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ABSTRACT: This paper presents the characterization of electronic components from Printed Circuit Boards
(PCBs) and the comparison with the characterization of the printed circuit board without its parts. The question
that guides the research is about the possibility of developing a methodology for processing that covers not only
the PCBs but also its electronic components. This process is possible through the physical dismantling of the
computer, printed circuit board removal, separation of their electronic components for thermal processing,
grinding and particle size separation. After the mechanical processing, the chemical steps start with the
analysis of x-ray Fluorescence (FRX) that determines the types of metals contained in each granulometric
fraction, leaching in aqua regia, which separates the ceramic and polymeric materials of metals, and
precipitation of metals using the method of reduction using laboratory, aluminum that retrieves the metals so
that they can be reused. The viability of the research is indicated by the scanning electron microscopy analysis,
which reveals what kinds of metals have been recovered.
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I. INTRODUCTION

This paper deals with methods for the recovery of metals from two different parts of the same object of
study: the electronic components of printed circuit boards and printed circuit boards without their components.

The significant negative consequence of the rapid and constant evolution of technology is the
inappropriate and irresponsible disposal of electronic devices. When deposited in an improper place, the
simplest of electro devices can contaminate the soil, water, air, and living beings around it because it contains
many metals in its composition. In 2016, the global production of electronic waste reached 44.7 million tons,
and this number tends to grow, according to experts, by more than 17% by 2021, totaling 52.2 million tons [1-
2]. In addition to the polymeric and ceramic composition of electronics, uniquely portable computers, the range
of metals used is extensive and valuable. Among the primary metals used are copper, tin, lead, silver, and gold,
among others. In addition to the environmental impact, according to a survey carried out by the UN (2018),
inadequate disposal has negative economic consequences [1].

II. LITERATURE REVIEW

According to the UN (2018), around 40 million tons of computers, smartphones, and other devices are
disposed of inappropriately in the world every year, which is equivalent to approximately 800 laptops every
second going to landfill [1]. The disposal of these products at the end of their useful life has become
increasingly common, forming a system of linear production of resource exploitation, manufacturing, and
destruction. In general theory, 98 % of a portable computer is recyclable, but in practice, that number drops to
around 80 %. The mixture of polymeric, ceramic, and metallic components with heavy metals makes the
separation more difficult.
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In Japan, it is the habit of the population to return the old cell phone to the operator's store. They
usually receive several old cell phones a day. The recycling process using a type of large pressure cooker at 500
° C, which, after 12 hours, holds a dark material for separation, where metals such as silver, gold, and copper. A
Japanese mining company, for example, managed to produce a 10 kilogram bar of gold from the minerals found
in cell phones. The other metals return to the market in the form of new equipment, and the plastic turns into
fuel oil for the machines [3].

In Brazil, the approach and priority given in the field of social inclusion to recyclable material
collectors stand out among the countries of Latin America, gaining prominence in the elaboration of State
Policies and National Policies of Solid Waste [4].

However, there are still many challenges that permeate technological innovation. Researches point out
significant advances in the technical area [5]. However, they are always moving in timid steps, strong support
from the public authorities, and citizens' awareness in the search for sustainable management of WEEE is still
necessary.

The recycling of electronics needs higher investments, as the technology is still little used in Brazil. For
this reason, researchers from LAREX (Laboratory of Recycling, Waste Treatment, and Extractive Metallurgy at
POLI-USP) dedicated to studying the recycling not only of silver but of several metals that make up the
electronics. According to the thesis of MORAES (2011), the recovery of minerals present in electronic
equipment has attracted interest thanks to different technologies that aim at the reuse of these chemical elements
in new production processes [6].

Aiming at the constant evolution of technology and the improper disposal of electronic waste, research
from the University of Vale do Rio dos Sinos - UNISINOS, proposes the characterization and technological
development for the use and recovery of rare and critical elements from consumer electronics products. Based
on this, there are several branches within the research aimed at different models and electronic equipment for
the recovery of metals [7-8].

III. MATERIALS AND METHODS
From the grouping of five portable computers collected by donations of the Electronic Waste Collection
Campaign carried out by the Universidade do Vale do Rio dos Sinos, the equipment disassembled by classifying
its parts, isolating the printed circuit boards. The cleaning and removal of substrates and components adhered to
the PCBs with the aid of an air blower from Toyo's TS-2850D rework station installed at LCVMat (Laboratory
of Characterization and Valorisation of Materials), using hot air jets regulated in the maximum temperature that
the device provided of 500°C, reworking the SMD components.

o -
Fig. 1. Electronic waste.
To reduce the components of the printed circuit boards in fragments, leaving the necessary

granulometry for the characterization tests, it is required to decrease their size. Thus, forwarding to the knife
mill, WEG W22 plus located in the Laboratory of Characterization and Valorisation of Materials - LCVMat of
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UNISINOS. With this process, 560 grams of the material was obtained, without distinction of grain size. After
the grinding step, the granulometric separation process [8].

After grinding, at the Civil Construction Materials Laboratory (LMC), a mechanical sieve shaker and
two sets of 6 hollow sieves (Fig. 2) were made available by LCVMat, following NBR 5734, with different mesh
openings, in order decreasing, then, from the most widely spaced to the most closed mesh, isolating each
different grain size, of sizes: 3.35 mm; 1.70 mm; 0.85 mm; 0.60 mm; 0.425 mm; 0.30 mm; 0.21 mm; 0.15 mm;
0.106 mm; 0.075 mm and 0.053 mm.

| 3 = = b Brap
Fig. 2. Sieves used for particle size testing.

The test consisted of stacking the sieves in ascending order and depositing the material on the most
significant opening sieve, shaking them for 15 minutes with the eighth level of agitation. The weighing of the
retained fractions occurred on an analytical balance in the LCVMat.

Then, the grains submitted to the granulometry were evaluated by the X-Ray Fluorescence
Spectrometry (FRX) assay, in LCVMat, in an X-ray fluorescence equipment by EDX 720 HS model, Shimadzu.
They divided according to the mesh in which they deposited in the granulometric distribution test, thus being
thirteen small samples from twelve screens and the bottom.

The next leaching process based on SILVEIRA (2016) consisted of identifying the number of metals,
dividing the residue into fractions. To isolate and concentrate the metals, so that polymers and ceramics do not
hinder the recovery process, 20 mL of aqua regia used for each 1g of the sample, this solution composed of 3:1
of 10 % hydrochloric acid for 6 5% nitric acid (HC1l: HNOs). This composition makes it possible to separate all
metals retained in the samples. The material divided into fractions following separation criteria based on the
results of the FRX, i) F1 = REE 4.75 mm + REE 3.35 mm; ii) F2 = REE 1.70 mm + REE 0.85 mm; iii) F3 =
REE 0.60 mm + REE 0.425 mm + REE 0.30 mm; iv) F4 = 0.21 mm REE + 0.15 mm REE + 0.106 mm REE; v)
F5 =REE 0.075 mm + REE 0.053 mm + REE Bottom.

The fractions materials were in contact with the solution for 24 hours, packed in closed glass bottles,
inside a chapel at room temperature. Subsequently, J Prolab filter paper, with 8pum porosity, was used to filter.
From that, the leachate material was filtered and then dried for 4 hours in a 60 ° C furnace. To quantify the mass
of leached material.

Precipitation occurs with the redox method, based on LOTTICI & TOBOLSKI (2017) [9]. To make the
metals dissolved in leaching solid using a chemical reaction. The chemical reaction that involves the exchange
of electrons from both parts, material that undergoes reduction and that undergoes oxidation, using the metal
reactivity table as a reference. The aluminum comes into contact with the solutions forming simple exchange
reactions where the metal with NOx zero. Able to displace the other metal that is in the salt taking its place and
then creating aluminum salts and, theoretically, this metal is with NOx zero in its state solid in its purity
conditions [9]. This process lasted 1h to guarantee the effects. Then the filtering was done with J Prolab filters
(porosity of 8 um) folded in glass funnels, made available by LCVMat, and dried in a Mufla oven at 60 ° C for 4
h.
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IV. RESULTS AND DISCUSSION
Five hundred sixty grams of fragmented material without distinction of grain size subjected to the
granulometric separation test, and the result presented in Table 1 shows the mass value of each sample
according to the mesh size and the bottom in which occurs the grain deposition.

Table 1 — Granulometry.

Mesh Opening (mm) Mass (g)
4.80 17.75
3.50 1591
1.70 242.34
0.85 189.69
0.60 26.94
0.42 22.48
0.30 13.81
0.21 11.50
0.15 6.41
0.10 6.02
0.07 4.66
0.05 4.88

Bottom 4.54

Subsequently, the grains classified in the granulometric separation towere analysed by the X-Ray
Fluorescence Spectrometry (FRX) assay technic followed the proposed methodology. The results found the X-
Ray Fluorescence Spectrometry (FRX) technic followed the proposed methodology. The results found for the
FRX analysis of the components of the printed circuit boards (Table 2) in elements identified in lesser quantity
(5 % - 50 %).

Table 2 - FRX results.

Sam | Smallest Quantity Trace Elements (<5%)
(5% <x <50%)
S1 Cu, Ni, Zn, Fe, Cr Al, Ba, Br, Ca, Ce, Cr, Mn, Mo, S, Se, Si, Sr

Ac, Ag, Au, Ba, Bi, Cr, Fr, I, Ni, Pb, S, Sb,

S2 Ba, Br, Ca, Cu, Fe, Si, Sn Sn. Sr, Ti, Zn, Zr

S3 Ba, Br, Ca, Cu, Fe, Ni, Si, | Ac, Ag, Au, Ba, Ca, Cr, Fr, I, Mn, Nb, Ni, P,
Sn Pb, S, Sb, Sr, Ti, Zn, Zr

Ac, Ba, Ca, Cr, Fr, I, Mg, Mn, Nb, Ni, P, Pb,

S4 Ba, Br, Cu, Fe, Si, Sn Sb, Sn, Sr, Ti, Zn, Zr

Ag, Al, Ba, Br, Ca, Cr, Fr, I, Mg, Mn, Nb,

S5 | Al Ba,Ca, Cu.Fe,Si. Sn Ni, P, Pb, Sb, Sn, St, Ti, Zn, Zr

Thirty-one different types of metals from the components of the printed circuit boards passed through a
characterized for the quantitative determination in percentage through standards. Standards provide the
calibration curves, but the laboratory does not have a standard for this material. Thus, it was only possible to
make a semi-quantitative determination, which used in this work. The fractions showed different coloring from
each other (Fig. 3), which represents the metal in greater quantity and the one that most reacted with the water
solution (HCI: HNO:s).
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Fig. 3. Material leached in acid.

The color of the first sample defined due to the predominance of Chromium 3+. Samples 2 and 3 show
a more greenish color, characteristic of Ferro. In samples 4 and 5, the orange color predominated, being able to
determine the greater presence of Copper 6+. Due to the high occurrence of different types of metals, colors
may vary in shade.

With reference, the amount of metal present in the samples, on average, 72.01 % of the material is a
metallic compound. Table 3 shows the mass quantities of each sample, the discount made from the masses of
the filters to obtain the percentage of metal present.

Table 3 - Amount of metals per sample after leaching.

Mass Mass % Metal % Metals

S| '@ | Fig MST@ |MasF@| U5 | leachate (@)

S1|1.004|0.635| 1.124 0.515 0.489 48.71
S2 | 1.009 | 0.633 | 1.401 0.241 0.768 76.11
S3|1.003 | 0.677 | 1.398 0.282 0.721 71.88
S4|1.000 | 0.679 | 1.441 0.238 0.762 76.20
S5|1.003 | 0.678 | 1.552 0.129 0.874 87.14

Analyzing the obtained values, it confirms the recovery potential, since there are a vast amount and
variety of metals present in this type of waste, evaluating the cost-benefit of the recovery.
In comparison to the values of the precipitation procedure based on the research by LOTTICI & TOBOLSKI
(2017), those found in this project are smaller. However, this justified the greater variety of metals found from
the FRX analysis. As the method uses the reactivity of metals as a base, aluminum does not cover all that found
in electronic components. The values obtained from the precipitation procedure of metals leached with
laboratory aluminum for this project, according to Table 4.

Table 4 - Amount of the leachate metals precipitation procedure.

S | Metalic mass | Mass F. (g) | Mass Massa Metais | % metals
© Filtrada (g) | precipitados (g)
S1 0.489 0.801 1.447 0.646 132.11
S2 0.768 0.674 0.970 0.296 38.54
S3 0.721 0.892 1.380 0.488 67.68
S4 0.762 0.700 1.261 0.561 73.62
S5 0.874 0.792 1.351 0.559 63.96

The average recovery of leachate metals from the precipitation process is 60.95 %, which indicates,
despite the decrease compared to other studies, that the method remains valid. In the first Sample, the value
exceeded 100 %, being mathematically impossible, and this is an indicator that when the leached liquid of the
polymers and ceramics is filtered, something may have been retained in the flask, so this value was disregarded
when calculating the average.

V. CONCLUSION

Despite the lack of time due to unforeseen events in the research to carry out the Scanning Electron
Microscopy (SEM) analysis, the validity of the method based on LOTTICI & TOBOLSKI (2017) considered.
The main objective proposed by this work was the search for the characterization of the electronic components
coming from printed circuit boards to prove the possibility of using the same method of metal recovery. Despite
the decrease in the percentage of regeneration by the precipitation method, this difference remedied by using a
more reactive metal compared to those found in the FRX analysis. However, a different metal not used in this
project to precisely obtain results that could be compared.

A significant breakthrough is the variety of metals found by FRX analysis, totaling thirty-one different
types, with gold in more than a fraction of material. Another value that stood out is the average amount of
metals per Sample, totaling 72.01 %. This value demonstrates the importance of seeking to reuse metals from
not only printed circuit boards but also, and especially, their electronic components as they contain such a large
amount of metals per Sample. This results in higher viability of the project, because of having a more significant
amount of reused metal with high added value. The colors found in the leachate metals precipitation process
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show that the metal that most reacted with the solution is copper, presented in two different ionic forms (3+ and
6+) in samples 1, 4, and 5, based on your shades. And iron found in samples 2 and 3.

As the metals isolated in the precipitation returned to their pure form, from their separation done by
electrolysis or pyrometallurgy returned in the production chain. To reduce the extraction of ores to be used as
raw material and to encourage the use of methods such as those presented for the correct disposal of waste from
electronic equipment, based on the presentation of the values in the composition. All acids used during the
research properly discarded, neutralized, and sent to the effluent treatment station at the University of Vale do
Rio dos Sinos, following standards certified by ISO 14001.
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