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Abstract

Printed Circuit Boards (PCBs) are constituted of multiple materials, which contributes to the complexity of the metal extraction
process. In this work, a methodology for removing base metals and selectively extracting gold from a PCB sample was proposed;
the sample tested contained ~200 g Au per ton. Two pretreatment stages were introduced (Na3CgHs507-(NH4)3PO4-H>O-
and H>SO,4-H»>O; systems), removing >90% of Cu, Ni, Zn, Fe, and Al. Subsequently, in the precious metal leaching stage, the
thiourea-hydrogen peroxide-oxalic acid system (CS(NHj),-H,0,-C>,H,04), was employed. To achieve elevated gold extraction,
the oxalate ion (CZOZ_, Ox) was used as a masking agent, forming stable species with remaining base metals in the leach liquors.
Furthermore, this also contributed to HyO, and CS(NH3), stability, permitting a gold dissolution of 92%.

Keywords: Selective leaching of gold, Chemical pretreatment, Base metal removal.

Resumen

Las tarjetas de circuito impreso (PCBs, por sus siglas en inglés) estdn constituidas por miltiples materiales, los cuales contribuyen
a un proceso de extracciéon de metales complejo. En este trabajo se propuso una metodologia para la remocién de metales
base y la extraccion selectiva de oro de una muestra de PCB, la cual, contenia ~200 g Au por tonelada. Se emplearon dos
etapas de pretratamiento (sistemas: NazCgHs507-(NH4)3PO4-H>0, y HySO4-H;0,), eliminando >90% de Cu, Ni, Zn, Fe y
Al. Posteriormente, en la etapa de lixiviacién de metales preciosos, se emple6 el sistema tiourea-peréxido de hidrégeno-dcido
oxdlico (CS(NH;);-HyO,-C,H50y4). Para lograr una extraccion de oro elevada, se utiliz6 el ion oxalato (CZOi_, Ox) como
agente enmascarante, quien formé especies estables con los metales base remanentes en los licores de lixiviacién. Ademads,
contribuy6 en la estabilidad de HyO, y CS(NH»,);, permitiendo la disolucién del oro en un 92%.
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1 Introduction

Printed Circuit Boards (PCBs) are an essential part of
electronic devices and where metals are concentrated.
Commonly, a PCB contains 40%wt metallic materials,
30%wt plastics, and 30%wt ceramics (Rao et al., 2020).

In recent years, the recycling industry has implemented
hydrometallurgical techniques, focusing on leaching
processes to extract a wide variety of metals (copper, zinc,
iron, aluminum, tin, silver, gold, etc.) from PCBs (Li et
al., 2018). Therefore, the PCBs have been cataloged as
a resource-rich material, which is used to enhance Urban
Mining activities (Xu et al., 2016).

The PCBs are composed of layers of metallic and non-
metallic material, hindering an effective leaching process.
For example, gold is covered by polymeric material and is
located under copper, nickel, and iron layers (Alzate, 2017).
Consequently, direct extraction of gold is not possible,
because metal-leaching agent contact is blocked. For this
reason, it is necessary to couple physical and chemical
pretreatments, and separate the materials that interfere with
an efficient leaching process (Moyo et al., 2022).

In some cases, the physical pretreatments are not
enough to remove the polymeric material, so chemical
reagents such as sodium hydroxide (NaOH), chlorohydric
acid (HCI), methanesulfonic acid (CH4SOj3), dimethyl
sulfoxide (CoHgOS, DMS) are employed; however, at high
concentrations (>1.0 M), they are unsafe (Jung et al., 2017;
Li et al., 2018). Furthermore, the presence of principal
metals, such as copper and iron, in the solution promote the
leaching agent and oxidant degradation, impeding precious
metals extraction (Calla et al., 2016). Consequently, the base
metals should be removed prior to precious metal leaching.

Segura and Lapidus (2023) developed a methodology
focused on the analysis and comparison of two chemical
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pretreatments for base metals extraction, and the subsequent
selective extraction of gold. To achieve a selective
process, these authors proposed combined systems: leaching
agent-masking agent-oxidant. The first system consisted
of sodium citrate, ammonium phosphate, and hydrogen
peroxide (Na3CgH507-(NH4)3PO4-H>05). Sodium citrate
and ammonium phosphate are considered non-toxic and
environmentally friendly compounds, and recently, have
been used to coordinate a wide variety of base metals
(Anzures et al., 2022; Ruiz et al., 2023). In the second
system, sulfuric acid and hydrogen peroxide (H,SOg4-
H,0,) were employed. For the subsequent gold dissolution,
thiourea, oxalic acid, and hydrogen peroxide (CS(NHj),-
Cy,H,04-H>0,) were used. It was found that the remnants
of copper, tin, iron, and aluminum after the pretreatments,
contributed to the reagent species degradation. For example,
copper and iron promote the formation of elemental sulfur
and cyanamide (CN(NH,)), causing oxidative thiourea
degradation (Calla et al., 2016). Aluminum chemically
reacts with gold, contributing to its cementation, therefore
the gold dissolution efficiency is affected (Jeon et al., 2019;
Segura and Lapidus, 2023).

In the present work, a methodology for the processing
of an Electronic Waste Printed Circuit Boards (EWPCB)
sample to selectively extraction of gold is proposed. This
study is based on the process described by Segura and
Lapidus (2023), and it is supported by a theoretical
thermodynamic analysis. To complement the study carried
out by Segura and Lapidus (2023), the present work
proposes an analysis of the effect of two coupled chemical
pretreatments. The overall process consists of the following
stages: a physical pretreatment, two chemical pretreatments,
and the gold leaching phase (Figure 1). Combining the two
pretreatment phases will contribute to a more quantitative
extraction/removal of base metal traces, ensuring gold
selective extraction.
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Figure 1. Hydrometallurgical process for metal recovery from EWPCB.
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Table 1. Average metallic content of the EWPCB sample (particle size <75 um).

Metal Cu Fe Sn Ni Zn Al Pb Ag Au
(kg/t) 58 £0.84 55+0.28 22147 44+0.04 14+0.17 32+0.12 29+x0.1 1.0+04 200*+0.33
*

gft

2 Methodology

2.1 Physical pretreatment of the Electronic
Waste Printed Circuit Boards (EWPCB)

Approximately 800  cellphones  were  manually
disassembled, and the PCBs were separated and crushed to
6 mm employing a hammer mill (Schutte-Bufalo, W Series
Laboratory Scale Industrial Hammer Mill), which operated
at 150 rpm. Subsequently, the plastic material was partially
removed by the float-sink method. Finally, a granulometric
analysis was carried out, using a mechanical sieving (Tyler
series); the following particle sizes were obtained: >500 pm,
500-250 um, 250-150 gm, 150-75 um and <75 um.

2.2 Chemical analysis of the EWPCB
sample

Three EWPCB samples (0.1 g) of each fraction (>500
pm, 500-250 pm, 250-150 pm, 150-75 pm, and <75 pm)
were digested in 100 mL of aqua regia (HCI:HNOj3 3:1
v/v) with constant magnetic agitation (200 rpm) during
3 h. Subsequently, the solution was cooled at ambient
temperature, was vacuum filtered and diluted to 100 mL
with deionized water (Millipore Milli-Q). Finally, the metal
content was determined by Atomic Absorption Spectrometry
(AAS, Varian SpectrAA 220FS) and Atomic Emission
Spectrometry coupled to Microwave-generated Plasma (MP-
AES, Agilent 4210). The metal composition of the fraction
with the highest gold content was reported in Table 1; the
other fractions contained negligible quantities of gold.

2.3 Chemical pretreatment of the EWPCB
sample: extractionfremotion of base
metals

The chemical pretreatment consisted of two stages, both
based on the methodology proposed by Segura and
Lapidus (2023). In the first pretreatment, 1.2 M sodium
citrate (Na3CgH507) and 0.5 M ammonium phosphate
((NH4)3POy4)) were used. The pH was adjusted at 4 with
nitric acid (HNOj, 68-70%). As an oxidant, hydrogen
peroxide (HyO,, 30% w/v) was employed, dosing a solution
(0.2 M) each hour throughout the experiment (due to
its consumption by the chemical reactions). All chemical
solutions (pretreatment and leaching) were prepared with
analytical grade reagents MEYER®. 100 g EWPCB per liter
of the solution was considered, and all experiments operated
at ambient temperature (25°C) with constant magnetic
agitation (600 rpm) for 6h. Once the first pretreatment phase
was completed, the solutions were vacuum filtered, and the
solid residue (dry) was pretreated in a second phase.

In the second chemical pretreatment, 1.0 M acid sulfuric
(HpSOy4, 95-98%) and 0.3 M H,O, (30% w/v) solutions

were prepared. The solid residue was leached in 1 liter
of this solution, where the oxidant was added every 15
minutes throughout the experiment. These experiments were
performed at 60°C with constant mechanical agitation (600
rpm) for 1 h. When the second chemical pretreatment phase
concluded, the remaining solids were leached with thiourea
solutions for gold extraction.

2.4 Leaching of the EWPCB sample
with  thiourea-hydrogen  peroxide
(CS(NH3)>-H>0>) solutions for gold
extraction

The solid residue from the second chemical pretreatment
was leached in 1 liter of 0.1 M thiourea (CS(NH;),)
and 0.2 M H;Op (30% w/v) solution. In some cases,
oxalic acid (CoHp0O4) was employed as a masking agent
in different concentrations: 0.1 M, 0.3 M, and 0.5 M. The
pH was adjusted to 3 with nitric acid (HNOj3, 68-70%). The
leaching process operated at ambient temperature (25°C)
with constant mechanical agitation (600 rpm) for 1 h.

Throughout the experiments, pH and Oxidation
Reduction Potential (ORP) were monitored, employing
HANNA® Instruments electrodes. All liquid samples and
digested solids (residues) were analyzed by AAS and MP-
AES to calculate the extraction percentages in the chemical
pretreatment and leaching stages.

2.5 Chemical titration tests to quantify the
thiourea (CS(NH> ),) concentration

Chemical titration tests were carried out according to the
method proposed by Calla and Nava (2020). 2%wt starch
was completely dissolved in deionized water (Millipore
Milli-Q) at boiling temperature and then was cooled. A
0.005 M potassium iodate (KIO3) solution was prepared and
placed into a glass burette for titration. 0.5 mL of a sample
of the leach solution, 6 mL of 1 M sulfuric acid (HSOy),
and 1 mL of starch solution were placed into an Erlenmeyer
flask with constant magnetic agitation (150 rpm). The KIO3
solution was added until the endpoint of the titration (blue
starch-iodine complex formation).

2.6 Thermodynamic diagrams construction

A theoretical thermodynamic study of the different systems
(Metal-leaching agent and Metal-masking agent) was
elaborated. For the construction of predominance and
species distribution diagrams, the Software MEDUSA®©
(Making Equilibrium Diagrams Using Simple Algorithms)
(Puigdomenech, 2004) was employed. Thermodynamic data
reported in the NIST (National Institute of Standards and
Technology) database (NIST, 2004), Lothenbach ez al.,
(1999) and Smith and Martell (1982) were considered.
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3 Results and discussion

3.1 Thermodynamic analysis

The EWPCB sample consisted of different base metals
(Table 1); for their extraction, previous studies (Segura,
2022) demonstrated the citrate ion’s (Cit) capacity to form
soluble stable complexes with most of them, especially with
the principal metals in the EWPCB sample: copper, iron, and
aluminum. The soluble species Metal-Citrate are formed in
wide intervals of potential (-1.0 to 1.0 V) and pH (2 to 8), as
shown in Figure 2.

The addition of masking agents into the leach solutions
(combined systems) allows the selective recovery of metals.
For example, the addition of phosphate ion (POf) into
sodium citrate solutions at pH 4, assures the precipitation
of metals such as iron, lead, and tin (Segura and Lapidus,
2021). With iron, insoluble species are formed with
potentials greater than 0.1 V (Figure 3A), with lead from
-1.0 V (Figure 3B) and from -0.5 V for tin (Figure 3C).

The presence of copper ions and aluminum metal
are detrimental to gold extraction, due to the formation
of soluble cupric species with thiourea (Cu(CS(NHz)z);)
in acid media (Donna and Stanbury, 1996), and gold
cementation by aluminum (Free, 2013); they therefore
should be removed from the leach liquors. In the second
pretreatment phase, acid sulfuric (HpSO,4), an excellent
leaching agent for base metals (Jadhao et al., 2016), was
employed to extract these metals (Figure 4).
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Figure 2. Predominance diagrams. A. Cu (0.84 M)-Cit, B. Fe
(0.1 M)-Cit, C. Al (0.04 M)-Cu-Cit, with 1.2 M Cit, at 25°C.
MEDUSA® software site. The concentrations of ions used
to elaborate the diagrams correspond to the values found in
the leach liquor.
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Figure 3. Species distribution diagrams. A. Fe (0.1 M)-Cit-
PO3™, B. Pb (1 x 107* M)-Cit-PO3~C. Sn (0.02 M)-Cit-
PO3~, with 1.2 M Citand 0.5 M PO3 ™, at 25°C. MEDUSA©®
software site (Segura and Lapidus, 2021).
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Figure 5. Species distribution diagram. 1 X 1074 M Au y 0.1
M CS(NHj),, at 25°C. MEDUSAQ software site.

Finally, thiourea (CS(NHj3),)) was employed as the
leaching agent for gold dissolution. Thiourea and gold form
a stable complex Au(CS(NH2)2)§ at pH values from 1
to 3 (Figure 5). This reagent is a non-toxic alternative to
substitute the cyanide processes (Li et al., 2012).
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Figure 6. Metal extraction (%) as a function of time. First
chemical pretreatment phase: 1.2 M Na3CgHs507, 0.5 M
(NH4)3POy4, 0.2 M HyO» (added each hour throughout the

experiment), 100 g EWPCB/L, pH 4, 25°C, 600 rpm.

3.2 Effect of coupling two

The first stage of chemical pretreatment (NazCgHs5O7-
(NH4)3PO4-HyOy system) was carried out at pH 4,
according to thermodynamic analysis (Figure 3); the
objective was to prevent the dissolution of specific base
metals, such as iron, lead, and tin. Figure 6 shows the
extraction percentage for each analyzed metal, as a function
of time. In this system, the extractions were Cu (96%), Fe
(78%), Zn (77%), Ni (55%), Sn (20%), and Al (3%). pH and
ORP values were monitored throughout the experimental
test. Both values were constant during the 6 hours of the
process (pH ~4.1 and ORP ~0.6 V), guaranteeing the

extraction of these metals.

A high percentage of copper was extracted (Figure 6).
The selectivity of the process allowed the incorporation of a
copper recovery stage (direct electrowinning) from the leach
liquors (Cu PLS), as a value-addition from this chemical

pretreatment.

In sodium citrate solutions, aluminum dissolution was
not favored. For that reason, a second pretreatment phase
was coupled to achieve the removal of aluminum and other
trace base metals. In this case, an inorganic acid was
employed (H,SO4-H>O, system); the results are shown in
Figure 7. The metals preferably extracted were Al (55%)
and Ni (36%). The other base metals (Cu, Fe, Zn, and Sn)
were leached to a lesser degree (<14%). In this system, the
pH value was constant during the leaching experiment (pH
~1.0), while the ORP decreased from 0.7 V to 0.5 V by the

end of the leach.

Coupling two chemical pretreatment phases allowed the
extraction/removal of base metals in percentages greater
than 90% (except tin). Although base metals dissolution
was not complete, the extraction was considered acceptable.
However, it was important to analyze the effect of metallic

traces in the leaching process with thiourea solutions.
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Figure 7. Metal extraction (%) as a function of time. Second
chemical pretreatment phase: 1.0 M HySOy4, 0.3 M HyO»
(added every 15 minutes throughout the experimental test),
100 g EWPCB/L, pH 1, 60°C, 600 rpm.
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Figure 8. Metal extraction (%) as a function of time.
Leaching process: 0.1 M CS(NH;);, 0.2 M H;0,, 100 g
EWPCB/L, pH 3, 25°C, 600 rpm.

3.3 Leaching in thiourea-hydrogen
peroxide solutions (CS(NH3),-H,0)
of the pretreated EWPCB sample

The pretreated EWPCB sample (with sodium citrate and
acid sulfuric acid) was leached with thiourea and hydrogen
peroxide (CS(NHj3),-H»O5 system). The pH of the system
was established at 3 (Figure 5). The results are presented
in Figure 8, where metal extraction was calculated based
on the original (total) EWPCB content. In this system,
small amounts of copper, nickel, and tin were dissolved, in
addition to gold.

The maximum extraction of gold (~40%) was registered
at 15 minutes; after this time, the extraction decreased, and
by the end of the experiment, only 25% of the gold remained
in solution. Additionally, copper, nickel, and tin were
extracted (0.25% Cu, 4.0% Ni y 3.0% Sn). Despite these
apparently insignificant percentages, the metallic traces
directly affected the gold leaching, because species like
copper, form stables complexes with thiourea (Doona and
Stanbury, 1996).
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Figure 9. Free thiourea concentration as a function of time.
Chemical titration conditions: 0.005 M KIOs3, 0.5 mL of a
sample of the leach solution (1 M CS(NH»);, 0.2 M H,0»,
100 g EWPCB/L, pH 3, 25°C, 600 rpm), 1 mL of starch
solution (2%wt), 6 mL of HySOy, 150 rpm.

In multimetallic systems, metals usually compete to
coordinate with leaching agents; also, the presence of
oxidants, plastic material, etc. induces reagent species
degradation, especially leaching and oxidant agents (Valix
et al., 2017). Therefore, the concentration profile of thiourea
as a function of time was analyzed (Figure 9), to verify its
possible degradation in the CS(NHj3),-H»O5 system.

The free thiourea concentration decreased considerably
(Figure 9). Approximately 50% of the initial concentration
was consumed and, by the end of the leaching process, 80%
of the thiourea was consumed. Consequently, the reagent
degradation directly affected the gold extraction (Figure 8).

Even though the sample was pretreated twice, base
metals were not totally removed, affecting thiourea
stabilization. To improve thiourea stability, other chemical
species could be incorporated into the leaching solution.
At the proposed experimental conditions, the oxalate ion
(C202_, Ox) has demonstrated two important functions:
it stabilizes thiourea and masks metals such as copper,
aluminum, and tin (Kenna, 1991; Segura, 2022). For that
reason, the oxalate effect in the CS(NHj3),-HyO5 system
was analyzed.

3.4 Oxalic acid addition as a masking
agent in CS(NH» ),-H,O; solutions and
its effect on gold extraction

The EWPCB sample was pretreated with sodium citrate
and acid sulfuric solutions; after the two pretreatments, the
following metals were removed: Cu (99%), Fe (91%), Zn
(90%), Ni (90%), Al (73%), and Sn (33%).

In the leaching experiments (CS(NH»)>-HpO9 system),
the effect of adding and modifying the masking agent
(CoH,0y4) concentration were tested: 0.1 M, 0.3 M, and
0.5 M. Furthermore, the capacity of oxalate to mask copper,
tin, and aluminum was determined. In Figure 10, it may be
observed that only nickel and tin were the metals extracted
when oxalate ion was added to the leaching solutions (in
the three cases: 0.1 M, 0.3 M, and 0.5 M C,H,0Oy4); copper
and aluminum registered negligible extraction due to the
formation of solid compounds.
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Figure 10. Metal extraction (%) as a function of time. Leaching process
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Figure 11. Gold extraction (%) as a function of time.
Leaching process: 0.1 M CS(NHj);, 0.2 M H0,,100
g EWPCB/L, pH 3, 25°C, 600 rpm, with different
concentrations of CoH,Oy4 (0.1 M, 0.3 M and 0.5 M).

Furthermore, the gold extraction was analyzed (Figure
11). The extraction percentage was 91% when the 0.1 M
Co,H,0,4 was employed. In the other cases (0.3 M and 0.5
M CyH»04), 92% of gold was obtained. Furthermore, better
stability of the gold dissolution was registered compared to
the previous system (CS(NH»),-H»>O», Figure 8).

Free thiourea concentration was determined as a
function of time (Figure 12). In each case, a considerable
decrease in concentration was registered, but the reagent had
less degradation in the last 30 minutes of the process, as
compared to the CS(NH»),>-H O, system (Figure 9).

In the proposed systems (CS(NHj3)>-H,O, and
CS(NHj),-H70,-CoH,04) the ORP was monitored, and
its value was stable throughout the experiments, oscillating
~0.6 V, comparable to the reported by Segura and Lapidus
(2023). If the sample is not pretreated, the ORP value
decreases to 0.3 V, causing a negligible extraction of gold,
despite the presence of masking agent (Segura and Lapidus,
2023).

:0.1 M CS(NH,),, 0.2 M H,0,,100 g EWPCB/L, pH 3,
1M, 0.3 M and 0.5 M).

v 01MCH,0,
v
v

0.3MC,H,0,

0.5M C,H,0,

0412%

0.10 4}
0084
0.06 -

0.04 4

0.02 4

Thiourea concentration (M)

0.00 T T T T T T

Time (min)

Figure 12. Free thiourea concentration as a function of time.
Chemical titration conditions: 0.005 M KIO3, 0.5 mL of
a sample of the leach solution (0.1 M CS(NHj),, 0.2 M
H,0,,100 g EWPCB/L, pH 3, 25°C, 600 rpm, with different
concentrations of CoHyOy4: 0.1 M, 0.3 M and 0.5 M)), 1 mL
of starch solution (2%wt), 6 mL of HySOy4, 150 rpm.

Conclusions

This research demonstrated that two coupled chemical
pretreatment phases contributed to the base metal removal
from an EWPCB sample. The extraction/removal of copper
and aluminum (>90%) especially improved the gold
extraction, preventing its cementation and the formation of
additional species in the leach liquors.

The accelerated consumption of thiourea was evident
in the systems analyzed (CS(NH;),-H>0O, and CS(NH3),-
H,0,-C,Hy04). However, with the incorporation of acid
oxalic, thiourea presented better stability. Furthermore, the
oxalate ion masked traces of aluminum, tin, and especially
copper, allowing a maximum gold extraction of 92%.

To achieve selectivity in multimetallic material leaching,
the use of masking agents is essential. Furthermore, it
is important to study the competing chemical reactions,
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which probably are generated by the presence of other
materials, such as plastics and flame retardants. This
analysis will provide useful information to establish efficient
extraction and recycling processes. Furthermore, the cost-
benefit of the process will be important to analyze, since
thiourea and hydrogen peroxide consumption, as well
as pretreatment expenditures, would affect the economic
feasibility. However, the elevated value of gold more than
compensates the added expenses.

References

Alzate, A., Loépez, E., Serna, C., Holuszko, M.E. and
Gonzdlez, O. (2017). A systematic experimental
study on gold recovery from electronic waste using
selective ammonium persulfate oxidation. Vancouver
B. C: 56th Conference of Metallurgist 2017. https:
//doi.org/10.14288/1.0347214.

Anzures, N.J., Lopez-Sesenes, R., Larios-Gilvez,
AK., Vazquez-Velez, E., Uruchurtu-Chavarin, J.
and Gonzalez-Rodriguez, J.G. (2022). Corrosion
inhibition of aluminum 2024-T3 in 3.5% NaCl by
using litchi chinensis extract. Revista Mexicana de
Ingenieria Quimica 21, Mat2504. https://doi.
org/10.24275/rmiq/Mat2504.

Calla, D., Nava, F. and Fuentes, J.C. (2016). Acid
decomposition and thiourea leaching of silver from
hazardous jarosite residues: effect of some cations
on the stability of the thiourea system. Journal
Hazardous Materials 317, 440-448. https://doi.
org/10.1016/3 . jhazmat.2016.05.085.

Calla, D. and Nava, F. (2020). Thiourea determination
for the precious metals leaching process by iodate
titration. Revista Mexicana de Ingenieria Quimica 19,
275-284. https://doi.org/10.242475/rmiq/
TA539.

Doona, C. and Stanbury, D.M. (1996). Equilibrium and
redox kinetics of copper (II)-thiourea complexes.
Inorganic Chemistry 35, 3210-3216.

Free, M. (2013). Hydrometallurgy: Fundamentals and
Applications. Editorial Wiley, United States of
America.

Jadhao, P., Chauhan, G., Pant, K.K. and Nigam, K.D.P.
(2016). Greener approach for the extraction of copper
metal from electronic waste. Waste Management 57,
102-112. http://doi.org/10.1016/j.wasman.
2015.11.023.

Jeon, S., Ito, M., Tabelin, C.B., Pongsumrankul, S.T.,
Kitajima, N., Saito, A., Park, I. and Hiroyoshi, N.
(2019). A physical separation scheme to improve
ammonium thiosulfate leaching of gold by separation
of base metals in crushed mobile phones. Mineral
Engineering 138, 168-177. http://doi.org/10.
1016/j.mineng.201904.025.

Jung, M., Yoo, K. and Alorro, R.D. (2017). Dismantling
of electric and electronic components from waste
printed circuit boards by hydrochloric acid leaching

WWW.rmiq.org

with stannic ions. Materials Transitions 58, 1076-
1080. https://doi.org/10.2320/matertrans.
M2017096.

Kenna, C. (1991). Extraction and recovery of gold. In: US
Patent, 5,260,040.

Li, H., Eksteen, J., and Oraby, E. (2018).
Hydrometallurgical recovery of metals from printed
circuit boards (WPCBs): Current status and
perspectives-A review. Resources, Conservation and
Recycling 139, 122-139. https://doi.org/10.
1016/j.resconrec.2018.08.007.

Li, Y., Xu, X. and Liu, W. (2012). Thiourea leaching gold
and silver from the printed circuit boards of waste
mobile phones. Waste Management 32, 1209-1212.
https://doi.org/10.1016/j.wasman.2012.
01.026.

Lothenbach, B., Ochs, M. and Hans, W. (1999).
Thermodynamic Data for the Speciation and
Solubility of Pd, Pb, Sn, Sb, Nb, and Bi in Aqueous
Solution. Japan Nuclear Cycle Development Institute,
Maramatsu, Naka-gun, Ibaraki, 319-1194. Report #
JNC-TN- 8400-99-011.

Moyo, T., Jiménez, F., Prestele, M., Kondo, T. and
Petersen, J. (2022). Evaluating pre-treatment methods
to maximise copper recovery from printed circuit
boards. Journal of Metallurgy and Materials Science
64, 1-2.

NIST: National Institute of Standards and Technology
(2004). Database 46.8, Critically Selected Stability
Constants of Metal Complexes. Version 8.0.

Puigdomenech, I. (2004). Equilibrium Diagrams Using
Sophisticated Algorithms (MEDUSA). Inorganic
Chemistry. Royal Institute of Technology. https:
//sites.google.com/site/chemdiagr/.

Rao, M.D., Singh, K.K., Morrison, C.A and Love, J.B.
(2020). Challenges and opportunities in the recovery
of gold from electronic waste. Royal Society of
Chemistry Advances 10, 4300. https://doi.org/
10.1039/c9ra®7607g.

Ruiz-Vela, J.I., Rodriguez-Vazquez E.E., Gudifio-Pérez,
Y., Sdnchez-Ramirez, R. and Montes-Rodriguez, J.J.
(2023). Effect of complexing/buffering agent on the
characteristics of a high phosphorous electroless
nickel coating. Revista Mexicana de Ingenieria
Quimica 22(2), Proc2331. https://doi.org/10.
24275/rmiq/Proc2331.

Segura, B. (2022). Lixiviacién y recuperaciéon de cobre
y oro de basura electrénica mediante la utilizacién
de agentes enmascarantes. Tesis de Doctorado
en Ingenieria Quimica, Universidad Auténoma
Metropolitana Unidad Iztapalapa, México.

Segura, B. and Lapidus, G. (2023). Selective leaching
of base/precious metals from E-waste of cellphone
printed circuit boards (EWPCB): Advantages
and challenges in a case study. Hydrometallurgy
217, 106040. https://doi.org/10.1016/7.
hydromet.2023.106040.

Segura, B. and Lapidus, G. (2021). Selective recovery of
copper contained in waste PCBs from cellphones


https://doi.org/10.14288/1.0347214
https://doi.org/10.14288/1.0347214
https://doi.org/10.24275/rmiq/Mat2504
https://doi.org/10.24275/rmiq/Mat2504
https://doi.org/10.1016/j. jhazmat.2016.05.085
https://doi.org/10.1016/j. jhazmat.2016.05.085
https://doi.org/10.242475/rmiq/IA539
https://doi.org/10.242475/rmiq/IA539
http://doi.org/10.1016/j.wasman.2015.11.023
http://doi.org/10.1016/j.wasman.2015.11.023
http://doi.org/10.1016/j.mineng.201904.025
http://doi.org/10.1016/j.mineng.201904.025
https://doi.org/10.2320/matertrans.M2017096
https://doi.org/10.2320/matertrans.M2017096
https://doi.org/10.1016/j.resconrec.2018.08.007
https://doi.org/10.1016/j.resconrec.2018.08.007
https://doi.org/10.1016/j.wasman.2012.01.026
https://doi.org/10.1016/j.wasman.2012.01.026
https://sites.google. com/site/chemdiagr/
https://sites.google. com/site/chemdiagr/
https://doi.org/10.1039/c9ra07607g
https://doi.org/10.1039/c9ra07607g
https://doi.org/10.24275/rmiq/Proc2331
https://doi.org/10.24275/rmiq/Proc2331
https://doi.org/10.1016/j.hydromet.2023.106040
https://doi.org/10.1016/j.hydromet.2023.106040

Segura-Bailon et al./ Revista Mexicana de Ingenieria Quimica Vol. 22, No. 2(2023) IA2335

with impurity inhibition in the citrate-phosphate electronic waste. Hydrometallurgy 173, 199-209.
system. Hydrometallurgy 203, 105699. https:// https://doi.org/10.1016/j.hydromet.2017.
doi.org/10.1016/j.hydromet.2021.105699 08.012.

Smith, R. M. and Martell, A. E. (1982). Critical Stability Xu, Y, Li, J. and Liu, L. (2016). Current status
Constants, vol 5: Organic and Inorganic Complex, and future perspective of recycling copper by
Plenum Press, New York. hydrometallurgy from waste printed circuit boards.

Procedia Environmental Sciences 31, 162-170.
https://doi.org/10.1016/j.proenv.2016.
02.022.

Valix, M., Loo, Y.S., Bucknell, J., Cheung, A.W.H. and
Hong, Y. (2017). Effect of FR-4 decomposition
in the hydrometallurgical recovery of copper from

WWW.rmiq.org


https://doi.org/10.1016/j.hydromet.2021.105699
https://doi.org/10.1016/j.hydromet.2021.105699
https://doi.org/10.1016/j.hydromet.2017.08.012
https://doi.org/10.1016/j.hydromet.2017.08.012
https://doi.org/10.1016/j.proenv.2016.02.022
https://doi.org/10.1016/j.proenv.2016.02.022

	 Introduction
	Methodology
	Physical pretreatment of the Electronic Waste Printed Circuit Boards (EWPCB)
	Chemical analysis of the EWPCB sample
	Chemical pretreatment of the EWPCB sample: extraction/remotion of base metals
	Leaching of the EWPCB sample with thiourea-hydrogen peroxide (CS(NH2)2-H2O2) solutions for gold extraction 
	Chemical titration tests to quantify the thiourea (CS(NH2)2) concentration
	Thermodynamic diagrams construction

	Results and discussion
	Thermodynamic analysis
	Effect of coupling two chemical pretreatment phases to extract/remove base metals from the EWPCB sample
	Leaching in thiourea-hydrogen peroxide solutions (CS(NH2)2-H2O2) of the pretreated EWPCB sample
	Oxalic acid addition as a masking agent in CS(NH2)2-H2O2 solutions and its effect on gold extraction


