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Abstract

The argentian resources of Pachuca, Hidalgo, México have suffered an extensive
exploitation, resulting in more than 100 million tons of waste tailings located in
several sites around the city of Pachuca and surrounding municipalities. Chemical,
mineralogical and granulometric characterization of the waste tailings of Pachuca,
Hidalgo, México, was carried out in this work. Characterization results indicate
that these argentian wastes contain 56 g Ag ton', and the silver is present in the
forms of metal, argentite and argentian jarosite in a quartz matrix. Stoichiometry
of the cyanidation reaction in NaOH media was analyzed, and the following
conclusions were obtained: 1) both metal silver and silver present in the form of
argentite can be quickly cyanidation, 2) Alkaline decomposition of argentian
jarosite is the rate-control step in the cyanidation reaction.

Keywords: Characterization, Stoichiometry, Cyanidation reaction, Argentian
waste tailings, Pachuca-Hidalgo-Mexico

Introduction

The mining district comprising Pachuca and Real del Monte in the State of
Hidalgo, México, has been providing the world with silver for 470 years. This
mining region has also been a pioneer in several technologies on the processing of
argentian ores, such as the patio process and the Pachuca tanks. However, the
argentian resources of this region have suffered an extensive exploitation,
resulting in more than 100 million tons of waste tailings [1]. These tailings or
mine dumps are becoming an environmental issue for the city of Pachuca and the
Municipality of Mineral de La Reforma. There are mainly two causes for this:
first, because, in periods of strong winds, dust clouds are formed which seriously
affect the inhabitants’ health; a second point is that these residues take up 1200
hectares, obstructing the city’s proper and sustainable growth. Since the value of
this precious metal is 15.21 dollars per troy ounce and these tailings contain 56 g
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Ag ton™!| it renders them appealing from an economic perspective (Monex
Precious Metals, 2015) [2].

For these reasons, this piece of work presents an extensive reprocessing study of
the Dos Carlos waste tailings of the city of Pachuca with the aim of: 1) recovering
the silver contained in those residues through different silver leaching methods; 2)
and using these residues as alternative construction material and in the glass
industry. This paper presents only the results of the granulometric, mineralogical
and chemical characterization, as well as the stoichiometry of the cyanidation
reaction in NaOH of the Dos Carlos tailings located in the northeast area of the
city of Pachuca. In spite of the toxic nature of the cyanidation, this process
remains one of the most used processes in the extraction of silver and gold, either
from natural deposits or mining wastes; and this process has undergone numerous
improvements with the aim of improving efficiency, including the use of
oxidizing and reducing agents such as ferricyanide and pyrite, cyanidation at high
pressures, membrane processes and electrochemical processes [3-7]. Of the
mining metallurgical district of the company Real del Monte y Pachuca, these
tailings are the second richest in silver. It is found in different forms: quartz
matrix, distributed as metal silver, as argentite and as argentian jarosite. This last
ore is also called argentian potassium jarosite when it is synthesized in
laboratories [8, 9]. This compound is also obtained in the metallurgical industry,
where the precipitation of jarosite has been widely used in the hydrometallurgical
circuits of zinc as a means to control the impurities of the solutions containing it,
generating millions of tons of this jarosite type compound that has a high silver
content [10].

Methods and materials

It is known that, for obvious reasons, the cyanidation of ores is practiced at
alkaline pH levels between 9 and 12. The experiments were conducted in a
conventional glass kettle coupled to a mechanical stirring system provided with an
RPM meter, a thermometer and a pH meter to control the concentration of
alkaline reagent. The kettle was also coupled to an electric heater that allows to
dial temperature variations of * 0.5 °C. The argentian tailings’ cyanidation was
conducted in a 500 cm® kettle under the following experimental conditions: 40 g
argentian tailings sample, 25 °C, 1x107 mol L™ [NaOH], 2.04x107> mol L
[NaCN], and a stirring rate of 750 min™ in order to keep the solids suspended and
to avoid the liquid film diffusion effect.

Since this study on the stoichiometry of alkaline cyanidation shows that silver
ions are removed from the solids and diffuse towards the solution, the reaction
was followed by analysis of silver ions in the liquid. The x fraction of cyanided
silver was calculated with the following:

x =[Ag]/ [Ag]- )]

where [Ag]: is the concentration of silver at a time t, and [Ag]~ is the
concentration of Ag after the solids have been completely leached. The kinetic
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models selected for the experimental data on the cyanidation in NaOH, were the
following [11-13]:

1=(1-%)"3 = Kexpt (2)
1-3(1%)?242(1x) = Kexpt 3)

Where keyp is the experimental rate constant, x is the reacted fraction, and t is the
reaction time.

Results and discussion

Figure 1 presents the X-ray Diffraction (XRD) spectrum, showing the presence of
jarosite (KFe3(SO4)2(OH)s) in a quartz (SiO2) matrix with other main species,
such as orthoclase, albite (NaAlISizOg) and berlinite (AIPOs). Geyne reported this
compound as argentian jarosite; it is original from the Paricutin mine in the
mining district of Pachuca and Real del Monte [14].

= NAME: JAROSITE, REFERENCE CODE 96-901-0318
%00 NAME: QUARTZ, REFERENCE CODE 96-900-9667
NAME: BERLINITE, REFERENCE CODE 96-900-6550
NAME: ALBITE, REFERENCE CODE 96-900-0707
NAME: ORTHOCLASE, REFERENCE CODE 96-900-0312

& &
20 (degree)

Fig. 1. X-ray diffractogram of the tailings sample (major phases: Quartz (SiOz),
O-Orthoclase (KAISiOs), A-Albite (NaAlSizOg), B-Berlinite (AIPO4), and J-
Jarosite (KFe3(SO4)2(OH)e))

Table I summarizes the atomic absorption spectrophotometer (AAS) and
inductively coupled plasma (ICP) chemical analysis data, where it can be
observed that the gold and silver content is 56 g ton™ and 0.60 g ton™,
respectively. It can also be noted that the major elements are silicon, sulfur and
aluminium, whereas the minor elements are iron, potassium, strontium, calcium,
sodium, phosphorus and barium. The rest are considered trace elements. The
problem is to explain how silver is distributed in the Dos Carlos waste tailings. In
this respect SEM-EDS images show that the silver is distributed as follows: a) In
metal form, as shown in Fig. 2a, where an 8 pm particle can be observed. Fig. 2b
shows the same particle’s X-ray microanalysis (EDS), showing the typical
intensity peaks of metal silver. b) In the form of argentite, as observed on Fig. 3a,
where argentite particles of up to 2 um were obtained; Fig. 3b displays the EDS
analysis of these particles, showing the typical intensity peaks of argentite. ¢) In
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the form of argentian jarosite. Fig. 4a shows argentian jarosite particles finally
scattered in the quartz matrix, and Fig. 4b presents the EDS analysis of the
argentian jarosite particles, where the typical intensity peaks of this ore can be
observed, with elements such as sulfur, iron, potassium and silver. This confirms
that the peaks correspond to those of argentian jarosite, also known as silver
potassium jarosite when it is obtained in the laboratory [8, 9].

Table I. Chemical composition of the waste tailings.

Elements Wt % |Elements Wt %
Au  0.60 gton™! Ca 0.200
Ag 56 g ton™ Si 56.00
Cu 0.011 K 2.32
Bi 0.0002 Na 0.30
Ni 0.005 Al 6.095
Mn 0.046 Ti 0.278
Fe 2.69 P 0.14
Sn 0.0002 Mg 0.005

Fig. 2. a) SEM-backscattered electron image; and b) Energy dispersive X-ray
microanalysis of a silver particle
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aeas 20KV

Fig. 3. a) SEM-backscattered electron image; and b) Energy dispersive X-ray
microanalysis of argentite particles

18vn HO16

Fig. 4. a) SEM-backscattered electron image; and .b) Energy dispersive X-ray
microanalysis of argentian potassium jarosite.

The results of the nature of the alkaline cyanidation reaction are summarized in
Table II. The decomposition products of this ore are quickly cyanided; therefore,
this second process consists of two consecutive phases, as previously observed in
other studies on synthesized argentian jarosite-type compounds [9]. The reaction
stoichiometry of the previously mentioned processes is described as follows:

Process 1- quick cyanidation of silver and argentite:
2Ag<5) + 4NaCN(aq) + 1/202 (9 + HZO(I) hd 2Na[Ag(CN)2](aq) + 2NaOH(aq) (4)

2AgS(5) + 4NaCN<aq) d 2Na[Ag(CN)2](aq) + NaS(S) (5)
Process 2- slow alkalination:

(KXAgl,x)Fe3(SO4)2(OH)6 (s) + [3 + (1 - X)]OH(aq) -
XK(J'aq) + (1 = x)Ag(OH)(5) + 3Fe(OH)3 + 2SO0(4q) (6)
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Process 3 — quick cynaidation of argentian jarosite:
(1= x)Ag(OH) (s + 2CN(gq, = (1 - x)[Ag(CN)z](Z;q) + (1= x)OH(yq) (7)

The chemical-control and diffusive-control kinetic models were then tested in
order to determine the rate control steps of alkaline cyanidation. It was found that
once the quick cyanidation (process 1) of metal silver and argentite takes place,
the experimental results corresponding to process 2 adapt to both models with a
similar regression coefficient, as shown in Figure 5. Therefore, it can be
concluded that the global decomposition and cyanidation process of argentian
jarosite is controlled in a mixed manner. The cyanidation rate constant obtained in
this study for the naturally formed jarosite is calculated to be 0.007 min™', which
is very similar to that of the synthetic jarosite obtained in previous studies [9].

Table IL. Silver cyanidation at different time intervals: 40 g L™'waste tailings,
2.04x1072 mol L™ [NaCN], 1x1072 mol L™ [NaOH], pH 11.71 and 298 K.

Time(min) Xiagl 1-(1-Xag)'B 1-3(1-X)2 + 2(1-Xag)
0 0.000 0.000 0.000
1 0.380 0.150 0.059
2.5 0.400 0.160 0.066

5 0.400 0.160 0.066
7.5 0.460 0.180 0.091
10 0.520 0.220 0.121
20 0.640 0.290 0.202
30 0.740 0.330 0.298
40 0.780 0.390 0.347
80 0.840 0.390 0.436
100 0.860 0.440 0.471
120 0.890 0.520 0.531
180 0.990 0.780 0.881
200 1.000 1.000 1.000
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Fig. 5. Fitting of experimental data with chemical and diffusive control models
Conclusions

The Dos Carlos waste tailings located in Pachuca, Hidalgo, Mexico, are made of a
quartz matrix that contains silver in the forms of metal, argentite and argentian
jarosite. The silver content of these mining wastes is about 56 g Ag ton'. The
stoichiometry of the alkaline cyanidation consists of: 1) quick cyanidation of both
metal silver and silver present in the form of argentite, and 2) slow decomposition
of the argentian jarosite and quick cyanidation of the silver contained in the
decomposition products. The cyanidation rate constant of the naturally formed
argentian jarosite is similar to that of the synthesized silver potassium jarosite.

References

[1] J. Hernandez, F. Patifo, L. Rivera, et al., E. Salinas, E. Cerecedo, M. Reyes,
and M. Pérez, (2009) Silver dissolution from the waste mounds of Pachuca,
Hidalgo State, México - Effect of Cyanide concentration on dissolution rate,
Edited by EMC, Innsbruck, Austria, 2009, p.1037.

[2] Monex Precious Metals, (2015), http://www.monex.com/liveprices/

[3] A. Azizi, C.E. Petre, C. Olsen, and F. Larachi, Untangling galvanic and
passivation phenomena induced by sulfide minerals on precious metal leaching
using a new packed-bed electrochemical cyanidation reactor, Hydrometallurgy,
107(2011), p.101.

[4] P. Karimi, H. Abdollahi, A. Amini, M. Noaparast, S.Z. Shafaei, and F.
Habashi, Cyanidation of gold ores containing copper, silver, lead, arsenic and
antimony, Int. J. Miner. Process., 95(2010), p.68.

[5] H. Koseoglu, and M. Kitis, (2009) The recovery of silver from mining
wastewaters using hybrid cyanidation and high-pressure membrane process,
Miner. Eng., 22(2009), p.440.

[6] X. Qiu, Z. Hu, B. Song, H. Li, and J. Zou, A novel process for silver recovery
from a refractory Au-Ag ore in cyanidation by pretreatment with sulfating
leaching using pyrite as reductant, Hydrometallurgy, 144(2014), p. 34.

361



[7] F. Xie, D. Dreisinger, and J. Lu, The novel application of ferricyanide as an
oxidant in the cyanidation of gold and silver, Miner. Eng., 21(2008), p. 1109.

[8] J.E. Dutrizac, and S. Kaiman, Synthesis and properties of jarosite-type
compounds, Can. Mineral, 14(1976), p.151.

[9] M. Cruells, A. Roca, F. Patino, E. Salinas, and 1. Rivera, Cyanidation kinetics
of argentian jarosite in alkaline media, Hydrometallurgy, 55(2000), p.153.

[10] B. Arregui, AR. Gordon, and G. Steintvelt, The jarosite process-Past,
Present and Future, Edited by TMS-AIME, New York, USA 1979, p. 97.

[11] O. Levenspiel, Ingenieria de las reacciones quimicas. Edited by Reverté,
Barcelona, Spai 2005, p. 393.

[12] A. Ballester, L.F. Verdeja, and J. Sancho, Metalurgia Extractiva, Vol. 1,
Fundamentos, Edited by. Sintesis, Madrid, Spain, 2001, p.170.

[13] H.Y. Sohn, and M.E. Wadsworth, Cinética de los procesos de metalurgia
extractiva, Edited by Trillas, Mexico City, Mexico, 1986, p.158.

[14] A.R. Geyne, C. Fries, C. Segerstrom, R.F. Black, and LF. Wilson, Geologia y
yacimientos minerales del distrito minero de Pachuca-Real del Monte, estado de
Hidalgo, Meéxico, Edited by. Consejo de Recursos Naturales no Renovables,
Mexico City., Mexico, 1963.

362



	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��������������������




