Materials Research. 2017; 20(Suppl. 2): 202-208
DOI: http://dx.doi.org/10.1590/1980-5373-MR-2016-1099

Recycling and Mechanical Characterization of Polymer Blends Present in Printers

Ana Paula Adam*, José Victor Rebecchi Valle Gongalves®, Luiz Carlos Robinson®,

Larissa Conde da Rosa‘, Eduardo Luis Schneider**

“ Instituto de Ciéncias Exatas e Tecnologias, Feevale University, ERS-239, 2755, Vila Nova, CEP
93525075, Novo Hamburgo, RS, Brazil

Received: December 17, 2016; Revised: May 15, 2017; Accepted: May 23 , 2017

More and more electronic devices are being produced and most of them are disposed of improperly.
In addition, as they contain heavy metals and toxic substances in their composition, the environmental
impact increases. This work aims to study the recycling of polymers present in e-waste through the
mechanical characterization of polymer blends produced with the main polymers present in printers. To
do so, printers were dismounted, the material of the components was classified, and the main polymers
were processed. The sample consisted of 20 printers, from which HIPS-90%/PS-10%, HIPS-90%/
ABS-10% and HIPS-100%, blends were processed by extrusion and injection of specimens with
tensile test geometry. The tensile strength was 39.0 MPa for HIPS/ABS, and 37.5 MPa for HIPS/PS.
Despite having slightly different mechanical properties, probably due to possible variations in their
chemical composition, the formulations have good quality and potential for use in new products such
as hangers, organizing boxes, soles and, watering cans.
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1. Introduction

With the emergence of more modern electronic devices,
access to quick communication has become essential and
the purchase of these products has become indispensable.
Consequently, the accumulation of electronic waste is
increasing according to demand, since the average lifetime
of a printer is about 5 years'. Electronic waste represents
around 8% of the urban waste volume worldwide?. In Europe
about 10 million tons WEEE are produced each year® and it
is estimated that by 2020 the amount generated will reach
a total annual tonnage of 12.3 million*. Since many times
fixing devices is not economically feasible, old electronics
are discarded in large quantities. Among emerging countries
alone, Brazil is the leader in generating this type of waste,
accounting for about 17.200 tons of printers per year, which
are eventually deposited in inappropriate places, polluting
the environment because of the toxic substances present in
these residues®*.

These devices are made of metal, electronic (printed
circuit boards - PCI’s, speakers, capacitors, transistors, cables)
and polymeric parts. The polymers typically used are the
following: high impact polystyrene (HIPS), acrylonitrile-
butadiene styrene (ABS), polystyrene (PS), polycarbonate
(PC), polyoxymethylene (POM) also known as polyacetal,
polypropylene (PP), polyethylene (PE), polybutylene
terephthalate (PBT), styrene acrylonitrile (SAN) and
unidentified polymers. The polymers most commonly found
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in e-waste are HIPS, with approximately 50% in weight, and
ABS, which are commonly found in the shells’.

HIPS is a polymer that has between 4 and 9% of
polybutadiene rubber (BR), also known as cis-butadiene, in
their composition, allowing the material to have a greater
impact resistance. Therefore, they are widely used in electronic
appliances and can be processed at temperatures between 180
and 250 °C. In addition, they admit tensile strength (yield
stress) from about 20 to 41.4 MPa and elongation between
22 and 65%9,1&,11.12,13‘

ABS is a terpolymer with optimal properties due to the
three types of polymer present in the composition, which confer
rigidity and impact resistance. Their processing temperature
is between 220 and 260 °C, the tensile strength between 27,6
and 55 MPa and elongation between 5 and 60%!%1213.14.15.16,

PS is arigid homopolymer with a high chemical resistance,
and a processing temperature between 160 and 280 °C. Their
tensile strength is between 14 to 83 MPa and elongation
between 1.2 and 2.5%0131415.17,

Polymeric chains of the thermoplastics flow with the
application of temperature. This ability ensures a basic
characteristic to these materials: they are recyclable, as it is
possible to subject the materials to the same process again
and again, and the flow effect persists. Due to this feature
the products are widely used for the manufacturing of
articles by molding processes, especially by extrusion and
injection'®. To obtain post-consumption recycled polymeric
blends is essential to understand the behavior of mixtures
in order to control the properties. Thus, binary and ternary
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blends have been widely studied using different additives
and compatibility methods'.

Some of the main laws and regulations dealing with
electrical and electronic waste are: the Basel Convention; The
WEEE directives (Waste Electrical and Electronic Equipment)
and RoHS (Restriction of the Use of Certain Hazardous
Substances in Electrical and Electronic Equipment) in the
European Union; The China RoHS and the Home Appliance
Recycling Law in Japan®*?!. The RoHs and WEEE directives
are documents designed to regulate materials that are used
in electronic equipment whose main objectives are to reduce
the waste of these equipment at the end of life (EoL), to
improve their waste recycling, as well as minimizing the
impact on the environment**. These laws and regulations
provides the restriction on the use of hazardous substances
in electronic equipment, such as cadmium in pigments,
mercury in relays, lead in solder, hexavalent chromium in
corrosion protection layers and polybrominated biphenyls
ether (PBDEs), which are widely used as a flame retardant
in polymers. So potentially hazardous substances should
be avoided in the development of recycled materials,
especially for products that children can handle and put
in their mouths, such as toys. In most Latin American
countries recycling activity is dominates by the informal
sector and the legal and regulatory framework for WEEE
management usually does not include explicit provisions for
the protection of health. In Brazil, there is the law 12,305 of
2010, referring to the National Solid Waste Policy (Politica
Nacional de Residuos Solidos - PNRS), which disciplined
the integrated management of solid waste. The law defines
that manufacturers, importers, distributors and marketers of
electronics are required to structure and implement reverse
logistics systems, by returning products after use by the
consumer, independently of the public service of urban
cleaning®**>?, In relation to the use in food packaging, the
permission or restriction of recycled materials intended for
contact with food is defined in specific regulations, and for
polymers, only the post-consumer polyethylene terephthalate
(PET) is foreseen?’.

The incorporation of styrene-butadiene-styrene thermoplastic
rubber has been proposed to recover the mechanical properties
of recycled high impact polystyrene®®. Another study has
examined the effects of adding commercial styrene-butadiene
multiblock (SBS) and styrene-(ethylene-butylene)-styrene
linear triblock (SEBS) copolymers to HDPE and HIPS post-
consumer blends and has shown SEBS is more efficient as an
interfacial tension modifier when than SBS?. Characterization
and recycling of post-consumption monitor carcasses has
also been studied and the results show that, regardless of
the brand, manufacturers use ABS. However, there were
variations in the mechanical assays possibly due to their
different compositions®.

This paper studies the recycling of three major
polymers present in electronic equipment, by collecting

and dismantling printers of different brands and models,
and were classified by the material of the components, and
chemically characterized by Fourier Transform Infrared
Spectroscopy (FTIR) technique. The printers manufacture
year was not included in the classification because printers
of same models may have been produced for many years.
Blends of HIPS-90%/PS-10%, HIPS-90%/ABS10% and
HIPS-100% were processing by extrusion and molding by
injection of specimens for mechanical characterization by
tensile test.

2. Materials and Methods

First, we analyzed 20 printers donated from the company
Otser Comércio de Residuos e Sucatas (Otser Commerce
of Waste and Scrap), located in the city of Campo Bom, in
Rio Grande do Sul, the southernmost state of Brazil. This
company collects unused electronic equipment from the
population and sells parts and components. The printers were
cataloged by brand and model specifications. Subsequently,
the printers were weighed and disassembled. The disassembly
process was timed and performed with manual disassembly.

The next step was to separate the material into metals
(screws, axles and engine components), electronics (printed
circuit boards - PCI’s, speakers, capacitors, transistors, cables)
and polymeric parts. The polymers were divided into HIPS,
ABS, PS, PC, POM, PP, PE, PBT, SAN, and unidentified
polymers. Subsequently, the proportions of the identified
polymers (by visual inspection and FTIR) were weighed
and analyzed. The polymers found in greater quantities,
which were HIPS, ABS and PS, as per their identification
codes, were comminuted separately in an industrial shredder
(SEIBT, model T5 2x20/600). Particle size reduction was
carried out in a knife mill (SEIBT, model MGHS 1.5/85),
with a 6 mm sieve. The mass formulations were made
from the comminuted materials consisting of 90% of HIPS
with 10% of PS, 90% HIPS with 10% of ABS, and pure
HIPS, followed by extrusion of the different compositions
for greater homogenization of the materials in an extruder
(SEIBT, model ES 25), with rotation speed of 5.2 rad.s™" and
temperatures in the four zones at 160, 170, 180 and 190 °C.
The extruded material was then pelletized in a shredder (AX
Plasticos, model AX GRAN). Figure 1 shows the five steps,
from the separation process to the production of pellets of
the suggested blends with polymers from the printers.

The pellets were used to inject specimens number [V of
ASTM D 638-03 of each formulation, with 6 mm wide and
2 mm thick. An injector (BONMAQ, model APTA 80) was
used, with temperatures set at 170, 180, 185 and 190 °C in
the four zones, dosage of 115 mm, speed of 60 mm.min"' and
pressure of 60 bar. Subsequently, tensile strength tests were
carried out using a dynamometer (MAQTEST, model 354),
with load cell of 200 Kgf and test speed of 100 mm.min-1. A
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Figure 1. Separation process (A), comminution (B and C), extrusion (D), pelletization (E) and injection (F) of polymers from the printers.

total of 40 assays for each formulation was conducted, and the
averages for yield strength and elongation were calculated.

The analyzes for chemical composition evaluation were
made in the Fourier Transform Infrared Spectroscopy, FTIR,
(Perkin Elmer, model Spectrum Two), with temperatures
from 25 to 1000° C, nitrogen flow of 100 mL.min" and
heating rate of 20°C.min"'.

3. Results and Discussion

Results show that the times relating to the disassembly
varied considerably, since each model has different weight,
number of parts and size.

Hence, more robust printers with scanner (a total of 7
printers) took from 60 to 83 min to be disassembled, whereas
smaller printers (a total of 13 printers) took between 39 and
59 min. The total average time of disassembly of the 20
printers was 55 min. We also found that, on average, about
54.0% of a printer’s weight consists in polymers and this
percentage is related to the size and year of manufacture,
because older printers have more metals in their composition,
such as EPSON LX300. Table 1 shows the disassembled
printers with information on brand, model, photography,
quantity, disassembly time and ratio of polymers.

Within the average polymeric fraction of 54.0%, the most
frequently found polymers in mass percentage were HIPS,
with approximately 62.7%, which is commonly found in
the casing. ABS, with approximately 18.4%, and PS, about
3.4%, which are found in the internal parts responsible for
paper rolling and protection of other parts, in addition to other
polymers in smaller quantities, which together correspond to
approximately 15.5%, such as PC, POM, PP, PE, PBT, SAN
and unidentified polymers. However, the lack of identification
in certain parts hindered the separation process, reducing
the number of polymers that could be properly routed to
the next steps.

After the comminution process, the masses were measured
to produce 2 kg of sample for each formulation. For example,
1.8 kg of HIPS with 0.2 kg of PS or ABS, representing 10%
in weight. After the comminution, extrusion and pelletization,
the processed material was weighed again. We found that
there was loss of approximately 0.2 kg of material, that is,
there was a loss of approximately 10% of the material during
the processing of the polymeric components present in the
printers into pellets.

Tensile tests showed that HIPS-90%/ABS-10% had the
best performance, with an average yield strength 0f39.0 MPa
and elongation of 46.2%, followed by HIPS-90%/PS-10%
with an average yield strength of 37.5 MPa and elongation
of 39.1%. HIPS-100% obtained an average yield strength
of 45.1 MPa and elongation of 14.9%, as shown in Table 2.
Therefore, 10% of ABS increased elongation of HIPS by
about 31.3% and decreased the yield strength by 6.1 MPa.
On the other hand, 10% of PS increased elongation of HIPS
by 24.2% and decreased the yield strength by 7.6 MPa.

According to the literature, elongation of PS ranges
from 1.2 to 2.5% and yield strength isup to 51.7 MPa. Yield
strength of HIPS may be up to 41.4 MPa. However, in the
tensile strength tests resulted in different values for both.
Elongation results were significantly better in the formulation
with PS than in the formulation with HIPS, with an increase
of 24.2% of the first in relation to the latter. On the other
hand, in the formulation with HIPS the yield strength was
45.1 MPa, showing a difference of 3.7 MPa, probably due to
the amount of elastomer present in the HIPS of the printers".
As the price of HIPS is slightly higher, the findings of this
study indicate that many components that were identified as
HIPS could actually have a different chemical composition,
one that is closer to PS. Another issue that must be taken into
account is that the chemical composition of HIPS is typically
85-95% of styrene and 5-15% cis-butadiene rubber (BR) with
graft copolymerization. Some types may use other rubbers:
styrene-butadiene rubber (SBR), ethylene propylene diene
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Table 1. Information about the printers.

Trademark Model Image Amount Dismantling (min) Polymer weight amount (%)
CANON BIC 240 48 58.7
CX5600 39-43-56 57.3-58.0-62.2
FX880+ 75 76.0
EPSON LX300 43-57-62-75 244-27.1-274-4838
T33 44 57.0
TX 125 83 72.1
3050 48 51.1
3516 65 59.2
660C 58 44.5
D1560 45 57.1
HP
D1660 40 57.3
D2360 45-45 60.1 - 62.1
F380 67 59.5
PSC1210 62 59.9
Total: 20 Average: 55 Average: 54.0

Table 2. Yield strength and elongation values of tensile strength tests.

Formulation Average of Yield Avera.ge of
Strength (MPa) Elongation (%)
HIPS-90% / ABS-10% 39.0 46.2
HIPS-90% / PS-10% 37.5 39.1
HIPS-100% 45.1 14.9

(EPDM), or styrene-butadiene-styrene (SBS)'. Furthermore,
the possible presence of flame retardant additives, usually
organic brominated or, more recently, halogen-free, also
vary the compositions of HIPS and may contribute to the
variation in results and the consequent difference found in
average values of yield strength and elongation.

With the pure materials analyzes done in the FTIR it
was possible to notice that the bands between HIPS-100%
and PS-100% are very similar (Figure 2) thus showing
that the chemical composition of both materials are very
similar. This explains the fact that the PS has contributed
to the increase in HIPS elongation even though the values
of the literature for this material are very low, between 1.5
and 2.5%. It is also well known that in the range below
600 cm', where the halogenated alkanes are located, the
bands are with high intensity in all spectra, demonstrating
the possible addition of flame retardants in the composition
of these polymers. Although no identifications were found
regarding the addition of these additives in the chemical
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Figure 2. Spectrums graphs of HIPS-100%, ABS-100% and PS-100%.

composition of the parts of the printers, another factor that
influences the values obtained in the tensile tests.

Thus, considering the analyzed materials, the PS-100%
has similar characteristics to HIPS-100%, justifying the
difference between the values of yield strength (elastic limit)
and elongation obtained in the tensile test and those according

to the literature and the software Cambridge Engineering
Selector (CES) 2015, Figure 3.

Comparing the default values of the CES and the values
obtained in the tensile test, the results indicate that the polymer
PS identified in the printers is not the default PS because
there is a probable modification in the composition, such
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Figure 3. Values chart of the Yield Strength and the Elongation of CES (Cambridge Engineering Selector).

as the addition of cis-butadiene, one of the main elastomers
found in HIPS.

4. Conclusions

Based on the challenge of reducing the significant
amount of electronic waste discarded with the total urban
waste volume worldwide, this work was proposed as a way
to technically enable the reuse of a higher proportion of the
polymers present in printers by studying the mechanical
behavior of different blends.

The results showed that the disassembly time of the
printers depends on their size and number of parts, since the
values varied between 39 and 83 minutes. As to the separation
process, we found difficulties in the polymeric classification
of the materials, since parts of the components contained no
identification, impairing their subsequent recycling. In most
printers, the polymeric mass is predominant. For the 20 printers
disassembled this fraction amounted to an average of 54.0%,
while the remainder varies between electronic components
and metallic materials. The majority of polymers we found
in descending order are HIPS, ABS, PS, PC, POM, PP, PE,
PBT and SAN. HIPS was three times more employed than
ABS and together they correspond to more than four times
the sum of the other polymers present in smaller quantities.

The HIPS formulation with 10% of ABS had the best
performance of all, increasing elongation of HIPS by about
31.3%, while the formulation with 10% of PS obtained a
lower performance, increasing elongation by 24.2%. The
yield strength of both formulations decreased compared
to the pure material, about 6.1 MPa for 10% of ABS, and
7.6 MPa for 10% of PS. Considering that the yield strength
values of the tensile strength tests for HIPS (45.1 MPa) were
different than the values reported in the literature (41.0 MPa),

it seems that the amount and variety of elastomers present in
HIPS is different in each printer. Furthermore, the possible
addition of flame retardants in some cases may influence
the values obtained in the tensile strength tests. In any case,
despite having different behaviors, all formulations could
potentially replace virgin polymers and be used in new
products whose design requirements can be satisfied with
their mechanical properties.

Despite the small difference in the mechanical properties
among the HIPS-90%/ABS-10% and HIPS-90%/PS-10%,
all formulations have good quality and high potential for use
in new products that meet the properties of each material.
Possible applications include household appliances in general,
shovels for waste, hangers and computer equipment, sound
and video shells.
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