced Treatment of Coking Wastewater Using MBR-RO Combined Process
	Small Punch Creep Test in a 316 Austenitic Stainless Steel
	Effect of Phase Transformations on Hardness in Zn-Al-Cu Alloys
	Recovery of Palladium and Aluminum from Spent Catalysts by Roasting-Leaching
	Preparation of Polymeric Phosphate Ferric Sulfate Flocculant and Application on Coking Wastewater Treatment
	Characterization of Incorporation the Glass Waste in Adhesive Mortar
	Characterization of a Mineral of the District of Zimapan, Mina Concordia, Hidalgo, for the Viability of the Recovery of Tungsten
	Mechanical Properties and Microstructure of K418 Using Master Alloy Technique and Mechanical Alloy
	Passive Films Formed on Stainless Steels in Phosphate Buffer Solution
	Effect of the Paper Industry Residue on Properties in the Fresh Mortar
	Brillouin Scattering Spectroscopy on Mg-Nd Alloy in Different Aging Time�������������������������������������������������������������������������������
	The Characterization of the Desulfurization Powder in the Semi-Dry De-SO₂ Process of the Sintering Plant Exhaust Gas and Its Interaction with the Soil Particles
	Direct Synthesis of Carbon Nanotubes at Low Temperature by the Reaction of CCl₄ and Ferrocene
	Effect of Magnesium Aluminate Spinel Content on Properties of BN Based Composites
	Silver Cementation with Zinc from Residual X Ray Fixer, Experimental and Thermochemical Study
	Characterization of Waste Molding Sands, for Their Possible Use as Building Material
	Improvement of Mechanical Properties in Natural Rubber with Organic Fillers
	Speciation and Characterization of E-Waste, Using Analytical Techniques
	Development of Bio-Based Foams Prepared from PBAT/PLA Reinforced with Bio-Calcium Carbonate Compatibilized by Electron-Beam Radiation
	Microstructure Analysis of Buildups Embedded in Carbon Sleeve in Continuous Annealing Furnace for Non-Oriented Silicon Steel
	Properties of Clay for Ceramics with Rock Waste for Production Structural Block by Pressing and Firing
	Properties of Mortars with Partial and Total Replacement of Conventional Aggregate by Waste Construction
	Effects of Graphene Oxide Addition on Mechanical and Thermal Properties of EVOH Films
	Evaluation of Physico-Chemical Properties When Adding Boiler Ashes to Mortar
	Significance of Graphitic Surfaces in Aurodicyanide Adsorption by Activated Carbon: Experimental and Computational Approach
	Clinker Production from Wastes of Cellulose and Granite Industries
	Effects of Carbon Black Incorporation on Morphological, Mechanical and Thermal Properties of Biodegradable Films
	Influence of Inoculation on Structure of Chromium Cast Iron
	Characterization of Irradiated and Non-Irradiated Rubber from Automotive Scrap Tires
	Properties of Ceramic Pigment Zn₀.₅Cu₀.₅Cr₂O₄ Synthesized by Solution Combustion Method
	Evaluation of Environmental Aging of Polypropylene Irradiated Versus Pristine
	Interface Reaction between Y₂O₃ Doped BaZrO₃ and TiNi Melt
	Hydration Resistance of Y₂O₃  Doped CaO and Its Application to Melting Titanium Alloys
	Shear Displacement and Actual Strain during Chip Segmentation when Cutting Aerospace Alloy Ti-5553
	Surface Behavior of Iron Sulfide Ore during Grinding with Alumina Media
	Zinc Chloride Influence on the Resins Furan Polymerization to Foundry Moulds
	Characterization of Gamma-Alumina Obtained from Aged Pseudoboehmites
	Microstructure, Mechanical and Oxidation Behavior of Niobium
 Modified 9% Chromium Steel�����������������������������������������������������������������������������������������������


	Author Index
	Subject Index��������������������




